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METAL CARBONYLS

Simple carbonyls, carbonylate anions, formyl and carbamoyl species

The data necessary for the estimation of the enthalpy of disruption of the Fe-CO
bond in Fe(CO) 5 has been reexamined (1) in the light of high-energy factored
force-field models for the stretching force constants of Fe(CO)s, the results of
SCF-MO Calculations of electron configuration and charge, and recent thermo-
chemical experiments. It was shown that AHt for the Fe-CO bond is effectively
365~ 10 EKI/mol.

By a combination of uv and ir laser-induced photochemistry, it has been
possible to identify (2) the intramolecular ligand exchange processes ocurring
in Fe(CO) (C symetry structure sm::.lu to SF 4) This was achizved by uv
photolys:.s of Fe(CQ)5 vhich was 40% 3c0 enriched in an argon matrix at 10°K.
Irradiation of this species with a CW GO ir laser at a frequency corresponding
to one particular isomer promoied selective intramolecular rearrangement of this
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isomer providing a non-statistical distribution of 13 0180 in Fe(1201 60) 4%
13,1 ; ; i ‘
( 3¢ 8O)X. Ligand site-exchange involves non-Berry pseudorotation (Scheme 1),
and so differs from the thermal rearrangements in SF 4 The temperature
dependence of the mecd spectrum of matrix~isolated Fe(CO) 4 shows (3) that the

species is paramagnetic.

Scheme 1
X A X B
= W o—=— X
-~ -~
x . A A/B X

Reaction of Fe(CO). with acetic acid/acetic anhydride mixtures under nitrogen
in dimethylformamide afforded (4) Fe(OZCMe)Z, but similar treatment with
benzoic acid/anhydride mixture gave [FeB(DMF)BO(OZCPh) 6][020Ph] DMF.

It is known (5) that NazFe(co)4. 1.5 (dioxane) contains a highly distorted
[Fe(cO) 4]2— anion, However, the carbonylate species in [Na(cry’pt)]z[Fe(CO) 4]
(cxrypt =N (c32c3200£[2c320c112c32) 3N) has an essentially undistorted tetrzhedral
geometry (6). The X—ray structural determination of K2Fe(00) a4 revealed that the
carbonylate anion had an intermediate amount of distortion, and it was suggested (
that this trend in distortion reflected the decreasing charge along the series
Na', X and [Na(crypt)]¥, reinforcing the belief that distortions of [Fe(CO) 4]2“
are caused by the presence of highly charged species in close proximity. These
studies are of considerable significance in relation to the dramatic effects of
ion~pairing on alkyl migration reactions of [Fe(CO) 4R]_ (& = alkyl or acyl) (7).

The extent of association between cation and anion in Naf Fe(CO) 4H] and [(PhZP)2N]
{Fe(c0) 4]1] has been determined (8) by conductivity measurements in THF. Extensive
association was noted and it was observed that there is a strong interaction
between Na' and an equatorial CO group in [Fe(CO)AIH]-.

Neither Fe(CO) 5 NoT Fe(CQ) 4(PPh3) reacted with KH giving K[Fe(CO) 4(CH0)] 9).
However, the formyl anion could be produced by treating Fe(cd5 either KBH(QMe)3
or LJ‘_BHEtB. Reaction of Fe(CO) 4(PPh3) with KBH(OMe)B afforded only K2Fe(00) 2
The stability of [Fe(C0) 4(030)]’ in THF depended on the cation present in
solution, decreasing in the order [ﬁ?haP)zN]+) K*> Na*> 1i*. Reaction of the
carbamoyl anion [Fe(co)4{ c(:o)mqez} T (as its [C(NMeZ)5]+ salt, with NiBx,

o Meo
£ 3 AN AN
(OC)“Fe-—.:C\\ ;Nx Or--—-C.\ /Nl Me, N T..C\\ /Nx
N7z “FeTlz “Fe/2
Me, (COY, (CO),
a b c
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afforded (10) the mixed metal complex Ni[ {MezN c(:0) { Fe(cCO) 4]2 (three possible

structures are shown, 1z, b and c).

Compliexes with Group IV ligands

Thermal decomposition of Fe(CO)4(SiH3)2 afforded (11) f~FeSi,. The structure
of cis—Fe(CO)4(SﬂI63)2 is best described (12) as a pseudo-bicapped tetrahedron
in which form CO groups avre arranged tetrahedrally around the metal, and the

M=Si groups are the capping ligands. The fluxional behaviour of this species

may involve cis & trans & cis isomerism. The 15 C VT nmr spectral studies of

cis-Fe(CO) 4(SnR3)2 (R = Me, Et, Pr", Bu™ and C1) establisiied (13) that all
complexes, except that containing SnClj, were stereochemically non-rigid. Their

fluxionality, like that of the silyl complex mentioned azbove (12), could be
explained in terms of cis & trans &+ cis interconversion. The structure of cis-
Fe(cCO) 4(SnPh3 ), was determined crystallographically, and it was found that the
species deviated markedly from octahedral geometry.

Complexes with Group V Li@df

The substitution reactions of Fe(DMGH)?_Lz (DMGH2 = dimethylglyoxime) (L =
pyr, GO, PhCHIC or methylimidazole) proceeded (14) by a dissociative mechanism
Both CO and PhCHzNC were substantially more inert in the

. in non-aqueous solvents.
DMGE complex than in corresponding porphyrin and phthalocyanin systems.

Me Me
7 \
Co e
N N —
\ N N

Me Me

Me Me

Me Me

Me Me
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The selective labilisation of CO in trans—Fe(TD'I)(CO)(NC}Ie)]2+ (TIM = 2) has
been achieved (15) photochemically, and is controlled by the solvent. Thus, in
acetonitrile, CO is replaced by MeCN, whereas in acetone, the MeCN is removed.
The kinetics and equilibria of CO and PhCH,NC binding to [Pe(Ta4B) ][ FeC1 4]

(TAAB = 3) have been measured (16), and the data compared with those obtained
from DMGH, porphyrin and phthalocyanin systems. Of all of the heme models
studied, [Fe(TAAB)]2+ is the poorest at binding axial m-acceptors. Octamethyl—
tetrabenzoporphyrin iron (II) complexes (4) reversibly bound (17) CO in toluene.
The equilibrium constants for the reaction

Fe(ON_'BP)LZ + Co & Fe(oMBP)(CO)L + L,

where L = l-methylimidazole, pyridine or piperidine, are interm:dizte to those
found for comparable protoporphyrin and tetraphenylporphin comp.lexes. The OMBP
ligand exerts a substantial cis-influence in this system.

A crowned porplyrin complex of iron, 5, which picks up CO, has been prepared (18)
and hemoglobin models having two conforzationally linked heme groups rave been
isolated (19). This last system exhibited two distinct rates of CO binding.

The effects of phenyl-ring substituents on the rates of t-butyl-prridine
exchange in Ru(STPP)(CO) (Butpyr) (STPP = p-substituted tetraphenylporphinj
substituent = CF3’ Ccl, Me, Pri, OMe or NEtz) were investigatei (20) by VT NMR
spectroscopy. The effects of these substituents on the rsoses of phenyl »ing
rotation were also examined (21).

\ PPh, PPhZF’e(CO,‘4
Me Me Me Me
6 7

Treatment of IE‘e(CO)5 with the cyclopentadienylphosphine sulfide, Ph2(C5H5)P:S,
afforded (22) the desulfurised complex Fe(CO)4{ P(C H, )Ph { . Similar treatment
>f [Fe(q_ -G H )(CO) ] gave the ferrocene der:.va+:.ve Fe(vl —C5H4PPh2). However,
reaction of Fe(CO) with 6 gave the appropriate phosphine complex 7. The
:omplexes Fe(CO) 4PFc3 and I-‘e(CO)B(}?IE'CB)2 Pch = triferrocenylphosphine) could
’e obtained (23) photochemically or thermally by reaction of Fe(CO)5 with PFC3'
Jowever, treatment of Fe(CO)B(C H6) with PFc; gave Fe(GO) (PFCS)T Reaction of
e(co) and Fe(CO) (No)2 with AsHMe, gave (24) Fe(CO) (AsHMez) and Fe(CO)(NO)
AsHMez) which, on aerial oxidation, dimerised giving (OC) gFehste Aste Fe(CO)
md (NO),(CO)FeAsMe,~AsMe, ,Fe(C0)(NO),, respectively.

teferences p. 256
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M(II) phosphine complexes containing hydrids, halo and other ligands

Photolysis of Ru(CO)(PPh3)2H01 afforded (25) Ru(PPhS)ZHCI, which is a potent
hydrogenation catalyst. TUnder GO, Ru(CO)(PPh ) HC1 may be irradiated giving
RrRu(CO) (PPh3) 5HC1. Dehydrogenation of Ru(CO)(PPh )3 may be achieved by uv
light, giving the transient Ru(CO) (]?PI’13)3 which may ultimately be converted to
an o—metallated phosphine complex. If irradiation was effected under CO,
Ru(’JC))Z’(PPhB)2 was produced. The species Ru(CO)z(PPhB)ZHCl could be photo--
isomerised, but reverted to its initial geometry in the dark.

Reaction of M(CO)(PPh.),EX (M = Ru or Os; X = Cl, Br or OCOCFB) with RN:C:NR
(R = p-MeCH, ) save (26) M(CO)(PPh3)2X(RNCEIIR), 8 (M = Ru) and 9 or 10 (M = Os).
If the reaction was carried out -under more vigorous conditions, then 8 (M = 0s)
was formed. It would appear that a system of isomerisations occurs (Scheme 2).

X
PhyP._ 1 _-PPhg X R
SRu. ——— Phsf | N,
Ph3P/(l: S S DH
N
o o p R Ph3
R Ph3 P R
PhaP_ [ .-Ny e Cl\l _.-N; o
/?u\ >H /TU\N>
l'e) R Ph
Cl._ | _.N, A 3
“RuUl  DH
Ph3P/| Ny
c R
Scheme 2 o
10

3
Preatment of M(CO)(PPh3)3H2 with AN:C:NR afforded M(CO)(PPh3)2H(RNCENR), 8 (X =
The interaction of Ru(PP. )3301 with NaOH or KOH in THF, acetone or t-butyl

alcohol led (27) first to Ru(PPh3) H{OH)(solvent) (solvent = THF or HZO)’ second.

to (PPh3) H(SolV)Ru(u—OH)ZRu(solv)H(PP )2 (solv = acetone, THF, H,0 or Bu OH)
and finally to Ru (co) (PPh ) 65{4(03) (Pth)(Me co)2 The structure of this tet-
ramer is not k:nown with certa‘.nty but may be 11 or 12. Under slightly different
conditions, KOH reacted with Hu(PPh ) HC1l in refluxing acetone, giving Ru(C0)-
(PPha) . Treatment of the ruthemum hydrido-chloride with NaOM=: gave,

H Ph, PPh H PP}
Me.CO o 3 Ph, PPhs
20\ P 1 _PPhy Me,cdo_ | P2 1 “ppny

PhyP~" ~ /Ku\ Ru RU

3P/ | ~co PRyP” [ SH-T | o
HCi o OH HO
Ph

Me,CO__ /P\/U/PPh3 Ph3P\P\_‘) /Pi/ OCMe,

e ~ u
PhePp” | HT | D¢ o€ | SH—"] “PPh,
PPh; PPh, H

H).
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depending on conditions, either Ru(CO)(PPhB)BHz, or two other compoundsexhibiting
.o(c=o). One of the latter two species may be Ru(PPhB).jH(CHO)(solv) and the other
is probably Ru(PPh3)3H2(OCH2). It was noted that Ru(PPh3) i) reacted with form—
aldehyde giving Ru(CO)(PPh3)3H2. These reactions are similar to the alcohol
debydrogenation conditions described earlier (28) and are ountlined in Scheme 3.
It was observed that Ru(PPhB)Z(HZO)H(OH) reacted with ROH (R = Me, Et or But)
giving Ru(co)(I>P113)2(11()11)H2 and small amounts of Ru(CO)z(PPh3)2H2 and Ru(CO)B-
(PPBy),-

Scheme 3

(P =PPhg; S=Solvent)

H H H
P._ i NaOMe P._ 1 /B—H F’\\éu',H
~ _ B —— = Jo— —_—
/Ru P /Tu P transfer e \P
pT P ome P
i NG
H H
P_ 1 __H
~RuZ
P71 vp
THF
H H /H cO
Pl _.H H P\\é .S 2
“RuZ ————————— u
p? | Vp transfer = e
C C
~
O o \H

Treatment of M(co)(PPh3) 2(0COCF3)2 (M = Bu or 0s) with boiling ethanol or
hydrogen afforded (29) M(CO)(PPh3)2H(OacCF5) 13. On treatment with CF,CO,H and
with PPhy, 13 regenerated the sterting material and M(CO)(PPhB)BH(OCOCFB), 14,

o)
PPh3 PPh3 i PPh3
Ho 1 _.O. Oc.. | _pPphy F,CCO._ | _.cO
‘M. SCCFs M M
c” | >0~ H | OCCFs Facco” | ¥co
PPhy PPhy [l g PPhy
13 14 15
FaC.
C=0
o TPh3 PPh;
Ph,P.. | _CO Oc cO PhsP. | O
3 oM om 3 = \BCMe
ehaP? | TCo HY | OCCF5 o< | ~o
PPhy M o
7 N
CFy Me
16 17 18
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CF3 CE CFy
O  )CFy O )CF3 o o° MCF
PhsP._ | O p._ 1 .o .. I/O
L -
oC” | ~PPh; c* | yoccrs PhyPp? | *pPPhy
PPh; U o
AN (@] AN
c=0 c=0
7 s
Ccr Chy
19 20 21

respectively; 1_4 was also produced directly by treatment of M(CO)(PPh3)2(OCOCF3)2
with PPh3’ although it seems probable that the reaction proceeds via 13. Under

CO in boiling benzene, M(co)(PP}13)2(OCOCF3)2 was converted into M(CO)2(PPh3)2—
(ococp3)2, 15 or 16, while 13 gave either }I(CO)Z(PPh3)2H(OCOCF3)1 17, or

possibly M(CO)(PPhB)ZHs(OCOCFS). Sodium acetate reacted with M(CO) (PPh3)2—
(0COCF,),, in boiling methanol to give Ru(co)(PPh3)2H(OCOMe) and fluxional (MeOCO)_-
M(CO)(PPhS)z, 18. However, in ethanol, M(CO)(PPhj)ZH(OCOMe), probably analogous
to 12 » was formed, possibly via an ethoxide which underwent a B-elimination
reaction. Further reactions of M(CO) (PPhS)Z(OCOCFB)Z, with Namo3 in boiling
methanol, with SO2 also in methanol, and with acetylacetone in ethanol, methoxy-—
ethanol or higher boiling alcohols, are summarised in Scheme 4. When M(CO) (PPhB)z-
(OCOCF3)2 was treated with KOH and acetylacetone, M(Co)(PPh3)2H(acac), similar to 13,
was formed. However, with CF3COCHZCOCF3, the species M(CO)(PPI%)Z(OCOCFB)‘
(CF3CQCHCQCF3), 19 (11 = Ru), and either 20 or 21, were produced.

Scheme 4
P o P
Py c. ] .
K > O Phsy Phg
P Ph P
OC /i’\ Me(j /f~ | /O\ 3P~. ‘ ‘_CO
(major) (minor) o M JCCF3 or O\\ /‘1\14'\0
PR .
M(CO)(PPh;),(OCOCF;)(NO;) o< p °© MeO\ O=d
Ph O C
) 3 CF3
\\NaNO3 so%l
%] (CO)(PPI’13)2(OCOCF3)2 o .
ﬁAéac \\\H:cac. high-boiling ROH
Ph3
gh3 Me gh3 Me o P Me
PhgP._ | O PhspP_ | .O=t C\‘\IA"_Oj__
M : or \ P B
o” | \O = C);'\O =-7 O/I oo
7 C Me o L Me e’ P Me
F3CC\ (@] O= N - 3 \\o Ph3 -
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Treatment of Fe(CO)5
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(PMeB)n (n=1, 2 or 3) with X, (x = €1, Br or I)

- + -
afforded (30) first [Fe(co)s_n(PMe3)nx] and then Fe(C0), ,(PMe;) X,. This last
species could also be prepared by addition of FMey %o Fe(CO) 4}(2. Reaction of
Fe(CO) 4x2 with X gave [Fe(CO)BXS:I—, which could be isolated as the salt of a

bulky organic cation. The siructures of some of these species are represented
as 22 to 33; the structure of [Fe(C0).X,]” is analogous to 25 (L = X). Reaction
of Fe(CO) 452 with PlMes afforded [Fe(CO)B(PMe3)2I][Fe(CO)313], while 26 isomerised
in the dark to 25 which existed in a light—controlled equilibrium with 27. Treat-
ment of tra.ns—F;?CO)B(PMeB)Z with ICN gave Fe(CO)Z(PMeB)ZI(CN) which, on further
iodination, afforded _3_0 and ultimately _9_8; Reaction of Fe(CO) 412 with PhZPCHz—
CH,FPh, (diphos) gave Fe(CO)z(diphos)Iz (trans-I, cis-CO) and then, on exposure
to light, the corresponding cis—iodo~trans—carbonyl isomer.

Ia DMF, RuCl,.nH,0 reacted (31) with P}JP(CH20H2PPh2)2 (triphos), (thPCHZCHZ—
PPhCH2)2 (tetraphos—-1) 2nd P(CHZCHZPPh2)3 (tetraphos—2) givine Ru(CO)(triphos)012
and [Ru(CO)201]2L (L = tetraphos—1 and 2), respectively. Tim (II) and mercury

PMes b x
Oc.. 1 x Oc. 1 _Pmes Oc.. | _PMmes
“Fel ~Fel ~Fe’
oc” | >x Me,Pp” | YCo oC” | emes
28 29 30
0
C PMes X
MegP. | X Oc_ | _.x Oc. | _.PMe;
s S P
MeyPY | X MegPT | X MesP? | “PMe,
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iodides reacted with [Ru(CO)B(PPh3)zI]I in a 1:1 molar ratio affording (32)
[Ru(C0)5(PPo;)I][MI;] (M = Sn or Bg). With a 2:1 ratio, Hel, gave the [EeT, 1%~
salt. ~Treatment of 1=zu(co)3(PPh§)2 with SnT 4 afforded [B.u(CO)B(PPhB)ZI] [Snlj]
while, in refluxing benzene, Snl, and cis—Ru(CO)z(PPh3)212 were obtained.

Under CO at atmospheric pressure, [Os(PhZPCHQCHZCHZPPhZ)201]PF6 was converted

(33) into [Os(CO)(PhZPCHZCHZCHzPPhZ) 2C1]PF .

Sulphur—containing compounds

Reaction of the hetercdiene complex Fe(CO)s(enone) with CS, in the presence of
tertiary phosphine or phosphite ligands L(PPh3, PBujn, PMe,Ph, PMe,, P(OMe)5 or
P(0Et)5) gave (34) Fe(G0),Ty(q°-0S,), 54. VWhen L = PPh, one phosphine ligand
could be substituted by either PMe3 or PMe,Ph. The X-ray structural determina-~

2
tion of ﬁ, confirmed the equatorial position of the f\z—CS2 group.

Me,N Me,N NMe
L >-\S >w5 Vi 2
Oc. 1 s s_ | _s s.. 1, .S
C/Te_g C/Te\l AN
C c* | C
o) N\ o \ o \
. S C \ C \
o NMea o] NMeo
34 35 36

There was no reaction between Fe(CO)5 and Me,NCSC1l even in refluxing THF, but
under u.v. radiation, low yields of the previously known (35) cis-—Fe(CO)z(SzCN—
Me2)2, were obtained (36). However, Me NCSC1 reacted with Fe2(00)9 or Fe3(00)12
giving 35 whose structure was established crystallographically. This species
could also be obtained by reaction of Fe2(CO)9 with [MezNC(:S)S]Z, and is
fluxional in solution. Treatment of [Fe(CO) 4]2_ with Me,NCSC1l gave a mixture of
22 and the sz21t 25, which is also fluxional. Reaction of the thio-carbamoyl
chloride with [Fez(CO)B]Z- afforded Fe,(C0),,5(CSNte,),, 37, which could be
methylated by Me30+ giving 38. There was no reaction of Me2N0501 with
[Fe3(00)11H]— and no isolable products could be obtained with [FeZ(CO)BH]” and
[FeB(CO) 11]2‘. Fe2(00)9 reacted with CICSSEt giving 39.

The structure of the previously reported (37) [Ru(C0),(PPhs),(n Z_osMe)]*, 40,
has been confirmed (38) by X-ray methods. Treatment of 40 with CN~ gave initially
Ru(CO)z(PPh3)2(CN)(r|1 —CS,Me) and finally Bu(co)(PPh3)(cn)(r,2-cszne). Reactions
of 40 with [szcmtzj‘ are summarised in Scheme 5, but treatment of [Ru(CO)z—
(PPha)Z{qz‘csn(p-CGHArMe)Me} 7%, with diethyldithiocarbamate afforded Ru(CO)-
(Pph3)(12-szcmt2){rl2-csx(p-c6H4Me).-?:_{ . _Treatment of Bu(G0)(PPh,),I(CSe).
with primary amines RBNH, (& = Me, PP, Prl, BuS, PhCHz) gave (39) the binuclear
isonitrile complexes 4la or 41b (the latter is favoured). The possible mechanism

of this reaction is outlined in Scheme 6. -
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Scheme 6
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In refluxing benzene, OS(PPh5)3012
give (40) the thiccarbonyl derivative oS(cs)(PPh3) This was converted into
Os(CS)(PPh3) H, and reaction of the dihydride with HClO , gave os(cs)(rP ) A~
(0010 ). Under CO, this perchlorate afforded [0s(co)(cs)(PPh3)3H] wh:Lch, on
neut"‘a._isatlon by NaOH, gave 0s(co)(cs)(1>1>h3)3. Treatment of Os(CS)(PPh5)3 -
(0010-) with C1~ afforded 0s(cs)(Pph3 5EC1, also obtainable by treatment of
Os(CS)(PPhB))H with HCl. Isonitrile addition to the hydrido-chloride produced
Os(CS)(CHR)(PPhS) Hl (R = p—MeC6H4) Bthylene and diphenylacetylene reacted
with 0s(co)(cs)(1=1>h3), giving Os(CO)(CS)(CZH4)(PPh3), and Os(uO)(CS)(P )-
(PPh, )2, respectively. Treatment of Os(CO)(CE;)(PPh3 J- with CS
afforded (41) Os(CO)(CS)(PPh ) (q -csz),
in Scheme 7. It is thought that conversion of [Os(CO)(CS)(PPhS)Z(q —CSZMe)]
into Os(cs)fPPh )2\'1 = r‘mz:tz)(q —CSZMe) occurred via Os CO)’CS)(PPhs,Z(q -
S,CRE®, )(ﬂ —CSZNé) which could be isolated.

reacted wg'_th.CS2 and an excess of PPh3 to

2 in benzene

s some of whose reactions are shown

Scheme 7
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\2rs1 (csH) with BE, . or of Os{ cs)(PPh3)532 with CO

under rigorous conditions, afforded (42) Os(CO)z(PPhs)z(\qa-Cst), 43. Reactions
of this compound are outlined in Scheme 8. The structure of the previously

Scheme 8
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bbrepared (43) Os(CO) (PPh ) H(v] —CSzMe) 44, has been determined (44) crystal-
. lographically. The Os-H dlstance was 1- 64(6)A, and it was suggested that there
was a T~interaction between the apical C atoms and the adjacent S atoms but not
the metal.

Sulphur reacted with M(Co)z(P )3 (M Ru or 0s) giving (45) M(co) (PPhB)z(SZ),
Treatment of the osmium compound witk MeSOCF; gave [0s(co)2(PPn3)2(s Me) ]~
[SO CF ], and en X-ray structural mvest:.gatlon of the cation, as Cl10; 2 salt,
establlshed that the compound contains an 1 —32Me group, 45. Here, the S-S
distance (2-031) is close to that found in Sg (2-041) whereas the S=S distance
in gaseous S, is shorter (1-891). Treatment of 45 with I gave Os(GO)z(PPhB)z—-
I(q —SzMe) :

Insertion into the metal hydride bond occurred when M(CO) (PPh3)3HCI (M = Ru
or 0s) was treated (46) with CS,, giving the dithioformato complexes M(CO)(PPhB)z—
Cl(SQCH), 46. These complexes readily isomerised, as shown in Scheme 9.

Scheme 9
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Reaction of Ru(CO)a(PPh3)3 with organic isothiocyanates afforded (47) either
A7 or 48 (B = Me, Bt or Ph), depending on the concentration of BNCS. However,
insertion of isothiocyanate into the M-H bond of M(CO)(PPhB) HX (M = Bu or Os;

X = C1, Br or ococps) gave (49) M(CO)(PPhj)ZX(BNCHS), as a mixture of three
isomers 492, b and c, all of which were detected spectroscop:.ca.lly. with M(C0)-
(PPh3) H,, PhNCS afforded M(CO)(PPhB) H(PbNCHS) which, under more vigorous
conditions gave some Ru(CO)(PPh3)(PhNCHS)2 and other, unidentified S—conta.lm.ng

products.
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An X-ray crystallographic examination of the previously reported (49) Ru(CO)-
(CSe)(PPh3)2012 established (50) that the carbonyl and selenocarbonyl groups
were cis, the phosphine ligands trams and the trans-influence of the CSe group
was relatively strong.

Hydrido and halo—-carbonyl complexes

The molecular structure of Fe(CO) 4Ho has been investigated (51) by gas—phase
electron diffraction. The molecule has sz
between octahedral and tetrahedral geometries. The H atoms are mutually cis
with an H-Fe-H ample of 100+10° and Fe-H = 1-56A.

& ve 3¢ nme spectral study of cis—M(C0)4X2 (M =Fe, Ru end Os; X = H or I)
and c¢is-0s(CO) 4Me2 established (52) that only the iron hydride was fluxional.
Ru(co) 4H2 was stereochemically rigid between -50 and -20°, and decomposed above
this temperature.

Reaction of []1u(00)3012]2 with primiary amines gave (53) the carbamoyl com-—
plexes Ru(co)z(m23)2c1(com) (= = BuY, But, p-MeO 2nd p—Me—C6H4)- Treatment
of the species where R = p—Me06H4 with PPh3 and HC1 afforded Ru(CO)Z(PPI%)ZCl—
(CONFR) and [Ru(co)s(nnzﬁ)201]01. The products of reaction between Bu(PPh3 5~
Cl,, RNH, (R = pMe— and p—Me—C6H4) and CO could not be fully characterised,
but may include Ru(co)(PPh3) (NHZR) oCl,. When the hydrazines N,H, and PhNHNH,
were substituted for RNH,, [Ru(PPhB)Z(NH2NHR)HQ12]m'(R =Ph, n=2, n=1;
R=H; n=1, m=2) was formed, and this reacted with CO giving Ru(CO)(PPh3)2—
(NHZNEPh)Clz and [Ru(CO)(PPhB)(N2H4)012]2, respectively.

Decarbonylation of halogen—exchange with, tra.ns—[Os(CO)zBr 4]— gave (54) [o0s-
(co)xs]z‘ (X = €1, Br or I).

In refluxing heptane, Ru3(00)12 reacted with CSCl, giving (55) Ru(CO)B(CS)Clz,

probably 50. Treatment of this thiocarbonyl chloride with PPh5 and C.H, NC gave

symmetry with a configuration
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Eu(C0),(CS)(PPh;)C1,, 51 and [Ru(C0) ,(¢5) (CNGH, 1)2c:1]+, respectively. Reaction
of 50 with Ph, ECH,CH,EPh, (E = P or As) afforded a mixture, in each case, of at
least two species. but only [Ru(co) (CS)(Ph AsCH,CH,AsFh,, ye1]t could ve
characterised. The isonitrile complexes Ru(CO) (CNR)Cl and Ru(CO) (CNB)(PPhB)—
012 were obtained by treating 50 and 51, respect:.vely, with RNH (® = CGH 1° Ph,
p-Me- or p—MeO—C6H4). In general, the reactivity of the th:.oca::bonyl complexes

was markedly higher than that of their ordinary carbonyl analogs (563. -

R
g g g NBut
Oc.. ;17 .cO Oc..1 _ct I | .C_
o u *Ruzl —Fel C—Me
Oc/l oc” 1 “Seeny RNC | N
Cl c 1
N put
R
50. 51 52

Compounds containing Group IIB metals

The compound (N‘HB)ZCGFe(CO) 40 which has been described previously (57).
reacted with dry pyridine giving (58) (pyr)QCd.Fe(CO)4. On heating in the solid
state, ammonia was driven off and CdFe(CO) 4 formed, which could be recrysitallised
from acetone/water; with THF, (‘.EEF)zche(CO) 4 ves produced. An X-ray structural
determination of CdFe(CO) 4 established that the molecule contained a nearly

planar centrosymmetric 8-membered ring of alternating Cd and cis-Fe(CO) 4 units.

The geometry deviated from D square symmetry principally in that there was a

sligh* distortion iudica.t:r'_ngdrgeak coordination of two Cd atoms with O atoms of
acetone of crystallisation. The Cd—Fe distance was 2-562(3)A. The structure
of (bipy)CdFe(CO) 4 obteined {58) by treatment of CdFe(CO) 4 With 2,2'-bipyridyl,
revealed (59) that the molecule was trimeric, containing a nearly planar ring
of c:Ls—Fe(CO) and Cd(bipy) units. The Fe atom coordination is significantly
distorted f‘rom octahedral towards tet‘*a.hedra_’L, in which the Cd atoms cap two
faces. There was some evidence for a weak semi-bridging interaction between a
carbonyl C atom and Cd. The bonding in this trimer appears to be more jonic
than in [CdFe(CO) 4] 4’ and there was some dissociation in benzene solution. A
Raman and ir spectroscopic examination of (en)CdI'e(CO)4 {(en = ethylenediamine)
revealed (60) that the Fe atom had essentially octahedral coordination in a
centrosymmetric structure.

The reaction between FE(C0)5 and Hg012 proceeded (61) via two consecutive

reactions:

(1) Fe(co)5 + HgCl, —> cis—Fe(CO)4(HgC1)2 + COC1,;
(ii) ecis-Fe(C0) 4(HgC1)2 +.2HgCl, —> cis-Fe(CO) 4(HgCI.HgCI2)2.
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ISOCYAWIDE AND CARBENE COMPIEXES
Isocyanide Complexes

Reduction of FeBr, by sodium amalgam in the presence of BulNC afforded (62)
the fluxional Fe(CN:But) 5 The structure of this molecule was determined
crystallographically and it was shown to deviate markedly from idealised
trigonal bipyramidal geometry. There are two equatorial and one axial iso-
nitrile ligands which are non-linear and it was suggested that this reflected
substantial back-donation to the m (CNR) orbitals from the metal. Treatment of
Fe(CNBut)5 with PPh,, or reduction of FeBr2 in the presence of both isonitrile
and phosphine gave Fe(CNBuY) 4(PPh;). Reaction of Fe(CNBut)5 with n-C,F.T gave
trans-Fe(CNBu") 4_I {CF(CF3)21_( and with MeI, 52 was probably formed;
the latter may have been produced via initial formation of a Fe—CH3 bond,
followed by insertion of CNBu#. With allyl chloride and diphenylcyclopropenone,

Fe(CNZBut)S afforded trans—Fe(CNBu®) 4c1(q1_0335) and 53, respectively.

R NEt,
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The Mossbauer spectra of [Fe(CNR)B_n {PPh(OEt)z} 11}(][(:10 4] (n=3, 2NO; X =

Br or I; R = Ph, O- or p—MeC6H4, p-NO,- or p—MeO-C6H4, 2,6—Me206H3) and Fe(p-
Me06H4NC) 4x2 (X = Br or I) have been determined (63). The phthalocyaninate

complexes FePcL2 (L = 1-methylimidazole, piperidine or pyridine) reversibly
bound PhCHzNC via a dissociative mechanism (64). Thermodynamically, PhCHzNC is
3

bound to FePc in preference to CO by a factor of 10° and the complex is

similarly more inert than the corresponding carbonyl. In the presence of EtSH,
p—ClC6H4NC is catalytically converted by [Fe 48 4(SR) 4]2—’4_ in tetramethylurea
into p-C1C.E N:CH(SEt) (65). Other isocyanides behave similarly, and the

y.x
proposed mechanism, investigated electrochemically, is shown in Scheme 10.

