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METAL CARBONYLS
Simple carbonyls and carbonylate anions
Iron atoms react {1) with carbon monoxide giving Fe(CO)s, FEB(CO)IZ, (in ver

low yields) and traces of sz(co)g. However, a2 study of powdered amorphous iron

has been enzbled (2) by the glow discharge decomposition of low concentrations of
Fe(CO)5 dispersed in neon. A method has been devised (3) for the separation of
cobalt carbonyl from liquid mixtures containing Fe(CO)j, COZ(CO)B and Ni(co)a.

This involves bubbling ammonia into the liquid mixture, when ECo(NH3)6][c°(co)4]2
precipitates from the solution. Iron pentacarbonyl behaves as a weak donor towards
certzin Lewis acids. Thus, species of the type [FeLZJESbFBJZ, [Cd§2][A556]2 and
[SnL]ESbFB]Z have been prerared (4) by reaction of F’e(CO)5 with Fe[SbF6] , CdEAsFB?Z
and Sn[SbF6]2, respectively. At platinum electrodes in CFBCOZH’ F‘e(CO)5 could be
oxidised to the monocaztion in the presence of [BunqN][Pst as supporting electrolyte
(5). The elecirode process for generating [Fe(CO)5]+ is only reversible at very
fast cyclic voltammogram scan rates. The species Fe(CO)aBré and [Fb(qﬁ—chS)(CO)ZJZ
cazn also be oxidised, although irreversibly, and the latter afforded F@(ﬂ5—05H5)-
(co)z(ococs*B) .

The fluxionality of Fe(co}5 has be?n discussed (6). Thus, in the absence of a
catalyst, there is no scrambling of C O ani 0180 between Fe(0160)5 and Fe(ClBO)j,
indicating that fluxional processes are not intermolecular in origin. However,
slow intermolecular migration of CO can occur, as established by CO exchange between
Fe(C0) g containing maturally abundant 3¢0 am Fe(ljco)B(PFB)Z (92.5% enriched in
‘300) dissolved in the pentacarbonyl. Studies of the intermolecular exchange of CO
between Fe( 3co) 5 (92.5% enviched) 2m re(*2co) 5 Tevealed that the rate is extremely
low, and confirmed that the scrambling of axial and equatorial CO groups in Fe(co)5

is intramolecular and probably occurs by a Berry-type process. From a study of
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partially oriented samples of Fe(CO)5 in solid CO at 20°K, it was shown that in the
process ]
_ Fe(c0) —2 . 50, pe(co), + €O —> Fe(CO), _
no change took place in the polarisation properties of the isolated carbonyl over
several hours (7), indicating that stereochemical rigidity of the Fe(CO) 5 brevails
in the matrix.

By a2 combination of matrix isolation techniques and i.r. laser photochemistry,
the selective reactions of ‘JCO-enriched Fe(CO)u in a methane matrix have been stud-

ied (8). ‘The overall processes are summarised as follows:

v hw .
Fe(co)5Te;‘—,(:—-:-ls'e(co)LF + co;—2— Fe(co), (cH,) -

The different types of l3CO—substituted species obtained in this way are summarised
in Scheme 1. Although the mechanism of interconversion of the species is unknown,
the following conclusions have been drawn. (1) There is a dramatic increase in
intensity of the spectral bands of Fe(co)ilL due either to a or b, but not both,
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while the other bands due to A or B also increésed. This must be due to the react-
ions a—»A or b—p»B. (ii) These reactions are laser irradiation promoted and are
not achieved by warming the matrix. (iii) The selectivity of these reactions is

in complete contrast to the unselective reactions caused by broad band radiation
from a Nernst glower. (iv) Isotopic selectivity shows that there is not an effic-
ient energy transfer from one isotopic species to another. In other words, the
reaction is localised in the matrix cage. (v) The laser has differentiated bet-
ween molecules with different degrees of isotopic substitution and a2lso between

13

species having &ifferent stereochemical arrangements of the CO groups. (iv) Such

selectivity can only be achieved using an i.r. laser since these molecules have very
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broad u.v. and visible absorption bands which are insensitive to isotopic substitut-
ion. It seems unlikely that these reactions involve single photon processes. A
theoreticzl study has been made (9) of the structure and bonding properties of
Fe(C0),, and Fe,(CO)4(C,R,), using extended Hfickel M.O. treatments.

The complex  0s(CO) (CS)(PPh3)2 (trans phosphines) has been prepared (10) by
borohydride reduction of [1], followed by loss of methanethiol from the product [2].
The structure of Nazke(CO)u.l.j dioxane has been determined (11) crystallo-
graphically. In the solid state, the most noteable feature of the structure of the
carbonylate anion is its significant distortion from tetrahedral symmetry. Indeed,

one of the C—?e C bond angles is 129.70. There are two main types of interaction
between Na” and Fb(CO)h . a short-tange Ma....0 interaction at a distance of 2. 322
and a long range Na....c and Na....re 1nteract10n at distances of 2.95 and 3. 092
respectively. TWO Na and two FE(CO)Q ~ ions come together to form a spurious
loosely-held cluster in which each Na+.is associated with a C-Fe-C region of the
anions. This interaction is probzbly responsible for the structural distortions

in the solid, and it is thought that similar distortions may occur in Fe(CO)LL2
jon-peirs with Ma@ in solution.

A Raman spectral examination of [FeZ(CO)8]2 has permitted (12) the identification
of the Fe-Fe stretching mode and revealed that the 2nion exists in a bridged - non-
bridged eguilibrium mixture in BDMF. The presence of bridsing CO groups in
[se,(co)ab] , [3], suggested by previous i.r. speciral studies (13), was also con-
firmed. It was further demonstraied that [Au(n —cjnj)(co)zjz exists as 2 mixture
of bridged and non-bridged isomers in solution, with the Tormer being favoured at

low temperatures.

Complexes with Groun IV ligands

Some consideration has been given, using simple M.0. methods (1), to the ligand
site preference and intramolecular rearrangements in the complexes N(CO)h(SICl )2
(M = Pe, Ru and Os), and M(CO)QLZ. In each case, the most stable isomer was deuev-
mined, and the ligand site preference as a function of d-orbital occuration numbers
in d6 and dB systems was used to provide an explanation of some cisg2trans photo-
chemical iscmerisation, e.g. [&]—[5].

a ¢ nm.r. spectral study has been made (15) of M(CO),,(EMeB)9 and M(CO),-
(SiI'IeB_nCln)Z (f = Fe, Ruor Os: E = Si, Ge, Sn or Pb; n ;1, 2 or 3). Thi; has
allowed the assignment of the carbonyl signals and has shown that axial-equatorial
averaging of the CO signals occurs in the cis-iron complexes ai room temperature.
From variable temperaturs (v.u.) n.n.r. spectral studies it was concluded that the
barrier to CO site exchangs in M(CO),(SiMe3 c1 )2 increased with halogen substitut-
ion and also from Fe to Ru to Os and, that from the observation of 117"198 1300
coupling in the high temperatures limiting spectra of g}§fre(co,h(SnMe ) the
fluxioral processes were non-dissociative. The pattern of cnalescence of signals
from EEE/EEEEE mixtures suggested that axial-equatorial CO signz1l averaging proceed—

ed via cis—)irans —»cis isomerisation processes.
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Treatment of Fe(CO) or Fe (W,_2 and Fe{CO) (No)2 with Pt,N or PhhAs salts of
[snCl.] or [cec133 aflorded (16) [F‘e(CO),,(SnCI YT (on heatlng) and [Fe(CO)(NO)Z
(GeClB)] (under u.v. light), respectively. Tt was noted that the nucleophiliec
properties of EMCl 7™ were unexpectedly small and that [SnCl_] is apparently a
weaker base than [GeCl_] . Reaction of Fe(CO)L‘L(GeHB)2 with [Mn(CO)5]_ gave (17)
Mn(CO) (GeH ) and [Fe(CO), (GeHB)]—, and acidification of the latter affgrded Fe(co),+-
H(GeHB) and some Fe(C0)4 5.  Treatment of Co(CO)a(GeHB) with [Fe(CO)Q]~— gave
Fe(co)4(ceH3)2. .

Complexes with Group V ligands

The reactions of the SchlfT bases PhCH—CHCH—NC,P“X & (X = H, p-Cl, -Br, -F, -1,
~-Me or —-CMe, m-Br) and R 1y 33R CéHCP—NcéHh(D —-0Me), 3B (Rl, RZ, 33, 84 = H, Me or OMe)
with Fe2(00)9 have been reexamined (18). n the first stage of the reactions, the

species We(CO),T were formed, where A and B are attached to the metal via the N atom.

However, Fe(CO),A subsequently rearranged to give [6], as previously -noted (19),
whereas Fe(CO)hB, having unsubstituted ortho positions on the phenyl rings, rearrang-

ed to give complexes of the type FEZ(CO)éL.
The intramolecular CO exchange processes in several imine and diimine complexes

of tricarbonyliron have been examined (20) by v.t. 3¢ non.xr. spectroscopy.  Those
species containing m, W -honded polar dienes, e.g. [7] or [8], showed the highest
barriers to CO scrambling (10-14 kcal/mol) whereas those containing ¢,w- or c,c-
bonded diazadiene ligands, e.g. [9], have lower activation barriers (€9 kcal/mol).
These observations are in agreement withthe local C3v symmetry of the Se(CO)3 meiety

in these complexes.

H H H H H H . H H
7\ X 7 N\ /2 7 \/\
ph—{/ N—@ Ph O R . 'N—R R—N N—
: ' ! N S
H 1 H ) H i Fe
Fe Fe Fe (CO)
(CO)5 (CO)3 (CO); 3
6 7 8 )
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In the complexes Fe(CO)L, Fe(CO)L(pyr) and Fe(CO)L(héH4), where L = [10], cryst-
allographic studies have established (21) that the Fe-C-0 group is linear, that the
ligapds irans to CO have abnormallyylong Fe-N distances, and that the Fe atom is
slightly displaced out of the plane of the N atoms towards the carbonyl group. The
reversible addition of CO and NO to Fe(II) phthalocyaninate in concentrated HéSQQ has

Me O Me
Jon
N N
h{ .

i o}

Me” 7 “Me
10

been investigated (22) spectroscopically. Treatment of ferrous acetate with tetra-
phenylrorphyrine (TPPHZ) under CO in the presence of pyridine afforded (23)
Fe(CO)(TPP)(Pyr). This complex too has a linear Fe-C-0 bond system, in apparent
contrast to those in related carbonylated hemoproteins derived from biological
sources (24). The iron atom is only slightly displaced from the porphyrin NQ plane.
Ab initio calculations have been made (25) of the mode of CO bonding to iron-
porphyrin complexes, and it has been concluded that the Fe-C-0 bond system should be
Jinear. A series of related complexes derived from meso-tetra(s-anisidyl)-
porphyrin (1H, ), viz. Pe(CO)L(L'), where L' = morpholine, pyrrolidine, piperidine,
pyridine or 1m1dazo_e, were obtained (26) by treatment of FeL(L')Z with CO. The
i.r. and MBssbauer spectra of these specles were examined.

The porpvhyrin model complexes [11] (Rl, R = O(CHZ)QCEECCEEC(CHZ)QO or
O(CHZ)IZO) bind CO (27), giving visible spectra very similar to those observed
previously (28). The mode of action of CO with heme protein models has been discuss-
ed, and dual pathways, as shown in Scheme 2, advanced (29). The alternative (ii
has been described previously (30).

Resonznce Raman spectral studies have been made (31) of a series of carbon—
y nitrosyl, and isocyznide adducts of myoglobin, hemcglobln and some cytochromes.
The bondlng interactions were discussed and it was shown that Hb(CNEt) (Hb = hemo-
globin) dissociated into deoxyhemoglobin and free isonitrile on laser illumination.
The temperatureand pH dependence of the tetramer-dimer equilibrium of Hb(CO)—A has
been examined (32), and the origin of the anomalous Soret spectra of carboxycyto-
chrome P-450 discussed (33).