Scheme 10
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Treatment of [Fe(S CNEt,) ]+ with p-C1CH,NC gave (66) [Fe(CNC6H c1) (s -

CNE1 )] s, which could bea e'lectrochemlca_lly oxidised at very positive potentlals-
In the absence of air a.nd 11ght, Fe(S CNEt ) reacted with RNC giving cis-Fe-
(cm)z(s CIIEtz)z (R = Pr" Bu s D-CI1CH, ) a.nd in refluxing acetone under CO, cis—
We(co)z(s CNEt ) was formed. Treatment of Fe(S,CNEtf),I with P1PF¢ in the
presence of p-010654Nc afforded [Fe(CNCGH 01) (s CNEtz) ] and the existence of
this monccation was further demonstrated by a voltammetrlc study of Fe(CNCGH Cl)2
(SZCNEtZ)Z obtained ty direct combinaztion of Fe(SchEtz)z and the isocyanide.
This neutral species reacted with ZnIz, giving a 1:1 adduct, _5i, whose struc-
ture was established crystal log:aphically.

Reduction of trans-Ru(CNBu ) o by Nz/Hg in the presence of Bu'Ne a.fforded
(67) Ru(CKBu )5, and if P]E’h5 wa.s J_nc1uded in the reaction mixture, Ru(CNBu ) -
(PPhJ) was produced. An X-ray structural examination of the phosphine complex,
which is fluxional in solution, revealed that the P}?.:l5 group was equatorial and
that the equatorial CN:But ligands were significantly bent, presumably due to
substantial back donation from the metal, as in Fe(CKBut) (62). Reduction of
t‘r'a.ns—Fe(CN'Pri) 012 in the presence of PriNC afforded Fe (CNPri) s a2 preliminary
X-ray diffraction study of which revealed it to be 1sos1:ructura.l with Fe, (00)9
(Ru-Ru distance 2-631).

N
C c c
PhoAs | _CI PhyAs. 1 _.c Phas. | _ci
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RNCY | > c1” ] i c1” 1 venr

Cl C ct

N

R
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Three isomers of Os(CN06H4Me)2(AsPh3)013, 552, b and c, have been isolated and
identified structurally (68) using spectroscopic methods. Treatment of 0s(CS)-
(PPh )201 with CRR (R = p-MeC.H,) gave (69) Os(CS)(CNB)(PPhﬁ) With 4gC10,,
th_ls compound afforded Os(CS)(CNR)(PPh )201(00‘103) which was converted under CO
into [Os(CO)(CS)(CNR)(PPha) Cl][ClO 1. The reaction of this cation with SH
was complicated and solvent dependent: in acetone 0s(CO) (CS)(PPh ) 2(!{\_ ~SCNR)
was formed whereas in a mixture of dichloromethane and ethanol, both this
species and 0s(CO)ENR)(FPFh ;2\11 —CSZ; (8% to 194) were produced, indicating
that SH could attack at both CNR and CS. The reactions of Os(CO)(CS)(PPh3)2
(QZ—SCNR) are outlined in Scheme 11, and the structure of 56 was confirmed
crystallographically. It was noted that the previously prepared (70) hydride
0s(co)(cs) (PPh3)2H('l1_CSgM8) did not undergo a rearrangement to give a carbene

complex similar to 56.

—



Scheme 11

Os{n2-SCNRY(CSHCOXPPh3)

Carbene Complexes

Reaction of Ifé‘e(CO)5 with the 'electron rich' olefin 57, Q,, (R = Me),
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afforded (71) flurional Fe(C0),Q and Fe(C0),(Q),- The latter could be obtained
from the former by further treatment with Q,, or directly from Fe(CO) 3(C7H8)

and Q‘Z'

Reaction of the tetracarbonyl carbene complex with PEt3 or ]?Ph3 gave

Fe(CO)aQ_(P%), and iodination of Fe(CO)3Q2 provided cis—Fe(CO)z(Q,)zlz. Treat—
ment of Fe(co)a(mo)2 with Q, (R = Me) afforded Fe(CO)Q(NO)2 and Fe(Q)Z(NO)z, and

with [Fe(l15—05H5)(CO)2]2, Fe2(r15—05H5)2(CO)3Q (R = Me or Et) was formed.

Reaction of Ru3(co) 12 wWith Q, (R = Bt) gave Ru3(00)1 1Q-

Oxidation of Fe(CO)zQ.LI.' (L =q (R = Me) PP

or PEt_, L' = CO;

L= PPh3'

I'=Q; L=1L'= PPh3, PEtj, P(OPh).) and of Fe2(00)6(Q,)2(p2—Ph2PCH20H Pth),
58, obtained by reaction of Fe(CO),Q (R = Me), with Ag' afforded (72) para-
magnetic carbene complexes [Fe(CO)BQLL']+ and [Fe,(C0)4(Q),(L~Ph PCH,CH, PP, )] "
Silver (I) oxidation of Fe(CO) 5Q,L followed by treatment of the monocation with
((7),)2 or THF afforded Fe(co)2(Q,)2L and Fe(CO)zQ(']IHF)z, respectively. These
oxidised species were characterised by spectroscopic techniques and cyclic

vcltammetry, and it appears that the unpaired eleciron is substantially metal-

centred.

It seems that the carbene ligand contributes to the stability of the

monocations by virtue of its strong Fe-C bond and its ability to delocalise the

positive charge.

Treatment of Fe(TPP) (TPP = tetraphenylprophinate) with CC1 4 in the presence
of an excess of a reducing agent afforded (73) the carbene complex Fe(CClz)—

(TeP).

pyridine, Fe(CClz)(TPP)(pyr) and Fe(TPP)(pyr)2 were isolated.

genated carbon-compounds behaved similarly.
The 'electron-rich' olefin (Q)z, 57 (r = p—MeC6H4) reacted (74) with Ru(PPh3)3-
Cl, giving 59 (L =L = PPhB). Treatment of this o-metalated species with (Q,)2
(kR = Bt), and PEts gave 59 (L = PPh3,
respectively. Carbon monoxide reacted with the latter and with 59 (L=1L =
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On heating, this species released 0201 ,» and on treatment with
Other polyhalo-

L' = Q, B = Et) and 59 (L = L' = FBt;),
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PPhB) giving 1:1 adducts without displacement of the other ligands. An X-ray
crystallographic examination of 59 (L = L' = PEtj) confirmed that the species
is essentially five-coordinate, but that a2 sixth p-sition is occupied by an
ortho-H atom on the tolyl ring which is not metalated. The Hu .... H contact
distence is 2-2K, and the Ru-C (carbene) distance (1-S1R) is consistent with a
bond order of nearly two.

The structure of Ru(C0)$ CHNMe(p-HMeC,H )} {cu(n—rlec6H4)} (PPn;)I, 60,
obtained previously (75) by treatment of Ru(CO)(CHNR)(PPhB)(O CMe) with CNR
(r = p—Me06H4), MeI and I,, has been determined crystallographically (76). In
this species, the Ru-C (carbene) distance (2-05&) is somewhat longer than that

in most other Ru-carbene complexes.

NITROSYL AND DIAZENATO COMPLEXES
Mononitrosyl Compounds

ESCA studies have been made (77) of the nitrosyl, diazenato and diimine com~
plexes ML(PPh3)2X3 (M=Ru; L =0NO or p-YCH,N,, ¥ = Me, C1 or NO, = C1;
M=0s; L=NOorpYHN,; X-= Br), [RuL(PP):%)ZCl] (L = NO or p—Me06 N2),
Ru(NO)z(PP)%) and Ru(CO)(EN SCeE OMe) (PPh3) . There was a good correlation

4
between the N 1s binding energies of the nitrosyl complexes and their diazenato

analogs and this was seen as support for the view that these ligands have
similar coordination cha.racterlstlcs.

The solution structures and reactivity of M[Fe(CO)B(NO)], M=Na" K" or
(Pth) N have been investigated (78) by ir spectroscopy. There was evidence
for ion-pairing involving cation...nitrosyl interaction, and the chemical
reactivity of the anion was influenced by the cation.r Thus, it was confirmed
(79) that [(P%P)ZN][Fe(CO)S(NO).I reacted with I, giving [(P!13P) ][Fe(NO)zlz],
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while the 18-crown—6 ether coordinated &' salt reacted similarly but decomposed.
Treatment of K[Fe(CO) (¥0)] with moderate amounts of iodine afforded [Fe(N0),I],.
but with an excess of 12, K[Fe(NO)Is] was formed. Reduction of Na[Fe(CO)S(NO)]
with Na in liquid ammonia afforded (80) Na [Fe(CO) (NO)] It was suggested

that reduction was primarily associated with the ligands. '

One-electron reduction of [Fe(CN)S(NO)]Z—' in aqueous solution using COZ"
e (aq), 'CHZOH, MeZCOH' or H gave (81) [Fe(CN)S(NO)]B“ whose electronic
spectrum was independent of pH in the range 1-» 8-5. The itrianion underwent
first order decay with loss of the trans-CN ligand, giving [Fe(CN) (NO):[Z_
which was sensitive to 0,, giving [Fe(CN)S(NO)]z“ [Fe(GN)ll(NO)(OH)]z‘ and
polymeric species. When reduction of [Fe(CHN) (NO)] was carried oubt using
'cazc(ne) ,0H, the N-C bonded species [Fe(cN) {N(O)CHZC(I'Ie)ZOH} ]3‘ was formed.
The X—ray crystal structure determination of [PhA_As}z[Fe(CN)s(NO)] confirmed
(82) that the nitroprusside ion has a somewhat distorted octahedral structure.

in 2 study of the rate of exchange of coordinated NO in [st(No)]Z‘ in solu-—
tion with gaseous NO, it was observed (83) that the reactivity of the M-NO bond
decreased in the order [Fe(cN)S(No)]2‘>> [Ru(cN) (NO)] > [Ru(No)015]2"> [Ru~
(110)13:':5]2

The structures of two crystalline forms of Fe(NO)(TPP)(4-Mepyr) (TPP = tetra-
phenylporphinate) have been investigated (84) by X-ray methods. One form
crystallised as a chloroform solvate while the other form was insolvate. Both
species contained bent Fe-N-O groups: for the (L‘Hc:l3 solvate Fe-N{(0) = 1-72R,
Fe-N-0 = 138-5° and Fe-N(base) = 2-33A while for the other species Fe-N(0) =
1.74, Fe-N-0 = 143-T° and Fe-N(base) = 2-46A. The structures of the o-pheny-
lenebis(dimethyiarsine) (diars) iFe(NO)} 7 complexes [Fe(NO)(diars)z][Clo 4:]2
and [Fe(NO)(diars)z(NCS)[BPh4] (acetone solvate) have been determined (85). The
former species has a tetragonal pyramidal structure with apical NO, and Fe-N-0
bond angle of 175° and Fe-N(0) = 1- 654. There was a weak interaction (2-661)
between the meta.l a.nd one oxygen atom of one C10 4— group. The latter species
is essentially octahedral with a trans-ON-Fe-NCS arrangement where Fe-N{0) and

Fe~-N(CS) = 1-72 and 2-00&, respectively, and the Fe—N—O‘hond angle is 159°.
Irradiation of the charge transfer bands in [Fe(NO)(dlars)QX][CIO ] (x = c1,
Br or I) in metbhanol or aceitone with or without H and X~ afforded (86) [Fe-
(dms)2x2] The reaction was regarded as a formal oxidation of Fell to Felll
and a reduction of NO' <o NO -

Treatment of Fe(NO)(S,CNR,), (R = Me, Et or Ph) with Br, or I, afforded (87)
Fe(NO)(SZCN.RZ)X. With NO,, the cis-nitrosylnitrite, Fe(No)(szcm2)2(N02), 61,
also obtainable by treatment of Fe(N0)(S,CNR,),I with AgNO, or of trans—| Fe—
(NO)(SZCEBZ)(NCMe)]+ with NO,”, could be produced. The structure of 61 was
establisked crystallographically and the Fe-N-0O and (O)N—-Fe—-N(Oz) bond angles
are 175° znd 91°, respectively. VT nmr spectral studies of 61 revealed that it
was fluxional undergoing- a process which probably involved a bond rupture rather
than a trigonal twist. The cation trans-—[Fe(NO)(Szcbmz)a(NCMe)]+ was prepared
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by treating Fe(S,CNR,), with NOBF, in acetonitrile, =2nd reacted with NCS giving
tra.ns—Fe(NO)(S CNR ) (NCS) This species could also be prepared by reacting
rr-ans—[Fe(l\ro)(S CNRZ) (NCMe)] with thiocyanogen, and the nitrosyl cation also
reacted with CNMe, pyridine and C1~ affording cis—[Fe(¥0)(S c1v112)2(cm:4e)]+
trans-[Fe(N0)(S cmz) (oyz)]" and a mixture of cis-Fe(N0)(S crmz) C1 and Pe(NO)-
(S CHR ) respectively. In the dark, Fe(15No)(SZCHR ) I underwent complete
isotopic exchange with ‘4wo giving Fe( 4NO)(S CNR,),T a.mi 580. Similar
exchange reactions occurred between Fe( 4NO)(E'; CHRR ) and cis-Fe( SNO)(Q CNR,, ) I,
and between PFe( 5No)(s CNR ) and trans-[Fe(14NO)(S cmn ) (NCMe)] The kJ_net:Lc
data obtained from a2 study of these reactions were cons:.stent with the dissoca-
tive process Fe(NO)(SZCNBz)z = Fe(NO)(SQCNﬂz)z + X .

X-ray photo-electron spectral measurements have been made (88) of the S 2p
binding energies in the complexes Fe(NO)(320NB2)2 (R = Me or Et), Fe(NO)(Sz—
CNEt,), I, [Ph4P][Fe(No){ szcz(cn)z} 2], [Fe(NO)z(u—SEt)]z, [Fe(CO)B(p—SEt)]z
and [NH HPe s (NO) ]

Treatment of [Ph4P] [Fe(ws )o ] with NO afforded (89) the paramagnetic species
[Fe(l\O)(WS ) ] . The a.naﬂogous Mo complex was also synthesised snd it was
suggested tha‘b the unpaired electron spins were. delocalised over the two metals.
Reaction of [Fe} SCHZCHZNMe(CHZ)nMieCHZCHZS 3 ]2 (n =2 or 3) with No¥ or N02+
gave (90) the monomeric, paramegnetic nitrosyl complexes Fe(NO) iSCH20H2NMe—
(cH, ) MeCH,CH,, 5 (m=2or 3). The X~-ray structural examination of the
species where n = 2 revealed that the molecule has a distorted square pyramidal
structure in which the NO ligand occupies the apical position. There were two
independent molecules in the unit cell, both exhibiting bent Fe-N~-0 groups (155
and (158°).

Reduction of [Ru(N0)(E, 0)5]’+ by [Cr(E,0) ]2+ afforded (91) [(H,0)Bu-NE-Cr-
(HZO) 1°%. Slm.‘l._a:c treatment of [Ru(NO)(NH3) ] gave a mixture of [C*(HZO) ]3+
[Ru(NE3)5(H 0)] » [Cr (OH)2] , an uncharacterised Ru/Cr dimer and free ammonia.
It was suggested that this reaction also proceeded via z -NH-bridged bimetallic
species. This intemedia.te could be described as two valence resonance struc-
tures: [1g Bu'T-NE-Cr T (5,0) ] oz [LS-RuIv—'ﬁH—c::IH(HZo) 5]5+

Electrochemcal oxidation of Ru(bipy) (N02)Cl (vipy = 2,2'-bipyridyl) afforded

(92) a mixture of [Ru(blpy)z(NOS)Cl] and [Ru(NO)(blpy)201]2+. This reaction
| i 0

was thought to proceed via a bimetallic intermediate [ 1II—N....O...e]f’—Ru]2+
0

which dlssoclated into [Ru’ (‘m)] and [Ru III(mo )]¥; oxidation of the nitrosyl
would afford [Ru (NO )]+2. Blectrochemical studles of [Ru(N0)(bipy) X]n+ (x =
3, CiorNO,, n=2; X= NH3’ pyr or MeCN, n = 3) revealed (93) that the
nitrosyl underwent a reversible one-electron reduction and a further irreversible
reductlon in acetonitrile. The one—electron reduction product [Ru(l!ﬂ.)(I:u.p:y’)2
Cl] was isolated and it was established that reduction was largely associated

with the NO group.
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Reaction of the Schiff base complex Ru(Sa12en)(PPh3)2 with NO gave (94) [Ru-
(o) (Sa.laen)]zo and Ru(N0)(Sal,en) (NO), THF, 62. An X-ray crystallographie
examination of the latter confirmed that it was six—coordinate with a trans-ON-
Ru-ONO arrangement.

Treatment of [Ru(NO)(bipy)201]2+ with acetylacetone afforded 63 (95), and Na,—
[Ru(w0) (NOZ) 4(03)} reacted with barbituric acid in water giving (96) the
violurate complex 64. A similar reaction was observed with 1,3-dimethyl—
barbituric acid, and treatment of 64 with NaNO,, and HX afforded cis-Ru(NO)-
(sza.) oKX (sza. = anion of violuric acid, X = Cl, Br or unidentate sza).

/}:()hde
o_ _C
§3 i ~CcOMe ﬁ?
Q b p N~

o g Ru Y
. QoD I

() N N ! o hJ’J§t)

.“\ 2 H

..N

62 =(‘) 63 64

In concentrated ammonia solution containing [NB#]z[Os(NO)Xs] (X = C1, Br or I)
and Na [Ru(No)(No ) 4(03)] could be converted (97) into 0s(1\rc>)(m13)2 3 [os(m0)-
(NH3) (H o)x]xz, [Ru(NO)(N‘H )3(H 0)01]012 and [Ruf NO‘(N‘H ) 012]v1 B 0. Reaction
of [OS(NO)X5] with o—phenylenebls(dlmethylarsme) afforded (98) trans-[Os(NO)—
(dla:x:s)z](]x (X = C1, Br or I). When the nitrosyl cations were ireated with OH
and N H,.H,0, respectively, the species Os(d1a:cs)2-01(N02) and Os(diars) Cl(N3)
were formed. However, under special conditions, OH attack on [OS(NO)(dlaIS)Z—
01]012 afforded [Os(NO)(diars)Q(OH)]Clz. With phenylhydrazine, the nitrosyl
cation gave a mixture of tra.ns-[Os(N2)(dia:r:s) c1]c1 and Os(diars), ( ONNNEPR)C1,
and the latter was oxidised by O, providing [os(x )(dlars)ZCI]Cl, Os(dlars)2
c1(N02) and [OS(NO)(dlaxs)ZCl]Cl Attack on [OS(NO)(dJ.aIs)ZCI:ICl by hydroxyl-
amire afforded trans—[Os(NO)(diars)z(OH)]Cl2 and other unidentified products.

It was noted that the nitrosyl cations exhibited v(NO) close %o 1865cm‘1, and
it had previously been proposed (99) that all complexes with \J(HO)>1886cm_1
only would be susceptible to nucleophilic attack. However, these results
indicated that this frule' should serve only as a guide to reactivity.

The structure of [Ru(NO) {thP(CHz)iPth} »1[BPR 4] has been determined
crystallographically (100). The molecule is trigonal bipyramidal with two
axial P atoms, the Ru-N-O group being eyuatorial and linear. Ru(NO)(FPFh )3
reacted (101) with an excess of diphenylacetylene giving 65, as the only
orgenic product, and a complicated mixture of Ru-containing compounds. The
overall proposed mechanism is outlined in Scheme 12, and the yossible modes of
conversion of Ru(KO)(PPh3)2(CPh=CHPh), 66, or B.u(NO)(PPh5) =(n —PhCzPh)H, 67
into Ru(NO)(PPhS) (CPh=CEH-CPh-CHFPh), 68 are 2lso shown.
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Scheme 12

' [Ru(NO)(F’Ph_;)(;.L*PPhZ)]Z + other products
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Oxidative additiow. of acylchlorides to Ru(NO)(PPhB) 5C1 afforded (102) 69 or
70 (& = Ph or Me) whereas with methyl iodide and benzyl chloride 11 and 72 were
_i‘—ormed, respectively. With TCNE and fumaronitrilie, 1:1 adducts, 73, were
isolated, and a series of o—quinones afforded species of the type E which under—

went one-electron reduction reactions.

Dinitrosyl Complexes

There was ir spectroscopic evidence for the formation of Fe(CO)(NO)z, when
Fe(CO)2(N0)2 underwent uv photolysis (103) in either argon or methane matrices
at 20°K. In a nitrogen matrix both Fe(CO) (N2) (N0)2 and Fe(Nz) 2(No) , were
formed but under CO, Fe,-(CO)5 was generated. The e.s.r. spectrum of Fe(NO)Z—
(PRB)ZBr has been measured and interpreted (104).

Reaction of Ru(NO)(PPhB) 5C1 with NO,BF, afforded (105) a mixture of [Ru(NO)Z—
(PPh5)2c1][BF4] and [Ru(No)(PPh5)2c1(N02)][BF4].

When Fe(CO)s, Fez(C0)9 or r'<33(r.-.:)12 was photolysed with NO in either chloro-—
form or 0014, Fe(NO)BCl was produced (106). The trinitrosyl could also be
generated from [Fe(NO) 2Cl]2 and NO in non-coordinating solvents.

PPhs3 PPhy <
I~‘l -Me PhcH,. | a ph;P._ I <
\Ru -
/ ~Ru’
ct¥ | \NO Cl/; NO Phy P /] ~L
PPhs PPh3 ~
71 72 73
OH
PPh3
eI, (Smn{Cy-ome
ur R _—
v LRI &
PPh3
74 75

Diazenato Complexes

Treatment of [Ru(bipy)2(1T0)01]2+ or [Ru(bioy) (NO) (NCMe)]3+ with aromatic zmines
NHZC6H4Y (Y = H, Me, OMe) gave (107) the dlazenato complexes [Ru(b1py)2

N,CoH, Y)c1]?* or [Ru(b1py)2(N CoH, Y)(NCMe)]3+. When the '2NO labelled complex
was used, | Ru(blpy)z( oy 4NCGH OMe)Cl] was isolated. On the basis of this
observation and kinetic measruements, a mechanism for this 'diazotisation?
reaction was proposed (Scheme 13). On heating, [Bu(bipy) (W Lty Me)Cl]2+ i
acetone, N and toluene were liberated and with KT, p—MeC6H4I was formed.
Treatment of [Ru('blpy)z(N C6H 0Me)01] with B-naphthol afforded Ru(blpy)a(OH)Cl
and 75. One-electron electrochemical reduction of [Ru(bipy) SNy CeHy Me)Cl]
MeCN gave (107) (108) [Ru(b:.py) (xcMe)c1]™, N, and toluene. When Ru(bl'oy)
was used to reduce [Ru(bipy) (N 2C6Hy 0Me)Cl]2+ [Ru(bipy) (NCMe)Cl] s Was aga.:u..
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Scheme 13
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formed, together with [Ru(bipy),C1l 2] and C6H50Me. It proved impossible to
prepare [Ru(bi py')z(N C.H Y)Cl]2 directly from Ru(bipy) oC1l,, since N,, CH.Y
and [Ru( biny) ] were nreferent:.ally formed, a.ud reaction of [Ru(blpy) (vo)-
01]2 with the ferroceny‘l amine Fe(q —C5H4 )(q C5H ) gave, instead of the
anticipated 'diazenato' complex, [Ru(blpy)z(NO)Cl] and the appropriate
ferricinium amine.

The structure of Ru(N231OHSSDIe2)(PPh5)5H2, (76), (B = B10HBSMe) as its tris-
benzene solvate, has been determined crystallographically (109). The Ru-N-NR
bond angle is 176° 2nd so this group must be regarded as being essantially
linear.

CLUSTER COMPOUNDS
Binuclear Species (exclud:iggq5 —05H5 Compounds)

Reaction of trans-RCOCH=CHI with Fe (co)9 gave (110) Pe(CO) 4 (qz—RCOCH:CHI)
(®’ = Me or Me0) and smzll amounts of 17- Photolysis of the former compound with
[Fe(q —C.H )(00)2]2 afforded 78. The structure of [Fe(CO)B(uZ—CNEtZ)]Z, 79,
obtained (111) by reacting Fe(co) with Et,NC=CNEt,,
crystallographically (112). The Fe—Fe distance is 2-484, the C=N distance 1-291,

has been determined

PPh 4 =CHCOR RCOCH=CH 7
_ 3 = N 5.C.H.)
H. |l _H : / / Fe(CO)n5-CgHsg
SRuZ (OC),Fe — Fe(CO) -~
p* N 3 - 3 Fe
PhaP¥ | NN ~ C
PPhs \N I (CO)3 o)

76 77 78

significantly shorter than a C-¥ single bond (1-461) and the coordination
geometry at the ¥Fe atom is distorted octahedral. The brldg:.no d:.etb;y’l.uumomo—
carbene ligand is similar to that in Ru3(00)1oH(C—NMe2) (113)
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Photolysis of cyclopropyl acetylene in the presence of Fe(CO)5 afforded (114)

a black precipitate which, on oxidation, gave 59 and El_.

On similar treatment

of dicyclopropylacetylene, several compounds including 80-88, and an orange-

red species Fez(co) 6(C8H1O
with,Fe(co)5
were produced.
maleic anhydride.

(CO)q
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=c( | = N
Fe Et
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79
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)200.
in excess, violet 89, red 90, 85 and other unidentified compounds
Oxidation of 85 by cel’
Photolysis of 89 in the presence of dicyclopropylacetylene

When dicyclopropylacetylene was photolysed

afforded the appropriately substituted

Q O

80 81

~R

(OC)3Fe .
\ =R
Fe

(CO),4
83

o)
| Fe(coy,

O

85



Me (CO)3_ Fe(CO)3
. )(l O—=Fe , '
O\F"e
(CO)y
89 i=10]

R-‘, RZ{ C=C Fe(CO)3

‘ ~ e~
(OC),Fe C—-C\}Ra,R4

S1 92

gave a mixture of 82, 83, and other unidentified species, and similar treatment
of 82 gave 83. When 82 was refluxed in toluene, 91 was produced. The structure
of 88 was conrlrmed by X-ray methods. o

Treatment of RR2C(0H)c=cC(0E)RR? or R ch(OH)C(I)=C(I)C(OH)R3R4 with Fes-
(Co)12 afforded (115) the binuclear species 92 (R RB, R4 = H, Me, Ph or
R B. C, RBR4" = cyclohexadienyl). However, reaction of MeCH(OH)C—‘——'CC(OH)HMe
with Fe.j(CO)_l2 occasionally gave Fez(CO)G(MeCOCH=C=CHMe). The influence of
steric factors on the reactions of Fez(CO) 6(butatriene) derivatives with
halogens has been investigated (116).

The fluxional behaviour of Fez(CO)G(C9 10) has been investigated (117). From
—140° %o -110°, a 'twitch process' (Scheme 14) occurs, but above -110°, this
is followed by localised scrambling of the CO groups first on the allyl-bound
Fe atom znd then on the other Fe atom. Thus, the dynamic properties of this

molecule, Fe2(CO)6(C ) and Pe (CO)G(C

sH10 ) are entirely similar {i18).

10 12

Scheme 14

Treatment of Fe(CO) with R,Sn0, [R SpS]Bor R Sn(().Ac)2 gave (119) [Fe(CO)4\p2
SnR )]2, 93, (R = Me, Et, Bu®, octyl, Ph). Reaction of 93 (B. Bu®) with PP,
Ph2PCH20H PPh,, , P(OPh)3 and P(OMe)3 gave, respectively, [Fe(CO) (PPh3)(p ~Sn~
Bu' )]2, [Fe(CO) (thPCHZCHZPPh )(u ~SnBu” )]2, Fez(co) {P(OPh)B}(u _SnBu™ )
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and [Fe{P(OMe)5} 4(|.12—SnBun2)]2. These reactions revealed that 2 would under—
30 CO substitution when treated with PR3’ whereas reactions with N- or O-contain-
ing bases caused homolysis of the Fe2(u2—Sn32)2 unit. Reaction of K Fe2(CO)

vith PhSnCl3 afforded (12) the Fe-Fe bonded species [Fe(CO) SnPh3]2, and with
’n,SnCl,, the analogous [Fe(CO) SoPh 01]2 was formed. Similar compounds con-

;aining SnMe3 and SnMe2(31 were prepa:ced-

with +he szitins {
with the azirine 74 gave |\

Tyeaa+m af Te (CO)
Treatment of B AN

watlined in Scheme 15 (R, R', R" = H, Me, Et, Ph, p—MeC6H p—BJ:JsH ). No
widence was obtained for the formation of 95.

icheme 15
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. The structure of 1,2-diazepin complex FeZ(CO)7(C4N2H4), 96, {122) has veen
determined crystallographically (123). A new mode of €O scrambling in this
_molecule was observed by VT '°C nmr studies. The low temperature £luxional
process involves exchange of the five essentially coplanar equatorial CO groups
over both Fe atoms, and at higher temperatures, localised CO scrambling is

super—imposed on this process.
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Reaction of Fe(CO) 5 or Fe2(00)9 with MeN=C=NBu® gave (124) two dehydro—
suanidino complexes 97 (R =R' = Me, RB" = C6H11) could be isolated. It is
thought that the mechanism of formation of these products could occur as in
3cheme 16. )

Reaction of Fez(CO)s with RC=CPR'R" (R, R', R" = Ph, CzPh, But, Prt, Céﬁﬂ)
fforded (125) Fe2(00)6(CZB.)(PB.'B.") which, on treatment with PPh5’ was con—
rerted into Fez(CO)S(PPh3)(CZR)(PR'R“), 98 (L = PPh3)' The structure of 98
L = PPhs; = R' = R" = Ph) has been confirmed by X-ray methods, and the
'e—Fe and C-CPh bonds are 2-65 and 1-2311, respectively. The formation of 98
L = CO) may proceed via Fe(CO) (R'R"PCZR), which can be isolated from th.ls
‘eaction, and Fe (CO) {(R'R"EC R) 99. The photolysis of Fe(CO) (Ph PCzBu
ave 98 (L = thPczBut; R = But, R' = B" = Ph). The structure A s P o(€0) -
Ph,PC Ph)z, 100, prepared from F62(00)9 and Ph2PC2Ph, has also been determined
rystallographically (126); there is no Fe-Fe bond, but the C-CPh distance is
-26-1-27A.

Ph \ \ on
c/ S P
S (OC),Fe<—PR'R" oG ‘
/s v 03y __.-Fe(cO)3
>h,P)(OC),Fe — Fe(CO), B\ o C
\p/ (oc)Fe =Y Ph” \ C
Phz Ph Ph \Ph
98 99 100
Phs
Me
S Me = /Fe(CO)‘,
N PR . P
Me Me 1
N :
e} e
(CO)5
101 102 103

Treatment of Fe3(00)12 with (MeBSn) C—PPh.. gave (127) a mixture of Fe(CO) -
I.Mes) and Fe,(CO) fc(cno)PPhZ(csﬁ i
- X-ray techniques (Fe—Fe 2-47R).

101, whose structure was determlned
In this species, the P atom could be

wought of, in valence bond terms, as being the centre for a phosphonium ion,
ith the counter negative charge being delocalised over the O-metallated ring.
1ere was no evidence for a bridging hydrido ligand.

Extended Hickel MO Calculations have been made (128) on [:}S‘e(CO)B(;_v.Z—ERz)]2

i =N, Por As). The experimentally ohserved structural changes, with

ramatic increases in Fe-Fe distances in the species where E = P and R is H,

© or Ph, could be correlated with the HOMO in these species. The HOMO is bond-
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ing with respect to the two Fe atoms, but is Fe-P antibonding, and the balance
between these two forces significantly controls the equilibrium geomeitry. If

R = CF3’ the Fe-P repulsions are reduced in the HOMO, and a longer Fe-Fe
distance results. It was stated that the importance of the Fe—-P interactions
could be clearly demonstrated and should be considered together with the Fe-Fe
interaction when thinking of the structures of these and similar molecules. The
M-M and M-E-M dihedral angles of these and related molecules are given in Table
1.

TABIE 1
M-M distances and M-BE-M bond angles in binuclear complexes

Complex M-M(1) M-E-M(°)
Fez(co)6(”‘2-NHZ)2 2.40 104
Fe,(CO) ¢ { 1,~(MMe, ) -CO} 2.39 92
Fe,(CO)g {u,~(NPh,) 2001_; 2-42 92
Fe,(CO)g i 06H4( p-NPh) (p-NH)} 2-37 95
FeZ(CO) 6(|_12-PMePh) 2 2-.62 101
Fez(co)6fLu2—1-‘(CF3)2"5 5 2.82 119
Fe2(Cg) 64 Asg(u-AsMe)anez} 2-66 125
Co, (7}5—C5H5)2(u2-PPh2)2 2-56 105
Niz(r; —C5H5) 2(,_12—1313112) 2 3-36 180

Reaction of Fe2(00)9 or Ft—:‘B(CO)12 with the phosphine 102, (L, R = Ph) gave
(129) Fe(CO),L and 105 (R = Ph), and with 102 (L, R = Bu®) and Fe5(C0),,, 104
(R = Bu®) was formed. Treatment of Fe,(C0), with the sulfide, IS (R = Ph) also
afforded a mixture of Fe(CO),L and 103.

In the reaction between Fe2(00)9 and (Et0)2POP(OEt)2, a series of compounds,
including §Fe(CO) 4'3 2{u2-(Eto)2P0P(0Et)2}. » 105, 106 and 107, were obtained
(130). Treatment of Fefy 5-05115)(00)2x (X = C1 or I) with the di-phosphite
afforded a mixture of §Fe(4”c H5)(Cg?x} o1 1p=(2£0),POP(0B) ,§ and [ § Fe(q~
C5H5)(CO)2}2'1 pz—(EtO)zPOP(OEt)z}] ~ (as BPh, salt). Reaction of FeB(CO) 12

4
EtQ ' OEt
o . o /
1l ; EtO——T 7N p—oOEt
Me C ]
t N
= \p—Bu (OC)5F€ Fe(CO), (OC)yFe Fe(CO),
1
S
Me EtO—P P—OEt EtO——L’ . IID—oEt
Fe —Fe(CO) /o7 \ / o\
co¥y EtO oEt EtO OEt

104 _ 105 106
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(@)
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with MeN(PFZ) afforded (131) lFe(CO)B 5oL pZ—NMe(PFZ)Z} , analogous to 106.
In solution, this species lost GO, giving IE‘ez(CO)S{;.lz—l\ll'le(PFz)2 }2, similar to
107, whose structure was established crystallographically. The Fe-Fe distance
;;_2-663, and the geometry of each Fe atom could be described either as dis—
torted octahedral or distorted trigonal bipyramidal depending on whether the
Fe-Fe bond formally occupies a coordination site. Treatment of Fez(CO)9 with
MeN(PF2)2 gave a mixbure of (0C) 4FePF2N(Me)PF2Fe(CO) and Fe2(00)7 {pz—NMe—
(PF,), 3} » analogous to 104 and Fe2(CO)7 {uz-CHZ(Pth)zg (132).

Reaction of Fe2(CO)9 with Me,AsNMe, in the presence of NHMe, afforded (132)
the pz—carbamoyl complex 108. The structure of this complex was established by
diffraction methods (Fe-Fe 2-64A) and it was thought that 108 might be formed
via Fe(CO) AsMézNMez A Mossbauer spectral study has been made (134) of the
species 109, and the nature of the Fe-Sb bonds have been discussed.

The structures of FeCo(CO0) (p.—PMez), 110, and Fe, (00)6(u—AsMe ) » have been
determined crystallographlcally and it was shown (135) that the Fe—Co bond in
110 (2-673) is only 0-043 shorter than in the corresponding AsM'e2 complex. The
metal-metal distance in the latter (2.74K) is 0+12% longer than in the correspond-
ing uz—PMe complex.

Treatment of Fe(CO)4AsMe Cl with NaM(co)5 (M = Mn or Re), NaFe(CO)B(NO) or
NaCo(CO) afforded the bimetallic species Fe(CO) 42sMeQ (@ = M(co) 50 Fe(CO) (NO)
or Co(CO) ) Upon photolysis or even spontaneously, these species lost GO glv—
ing the metal—metal bonded species Fe(CO)4AsMe2Q,' s 111 (Q = M(CO)4, Fe(CO)Z(NO)
or Co(CO) ). VWhen tertiary phosphines or phosphites L (PPhB, Pie,NMe,,, PMeB,
P(0Me)) were added to 111, the metal-metal bond was reopened, giving Fe(CO) -
AsMe,Q" (qr = M(CO) L, Fe(CO) (WO)L or Co(co) L) When 111 (Q' = Mn(CO)

Me
A

/ \ / )
(OC)Fe T———Co(CO), (oc,Fe——aQ

110 111

M62

0\
/ Ni

Me,
As

N 5
L(OC)sFe T— = M(CONn5-CH,)
112
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Re(CO) 4) was treated with PMe3 or PMe (NMez) (L), however, Mg: AsFe(CO) 4M(CO) 41.
could be isolated. When the metal-metal bonded species Fe(CO) (uz—AsMe )M(CO)2
(7 ~C5H, ), 112 (M = Mo or W; L = CO), was ireated with L' (PPh » PMes, PMe, (Ntfe,) ,
P(OMe) ), the species Fe(CO0) (u2 -AsMe )M(CO) Lt (r] ~CH ) (no Fe-M bond), 112
(L = L) and Pe(CO) L'(pz-—AsMe )M(CO) Lt (q -CSHS) (no Fe-M bond), were formed
(137). Reaction of I-Io(r'|5-C5H )(co) L'AsMe with Fez(CO)9 gave Fe(CO) 4(|.1—AsMe )-
Mo(CO) L'(75-c H ) (L' = PMe, or PMe (NMe )). When Fe(CO) zP(OMe)BJ was
treated with Ashe Sle, . Pe(CO) ;_D(OMe) } {AsMe (M’Iez) j was produced. On
treatment of this wrth HCL, Fe(CO) {P(OMe) 3 (asle, Cl) was formed which
reacted with Na[Mo(CO) (q —05H )] giving ]:"‘e(CO)3 {P(OMe)B}(uz —AsMe )Mo(CO)BU] —
) and finally 112 (M = Mo, L = P(OMe).).

The structure of syn-[Fe(C0) (PMe.j)(uz—SMe)]2 has been determined crystallo-
graphically (138) (Fe—Fe = 2-52&). The compound was obtained by treatment of
[Fe(CO). (uz—SMe)] with PMe in boiling hexane. VT nmr studies have been made
(139) of the convemlon of the syn and anti isomers of [Fe(CO) (pz—SBu )]2 and
¥e (CO) L(pz-SBu )2 (I = tertiary phosphine). The 1nterconvers:.on of the
isomers of these species is ca. 103 times faster than that of other related
alkyl and aryl derivatives. Mercury (II) chloride formed (140) 1:1 and 2:1
adducts with [Fe(CO)zL(;.Lz—SMe)]2 (L = PMe3, PPh3 or P(OMe).j).

Treatment of [Fe(CO)B(p2—SMe)]2 with AsMe,NMe, gave (141) Fea(CO)E(AsMeZNIMeZ)—
(uz—SMe)z which, on a2ddition of HCl, could be converted into Fez(co)s(AsMezm)—
(= -SIV"e) Reaction of this last species with carbonylate anions afforded
Fez(CO) (AsMe Q)(pz—SMe)Z, where Q = M(CO) (M =tMm or Re), 00(00)4 or Fe(CO) -
(no-c 55). When Fe,(C0)c(n,~SMe), was treated with M(.l -C HS)(co)3AsMe
similar mixed metal compounds were producedo On thermolysis of these compounds
a mixture of Fez(CO)G(SMe)Z and several unidentified products, which apparently
did not contain Fe-M bonds, was generated. Photochemically induced imsertion
of alkynes into the metal-metal bond in [Fe(CO)BE]Q (E = SMe, SPh or FMe,)
afforded (142) [Fe(CO)BE]2(02R2) where R = CF3 or CO,Me. Comparable reactions
had been reported earlier (143) and treatment of these 'insertion' products
with PMe; gave [Fe(CO)Z(PMeB)E]Z(CZHZ).

Reaction of thiomalic anhydride with Fe(CO)5 gave (144), in low yield, the
binucliear species E whose structure was determined by X~ray methods (Fe—Fe
2.534). Treatment of the binuclear Fe(II) complex [Fe {SCHZCHzN(Me)CHZCHzN(Me)—

(CO)Fe ___\\*Fe (CO)4 Lé /
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CHZCHZS} ]2 or its monomiclear dicarbonyl analogue with NO¥ afforded (145) the
nitrosyl-bridged dimer 114, An X-ray examination of this compound revealed
that the metal atoms had distorted octahedral geometries and were bridged by
two S atoms and a symmetrically bridging NO group. The Fe-Fe distance, 2-47A,
is consistent with a single bond.

UV irradiation of M(CO) 5 (M = Ru or Os) in n-heptane at low temperature
produced (146) M2(C0)9. The ruthenium species was very unstable in solution
and in the solid state, rapidly decomposing into Ru(cco)5 and RU.B(CO)_l o+ The
osmium compound decomposed less rapidly. Both species appear toc have the
structure 115, and the mass spectral decomposition of 032(00)9 revealed frag-
ments consistent with [OSZC(CO)m]+= Beaction of 0s,(C0)g with hydrogen
afforded 052(00) glo and this was produced, together with 0s{co) 4(PPh3) when the
nonacarhonyl reacted with PPhj in the dark. 0s{C0) 5 does not react with P}?h3
under these conditions. With PEta, 052(00)9 gave only 052(00) glloy even in
deuteriated solvents, indicating that the source of hydride ligand must be the
phosphine.

Treatment of Ru3(00)12 with ]E’.'ﬂut3 and butyric acid gave (147) 116 whose
structure was determined crystallographically {Ru-Ru 2-73R). The Ru-P bo.ds
are rather longer than expected, probably because of steric effects.

Reaction of Ru.j(CO) G(C.ZE;?Ph)(C.?HsPh) with iodine afforded {148) RuaI(CO) a-
(C7H6Ph), 117. From a crystallographic study it was clear that while the 07
ring presents a concave face to the Ru-hKu bond (2~87B.), the structure is in
every way different to that of Ruz(CO)S(SjI‘Iea)(C,{HéSiMe ) (149). A vi pmr
spectral study of the fluxional behaviour of B112(00) 6(q -G08 2) established
(150) a pattern similar to that of other Mz(co)s(polyolefin) species (118). In
general, the activation energies for the 'twitching' process and localised CO
scrambling were higher than those for comparable processes in the iron analogues.

Trinuclear Species

It has been shown conclusively (151), by observation of STpe 12 coupling,
that €0 ligand scerambling on Fe3(00)12 is intramoleculaxr and that all CO groups
have equal access to all three Fe atoms. VT 130 nmr studies of Fe(CO) 4’L (L =
amine) revealed that the activation energy for intramolecular CO group exchange
was raised from ca. 2 kcal/mole in ]S'e(CO)5 to ca. 5-0~5-5 kcal/mol in the tetra-
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carbonyl species. The structure of the complex with L = pyridazine was determined
crystallographically, and is similar to its pyridine and pyrazine analogues.
Scrambling of the three CO groups in Fe(CO)B(C HBO) (09H80 barbaralone) was
observed to proceed in a concerted maunner

The redox behaviour of 383(C0)12 (n = 0—~3) and Fe(CO) nln (n = 2)
was investigated (152) using dc pol a.rograpn_{ at Hg electrode:. and dc cyeclic
voltammetry at Pt in acetone and in dichloromethane. The tri-iron species
underwent a chemically reversible one electron reduction, and the E1 /2 values
for this process became increasingly negative with inc:r:ea.sing phosphine sub-—
stitution. Fu:r:ther electrochemical reduction of Fe (CO) 19, n - afforded [FeB—
(co) 12- nII ]
detected in the voltammograms of Fe3(00)9 {P(OMe)s} 3 Both Ru3(CO)12 and 055-

(co) 12 underwent irreversible reductions which led to rapid decomposition. The

which rapidly decomposed. A one-electron oxidation step was

mononuclear iron complexes underwent a2 chemically reversible one—-electron
oxidation and a well-defined two—electron reduction step at a Hg-electrode, but
no evidence could be obtained for the radical anion [Fe(CO)E]:'.=

The structure of RHB(CO) has been redetermined crystallggraphically (153).
The Ru-Ru (2-85-2- 864 A) and Ru-C distances so obtained were more accurate and
reliable than those reported earlier (154)

In refluxing heptane, 053(00)12 reacted w1th isonitriles giving (155) Os3
(co)12_n(C1m)Il (R=Me,n=1,2; R=Bu  orPh, n=1-4; R = p-MeCgH,, n =
1-3). DPyrolysis of these compounds in refluxing octane afforded 056(C0)1 P
(chR)_ (R = Me or Bu®, n = 1-5).

The kinetics of substitution of Fe3(00)12 by P’Ph3 has been studied (156) at
various temperatures and at different concentrations. The reactions are first
order with respect to the carbonyl and an induction period was always observed.
A kinetic study of the reaction of [Ru(CO)B(PPhB)] 3 with oxygen in the presence
of PPh. in decalin revealed (157) that the carbonyl broke up into two species,
[Ru(co)5(1=1’h'3)]2 and the unstable high-spin tetrahedral Hu(co)3(P9h3)° However,
by adjusting the conditions, e.g. by including CO and perhaps another phosphine
(FBu2) in the reaction mixture, three distinct reaction pathways could be
detected (158) (Scheme 17). )

Reaction of B.u3(CO) 12 w1ith Ph,PCH,FPPh,, (dppm) gave (159) Hu3(CO) 1 o(dppm), 118.
An examination of the VI “C nmr spectra of this compound revealed that it
underwent two distinct intramoleculaf CO exchange processes: at low temperatures
only the CO groups on the phosphine-bridged metal atoms exchanged (via a double
CO bridge), whereas at higher temperatures, CO groups were exchanged between all
metal atoms (via single CO bridges).

Preatment of 055(00)12 with NO in refluxing n-octane gave (160) 053(C0)9(N0)2
(119) & small amounts of the mown (161) 0s3(co)10(no)2 (120). The latter could
be obtained by treating the former with CO in boiling hexane, but under CO in
cyclohexane at 25°, a species of empirical formula 053(C0)10(N0)2 was formed
which exhibited no bands due to coordinated NO.. Oss(CO)g(NO)‘2 reacted with
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(0Me); giving 0s5(C0)q iP(OMe)BS (¥0),,, which had terminal NO groups, and this
reacted with CO giving 053(00)9 {P(mre)5} (mo) 5 which did not contain bridging
NO groups.

The molecular structures of Os (co)12 and Os (c°)11 ,s 121, have been com- .
pared (162). The Os-Os bonds in the former are 2-88A, whereas the bridged 0s-Os
distance in 121 is 2-99K. The X-ray crystallographic examination of OSB(CO)
(pz-H)z, 122, revealed (163) that the bridged metal-metal bond was 2-68&, whereas
the other two intermetal distances were 2-82A. The shortness of the bridged
bond suggested that the metal interaction could be described as a doubly pro-
‘tonated double bond. Treatment of 122 with PPh; afforded (164) the substi-
ituted dihydride OSB(CO)1O(PP}13)H2, 123, whose structure was determined (165)
crystallographically. The metal-metal distances are 3-02 (Os1-052), 2.87 (052-—
053) and 2-92 (053—051), respectively.

Carbonylation of 0s0O 4 in the presence of hydrogen gave {(166) the hydrides [Os-
(co) ] (n = 1-4). Reduction of 0s,(C0) X, and 053(00) 10%, (X = C1 or Br) with
zmc m glaclal acetic acid also afforded the hydrides where n = 2 or 3. Treat-
ment of 052((30)9 with hydrogen probably produced Os (CO) gHo» 124, but this was

e
2 Oc. | _n
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not confirmed. However, 083(00;1 2 reacted under pressure with H2 giving mainly
Os (00)10Hé, either 125 or 126, together with some 0s2(co)aﬁé and cis—Os(CO)4H2.
The structure of Os (CO,12 , can be either 125 or 126, although, in view of the
known (167) structure of Os (co)12 05 127 (X = 1), 125 is preferred. The
halides Os (C0)12X2 (X = C1 or Br) were obtained (167) by treating the hydrides
with CX,. These trimetallic species can have a structure analogous to 127 x =
I), or be V-shaped, 128. When the bimetallic halides Os (CO)BX were heated

in vacuo, 0s2(co)6x 129 and 053(00)10 5 130 (X = C1 or Br) were formed. The
former could also be obtained in refluxing n-heptane, as 0s2(CO)6I2 had been
reported earlier (168). Direct chlorination of [OS(CO)4]nH2 (n = 2 or 3) gave
a mixture of 0s2(co)8012 and Os3(00)10012, whereas bromination afforded 0s(co)4.

Br,, and iodination a mixture of OS(C0)412 and 052(00)812. Where as 0s(co)4H2
reacted with SnCl4 giving cis—Os(CO)4H(Sn013), 052(00)8H2 afforded Osz(CO)SH—
(CO)4
H H
_H o P
PNy, "HAT AAT A
(0C), Os\x/os(co)3 4 =} b h
(a) (b)) (<)
130 131 g
H o p
7{47!4 b
I
H H
(a) (b)
132

(Sn013) which subseguently reacted with CX, giving 052(co)8x(52013) (X =C1or
Br). Reaction of 052(00)8H2 with PPh3 gave Osz(CO)S(PPhB)ZHé (131a, b or c),
Os (co) (PPh )H (132a or b), 0s(co)3(PPh3)H2 and Os(CO)4(PPh3). However,
treatment Os (CO)_I oH, with PPh, gave 2 complicated mixture of products contain-
ing the group iOs(CO) PPhB} . On heating in benzene, Os(CO) H, was converted
exclusively into Os (CO)_|2 42 but while thermolysis of Os (00)12H2 at 160° gave
only 0s3(co)12, at 120° many products, including Os(CO)4Hé, 052(00)8Hé, 033(C0)12
Hy, 0s4(co)1oaé, 0s3(co)12 and 053(00)103é, were identified. A similar mixture
of compounds could be obtained by heating Osz(CO)BHZ- It would seem that these
reactions could occur via the scission of Os2 or Os3 fragments into 0s(CO) 4H2
and OS(CO)4, and that this latter group could insert into Os-H bonds. An
alternative mechanism might involve homolytic cleavage of the Os-Os and Os-H
bords. In exploiting this type of reaction, 0s3(C0)1 oH, was heated with Re—
(co) H. The products included 0s(CO) B:{ne(co) } and [0s(CO) ] (n = 1-4),
and treatment of : the former with c014 gave 05(00)401.{Re(co) } ClS—OS(C0)4Hé

reacted with C oFy 2t 116° to give cis— and trans-0s(CO) (C )
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When Ru3(CO) 4o Was treated with traces of water, such as might occur in
hydrocarbon solvents, a-Ru (CO) of, and o~Ru (00)13}12 were formed (169) It
was stated that great care should be exercised in interpreting reactions
involving apparent activation of hydrocarbons by Bu3(CO)1 2 since traces of water
would inevitably lezd to the formation of these hydrides which could be the )
activating species. Similar treatment of Os3(CO) 1o 2t 230° led to the formation
of 053(00)103(05), 084(C0)13H2, Os4(CO)12H4, 055(00)16H . 055(00)15H2, 0s6(co)18—
E, and 0s7c(co)1932. 0s5(co)1 532 is isocelectronic with 0s5(co)16 and may have
a trigonal bipyramidal arrangement of metal atoms. 055(00)16H2 is isoelectronic
with OsBC(CO)_15 and may either have a square-based pyramidal geometry or consist
of a tetrahedron of metal atoms with one bridged edge. Os7C(CO)19H2 may consist
either of a pentagonzl bipyramid of Os atoms with a body-centred C atom, or of
a trigonal prism bridged on one square face, perhaps with a C atom in the centre
of the prism.

(SO (SO (c:O)3
/
/ \ / i H H
cH ch\/ i
AN ,// ‘\\
(OC) OS H OS(CO)3 (OC):?S\—H—;OS(CO)3 (OC) \ /O (CO)3
133 134 135

The structures of Os,(co)10 57 0s3(CO)10H(SEt) and Os3(C0)10(OMe)2 have been
compared by X-ray crystallography (170). In these, the non-bridged metal-metal
bond lengths are 2-81, 2-85 and 2-82.7\., respectively. The distances between
the bridged metal atoms were 2.67, 2-.86 and 3-08.3., respectively, consistent,
formally, with bond orders 2, 1 and O.

When Os (CO)1 o, was methylated by one equivalent of diazomethane in ether,
the 3(00)10H(CH3)’ 133, and 053(C0)1OH2(CH2), 134, which readily intercon-
verted, were formed (171). At low temperatures (-20°), this reaction afforded
135 only, but as the iemperature was allowed to rise, 134 was also produced.

In the reaction between a mixiture of @ and 1_3_4_ with PMezPh, only the former
appeared to eliminate methane and form 053(C0)1 O(PMezPh)z; there was no
evidence for Os (co) (PMeZPh)H(CH ). On heating 133 and 134 in xylene at 110°,
Os (CO)QHB(CH), 135, was produced.

When Os (co) 1o was treated with RCHO, Os (co) H(COR) 136 (R = prt , n—C Hﬂ,
n-CE 13 CH ,Ph, Ph), was formed (172), but w:Lth formaldehyde Os (co) H(OMe) was
produced, perhaps via 136 (R = H) which could be readily deca.rbonylated to 0s3~
\CO) s vhich also reacted with formaldehyde giving the hyd:r::.do-pzme -.hqx:.de.
W'l_th acetaldehyde, however, Os (CO)1OH afforded 053(c0)10£{(ocon1e).' In all of
the p-acyl species, v(CO) never exceeded 1500cm » and there was no nmr evidence
for rapid exchange of the bridging RCO group between the two Os atoms. _Carbonyia—
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tion at 150° of 136 (R = Pr') afforded Pr'CHO and 055(C0);o- In an attempt to
prepare 136 (R = Me) by treatment of 0s3(c0)10H2 with ketene, 137 (R = H) was
obtained, and similar species where R = Me or Ph could be produced using the
respective ketenes. On heating 137 (R = Me) in a sealed tube at 150°, 136 (R =
Pri) was formed. There was no dizct evidence for the thermal conversion of

acyl into enolato ligands but 1_3_6 could afford decarbonylated products derived
from 137, and vice versa. Thus, on heating 137 (R = H) in cyclohexane, traces

of E_HR = Me), OSB(CO)9H2(OCH=CH), 138 and 135 were formed. It was suggested
that 138 was generated via H-atom transfer from the B-atom of the enolato

ligend whereas 135 arose by decarbonylation of 136 (R = Me) to 053(00)1 OH(Me)
which, as was previously noted (171), can isomerise to Os3(CO)1OH2(CH2) and,
ultimately, 135. Both 138 and 135 could also be obtained directly from 136 (R =
Me), but 135 could not be obtained from 138 even on heating to 150°. Decarbonyla-
tion of 1_5_6-(]1 = n—05H11, n—c6H15 or Ph) afforded Os (00)9 H,(0oC HR') (R' = n—-

c H9, n—c5H11 or CHZPh), analogues of 138, but similar treatment of 136 (R = Ph)
gave Os (co) (C6H )+ Decarbonylation of 137 (R = Ph) afforded 0s3(co)9H(Phcc;6-
H ), 139 whlch is similar to a known Bu complex (173).
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Reaction of Os (00)1 oHp with ethylene in cyclooctene under moderate pressures
gave (174) the lablle Os (CO)‘lO(CS 14) which, on heating in acetonitrile, could
be converted into OSE(CO)1O(NCME)2 which is also very reactive. On heating 053_
(co)w(caﬁ1 4)2 with an excess of the olefin, the known 0s3(co)e 2(0 2) was
produced (175). On treatment of these labile specises ""*S(Cu).loL2 (r=c¢ gHy, ©
MeCN) with tertiary phosphines or iscnitriles L! (PPh3’ PPh,Me, PPhMe,, P(OMe)B,
CNMe or CKCH, Ph), Os (CO)10 , was formed and, in some cases, two isomers of
these compounds could be detected by nmr spectroscopy at low vemperatures. By
sequential adding of ligands, Os (Co)10 {P(OMe)3 _,{P(p-Mec S could be iso-
lated. Reaction of Os (CO).‘OL2 with an excess of dienes (1, 5--cyclooctad1e11e,
norbornadiene or 1,5—hexadiene) afforded 053(00)10(diene) species which are
only accessible by this route. With diphenylacetylene, 053(00)1 o(czth) was
produced, and other terminal zcetylenes behaved similarly, giving species
obtainable by other routes, but in this case in higher yields since the
*insertion' products 053(00)10H (CE=CHR) were not formed. The cleavage of H-Y
bonds c¢an, however, be effecied by OSB(CO)‘IOLZ’ so that with hydrogen under
. pressure Os (co) 4108 was formed and c-olefins afforded Os (co) 410H(CE=CER). By
a.nnronrlate use of HY, the species Os. (CO)1OH(Y), Y =cC1, Br, 0Et, NHPh, SPh and
05H4 s were isolated, and OSS(CO)1OL2 was also very useful in preparing L)
labelled species.

Reaction of 053("‘0) 1o with RR'C=CH, (1-octene, propene, PhMeC=CH,, or MePrlic=
CH ) gave (176) the flurional species OSB(CU)9 (C RR*). Two principal isomers
o“ these species, 140 and 141, were detected, and 1_40_ex:r_sted also in two iso-—
meric forms, 2 and b. The formation of these species represented one of the

first examples of competitive 1,1- and 1,2-elimination of hydrogen from olefins

using 053(co)12.

-~ /@ co co
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Treatment of 05:3(00)10H2 with either 1,3- or 1,4-cyclohexadiene under moderate

conditions afforded {177) the useful intermediate 05,3(00)1 0(06 ), 142. Like

or NCMe) mentioned previously (174), 142 can

the species 053(00)10 o (v = CgH 14

function as the precursor of a wide variety of species 053(C0)1 HY (¥ = SR, R =
H, Bt or Pr OR, R = H, Bt, C6H or Ph; Cl1l or Br; 02CP 143, R = H, Me, CF5,
Et, Ph, p—0106H » P-O,NCH, or CO Et) and Os (C0)10H(CH CHR), 144 (R = H or Ph).
With PhBC the cyclohexadienyl cluster catlon‘iéé could be obtained. With

alkynes, 142 could be converted into 146, 147 and 148 (R = H or Ph). The cyclo-
hexadiene complex is also stereochemically non-rigid, exhibiting (178) four
distinct fluxional modes: (a) rocking of the diene above the Os5 plane about one

axial and two equatorial coordination sites on one Os atom (Scheme 18), (b) the

Scheme 18 //_'\\

(OC )4OS<\—/;OS(CO)4
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/ S \
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\\Os > S;"/
\ YCo ot |
c
e o)

scrambling of the CGHB ligand around one Os atom generating a plane of symrﬁetry
orthogonal to that produced in process (a), (c) CO group exhange via exchange
of equatorizl groups as in Sche:ﬁe 19, and (d) complete scrambling of all CO
groups via a simple twist mechanism about individual metzal atoms coupled with CO
bridging. A VT Erg— spectral study of 053(C0)10(C7H8) (07};'{8 = norbornadiene)
indica.t'gd (179) furthc_ar that there could be restricted equilibration of the in-

plane or equatorial CO_ groups, as indicated above in Scheme 19.
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The reaction of Fe3(00)12 with MeC,H has afforded (180). many bi- and tri-
" nuclear carbonyl complexes, including FeS(CO)S(H02me)3 (181) and FeB(CO)B(chMe)4.
This last compound, 149, has been refcrmulated as Fes(CO)BCEt {C5H2Me2(CZH3)} ’
on the basis of an X-ray crystallographic examination (182). The FesC core is
very similar to the 0030 unit in 003(00)901' and the metal-metal bond lengths are
2.53 (1-2), 2-58 (1-3) and 2.52 (2-3), respectively. The molecule undergoes itwo
fluxional processes, the first involving interchange of terminal CO groups
perhaps via an intermediate having a bridging CO group between Fe(1) and Fe(3),
and the second involving exchange of all CO groups. If these observations are
correct, they represent one of the first examples of exchange of terminai before

bridging CO groups.

(OC) Fe(1) Fe (3)(CO),

J&%ZL s o
: O l 70 Me C\ S
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R Me @ Me @ \
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The reaction of 3,5-dimethylaceheptylene with FeB(CO)12 afforded (183) the tri-
iron complex 150. In this species, whose structure was established by X-ray

methods, one }E‘e(CO)3 group is attached to an r]3—a11y1 residue, another to an .-,4_.
cis~dienoidal unit, and both Fe(CO)3 groups are bonded to an Fe(CO)2 group (Fe—
Fe 2-794) which is itself bound to an (’-C, ring.

A neutron diffraction analysis of the structure of RuB(CO)9E(CzBut), 151 estab-
lished (184) the existence of a H,-H group, as had been previously suggested (185).
The symmetrical bent Ru-H-Ru interaction was described as an open bond and not as
a three-—centre system.

The structure of 053(00)10(02Ph2), 152, obtained (186) directly from 033(00)12
and diphenylacetylene, has been determined (187) crystallographically. The
metal-metal distances are 2.84 (1-2), 2-88 (1-3) and 2.71 (2-3), respectively
and the trans-CO groups attached to the 'electron-rich! ¢s(1) atom appear to be
semi-bridging with respect to 0s(2) and 0s(3). On the basis of 13
it would seem that the related species 053(00)10(02Et2) (188) has the structure
153. Pyrolysis of 154 gave 155, whose geometry was determined crystallographically
(189). The metal-metal bond distances in 155 are 2.82 (1-2), 2-89 (2-3) and 3-01
(1-3)}, respectively. The pyrolysis of two other isomers of 053(00)9 {(Etczﬂ)z—
CO} would also seem to involve hydrocarbon ring contraction.

C nmr studies,
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The reaction of [Fe2(CO)8]2_ with [w(C0) 51]‘ in acetonitrile adventitiously
afforded (190) the tri-iron species [FeB(CO)S(NHCMe)]°, 156. The behaviour of
this species with H+, H2 and air is summarised in Scheme 20. It was found that
[Fe3(00)11H]_, the important precursor in these reactions, which is presumably
formed in the reaction between {Fez(CO)e]z- and the tungsten carbonylate, also
reacted with PhNO,, giving first [Fe3(00)9(u.2—H) (ua—NPh)]-, which could be
acidified affording [Fe3(00)9H2(NPh)], 157. This last species readily decom-
posed releasing aniline. The general reactior between [Fe3(00)11ﬁ]- and aceto—
nitrile leading to the reduction of the C=N bond would seem to indicate a com—
petition between (a) Fe-H addition or nucleophilic attack by [Fei(CO)_I_IH]— on
MeCN, followed by E' transfer from the metal to N, giving 156, and (b) nucleo-
philic cleavage by MeCN of [Fe (CO).HHJ_ giving [Fe(C0) 4H]:._. It was thought
tnat [Fe(c0),1]™, [Fe2(co)8]2" and [Fe,(C0) H]™ were not responsible for the
formation of 156.

Reaction cof 055((:0)12 with PhCH:MMe gave (191) 053(00)1OE(PhC=NMe), 158 (B =
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Ph), OS_.(CO)8H2 (PhC:NT'Ie)z, 159 and cis-Os(CO)z(o—CGH =NMe)2, 160, a series of

4

reactions which are reminiscent of the behaviour of pyridine with 0s.(CO
3 12

(192). With PhCE,NMe, under various conditions, Os (CO)

053(00)10H(C-—7‘IBR'), 161 (R = Me, R'

afforded 158 (R = Ph),

= CH, Ph), Os (co) H(CH—NMe), 162, and 160,
9

together with (PhCHz) NMe. ’I:cmethylam_ule rea.cted. with 033(00)1 , giving 161

(R = R* = Mej, 162, 0s,(C0), H(CH-MMe), 158 [o: 3

H) 0s3(co) 1 oH(IE.

)a.mi()s3

(CO)1OH(OH). The last two probably arose because of traces of ammonia and water

as impurities in NMe
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Treatment of Ru5(00)1 with 1,2-diazine afforded Ru (co)m(c 484 2), 165, whose
structure was established crystallographically (193). The metal-metal bond
lengths are 2-T4 (1-2), and 2.86 (2-3;3 1-3) respectively. The three CO bridges
are slightly asymmetric and the molecule exhibits three modes of fluxionality
which were detected by 15 C VT muor spectroscopy. In the lowest temperature range,
the molecule underwent equivalencing of the six equatorial CO groups, in the mid-
temperature range it appeared that axial CO groups at Ru(1) and Ru(2) exchanged
with the equatorial carbonyl ligands, and in the high temperature range, all CO
groups scrambled over all sites. The exchange of equatorial CO groups is similar
to that reported above in 0s3(00)10(06H8) (178) and 033(00)10(07H8) (179). Reac-—
tion of Os (co)12 with 1,2-diazine, in the presence of Me NO(H 0)2, likewise
af;;.‘g"r"ied Os (00)10(04 " 2), 164, which contained only tem::.na.l CO groups (194).