The tetra-arylporphyrin complexes Ru(TAP)XY, [127 (R = p-CFy, p-Prt or p-Me; X =
CO, Y = CO or THF or "—ButCSH, N; R=p-CF,, X =Y = P(OMe)3 or Buth) and their
octaethylporphyrin analogue Ru(OEP)(CO)(THF) have been prepsred (3%), and their “H
and ‘3C n.m.r. spectra measured. Meso-porphyrin-IX has been converted into its

di-octadecylester (meso-IX-doe), and from this the ruthenium carbonyl complex
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Ru{CO)(meso-IX~-doe)(pyr) has been prepared (35). This species was used to form
stable films in organised monolayer assemblies, whose chemistry is quite different
(2s summarised in Scheme 3) to that of the complex in solution.
The osmium octaethylporphyrin complexes Os{(@EP)XY(X = CO, Y = pyr; X = ¥ =

P(OME)3) have been synthesised (36). Treatment of the monocarbonyl with P(OI-’ze)3
or pyridine afforded Os(CEP)Y,- (¥ = P( or-xe)3 or pyr) whereas, with H,0,, Os( oEP)(0,)”
was formed. Reduction of 0s(OEP)(CO}(pyr) using sodium anthracenide, followed by
treatment of the product with MeI, afforded (37) [13], whose structure was confirmed
crystallegraphically. The Os atom lies 0.188 avove the porphyrin N4 plane towards
the carbonyl group, and the porphyrin ligand itself has a roof-like geometry, being
folded zlong the methylene-Os-methylene axis by 38.10. From i.r. spectral data, it
is clear that there is an increase in w-bonding between Os and CO, and diminished
interaction between the metal and the porphodimethene ring.

Treatment of Fe(CO) 5 with PButn(EMeB)B_n (E = 81, Ge or Sn; n = 0—»3) afforded
Fb(CO)QL (38). From extensive spectral studies it was concluded that the phosphine
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From X-ray crystallographic studies, it was shown (39) that Fe(CO)!{_PBu
has a trigonal bipyramidal structure with axial phosphine (Fe-P 2.36 K).
(1) [14] afforded (40) both Fe(CO), L and Fe(CO)BLZ.

t

3
Reaction
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Voltammetric oxidation of Fe(CO)BL (L = PPh,, PMePh,,, P(ODh)3 or P(NMeZ)B; L
Ph,PCH,CH,PPh,) afforded (41), reversibly, the monocations [Fe(CO) ]L The redox

potential is dependent on L and there is z linear correla tion between the potential

and ¥(C0). Reaction of the complexes with AgPF, also gave [ﬁe(CO)342]+, and i.r.
and e.s.r. spectral data are consistent with retention of symmetry of Fe(CO)3L2 (DBh)
upon oxidation. On prolonged contact between Fe(CO) , and AgPF, in dichloromethane

Fe(CO) LCl2 was probably formed, and this suggested that oxidative addition of
iodine to Fe(CO)BL , which gives Fe(CO)BLI (42), may proceed via [ve(CO) L, T.
However, treatment of [We(CO)B(PPh ) T with €17 or Br~ (1:1 ration) in dlchloro-
. methane showed that We(CO)B(PPh ) is generated in both cases, but with I , a 1:1
mixture of Fe(CO)B(PPhB)2 amd F‘e(CO)B(PPhB)I2 was produced. This suggests that
the carbonyl cation radical oxidised I to I, which then oxidatively added to

Fe(CO)B(PPhB)2 via a pathway not involving reversible eleciron transfer.

M(II) phosphine complexes cont2ining hydrido, halo and other ligands

Reaction of hydridochloro complexes of Ru(II) with NaBH, and with NaBH,(CN)
afforded (43) RuH(BHh)(PPhB)B, [15], Ru(CO)(PPh ) (BHh), a mixture o?[16% and [177],
Ru(CO) [P(06H11)3]2H(Bﬂh), a mixture of two 1somers [18J and either [197] or 0],
and Ru(CO)Z(DBP)h[BHB(CN)], where DBP = 5-phenyl-5H-dibenzophosphole. The complex
Hh(PPhB)BHCI can be generated photochemically (4#4) from Ru(CO)(PPh3)3H01 by irrad-
iaton at 366 nm. It proved impossible to induce photochemical decarbonylation of

Rh(CO)Z(PPhB)ZHCI, but this species underwent reversible isomerism as reported
earlier (45).

Treatment of Ru(PPhB)L,’H2 and Ru(CO) (PPhB)BT{ with di-carboxylic and a-hydroxy-
carboxylic acids afforded (%46) the species [RuL(PPh )LEL fo ,C(CH,), CO, T(n=2 4,
= CO or PPhB), Ru(PPh3)3(0200H2 2H)H, Ru(PPh3)3 Eo CH(OE)R] (R = H or Ph) and

Ru(CO)(PPhB)ZH(OZCCHZOH . In benzene solution, these complexes were efficient
catalysts for the hydrogenation of alkenes ard also for the isomerisation of alkenes

P b H H HBH3
s 1 >p” PhyP._ | PhsP._ | _HBHS PhsP._ | _-H
s | ~Ru—PPhy R Ly
PN H C <
I P | o O
BH3 -
14 15 16 17
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under inert- atmospheres. A complex containing (-)-R-phenylglycollic acid was test-
ed as a catalyst for asymmetric induction reactions. However, only products of low
optical purity could be isola.ted.from hydrogenation or isomerisation processes.

It is known (47)that the species Ru(PPhB)QH ’ Ru(PPhB)BH(OAc) and Ru(PPh3)2(0A0)2
react with H_BF4 and other strong non-coordinating acids in methanol giving labile
red solutions which, under HZ’ become yellow-orange and catalyse the homogeneous
hydrogenation of alkenes. Further studies of these species have been made (48)
some of which are summarised in Scheme 4. It was noted that in acetone, the
ruthenium species were not active as hydrogenation catalysts and that, in contrast
to the situation in methanol, the arene species [217] is not formed.

The structure of Hu(CO)(PPhB)ZH(RNBR) (R = p-MeC6§4) (49) [22] has been deter-
mined crystallographically (50).

Scheme 4

Ht +
Ru(PPhy)_H(OAC) _— - [Ru(PPh3)3H(OCMe2]
acetone
co .
Si10W
H,0 '
+ O]+
[Ru(CO)z(PPh3)2H(H20)] [Ru(PPn3)3(0Ac)H2
PPhg
0. le .PPhs
1 “Ru’’
MeCN Me— C /l ‘OHZ
PPhy
co
+ coO +
[Ru(PPh,) (OAC)(NCMe)] " ———= [Ru(CO) (PPh3)(OAC)]

The additioh complexes Fe(CO)Z(PMe )Z(BrAlBr )Br and Fe(CO)Z(H“Ie ) (BralBr )2
were formed (51) by treatment of the corresponding carbonyl dibromide with A].Br
Similar 1:1 and 1:2 adducts were formed between Ru(CO)Z(PMe )2012 and FeCl., while
we(co) (PMe )2 and Fe(n -c5H5)(co) I reacted with iodine giving Fe(CO)Z(PMe3)2(I )2
and 1=‘e(r1 _CSHS)(CO)Z(IB)’ respectively. Treatment of Fe(CO), (PMe ) with AlMe
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afforded Fe(CO)Z(PMeB)Z(COAlMeB), while Fe('q5—-C5H5)(CO)2X reacted with acceptors Q
(XxX=c¢1, Q= Sbc:13, A1C13, Fec13, GaCly, MoCly, Nb015, SnC1, , InC13, TigllF and (1,3
X =Br, Q= Al:BrB, FeBr, and Br,; X =1, Q = AlI3 and GaI3) giving Fe(n —C5H5)(c:o)_2-
(xq).

In acetonitrile or methanol, trans-Fe(L-L),Cl, (L-L = Et,PCH,CH,PEt, or Me,PCH,-
CHZPMeZ) dissolved (52) giving [Fe(L—-L)ZClL']Cl (L' = MeCN or MeOH). Treatment
of these salts with CO, CNBut, RCN or P(OMe)., (L"), afforded [Fe(L—L)ZCIL"T, while
with NO' and N,, the complexes [Fe(NO)(L-L)C1]2+ and [ Fe(L—L)ZC]_ 2N2]2+ were formed.
A suspension of m-[Fe(EtZPCHZCHZPEtZ)ZI 1 in methanol reacted with GO giving
a mixture of cis- and m_s_—[Fe(CO)(L-L)ZI]%, but trans-[Fe(L-L),X,] (X = NCO or NCS)
did not react wiﬁp CO. The complex [Ru(CO)L201][PFB], where L = 1-(2'-pyridyl)-2-
(diphenylphosphino)ethane, has been described (53).

The species c'ﬁ—ﬁu(co)zl-z)(2 (L = tertiary phosphine or arsine, X = halide) are
converted into the corresponding trans-isomers by u.v. irradiation, a process which
is reversed on heating. Studies of the thermal rearrangements of the all-trans-
Ru(CO)Z(PMeZPh)ZXZ and all—EErE—Ru(CO)Z(PMePhZ)ZXZ showed (54+) that they occur by
two competing routes: one direct and one by way of a third isomer, the all-cis-
species. Evidence was obtained from these studies, and from the stereochemistry
of carbonyl substitution reacticns of the various isomers of Ru(CO)Z(PI-IeZPh)ZCIZ,
that the mechanism for photochemical and thermal isomerisations must involve prior
dissociation of CO. During the isomerisation, partial loss of CO led to the form-
ation of [Hu(CO)(H’[eZPh)ZCJ.ZJZ as a2 by-product: these results are summarised in
Scheme 5. In related studies (55), four isomers of Ru(CO)(PMeZPh)ZL'Clz (L' =
P(OMe)3 or PPh(OMe)Z), {237 - [26], could be identified. _ Their interconversions
are summarised in Scheme 6.

Reaction of Ru(PPhB) 3c12 with Ru(CO)(PPhB)Z(DMF)ClZ in acetone afforded (56) the
binuclear species (PhBP)ZClRu(p—Cl)BRu(CO')(PPhB)Z.ZMeZCO, in good yield, a reaction
which supports eaxlier views (57) about the formation of (Ph3P2ClRu('A—Cl)BRu(CS)—
‘:E‘PhB)Z. This general reaction has been extended to include the formation of
(PhBP)zBrHu(r—BrClz)Hu( CO)(PPh3)2 -Me,CO and (PhBP)ZClRu(r—BrZCl)Ru( co) (PPh3)2 .-
Me,CO. Recrystallisation of Ru(CO)(PPhB)Z(DMF)ClZ from methanol/dichloromethane
mixtures afforded Hu(CO)(PPhB)Z(MeOH)Clz, {277 (x = 0), which, on refluxing gave
(Ph P(CO)ClRu(r\-Cl)BRu(CO)(PPhj)z, a mixture of isomers (280). Treatment of
[Ru(c7H8)(co)c1 T with PPh, also gave [27] and [287], together with Ru(co)(PPh3)20121
Reaction of [28% with NaBPh, and PPh, afforded [(PhBP)Z(CO)Hqu—Cl) Ru(CO)(PPhB)ZJ-
[BPhLl_—l, [29] (x = 0), whereas [27](X = O) reacted with [PhLPAs][HCIZ in acetone
giving [PhuAs][Ru(CO)(PPhj)ZClBJ.MeZCO. Related thiocarbonyl cemplexes were describ-
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ed and an overall summary of some of these rearrangements is given in Scheme 7.

The complexes [OsZ(CO)(PPhB) 5013]013, which containsbridging Cl and is thought
to be polymeric, Os(CO)B(PPhj)HCl, 0s(CO)(PPh, ) HCL, OS(CO)(L)2C13 (L = Ph,ECH,EPh,,,
E = P or As; Ph,PCH,CH,PPh,) and [o$(co)2(AsPh2)20123012, have been prepared (58).