C VT nmr spectral study of this molecule revealed that it underwent two
fluxional processes, the low energy- one involving probably the exchange of six
equatorial and the two unigue axial CO groups on the N-substituted Os atoms, and
the high energy process reguiring total CO-scrambling.
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Scheme 21
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Carbonyl group substitution occurred (195) when 053(00)12 was treated under

When

mild conditions with PE‘I:3 The products were Os (CO)12 x(PEtB) (x = 1-3).
053(00)11(5'1-:1:3) was refluxed in honane OSB(CO)9H2(MeCPEt ), 165, was formed, and
treatment of this with Ph3C gave 166 Deprotonation of the latter afforded Os3
(co) H(CH2=CPE‘K:2), 167, which was fluxional, as shown in Scheme 21. Thermolysis

of 167 gave Os (co; H(PEtz)(C ), 168, possibly via 169. In refluxing nonane,

Os (co) (PEt Ph) was thermolysed to Os (co) H(Et 2PCgH, ), 170, Os (CO)9H(PEt2)—
(06..4), 171 analogous o 169, and Os (CO)9H(EtPCH—CH2), 172. This work
revealed that neither alkyl nor aryl phosphines can be used at temperatures

above 100° to modify the steric and/or electronic properties of Os (CO)12=
structure of the product obtained by reaction of Oss(CO)1 (CH=CH ) with FMe,Ph,
namely 033(00)10H(CH20H2PE-{e Ph), 173, waes determined (196) by X-ray methods.

The metal-metal bond distances were 2.80 (1-2) and 2.87& (1-3, 2-3), respectively.

Treatment of NazFe(CO) 4 with PhAsCl
structure was established (197) by X-ray methods.
Fe(3) bond distznces (2-75-2-804) were commensurate with bond order 1,

2

gave Fe3(00)9(u.5—AsPh)2, 174, whose
The Fe(1)-Fe(2) and Fe(2)-

The

but Fe(2)-
Fe(3) was 3-71R and is a non-bonding distance. Reaction of NazFe(CO) 4 with ASX5
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{X = C1 or Br) afforded (198) Fe3(00)9(u3—As)2, which appears to exist in the
equilibrium 175 = 176, Fe4(CO)14(u4—AsX), 177, and Fe3(00)12. The mass spectra,
differential thermal analyses and thermograms of Fez(CO) 6X2 and Fe3(00)9x'2 x =
S or Se; X' = S, Se or Te) have been obtained (199).

a 3¢ nmr spectral study of intermolecular CO exchange with 055(00)10x2 (X =
C¢l, Br, I, OEt) established (200) that stereospecific exchange of labelled CO
occurred at the pseudo—equatorial sites on the X-bridged Os atoms. However,
the labelled group could be distributed over the other sites on these two Os
atoms by intramolecular exchange processes. The structure of 053(00)1212, 178,
obtained by reaction of 053((.!0)12 with 12 in the absence of light, was determined
crystallographically (201). The I atoms occupy equatorial sites om a linear Os3
chain (0s-Os 2-94K) and are trans to each other. The equatorial CO groups on
the termiral Os atoms are staggered with respect to, and lean towards, the cent-
ral 05(00)4 group.

Polynuclear Species

The structure of Fe (CO)“(NEt)(ONEt), 179, obtained (202) from the reaction
of Ft—.\..(CO)12 with mtroetha.ne, has been reported. The semi-hridged Fe-Fe dis-—
tances are 2-48-2- 49A., while the other two metal-metal bond lengths are 2+535-
2.55i. The synthesis of Fe 4(00)1 P AsX (X = halide) has been briefly reported

(203).

o)
N
<OC)2 (c0)2
el HEW e}
/ ON - %’S _S- .> F /N
oo f )/ (c:O)2 o N “no
o P Fe
N—0 (NO),
Et
179 180

Sodium amalgam reduction of Pe (NO) 453 bas given (204) [Fe 4(N0) (us-S)s]
180 (Roussin's blacksalt) whose structure, as the [AsPh ]+ has been redeter—

mined. The overall molecular geometry is identical to tha.t of the previously
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reported (205) Cs' salt. (Fe(1)-(2) 2-71, (1)-(3) 2-71, and (1)-(4) 2-68i,
respectively.)

The nature of the isomerism reported in Ru4(CO)13H2 and 3114(00)12H4 has been
reexamined (206). These hydrides could be obtzined by reaction cf 13115(00)12
with NaBH, or by carbonylation of methanolic or ethanolic soluticns of RnCl3 or
[Ru(qé-CGHg)Cl2]2. From a detailed spectral examination, no evisence for the
so-called B—isomers could be obtained, so both bydrides exist oniy in the a—
form. In the reaction between Ru3(60)12 and NaBEﬁ, a number of products in
addition to Ru (00)13H2 and Ru4(CO)12H4 were produced, and these included Ru—
(CO)9H3(CI-Ie), R113(CO)9H3(CH), m%(co)wﬂz(cxs[z), Ru3(CO)10H2(CBHe), Ru3(CO)9 o
(02H2) and R|13(C0)9H2(C2HI-IE). The hydrogenation of pentyne has been catalysed
(207) by Ru4(C0)12H4.

Reaction of Ru 4(co)1 oF 4 with Ph,PCH,CH,PPh, (diphos) afforded (208) several
products, including Ru4(C0)1o(diphos)H4 whose structure, 181, bas been deter—
mined crystallographically. The intermetallic distances were Ru(1)-(2) and (1)-
(3) 3-00, Bu(1)—(4) 2495 and (2)~(3) 2-93A. The non-hydride bridged distances,
Ru(2)—-(4) and (3)-(4) were 0-18A shorter than the bridged bonds, being 2-79 and
2.80L, respectively. The fluxional behaviour of this species has been invest-
igated by VT nmr studies. The structure of Ru4(CO)12(CzPh2), 182, has been
determined crystallographicaily (209). The metal-metal bonds varied from 271
to 2-85E. VT nmr studies of this complex revealed that there was CO exchange
on individual Ru atoms, but not between Ru atoms at temperatures lower than

373°K.

(CC)3 Ph
Ru(4)—H
/F") \//,
(OO RU@T ] Phy (OC)Ru(A_ \éu“ )//RU(B)(CO)3
H (CO)3
H e
Ru(3) RG(2)
- (€Ox3 o
181 182

The pyrolysis of mixtures of Ru3(CO)12 and 083(00)12 gave (210) a 1:2:2:1
mixture of Bu3(00)12, Ru20s(Co)12, Ru032(00)12 and 053(00)12, in contrast to only
Ruzos(co)12 and BuOsz(CO)12 as had been reported earlier (211). However, reac—
tion of [Fe(CO) 4]2‘ with Bu,08(C0),,, followed by acidification of the carbonyl-
ate ion mixture so produced, gave FeBuZOs(CO)13Eé. Simjlar treatment of RuOsz—
(co).l , afforded FeRu0s2(00)1332., Reaction of other trimetal dodecacarbonyls

o 2—
with [M(Co)4] (11 = Fe, Bu or Os) are summarised in Table 2, and in some cases,
adequate separation of these products proved impossible. The structures of Fe-
Bu,03(C0) 58, 183a or b, FeRuOs,(C0),;H,, 184, FeRuy(C0),;H,, 185, and Fephu,~
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(CO)13H2, 186 were established by a combination of spectral methods. VT 3¢ nmr
spectral studies of FeR113(00)1 5H, and FeRuOsz(CO)1 5t, revealed (212) that these
TABIE 2

Reaction of [M{CO) 4]2— with trimetal dodecacarbonyls

15(C0),, M(C0) 42‘ Products
Fe3 Ru Fe23u2(00)13H2, FeR113(00)13H2*, FezRu(CO)iz*,
FeRu2(CO)12, Ru4(C0)13H2, Ru4(CO)12H4, Fms(co),‘2
Os 053(C0)12, FeZOs(CO)12*, 054(00)13H3, 034(00)12H4
Fe,Ru Fe Fe2m12(00)13H2, FeR113(CO)13H2*, Fe21111(CO)12*,
FeRuz(co)12, Ru3(00)12, R114(CO)12H4
FeRu, Fe FeZRuZ(CO)13H2, FeRu3(CO)13H2*, FeaRu(CO)13H2*,
FeRuZ(CO)12, Ru3(00)12, Ru4(CO)12H4
Ru3 Fe Fem3(C0)13H2, Ru4(CO)13H2*, Ru4(C0)12H2
Os Ru0s3(co)13H2, Ru2032(00)13H2*, Ru3OS(CO)1 352*,
unidentified product
Ru,,0s Fe FeRuzOs(CO)13H2, Fe20s(CO)12*, R114(CO)12H4,
unidentified product
RuOs,, Fe FeRuOsz(C0)13H2, Fe20s(c0)12*, Ru4(C0)1ZH4,
unidentified product
Osy Fe Fe0s3(co)1352, 0s3(co)1032*, E’¢320s(c0)12
Ru R114(CO)12H4, Ru30s(co)13H2, Ruzosz(co)13£[2*,
Ru053(00)13H2, Os 4(00)12H4*

species exhibited three fluxional modes: low temperature bridge—-terminal CO-
exchange localised at Fe, higher temperature CO exchange between Fe and two Ru
atoms as the same plane in FeBuj(CO),IZH2 (185), and, at the highest temperature,
general CO scrambling. There is evidence that the general CO scrambling is
assisted by intermetallic rearrangement, as shown for ﬁ in Scheme 22,

Scheme 22
Fe Fe Fe
/ kos - OS—{——H_\§OS =~ OS%\\OS
0s= P = =Y / =~ \ e
\RU~H u H —Ru

The structure of the previously reported (213) cluster OSBI?.e(CO)_15 s 187, has
been determined crystallographically (214). The four metal atoms form a planar
triangulated rhombus, in which the Os-Re distances vary from 294 to 2-96.3..
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Declusterification of PeCo (CO) was achieved (215) photochemically, giving
Co (co)_l and unidentified productsa Similar treatment of FeCoz(CO)_l O(PPbS)
a_f_‘forded Co (CO) (PPh3) Thermal decamposition of [Fe(C0) Sn(C5H5) ] afforded
(216) {Fe(.q5—c,5E5)(CO) b SnZFe (00)9, 188, whose structure was establlshed by
X—ray methods. The Fe-Fe distances are 2. 79A, and bromination of the cluster
afforded Fe(r|5—05H5)(CO)2]3r and SnBr4g Treatment of N:L(FPh3)2X2 or Ni(NO) (PPh3)2X
(X = C1, Br or I) with Na[Fe(CO)B(NO)] afforded (217) the mixed metal species
N:L(NO)(PP%) Fe(CO) (NO) which decomposed giving Nl(CO) (PZPh3)2, FeQ, N0 and CO.
Similar treatment of these metal salts with Na[Peln —05H )(CO) ] save only Ni-
(co) (PPhB) and possibly some [Fe(Y}B—CsHB)(NO)] It was sugges‘bed that migra-
tion of ligands between metals might follow an intermolecular pathway for PPhs,

oC/l 8
(OC)Re__ cO
=t 05(2)
/ \ o HCo
(OC)3F6< //Fe(CO)3 OC / \I /C
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but an intramolecular route in a bimetallic intermediate for CO and KO. Reac—
tion of Fe(co)z(py:r:)z(chl)z with Pt(PPh3)3 afforded (218) at low temperature,
CJ_E:gFe(pyr)z(GO)aﬂgPt(PP%)zCl. As the temperature was raised, progressive
formation of CJ_HgFe(CO)z(nyr) Pt(PPh3) c1i, Cl(PPhs)thHgFe(CO) (pyx) Pt(PPhs) C1
and, finally, Fe(CO),(pyr) [Pt(PPhj) 01]2, was observed.

Treatment of Os (Co)1O(CBH‘14)2 with an excess of Re(CO) H gave (219) a hish
yield of 1:«320.»;3(00)29112 189. The structure of 189 was establ:.hsed by X—ray
“techniques, and the 0s-Os distances varied from 2.88 (non-bridged) to 3- <084 (B~
bridged), while the Os-Re bond lengths were 2+95-2.98%. Treatment of 0s3((30)1 5
with M93N0 followed by addition of an excess of Re(CO)SH gave ReOsB( 00)16H, 190,
which further reacted with Me3N0 in acetonitrile giving BeOss(CO)15H, also
obtainable directly from Os (co)1 O(NCI'IE)z, Me;NO and Re(CO) H. Reaction of Re,~
0s (C0)20H2 with Me NO in acetonitrile provided, Re,0s (CO)_19

Pyrolys:.s of 033(c0)1 5 in a sealed tube afforded (220), inter alia, Os (co)21
whose structure was determined crystallographically (221). The metal framework
can be described as a fairly regular capped octahedron with average Os-0s dist-
ances of 286A3; all CO groups are terminal. Extended Hiickel MO calculations
have heen made on 056(00)13 and 057(co)21 (222).

METAL-CARBON O-BONDED SPECIES
Metal Alkyls and Acyls

Thermolysis of a mixture of c:.s—Os(CO) D(CE ) and 0s(CO) H(CD ) save (223)
substantial quantities of CD A mdlca.tlng a bmuclea.r red.uctlve elimination path-
way for the formation of methane. When 0s(C0) 4H(CH3) was decomposed in the
presence of CD e only CH, and CD, could be detected in the gaseous products.

4 4
Rate studies of the reaction

2 ds(co) 45(053)—->~CH4 + HOs(CO) 403(00) 4(0113)

revealed that the rate of disappearance of 0s(co) (CHE) was first order in that
compound and that it appeared that dissociation oi‘ CO was not the rate—determin-
ing step (when the reaction was carried out in the presence of 13
tion of the labelled molecule i«as observed in the fiual organometallic product).
Treatment of 0s(CO) 4H(CH ) with PEt3 gave 0s(C0) 4(PE1; ~) and CH4 but similar treat-
ment of a mixture of 0s(CO) D(CH ) and 0s(co) (c133) gave only CD3H and CH5D and
no CB At indicating that smple J_ntramolecula:r reductive—elinination was facil-
itated by an incoming nucleophile. 4 possible mechanism seems to be:

C0O, no incorpora-—

os{co) ,B(cH,) ——» A {(rate determining step)
A + 0s(C0) 4H(CH3) e HOs(CO) 4OS(C0) 4C85 + CH, (fast)
A+ 1=E1:3 ———3 0s(C0) 4(1=E_t3) + CHy (fast)
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It would seem that A, which is not a CO-dissociat »b rroduct, might be the five-
coordinate and as yet undetected acyl product, Os(CO)BH(COCHB).

When a mixture of cis-0s(C0) 4(CH5)2 and cis-0s(CO) ij(01)3)2 was thermally decom-—
posed (224), the evolved methzpe consisted of CH4, CH3D’ CH2D2, CH])3 and CD 4t
The presence of CHZD2 suggested that CH4 or CD 4 was attacked during the decom-
position process. When 0s(CO),(CD )2 was decomposed in the presence of one
equivalent of CH4, or 0s(CO) 4(CH5)2 was similarly treated in the presence of
CD 2’ CHD3 was detected, and these observations indicated that methyl radicals
were involved in the decomposition pathway. A kinetic isotope effect was
observed in rate studies of the decomposition of Os(CO)4(CZD5)2 in various sol—
vents, and this confirmed the likely involvement of a radical process. When Os-
(co) 4(CE13)2 was thermolysed in the presence of PPh;, acetone was produced.

These reactions contrast with the binuclear decomposition pathway observed for
0s(co) 432 (225) and 0s(C0) 43(033) (223) and it has been suggested that binuclear
elimination can only occur when hydride ligands are present or available.

By treatment of LiZ[FePc].5-5THF (Pc = phthalocyaninato) with alkyl or aryl
halides, or addition of LiR to Fe(II) o Fe(III) phthalocyaninato complexes,
the species Li[FeR(Pc)],THF (R = Me, CH=CHPh, CH,Ph or Th), Li[Fe { (CH2) 4]31-} -
(Pc)}.LiBr.8THF, Li2[(Pc)Fe(CH2) 4Fe(Pc)].1O‘I‘EI‘, Li[Fe(CzPh)(Pc)(pyr)]czi.TEF, and
Li,[Fe(C,Ph),(Pc) ]7TTHF, have been prepared (226).

CO)
o ‘5 RMe3 PMe3
/ \\(i: <O MeaR\i_ _Me Cl\l_ /(l:Hz
- e (53
(0OC),Os Qs/ OC/l S mMe Me3P/| \S\
H”" L Recoy, RMe; PMe; “Me
© 191 192
190 :

Addition of methyl bromide or iodide to an equilibrium mixture of Fe(PMe,)
and Fe(PMeB)BH(CHzPMez) in solution gave Fe(PMeB) P (X = Br or 1) (227). ‘This
species (X = C1 or Br), together with Fe(PMe5)4Mez, could also be prepared by
treatment of Fe(Me3)2X2 with LiMe and PMeB, and reaction of the dimethyl with
co, P(Ol‘lre)3 and HX afforded respectively Fe(CO)(PMeB)BMeZ, 191, cis—Fe(CO)(PMeB)z—
{P(OMe)3} Me, and [Fe(PMeB) )(2]n (x = C1, Br, I, OH or OMe). When "Fe(P}Ie3)4"
was treated with MeSCH,G1, or Fe(m1e3)2012 with LiCH,SMe and PMeB, Fe(PMe3)3c1—
(cH SMe), 192, was formea.

Cyclohexene inserted (228) into the Fe-H bond of Fe(PEtPhZ)B(NZ)H2 in solution
giving Fe(PEtPh2)2H(C6H11)(solvent), and reduction of Fe(acac), with Al(CHZPh)3
in ether in the presence of PPh; afforded (229) Fe(PPhS)S(OEtZ)Z(CHZPh). The
strrtzcture of [Fe(a.ca.c)z] 4 has been determined crystallographically (230). The
terminal Fe atoms of the tetremeric chain are coordinated by six acetylacetonato
O z2toms in a markedly distorted octahedral geometry. These Fe06 groups are
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joined to the inner Fe atoms via three Fe-0-Fe bridges, but the inner metal
atoms are coordinated by only five 0 atoms. The sixth coordination site is
filled by C atoms of adjacent acac ligands, although the Fe-U interaction is
rather weak and the bond is quite long (2-791).

Reaction of Ru, (OCGMe) €1 with Mgﬁz (R = Me or CHESJME ) at 0° in the presence
of PMe, gave (231) c::.s—M(PMeB) o and Ru(PMe3) st (cH,) s:_Me2} 193. The
formation of the latter may occur by loss of ay-bydrogen atom either by direct
elimination of SiMe 4' or by intermediate hydride formation via oxidative addi-
tion to the meial followed by reductive elimination of SiMe 4 {Scheme 23). Also
chtained in the same reaction, but in very low yield, was the uz—methylene com—
plex Ruz(PMeB)G(;.'Z—CHZ)B, 194. This species could be produced (232) in higher
yield by reaction of [m%O(OCOMe)(HZO)s][OCOMe] with MgMe, and PMe,, and its
structure has been confirmed crystallographically. The formation of the L-CH,,
groups was thought to occur by transfer of H from a Ru-CH 3 group in an inter-

mediate.
Scheme 23
Hz
'_,.C\
R SiMe : CH
LM i 2 —MEASI e 2\ .
n s s A LnM S‘Mez
/ ~ ~
CH, CH
HZ?-»-H/ 2
SiME3
CHa2
- -CHz\
L SiMes - Ln.‘]M\ SiMea
/ / —=  /\TcH’
SiMes SiMes

By slow addition of iodine to Fe(co)5 in (CF €0),,0, Fe(CO) I(cocps) was pro-
duced (233). Treatment of NazFe(CO) with CH2=C=CHCH GHZBr gave (234) the
carbonylate ion [Fe(CO) 4032011 CH=C=CH ] which rearranged via 195 to 196 and on
treatment with acid released 2—methyl—cyclopent~2—ene. However, alkylation of

NazFe(CO)q_, using BX (R = Et, Pr%, BuY, n~C.H,, or nC.H,;, X = Br or 1),

PMe3

Me, P CH PMea
Meap\é CHES [\ BP\R C Z\R - °
u iMe, Me P— Ru—CH_—Ru—PMey

MesP” | cHy FEEN

Lo Me 5P CH; PMes

193 194
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195 196 197

198 199

followed by treatment of [Fe(CO) 43]‘ in situ witl allene, gave 197 which, on
acidification, afforded the sitable 198. The hydrocarbon ligand could be
released by treatment of 138 with Me3NOa

The structures of 3-cyclopentene-2,5-dienetetracarbonyliron, ﬂ (R = H), and
the related species 19_9 (R = cyclopropyli) have been determined crystallographic—

21lly (235).

Aryl derivatives and o-metalated species

Treatment of FeCl, with an excess of lithium phenyl afforded Lia[FePh 4] (236).
When FeCl3 was reduced (237) by an excess of hydrogen in the presence of MgBrPh,
between 3-5 and 4-2 moles of hydrogen were absorbed per mole of Fe. On extrac—
tior with THF, the species -FeH4Mg4X4(TEF)B (X = Br and Cl) could be isolated
which decomposed on heating yielding THF and/or hydrogen. On hydrolysis, only
metallic iron, MgX2 and H2 could be detected in the producis.

Reaction of R|1(PPh3)3HCl with an excess of LiR (R = Me or CHZSiM'eB) in ether
or THR afforded (238) the air and moisture-sensitive Ru(PPhs)z(c6H4PPh2)H(S)
(s = Et,0 or THF). Slow recrystallation of this product from THF gave Ru(PPh3)3~
(TEF)H,, but on treatment with water, Ru(PPhs)z(Hzo)H(OH) was isolated. The
formation of m(PPb3)2(06H4PPh2)H(S), which contains o-metalated PPh3, a.nd. could
occur by two alternmative routes, is shown in Scheme 24. Reaction of Ru(PPhs) 3
HC1 with AlMe5 afforded some Ru(PPhB) 4Hps but with ZnMe, and MgMe,, compounds
containing Zn and Mg could be isolated. The species derived from dimethylzinc
analysed perhaps as a 1:1 cocrystallising mixture of m(PPh3)2(06H4PPh2)H(ZnMeé)
and Ru(PPh3)2(06H4PPh2)H(ZnMeCl) or the dimer 200, and the magnesium—containing
species could be analogous, viz. 2‘1: - . T

The reactions of Bu(PPh,),H, with ethylene, which have been reported (239) as
givirg Ru(PP%)B(CZH‘l), have been reinvestigated (240).. In fact, this reaction




173

Scheme 24
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afforded Ru(PPh'})Z(CZHAr)(CGHALPth)H, 202, a reaction which may occur according
-to Scheme 25 (the two isomers of 202 were detected). The species 202 could also
be prepared by reacting Ru(PPh_) (06}1 PFh )(OLtZ)H or Ru(PFPh 5)3}14 with ethylene.
Other reactions of Ru(PPhs) H w:.th certain olefins are summarise_di.ﬁ Scheme 26;
there was no detectable rea.ction with isobutylene or cyclohexene. It may be
noted that the reactions with pentenes had previously been reported (241) tq
give Ru(PPh3) (05 10), but this must now be discounted. The reaction between.
Ru(PPh3)BH4 and propene, which gave Ru(q ~C3H 5) (PPh )2, may be envisaged as
occurring as shown in Scheme 27. Reaction of Ru(PPhj) H, with benzophenone
afforded Ru(FPh )2 ] Cgly C(:0)Ph { B, 203, but the dihydride hydrogenated enolis-

Scheme 26
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205

able ketones, producing the corresponding secondary alcohols, and also forming
Bu(Co) (PPh3)3H2. With hexzldehyde and propionaldehyde, however, the species
Ru(PPh:,')BH(OZCCHZR) and some Ru(CO)(?Phj)ZHZ (see Scheme 28), in contrast to
previous reports (242). Ru(PPh3)2(06H4PPh2) (OEtZ)H reacted with water in THF
giving Ru(PPILj)Z(OHZ)H(OH) and with methanol giving either Ru(CO)(PPh3)3H2 or,
if the reaction was carried out in ether, a mixture of this with Ru(PPhB) H,
and m(CO)(PPhB)z(MeOH)HZ. With an excess of phenol, Ru(PPh3)2(06H 4PPh2)(OEt2)H2
gave Ru(PPhB)zﬂ(OPh)JPhOH and with nitromethane both the hydrido etherate and
Ru(PPh;) H, afforded Ru(PPh;) H(CH,NO,), probably 204. Ru(PPh; ), (CH,PPh,)-
(OEtz)H reacted with CO giving Ru(CO)ﬁ(PPhj)z, with N, giving Ru(PPh§)2(06H4PPh2)-—
(N,)E and with MeI giving, probably, Ru(PPh;),(C¢H,FFh,)I, 205.

Reaction of M(CO)(PPh3)3HCI (M = Ru or 0s) with Hg(C6H4Me)2 afforded (243) the
square pyramidal complexes M(CO) (PPh3)201(CGH4Me) (apical tolyl group). With
CO this was converted to M(CO)Z(PPh5)201(06H4Me) and there was ir spectral
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Scheme 28
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evidence in solution for the equilibrium

7
Ru(CO)z(PPh3)2CIH _ Hu(CO)(PPh5)201 §1C(:0)R)}
the zcyl ligand possibly being dihapto .
Ferracyclopentadiene Complexes

From a cocondensation of iron atoms with thiophenes, followed by warming of
111
= H or Me;

the product under a CO atmosphere, the complexes 206 (R, = R

111 111 111 1 13
R =R =H; R=H, R =Me; R =R’ = H) were obtained (244) from a “C
VT nmr spectral study of these species which was established that while the CO
groups attached to the ferracyclopentadienyl iron atom were stereochemically
rigid, those on the 'q4-bou.nd Fe(CO)5 group were fluxiopal. From the reaction
between thiophenes and Fe_{(CO),,, similar ferracyclopentadienyl complexes, 206

1 11 1115 12 11 111 1

(R=Me; B =R =R =H; R=R =R ' =H, R = Me) could be obtained

(245) together with Fe2(00)6(MeC'6H3S), 207, the structure of which was determined

crystallographically (Fe-Fe 2.551).

Fe(CO)3




E MONOATRKENE COMPLEXES

i IR spectral studies have been made (246) of a series of olefin complexes Fe—
(co) ,(alkene) (alkene = C,H,, cis— and trans—C,H,X, (X = C1 or Br), 1,1-C,H,Cl,,
C HCIS, 02H3X (x = ¢c1, Br, CN or COZH), maleic anhydride, fumaric acid, vinylene-—
carbonate, acenaphthylene, and divinylsulphone). It was concluded that the
olefinic bond had a bond order between 1-25 and 1-5, depending on the nature of

; the substituents.

. Reaction of Fe2(00)9 with cinnamie acids gave Fe(CO)4(q2—XC6EACH = CHCOZH)
(X = 4-Me, -OMe, -C1 or H; 35-C1l, -0Me) (247). From spectroscopically measured

i PK, values, it was establlshed that the Fe(CO)4 group was electron—relea51ng

 Treatment of Fe(CO)4(q —CH? CHR) (R = H or CO,Me) with Na[R' c(co, R )2J
afforded (248) (R11O c)2cn CH,GH,R (R ’ R = H, Me or Et), perhaps via the

" carbonylate anlon.[Fe(CO) {CHRCH cr(co R11) 11

The reaction between Fe(acac)B, AlBt; or AlEt (OEt) and Ph,PCH,CH,FPh,

(divhos), which was earlier reported (249) to give Fe(C Hlé(d:l.nhos)2 at 0°, has
been further investigated (250). If the reaction was carried out at -78° and
then allowed to warm to room temperature, Fe(diphos)zﬂé was obtained, possibly
via f-elimination from Fe(diphos)zEtz. With A1Bt, in a deficiency at 0°, the
paramagnetic Fe(diphos)(a.cac)2 was produced. When Fe(CzE{A)(diphos)2 was treated

with Hacac, both F’e(diphos)(acac)2 and Fe(diphos)2H2 were isolated.

ATLYL, COMPLEXES

Vibrational spectroscoplc studies have been made (251) of Fe(CO) (qD—C H, )k
(X = Br, HOz oz v 5¢ 38, Fe(CO) ) Photolysis of the epoxides 208, 209 and»§lg
with Fe(co)5 afforded (252) 211 the previously known (253) 212 and 213.
Treament of these r]"-allyl species with Ce4 effected the release of the
organic ligands as 214, 215 and 216, respectively. Reaction of Fe(CO) (q ~C5H )~
with the sodium salt of benzotriazole gave (254) the N;allylbenzotrlazole com—
plex 217 whose structure was established crystallographically. The related

isomer, 218, was obtained by reaction of FeZ(CO)9 with the 2-N—-allylbenzotriazole.

o O = o
> b &=
* "Fe
X (CO)3

208 209 210 211

=y A x
g ' S o) o
212 213 214
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Treatment of Ru(NG)(PPhs)gcl with Sn(c335) 2 afforded (255) Ru(NO) (q3-c H,.)--
(PPh5) , whose X-ray structural examination revealed that the molecule ha.d a.
distorted psendo—tetrahedral geametry with a linear NO group. In chlorinated
. solvents, this allyl mtrosyl was converted into Ru(NO) (.*929113)2613 whereas under
00, the adduct Bu(co)(no)(q -G 5) (FFh )2, 219, thought to comtain a bent Ru-N~0
group, was formed. This spec:.es rea,cted further with CO giving Ru(CO) (PPh )

Acylation of the ecyelooctatetraene complex Fe(CO)3(q —CSHB) gave (250) the
[3.2.1]—cyclooctadienylium ion, 220, and not 221 as expected (257). Aaddition
of mucleophiles to 220 proceeded as outlined in Scheme 29.

Scheme 29
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{R=0Ac; X=CN,D)

HPeF || LiBu, PrisH

sPri / b

/
\/ (CO),I
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The cycloaddition of electronegatively~substituted unsaturated species to the.
N-pethoxycarbonylazepine iron and ruthenium complexes 222 (M = Fe or Ru) has
been extensively studied (258) and the results are summarised in Scheme 30. In
almost all cases, 3-—a3_1y1.10 species were generated and it a.ppea.red that electro— .-
philic ‘attack occurred at the uvncoordinated double bond leading to a 1,3-'03: 1,6-
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cyclo—addition product. The general accepted dipolar mechanism for these
cycloadditions was critically assessed and altermative concerted reaction path-

ways presented.

CYCLOBUTADIENE AND TRIMETHYIENEMETHANE COMPLEXES

Calculations have been made (259) of the '2C nmr paramegnetic shielding terms
in Fe(q4-C 4114)(co)3. Acylation of Fe(q4-C 4114)(00)3 afforded (260) the mono- and
1,2-disubstituted products Fe(qt—c FsC0Me)(C0) 5 and Fe {qt=<c RACTSNICHIS
The reactions of the disubstituted products are illustrated in Scheme 31.

Nucleophilic addition of alkyl phosphines PRR' 5 (r,B! = Me, Bt, Pr?, Bu” or
Ph, but not FPhy) to [Fe(n?- 44)(C0) ,(x0) 1" zave (261) the cyclobutenyl cation
223. When this compound was heated, conversion to [Fe(q4—c H )(CO)(NO)(PRR12)]+
occurred, and this type of species was also obtained when [Fe(q4—c 4H4)(CO)2(N0)]+
was treated with EPhS, BE=P, As or Sb. It was considered that nuclecphilic
adﬂ.ition‘ occurred directly to the cyclobutadiene ring without participation of
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Scheme 31
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the metal, and a kinetic study (262) substantiated this view. The order of
reactivity of phosp._lne addition to the r:l_ng was [Fe(v]4—C H )( CO) (NO)]+> [Fe-
(7648, (€0)5T*> [ox(aT-0;,) (C0) ;1> [n(1® %) ()3 1.

When the 1,2-dimethylcyclobutadiene complex Fe(t] —C E2Me2) (00)3 was photolysed
in the presence of acetylene, propyne amd but-2-yne, a series of methyl-sub-
stituted benzenes were obtained (263) in good yields. The general mechanism of
reaction, seen as involving the intermediates 224 and 225, is outlined in
Scheme 32.

The formation of 226 in the reaction between Fe3(co) 40 2nd bicyclo[3.2.0]-
hepta~1,4,6-triene has been already reported (264) and its yield has been
increased (265) by using modified procedures. Some reactions of 226 are shown
in Scheme 33. When 226 was treated with LiBun, the anionic species 227 was
produced. - The related P(OMe) substituted species was also prepared and it was
shown spectroscopically that some negative charge was. localised on the metal
atom. Reactions of g are- summarised in Scheme 34.

The oxidation of 228 (P = H or Me) by Ce*" occurred (266) according to Scheme
35 and when R = Me, The tricyclic product was obtained with a large optical
rotation. ' This suggested that the cyclobutenyl intermediate is still Aunder the:
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Scheme 34
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shiral influence of the metal, since in the absence of the metal no optically
ictive products would be fomed.r

Photolysis of Fe(n*-C Me,)(CO); in the presence of CF;C,CF; gave (267) two
zompounds, 229 and 230, by a mechanism outlined in Scheme 36. With CcmEE',
iifferent products were produced, as shown in Scheme 37. Treatment of the 1,2-
lialdehyde I@e{q4;c4§é(CHo)2} (co)3 with [(PhBPCHé)ZCO]Clz and lithium ethoxide
in DMF gave 2_31 which, on oxidation with Ce4+ in the presence of cyclopentadiene,
ifforded (268) (269) endo-1,4,4a,9b-~tetrahydro-1 ,4-methanobenzo[ 3,4 ]cyclobuta—
1,2-3d]tropone. Similar treatment with [1>1r131>(0752)31=1=hz’]131-2 gave 232 and its
isomer 233, and hydride abstraction using Ph.jC-+ afforded 234. The further
sxploitation (269) of the Wittig reaction using the bis-phosphonium salts 235
md & gave gﬂ and @, respectively and these species underwent Diels-Alder

scheme 36

CHCCFy +CO 7 M—cp mca
hy CF3 3
l | 4 D4 Ve
- =

C—CF,
Fe oCc—Fe— 3 Fe’  “cr. Fe
{CO); & (€CO); 3 (COY <3 (COY3
AN
§ crs l
l 229

o (CO5
Scheme 37
+ FC=CHF — = 0 F+ 0
[ a CF3
Fe I l H
(CO)5 Fe F Fe
(CO); F (CO)5
melt heat, CO
pressure

O O
C
Q AN s " @ CF3
/Fe—Fe \ H
" T p=
(CO)I5

References p. 256



184

' ' R CQZOCHZC =CMe
L &

e e Fe
(CO)4 (CO)q (CO),
226 ' 227 228
Me
Me o
A
Me Me Me
CF3
Me CF3 Me O
. CFs
(@] e
CF3
Fe
(CO)s 230
229
* @
& ] B CH,PPh,
l ! CcH gph
Fe Fe l_ 2 3
C C e
(s 0% (CO)3
232 233 234 235
@ Ar
CH,PPhs Y
\ - /
s (2 >
CH,PPh =\
2 3 Fe Fe 7—0
(CO)3 (CO)5 (CO); Ar
236 237 238 239

242



185

addition with N-phenylmaleimide. No c¢yclic derivatives could be obtained using
[Ph3PCHZCH = CHCHZPPhZ]Br .

Treatment of Fe{ Hz(coc:l)z} (co) with (p—MeCGH )2 and AlCi; in CS, gave
(270) a mixture of 239 and 240, and reductlon of the latter with AlH(Bu )
afforded 2&. Treatment cof 241 with HC1 failed to provide 242 but when a
similar sequence of reaction-s_was carried out with 2;43, 244—1;s eventually
obtained via two tetracyclic cyclobutadiene iron ca.rbony—l_——intemediates. The
structure of 240 was determined crystallographically (271) and it was noted
that the 8-membered ring was flattened from a boat conformation while the 6-
membered rings were twisted from coplanarity to an angle of 74°.

The ESCA spectra of the trimethylenemethane complex Fe‘iq4—C(CH2) 3} (co) 3
were interpreted (272) in terms of greater donation from the iron to the

ic(cnz)zﬁ ligand than to butadiene.

DIENE AND HIGHER OIEFIN COMPLEXES
Acyclic Diene Species

The structure of the proton skeleton in Fe(q4—C 4_H6)(CO)3, which is non-planar,
was determined (273) by orientation in a nematic liquid crystal solvent.
Cyclooctadiene was displaced (274) from Ru(CO)B(Ce 12) by butadiene in a sealed
tube in benzene at 100°, giving Ru(C0) (Y‘ —C4H6) whose 'H and 1°C nmr spectra
were recorded. The complexes Fe(CO) (Y)4CH =CHCE=CHOSiMe,,F )3 Fe(CO) (] ~CH,=
CHCH—CHO) 2 ,SilMe, and Fe(GO)3‘(L\'] —mcn:cnc(ODme,)—CHZ} , were obta.med (275)
by rea.ctmg Fe (CO) with the appropriate s:.lo:qrbuta,dlenes.

Reaction of Fe(CO)B(Y]q’—dlene) (diene = 1,3-pentadiene, hexadiene, 2,3-dimethyl—
butadiene) with Na_N(SJ_Me ) afforded (276) the cyano—complex Na[Fe(CO)z(d:Lene)CN].

Scheme 38
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with tetrasubstituted butatrienes gave (277) three geo—

Preatment of. Fe2(00)9
metrical isomers of Fe(CO) 4(¥]2-B1RC=CC=CRB.1) (8, B! = Ph, p-eCyH, or p-NeOCH,).
®_C.CF

_ Under uv light, Pe(C0)5(n*-C E,R,) (R = H or Me) weacted (278) with CF,C,0F;
and CF302H giving 245 and 31_6, respectively., The diphenyl o-styrylphosphine
complex of iron tricarbonyl similarly underwent addition of CFBCZCFB’ producing
247. The cyclohexa—-1,5-diene complex Hu(CO)s(iq‘q’—CGHB) and its 2-methyl analogue
also reacted with CF3020F3, affording 248 (L = C0), perhaps via the route out-
lined in Scheme 38. Treatment of 248 (L = CO) with P(OCHz)BCMe gave 248 T =
P(OCHZ)BCMe), whose X-ray structure determination established the nature of 248.
The necessity to use uv radiation to achieve these results was considered. Two
reaction pathways, one involving photo-induced dissociation of one CO ligand,
and the other conversion of the q4-diene to an .]z—diene, were discounted. I’I’wo

other possibilities, illustrated in Scheme 39, seemed to be more attractive.

Scheme 39 ,

|
M

o¢ o

C
O

Treatment of 245 (R = Me) with CO under pressure gave either 249 or 250, but
when 312 was refluxed in certain solvenis, a cyclohexadiene complex was produced.,
perhaps viz the route shown in Scheme 40.

Treatment of F92(00)9 with 1,3,5-hexatriene afforded (279) the r]4—triene com—
plex 251. Reaction of this with diborane gave the alcohol Fe(CO)B(q4—CH2=CHCH=
CHCH,CH,O0H). There was no reaction between 251 and Simmons-Smith reagent (Zn/
Cq/CHzIz), but osmium tetroxide afforded the cis-diol Fe(CO)Bir)4-CH2=CHCH=Cﬂz-
CH(OH)CH20H} . Similar behaviour was observed with the methylated analogue of
251 ,Fe(CO)B(q4—MeCH=CM§CH=CHCH=CMe2), although the presence of the methyl
groups considerably increased the nucleophilicity of the uncomplexed double
bond. Treatment of 251 with Hg(0COMe), gave Fe(C0); {1 4-CH,~CHCE-CHCH(GMe )CH,~
Hg{0COMe)} in low yield, and with HBF, in propionic anhydride, the cation 252

4 i
was produced.  The latter was readily deprotonated on basiec alumina, regenerat—
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Scheme 40

Fe
(CO)3

ing 251 (280), but with Et3N deportonation did not apparently occur, in contrast
to an earlier report (281) and instead a quaternary ammonium salt was isolated.
Reaction of 252 with KOBu® gave Fe(co)s1n4—CH2=CHCH=CHCH(OBut)Me} , and with
2,6—dimethylpyridine dimerisation with formation of a C-C bond occurred, giving
253.

—‘I‘he 2-pyrone complex of tricarbonyl iron reacted (282) with OR~ (R = H, Me

or COMe) or LiR (R = Me, CH = CH,, H, Ph, NEt,) giving numerous 1,4-disubstituted
butadiene iron tricarbonyl complexes in high yield. Thus, with OR , a bleood red
solution, perhaps containing 254, was obtained from which could be isolated 2_5

(R1 = H, Me or CCMe) on addition of acid, MeIl or Me280 2’ or acetic anhydride

CMe4

el N e mO.
243 244 O

CMe3
2
thp\:—_ _ CFs
e
C/l = c R \ ' \CF3
O~ cC Fa3 _~ CF3
O Ch OC—Ru CF3
I_/\
47 o
2 o 248
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The Z, E isomer of 25_5- so obtained could be converted to the E, E form by heat-
ing in benzene. Attack on the 2-pyi‘one complex by LiR afforded the intermediate
gié, similar to 255, which, in acetic anhydride, produced 257. Deuteriation
of the 2-pyrone complex was achieved using LiAlD 4 followed by aqueous acid at
low temperature, and three diene isomers, 258a, b and c were isolated in
relative yields of 50%, 40% and 100, respectively. If the deuterated reaction
product was quenched using acetic anhydride rather than H30+, then the two
isomers 259a and b were obtained. Treatment of the normal proton—containing
analogue_; 2592 with methoxide permitted the isolation of an air-sensitive
solid, believed to contzin either 260 or 261. Treatment of 2-pyrone iron tri-
carbonyl with OH , acetic anhydride, (coc1) and finally LJ_AlH(OBu )3 afforded
Fe(CO) (r)4—MeOCOCH=CHCH=CHCH OH), and with LiAlH, followed by aqueous ammonium
chlor:.de, Fe(00)3({) —HOCH—CHCH—C‘HCHZOH) was produced. On a silica gel columm
or in the presence of HCl, this last compound was converted into _2_6§°

Separation of cis- and trans-dienone, and sﬁ—endo and -exo dienol iron tricar—
bonyl complexes has been achieved (283) by HPiC techniques on microparticulate
silica using CH,C1, or CH, C12/MeCN mobile rhases.

Treatment of Fe(CO) (q4-Eto cczr:czmx;:cac025:1;)2 with the "diazadienes" bipyridyl
or 263 (DAD) afforded (284) the complexes Fe(CO) (m]))(q EtOZCCH—CHCH=CHC02Et)
These speciles could also be obtained by photolysis of Fe(CO)j(q -Eto CCE=CHCH=
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. f‘-‘e(CO)3 f;‘e(CO):., f;‘e(CO):.;
D_1é77_Q> H_*f7T7§> D_4é7T7§>
D ¢=0 D d¢=o H  Co
4 8 o o
(a) (b (c)
258
Fe(CO); ll:e(CO)3 ITe(CO)3
1
l
ACOﬂ o m—OAC @Oﬂ
c= _c D H c=0
o S {
b)
(a) 259 ( 260
/Fe(CO)3 Fe(CO)3 ®_<ph
RN /
261 262 263

CHCOzEt) in the presence of DAD, and the bipyridyl complex was characterised
crystallographically. The geometry of this species approximates to a square
pyramid with one bipyridyl N atom occupying the apical position.

Cyclic Diene Species
A simplified Huckel m.o. model has been developed (285) to account for the

bond lengths in a wide range of W'-olefin complexes. The calculations were able
to reproduce the relative insensitivity of the C-C bond lengths of the coordin-
ated butadienoidal fragment towards the number of phenyl rings in phenyl-sub-
stituted butadiene iron tricarbonyl complexes, and in @. and gﬁi, and also
demonstrated the fixation of one double bond in the rhenyl ring which is fused
adjacent to the butadlene mo:.ety. Calculations were also made with respect to
Fe(C0)(n-C H6)(n - He) and Bu(n® ~CgHg)(n*CgH). Within the Hickel approxima-
tion, metal q3 and y) 4 hydrocarbon complexes were shown (286) to have alternant
bonding networks. The application of the pairing theorem to such systems threw

(O=;Fe /—— Fe(CO) <
“) 3 MeOC COMe
v ' PhyGe” | GePhy
Fe
(OC)Fe (CO)3
266

References p. 256



190

some light on the origins of the 18-electron rule in such species as Fe(q -C 4H )-
(c0)5, Fe(r-GgHg)(C0)5, Fe(C0)5(0*—CqHy), Fe,(C0)g(CoHY, 265, and Fe(q”-C;H,)-
(CO) X.

‘l‘he conformational preferences and rotational barriers in polyene 1”I(CO)3
systems have been calculated (287). The structures of the cyclopentadienone
complexes Fe(CO)s('-w‘4—C 4F,C0) and Fe(C0); $n%= 4 (COMe) ,(GePh;) ,CO} , 266, obtained
by reaction of Fez(00)9 with PhBGeCZCOMe, have been determined crystallographically
(288) (289). In both cases, the ketonic group tilted up out of the C 4—buta.diene
plane, as predicted theoretically.

‘Lanthanide shift reagents have been employed (290) to facilitate spectroscopic
identification of 5-exo and 5-endo-methoxycyclohexadiene iron tricarbonyl isomers.
On treatment of [Fe(co)3(«15—06137)]+ with methanol, 5—exo-Fe(C0)(s 4—C6H70Me) is
produced rapidly but on heating, isomerisation to the 5-endo form occurred, so
that the equilibrium ratio was 3:2 exo:endo. On protonation of these methoxy-
derivatives, the endo form reaéted less rapidly than its exo isomer. Spectro-
scopic studies using En(fod)3 indicated that the endo-isomer was more sterically

hindered.

N ' N o ,FelcO); N
AN
Q —Fe(CO)4
e F~Me Me Me Me Me Me
Me Me Me Me

267 268 269 270

Reaction of a mixture of cyclic dienamines, 267 and 268 with Fe(CO)5 afforded
(291) the diene complexes 269 and 270 and the syntheses of a variety of sub-
stituted 1,3-cyclohexadiene iron tricarbonyls has been revorted (292).

The syntheses of 6—endo-acetoxy and -hydroxy-—cyclohexadienyl iron tricarbonyl
cations via appropriate diene intermediates is summarised (293) in Scheme 41.
Treatment of trans-dihydroxycyclohexadiene iron tricarbonyl with Me3N0 effected
release of the hydrocarbon ligand, but hydrolysis of the hydroxycyclohexadienyl
salt by traces of water in acetone afforded only benzene, perhaps via the inter—
medizte 271. Addition of cyanide ion to 272 and 273, the latter being obtained
from 274 via reaction with Fe(CO) followed by treatment of the organometallic
with Phac s occurred (294) at the more electron—deflclent terminus of the dienyl
cation system, giving qua.terna:.'y centres as in 275 and 276. Friedel-Crafts-
acetylation of Fe(co)3(q "°6H8) afforded (295) at 4:1 mixture of the 5-exo and
-endo isomers of Fe(CO) (vq - H.inMe) The exo-isomer was synthehlsed stereo~
specifieally by addltlon of CN~ +to the cyclohexadienyl salt [Fe(co) (q ‘C6H7) ]+
followed by treatment of the resulting 5—exo—cyanocyclohexad1ene complex with

MgMel, and agueous NH401.



Scheme 41

Fe
@OAC (CO)3
~OMe Cels

191

Oac  Phyct OAc
[ . :
©C) Fe—@ =
E) ) ® 22
“OMe OMe N
Fe
(CO)y
leo, HCO5™

OAC
OH  MeyNO OH  kon ocrLretr
© = (COypfe . ™MeOH * Xon
“OH
oH

(OC)3F‘\e—-_o

271

: : OMe

274

Hq CFR—CHFCF,

H F
H o/ -F
OC_,F\e ‘;:cra
s G
277

References p. 256

l Ph,C*
CcO)
s o
@ OH traces HO e @
; (CO3),CO
Fe
(CO)5
OMe Fe(CO)3
_Fe(CO)3 ~Z _OMe
Me 273
272
OMe Fe(CO)y
_ Fe(CO)s /
NCT PMe
275
l;e(CO)g
4
(OC)Fe” Me
Me
278 279



192

It has been reported (296) that oxidation of Fe(CO) (q —C6H7CH200Me) by T1(0C—-

5) in CC1, gave CgHCOCaMe . However, similar treatment of Fe(co)3(p "CGHB)
in methanol gave (297) 5-exo-methoxy and hydroxycyclohexadieme iron tricarbonyl
as well as the 3-methoxy-substituted complex. The production of the hydroxy
derivative could be suppressed by adding K2C03 to the reaction mixbture. The

postulated mechanism of these reactions is depicted in Scheme 42.

Scheme 42

Ti(tfa), Ti(tfa),
MeO.
= Ti(tfa) e
(CO)Fe _— T8 _ome
=~ MeOH p
Fe
ome® (CO)5
Ti(tfa), L
/‘OMe MeO
(OC)Fem — (OC)BFe-@ (0C)3Fe:©
OMe

The uv irradiation of mixtures of Fe(CO)B(qh—CsHB) and CF,CF=CF, has been
reported (298) to give a momonuclear product containing two molecules of
perfluoropropene. This has been confirmed (299) crystallographically, the
mechanism of formation of the product, 277, being shown in Scheme 43.

The structures of 278 and 279 have been determined (300) by X—ray methods.

In the former the planes of the two isoprenoid Fe(CO)3 group intersect at an

Scheme 43

S
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angle of 34°. In the latter, the Fe-Fe bond.is 2-5111, and the ferrole moiety
does not interact with the unique butadienoidal fragment.

It has been suggested (301) that Fe(CO)3(r’4—-C7H8) undergoes a 1,5-shift process
in its fluxional behaviour. However, by use of the Forsen-Hoffman spin satura—
tion nmr method, it has been shown (302) that the fluxional process could occur
either by a 1,2— or a 1,3~shift mechanism. Reaction of C,H Ph with Fe2(00)9
afforded (303) the 6-exc isomer of Fe(CO)B(qA‘—C,?H?Ph), whose structure was
established by X-ray methods. At low temperatures, r) —troponeirontricarbonyl
could be protonated (304) at the O-atom, but at higher temperatures, 280 (R = H)
was formed. The T-methyltropone analogue behaved similarly, with eventual
formation of 280 (R = Me). Proton addition to the cycloheptatriene complex
Fe(CO)B(V]A'—C,?HS) has been shown to occur (305) exclusively exo to the Fe(CO)3
group in CF COZH and HZSO e On heating, the 7T—exo—deuterio isomer of Fe(CO)B-
(q4—C7H7D) underwent H/D scrambling over G(1) to C (6).

4

R = o
o Me
H (@]
H
| M/ M/ R

Fe
(CO)5
280 281 282

(OC);Fe— SO,

&

283 284 285

Treatment of the 1-acetyl species, 281, with NaOMe in methanol gave (3086) its
2-acetyl isomer, &. Reaction of these with TCNE afforded 283 and 284,
respectively, indicating that the cyanoolefin underwent 1,3-cycloaddition to the
uncoordinated side of the ring in both molecule;. Reaction of Fe(CO)B(C.?Hs)
with 502 gave 2_8?, while protonation of the arylated cycloheptatriene complexes
2_B_§ and ﬂ? (B = Ph or p—MeC6H4), obtained by treatment of troponeirontricarbonyl
with MgRX followed by chromztography on silica gel, afforded the dienyl cations
288 and 289.  Cycloaddition of TCNE to 290 gave (307) the bicyclic species 291
which, on oxidation with Ce4+, afforded 292. Troponeirontricarbonyl and its
cyclooctatrienone analogue _29_3 behaved similarly, giving 294 and 295, respectively,
and on oxidation with Ce**, these released 296 and 297.
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Scheme 44
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(CN)2
(NC), H (oQ), Fe\
f o (OC)3F‘e-—“‘ Q —M(CO),4 J
R
297 298 299

Cycloheptatriene reacted with RuCl3 in aqueous ethanol giving (308) [Ru(C'IHB)_
012]2, some of whose reactions are outlined in Scheme 44. The 1,5-cyclooctadiene
complex [Ru(CBH1 2)c:12]n reacted with nitriles, RCN (13 = Me or Ph) giving Ru—
(CgH,,) (XCR) €1,, [Ru(CgH,,)(WCMe) 4]2+ and Ru(NCMe)62+. Treatment of the first
with 2,2'~bipyridyl afforded Ru(CgH,,)(bipy)Cl,. The norbornadiene complex
[Ru(C7H8)(bipy) 2]2+ was obtained (309) by treating cis-Ru(bipy) oCly with AgC10,
in the presence of C7HB, and R11(C7H8)(bipy)012 could be prepared by treatment of
[Ru(c )012]n with the stoichiometric amount of bipyridyl. In acetone, the
species [Z&l.zJ'..(].‘1H3)5][}?FG]2 (T = cyclohexene, norbornene, acetylene, 1-octyne, 1-
hexyne or 3-hexyne) were obtained by direct addition of L to [Ru(NHB) 5(Hzo)]—

[PEG],- It wes noted that E, ;, of the Ru/Ru''T couple for [RuL(¥E;) ;12
indicated that Bu'™ was significantly more stable when L = pyridine.

Reaction of the cycloheptatriene complex Fe{CO) 3(l)4—C7H8) with allyl bromide
in the presence of M! (C°)5('76‘07He) (1! = Mo or W) afforded (310) the dimers
298 (M = Mo or W). Elimination of the M(co)3 fragment gave Fe(CO)s(q 4—C7H7C7H7)
which reacted with Fe(CO).(PhCH=CHCOMe) to give the exo-isomer of 298 (M =
Fe(CO)3). When Fe(CO)B(q4—C7H8) was treated with allyl bromide alone, the endo
form of 298 (M = Fe(CO)B) was produced.

Under mild conditions, 5,6—dimethylene—7-oxabicyclo[2.,2:.1]hept—2—ene reacted
(311) with Fe(CO)5 (av) or Fe2(00)9 giving 299 and 300. Under more drastic
conditions, E and 32 were formed. The complex _'92? was also prepared.

o
(OC),Fe _ «—=Fe(CO)3 O
Y7 ¥ Fe(CO)4 C[\—Fe(co)3 [;l:l |
’;FG(CO)3 e
300

(CO),
301 302 303

In THF, Fe_(co) reacted with Me3N0 at -30° evolving (312) €0, and forming Fe-
(co) 4(N}1e3). This species reacted with cyclooctatetraene giving Fe(CO)B(n4—
CBHB)’ demonstrating that the trimethylamine complex is probably an intermediate
in the formation of Fe(CO)B(d.iene) complexes from Fe(CO)S, diene and MezNO (313).
The amine complex also acted as a catalyst for the addition of CC1l 4 to oiefins.

Treatment of _Fe(CO)B(qd'—CBHB) with triazolinediones gave (314) the cyclo—
a.ddition products 304 (R = Me or Ph), from which the barbarolone derivatives
305 were obtained on oxidation of 304 using Ce®*.
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Reaction of 5—bicyclo[2.2.1]heptene and -heptane and related octene and octane
complexes afforded (315) exo~ and endo-isomers of 306, 307, 308 and 309,
respectively. - Hydrogenation of the uncomplexed double bond in both exo- and
endo forms of 306 and 308 gave the respective isomers of 307 and 309, but
hydrogen addition in both isocmers oceurred from the exo—side of the molecules.
Treatmert of 5,6,7,8-tetramethy1enebicyclo[2. 2.2]~oct-2-ene afforded (316) a
series of Fe(c:o)3 complexes 310, 311, and 312, and addition of Mo(CO)B(NMe)3 to
3_12 gave é}é.

(CC)Fe__ o
N @) N
Nahd @_‘ YO l& Fe(CO),
NR N Ni R
R
o Va 306
304 305 O
~ Feco), / —Fe(CO); —Fe(CO), —Fe(CO),
307 308 309 310
(OC )3Mo\/
OCxFe
! _-Fe(C0), \ —Fe(CO), [ —Fe(CcO),
F—le R
(COMN3 312 313

311

The reactions of benzylideneacetone irqntricar‘bonyl with 1,3,95-cyclooctatriene
and its derivatives (317) are summarised in Scheme 45. The hydrocarbon products
were obtained by oxidation of Fe(CO)j(diene) with ce?t. A inetic study of the
reaction between Fe(CO) 3(!‘)4—PhCH=CHCOMe) and 1,3,5-cyclooctatriene established
that the rate determinirg step for the reaction was ring closure to give 314.

Treatment of 9-anti-methoxy-cis-bicyclo[6.1.0]nonatriene with Fez(CO)s*
afforded (318) a mixture of two compounds, 315 and 316. The reactions of 316
are shown in Scheme 46, and reaction of ?1_'_] with Ph30+ gave an unidentifie?
cation which could be reduced to 318 using BH4 « Thermolysis of 515 gave 319.

Addition of hydrazines to the norbornazdiene and cycloocta-1,5-diene complexes
[Ru(aiene)c1,], gave (319) [Ru(aiene)(¥,d,),1%", [Ru(aiene)(NmmMe),]*" or
[Bu(diene) (111;1211’.133,')31{]+ (R =R' =Me; R = R' = H), obtained as the 3Ph4_ salts.
On refluxing in a.ce'gone, [Ru(C8H12) (N2H4) 4][BPh4]2 (CBH12 = cyclooctadiene) was
converted into Buln —06H5'BPh3)(CBH11), 320, but in-the presence of L (pyridine,
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4-methylpyridine, DMSO,.MeCN), the species [Bu(diene)L,][BPh ]2 and _[RuLs]—
[BPh4]2, were obtained. Using plosphites, [Ru(NH2N=CMe2)2L4] +, L = P(OMe)a,
P(OEt)B, P(OCHZ)BCR (R = Me or Et) and PPh(OMe)z, was similarly prepared.
Treatment of [Ru(CgH,,)(NE NHMe),][PF ], with PPh(OMe), in acetone afforded
[Ru(¥E NEMe), {PPh(OMe)Z} 4][PF . The hydride, [Ru(CgH,,)(¥H,N¥e 2)311] ,
whose structure, 312, as the PF6 sa.lt was determined crystallographically
(320), reacted with pyridines or MeCN (1) giving [R11(08H1 2)L H] and with
phosphines or phosphites (L'), [RuL: 5H] (L' = PPh(0Me),, P(OEt)B, Ph(0Et),,
PI‘IezPh). With LiX (X = C1 or Br) in acetone, however, the binuclear species
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Scheme 46

FEC[:;
Q"“'—"'—‘_’_"
@ Fe,(CO),
i s e OMe OMe
Fe H
(CO)y
lCF3COZH
b Yococr; g oH
(CO)5 (c0)3
MnOZlCHCI:.‘
H,SOy,
o
i
Fe o
(CO)5
\]
lLiAlH‘;
F{e(CO)3
Fe HO
(COY5 (c0)3
(OC)Fe /-—\7‘
(oc l‘ k’-'—'/ “
314 )3 e Fe H OMe
{CQO)3
316
(OC),Fe (OC)Fe
' - £Tcpn ll :
H T2 (0C),Fe—Fe(cO,
317 318 319 '

[Ru(CS 12)1D(]2NHZM'192, 322, was obtained. 'l‘he sm:ucture of this tr;ply—br:.dged
complex was established (321) by X-ray methods and it was noted tha.t the NI'IBZ
group of the hydrazine was _attached to the less ster::.cally hlndered Bu atom (Bu-~
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Ru distance 2. 91.A). Treatment of 322 with Lewis bases gave Ru(C H12)L HE (L =
FMePh,, AsPhz, SbPhs, pyridine), RuL3HX (L = PPh ), or [RulL H] L= P(orlre)3 or
PPh(OMe),). Reaction of [Ru(C 2)1. H]* with Hx in a refluxmg mixture of
acetone and methanol afforded (322) the triply-bridged salts [Ru LG(}J.Z X)3]+
(L = PMe Ph, PMePh,, PPhZ(OMe); X = OH, SH, SMe, I or F).

NWitriles reacted with [Ru(CO) (CBH12)012]2 giving (323) the mononuciear Ru(CO)-
(08512)(NCR)012 (R = Me, cyclopropyl, CH2=CH), and the structure of the species
with R = Me, 23_, was established by X-ray methods.

o 0O 0

cO I ~
Ru —— RU—~CO ~<—— U-—-CO

\@+@

| |
Ru Ru
(CO)> (CO)3 -

Scheme 47

RU(CO);
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Carbonylation of Ru(f}6—CBH1 o) (1 CgH, ) occurred (324) readily at room tempera-
ture and 1 atm. CO pressure. The course of this reaction is outlined in Scheme
47, and if thé monocarbonylated product was treated with cycloheptatriene, both
Ru(CO)Z(q6—C7HB) and Ru(CO)B(qA'—C,IHS) were formed. Other reactions (325) of
Ru(qy —GgH, o) ("]4—083'1 ,) are shown in Scheme 48. In none of the reactions out-

lined here was cyclooctatriene detected in the mother liquors.

Scheme 48

Reaction of the tricyclic olefin 323 with Fe2(00)9 gave (326) initially 325
which isomerised on heating to 326. The propellene 327 reacted with Fe(CO)B(q -
PhCH:CHCOMe) to give (327) a mixture of 328 and 329, both of which were stable
to heat and inert to reagents which normally attack the cyclobutene double bond.
The related triene 330 reacted with Fe(CO) -5(1]4—PhCH:CHC(Me) giving 331.

eterodiene Complexes and Related Species

The conversion of Fe(CO) 4iq -N(C6H X)=CHCH = CEPh} into Pe(CO) (q —PhCH—CHCH—-
NC6H %) (X = 4-Br or -OMe, H) was studied (328) the presence of the Schlff
base 1igand and of CO. The reaction mechanism is in accord with the reaction

pathways.
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Fe(C0),L = L+ Fe(CO), L Fe(C0) 5
|3
\k

co + Fe(co), X Fe(CO)51L

The reactions betueen this tyve of complex and the related aldehyde species
Fe(CO)B(q4—CsH4XCH=CHCHO) (X = 4-MMe,, -OMe, —Me, —C1; 3-OMe; H) with
tertiary phosphines, arsines and stibines have been extensively studied (329).
The overzll reaction pathways are summarised in Scheme 49.

The structures of Fe(co)3§L CE2=CHC(NMeg(N(Me)C(O)} and [Fe(CO)B‘;‘ CH,=CHC-
(pip)N(Me)C(OEL)} ]BF4 (pip = piperidine) have been determined (330) crystallo-
graphically. The former contains a carbamoyl group and the latter a carbene
moiety attached to the metal.

Scheme 49
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z ~ ~
FecojL Fe(CO),Lz + I T Fe(conL Fe(COL, +

| =
!

Reaction of pyrylium iodides, 332, (R = Pn) with Fe2(00)9 afforded (331) a
mixture of 333 with traces of Fe(CO)3(q4—PhC(:0)CH=CPhCH2(!OPh). The latter was
also prepgred by reaction of PhCCCH=CPhCH,COPh with Fe2(00)9. Using 332 (R = H),
Ziwas obtained, and the proposed mechanisms of these reactions are summarised

in Scheme 50.

“Fe(CO)3
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(OC),Fe OMe
Ph] A /Ph H —-Fe(CO):-;@
07 NeaPh
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(OC),FE Ph 335
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Scheme 50
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 The structure of the dimethylthiophene-1,1-dioxide complex Fe(CO)s(r)4—C PR
SOZ) was determined crystallographically (332). Because of steric effects, the
S atom was pushed out of the diene plane by nearly 27°. Reaction of tetra-
phenyl-1-sila- and 1-germa-cyeclopentadiene with Fe(co)5 under uv light gave (333)

4 — g3 - - - - =
Fe(CO)B(q —C4Ph4E32) (B = si, B o = Bogo = Me or CH,Ph; B =CHCL, R, . =
¥e; Bayo =Mer Bopg, =Cland R, =C1, B4, = I-Ie;4 B =Ge, Boyo = Bopgo = Me»

_ o _ .
Bt, R,  CH,C1, B" . = Me). Treatment of Fe(CO)3(q -C 4Ph4GeMe2) with SnCl1 4

gave Fe(CO)3(q4—C4Ph4Ge01Me) (C1 ex0), and using LiAlH, this was converted imto
Fe(CO)B(q4—C 4Ph4GeHMe) which had the same configuration at Ge.

DIENYL. COMPLEXES

The kinetics of the electrophilic substitution of methoxybenzenes by some
oven—chain cationic pentadienyl iron tricarbonyl complexes have been invest—
igated (334). The proposed reaciion mechanism is outlined in Scheme 51.

The treatment of the cyclohexadienyl complex 335 with carbanions provided
(335) a route to angular substitution in 5- 'and 6-membered ring systems
(Scheme 52). Similarly, alkylation of cycloheiadienyl iron carbonyl cations
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OMe

Scheme 51
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.
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Fe(COY; _ (O o _Fe(col;
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CH(CO,Me),
JFetcos Fe(CO)5
OMe _FealcOly OMe OMe
|
1Pn3c+
Fe(CO)3 ' Felcol,
quzo""e CH(COzMe),® .
CH(CO,Me),

could be achieved (336) using mixed lithium alkylcuprates, LiCuR(SPh), or di-n-
butylcadmium, giving species of the typeﬁ (R*t =H, R=CH = CH2 Me, SPh,
But; t =Me, R= CE=CH2, SPh, Pri, Bun, But; R = e, R = Bu ) and 337 (R' =
Me, R = CH = CH,, Pr’, Bu", Bu").