Treatment of Ru(CO)B(PPhB)Z with nitric acid afforded (59) Ru(CO)Z(PPh3)2(N03)2
whereas M(CO)(PPh3)3H2 (M = Ru or 0s) gave M(CO)(PPh3)2(NO3)2. Carbonylation of

the last in boiling ethanol afforded M(CO)Z(PPhB)Z(NOB)Z and then M(CO)(PPh,) H(NO
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This latter reaction would seem to involve an alcoholysis followed by B-elimination,

and may be the basis of an alcohol dehydrogenation process. Reaction of
0s(CO)(PPh )ZH(NO ) with CO gave Os(CO)z(PPhB)ZH(NOB) Thiocyanogen reacted (60)
with Ru(CO) (PPh3)2 giving Ru(CO)Z(PPh )Z(SCN)Z, [30]1 (X = S),whereas iodine afforded
a mixture of {Ru(CO) (PPh ) I and the corresponding tri-iodide salt. Treatment
of [Ru(co) (PPh )ZI]I wlth thiocyanogen merely afforded [Ra(co)3(PPh )ZIWET(DCN)ZJ
In an a.pDa.rently contradictory communication (61), Ru(CO)B(PPhB)2 is said. to react
with thio- or seleno-cyanogen giving the species [31] (X =8 or Se). However,
3(co)12 reacted only with thiocyanogen giving the polymeric [Ru(CO)Z(CNS)ZJ [32],
which breaks up in pyridine giving Ru(CO)Z(pyY')Z(NCS)

Reaction of M(CO)(PPh ) HX (M = Ru or Os; X = CL or Br) with RNCS (R = alkyl or
aryl) in boiling benVene or toluene afforded (62) a mixture of [33] and [34], and
the former can be converted into the latter on heating. Ru(PPh )l,, I, reacts w:.th
TNGE giving [35]. Treatment of Ru(CO) (PPh3)2 with R,P(=S)SH (R Ph or OFh)
afforded (63) the species Ru(CO)Z(PPhB)ZESP(=S)RZ_J , [36]. However, in refluxing
ethanol, Os(PMeZPh)3013 was converted (64) by [sZPRZ]' (R = Me or Ph) into all-cis-
Os(PMeZPh)Z(SZPRZ)Z. Carbonylation of the species with R = Me in refluxing ethanol
in the presence of Sg gave cis-0s(CO)(FMe,Pn)(S,PMe, ), [37], PMe,PhS and possibly
0s(C0),, (PMe,PhY(S, Pe, )., [38]. " In the presence of CO and PMe,Ph, Os(FMe,Ph),-
(SZI’MeZ)2 afforded Os(CO)(PMeZPh)Z(SZPMeZ)Z, [397], while, in the abserce of phosphine
Os(CO)(PMeZPh)Z(SZPMeZ)Z, [40], was formed. The interrelationship of these com-—

pounds is outlined in Scheme 8.
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Complexes with sulfur ligands

Reaction of 1,3-dithiane with Fe2(00)9 in THF afforded (65) Fe(CO)Q(SZCQHB),

in whih the dithiane, 'in the chair conformation, occupies an apical site. FPhotolysis

of I'I(SZCI\IEH:Z)3 (M = Fe or Ru) in the presence of CO in acetone, DMF cr cyclohexyl-
amine afforded (66) M(co)Z(SZCNEt,)2 and Ru(CO)(SZCNEtZ)Z.
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Carbonyl halide and related complexes

Treatment of Ru (CO)l2 with XeF, at room temperature gave (67) [Ru(CO) ]4,
whose structure, [41] has been reported pr:ciously (68). With further XeFé, this
tetramer was converted into fac-Ru(CO).F,, while Ru (CO)12 reacted with a large ex-
cess of XeF, at 100° giving the paramagnetic [Ru(co) " - RuF ] , [127], (f~ = L.45 B.M.
per 2 Ru atoms), which probably contains itwo Ru(V) atcms. ThlS species may also be
obtained from RuF, and CO at 200° , and 1tself reacts further with CO under pressure
at 200° to give [41]. Reaction cf cis—[Os(CO)ZXL,_]Z- (X = halide) with CO and 20°
gave (69) mer-[0s(co) X 1 which isomerised at 171° under CO to give the fac-form.
This last was obta1n=d dlrectly from cls—EOs(CO)th]Z_ under €O at 171°.

The structure of [Phq'As][Fe(CO)L,((HgClIHgCIZ)] [%37, origin2lly prepared (70)
from 91§7Fe(CO)Q(HgClz)2 and (PhQAs)Cl, has been determined crystallographically (71).
The Fe-Hg distances are 2.56 and 2.52 £, and the Hg-Fe-Hg bond angle is 80.3°.

ISOCYANIDE AND CARBENE COMPLEXES

The structure of [Fe(CNAr)Z{P(OEt)ZPh}3c1j[c1o#], [427 (ar = P-MeCgH),) has been
determined (72) cyrstallographically. The Fe-P distances are somewhat longer than
usual, while the Fe-C bond lengths indicate some multiple bonding between the metal
and the isocyanide 1i gand. Benzyl isonitrile displaces (73) methyl imidazole (L)
from the complexes ﬂbQ , Wwhere z = 0 and @ = phthalocyaninate, Pc, or (DMGH)Z, or
z =+2 and @ = TIM, EL5] giving ei<her Fe(CNCHZPh)QLZ, Q= (DMGH)2 or Fe(CNCHZPh)Z-
Q%, Q@ = Pe, (DMGH), or TIM.

Reaction of [Fe(L-L) ]“ (-1 = b1pyr1dy1 or o-phenanthroline) with RNC afforded
(74) [re(cNm),(L-1), ¥, [16] (R

species where R = p—MeC6Hh or p—ClC6Ha were unsuccessful. In contrast to earlier
. nd v

Me, Pr* ’ Bu® or C6H l) but attempts to prepare

reports (75), these bis-isonitrile species (R = Me or Prl) reacted with MelNH, (as
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reagent and solvent) giving the chelating bis-carbene speciles EL71 However, treat-
ment of [Fe(CNBu )Z\dlpy;2] with methylamlne led only to the isolation of
[Fe(bipy) ]2

The electron-rich olefin [48] reacted (76) with Hu(PPh3)3C12 abbord¢ng to Scheme 9.
From X-ray structural studies of [49], it was established that the four carbene
ligands in this complex are arranged in a propeller-like way, and that the Ru-C
distances ranged between 1.88 and 2.12 £. There is a high barrier to rotation about
the Ru-C bond, and there is evidence of a direct through-srtace interaction between
one set of NMe protons and an F atom of the PF3 group in E50] (R = Me, X = Cl or BE,\

Attack on EOs(CO)Z(CNR)(PPh )2c1]+ (517 (r = P-MeCgH), ) by methoxide ion afforded
(77) Os(CO)(CNR)(PPh ),c1(co,Me), [52], as shown in Scheme 10. However, treatment
of [51] with HOCHZCHZC1 in the presence of NEt, gave the carbene species [53]. With
hydrosulfide ion, E51] was converted to [ 54] which, on protonation or methylation
afforded [55]. Tt is possible that the production of [ ] could occur via nucleo-
philic attack by SH on the coordinated isocyanide, giving LaOsEC(=S)NH37, followed

by loss ot HCI.

Treatment of 0s(CO), (PPh ) (n -Cs,), [561, with BrCH,CH,Br afforded (78)
0s(c0),, (PPh ) Br[c( S)CH Br] and then the carbene species [57]. Similar
complexes were obtained uslng 0s(CO)(CNR)(PPh ),(n -Cs, Y (R = p—MecéH,), its Ru
analog, and Ru(CO)Z(PPh )2(“ -CSe, ). T*eatment of [577 and [Ru(CO)Z(PPh ),Br-
(CsSeCH,CH, $e)T" with Br afforded M(CO)(FPh )ZB-Z\CXCHZCH ) (M = Ru, X.= Se; M = Os,

= 8S). With 1,3-dibromopropane, the *elated caxrbene snec1es [58] could also be
prepared, but atiempts. to produce carbene species from n -RNCS complexes proved un-
successful.

Reaction of EEEEEfEFe(Et PCH. 2 2 2)2012] with phenylacetylene in methanol in the
presence of NaX (X = BPh,, or PF, ) gave (79) the phenylvinylidene complex [50]. On
the basis of Mbssbauer spectral data, it was suggested that :C=CHPh is a good c-donor
or a good Tr-acceptor, comparable with N0+. There appeared to be no tendency of
this species to react with alcohols giving alkoxy-carbene species.

Treatment of Fe(CO)_. with SnRB(NRé) (R = Me,, R' = Me; R =R" = He) gave (80) the
monocarbene complex FE(CO)4EC(NMe2)OSnR'3]. However, with two moles of Fe(CO),, '
Sn(NMe2)4 afforded [60], whereas with SnMez(mIez)2 and ESn(NMeZ)Zj , [61] ana [627],

respectively, were produced.

NITROSYL AND ARYIDIAZENATO COMPLEXES

Nitrosyl Complexes
A qualitative study has been made (81) of the reactions of nitric oxide over iron

and steel. Nitrogen, NéO and 17'830‘,_,r were produced by vacuum deposition on thin films
There has been some theoretical discussion (82) of the factors which influence the
geometry and structure of tetrahedral, "planar and related dimeric nitrosyl species
such as M(NO),L, (M = Fe, Ru or Os), [Fe(m0),x 1, (X = I, B(CF. )2 or SEt) and
[Ru(No)(PPhB)(,.,—PPh2 .
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Attempted alkylation of [N(PPh )Z]D"e(co) (%0)] by RX afforded instead (83) the
species [N(Pph ) ][we(No)szj (X = c1, Br or I) Halogenation of the tricarbonyl-
(nltrosyl)ferrate gave [N(PPh )ZJ[Fe(No)x ] (x Cl or Br) while treatment with NOC1
in dichlaoromethane led ta the 'F‘O'r'nation of [Fe(NO),C 2] . Both the nitrosyl halide
anions are paramagnetic, [Fe(NO),X,] having one unpairved spin, but [Fe(NO)X3] has
A= 3.82 - 4,84 B.M., indicating three unpaired electrons. The species [’rT‘e(NO)2 2*—
were also produced (84) by treatment of Fe(NO)Z(PPh )X or [Fe(NO),x], (X = C1, Br or
1) m_th the carbonylate anions [V(C0) ], [Mo(n” -CgH )(co) T, EMn(co) T,

[Fe(n”-C H )(c0), 1" or [co(co),]". Reaction of Fe(NO)Z(PF ), with l'GeCl 41 eave (85)
EFe(NO)Z(PF Y(GeCl,)]™ while Fe(PFB) reacted with ESnCl T under u.v. 1ght givins
[(Fe(PF )B(SnC'| )ng .

The structures of [Ru(NO)(Et, SO)Br L, [63], obtained (86) from Ru(NO)L BTy (L =

dialkyl or aryl-alkyl sulfide or selenlde) in diethylsulfoxide, has been determined

crystallographically (87). The structure determination of [ve(NO)i+L—P(CF )Z}WZ,E’“W

[vs]

Et\ /Er
S
o) = (CF3)
o 2 o
Br. T ,Br‘\ ¢ ,,Br ON\ P\‘ N
Ru® UL / \ /
~Na | N No
Br‘/g er ril Br © (CF3)2
Sc? (o]
Et er 63 64

has also been reported (88), and certain bond lengths and angles in this species
have been compared with those in the related complexes [Fe(No)7Q7 (Q = SEt or I),
EFe(CO)BQ]Z (@ = SEt or P(CFB)Z), and [Ni(CO)Z(PPhZ)]Z, Table 1.

TABLIE 1
Selected Bond Angles and Lengths in some Bridged Binuclear Nitros&l and Carbonyl
Complexes
Complex Q m-g-1 (%) #-M ()
[Fe(co)30J2 St 68 2.5
1>(c.~3)2 80 2.82
[re( No)zca_]2 SEt 7 2.72
P(CF5), 77 2.75
I 72,73 3.01, 3.09
i .52, 2.51
[1\11(00)20,‘12 PPh,, 70 2.52, 2.5

Treatment of [Fe(HZO) 6‘][35‘,,']2 with the tripod ligands E(CHZCHZPPhZ)j (E = P or As)
g
in the presence of NO and MNaBPh, gave (89) the diamagnetic species [Fe(¥0)-
- .
{E(CH CH Pth)B}][BPhL,_] The structure of the compound where E = N was determined
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crystallographically, and it was found to be similar to that where E = P (90), tiie_
complex having a five-coordinate trigonal bipyramidal geometry, with an essentiaﬁ}]_;i
linear Fe—-N-O bond system.

The NO group may be transferred from Co(NGC) (DMGH)Z(MEOH), A, to either ruthenium

or iron in a series of reactions described below (91):

() Hu(PPh3)3C12 + A—> Ru(NO)(PPh3)2013 + Ru(NO)(PPhj)Z(OZ)Cl.