A mechanistic study of the reaction between [M(CO)B((] _CGH'I)] (M = Fe or Ru)
with pyrroles and indoles has been interpreted (337) (Scheme 53) in terms of
electrophilic attack of the dienyl cations on the heterocycles. The relative
susceptibility of aromatic heterocycles towards attack by [Fe(CO) (q 5—06H7)]
was established in both nitromethane and acetonitrile, and the order of

reactivity was generally pyrrole > 1ndole>>fura.n> thiophen.
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When [0s(co)3(qs—csﬂ7)]+ was treated (338) with methoxide ion, 0s(C0),(: 6_
C6H7)(002Me) was formed. On heating, this carboxymethyl complex rearranged
specifically to give the exo isomer of 0s(CO) 3((] 4—C6H70Me). However, the endo
isomer was prepared (as the major product) by heating [Os(CO)B(r)G-CsH.])]+ in
methanol, when 338 appears to have been formed (this was not isolated). This
species then re:rr—anged. to endc—Os(CO)3(q4~06H70Me).

The fluxional behaviour of Fe(y 5-C7H7) @ 5—-C7H9), 339, apparently involves
(339) a 1,2-shift process of the metal with respect to the C.?}EI.’7 ring.

Absolute assignments were made of the 130 nmr spectrum, and the low temperature
rocking modes of both rings was frozen out at -70°C.

CYCLOPENTADIENYI. COMPLEXES
Binuclear Species
Appearance potentials have been obtained (340) from the EI mass spectrum of

[Fe(q5-05H5)(CO)2]2. Photolysis of the dimeT at temperatures { -30° in the
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presence of nitrosodurene (BNO) afforded (341) the "metallo-radical® species
Fe(q5—c5HS)(co) { N(O)RY .
While reaction of fulvene with Fe2(00)9 gave (342) [Fe(] ~CoH Me)(CO)2]2,

fulveneallene afforded 340. Treatment of Fe(co)5 with Me sl(c 5)2 and with

2.4<B.H (SiMe ravided {Z343) the bhimiclear snecies 'M'n ail {0 7 YFe-
L y4=p 5 2\u.l.u.=2 5 512 y;uv;.ucu \J&4J] vl viuiulical Spycllco 11c2u4.|_\l —v51._4,.n.c

(c0),l,s 341, and the related 2, »4-BH 2[('1 ~CH,SiMe »)Fe(C0), ] both of which
contain an Fe-~Fe bond. Both of these species could 'be reduced pola_rographically
in two one-electron steps, the final products being dianions, e.g. _3£. This
contrasts with the behaviour of binuclear species where there is no connection
between the 115-1'ings, when reduction occurs in one two—electron step. These
dianions could also be produced by reduction of the neutral precursors with
sodium amalgem, and alkylation of these with RI (R = Me or Et) or with «,u-
dihalides, gave 343, 344, (n =3, 4 or 5) and their 2,4—35H502—contamlng
counterparts, respectively. The structure of [Fe(v’) —C )(CO) (;_L—CI»T.E’h):I2 has
been determined crystallographically (344) and it was o'bserved that the Fe-Fe
distance (2 53L) was virtually the same as in cis— and trans-[Fe(n -CSHS)(CO) ]2,
c:Ls—Fez(q - 5) (€0),(u—C0) (u—CNPh) and cis-[Fe(n —C5H5)(co)(u—cmvre)]2

Me\s_/Me Me\ ,Me

1

e L A

| | N z

FeR RFe

(CO), (CO), (OC)z (CHZ)n (c0)2 345 346
343 344

Treatment of [Ru(q5-c H, )(co)z] with CS, gave (345) the C-bonded carbon
disulfide adduct, [Ruls; 3-05H ){co) (CSZ)] which, on methylation, was converted
into Ru(qs—c H, )(CO) §$ C(=5)sMe} . Acidification of the last by CF .S0;H gave
[Hu(q5-c5H )(co)z(cs)]+ which could be reduced by NaH giving [B.u(q —C HS)(CO)—-
(CS)]2 and Ruz(-) 5—CsH5)2(CO)3(CS) These species were obtained as their cis—
and trans—isomers which were detected by nmr spectroscopy. Their fluxional
behaviour (Scheme 54) was investigated by VT nmr spectral methods and it was
established that the rate of cis/ trans isomerisation decreased in the order
[Bu(y 5—0555)(co)2]2> Ru, (C.H,),(C0) 5(C5) Y [Ru(i‘)s—csﬁs) (C0)es)],. Although the
presence of CS does not substantially retard the isomerisation, it does appear
that the thiocarbonyl group prefers to assume a bridging position. Reaction of
[Ru(q5-c H_)(Co) (CS)]2 with iodine gave a mixture of Ru(q -05 5)(CO)(CS)I and
Ru(q ~CH )(co) 1. .

Treatoent of [Fe(qS—C 5.)(C0),], with the cyclic cis-azo ligands 345, 346 and
347 (L) afforded (346) the bridged spec:.es [Fe(r)S—CSH )(CO)] L, 348. Oxidation
of these dimers by Ag' or I, gave [Fe(q =y Hs)(CO) L]*, which counld also be
obtained from [Fe(qs—csﬂs)(co) (H 0)]" and L, and which contains monodentate L.
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Scheme 54
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Reaction of [Felq 5—0535) (c0),], with P-phenyl phospholes, T (349), afforded

(347), depending on temperature, either Fez(ﬂs-C5H5)2(CO)3L or 2 mixture of this

together with the phosphaferrocenes 350 and 351. However, with 1-phenylphosphole

itself, only phosphaferrocenes could be ‘isolated.
Irrzdiation of [Fe(q5—0535(co)] 4 at appropriate wavelengths in halocarbon
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solvents gave (348) quantitative yields of [Fe(n5—C5H5)(C0)] 4+- This was the
only photoreaction observed for any irradiation wavelength longer than 300nm,
and in the absence of charge acceptor solvents, no photooxidation occurred.

Treatment of Fe(q5-C5H5) (co)21 with AgBF, gave (349) the bimetallic iodide-
bridged species [iFe(q5-c555)(co)2_7‘ 21][135' 4}. Reaction of C H_CH,-substituted
polystyrene~divinylbenzene copolymers with Fe(CO)5 or Fe2(00)9 afforded (350) a
material which appeared to be @—CHchHSFe(CO) o ( = p;lysty'rene backbone).
This hydride was substantially more stable than its simple i —CSHS analog.

The structure of the indenyl complex Fe2(C0)5(C9H8), 352 has been determined
erystallographically (351) (Fe—Fe 2-78R). This species and its phosphine
substituted analog Fez(CO) 4(PEt3) (C9H8) exhibited two fluxional processes —
localised low-temperature scrambling of CO groups on the Fe(CO)5 /(Fe(CO)ZPE'Z:B)
moiety and, at higher temperatures, exchange of CO groups between the two metal
sites. It was observed that in Fez(CO) 4(PE1;3)(09H8), only three of the four CO
groups engaged in site exchange, one on the Fe(CO)Z(PEtB) unit remaining inert.
It is possible that an intermediate for internuclear scrambling of CO is 2_52.

The fluxional behaviour of the azulene complexes Mz(co)s(cwﬂs), 354 (M = Fe or
Ru) has also been investigated (352). The low temperature limiting of the Ru
complex is consistent with the structure already established (353) for its Fe
analog. Both species exhibit two fluxional modes: localised scrambling on the
M(CO)3 group and intermuclear CO scrambling. Similar data have been accumulated
(354) from a closely related sexries of guaiazulene complexes, 355 (M="Fe, L=
CO or PEt3; M =Ru, I = CO) and an isomer 3_5_6_. The structures of three of these
species, 355 (M = Fe, L = CO), 355 M="Fe, L= PEt3) and 356 were determined by
X~-ray methods and it was noted that the Fe-Fe distances (2.79, 2.80 and 2.81,
respectively) did not vary significantly. A possible mechanism permitting_- inter—
nuclear CO exchange is outlined in Scheme 55.
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A synthesis of [Fe(q5-c )(co)z(m)][m 1, from Fe(q -G Hs) (CO)ZI, AgBF, and
THF', has been described (356), and this cation has proved to be a very co"vem.-
ent precursor to [Fe(qB—C H, )(00)2(0 efin)]*. Thus treatment of the THF contain-
ing cation with alkene in the presence of gaseous B]i‘5 in dlchloromethane afforded
h_n-b. yields of the desired olefin cations (olefin = D) —1 5—05H12, n 2_4 24~C¢Hg s

127 1 2'C6H10’ C H 4). When cyclooctatetraene was used, [Fe(q _C5H5)(q ~Cg~

B)JEB F,] was produced in low yield, and if PPh, or aniline (L) were employed,
the expected [Fe(qs—CSE[ )(CO)2L][BF ] was formed. Reaction of Fe(r,5-c H 5)(C0),T
with AgNO; in THF afforded Fe(n ~CsH, )(co)g(no ), and treatment of Fe(q —c )-
(wPh )T with AgBF, in THF gave [Fe(qg 5)(co)(1=Ph3 (TE?E‘)][BF J.

Rea.ctlon of .the 1sobuty1ene complex [Fe(q —C.H )(CO)Z(CHZ_CMe )" with ferro-
cenylethylene gave (356) [Fe(q5-c5H5)(co)2(c32~cnc55 FecsHS)] Nucleophilic
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attack on this cation by PPhy, I I,CN, OF, H , or 0 ccf3 6. 90 afforded only
the ferrocenylethylene and CpFe(CO)zx. The 1 2_allene complexes [Fe(u] -C P: )-
(co), (CBR —c=cr ! 111)] (B, R ,R L H, Me) were prepared (357) by react:.on
of the above-mentioned isocbutylene complex with the appropriate allene. For
those allene complexes capable of existing in sterecisomeric forms, the syn
isomer could be obtained stercospecifically by protonation of Fe(qS—CSHS)(CO)z—
CHZCECR. The energy barrier to rotation about the Fe—olefin bond was found to
be controlled mainly by the syn-3-substituent. From a careful VI nmr study of
[Feln 5—0535)(00)2 (Me20=C=CMe2)]+, it was established that exchange of ligand
coordination site occurred via the non-dissociative pathway illustrated in
Scheme 56. Reaction of 4-methoxy-2-butyryl-1-benzenesulfonate with [Fe(qB-
Hs)(CO)z]- gave not Fe(qs—CsHs)(CO}20H20H=CHCH20Me, but 357 which, on protona-—
tion by HRF, in ether, was converted into 358; there was no evidence for cationic

4 22°

cumulene or acetylene complexes.

Scheme 56
3 3 3
1 é ® i
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Carbon—carbon bond formation by the reaction of carbon-based nucleophiles on
[Fe(qs-C5H5)(CO)Z(olefin)]+ has been extensively investigated (358). The basic
cation precursors contained CHz-—-CHR where R = H, Me, Ph, CH=CH2, CHchzPh,
CMe—CHZ, and also were derived from cyclo-pentene and -hexene. The nucleophiles
were based on enolate types (malonate, acetoacetate, cyanoacetate, nitromethane)
or on enamines (from isobutyraldehyde, cyclopentanone or cyclohexsnone). The
addition of the nucleophile occurred mainly trans to the Fe—olefin bond, and it
was noted that the regiosyeci_fiéity of addition was low for the propylene com—
plexes but high for their styrene analogues. The reactions are summarised in
Scheme 57. Treatment of the ‘)2—cyclopentadiene and —indene complexes [Fe(q5_
0535) (00)21.} (L = c5}16, 0958) with isobutyraldehyde or cyclohexa.none pyrrolidine
enamlne afforded +he q‘—cyclopentadlenyl and indenyl coumplexes, Fe(q =CH, 5)((10)2—
(q —C.H 5) and Fe(q —C )(00)2(1'] -G, H7)’ respectively. Imn general, react:.on of
the a.lkene cations W:Lth an excess of Grignard reagents or lithium alkyls led to
olefin displacément and reduction of the organometallic fragment. However, the
rea.ctlons of [Fe(q —C 5)(00)2(0 4)]+ with Mg(CBHS)Cl gave, in low yield Fe(r) -

Cy 5)(00)2(032)3013:0}12 (see Scheme 57). However, better results were obtained
using LiCuMe2 and these, too, are summarised in Scheme 57.
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Scheme 57
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Treatment of [Bu(r,5—05 5)(co) (c8)I* with NCO™ and N~ gave (345) Ru(q5—05 S
(CO)ZCN and COS, and Ru(q ~CgH, )(co) NCS and N, resnectlvely. The latter reac—
tion contrasted with .the behav10ur of [Ru(q ~CH )(00)3] which afforded Ru(q -

)(CO)ZSCN on treatment with NCS ™. ‘I’he N—bonded thlocya.na.to complex was also
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Scheme 57 continued:
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& 9
Fel—||° + =~Msct o [Fe]—\_\:

+ [Fe]2 + [Fe]Me

obtained when [:rfu(r)S--c:SHS)(co)z(cs)]+ was reacted with hydrazine. Reaction of
the thiocarbonyl cation with methoxide ion afforded several products of which
only Ru(q5-05H5)(CO)(CS) {c(:o)m-xe} and [Im(q5-(:5H5)(co)(cs)]2 were identified.
When the related iron thiocarbonyl cation was similarly treated, [Fe(r|5—05H5)—
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(€0),]1,5 Fe, (0 ~C ),(C0)5(cs) and [Fe(-15—C5H5)(CO)(CS)]2 were produced. With
iodide ion, [Hu(r‘ 5—05H5)(CO)2(CS)]+ was converted into Ru(r)s—C H, )(co)zl while,
as mentioned earlier, NaH effects the formation of [Ru(r)5-CSH5) (c0)(cs)], and Bu,-

(n°-CH5) ,(C0)5(CS).

While [Fe((]5—CSH5)(CO)2]2 reacted (359) with NO in benzene giving [Fe(f;s—-CSHS)—
(ca) (NO)]Z, 359 (the original was shown having a Fe-Fe bond but this seems
unlikely), Fe(qS—CSHs)(CO)ZI afforded Fe(-]5—05H5) (co;{N0)I. Reaction of Fe(y >
C.H-)(CO)LI (L = PhzP, Ph.j,As.or PhBSb) with NO gave Fe(q5—05H5)(NO)LI, while
[Fe(qs—CSH )(co)zL]I afforded the cationic species [Fe(q5—c5H5)(No)2L]I (the

7
nature of the Fe-N-0O boris in this species is not kmown).

A O/ |
H2C:CH H

358 359 360

Reaction of Fe(qS-CSH )(C0),T with PhP=CHR (R = H or Me) gave (360) the
phosphonium species [Fe(q'5—c5H5)Fe(co)25L CER(PPh;) ¥ ]I, which was finally
isolated as a BF, salt. Similarly, ]»?h313'CH2 reacted (361) with [Fe(75—CSH5)-
(€0),L(TEF)]" giving [Fe(q5—05H5)(CO)L(CHZPPhB)]+ (L = CO or PPh;). Furthermore,
[Fe(qs—c5H§(co) 4(PPh3)(CzH4)]+ added Ph3P0H2 and P(O)(OMe)z— giving, respectively
EFe(v;;45H5)(CO) (PPh;) (CB,CE,CH,PPh;) 1" and Fe(r)s—C5HS)(CO)(PPh3) § CH,CH,P(0)-

OMe

Complexes Containing M-C O bonds

During the reaction between Na[Fe(r]5—05H5)(CO)2] and PriI an esr signal due to
the isopropyl radical was detected (362). Similar behaviour was detected during
reactions involving other alkyl iodides, but not when bromides or chlorides
were used. Treatment of Na.[Fe(v] 5—05H5(C0)2J with 360 (X = Br or I) gave a mix-
ture of 360 (X = Fe(CO)z(Y)5-C5H5)) and Fe_(qS-g5H5)(co)ZCHZCHZCH=CHZ. An esr
signal was detected in reactions involving X = I, and the ratios of 360 (X =
Fe(CO)Z(QS-C5H5)) to the butenyl complex were 9723 for X = Br and 70:30 for
X =I. In a series of reactions involving LiSnMeB, similar.results were
observed, indicating that a substantial fraction of reactions of this type may
ocecur via a radical pathway. These reactions may occur by a pathway involving
initial one—electron transfer followed by non-geminate (and presumably also
geminate) radical combination processes, or a radical chain process (Scheme 58).

An nmr study of the photolysis of Fe(q5—05H5)(CO)214e in the presence of PPh3’
ASP%.’ SEtz, pyridine, diarsine, etc., revealed (363)Vthat dissociation of CO
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Scheme 58

RX + Fe(n®- CgHg)(CO),~ —— R + X7+ Fe(n5- Cghg)(CO);

RFe(n-CgHg)(CO), —-———— R+ X7 + Fe(n3-CgHZ ) (CO),

or
RX + Fe(nB-CgHg)N(CO), ——= R~ + Fe(n®-CgHg)(CO)X -—= product

R~ + Fe(n®-CgHgXCO),X ——== R™ + Fe(n®-CgHg)(CO)] + X7 —— product

R® + FelnS-CgHg)(C0O),  ——= R + Fe(n®-CgHg)(CO),

L product + R’

R® + Fe(nS-CgHg)(CO), ——= [RFe(nS-CgHg)(CO), ]

occurred as the first step, giving [Fe(r] —C HS) (co)me] whlch combined with L to
give Fe(q5—C H )(CO)I.Me. However, in liquid ammonia, Fe(Y) —CSHB) (CO)ZMe was
converted (364) into Fe(q -C Hs)(CO)(NH )Y(COMe); the NH3 was readily displaced
by pyridine.

In reactions of M[Fe(q 5—05}15)((30)2] (M = Li or Na) with epox:.des, in which
alkyl species were formed, it was found (365) that the 1it salt was more reactive
than the corresponding Na© salt. On eating AR HQ(CO)(PPhs) { CHMeEt] in
xylene at 63°, isomerisation to Fe(y —05H5)(CO) (PPh YBu® occurred (366) together
with formation of Fe(q5—-0 )(CO) (PPh )E and butenes. When Fe(q -C H5) (co)-
(?Ph3)®2CEFE2 was hea.ted deuter:.um scrambled throughout the ¢ -butyl moiety,
and the 2-methylpropene which was collected also had exhibited distribution of
D. It appears that the [Fe(q5-c 7.(C0) (PPhs)] fragment prefers to be attached
to a primary rather than a seconda:.'y C atom, but that tertiary C-bound inter-
nediates, e.g. Fe(\')s—C5H5)(CO)(PPhBC(CDZH)Mez, are accessible. The proposed
general reaction mechanism is shown in Scheme 59.

By reaction of racemic or resolved Fe(q5—C5H5)(C0) ‘;_P(OPh)B} I with racemic Mg-
IBr(CBPhS_Me ), mixtures of the two diastereoisomers of .L'e(q ~CoH 5)(CO)(PPh3)(CH_
PhSiMe ) were obtained (367). Selective decomposition of the RR, SS diastereomer,
predicted to be the more highly hindered, occurred above room temperature, how-
ever, leading to the pure BS, SR isomer. Sulfonylation reactions of both dia-
stereomers were reversible and provided a route, via the diastereoisomeric
sulfinate complexes, to epimerisation of these alkyl complexes. Kinetic and
thermodynamic studies in mixtures of S0, and C]l)Ctl3 revealed that although (RS,
SE)Fe(q 5-053 )(co) (PPhj) (CEPhSiMe;) is the thermodynamically more stable dia-
stereomer, (HR, SS)—Fe(q ~GH, )(CO)(PPh )(CHPhSJ_MeB) could be formed in dispropor-
tionate amounts by the J.ntera.ction of the (BS,SR)-form with §0,-

Reaction of o-CICH,CGH,ON with [Fe(ns—C5H5) (€0),]™ affordea (368) Fely 5--05115)—
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Scheme 59
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(CO)ZCH206H CN, in which the CN group dld not coordinate to the metal. It was
cobserved (369) that optically pure Fe(r] ~CoH )(co) CHMePh (370) underwent
aromztic H/D exchange in CH COZD/— or CF bOZ'D/C u1 mixtures, This process
occurred without racemisation, indicating that Fe-C bond rupture did not occur
(Scheme 60).

Scheme 60

S b =

Treatment of [Fe(V) -G8, 5)(00)2]2 w:Lth LiBHEt, afforded (371), in good yield,
[Fe(q°—C 585)(€0),]7, from waich Fe(q°-C 5F5)(CO),R, R = COPh, COGH=CEPh and
SnPhs, were prepared in good yield by addition' to the anion of the appropriate
chloride. Reaction of [ (oc)smm(co) 4 CHO]™, obtained from an(co)10 and LiBHR,,
with .'E'e(CO)5 gave [Fe(CO) CHO]™ and MBZ(CO)'H)

Addition of carbonium :Lons derived from MeOSO,F or [CH(OMe) 1T to Fe(v) ~C.H )—
(CO)ZCH2.ECCH2Fe(CO) (q -C5H ) afforded (372) the bimetallic cation 361 (R = ’
Me, Bt or CH(OMe)Z). The 1 2 bound Fe(f) —C )(CO) fragment could be removed
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from 361 by its treatment with I . The species 361 (R = H) could be obtained
by careful protonation of Fe(q5—05]15)(CO)ZCH;-CHCH:CEFe(00)2(Q5—05H5), and
spectroscopic studies of 361 suggested that the carbencid form 362 played an
important role in the bonding deseription, and hence the chemistry, of these
compounds .

Treatment of Na[Fe(qS—GSHS)(CO) 2] with isobutyryl or diphenylacetyl chlnridz
gave (373) the acyl species Fe(‘u’;s—()5]5[5)(CO)ZC(')CI:!:R2 (R = Me or Ph). Meth-latior
of these using LiMe afforded, after hydrolysis, 3_6_3_ (@ = CEMeZ or CHPh2).
Reaction of Fe(qs-csﬂs)(co)zcome with LiMe, followed by HC1l, gave 363 (€ = Me),
but if methylation was followed by addition of AlClB, the A1(ITI) complex 3_6_4:
was produced. If a similar reaction was carried out using 363 (q = CHfe, or
GEth), a variety of iscmers of the Al chelates could be isolated. Treatment
of Ni(PPh3)(acac)Et with either Na[Fe(y 5-0535) (co)z] or Fe(€O)_. in the presence
of PPh; afforded (374) a mixture of Ni(CO)Q(PPhB)Q, Fe(C0) 4(PPh3) znd Fe(CO)3—
(PPhB)z. :

OC)(N>-CH)Fe
NE
\/w/\e
R Fen®-CgH5)(CO),
361

(OC),(n5-CH)Fe

\\/T\@(HS-CSHE)Z(CO)E

362

@\ o Me <>

T =
~ Al / N N—Ph

)
Fe—C 7
A @*—F‘e(co) a
" H \E
7

S =07 o ¢
o) ~0 3 Fe
Me Me Ph €O)3
363 364 365 366

Reaction oi‘“".a.[Fe(qs—GSHB)(CO)Q] with PhG(Cl) = NPh gave (575) the ) -iminoaeyl
mplex, Fe(t‘,)—CSHS) (00)2(PhC1\]Ph) which, on photolysis, eliminated GO giving

9.

Photolysis of [Fe(n 5—05H5)(CO)2] 2 in the presence of benzaldehyde afforded
i76)s 7.5 the only organometallic product, Fe(y 5—05115)(00)2291—1. In acetonitrile,
e2(q5-C5H5)2(CO)3(NCMe) was produced. There was thought to be two possible
chrnisms for this reactions-
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[Fe(12-C5HS) (€0),], —2 2[Fe(-)5—CSH )(c0),1"
[re(f\s—c H5)(C0),]" + PrORO —> Fe(y 5—053 )(c0) B + PhCO”
[Fe( —C5H5)(CO) 1" + Pnco” —> Fe(q ~CoHy )(co) COPh
Fe(n? —c £_)(c0),C0Pn —2 > Fe(']S—CsHS)(CO) Ph + CO
2 Fe(q” ~CoF, )(co)2H —_— [Fe(] ~C5H;)(C0),1, + H,

or, as the more favoured process

[Fe(q” o5t )(€0),]" + PnGHO —> [Fe(v)s-CSHS)(co)(PhCHo)J' + CO
[Fe(q -csﬂs)(co)(PhCHo)] — [Fe(qs-csﬂs)(co)H(COPh)J'
[Fe(y —05H5)(CO)H(COPh)] —_— Fe(-‘)s—CsHS)(CO)(COPh) + 38,
Fe(q5—05H )Y(co)(copn) ——m Fe(q5—05H5(co)2Ph

Reaction of Fe(r; —C5H5) (CO)ZBr with CuR in THF gave (377) the aryl complexes
Fe(q ~CsH, )(00)2R (R = m~ or p—-FCéH Ph}. From the correspondlng copper
ca.rboranes, o-, and m-HCB, 1OCFe(CO) (n —CSHS) and o— and m-Fe(q ~CoH )(00)2-
CB1OH1OC'F'e(CO)2(n5—CS 5) were also produced. It has been suggested (378) that
halogenation of the o—ca.rbore.nylmeth,,fl complex MeCB,H 1OCCH2Fe(CO) (r; —05 5)
gave MeCB, H, CCH,COFeX, (co)(«} —CSHS) (X = ¢1, Br or I) which, on hydrolysis,
was converted into MeCB10H1OCCH2002H.

Cleavage of C-C single bonds within Fe(CO) complexes of 1,1-dialkyl-substituted
cyclopentadienes is promoted (3(9) by Fez(CO) - Thus 05H4RB.1 is converted at 20°
in THF into Fe(CO)3(q4—C H4RR ) and at 80° in benzene, the endo-alkyl grous is
mtramolecula.rly transferred from the diene to the metal, giving Fe(q5-c 4R)—
(00)23 G R! = Me or Et, B.= Me, B! = Et, R = E%, B = Me). Ina s:um.la.r
process, the spiro-diene complex 366 rearranged (380) as shown in Scheme 61,
and other related reactions are illustrated in Scheme 62.

The structure of [ {Fe(q o, )\co,z} ZCBHS] » 367, obtained (381) previously

by treating ‘[Fe(r) —05H5) (00)2] 203H6 with PhBC » has been determined crystallo-

Scheme 61
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. Scheme 62
(CO)
)] mre L2 @4 TH S TT
—_——
=, Et,0, 20° { |
Fe Fe
(CO)y © (CO) (c0)2 (CO)4 (c0)2 (CO),

graphically (382). The positive charge is best represented as being localised
on the B-C atom. While Fe—C(a) is 2.12-2-13R, Fe...C(B) is 2-72 or 2.59%,
perhaps representing a weak mteractlone
Reaction of Fe(f) )(CO) (q —C'5 5) with P(Cﬂ\‘[e)3 occurred (383) via an
Arbuzov-like rearrangement, giving Fe(y —C5H5)(CO) $ P(OMe) 73 P(_O)(QMe) With
PMeth, only [Fe(q 8 )(co) ]2 could be recovered, but Fe(r) —0555)(00) {P(oph)3l(-
(r) Y H ) was obta:.ned using triphenylphosphite. The behaviour of the VT nmr
spectrum of the P(OPh) ~containing complex in solution was very similar to that
of Fe(qs—c )(co) (q -c )-

_ @ —+ N NC\ﬁ/CN
CHZ—‘Fe 7/
<< C
=y =
o. . CH o c | |
C 0 Fe N Fe Fe
Fe—CH2 I
@ Co gL) <<1->
367 368 369

s
c \ H
O (@) / H
—X Co
OC
O X
370 371 372

Treatment of T105ﬁ with TCNE afforded Tl[C )} (cn)c:c(cn)z] which reacted

(384) with Fe(\r)s-c H_)(CO),T giving 368. If 368 was then treated with TIC.H,
followed by Fe(qs—c )(CO)ZI' the binuclear 369 was produced.

Electrophilic clea,vagn of the Fe~{ hond in Fe(q —C5H )(co) (PPh3)R (R = Me, BEt,
CH2002 menthyl and CH20 menthyl) by 12, ICl and HgCl2 has been investigated (385)
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‘Scheme 63
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using the resolved chiral complexes. It has been observed (Scheme 63) that the
reaction proceeded with net retention of configuration at iron, although the
stereospecificity was not high and was insensitive to the nature of the B-
group. The formation of Fe(qS-C5H5) (co) (PPh5)I from cleavage via ICl indicated
that the initial electrophilic attack occurred at the metal. The favoured
mechanism is illustrated in Scheme 64.

In either THF oxr isopropa.uol, three distinct pathways for the elimination of
alkyl or aryl groups from Fe(q ~C 5)(00)2R using Hg(II) halides have been
observed (586) These lead to the formation of (i) Fe(y —C5H5) (co)zx and HgRX,
(ii) Fe(y —0535)(00) HeX + BX, and (iii) Hg,X, plus various substances derived
from the decomposition of oxidised Fe(q5—c H )(CO) R. The overall proposed
reaction pathways are shown in Scheme 65. In a parallel series of studies
involving 2-alkenyl and 2-alkynyl complexes, it was found (387) that 1:1
adducts were formed initially (Scheme 66) but that these broke up giving
organomercurial products and Fe(r) 5_05HS) (CO)ZX.

Scheme 65
HgX,

Fe(n>-CgHg)(COLR + HgX, —/— (CO)Z(US‘CsHs)Fe\R

HgXz l

+
Ve Hex + [Fetn®-CgH NCOLR] X~
HgX +

] [ng ] lfast

decomposition + RX + CO
+ other products

[(corn®-coHgIFe

[Fetn®-Cgh.)(CO), ] [Haxs] + RHgx

Fe(n5—C5H5)(CO)2ng + RX + HgX, lfast
Fe(n>-CgHgNCOLX + HIX,
Scheme 66
ct_ _ci )
0 Hg l® . l +
—Fa— —Cc= —Fe-— —Fe <« Cl-
e iHj C=CPh —_— < l\ Hgal® =—— I: |\\(ch1]
Ph
<)
fCl . _CHaCI
——= —Fe—C{ —_—- Fe(n5—C5H5)(CO)2Cl
| (/ HgCl I CPh{HgC!) +

PhC=CCH,HgCl
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Scheme 67
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Three types of intramolecular cyclisation reactions of the type in Scheme 67,
where thei‘e is one or more chiral centres, have been shown to proceed with high
diastereospecificity (388). In each transformation, a new chiral centre in
addition to those alreazdy present at the olefin, is created at the metal by
chelation. In many, if not all, cases, a single diastereomer was produced.

A study of suitable models showed that the closure of Z to one of the two
diastereotopic CO groups constrained the olefin ligand to a plane either roughly
parallel to or perpendicular to that of the cyclopentadienyl ring. Hence a
structure was produced with z minimal or a maximal interference between these
two interacting groups (e.g. 370 or 371). Perhaps the most st-r'iking exa.mple of
this type of situation occurred in the reaction between [Fe((‘ -—CSHS)(CO) (r)

c H6)] and cyclohexanone pyrrolidone enamine (Scheme 68) when only three of
the possible eight diastereomeric pairs were formed and of those, one was

produced in only relatively minor amounts.

Treatment of the v -allyl species Fe(y) 45H5)(CO)2CHZCR—CR1R11 (=8 =r" =
H; R= R1 = H, R11 Me; R =H, B.1 = R11 = Me) with dicyanoacetylene afforded
Scheme 68
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(389) the insertion produck Fe@y5-csﬂ5)(co)ac(cu)=c(CN)CR7R11c(R)=CH2 which, on
photolysis, rearranged to _}zg. However, direct reaction of the r)1—-allyl species
with CF30500F3 afforded 373, Fe(q5-c535)(co)ac(CF3)=c(CF3)H, and 374 (R = CFS);
there was mo reaction between 373 and PPh;. The proparsyl complex Fe(:}5—05}515).—
(CO)ECHZCECP}: reacted with NCC=CCN and CF}('J’——‘CCF3 giving 1:2 adducts, neither of
which could be cheracterised. However, with.Fecq5—c5n5)(co)ZCHéczcme, hexa~
fluorobut-2-yne afforded an adduct which, after chromatography, was identified,
as Fe(y) 5—05H5)(C0)20(GH20H)=0HMe= Fumaronitrile and (mc)(cp3)0=c(CF5)CN reacted
with Fe(q5—c5H5)(co)2(q1-05H5) giving 375 (R = H, R = CN; R = CN, R = CF3)°
Similarly, pis—cyano and ~trifluoromethylacetylene afforded é_’{é (R = CN or CFj),
but the species with R = CF3 isomerised on storage giving }Jé. Irradiation of
this latter species provided a route to 377.

e H ] |
Fe H Fe _Fe
I \o c”l c’/ R
c cE o~ ¢ // o~ c
S dIn g ¢ >r o R’
R
373 374 375 R

= =
l i
Fe, O Fe
OC/ 1 OC/ t CE
CFy 3
ey CFs
376 377

The stereochemistry of cycloaddition of NC(CFB)C.:C(CFB)CN to Fe(q5~GSH5)(CO)2—-
CHZCECPh, was investigated (390). Both the trans and cis-isomers of the olefin
afforded two products, 378a apd b, 378bbeing the main product. With itrans-NC-
(CF3)0=G(CF3)GN, the allenyl complexes Fe(q5—05H5)(CO)2CH=C=CHB. gave 1:1 adducts,
and when B = H, two isomers were obtained, one of which was a2 mixture of the
two diastereomers of 379. With r')1—allyl complexes, Fe(q5-c5ﬂ5) (co)2c11203=cﬂ12,
no reliable or readily interpreitzble stereochemical data could be obtained but
four isomers are possible, 380a, b, ¢ and 4, and some were detected. The
results obtained ruled out the possibility of a converted mechanism for the
reactions involving the propargyl complexes, and a two-step process, involving
the intermediate 381, obtained from {Fe-CH,C=CR} and {E=N{, was thought to be
realistic.
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Treatment of nu(q5-051_{5)(prh3)23' with HOSCCOMe gave (391) three products:.
Ru((P~CH,) (PPh,),C=CCO Mo, 362 and 383. The last may be analogous to the =
previously reported (392) complex 384. . Reaction ofRu(q545H5)(PPh3)2R(R = -
Me 01'1 CH2Ph) with HIECCOZMe gave only 385, (R = Me or ‘gﬁarh), but,Ru(q5-05H5);- ’



(PPhj)zMe was converted by HC=CCOMe into 386 and by H@?CCF3 mto 387 whose
structure was confirmed crystallographically. Treatment of Ru(() —C HS)(PPhB)ZH
with HC!ECCGF5 afforded 1 2’4—06H3(C6F5)3 and 388. A partial mechanism for the

formation of some of these products is shown in Scheme 69.

Scheme 69
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Carbene Complexes

Reaction of Fe(q —05}15) {(diphos)MgBr (diphos = thP(‘E CHZPPhe) wlth PhCOG1, or
photolysis of Fe(l’) ) 55) (CO)ZCOPh with diphos affordei (393) Fe(q ~CoF, )-
(dlphos)(COPh) This species exhibited a particularly low vaiue of u(co)
(1510cm™ ) and an X-ray structural determination revealed that tne benzoyl
group was significantly distorted (389) Treatment of “his benzoyl complex
with HBF, gave the carbene cation [Fe(q -0535)(d1phos)1C(OH)Pb} I1*, 2nd with
[Me O][BF 1, [Fe(\')5—C 5)(d1phos) iC(OMe)Dh} ][BF41 was produced. Reduction
of the la.tter with NaBH4 afforded Fe(q —CSHS) {diphos)CH(OMe)Ph, but treatment
of this with HBF, did not give [Fe(q _05H5)(d phos)CHPh}

Cyclohexene oxide reacted (394) with [Fe(r)s-C5H5)(CO)2] giving 390 and 391
in equilibrium (which favoured the latter). With [Me..O][BF ], 2 mixture of 392
and 393 (1:1) was produced. Similar reactions occurred w1th cis— and trans— -
butene epoxides, but on itreatment with trimethyl oxonium tetrafluoroborate, no
carbene species were produced. With Ph3c+, 29_1 was converted into :5_95 and
deprotonation of this, giving 395, was effected by NEtS. Addition of HBF 4 in
ether under CO to 391 afforded 396 which could also be deprotonated by l\lEt3
producing 397. Reaction of [Fe(qi-c H, )(CO) (H20=C—Cn2)] with water gave 398
which, on treatment with L:L‘But at -20° and then [Me ol[BF ] was converted into
a mixture of 39;9 and igg. Chromatography of the 1a.tter on alumina gave 401

<> <> = <

//Fe P Fe Fe
oc¢c | oc” I ! \O <
ScT 5 Lo o~ & o” Cc .
o O MeO Meo” o
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PhyC
2SS T
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which did not appear to undergo Diels-Alder addition with maleic anhydride.

Treatment of Fe(qs—C H,)(C0),CH,0Me with HSO;F/SOCIF at ~100° in CD,CI, gave
(395) a red solution whose nmr» spectrum revee_led the presence of [Fe(p,5—c HS)—-
(C0),(C,H,)]* and [Fe(q -0535)(00)2]2. ir [Fe(q5-05ﬂ5)(co)203 1* had been
formed, it must have disproportionated quite rapidly, even at -80°. However,
treatment of Fe("‘ -05H )(CO)ZCEPh(OMe) with CF3COZH, HSO3F or triflic acid gave
[Fe(qS—CSH )(C0)_,CEPR] a.nd the related [Fe(q) —-CSHB)(CO)(PPh )CEPh]' was simi-
larly prepared from Fe(q -c )(CO)(PPh )JCHPh(OMe). Addition of methanol to
these cationic carbene comnlexes caused regeneratlon of the appropriate alkyls.

Addition of CgH, NC to Pe(n —C5H5)(CO)(CN06H11)CH2R (R = Ph ox p-Clc6 4) in
THF or refluxing benzene afforded (396) the insertion product 402 (R =R =
r'1 = CgH, 1). Whereas Fe(q ~CeH )(co) (PPhB)Me similarly reacted with CH, NG
giving 402 (R = UL ST = CgH,,)» Fe(n’~C 5115) (CO) e gave_ only
Fe(qS—CSH )(CO)(CNC6H 1)COMe. Cyclohexyllsorutrlle reacted with Fe(v') —c )(co)-
(Cl\[Bu )R (R = Me or CH Ph) or Fe(‘] —05H )(co)(CNCE, Ph)CHzPh glv:Lng adducts
similar to 402. Reaction of 403 with ButNC Fe(r)S—C HS)(CO)(CNIBu ) § o(=NcgH, | )-
CMe_Nc6H113 which rema.nged to 402 (r = H, r! = r11 = CgHyqs R = Bu ).
However, Fe(r)5 —C5H5)(CNBu )Me underwent a simple insertion reactlon with ButNC,
affording Fe(r) —CH )(co)(cmsu ) [C(—NBu Mej . Treatment of Fe(r) ~CoHg )(co)-
(0N’R)$6H4X—p X = 111 or Ci.) with CgH, NG ga.v;a Fe(r) -G H5) (co)(cnc6f111)c(_nc6 110~
CR=NR' (R=Ph, R =Bu'; R = p~C1C.H 43 R = C6H11) The latter species with
R = p—ClC6H4, B.1 = C6H11 acted as a polymerisation catalyst for C6H1 1NC in
toluene at 120°. The mechanism of formation of some of these species is out-
lined in Scheme 70.

Addition of carbodiimides RN=C=NR (R = Ph or CgHyq) to [Fe(v; ~CH )(co) 1~
afforded (397) [Fe(q ~C5Hy )(co) ic(ma)zf 17, actually 404. Protonatlon of this
gave [Fe(q ~CsH, )(co)2 ?LC(NHR)Z_f Jc1, but with cocl,, [Fe(q -C Hs)(CO)(CNR) Jea
(R = Ph) was 1solated.

Fluorocarbon Complexes

Reaction of Fe(CO) (c F )1 with C,R,C=N, (R=mH, C1 or Br) gave (398) with
loss of N, , Fe(y -(':51141)(00)203 7 Treatment of [Fe(l) —C HS)(CO)Z] with Et0,C-
(cr )C—(}F2 in THF at low temperature gave (399) a mixture of cis— and trans-
Fe(n ~CgH 5)(co)2cr'=c(c 3)002E1:.
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Scheme 70
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Lithiation of Cr(r) —C6F5H) (() —0656) gave (400) Cx(n —CGFSI-J-)(") —C6H6) wh:.ch,
on trea.tment with Fe(q —C )(00)21, was converted into Cr {q _CGF [Fe(f) —C )—
(c0),13 (1°~c¢my)-

Photolysis (uv) (401) of Fe(q —C H )(co) § c(=ccF )ZG(CF )=CF } gave 405 (L =
C0) which subsequently reacted w1th PP}:L3 P(OPh) 5 or benzothiazole (L) giving
405 (I as stated). Photolysis in the presence of butadiene or 1,3-cyclohexa-

diene in pentene or bezene gave 406,

Complexes Containing Group IV and Other Metals .
In the X-ray crystallographic examination of Fe(n 5—C5H5)(CO)H(SiFéMe)2, 407,
the H atom was located (402). Chiral and non—chiral complexes of the -type Fe-
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(q —C_H )(CO)L(S:_RR1 11) have been prepared (403). Thus, treatment of [Fe(r;s—
)(co) 1™ with 8(-)~ and R(+)-SlClPh(1—C1 H.I)Me afforded R(+)— and S(-)-
EQ?. respectlvely. Preatient of R(+)~408 with PPhy gave B(~)- and R(+)-409 with
retention of configuration, as did S(-)"4080 Similar results were obtained
with P(CgH, )5 and P(OBt);, and the SiRR'R'| fragment could be SiPh,, SiPh.Me,
SiPhMez, or S:’.th(CH=CH2). When the environments at Fe and Si were asymmetxric,
it was possible to isolate diastereoisomers. The Fe-Si bond was particularly
stable and could be cleaved with retention of configuration by some nucleophiles
(e.g. H,0 or H ). Electrophilic cleavage, e.g. by halogens, was more complex
leading to both retention and inversion depending on the nature of the reagent

and substrate.

i i ]
N Fe. c AR Y e e\s
.= P iy —~CO C Si< e
- ~ . C -
7 % MeFaS Hl SiF,Me O~ ¢ | ~“a-Np o-c | M™Me
CR e CF3 O Me O (1-Np)
3 R{+) S{=)
406 407 408
UV irradiation of Fe(n”~CoH;)(C0),SiRR'R'" (R = ¥e, R' =Ph, R'' = 1-C, A ) in

the presence of P(OPh) gave (404), initially, Fe(q —C H )(co) 1P(0Ph)3(sm R
This then rearranged f:u:st to 410 and then, in the presence of P(OPh)., to 411,
If the reaction was carried out with P(OEt)S, only Fe() —C_H, 5)(co) {P(OEt)3} -
(SLRR1 11) was produced.

The kineties of reaction of Fe(\’)s-—GBHB)(CO)ZMR3 (M=8SiorGe, R=Me; M=
Sn, R = Me, Bu” or CgH, ) with HgX, were interpreted (405, 406) in terms of the
formation of a 131 adduct between reagent and substrate. In most cases, forma-
tion of Fe@15—c 5)(C0),X and R occurred, but with Fe(n’~C.H, 5)(C0),,SuPh.,
Sn~C bond cleava.ge was observed (406), the product being Fe(n -G 5)(00)2SnBrPh2¢

Irradiation of Mo(q —CSHS)(CO)3Fe(q —CSHS)(CO) in the presence of CC1 4 °F
1—C5H1 I (BRX) gave rise to (407) [MO(f) —C )(CO) ]2, [Fe(l’] —C5H5)(CD) ]2, Mo~
(r, —-CSH5)(CO)3X and Fe(q —-05H )(CO) X. The rea.ctlon involved the generatiaon of
radical species such as [Fe(r) )(00)2] » 2nd cleavage of other heterobi—
metallic species occurred s:_mllarly. Treatment of elthe:r: Fe(r) —C H )(CO)ZI with
Na[w(q5—c )(c0).] oxr of Na[Fe(q —C5H5)(CO) ] with w(u) ~CoH )(co) I afforded
(408) Fe(q -053 )(co) w(q ~CyHy )(co)s.

Reaction of M(co)4{(Asme €1}, (M ="Cr, Mo or W) with Na[FéGqS—CS 5)(c0),,]
gave (409) M(CO) 41 Astte Fe@]5—CSH )(€0),} ,- These complexes could also be
prepared by add:.t:.on of Fe(q —C5H5) (CO) AsMe, to M(CO) (C HB) (C7H8 = norborna-—
diene). The iron dimethylersine compound also reacted with Fe(CO)Z(NO)Z, co(co0) )5
(wo), Mn(q —C K, 5)(co)3, Fe(CO)S and Ni(co) M(CO) L giving (410) Fe(y -c,5H5)((:o)2

Refexenées p. 256
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AsMeM(C0)_ L. Treatment of Fe(C0)g ox Fe(C0),(N0), with M(qs—c5a5)(co)3Asue
(M = Mo or w) gave Hlq 5 55)(00)3A5Me2Q, where @ = Fe(C0), or Fe(CO)(NO),.
These complexes could be photolysed g:wlng a variely of products wh:Lch are
summarised in Table 3. Reaction of Fe(\ )(co) AsMe, with Co(r) ~CcH )(00)2

afforded (411) the trimetallic species 413.e

TABLE 3
Photolysis produets of heterobimetallic species bridged by AsMe

Complex Product
HM(n 5-0535) (co) 3AsMe2-Fe(CO) 4 412
~Fe(C0)(N0),, Starting material, M(q5-c5H5)(co)2(N0),
unknown
Fe(a’-c 5ff) (C0) pastie-Fe(CO) . Starting material, [Fe(y’-C 585)(c0),1,,
[Fe(c0) As¢e2]2
~Fe(CO)(N0)2 no reaction
~cx(co)y [Fe()S—C5H )(€0),1,, Cr(C0)g, unknown
—«1~Ie(c:0)5 [Fe(.'\ ~CoH; )(00)2]2, Mo(CO)E, [Mo(c0) ,- .
AsMez, unknown
~w(co)5 [ Fe(n ~CoH, )\00)2]2, W(C0)¢s [w(co) -

AsMe ] » urknown
H(C0) (1 7~Css)  [Feln 5-0 7 )(C0),1,, Mnin®~CgHs)(00)5,
[ Fe(n —C H )(co)AsMe,, nlo

The Fe-C U—bond in Fe(qs—CBHS)(CO)z i(\F—cEHA)m(co)B} was cleaved (412) by
HgBrz, I, or GF'BCOEH, and when iodine was used, the products included Fe(v)S-—
H5)(CO) I and Mn(q’-—c I) (CC))3 The metallated cyclopentad:.enyl species was
converted on photolysis in the nresence of PPh, into I-'e(-) —CEH J(co)(FPh )2 (r) -
SH,Mn(C0); } . Oxidation of Fe(n” 6 HY(C0), (q5-0511 Mn(0)5} w1th [Meco]»
[Bb ] in acetonitrile gave [Felr S-CSH )(CO) (NCMe)][BF ] anda [I'In(q ~CH, )(co) ]
Rea.ct:.on of [Fe(qs-C5H5)(CO)2] with Mn(v)s—GSH CH201)(CO) gave (413) Fe(7 -
c 5)(00)20H2(q -csn )Mu(CO) Treatment of Na[Fe(q <, )(co) 1 with Fely -
5)(q cztzc SC6H Me) gave 414, which could be ox_:Ld:Lsed (414) to the
co*respon&mg substituted ferricinium ijon.
Reaction of Fe(n -05115)(co) C1 with Par H(Ar = Ph or p-MeC.H ) in the presence
of KPF, gave (415) the salt [Fe(()s—c H )(co)zp_u- H][PF]. Deprotonation of
this cation by 1 8-—'bls(d1methylammo)nanhthalene in acetone afforded Fe(q -C H5),
(CO)?_PAI Preatment of this with [Fe(n® —C5H5)(CO)2P ar,H]' provided [§ Fe(q —~
)(00)2} Arz] but with [Bh(G0},C1],, the mixed metal species {Fe(* -
)(co) Ar, T Rh(CO)G1 was produced. When this last species was treated with



Ag' (as BF,” A

or PF, ), 415 (M=R8h, M
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= Fe) was isolated. Related iridium com-

plexes containing Fe(q —CSH5) (CO) iP(p-Mecéﬁ ) 5§ and its Ru analogue, were

also prepared (416) using II(CO) (p—tolu:.dme)Cl

NMR spectral studies of

these complexes revealed that they underwent racemisation by flexing the M-Rh~-M

skeleton. The barriers to racemisation were ca. 13 (FeZRh), 17+5 (FezIr) and.

17-8 kecal/mol (Ruzl"c) , respectively.

409 410

Me\ P Me

(0C),Fe Z_ X M(CO)(15-CgHy)

412

@—CHchZF‘e(CO)Z(fIS—CSHs)
I
Fe

>

414

Ar L ArC

Y { Y
M P MY P\
i I |
Ar L Ar
416
e o +

Y
~

Fe—PAr, —Ir— PAr,—Fe
|
C
o
418

References p. 256

=

It seemed probable that the mechanism of

I
Fe

4 st (PhO) P/Feﬂ\s“% 4
c A ™u-np %) H (PRO)P { \/©
S Me o

(PhO),P—O
411

<=
Lo

Fe-—As O
413
O
O C
C O O '
i =C,
Ma

o
Ar AT i AF
Ar
415
PPh,
F'e/l H
-\‘r@//,
ir.
Fe/ I ~ H
o~ PPh,
417
+
H CO

Fe —PArR,—IT—PAR,—Fe

AN

H CO

419



230

racemisation might involve an open structure, as in 416. The iridium complex
ﬁ ™ = Ir, M‘I = Pe) reacted reversibly with hydrogen in solution forming a
burgundy-red species which may be 417; the species 415 (M =1Ir, M M= Ru)
behaved s:_mlarly but there was no apparent reaction between hydrogen and 415
(11 = Bn, M' = Fe). With CO, 415 (M = Ir, M' = Fe) afforded a 1:1 adduct 418
which further absorbed hydrogen, with loss of CO, giving 419. Hydrogen could
be displaced from the latter by CO, thereby reforming _4_,1_8.

Complexes Containing Group VA Ligands
Under mild cond:l.t:l.ons in benzene, Fe(v] _CSHS)(CO)ZI reacted (417) with
amines (L) giving Fe(y’ —CH, )L I (L = CgH, NH,, PhCHzNHz BunN'H » piperidine or

morvholine). Under more v1gorous conditions, [Fe (11 )(CO) 2L]I was isolated.

The sodium salts of certain triazoles and :_-n:n_dazoles, NaL, reacted (418) with
Fe(ﬂS—CSHQ(CO) X (X = halide) giving Fe(q -05115) (CO),L. Protonation of this by
HY afforded [Fe(f‘ —05H5) (CO)2 $IH { IY¥ in which the stabilisation of the cations
was ensured by hydrogen bonds between either the cation and Y, or the cation and
molecules of the solvent in the outer coordination sphere. The structure of the
benzimidazole complex [Fe(qB—C Hs)(CO) (c H6N2)][BPh4] was determined crysta.llo—
graph_lca'l ly, and it was found that thermal decompos:.t:.on of this salt gave Fe(q -

5)(ca) (c7HSNZBPh,) Treatment of Fe(n —CSHS)(CO) X with the sodium salt of
tr:.aone, benzotriazole or 4-phenyl-1,2,3-triazole (Nal) gave (419) Fe(f] 5 5)--
(CO)2L as two isomers, e.g- @a and b. These compounds underwent isomeric

rearrangement when heating in neutral or acidic media. Protonation of 420a or

b with sulphuric acid gave 421,

< =

|
Fe Fe O
o7 ] “Co oC” | o oL o
N N i I
> / N :
O N\QL (n5- C5H5)(CO)2Fe-—N\N__H
‘—-(Ph N~ >Ph \\(
420 a 420b R
(421)

Reaction of Fe(’15—c H )(Co)z_ with PhsE (B = p, 4s or Sb) gave (420) Fe(y 5.
5)(00)(E9h3)1 and [Fe(r) ~CcH 5)(00)2(5.?113)]1. With thAs(CHa)ZAsPh5 and
trimethy1o lpropane phosphite, similar compounds were obtained. With MeN(PFa)a,
(x), Fe(q -CgH;)(C0) 01 was converted (421) into either Fe(q5~C5H5)(CO)LCI or
Fe(q ~CgE, )L Cl, depending upon cond:.tlonsg Both species contained monodentate
P-bound MeN(P F,),- The complexes Fe(n)’ G E.)(CO)L'X and [Fe(y 54535(00)21.1]-
[BF4] (X = I or CN; L = neomenthyldiphenylphosphine) showed (422) intense
circular dichroism spectra in the region >300m. which is generally associated
with metal-metal electronic tramsitions. In refluxing ethanol, Rucli, PPh and
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CSHG reacted together (423) to give Ru(ﬁ5—-c 5) (PPh ) Cl. Related complexes
containing Os and P(p-—Mecéﬁ 4)3 were nroduced in the same way.

Reactlon of Fe(‘) —CSH )(CO) C1 with Ph,PCH,CH,FPh, (diphos) gave (424) [Fe( n--

)(CO)(dlphos)]Cl., Photolysa.s of this complex ultimately led to the formation

o*‘ Fe(-] 45H5)(dlnho°)01. However, under N,, photolysis gave [ {Fel )5-0 )-—
(diphos) 32()_12—1‘5 )1*, but attempts to reduce the nitrogen using HX, Zn/HCl
dithionite or borohydride gave only Fe() -C E )(d.lphos)H. Photolysis of [Fe(v
CSHS)(CO)BI]Z(uZ—dlphos) with hydrazine, or rea.ct:.on with hydrazine in the dark,
did not lead (425) to doubly bridged species containing N2 or hydrazine.
However, either reduction occurred, or Fe(r) iy H5) (diphos)Br was produced.

Treatment of Fe(qS—C H, ){P(OPh) } I w:Lth Me,PCH,CH, PMe2(dmpe) gave (426) Fe-
0)5—0 H_)(dmpe)I, and w1th (—)-DIOP Fe@7 —C5H5\(DIOP)I was produced. Reaction
of [Fe(n -CSHS)(dmpe)i P(0Ph) } JT (or BF ) with KI in acetone under uv 11ght
also afforded Fe@75—0535)(dmpe)1. With co in the presence of TLBF4, Fe@; - 5)—
(d@iphos)I was converted into [Fe(n 5—C5H }(c0)(diphos) IBF 2 However, when th.ls
reaction was attempted using alkenes in place of CO, acrystalline species
thought to be f [Fe(q5—05ﬂ5)(d1phos)][3 } was produced. When this compound
was treated with CO and with KI in acetone, [Fe(q5-c Hs)(CO)(dlphos)]EB
Fe(r]s—CSH,j)(dlphos)I, respectively, were produced. Reduction of ?_[Fe(’)g
(aiphos)][BF,]} using WaBE, afforded Fe()’-C,H;)(diphos)H. The failure b0
obtain an ethylene complex was attributed to the greater steric requirements of
the diphos ligand when compared to CO in [Fe({)s—csﬁ5)(c0)2] However, treat-
ment of Fe(q5-c Hs)(dmpe)I with '1‘1 in the presence of diethylmaleate or methyl-
acrylate (alkene) afforded [Fe(q —C H5)(d.mpe)(a.lkene)] » but no analogues were
obtained with heptene, cyclopentene or cyclohexene.

@ + @Me

2 e o
@ \ <TENN / O s(3)//\
Fe—AS O AS Fe O
RO
&I %
(o)
\/S/ Me ‘.-/‘Fe\co
422 =

423

Treatment of [Fe(q -C5H5)(CO) ] with AsF; in m-xylene in pyrex glass afforded
(427) [Fes(] ~H )3,(00) cAs 05][13 1. 422, as a result of hydrolysis and abstrac-
tion  of boron from the glass. The geometry of the molecule, determined
crystallographically, may be regarded zs being derived from the cubic (Td) 4s,0,
molecunle by replacement of one of its six e€dged-bridged O atoms with an LFe(J) -

+
5)(co)] bridge.

References p. 256
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Complexes Containing Sulphur Ligands

Cyclic voltammograms of Fe 4(75—05115) 4S 1 revealed (428) four electrochemically
reversible waves corresponding to the forumation of [Fe 4(q 5—0535) 45 4]z, z=1,
+1, +2 and +3. The monocation was prepared (429) by oxidation of the precursor
using Ag+, iodine or bromine, and the structure of a representative salt was

determined crystallographically. One-electron oxidation distorts the Fe 4_S 2
core in the neutral molecule from D2d—42m geometry containing two electron-pair
bonding and four non~bonding Fe-Fe distances of 2-64 and 3.364, respectively,
into an oxrthorhombic D2d—222 geometry having three pairs of Fe-Fe distances of
2.65, 3+19 and 3-321'1.. This preferential shortening of two of the four long Fe-—
Fe distances in the monocation relative to the reutral species was attributed
to the removal of an electron from an antiboriing Fe 4—cluster orbital. The
dicat:ion was generated (428) by controlled potential electrolysis in acetonitrile,
and was isolated as the PFG- salt. The structure of [Fe4(q5—C5H5)4S4]2+ was
established by X-ray methods and was found to differ markedly from that of the
neutral and monocationic species. The structure is analogous to that of the
¥known (430) dithiolene species [Fe 428202(03‘3)2} 4S 4]2— in that the Fe 4’S 4 coTe
possesses tetragonal D2d geometry with four Fe-Fe distances of 2-83% and two of
3-253. (the molecule has S 4—4 site symmetry). It was predicted, on the basis of
strucitural correlations and 2 simple m.o. treatment, that in [Fe4(r)5-05H5)4S4]3+
there should be a further shortening of the Fe-Fe distance with maintenance of
DZd point group symmetry while in the monoanion, an orthorhombic D2 geometry
would be expected.

Photolysis of [Fe(y] 5—05]14}1)(00)2]2 (B = B or Me) with sulpbur afforded (431)
a mixture of species, of which ﬁ was characterised by X-ray techniques. The
Fe-Fe distance (3-40%) is non-bonding while the S(2)-S(3) amd S(1)-S(4) dist-
ances are 201 and 1-98.7\., respectively. The four S atoms are coplanar and the
S(1)-s(2) and 3(3)-S(4) separations 295 and 3.18R, respectively; a normal S-S
single bond is 2-06A.

Reaction of thiobenzophenones with [Fe( 5-GSHS) (CO)Z]- afforded (432)
diarylfulvenes, [Fe(qs—CSHS)(CO)z]Z and [Fen(co)mSH]y. The structure of [Fe,(q 5
csﬂs)z(co)z(pz-sm)]*, 424, was determined crystallographically (433). The Fe-
Fe distance, 2-58};, is equivalent to a two-electron metal-metal bond, and
solution ir and nmr date indicated that the cation retained its cis geometry in
solution. Treatment of Fe(q 5—c5H5) (C0),00R (R = Me or Ph) with B,S, or B,S,
gave (434) a mixture of Fe(|')5—C5E5)(CO)ZS(C=S)B. and Fe(q5-0535)(co)(szcn)., The
thiccarbamato complex Fe(y 5—05H5)(CO)2(OSCNC ) vas prepared (435) and is
considered to contain an S-bonding pyrrolidonethiocarbamate ligand. Reaction
of Li[PhC(=S)NMe] with Fe(q5—05H5)(CO)2’Jl afforded (436) 2 mixture of 425 and
E@. Mossbauer, ir and, where appropriate, !H nmr spectral studies have been
made (437) of the dithiocarbamato species Fe(f)S-CSHS)(GO)(SZGNRZ) and Fe(CO)z-

(sacmaz)a,

In sulphur dioxide solution, K[Fe(r)s—csﬁs)(co)a] formed (438) K[Fe(qs—csns)-
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(co) (SOZ)] as a hemi-sulphur dioxide salt. Treatment of this with MeI or MeO-
302]5‘ gave Fe(s —05H5)(CO)2S(——0)2M3 (9%), Fe(y°—c 5H5)(€0),5(=0)oMe (20%), [Fe()”-
5)(CO) (SO )] (3%) and, when appropriate, Fe() 5-C Hﬁ)(CO)ZI (334).

ARENE AND RELATED COMPLEXES
Iron Cyclopentadienyl arene and bis-arene compliexes

Gas—phase formation of ionic mixed sandwich complexes of iron was achieved

(439) via ion-molecule reactions using ferrocene and various aromatics. In
heptane, Fe1-15-0534(CH2)3Ph} o reacted with AlCls and aluminium giving the
cation _4_2_'_7 whose structure was established crystallographically (440). Reaction
of ferrocene with fluorene in the presence of AlCl3 and Al afforded (441) the
cationic species 4_29_ which was isolated as the PF6_ salt. Reactions of 4_38_ are
illustrated in Scheme 71. Other new arene complexes were similarly prepared
(442) from ferrocene, Ph NH, carbazole, benzimidazole and Ph;CH. Treatment of
the fluorene complex 428 with iHa I(Sme3)2 was thought to give 429 wnich may be
another representation of the species produced by treatment of 428 with KOBu
(441). Deprotonation of Fe(q5—C H5) () —CGH5NHPh) using NaN(Sille,),, afforded
4_3_(1, and similar treatment of the carbazole and trityl cations gave f1_3_] and —4-3_2,

respectively.

Scheme 71

H M
. KOBut RCOCI .
e — = 428 + Feln ‘CsHS){CnHB(COR)z}
|
Fe@

(R = Me or p-BrCgH4CH,) (R =Me or Ph)
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Reduction of [Fe(r\s-CsH R)(r\ —C Hg_ Me )] in aqueous media afforded (443)
initially Fe(q 5—C R)(-) -C B,  Me ) This paramagnetic species was stable when
n = 6, but otherwlse decomposed giving, when R = H, cyclopentadiene, benzene
and iron, or dimerised, affording 433. The radical species Fe(r\S—C H )('7 —C6H6)
also reacted w:_th organoha_ogen derivatives RX g_:.v:.ng (444) the cyclohexadlenyl
species Fe(]2-C 5H5) () -C6H6B) and [Fe(qs—c 810 —0636)];{.

"‘hermal decompos:.tlon of Fe(CsMe6)2 in the presence of GO gave (445) Fe(CO),-
(n —(676Me6) Reaction of Fe(csMe6)2 with either 1,3-C¢Hy or benzene afforded
Fe(q —CsMes) G —CGHB), and the yield of this product from benzene was much
enhanced in the presence of hydrogen. Kinetic and isotope distribution studies
using ])2 indicated that the primary step in these reactions was not direct loss
of a hexamethylbenzene ring, but rather an insertion of the metal into one of
the ligand methyl C-H bonds (Scheme T72).

Scheme 72

stow /
+ 2CgMeg + Fe
MeC=CMe

tast @
cO I\

Fe + 5-10 CgMeg
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|
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H



Ruthenium Complexes

235

Treatment of [Ru(qG-arene)C 2]2 (arene = CgHy or p-—MeC6H Prt ) with hydrazines

gave (446) [Ru(y ;6—arene)L 1%
(en), [Ru(f‘6—arene)(en)01]
with pyndme afforded [Ru(
Ph) 1%

Treatment of [Ru(q -0636)

was produced.

(N-N) afforded (447) the monOf‘atJ.ons [Ru(q6-05H6)(N—N)Cl]
Ph or PMeth(I_) gave [Ru(n —CéHé)(N—N) L]2+ which underwent nucleophilic

of PMe2

2 y oF NHQIIMeZ), wh:l.le with ethylenediamine
was formed. Reaction of [Ru() ~arene) (N H ) ]2+
q6—a.rene)(py1') ] but with FPMe/ Ph, only [Ru(PMe
Cc1 ] with an excess of o-phepnanthroline or bipyridyl
Addition to thess

attack by H , CN or OB (Y ) giving the cyclohexadlenyl comulex [Ru(() ~C. H6Y)—

(m-m)nl.
6H 4Me3) (phen) (PMe Ph)]

Reduction of [Ru(ﬂ6-06H3Me

3) (phen) (Pie, Ph)] by BH, 4 &ave [Bu(- 6 )
Preatment of [Ru('\s—c6H6)Cl ] with T1C.H,

giving sma.ll amounts of Ru() -

ga.ve [Ru—

(n —CoH o —c6}16)101 which reacted with BE
c H5)(n E—CGH,I.) and with NaOMe providing Ru(s 5-0315{ pIG! —C6H60Me)e With NaOH or
NaCN, ring dlsplacement occurred. When [(r) —06H6)Ru(p2—OH)BRu(-) _CGHG)] was
treated with BH, 1,3—-cyclohexadiene species were
produced.

The chiral complex 434 was readily obtained (448) by reacting [Ru( 76—0615[6)012]2
with [NHZCHRCO 7™ (B = H or Me) in methanol. The Cl atom could be displaced by
water giving [Ru(y —Csﬁs)(HzO)(NH CHZB.CO2)] and 'H and '°C nmr spectral studies

, as yet uncharacterised

4
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Fe Ei_e I—I‘e
@& S &
430 431 432
1
Ry © O
ci l ~e_ l ‘
o Ru, -Ru__
HaN —CHR Me”/ “PPhy Php ) M€
434 Cl | (l\l (@]
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permitted identification of the diastereoisomers when R = Me, ‘indicating that
epimerisation of these complexes is a relatively slow process.