This reaction differs in stoichiometry from that of Ru(PPh3)3012 with NO alone (92):
3Hu(PPh3)3012 + 4NO —>2Ru(No)(PPr13)2c13 + Ru(NO)Z(PPhB)Z + 3PPh,.

(b) Ru(PPhB)BHC1 + A —>Ru(NO)(FPhy),Cl + PPhy; + A —>Ru(No)2(Pph3)2, of

Ru(N0)(PPh + A —>Ru(N0),(PPh

The hydrido nitrosyl intermediate appears to react faster with A than Ru( PPh3)3Hci‘:

A side reaction also occurs:
Ru(NO)Z(PPh3)2 + BCo(DMGH)Z(PPhB)Cl, B —» Ru(NO)(PPh3)2C13 + Co(NO)(DMGH);.
+ ZCo(DMGH)2
B is a by-product of the NO transfer reaction involving A

(e) Fe(PPh3)2C12 + 28 + ZPPhB—- Fe(NO)Z(PPhB)Z + 2B.
This reaction may proceed via Fe(NO)(PFh )201, and the dinitrosyl product can react

further with B giving Co(NO)Z(PPhB)Cl.
(a) [Fe(dighos)?H(mF)T + A ——'Fe(NO)Z(diphos) (diphos = PhZPCHZCHZPPhZ).
(e) Fe(diphos),HCL + PF, + A —> [Fe(NO)(Diphos), [PF,] + Fe(N0),(diphos).
This reaction may proceed via Fe(NO)(DiPhOS)ZH.
(£) Fe(diphos),Cl, + A —> Fe(NO),(dishos) + [Fe(N0)(diphos),T".
[re(NO)(diphos),Jc1 + A — Fe(N0),(diphos)
[re(w0)(diphos), [PFg] + A — [co(DMGH), (diphos) I[PF,].
In considering a mechanism for these nitrosyl transfer reactions, it seemed unreason<:
able to invoke action of free (solvated) NO or NO . Instead, binuclear intermediat-.
es, attached by NO and/or halide bridges, appeared Ffeasible, a situation which woul:i,
facilitate both electron and halide transfer. These reactions occurred more readily
if the nitrosyl acceptor was coordinatively unsaturated.

The oxidative addition reactions of the coordinatively unsaturated complex
Ru(NO)(PRn3)2c1 have been investigated (93). These are summarised in Scheme 11.
This complex is much more reactive than M(CO)(PPh )ZCl (M = Bh or Ir) with which it
is isoslectronic. The structure of EOs(CO)(CNAr)(NO)(PPhB)Z][CIOq_], [65] (ar =
p—MecéH@ ) (94), has been determined (95). It proved impossible to differentiate
between the NO and CO groups but all three eq_ua.td'ria.l ligands were bound linearly ‘ta

the metal.
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Reduction of Ruclj.nhzo by zinc in the presence of ammonia gave [Ru(NH )6]01
which, on chlorination, was converted (96) into [Ru{NO)(¥H ),_l_Cl:]Cl The chloride
attached directly to the metal could be metathetically excha.nged by acetate or
cyanate. Treatment of [Ru(NO)(NH ) ]X (X = €1, Br or I) with hydroxylamine gave. (9’3
ERu(N O)(NH ) ]X which, on oxlda.tlon w:Lth Ce ', afforded dinitrogen oxide. "Er.‘ea.t
ment of Os(NO)(NHB) (OH)X, (X = Cl or Br) with dilute HX gave (98) [oS(No)(NH h) (H20)4
X, Tx, while Os(NO)(NH ) X, (X = €1, Br or I) was produced by action of concent*‘a.teci
HX. Reaction of Ru(NO)(NH ) (oH) (MO )2 with strong HCl gave isomeric mixtures of
Ra(NO) (MH;) ,C15. Conversion of [ 05c16]2 into trans-[0s(N0)(NO,),(0H) T~ was
achieved (99) using NO » and the nitrosyl nitrite is isostructural with, and more
stable in solution than, its ruthenium analog.  Treatment of [NHI,_ JZEOS(NO)XSJ (X{:é
Cl, Br or I} and I\HQEOS(NO)(NO ),,(OH)] with agueous ammonia afforded (99)
0s(N0) (NH )Z(OH)X (X = C1 or Bx), [:Os(No)(1\1*~i3)2(0}{)2 Hzo)]I and Os(NO)(NH )Z(OT—I)—
(30,),. 2 e quaternary ammoniun salts of [0s(NO)X, P~ were produced (99) by reaction
of the [NF, T salts with the appropriate amines. ’

Treatment of Fe(TPP)Cl (RPPH, = tetraphenylporph wrin) with NO in the presence of
l-methyl imidazole (L) gave (100) Fe(NO)(TPP)L. The X-ray structural determination
of this complex revealed thzt the Fe-N-O bond angle was bent (cz. 1’~.—O°), and that ,t!_-;e

Fe-N (imidazole) bond distance was quite long (ca. 2.18 8). The e.s.r. spectrum of
the complex was also discussed. The octaethylporphyrin complex Os(C0)(CEP)(pyr)
reacted (101) with NO giving either O0s(NO),(OEP) or Os(NO)(CEP)(OMe) (if methanol was
present). It was claimed thzt the dinitrosyl species contained trens-nitrosyl
groups, one bent and the other linear. Treatment of Os(NO)(OEP)(OMe) with HF gave
0s(N0)(CEP)F.

Intramolecular exchange of O atoms between coordinated NO and NO2 in cis-
[Fe(No)(Noz)(dtc)Zj (dtc = S,CNMe,) has been observed (102). The overall reactions

are summarised as follows: o

15 -60 1s

Fe NO)(cu.c)2 + NO, ——> irans-Fe( ~NO)(NO )(d'l:c)2
E

cis-Fe(2N0, ) (NO)(dte),] e—— cis-[Fe( 7NO)(NO,)(dte), ]

o

The rete-delermining step in this process requires that there is no direct reaction.
of cis—[Fe(No)(Noz)(dtc)Z] with either free NO or NO, which is faster than the abcs%}_g
equilibration. The reactions listed below were also investigated, but ncne oceurred

faster than the (-transfer depicted above:
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cis—[Fe( 5NO)(N )(dtc)2] + NO —» g;_q-[Fe(No)(Noz)(dtc)zj + Yo
cis-{Fe(¥0)(*2n0,)(ate),] + NO-——s cis-[Fe(NO)(NO,)(dte),] + OO
gs_.-[Fe(Uno)(Noz)(dte)zj + N0, —— cis-[Fe(NO)(NO,)(dte),] + *wo,
e_i§_-[Fe(No)(15N02)(dtc)2] + NO, ——> cis-[Fe(NO)(NO,)(dte),] + *°No,.
These data suggest that O-transfer occurs as shown in Scheme 12. It is possible,

however, that the important intermediate A could dlsSOclate, giving N, 03 (and hence
NO + NO ) and Fb(dtc) with the equilibrium lying well over on the side of A. It
was found that trans—We( 5NO)(N0 )(dtc)zj reacted with NO giving unlabelled n1t*osy1
nitrite and 15NO but there was no observable reaction between trans-[Fe(NO)( Cb)-

(dtc)2] and NO, which favours the reaction as shown in Schemes 12.

Scheme 12
O * © * ~O ? o
N 1 ——~ O-—N N—O ____~ * N
\ /,Fi-—() ~ / -~ ()_‘N\\ /
Fe Fe Fe
A

The MYssbauer spectra of the dithio-oxalato complexes [Rth [Fe(\O)(SZ > 2)7]
(R = Bt or Bu"') have been recorded (103). Reaction of ENHHWE e,(NO) ] with
[»-0 L NCGH, N, ]EBF,,] afforded (104) the paramagnetic O,NCLH,N ZF'e,,(NO),, o ana the
complexes Ru(NO)_.2 3 [667 (L = aizlkyl or aryl-alkyl sulfides and selenidss; X =
Cl, Br or I) have been prepared (86).

Photolysis of agueous solutions of [Ru(NO)X5] =Cl, Br or I), at DH 0—’14
with or without 0,, gave (105) [Ru(NZO)X ] and NO. Tréatment of [?u(NO)CT
with barbituric acid (H,L) afforded (106) [Ru(‘IO)(I_H)ZCl T~ ana [Ru(NO){1H %
the formation of the latter being assisted by light. No reaction beiween Darblu
urate and the coordinated NO group was observed. Nitric oxide reacted with
Ru(AsPh ),(1=1r13Aso)c:13 giving (107) Ru(NO)(AsPhB)(PhBAsO)ClB, whereas CO afforded
Ru(CO)Z(AsPh )(Ph AsO)Cl

The MBssbauer sDectﬁa of the series N[Fe(co) (xo)L] (M = PhZP(CéHll)Z, Na, K,
Ph,Pb, Hg or Au(PPh3), L = CO, PPh3’ "sPh3, AsEt Ph and AsEt3) have been discussed

(108) in terms of the dominance of the o-bonding effects of L in these species.

References p. 437
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Alkali metal reduction of [Fe(NO)(CN) ]2‘ in liquid ammonia has afforded (109}
brown [Fe(NO)(CN) 5] ", blue [Fe(N0)(CN),T*” (both of which have 1 unpaired electrd
brown or dark violet [Fe(NO)(CN)4]3 (dlamagnetlc) and dark violet [Fe(NO)(CN)B
(2pparently ferromzgnetic). The NO stretching frequencies of [FE(NO)(CN)jj
reported (in the solid state) at 1568 and 1580 cm !, whereas that in [Fe(No)(CN) .:/
is as low as 1300 on L. The species [FE(CO) (NO)(CN) ](n+1) (n =1 and 2) wefn
also described. E.S.R. spectral examlnatlon of the species obtained twry-azradlat—
ion of various salis of [Fe(NO)(CN) ]~ have been reinterpreted (110) in terms of -
the presence of [Fe(NO)(CN) ]3' and [Fe(NO)(CN)LJ . In the species [Fe(NO)(CN) ».]3‘
it was suggested that the NO and trans-CN groups were bent off their original axls
in the nitroprusside ion. The complex [F'e(NO)(CN),]2 was also detected by e.s.F:
spectroscopy (111) among the products of thermal reduction of [Fe(NO)(CN) ]2
Treatment of Na, [re(NO)(CN) 7 in liquid ammonia with PhNC afforded (112)

[re(n0) (chen), T -

Reaction of [F(CN)éjY (M = Ru or Os) with nitric acid has given (113) initially
[M(CN)6] followed by a species [M(CN) 5x]“ where X is the product of cyanide
oxidation. This last species reacted further with HNOj giving [M(NO)(CN)5]2—.

Wlth more nitric acid under COZ’ the pentacyanonitrosyls were converted into
[MZ(NO) (CN) ]3‘ l:1~12(1\10)2(c:1~1)8]2 and, ultimately, M({(NO)}(CN) .2H20.

Reactions of coordinzted NO
Treatment of Ru(NO)Z(PPh3)2 with benzyl bromide in boiling toluene under CO afford-

ea (11%) Ru(CO)(NO)(PPhB)ZBr, Ru(CO)Z(PPhB)z r,, PhCH=NOH, PhCN, PhCONH, and traces

of PhCHO and PhCH,OH.. Under N, or ethylene, the reaction of Ru(NO)Z(PPh )2 gave

Ru(PPh ) (chh)2 23 Ru(NO)(PPh3)2 » with some PhCN, and traces of PhCONH,,
(PhC..Z)2 and PhCHO. In the absence of the ruthenium complex, NO reacted with

PhCHZBr giving mainly PhCH,NO,. Other complexes of the type Hu(NO)ZLz (L = D(OPh)
or 42 = diphos) behaved similarly, although the yields of organonitrogen compounds
were lower than when L = PPh3' It was thought that the reaction occurred via
benzylation of coordinated NO (Scheme 13) and that PhCH=NOH and PhCN were produced
as shown. The formation of PhCONH, occurred via metal-catalysed rehydration of

PhCN.