Treatment of [Ru(.’)6—06H6)012]2 with HgMe, in acetonitrile in the presence of
PPh NHCHMePh gave 435a and b which were separated chromatographically (449).
Rea.c*t:1 on of the dimeric benzene comnlex with aqueous Na.2003 or NaZSO 4 afforded
(450) the tetrameric species [Ru(r‘ —CéHs)(OH)] . The general chemistry of
this species and of [Ru(r) 6—06H6)012]2 in aqueous media is summarised in Scheme

73.

Scheme 73

H,0 H,O, Ag™ 2+
T 2 2
[Arene RU(OHz)ZClJ ———— [Arene Ruc12]2 —_—_— [Arene Ru(OH2)3]

Na,CO4(xs) or NaOH

Na,CO5
.-
[Arene Ru(OHp) (OH)] "Arene RU(OH,)(OH),’
eq. NaOH l +
[Arene Ru(OH):l4 R [(Arene)Ru(,u—OH)aRu(Arene)]

aq. LiBr

i ’ +
L e N [Arene Ru(u-OH)(1-Br)Ru Arene]
[Arene RuBr, ],

[(Arene)LRu(k#-OH ),,Rul..(Ar‘ene):]2+

(L = pyridine, etc. )

TetracyanoethyT ene and NaBPh 4 Teacted (451) with Ru(y ‘CGH6) (s oFPh,)C1l giving
Ru(n —06H6)(82PP11 )(NCBPhB). In refluxing acetone [Ru(CgH,,)(N,E ) ][BPh 1,
[Ru(CB H,, JE(NE,N¥e,, ) ]Bph4 were converted {452) into Ru(f)s-C6H5'BPh5)(C‘8 11),
436. I_f.‘ this reaction was carried out in benzene, a mixture of 436 and Ru(f} -
06H6) ((\ . 2) was produced. Treatment of 436 with H:BF4 or HPF in acetonitrile
afforded Ru(r)6—C6HSIBP )(C8H11) whose structure was confirmed crystallographicall;
The mechanism of formation of 4_3§ is illustrated in Scheme 74.

Heteroaromatic Complexes

Thermoiysis of the boracyclohexadlene complex 437 gave (453) the borabenzene
derivatives 438 (R = H, 54%; R = Me, 14%). Treatment of [Fe(q -c,.jirs)(co)z]2
with 439 (R = H or Me) in xylene afforded (454) the phosphafeérrocene 440 (B = H)
whose structure was confirmed by X-ray techniques. The phospholyl ligand is mnot-
strictly planar in that the P atom lies 0+0414 out of the C 4 Plane away from
the Fe atom. Reaction of 440 (R = H) with»MeCOCl/A.lClS gave 440 (R = CQMe).
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icheme 74

RUH (CgHyp ) (NH NMe,) J[BPn, 1 ——= [RuH(CgH,;) (sotvent) 1[BPh, ]

u{1-356-1-CgH,, } H, (soivent)][BPh, | @Bpha

I
/Ru
l"HZ — l \H

-

qu{1_3'5,s_r,-CBHﬁ}(solvent)B][BPh4:| —*= 436 l

2u{1-3,5,6-n-CgH,, JH(soivent), |[BPn, ]
! &

2+
?u(CaH,‘Z)(solvent)A:[l:BPh4:]2 — rRu(C8H12)(N2H4)4:] + acetone

R
e S Me l P B—Ph I
( 1 B~Ph ‘ R R e *?/ -BY
i T Z—\§ I
Fe L \\ \
(CO)3 Me@B—Ph ~H Fe(CO),
437 R 438 439 440 441

RANE AND CARBORANE COMPLEXES

Reaction of B1O 12]{ (X = Se or Fe) with FeCl in the presence of KOH afforded

55) the selena—~ and teliura-borane complex anions [:Fe(.'B1 0H10X) ] , isolated

the Me N salt. Treatment of Fez(CO) with BéH has been reported (456)

(co) (36H1 0) which eliminated l'wd_‘rogen on treatment with KH, producing [Fe(CO),-
ﬁ Reaction of the Bu 4N salt of this anion with B H6 provided [Bu N]—

e(CO) 4(]E!.?H1 2)], 441, whose structure has been determined crystallographlcally

57). The molecule may be described as a pentagonal bipyramidal ZB6H9 unit into

ich a ZBH3 and Fe(CO) 4 fragment has been inserted into non-adjacent basal B-B

ad sites to form apparent three-centre bonds.

Preatment of FeCl, ‘with NaCgHy and NaBgHg (458) 2_(Q5-05H5)Fe]35 10° 442,

ich rea::ra.ngedv thermally at 175° to give 443. Photolysis, in either ether or
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Fe Fe
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447 448

THF, of 6-[Fe(q5-csﬂ5)(00)2]310313, led (459) to the formation of the icosa—
hedral metallocarborane Fe(n’~CoHy) («75—B1OH1OCL) (L = ether or THF), 444. This
reaction is believed to proceed via insertion of ome of the carbonyl groups
into the boron cage framework.

Treatment of the diborolene 445 (Q = CHMe; R = Et) with Col 54555)(00)2 and
[Fely 5_0535)(co)2]2 in (BtOCH,CH,),0 gave (460) ther)-diborolenyl complex 446.
Reaction of the thiadiborolene 445 (Q = S; R = Cl, Br, I, Me, Me,, OBt, SMe)
with Fez(co)g afforded (461) the half-sandwich species 447, and treatment of
447 (B = 1) with NHMe,, Bt,00, Me, S, or L:L'BH4 gave 447 (r = NMe,, OEt, SMe or H}.
With AsFy in ether, 447 (R = I) was converted into 448. :

Carbonylation of Fe(MezczB 434)232 gave (462) 2,1,4—Fe(C0)3(Me262}37H7), 5_4;9
which is an analogue of closo-C,B.H . Reaction of Fe(MeaczB 434)232 with.
sodium hydride afforded Na[Fe(MeZCZB 4H4)2H] which, on addition of Gel,, PbBr,
and SnCl,, gave Fe(Me2023 4H4)2Ge, 450 (M = Ge), Me 4c 4Bl and Fe(MezczB 434)2511,
450 (M = Sn), respectively. Treatment -of Fe(MezczB 4H4)2H2 with CoCl,, KOH and
CSHG in ethanol afforded seven products J_nclud:l_ng the known (463) Fe(qs—csﬁs)_
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Me
|
Cc (o]
S 1
G\ Sc—Me 4\\\/0 AN
(OC) Fe. \,‘ ~BH ‘\\ IE,"O\ ' l o
LIVAN Fe M Fe

RN /
HB: _~BH o ONAS |
BH PN @
| S Y
B O
H e =CMe o0=BH 451
449 450

454

(te,C,B,H,) and a deriva:bive,5Fe(r)5—C5H5)(B—C—EtO—Me202B 4B s Fe(q5—C5H5)Co(q o
05H5)Me2(?233H3, 451, and c?(q —C5E-I5)[Me20233].i3]FeH2(MeZCZB 434), 452. .
Reduction of Me 4c 4138 with Na in THF or with NaC, H, gave (464) [Me 4c 438118]
which reacted with FeCl2 and NaC H5 affording four isomers of the (4-vertex
carborane complex Fea(qS—CSHS)Z(Me 4C 4BBH8)’ and one isomer of the nido-12-

vertex species Fe(q5-05H5) (Me 4C 4B7H8)’ 453. The thermal rearrangement of the

References p. 256



240

N M2

T

4]

@ CchMi14
4P N
Y

B2 i

3

#\\\%{i 7

q%?ﬂ.-..é§\

2

A
Ji
.\f";é\*‘ M2

458

various isomers of Fe2(q5-C5H5)2(Me 4C 4BBH8) have been investigated (465). In
the reaction between FeCl,, HaC H, and [Me 4© 413858]2" at 25°, two isomers, 454
and 455 can be iscolated. The structures of these two compounds, determined
crys—tZJ.ographically, are noticeably different, having a nido arrangement with

a five- and a four-sided open face, resi:ectively. These results are in viola—
tion of the conventional skeletzl electron~count theory for polyhedral compounds,
whizh predicts closo geometry. Both 454 and 455 rearranged at 170° to a

common isomer, A, which has a structure similar to that of &5_4_but with a BH and



CMe group interchanged. In 454, 455 and A, the distribution of framework C
atoms is unusual, with C atoms residing in both low- and high-coordinate poly-
hedral vertices. A rearranged at 300° to B and 4£6_ whose structure was also
determined crystallographically. This species has a closo arrangement consist-
ing of a bicapped hexagonal antiprism, with the metal atoms in the capping
positions. When B was continually heated at 300°, only 456 and decomposition
fragments were produced. In the conversion of A to B, tw_o_non—adjacent cage C
atoms evidently migrate to adjacent vertices indicating that a drive to achieve
cage closure takes precedence over the normal tendency for framework C atoms to
separate from each other in thermal rearrangements. The species 454, 455 and A
constitute a new class of polyhedra; cages for which closo geomé—‘;y is—Eavoued
but which are éffectively frozen intc nido configurations for steric reasons.
The general pattern of these thermal rearrangements is shown in Scheme 75.
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Scheme 75

140°

150°
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SYNTHETIC AND CATALYTTC REACTIONS INVOLVING ORGANO-IRON RUTHENIUM AND OSMIUM
COMPOUNDS
Synthesis of Organic Compounds

Cyclohexylamine reacted (466) with Fe(CO) 5 under CO pressure giving C H, NHCHO
and Fe(CO) 4( 6 1 1) The reaction apparently occurred via the equilibrium

formation of a ca:r:bamoyl complex in which a proton was transferred from the
amino group to the metal, giving a metallohydride derivative. In a second

equilibrium step, this broke down to give the formamidine and Fe(CO) 4 which
promptly accepted cyclohexylamine as a ligand.

Photolysis of 457 in the presence of Fe(CO) 5 afforded (467) a presumed
intermediate 458 which eliminated Fe(co)3 giving 459 and 460, although the:
uncharacterised organoironcomplexes Fe(CO) 3Cn+1OH2n+1 4 and Fez(co) 6Cn+108ons1 4
were also obtained. When norbornadiene was photolysed in the presence of
Fe(CO) and acetylenes, the cyclopenta.none 461 and a vari ety of other products,
e.g. 462 (r = B' = COMMe or Ph; R =H, R' = COBt), 463 (R'' = Me or Et), and
464 (r = B! = Ph), were formed (468). Reacnmn under these conditions with

phenylacetylene afforded 465 and 464 (R = Ph, R = H). Photolysis of norbornene
O
Me Fe(CO),
i;é)( 2°n (CH,),
. Me
a57 459
O
O
Vi O
(CHy). .
Me o CO,R &
Vi O
R ? M
© R /" ~Ph
464 & 466
465
/&w CFE(CO)4 4&
O
467 468 469
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with Pe(CO)_ 2nd RC=CR| gave norbornane analogues of 462 (R = R = COZMe) and

464 (R = Ph, rR' = H). When 466 was photolysed or heated in the presence of
:E.:e—(EJO)S, 467 was produced exclusively (469). It was thought that this reaction
proceeded via a metallocyclic pathway, but it was noted that T-methylnorbornene
reacted with Fe(CQ) 5 giving only 468 and no cyclopentanone product, furthermore,
while —46_9 provided only a very small amount of the expected cyclopentanone, ﬂ'z_o__
formed 471 in good yield when heated with Fe(co)5-

Reaction of a,x,a',a'-tetrabromo—o~xylene with Fe(co)5 led easily (470) to the
synthesis of the trans-1,2-dibromobenzocyclobutenes, 472a and b. Also, some
o,c'—dibromo—-o-xylene and polymer was produced and, d;ﬁing on solvent
occasionally o-CgH 4(CH Ph)2 was formed. Reaction of D—06H (cmEBr, )2 with Fe(CO)
in benzene gave p-CgH, (CH ,Ph), in low yield. Reaction of BrCERCOCHRBr (R = Me,
Et, Pr" or Bu') with B! CONMe,, (R = H, Me or Ph) in the presence of Fez(CO)
afforded (471) the 3(2H)—fura.nones 473. Via this route, 4-methyl muscarine
iodide (473, R = Me, R' = CH2NMe3 I ) was prepared in six steps.

4 detailed kinetic and mechanistic study has been made (472) of the oxidative
addition reactions of alkyl halides and tosylates to NazFe(CO) 4 in both THF and
N-methylpyrrolidone. The mechanism involves a two-electron SN2 reaction, with
no detectable competing one-electron atom abstraction and/or radical chain
prccesses. Evidence was also presented to underline the importance of ion-
vairing in these oxidative additiom reactions. Thus, in N-methylpyrrolidone,

Na, Fe(CO) dissociates predommantly to the solvent-separated supernucleophilic
ion pair Nat :S:Fe(CO) ] the k].netlca.lly dominant species, with no kinetic
contribution from 'free! [Fe(CO) 4] . In TEF, however, Na,Fe(CO) 4 is much less
dissociated, with the tight ion paired species [NaFe(CO0) ]- being the kinetically
dominant species. The synthetic conversions effected by Na. Fe(co) 4 were

renewed (Scheme 76). ) )

~ Reaction of [RFe(C0) 4]' (R = Bt, Bu", or n-CH,5) with the 'Michael acceptors'
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Scheme 76
Na,Fe(CO),
/ \ RCOX
[Rretcoy ] __RX o Rer [RCFe(CO) ul
Os or NaOCl Os or
NaOCi
RCOOH
RCHO
(L = CO or PPhg)}
R'R"NH H,0
. R’OH
RCNR'R" RCO,H
RCO,R
Scheme 77
N~ Q
Na,Fe(CO), - A=C Mt T
RX ———————Z» [RFe(CO),] — Rc—clz—c——z

i 9 Nl o
RC—Fe(CO); ————= RCCC—Fe(CO),

~e e Z L
~ ~z

RCH::CB.1Z(R, B = H or Me; 2 = CO,Bt or CN) led (473) to hydroacylated products

via insertion rea.ctions,into the Fe-R bond, as shown in Scheme 77. However,
using I(CHZ) CE=CHZ -(Z = COEt or CN), the cyclopentanone 474 was produced via
the intermediate [®e(CO) 4(CH2)3CH=CHZ]-. Preatment of pyridine with 1ithium
phenyl afforded an adduct which, on addition of Fe(CO) 5 gave (474) the acyl
anion 515.; reactions of this species are summarised in Scheme 78. Reaction of
3-lithiopyridine with Fe(CO)5, followed by hydrolysis, led to the formation of
pyridine-3-aldehyde. A new synthesis of c~diketones from aldehydes and alkyl
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Schema 78
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iodides, using Fe(co)S as shown in Scheme 79, has been devised (475).

Reaction of Nz Fe(co) with Fe(CO)5 save Na FeQ(CO)B which, on treatment with
PPh,Cl, was converted (476) into 1‘62(00)6(;_12 Pth)z Reduction of this p,~
phosphide by Na in THF afforded Na,[Fe,(C0) G(Pth)z], 476 which reacted with
alkyl halides giving 477. This last species could also be obtained by treatment
of Fe (CO) {EPh ) with Lin. “rel:un:.nary’ X—ray crystallographlc results
obtained from IaFez(CO)s(pz—Pth)z(COPh) 3THF indicated that the Fe-Fe distance
was 2+6TA. Protonation of 477 led to the isolation of zldehydes.

Treatment of [Fe(q5-c H, )\00)2(H2C=CHI'I6)] with benzylamine afforded (477)
the adduct [Fe(q ~C5Ey) (c0)2cazcmn132czi2m]+ Oxidation of this with
chlorine, followed by zddition of J!T._E‘H:3 » provided the g-lactam 478. Similar
compounds were obtained using [Fé(qb—csHS)(CO)z(alkene)]+, where alkene = cis~



Ph2 Ph2 2~ 2 Ph H H
P 5 _p 2 Me [ H
Fe e Fe Fe’// \F

(0C)5 (CO)5 e €(co)a PhCHoN—&

/C ©
TN
476 o~ 'R 478
477

and trans-bui~2-ene. The results were in accord with the stereochemical seguence
involving trans addition to the olefin complex followed by carboxamidation with
retention of configuration at the Fe-C bond.

Mono- and di-substituted alkynes reacted (478) with FeCl, giving polymers,
RCH=CCIR or RCC].:CH2 and FeClz.

Hydrogenation and Dehydrogenation

The kinetics of the hydrogenation of hex-l-ene at 20° under H, (1 atm),
catalysed by Ru(PPhB)EH(BHA{), indicated (479) that the reaction proceeded via
dissociation of the catalyst, formation of an alkyl complex and their oxidative
addition of hydrogen in the rate determining step. The Lkinetics of hydrogena-
tion of acrylamide to propionamide catalysed by [Ru(PPhs) 2HC1]2 suggested (480)
that the mechanism included competitive oxidative addition reactions of hydrogen

and propionamide (via C-H bond clea.vage)

The cluster complex Ii|‘.116(C0)1 C(q —C6H5Me) did not undergo arene ligand
exchange, but it reacted (481) with hydrogen (150°, 2-3 atm) giving methyleyclo-
hexane and ruthenium metal quantitatively (there was no recoverable toluene).
However, with the analogous benzene complex, only traces of cyclohexane could
be obtained, and this was only produced by the Bu meial formed after decom~
position. BEven in the presemnce of CO, this reaction was not suppressed.

However, the previously described (482) arene complex Ru(n6-C6Me6) (1 -CéMes)

Scheme 80

CH,D
several
steps
RuUz”
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proved to be a 1ong—lived catalyst for the hydrogenation of aromatics from the
reaction system, no hexamethylbenzene could be recovered, and it was noticed
in general that hydrogenation rates decreased with an increase in the alkyl
substitution of the substrate. Thus, CéMe6 could not be hydrogenated. Very
extensive H/D exchange was observed when IRu(CsMes)2 was maintained under D,,
and a possible mechanism for this is outlined in Scheme 80,

Selective homogeneous hydrogenation of cis, tramns, trans—cyclododecatriene
to trans—cyclododecene, of 1,5-cyclooctadiene to cyclooctene, and of ethyl-2-
acetyl-4,9-decadienoate to the corresponding 4-decencate, was achieved (483)
at room temperature using 1211(393!.’113)-j ¢ Catalytic hydrogenation of citraconic
and mesaconic acids, giving (—)-(S)-methylsuccinic acids and 2 mixture of -
lactones was achieved (484) using Ru4(CO)8[(—)—DIOP]2H4. The ratioc of the
products was dependent on the nature of the substrate and the reaction
temperature. An exceptionally high regioselectivity was obtained in the
hydrogenation of the more sterically hindered mesaconic acid. Rug(C0), 8[( -)-

DIOP] could also be used as a catalyst in these reactions.

Scheme 81

PhCH,NEtS'Cl™ + OH™ ————= PhCH,NEt3" OH™ (aqueous)

- 2_
PRCH,NEt;* OH™ + Fey(CO),, —= [PnCH,NEYS ] [Feycon P] +

(organic)
+ 2-
+ [PhcH,NEL] ]2[<:03 J +2H0
Fe3(CO)2" + H,0 [HFey(cO) ] + OH™ (aqueous)
Q2 3 o
) AN & (CO)3 _ Fe(CO), (CO)3_Fe(CO)
HFe3(CO) T+ Ar‘——N/ —— AP—N—‘F <| —_— Ar-——@-N Fe 4
1 @\OG) @l FE(CO)3 I H
\O { — Fe{CO)
C O\Ce/ 3
~— 0 il
l—COz
o)
¢ co e
H 0" Fe(CO)s o5 NI
o1 _-Fe(COl3 ~CO5 /1o ! _~FelCO)3
ArN—Fe 1 - Ar—N_ 1, I ———— Ar—N—Fe
(co)3 e(CU)3 (58)3\':6“5073 (CO)3 Fe(CO)5
o F‘e(CO)3 H.,O
ArNHFeZ — 27 ArNH3

(CO)3 Fe(CO)3
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By using the phase-transfer catalytic system Fe3(CO)12/aqueous NaOH/benzene/
[PhCHZNEtB:]CI, hydrogenation of nitroarenes to the corresponding anilines was
effected (455). It appeared that [Fe3(C0)11H]_ may be the catalyst inter-
mediate, and the mechanism of the process is outlined in Scheme 81.

The importance of the molecular asymmetry induced by clefins, e.g. benzalactone
or trans-stilbene, in the enhancement of the enantioselective dehydrogenation
of racemic alcohols, RR1CH0H, catalysed by RuL3012(L = (+)-neomenthyldiphenyl—
phosphine), has been investigated (486). The use of .'tiu(}.’Ph3)3C12 as a catalyst
for the dehydrogenation of 9,10-dihydroanthracene, 1,4-dihydronaphthalene and
dibenzyl has been evaluated (487) and the thermal decomposition of Fe(n 5—0535)-
(CO)2GeE1:3 gave (488) a stable heterogeneous catalyst for the dehydrogenation
of isopropanol and EtMeCHOH.

o) Q o
C PPh
PhyP—MZ—O PhBF’;M—-O OC;M—P
o” | A o l P’ | ¢
I o R ) 2 Ry \Rf
Ly 1 Cy (@]
Ry @] /
479a Rt 479b 480
Me\o/,_‘|
Phap\éu/ococpa
oc” | “SococFs,
PPhy
481

The complexes M(CO) (PPh;),(0C0R,),, 4792 and b (M = Ru or Os; R, = CF5,
CZF5 or CGFS), which are in dynamic equilibrium, functioned (489) as catalysts
for the dehydrogenation of primary and secondary alcohols to aldehydes and
ketones, respectively. The catalytic activity is promoted by small amounts of
B.fCOzH, but inhibited by large concentrations of the acid and by an accumula—
tion of the aldehydes or ketones. In the presence of R.COH, M(co) (PPh3)2H—
(OCORf), 480, also acted as a catalyst, which was not surprising in view of
the conversion of the hydride 480 by acid into ﬂ. The detailed mechanism of
the dehydrogenation process is shown in Scheme 82, and the structure of a
methanol solvate, ili‘l_ s was established by X-ray crystallography.

Water-Gas Shift Reaction, Methanation of CO and Related Reactions

Treatment of Fe(CO)5 with OH led (490) to the formation, at pH 12, of [Fe(co)4-
H]- with elimination of 002. As the pH was decreased by heating and on addition
of water, Fe(CO) 4P was formed, although traces of [Fe3(00)11ﬂ’]_ could also be
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detected. If ethylene and CO were added to this system at 100° at moderate
pressures, propancl was produced, even at pH ca. 8, and if acetaldehyde was
added at the beginning, ethanol was formed before the propanol. It was
observed that basic solutions of [Fe(CO) 411]- uwnder CO evolved H2 when the pH
was lowered to 10-7, and this was consistent with the presence of Fe(CO)4H2.
Indeed, 1,5-cyclooctadiene could be isomerised to its 1,3-isomer by using
k[Fe(c0) 4H] in agueous solutions at pH 10.7, and it is kmown (491) that Fe(CO) 4
H, is a catalyst for this process. It was noted that it was easier to form Fe-
(co) o from Fe(CO) 5 water and base than directly from Fe(CO)S and Hy, and 50,
if the system was operated in the absence of alkene, catalysis of the water—gas
shift reaction could be achieved: .

Fe(CO). + O ——> [Fe(CO) 411]‘ + CO,
[Fe(co) 43]‘ + Hy0 —3 Fe(C0) A OH

Fe(CO) 4H2 Fe(CO) 4t H,
Fe(CO)4 + €O Fe(CO)5
CO + E,0 co, + H,

The hydroformylation of alkenes using HZO and CO could be more effectively
hi 3 C = i : i
achieved using M4( 0)12H4 (M = Ru or Os) or OSS(CO)1OH2' Catalysis of the
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water-gas shift reaction was also effected (492) by Ru3(00)12, aqueous KOH and
CO0 (1 atm) at 100°. This system also catalysed the decomposition of formic
acid to H2 and (:02.

Surface carbonyl species have been implicated in the catalytic formation of

hydrocarbons from CO and hydrogen cver Ru/Al A1,0; surfaces (493). It has been

reported (494) that hydrocarbons of C1—C7 content containing paraffinic and
olefinic components have been prepared by reaction of CO and hydrogen (1:1

ratio) at 260° and varying pressures using 2% Ru supported on Ti02. When
compared to Bu on other supports, e.g. A1203 or carbon, Ru,/TiO2 exhibited

higher selectivity towards olefin formatior and suppressed the formation of CH4
and high molecular weight hydrocarbons. The interactions of hydrocarbons with
Fe surfaces has been examined theoretically (495). The interactions of H and C
atoms, produced by catalystic C-C, C-H and H-H bond rupture, leads to the
weakening of Fe-Fe bonds. It was suggested that on the metal surfaces, ethylene
and acetylene effectively dissociated into CH2 and CH fragments. These, in turn,

dehydrogenated with a low activation energy.

Tsomerisation, Oligomerisation and Polymerisation

The catalytic isomerisation of pent-l1-ene to its cis— and trans-2-isomers has
been achieved (496) using Ru4(CO)13H2 at 70° and RuB(CO)9H(CéH9) at 55° and T0°
in toluene. The data obtained from the reaction with Ru4(00)13H2 and [1,2—]32]—-
pent-l~-ene suggested the involvement of a metal hydride addition—elimination
reaction. In the reaction of this deuterated pentene with Ru3(00)9H(06H9), 482

was isolated as an intermediate.

D

c
= ScHE

(OC),RUH

HDC

©C ERUW [

Treatment of FeCl, with BN—C(B. )C(B. )=mm, (L), (B. = H, R = Pr, Bu®, CeHyqs

i
CHPr™,; =H or Me, R = o-MeC.H,, CGHBMez’ C6H3Me2, CgH,y 4o Ph) gave (497)
the adduct FeL2012 which was reduced by Na on the presence of L to give the

paramagnetic FeA(O) complex FeL2. This complex reacted with CO giving, initially
and reversibly, Fe(CO)L,, and finally, Fe(co)3 In the presence of AlEt,(OEt)
or AlEtS, FeL exhibited high .catalytic activity towards the dimerisation of
dienes such as C 436’ 1,3-08H12 and isoprene.
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Selective d:.mer:.sa.tlou of butadiene could be catalysed (488) by Na[Fe(CO) -
(NO)] alone with low efficiency, but a moderate increase in activity could be
achieved by adding ZnCl,, GdCl,, HgCl, or Hg(cN)2 However; when mixtures of
[Fe(CO)D(NO)] with FeCl;, FeBry, Fel,, [Fe(w0) X1, or Na[Cco(C0) 4] or of [Fe—
(wo) c1] plus Na[Fe(-ys—C )(co)2] or Na[Co(co) 4], were employed, the yields
of dimerised butadiene were excellent. The reactions of Na[Fe(CO)B(NO)] with
MX, are envisaged in Scheme 83. Reduction of [Fe(NO)201]2 with Cu or Zn powder
afforded (499) a catalyst precursor capable of cyclodimerising norbornadiene,
isoprene, phenylacetylene and, of cause, butadiere. If this reduction was
carried out in the presence of PPh5 or Ph,PCH,CH,PPh,, then Fe(NO)Z(PPh3)2 or
Fe(N0),(diphos) were formed. Both [Fe(NO)zL 1x (z = RCN where & = Me or CH,=CH,
or PPhy; Y = BF,, PFg, BPh, or C10 ), or the species produced (500) when [Fe-
(1\TO)2C1]n was t'r‘ea.uea. with 4gX in the presence of olefin, acted as catalysts for
the polymerisation of acrylonitrile and styrene., and the selective dimerisation

of norbornadiene.

Scheme 83

N 7
M

~ 7

M -CO N
(NO)(CO)Fe”” \Fe(CO)3(NO) — = (NO)(CO)Fe Fe(CO)(NO)

O

L

N S ~N 7
- ™M
-

-~
{NO)(CO)Fe

N
Fe(CO)3 - (NOXCO)_Fe — Fe (CQO)
2~ 3

i N
o O

- CaqHes -CO
{M[Fe(co)d'] + r:e(co)(No)Z} ——— Fe(CO}NO)(CyHg) ———s— Fe(NO)(C Hg)

Other Reactions

Catalysis of the redox fragmentation of allyl ethers has been observed (501)
using Ru(PPh3)3012. Thus, cx,a—da_methy1a1 lylbenzylether was converted into
benzaldehyde and 2-methyl-2-butene. A.lso, the conversion of the cyclopentenyl-
ether 483 into 484 and 485, and of CH2=C(Me)CHQOCHZCH=CH2 into CH2=C(Me)CH20HMe-—
CHO, was effected by this catalyst. It would appear that cleavage of the allyl
C-0 bond is the rate determinins; step, thereby leading. to the formation of a -
Ru(II) alkoxide. The proposed Vmecha.nism is shown in Schemef84.

Complexes formed between polyethyleneimine or poly(vinylpyrrolidone) and
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Scheme 84

N=0

177 2

Ru(PPh3) Cl,

RuG(PPh3), HCI R’RZCHO—EIQG—
33/2 ‘/l
CIRUIPPr),
1_2 /O ! X
R R2ch- o RIRPCH ™ N
N X X
o
R'R2CH” > ™ + (PPh3),RUHCI
(@]
OCHECR=CH2 CHMeCHO
483 484 485

Fe(co)5 were water soluble and effected (502) the catalytic decomposition of
isopropybenzenchydroperoxide to dimethylphenylcarbinol. The complex [ Ru(x0)-
(bipy)z(pyr)]3+ catalysed (503) the oxidation of PhBP to PhBPO, as shown in
Scheme 85.

Scheme 85

- —e” 2+
2 BH” .[Ru(bipy) (N0, )(pyrY] T ——= [Ru"(bipy)(NO,)(Pyr] PPhy
i - 2+ _—e” I . . 2+
HO + B [Ru (bipy) (NO )(pyr)] - [Ru (bipy) (NO )(pyr)] Ph4PO

The uv irradiation of Fe(00)5 in the presence of R;Sill (R = Me or Bt) and
alkene achieved the catalytic production (504) of 2 mixture of alkanes, alkyl
and alkenyl trialkylsilanes. The photogenerated species was thought to be
Fe(CO)B(alkene)H(SiRs) and the overall mechanism is outlined in Scheme 86.
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Scheme 86
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DISSERTATION ABSTRACTS AND REVIEWS
Dissertation Abstracts

The following titles have appeared:
1Some aspects of orgaeno—iron chemistry'! (505);
tStructural studies of metalation products; synthetic, spectroscopic and
structural studies of hydrido-mixed metal carbonyl clusters! (506);
1Synthesis, structure and bonding of new types of iron nitrosyl clusters con-
taining tri-, tetra- and penta—coordinated S and/or N atoms' (507);
tProtonation and oxidation reactions of indenyl-iron complexes, I. Sitructure
and reactivity of hexahapto complexes of iron and manganese with fluorenyl
anion, II' (508); and
t1. Selective trapping of dienes by benzilideneacetone iron tricarbonyl.
2. Attempted synthesis of the 2,2,Z,Z2-cyclononatetraenyliron tricarbonyl

cationic and anionic complexes! (509).

Reviews

The general chemistry of iron (510) and more specific details relating to the
syntheses of mononuclear orgznoiron compounds have been reported (511). The
coordination and organometallic chemistry of iron, ruthenium and osmium has been
reviewed (512, 513, 514, 515). Aspects of the organometallic chemistry or iron,
ruthenium and osmium, with reference to synthesis and reactivity (516), and to
metallo—carbenes, —carbynes, ylides, clusters, and metallocarboranes (517),
have been discussed. Syntheses of organometallic complexes using metal atoms,
and of organic syntheses achieved via transition metal vapours have been reported
(518, 519).

Insertion reactions of carbon monoxide have been reviewed (520), and types of
thio- and seleno—carbonyl complexes discussed {521, 522). Dinitrogen and
hydrido complexes (particularly of Iuthenium) have also been described (523,
524).

The reactivity of the NO group in transition metal nitrosyl complexes has
been discussed (525). The preparation of T-alkenyl and O-organometallic com-
pounds has been reported, and a study made of some of their properties (526).
Orthometalation reactions and olefin complexes have also been reviewed (527,
528). There have been discussions of cyclobutadiene complexes (529) and of the
interaction of iron carbonyls with macrocyclic alkadiynes (530).

Sandwich compounds, and in particular q6—arene—qs—cyclopentadienyl iron
cations have been reviewed (531, 532). A survey has beer made (533) of triple-
layered complexes containing B-heterocyclic ligands.

Summaries of the organic reactions of selected TT—-complexes (534) and of
transition metal derivatives in organic syntheses (535, 536) have been
published. Reports of homogeneous hydrogenation catalysts in organic
synthesis {537) and of transition m-tal cluster complexes as catalysts part-
icularly with respect to the relationship between homo— and hetero-geneous
systems (538) have been compiled.
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