Scheme 13

RU(NO)L(PPN,), + PhCH,Br ————# Ru(NO){N(=O)CH,Pn}(PPhy) Br
® ‘—HZO

co _

Ru(CO)(NO)(PPh;),Br + PhCN ~————— Ru(NO)(NCPh)(PPhs) Br

co
RU(COHN(=0)CH,Ph}(PPhy) Br ————= Ru(CO),(PPhy) Bry + PhCH=NOH

!

etc.
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Reaction of [Ru(NO)(bipy)ZX]2+ (X = Cl or NOZ) with PhNRMe (R = H or Me) afforded
(115) CRu(bipy)2{N(=0)C6H4NRMe}X]+, [67], and a similar species could be obtained
from phenol. Treatment of CRu(NO)(bipy)201:]2+ with Nj_ in acetone or methanol gave
[Ru(bipy)ZCI(solvent)jz+, N, and N,0, and this complex further reacted with nitroso-
arenes, p-XCgH, NO (X = H, Me or OZN)’ giving complexes identical to [67]. The
species [67] (X = NO,) could be converted to [Ru(ND)(bipy)Z{N(=0)06H4NRMq;13+ on
acidification, and on further treatment with PhNRMe, afforded [Ru(bipy)é—
{N(=0)C6H4NRMe}2]2+. Attack on the coordinated NO group, and its retention in [67],
was confirmed using CRu(lSNO)(bipy)ZX]2+.

Aryldiazenato complexes

Reaction of Ru(CO)4(PPhy), with [p—HCGH4N2]+ or [2,6-R,CgHN, T has given (116)
[Ru(co)Z(NzcéﬁL,rR)(PPh3)2]+ (R = H, F, NO,, OMe or Mie,) and [Ru(C0),(N,CeH R,)-
(PPh3)2]+ (R = C1 or Me). Treatment of these complexes with HX (X = BFy,, Cl or 1)

or IiC1 (aqueous) afforded the diazene compounds [Ru(CO),(HN,CgH,R)(PPh;) T,
2\2re L 372

[Ru(CO)Z(HNécéﬂaﬁ)(PPhB)ZI]+ and Ru(CO)(HN206H4R)(PPh3)2012 (R=F or OMe)}. ‘These
A

e deprotonzted to the starting material on treatment with bases.

species could b
comparison was made between the chemical properties of these new complexes and their

iron analogs.
or LiCEt did both the iron and ruthenium aryldiazenates afford M(CO)Z(PPhB)Z
M(CO)Z(PPh3)3 (M = Fe or Ru), respectively.

The X-ray photoelectron spectra of Hu(N2C6H4Me)(PPh3)2C13,
and [M(CO)Z(N2C6H4Me)(PPh3)2]+ have been measured (117). The N(1ls) peaks were
identified, and it was noted that the binding energies are among the lowest observed

for nitrogen compounds, corresponding closely to that of the N(1s) level in azo-
R group and the relative electron

There were few similarities,in fact, and only on treatment with BHQ—‘
HZ and

Os(NéC6H4F)(PPh3)2Br3

benzene. Each compound contains & singly-bent Né

densities at the endo and exo N atoms in thess, related doubly bent and protonated

aryldiazerato species were consistent with the formal charges as shown in

- %+ 0 o o +/ﬁ +
M= N=N; , M— Ng and M—Ng ,
h:! N§N—R YN—R
o o
respectively.

CLUSTER COMPOUNDS

Binuclear Species (excluding (n5-05§,) compounds )
Reaction of FeZ(CO)g with ButCZBu{rgave (118)FE(CO)4(CZBut2)

and F@Z(co)é(czBut)z,

References p. 437
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Bu‘\ /But
_," \‘
- \

F’e(CO)3

-

(oC) Fe”
68

[68]. The structure of the latter was determined crystallographically and is
similar to other species described earlier (119). The Fe-Fe distance (2.32 8) is
probably the equivalent of a double bond, and is comparable  to those in
?e2(00)4(023u,)2 (2.22 R)(120) Fe,(C0),(C,R,), (2.23 R)(121)ana [Fe(n” -C5H5)(F—NO)]
(2.33 X)(122) Treatment of 17'eZ(CO) with PhC,Ph gave (123) the known

Fe (CO) (CZPh2)2(119) whose structure, [69] (R Ph, X = 0), was determined crysf ll;
graphically (Fe-Fe 2.4 X) This molecule is very similar to [69] (R = Ph, X CHZ}
(174)and [69] (R = Me, X = 0)(125)(Fe-Fe 2.53 and 2.51 &, respectively). The CO’
groups in these species are fluxionzal, but it was impossible to say whether CO group

scrambling was localised on each Fe atom or whether exchange occurred betwsen the “twd
metal atom sites.

Treatment of the’k—butatriene complexes [70] (L = CO) and [71] with tertiary
phosphines and arsines (L) resulted (126) in substitution of a CO group trans to the
Te-Fe bond. Addition of L without CO loss could be demonstrated in some cases, e.g.
~e2(CO)6(PBu )(C,H ), and kinetic data for the formation of [707 (r = H or Ph; L=
PPh.. or P(OPh) ) and [71] (& = PPh3 or P(0Ph ) ) were obtained. The structure of
[70 = H, L = Fth,) was confirmed crysu17logranh1ca11y (Fe-ve 2.63 .

Reaction of FeZ(CO) with CH —c(Mc)csca (R = or Et) afforded (127)Fe (co)6
fcu ,C(Me)C, ROJ, the structures of which [72] were elucidated by X-rey methods. The
portion of the ligand represented as CHZC(Me)C acts as an allylic ligand towards one
metal atom and the CC(R)CO moiety serves as a three-electron donor to the other.

This last group has character intermediate to that of an allylic and a C=C-CO residue
The carbon atom common to both these portions is unusuzl in that it belongs to tﬁo
nearly perpendicular three-carbon three-electron donor units while bridging two ﬁétal
atoms (Fe-Fe 2.7% (R = Bu’) and 2.76 & (R = Et)).

Reaction of iron atoms at -196° (128) or of Fe (CG)12(129) with thiophenes afforded
the ferrole species Fe,(CO)g(C,R,R'R") (R=R"'= R =H; R=H, R*" = R" = Me; R ='_H‘
H, 8 = Me) [737]. 1In the former process, desulfurisztion occurred immediately the
re atoms and thiophenes were co-condensed, and no evidence could be obiained for aj
thiophene-iron complex. Thus, no ferrocene was produced after the Fe/thiophene ¢o-’
condensate was treated with cyclopentadiene at —1960, whereas an iron/benzene co?
condensate readily afforded Fb(q5—CSH5)2. The addition of 1,3-butadiene, 1,5-cy¢1o_
octadiene or P:-Ie3 to the Fe/thiophene co-condensate, followed by warming, save reéi

solutions from which it proved imvossible to extract products. The structures of
[73] (R = r* = B" = H)(129) and [73] (R = R' = R” = Ph)(130)were determined cvystano
graphically (Fe-Fe 2.52 and 2.50 8 respectively), and the presence of a seml-brlogln
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CO group was noted. The Tluxion2l properties of the species [73] (R=R'"=R8"=H or
Ph; R =H, R' = R” = Ph) and the substituted derivatives [72] (L = Pﬁuna or PPhB)

have also been investigeted (131)using v.t. B¢ nom.r. spectroscopy. It was found
that the CO groups of the tricarbonylferrole unit were static from -i25 to +95°, whiie
those of the mw-bonded Fe(CO)3 group were scrambled over this temperature range. A
low temperature X-ray structural determination of [?4] (L = PPhB) confirmed that the

PPh3 group was attached to the ferrole iron atom, contrary to previous beliefs (Fe-Fe

2.52 8).

X
i
Ph_ /F?P'B /__(.:—Ph
TN _gZ e 1
Il ,':,C’( ‘\‘:
(OC);FE——\—Fe(CO);
Ph
69
R
But a
N . \C C/ !
AN .
(OC),Fe Fe— CH Fe— ~S0
(CO)q (CO),
72 73

Some theoretical consideration has been given(ljZ)to tha bimetallic species
Fe2(CO)9, [75,76 and 77]. Reaction of dihydropentzlene with F2,(C0)4 affordea (133)
five products of which three have been chzrecterised. These are [78] which is
analogous to a ruthenium complex (13%),[79] and [807. While [80] remzined un-
changed on heating, [79] decomposed to a mixture of [787] and [807]. Reaction of
0s(c0), (MMe,), (M = Si or Ge) or [os(co)4(5151e3)]2 with cyclooctatetraene gave (135)
OS(CO)B(CBHg)(MMej), [81], and small amounts of 0s,(C0)4(CgH, ), [827. Among the
other products wWere complexes of an unidentified dimer of cyclooctatetraens, viz.

- - 1 4 o -
OS(CO)Z(CléHlé) and OS(CO)3(016H16)‘ This last compound was also obtained from
053(00)12 and CgHg on heating. Under u.v. radiation, EOs(CO)Q(SiMeB)], reacted
with Cglg glving a moderate yield of 0s(co) (CSHS). However, Os(CO)4Me2 afforded a
mixture containing, inter alis, Osg(co)é(ché)! [83] (1 = 0s), which was characteris-
ed crystallographically (0Os-Os 2.75 X). Parts of the geometry of this complex are
very similar to the compound formed between OSB(CO)12 and 2, 3-dimethylbutadiene (136)
Minor products of the reaction between Os(CO)q‘Me2 and cyclooctatetraene were formul-
ated as 05(00)3(016H16) and Osz(CO)é(CSHS). The n.m.r. spectrum of the tricarbonyl
is identical to that of the previously reported [847] (M = Fe)(237) . Reaction of
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(n°~(C5H5)(OC)Fe
Y Y/
| (OC),Fe—Fe(CO),

S
Fe(COL(n>-CgHy)

.O
78 78

(CO)3

(OC),Fe —Fe(CO), Fe

79 80

1,%4~dibromocyclooctatetraene with either Fe?_(CO)9 at room temperature or Na.ZFe(CO)q_
gave [B85]. When CglBr, was heated with FeZ(CO)g, however, [83] (M = Fe) was
produced, which can also be obtained from the reaction between [85] and FeB(CO)l2
(138). It seems likely, therefore, that [83] (M = Fe) is formed from CglgBr, and
Fe2(00)9 via [85]. Reaction of CgHgBr, with Ftu3(CO)12 also gave [837] (M = Ru). o
Treatment of SnCl,MeFPh with Na.ZF‘e(CO)q' gave (139) F‘eZ(CO)é(,A—CO)gA—-SnMePh)Z, [86].
From a v.t. lH n.m.r. spectral study of the SnMePh groups, two pathways for the inter-

change of the Me group site positions, one involving Spn-Fe bond breaking (4) and

other bridge deformation (B), were detected (Scheme 14). The former has a free
energy of activation of 11.8+0.06 kcal/mol and the latter 19.240.9 kcal/mol (at 2899
Bridge deformaztion in the related species Fez(co)é(SnBunZ)2 occurred with simultan=
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I — |/7 M(CO),
.Os
N o 4 Mme M
(0C),Os Os(CO) c 3 (COX3
82 83 83
e . _Ph
Me_ X
4 sn
ek
@un 007 Nrecon,
| S
) - L I
(CO)3 (CO)y
84 85 ‘ 86

eous stereospecific interchange of bridge and terminal CO ligands (deﬁected by v.t.
B¢ non.r. spectroscopy). The complex [Fe(CO)hﬁthnHePh)]Z,E87], exists as two
isomers which interconvert in solution (A G’ 25.5+0.7 kecal/mol) via Sn-Fe bond cleav-
age giving a stannylene intermediate Fe(CO)a(SnMePh). Reaction of_Fez(CO)9 with
Sn(05H5)2 gave (140) a2 complex [Fe(CO)Q{Sn(C H )2}]2 analogous to [87], which, on
treatment with bases (B), gave FE(CO)QESn(CjHj)ZB]. The vibrational spectrum of
FE(CO»;{SH(C5H5)2}12 is consistent (1%1) with two inequivalent n1—05H5 rings bound
to each Sn atom. -

Treatment of Fe (CO)12 with 2-nitropropane afforded (1%42) several projucts, in-
cluding FeZ(CO)é(C6H13NéO), [887], which was characterised crystallographically (Fe-Fe
2.47 8, N-N distance 2.66 £ (non-bonding), C=N 1.29 and C-NHPr® 1.47 £). The struct-
ure of the closely related (143) Fez(CO)é(C6H12N20), [897, has also been established
(1%#4) by X-ray methods (Fe-Fe 2.48, C=N 1.29 £). Reaction of Fez(co)9 with 3,3-
pentamethylenediazirine gave (145) two products, [90] and [91]; the structure of the
former was»confirmed crystallographically. Treatment of RCH=CHCONR'2 (R =H, Me or
Ph, R' = Me; R = Ph, R' = Et) with [Et30][3F4] gave (146) [HCH=CHC(®1:)NH'2]EBF4]
which reacted with Fe (CO)12 affording E92], the structure of one example of ‘which
was elucidated (147) by X-ray techniques. Th?_mono—olefin complex Fe(CO)q-
(CH,=CHCONMe, ), on treatment (146) with EEtBOjT, gave [93] which, in turn, reacted
with Fe3(00)12 giving [94]. However, treatment of this last with EEtBO]+ and
Fe3( C0),, did not give [92] (r = H). Ethyl-N-a-methylbenzyliminoacetate was dimer<
ised (148) by FeZ(CO)9 giving two complexes, [95] and [96], and it was shown that
[95] reacted with PhCHMeN=CHCO,Et under u.v. light giving [96]. The structure of
both of these compounds was established by X-ray methods (Fe-Fe 2.55 and 2.35 ﬂ,

respectively).
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Scheme 14
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Iron pentacarbonyl reacted (149) with a l-pyrazoline (R = CO,Et, R' = Ph) accord-
ing to Scheme 15. Arylazirine rings (Ar = Pn, p—I"IeC'SHL,r or p—T_-BrCéHL,r ) were opened
when reacted (150) with FEZ(CO)g, the overal mechanism being illustrated in Scheme 16.

Treatment of FeZ(CO)9 in THF with 1,3-di-t-butyl-2,4-dichlorodiazadiphosphetidine
afforded (151) the binuclear species [97]. The full structural details of
[Fe(co)aip-P(CFa)Z} L. [98], have been reported (152). The Fe,P, group is "hinged”
about the P

2
of other a-phosphido complexes was made (Table 2). The substituents on the P atoms

group, and a comparison of the "hinge" angle in this species with those

are mainly responsible for the variatious of this angle, amd hence of the alterations
2

in Fe-Fe bond distznces (see also Table 1).

H_Me
Ph-L~ ~—
h-Lc- _COEt

/ jc—cozst
(OC),Fe \\\N\ Me
/ CcH
sy M

96
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Scheme 15
Ph -
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Ph N/N 4R : pn” 1 “Ph
H Fe
(CO)3
Ph
+

Fe(CO), (CaN,H3PhR,) (PhyCo),

TABILE 2
Metazl-metal distances and Fe,P.

5Fs "hinge" angles as a function of phosphido substituent
in [’E‘e(co)B(p-PRR')]2 :

R Rt Fe—Fe (&) "hinge" angle (°)
Ph Ph 2.62 100
Fh Me 2.62 - 101
Ph H 2.66 102
Me H 2.66 101
Me Me 2.67 107
cs‘3 CF'B 2.82 119

The mechanism of substitution of CO by ]E’Ph3 PBun3 or P(OPh) (L) in [Fe(coO) @.-Pth)
12 has been investigated §153). The formation of F(-:-Z(CO)5L(’AG-—PP112)2 is 1n11:1a.ted
photochemically and occurs much less readily than the corresponding species

F‘eZ(CO) 5..(';-53)2 or Fe (co) 5L@.-NRR )2 The rate-limiting step is the dissociative
loss of CO, in contra.st to the association of L in the corresponding ,u—mercaptldes

and 'A—a_.mldo species. However, there 1s a possibility of the opening of an Fe-
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Scheme 16
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phosphido bridge bond, followed by loss of CO and entry of L,' the process being
completed by ring closure.

Treatment of the h-acetylido complex [99] with diethylamine, or on warming
[1007 in venzene, gave (15%) [101] (R = But, CgHy; or Ph). With triethylamine,
however, the species (1027 (r = C6H11 or Ph) was formed. An X-ray crystallographic:
examination of [1017] (R = Ph) confirmed the presence of the unique H atom and the
tetrzhedral geometry of the C atom to which it is attached. It also revealed a very
small Fe-C-Fe bond angle, 76° (Fe-Fe 2.55 R). It was suggested that the CH(NEtZ)-Ph

But /But
cl AN«
p=—" " —p
o | | | R
C\“Fe I__e/,co (CFa)y, (CF3), 25
i - ~
oC/ | | ~co (CO)Fe —/—‘—‘F‘e(CO)B (CO);Fe ———— Fe(CO)3
5 5 | <
Ph2
97 98 99
. ® (Z]
@ 1 t,N R
Et,NH R EtsN R EtoNs -
N _ & o I
c=—cC C c®
\ - THTSN 5
(CO) Fe Fe(CO), (CO)j,Fe ———— Fe(CO); (CO)Fe —— Fe(CO),
P P P
Ph, Phy Pho
100 ’ 102 101

ligend is formed by attack of NHEt2 on the B-C atom of the acetylide group in [99],
followed by hydrogen transfer to the 0-C atom. This bridging ligand may be regardéa
formally as analogous to RHI.V:, whereas in [1027], the bridging ligend is simi r t
R,C=N: and NO. Acetylene-acetylide coupling occurred when (997 was treated/with
R'C,R" giving [103] and [10+] (R = Bu", R' = R" = = COEt, CF,, Et or Ph; R' = CO,Et,
R" = Pn). The original a-C atom of the ,u—acetyllde in [99% remains bound to both
iron atoms in the coupled product, contrary to the usuzl situation in acetylene—
acetylide coupling. From the orientation of the substituents in [103] and [104],
the lack o¢ isomers and the propensity of [ 99] to undergo nucleophilic attack by wea.k
nucleophiles on the «~C atom rather than at Fe, it was suggested that an ionic coup]-
ing mechanism, perhaps involving [105], is involved in the formation of [103] and
(10271,

Photolysis of N(SCFB)3 gave SCF3 radicals which reacted (156) with Fe(CO)5 afford=
ing Fe(C())L['SCI-"3 and [Fe(CO)B(,A-SCFB)] .. The corresponding binuclear selenium
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complex was prepared by photolysis of (SeCF ) in the presence of ¥e(C0)_.. Proton-
ation of [F'e(co)ZL(p.-SMe)]z (L = PMeB, Plle, Ph PMePh, and PPhj) afforded (157) the
p-hydrido cation [1087. an extensive study has been made (158) of the iodination of
the JA-mercaptide complexes [Fe(CO)BQI—SR)] , ard their CO-substituted derivetives.
Thus, iodine reacted with [Fe(CO) gt-sa) (R = Me, Et, Pr’ or Ph) and with
Ffe(co)z(r-sn)] [Ph ,PCH,PPh, | (R = Me, Et or Ph) giving [F’e(CO) I(-SR)], and

[Fe(CO) SI@-SR) ], [Ph,PCH,PPh, ].  On the basis of an X-ray structural analysis of
[Fe(co)jzgu-rrlez)jz (159), it was assumed that [Fe(CO)BIq;.—SR)]Z contains a planar
FeZS2 bridging system but in the absence of definitive structural data, the precise
arrangements of the I atoms and CO groups could not be determined; possible isomers
are illustrated by [107] (a, b, ¢, d, and e). The complexes containming Ph,PCH,FPh,
are probably similar. With Fe (CO)5JQA SMe)2 (L = PPh3 AsPh3 or SbPh.,),
[Fe(co)z(PR'3)gu SR)'I (R = Me or Ph, R' = Et, Ph, OMe or OPh), [Fe(c0) (M-SR),,-
{Fe(CO)(PhZDCZHZPPhZ)}] (R = Me or Bu®) and Fe, (CO) [P(OPh) ] (,u-SR)2 (R = Me or Ph),
iodine afforded EFe (CO)%E(T)gyrSMe)Z]T (probably [108] Wluh one L replaced by CO0),
[{Fe(co)Z(PR' )(p—sn)}z ([r08]), [re(co) Tq-l—SR)ZiFe\LO)\PhZEC H PPhZ‘)}T and
[F'ez(co) I{P(oph) } (}x—sn)zT" (also ana.logous to [2087 (L = P(OPh)B) with one addition
‘al CO group replaced by P(OPn)B) Reaction of the ethanedithiolato complex

Fe (co)6QA-SCH 5), with iodine gave Fe (co)61 (u.—SCHZ)Z, probably [1097], although other
structures, such as [ O] or rlll] are possible. The failure to obtain 14"e2(C0)6.2

References p. 437
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f.—SCHZ)2 was attributed to steric factors. The mechanism of halogenation of these

metal-metal bonded ph-mercaptide species is thought to involve initial formation
of species similar to [1087, followed by nucleophilic addition thereto of X  giving

compounds like [1077.
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Treatment of either Fe (CO) or rej( co) 32 With 1,1,3, 3-tetramethyl —Z—thloca.rbonyl-
cyclohexane gave (160) the bimetallic thioketene complex [1127]. A method of phas
transfer catalysed o-metalation of AT,C=S by F‘eZ(CO) » siving [113], nas been repo v
ed (161). By using benzene, MeOD, [PhEtBN]Cl NaQD a.nd D,0, it was established that
no deuterium was incorporated into [113 1, 1nd1ca1:1ng that the benzylic H atom thereln

arose from intramolecular transfer of H from the o-position of the thlobenzophenone

rather than from aqueous NaOH.
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Reaction of FeZ(CO)6SZ with HGeCl,.2Et,0 gave (162) FeZ(CO)ésZGeClz and on further
treatment of this with [EtBNH'J[c;ecl3 , [1147] was formea. Ru3(00)12 reacted with
2-mercaptobenzothioazole (BTSH) giving (163) Ruz(CO)é(BTS)2 which, on recrystallisat~
jon from pyridine, afforded Ru, (€0), (pyx),(BTS),, [1157, and Ru(c0), (pyr),(BTS),,
[1167]. The structure of [115] (Ru-Ru 2.76 8) was established crystallographically.

The thietanones [117] reacted (164) with t?‘eaz(CO\ on heating or with Fe(CO)_ under

u.v. light giving [1187] whose structure was confirmed by X-ray methods (Fe-Fe 2.42 E).
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'Ijreatrf;ent of [1187] with 2,3-dimethylbutadiene afforded the heptenone [1197]. This™:
reaction and the structure of [118] may be of relevance to a. possible mechanism For:
the reductive rearrangements by iron carbonyls of a,a‘-dibromoketones (165). This
view is summarised in Scheme 17, and an important intermediate in this process may
be [1207] which is very similar to [118] The binuclear iron complex §eL),, [1217
reacted with CO or BNC (R = Me or Bu') giving (166) Fe(CC),L and Fb(CNR)ﬂL respect—
ively. However a complex derived from [122]], similar to [1217], did not react w1§§

CO, presumably because of steric hindrance.

Trinuclear Species

Thg decomposition of M3(00)12 (M = Ru or Os) under argon, nitrogen and air has
been investigated (167) thermogrevimetrically. Some differences between the two
carbonyls were observed, principally that 053(C0)12 sublimed prior to decompositioﬁ
to the metal whereas Ru3(co) did not. The structures of 1~43(co)12 (M = Fe, Ru and
Os) in the so0lid state have been rationalised (168) using = model based on the Doly—
hedral packing of CO groups where the metzl atoms are dispersed as hard spheres ulth—

in the close-packed matrix of carbonyl groups. This model was extended to explain
certain fluxional properties of MB(CO)lz’ and, in particular, to interpret the behav=

iour of FeB(CO)l2 in solution (169). In this latter connection, a new isomeric form

was proposed which does not contain bridging CO groups, and the stereochemical non-:
rigidity of F‘eB(CO)12 was rationalised in terms of effective rotation of the Fbj
triangle within the icosahedron of the CO groups. It was suggested that carbonyl
scrambling in Hu3(00)12 and 053(00)12 could also occur by a similar pathway. However
this view of metal carbonyl structures and fluxionality has been challenged (170) on-
the grounds that non-valence interactions of the kind proposed are not the singly
most important factor determining the geometries of simple binary metal carboﬁyls.

The v.t. 19C n.m.r. spectra of Os (CO)12 n(P"‘t ) (n = 1 or 2) have been inter—
preted (171) in terms of selective CO group exchange along the edges of the 053 )
triangle (Scheme ;§); a process involving only six of the 12-n CO groups. Treatmenf
of I-IB(CO)12 (M = Fe or Ru) with AlBrj afforded 1:1 adducts (172) where the Al atom is
bound to the O atom of a bridging CO group, viz. [1237] (M = Fe cr Ru) or [1247]. With
FEZ(CO)g, the species [125] was produced.

v.T. lH n.m.r. spectral studies of [FeB(CO)]_lH_r revealed (173) that this molecule

(€O (CO
7 VNI
(0C);M M(CO);  (oc), Fe\n/ Fe(CO);  (OC),Fe Fe(CO),
O, . I
1Bry ~AiIBr3 CL‘AJBF3

123 124 : 125
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‘Scheme 18

E.Bop

undergoes at least two dynamic processes over the range -107 to +30o (Scheme 19)..
The bridging CO group is very basic and forms acid-base complexes with BF‘3 and wlth
[EtBNPT e.z. [1267]. These adducts inhibit the fluxiomal processes at higher temp—
eratures. H n.m.r. spectral studies of Huu’(\,o)lz_n .1 (n=1to#) and
Hul'r(co)lj—nLnHZ (n =1 or4) (L = tertiary phosphine or phosphite) have revealed (l?ll-)
that the H atoms are involved in intramolecular tzutomerisms which parallel the inter-
stitial nature and mobility established for hydrogen chemisorbed into metallic pha.sél‘s‘.‘f’
Under mild conditions, 053(00)10H2 underwent (175) associative CO substitution
reactions giving 053(00)10 (L = co, FMe,Ph, PPh3 or PhCN), [127] (a or b), which
slowly released CO giving 053(C0)9 - At low temperatures, 053(CG)10H2 added CO
giving 053(00)11H2’ the structure of which wes reported earlier (176), and on raising
the temperature under CO, this species afforded 053(00)12 and hydrogen. In the
reactions of 053(c0)102 with alkenes, simple associative addition of the alkene to

the cluster is probably reponsible in part for the facile catalysis by OSB(CO)IOHZ
of alkene isomerisation. The kinetics of the catalytic conversion of terminal to

Scheme 19
: H
e e
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internal olefins and of the reduction of olefins to alkanes (see also ref. 195) were
described and the overall results are summarised in Scheme 20. Allylic halides
reacted with 053(00)10H2 giving 053(00)10Hx and 053(00)10x2 (x = 017 Br or I).
the decacarbonyl complies with the 18-electron rule, it may be thought of as having
a chemistry broadly similar to that of a coordinatively unsaturated molecule.

While

Scheme 20

NR éég:i;;} 4§>\//R
H
\4\ R ,

alkene ﬂk alkene
R .
— - R/\[/ + HOs(vinyl)(CO), |
alkene H H

The production of methane at 120° at 2 atm. from a mixture of hydrogen and CO was
slowly catalysed homogeneously (177) by 0s3(CO)12. In the presence of D,, only D,0
and CD4 were formed, 2nd on substitution of CO in the cluster by P(OMe)B, an increase
in the rate of production of methane was observed, although ethane and propane were
also formed. A reduction in CO pressure appeared to lead to an increase in the rate
of formation of CHQ, which is consistent with the view that the key intermediate in
the mechanisms of reduction of CO is a highly coordinatively unsaturated carbonyl
‘cluster possibly conta.ining an ﬁ2~CO ligand. Hydrogendtion of 053(00)12 under
nitrogen gave no ammonia but the methane which was produced relatively quickly was
nérobably formed via a heterogeneous process.

Treatment of Os (CO)12 with KOH in methanol gave (178) [053(00)11H] which is iso-
structural with [FGB(CO)]_]_H I" (279). Acidification of this with aqueous HBPO' and
with gaseous HCl afforded 053(00)10H(0H) and 053(00)10 s respectively. The hydrido

carbonylate anion reacted with 056(00)18 giving [HOsB(CO)loOZCOS6(CO)17] , [1287].

References p. 437
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The Os-Os distances in the Osg fragment (2.78-2.82 R) are similar to those observed
in 056(CO)18 itself (180), apart from those involving the apical Os atom (2.86-2. 902)1
The hydride ligand is probably bound to the 053 fragment (Os-Os 2.86-2.90 8) and thez

' carbon atom of the CO, fragment is thought to be of the carbene type (Os-C 1.96 £).
Treatment of [128] with agueous acid- afforded 056(co)18 and 053(00)10H(0H).

(Cof?s___oS (CO),

O‘__ \Os(CO)3

C==0
(OC)30s
LN
(OC)3OS/\\ Os(CO)4
(OC)30s ——Os(CO)4
128

Fhotolysis ot Fej(CO)lo(fA—NSiHeB) in the presence of hydrogen gave (181)
Fe (co)gﬁz( -NSiMe ), [1297. with PRy under u.v. light this gave Fe (CO)B(PH JH,~
(FQ—NSlHe ), [1307], a.nd Fe (CO)T(PR )ZHZ(FB-NSﬂIe ), whereas FeBLCu)lo(Fj NslMe3
m’zﬁeﬂwnb seguential CO substitution on sach metal atom, ultimately giving
re3(co)7(PRB)3(|A3—N31Me3), [131]. The species [1297 acted as a catalyst for the
photochemical hydrogenation of olefins and dienes, Scheme 21.

Me Me
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H,’ Fe H e Fe H
(CO)5 (CO)3
129 - 130
\\F‘e(CO)Z(PR3)
(OC)(PR3)FE
e/
/- (CO)(PR, )
N
Mej

131



325

Scheme 21
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Rezction of Ru (co)12 with 1,2-diazine afforded (182) Ru (co)lo(c,, N,), M327.
The carbonyl brldges are asymmetric, possibly because of pac-un_ forces, and the
metal distances are 2.74 (diazine bridged) and 2.86 R, The structure of this speci-

es was related to a plausible if as yei undetected pathway for partial CO scrambling

on Ru3(C0)12 (Scheme 22).

Scheme 22
* * *
- -~
* *
* *

Treatment of Na Fe(CO), with PRC1, (n = Bu , Ph or NEt, ) gave (183) Hej(CO)g(
PR) whereas reaction of F‘ez(co) with Mn(n —c5 5)(co) (AsPhCl ) afforded (184)
FeB(CO)g('l3 AsPh)Z, (133]. (Thls reaction should be compared with those described
in refs. 220 and 221). The structure of [133] was determined crystallographically

and the Fe-Fe distances were 2.7%, 2.79 [(Fe(2)-(3) and Fe(1)-(3); bonding] and
3.70 & [Fe(1)-(2); non-bonding], respectively. Fe3(00)12 reacted with 1,2,3-tri-
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phenyl-1,2, 3-triphosphaindane giving (185) the bimetallic species [13:7] and [135],
and three isomers of formula Fe (co) (c 4}{19 3), [1367], [1377] anda [1387.

Iron carbonyls reacted with RZPC.—CR' giving a series of complexes [139] and [140]
(R=R"'=Pn), (1217, (1427 ang [143] (R = Ph, R* = CF, ). By heating the last,
(1417 and [144 | were produced, and [1417 was further converted to [1%45]. The striict:

ure of [145] was established (186) crystallographically, and the metal-metal bond

lengths were 2.66 [Fe(1)-(2)] and 2.53 & [Fe(2)-(3)], respectively.
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Hydroxy-aryl and -alkyl (ROH) compounds reacted (187) with 053(C0)12 giving initi-
ally 033(co)10H( OR) (R = Ph, B-naphthyl, CHMe,, CHMeFh or CMeZPh), but on further
heating, H transfer occurred giving Osﬂ(CO)§>H2(OQ) (Q = monodeprotonated OR).  Thus,
with phenol and B-naphthol, [146] (X = H) and [147] were formed, whereas @-naphthol
gave (1487 and [1497]. With PhCRMeOH, [150] was formed (R = Me or Ph), whereas
catechol afforded [1467] (X = OH). Those compounds derived from phenols or naphthols
could be protonzted, giving EOsB(CO) H (OQ)]+ without disruption of the basic struct-
ure. With benzyl alcochol, 053(00)12 gave (188) OSB(CO)l OH(OCHZPh) which, on heating,
was decarbonylated reversibly giving a2 species amalogous to [150].  Further de-
hydrogenation and decarbonylation of this in refluxing xylene gave OSB(CO)QHZ(CGHQ)’

[1517], and the latter reacted with CO in refluxing nonane to give 053(00)12 and

x | >
O\ ' O\ <co Q 'O\ O
Lo, | %/OS ! 0SS
22N N\ N\
<~

. (0C),0 o SN
(0C),08Z——=0s(cO), )50s ) Os(CO)4 _(OC)3us\H/oS(c0)3

146 147 148
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150

benzene. In refluxing nonane, 053((30)101{(0@*2%) was converted over 23 days

into a mixture of 053(C0)12, OSLL<CO)12H4’ PhCHO and benzene, whereas after 60 days,
the szme metal carbonyl derivatives were detected, but the organic by-products were
toluene and p-MeCgH, CHO.  Thermolysis of OSB(CQ)IOH(OCHMePh) in nonzne gave mainly
MeCOPh, whereas Os (CO)lOH(D—-O C6HL,(Me), or its o-isomer, afforded 053(C0)9H2"
(CsH%lle) [1527]. Tt was suggested that the conversion of 053<CO)9H2(0CH266H!,'—) to -

[151] probably involved loss of CO and H, rather than of CH,0 since 0s3(co)loH-
(OCHMePh) gave MeCOPh rather thzn benzene which would have requived elimination of
MeCHO.
Me
(OC)3OS\
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V.T. e 4 n.m.r. spectral investigations of MB(CO) H,(S) and Mj(co) (CMe) (M =
Ru or Os) revealed (189) that the solid state structure of these snecles persists in
solution. However, in I43(00)9H2(S) at low temperatures there was hydride ligand
scrambling around the 1‘13 triangle or localised CO group scrambling on each metal,
and at higher temperatures there may be a combination of these processes. It was
also possible that.total CO scrambling occurred around the M3 triangle via some
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bridged intermediate. The species MB(CO)9H3(CMe) was non-fluxional whereas the
spectrum of FeCoZ(CO)gs was interpreted in terms of localised CO group exchange about
each metal atom,

The complex Ruj(CO)loH(C=NMeZ), [153], obtained in a reaction betiween Ru5(00)12
and SnHeZCHZNMe?" has been investigated crystallographically (190). The bridged
Ru-Ru distance is 2.80 £ while the non-bridged bond lengths are 2.82-2.83 . At
room temperature, 053(00)-10H2 reacted (191) with acetylene giving OsB(CO)loH(CH=CH2),
[1547 which, in refluxing octane, was converted into Cs3(C0)1OH2(C=CH2). These
reactions, and others, are summarised in Scheme 23. With disubstituted acetylenes,

. _ N
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RCSCR" (R, R = Me, Et, Bu", H), Os (CO) afforded (192) a few compounds analogous
to those illustrated in Scheme 23, but others produced by the di- or tri-merisati
of the acety_.ene were also formed (Scheme 2+) While M (("0)12 (M = Ru or 0s) re
ed with Butc LH giving (193) MB(C0)9H(C Bu ) and M3(C0)9(HC,,Bu ), with RSH (R = CHMeEE
or Bu'), the species Ru (CO)9H(SR), (CO)10H(SR) and M3(co)10(HSR) were produced.
The structure of 053(co) oH(CH=CEt), [155], was determined crystallographically (194)k
[os(1)-(2) 2.86, 0s(1)-(3) 2.92 and 0s(2)-(3) 2.83 &].

Ethyl acrylate and vinyl acetate reacted (195) faster than ethylene with OsB(CO):Lo
H2 whereas propene and isobutene reacted more slowly, and cyclooctene and norbornenée

Scheme 24 R,R'
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at all. The products of these reactions were alkanes and OSB(CO)lOH(alkenyl).

t of diethyl fumarate or maleate, ethvlacrviate, ethvl diazoacetate

ot

With one egquivalen fumarate or = gthylacrylate, ethyl diazoaceiat
and maleic anhydride, the complexes [156] (R = Et, R' = CH,CO,Et, Me or H) and (1577
were formed. These compounds decomposed in solution giving alkanes, and in the ab-
sence of other substrates, afforded other Os-contzining products. In the presence
of clefins, however, decomposition of [156] or [157] gave Osq(CO)loH(alkenyl)
(alkene = C,H,, C4Hgs isobutene or hexene). —With styrene, ESB(CO)IOH(CH=CHPh) vas
formed, although styrene does not react directly with Os3(CO)loH2. While tri-osmium
clusters containing 2,2-disubstituted alkenyl groups, e.g-. OsB(CO)loH(CH=CMe2), can
be obtained. only very slowly from OSB(CO)10 5, and cannot be produced from this di-
hydride and alkyne, they are readily formed by reaction of the appropriate olefin
with [156]. Diethyl fumarate and ethyl acrylate can be catalytically hydrogenated
by Os (CO)10 ,, although the catalyst is slowly destroyed by side reactions.

Treatment of Os (CO)IOH(CH—CH ), [19:], with PMe,Ph afforded (196) the zwitter-
ionic species [ijBJ The structure of this compound was confirmed (197) by X-ray
crystallography (bridged Os-Os bond 2.80 R, others 2.87 X), and it was noted that
similar complexes were produced with PBu, and P(OMe)B, but not with PPhB’ AsMezPh
pyridine, NEt3 or NHEt,. Os (CO)lo i GHCH P(OMe)BJ was almost completely dissociat-
ed in solution after 8 hours, unllke [158] which remained stable. However, this
complex decomposed in refluxing hexane giving Os (CO)1O(PMe Ph)9, ethylene and regen-
erated [15@]. This last was also formed by reactlon of r157] with methyl iodide,
the byproduct being EPMe Ph]T With pyridine, [15~1 afforded rijg] While
Os (CO)lOH(C Ph) reacted with FMe,Fh giving 1607 or [1617, OSB(CO)IO(MeC Me) did not.
The species 053(00)9H(MeCCHCH), Os (co) H(MeCCCH ), 053(00) H(F'tPCH CH, ) and
OSB(CO)QHZ(C CH,) also reacted w1th PMeZPh giving zwitterionic species.
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The protonation and hydrogen transfer processes of a variety of the alkene and
alkyne derivatives of OSB(CO)12 and 053(C0)10H2 have been investigated (198). Thus,
while OsB(CO)9H3(CMe) is not protonated in CF COH, it is in HSO.F giving [162];
Under similar conditions, o_'=,3(co)10H2 afforded EOSB(CO)IOHBT and EOSB(CO)10H4T+, the
former being stereochemically rigid in contrast to the latter (Scheme 25). Exchange
of hydrbgen and deuterium is catalysed by 053(00)10H2 (Scheme 26). Protonation of
Os4(CO) L, (L = c1, PEty, PPng or AsPhj) gave [os (CO) LE 1", provably [163], while
OsB(CO)loH(CH=CHPh) was converted to [OsB(CO)loHZ(CH=CHPh) T, [es]. 053(c0)10 -
(HCZMe) in acid solution gave a mixture of two isomers, [165] (2 and b). It was
concluded that (i) the protonation of these 053 clusters occurred readily in CFBCOZH
provided that there was an available 0s-Os edge, (ii) disproportionation could occur
at an occﬁpied edge but only in strong acid, (iii) in all cases, protonation occurred
on a metal or metal-metal bond, and (iv) that in a cluster containing mcre hydride

ligands tharn polyhedral edges, low-energy fluxional behaviour could occur, indicating
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that filled edge —» vacant edge H transfer is not the only mechanism for H atom site
transfer. )

An excess of diene reacted (199) with Os (CO)lO.2 giving two isomeric species
Os3(CO)1O(d1ene), [1667] am [167] (diene = l s 3-butadiene or -cyclohexadiene, 2-methyl-
and 2,3-dimethyl-1, 3-butadiene, and trans, trans-2 ,4-hexadiene). The structures of
these two species were elucidated crystallographically, and for [166] 0s(2)-(3) =
2.88 £ while 0s(1)—(3) and 0s(1)-(2) = 2.86 £, respectively. For [167], 0s(2)-(3) =
2.93 £ while the other distances were 2.86 £. The ambient lH n.m.r. spectrum of
[1667] (butadiene) was very similar to that of Fe(CO)B(ngiE—butadiene), but a low
temperatures, two interconverting, almost equally populated conformers, one
symmetrical (possibly [1687]) and the other unsymmetrical, were observed. The 1a
n.m.r. spectrum of the other species also exhibited the presence of these conformers.

Reaction of FeB(CO) with MeC,H gave 14 products, including FEB(CO)s(Cngz),
1697, whose structure was determlned crystallographically (200). The unsymmetrical
Fe., triangle is bound to an organic ligand derived by the trimerisation of methyl-
acetylene, Fe(l) being attached by two c-bonds, F=(2) by an qZ—CZ group and Fe(j) by
an n5—1ragment. The intermetallic distances are Fe(1)-(2) = 2.59, Fe(2)-(3) = 2.5%
and Fe(2)-(3) =2.71 X, respectively, and there is an asymmeiric carbonyl bridge
beiween Fe(l) and Fe(3). It was suggested that a hydride ligand was located on the
Fe(2)-(3) bond, otherwise Fe(2) would have an odd electron configuration, and the
molecule would be paramagnetic (which it is not). The structure of Ru3(00)6(013H20—
0)(Cy,Hs4) s [1707], obtained by reaction of ruthenium carbonyls with Bu C,H, has been
established (201) by X-ray techniques. The compound contains an iscceles Ru, tri-
angle (Ru(1)—(2) and Ru(1)-(3) = 2.82-2.83 £, Ru(2)-(3) = 2.67 £), and one of the
hydrocarbon ligands (C13H200) is defined as two molecules of t-butylacetylene joined
by CO, whereas the other ligand (cleZO) is derived from a head—to-tail attachment
of the two alkyne molecules, with a hydrogen shift. The structure of 053(00)10—
(PhCZH)Z, [1717], obtained (202) by reaction of 053(00)12 with PhC,H, ha; also been
determined (203), again revealing the linkage of two agetylene fragments via a CO
group.

Isomerisation of pent-l-ene to a mixture of cis- and trans-pent-2-ene HasAcatalys—
ed (204) by Ru3(c0)12. The conversion rate was increased by addition of acid, and
it was thought that a m-allylic intermediate was involved in the mechanism. De-
hydrogenation of pent-l-ene by Ru3(C0)12 gave an equilibrium mixture of Ru (CO) -
(CgHyq) (ot identified), two isomeric species, [172] and [173] (R = R' = Me),
PL&(co)lzﬁQ and Ruu(CO)13 - The structural assignments of [1727] and [1737 were
based on previous and recent crysiallographic studies (205,206 ) of the products
obtained from Ru (CO)12 andi hexadienes. From kinetic measurements, it was esfablish-
ed that the rate determvnlqg step in the olefin isomerisation reaction is dlssoc1atlon
of CO from Ru (co)lz. The acceleration of isomerisation by a2cid implied the form-
ation of FﬁuB(CO) H 1y+ in which the Ru-CO bonds were weakened, but since there was‘
no scrambling betweeu pentene hydrogen atoms a&nd MeCOZD it was concluded that a

metal-hydride + olefin addition-elimination reaction did not occur. As mentioned
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170

(OC)30s

(CH2)4
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above, therstructureé of two products obtained from the reaction of BuB(CO)l2 and

hexadiene isomers, Ru,(CO) H(06H ), [1727 and {1731 (R = Me, R’
For [172] (R = Me, R' = Et), Ru(1)-(2)
(3) ard Ru(2)-(3) = 2.77 and 2.7

elucidated (205 206 ).

1t

Et), have been
2.99 £ while Ru(1)-

g respectively, and the hydrocarbon ligand is

it )

regarded as a distorted Tr-bonded allene.
= iene x 2 itk H ivi
Cyclononz-1,2-diene reacted (207) with OSB(CO)IO > £iving OSZ(CO)é(CQHILJZ

and 053(C0)9H(C9H13).

The former was identified crystallographically as [17s]

(0s-0s 3.63 ' non-bonding) whereas the latter may be either [175] or [176]. The

species [1747] is distinctly different to its iron isomer {1777 which was described

earlier (208).
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In a previous study, it was shown (209) that RuB(CO)B(CBHé) and Ru3(00)8[1,5—
(MeBSi)208H4] contained pentalene ligands directly bound to only two metal atoms of
the Ru3 triangle. The first species was fluxional according, it was proposed, to
Scheme 27, whereas the second could not be fluxional because of the unsymmetrical

nature of the ligand and the lack of a degenerate rearrangement as shown in Scheme 27

Scheme 27

@
of

However, Hu (c0)8[1,3,5—(Me33i)3c8H ], which does contain a symmetrical pentalene
ligand, was obtained (210) as two isomers, [177] (Ru(1)-(3) = 2.93 g, Ru(1)-(2) =

2.83 and Ru(2)-(3) = 2.81 &) and [1787 (Ru(1)-(2) = 2.79, Ru(1)-(3) = 2.85 and
Ru{2)-(3) = 2.86 X). Both are fluxionzl and interccnvert in solution, and because

of this, and in view of the structures of these two speciés, there has been a major
reassessment of the v.t.n.m.r. spectral characteristics of other pentalene Hu3 species.,
Hence, by & combination of reversible edge-to-face isomerisation and fluxional

oscillation of the Ru3 triangle, the 08 ring can move over all faces and edges of the

Ru, triangle (Scheme 28).
Me,Si SiMe, (OC);RUEZAT=Ru"(CO),
—rdcoy,
Si

177 178
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Scheme 28
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A minor product of the reaction between Ru (CO)17 and phenylcyclooctatraene has
been characterised crystallographically (211) as [1_59] (Ru(1)-(2) = 2.99, Ru(2)-(3) =
2.80 and Ru(1)-(3)-2.89 8). One of the Cg rings has a bis—qB—allyl attachment to
the Ru(l) and Ru(2) atoms with two formally "bridging" C atoms, one of which is also
involved in bonding to Ru(3). The complex can be obtained in higher yield by
treating Ru3(00)12 with bicyclooctatetraenyl, (CSH?)Z' Reaction of Fe2(00)9 with
(08H7)2 gave Fe(CO)3(08H8), FeZ(CO)é(CBHS) and Fe(CO)Z(C.,‘éHlL,_), [180] (X-ray structure
determined). Treatment of [180] with L (}.’Ph3 or CO) caused reversible displacement
of one olefinic bond and formation of [181], and hydrogenation afforded Fe(CO)Z(Clé—
Hla)’ Fe(CO)Z(C16H16) and two other unidentified complexes. The related osmium
complex OS(CO)Z(CléHlAL) was obtained directly from 053(00)12 and (08H7)2. Bicyclo~
octatetraenyl reacted with [Ru(CO)LLSiMeB_]Z giving the fluxional Ru,(CO),(C;gH,,)-
(S:‘LMe3)2, [1827.
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7 1
\I /"\\/
d ~

Me,Si—Ru Ru—SiMey
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Fe(CON, L oc' < g’ <
181 182

The complexes [183] and [1847] (major product) were obtained (212) by treatment. of
033(00)10H2 with cyclohexa-1,3-diene. The structure of [183] was elucidated by X-
ray methods and it was established that the five C atoms of the pentadienyl fragment
are planar and slope away from the 053 isoceles by 33° (0s(1)-(3) = 3.05, 0s(1)-(2)
and 0s(2)-(3) = 2.86 X).A It was also noted that the 0s(2)-C(3) distance was signif-
icantly shorter than the other contacts, and is similar to other Os-C o-bonds. It
was shown that [18:], which is presumably similar to [1667] or [168] (163), is not
an intermediate in the formation of [183]. Treatment of [183] with [Ph3cj+ afforded
the unstable complex [185].
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. (CO)3

183 184 185




339

Polynuclear clusters

Reaction of OsLl'(CO)RHLl_ with RCH=CH, gave (213) OSLI_(CO)llHB(RCH=CH), [186] (r = H,
Bu® or Ph) and OsLl_(CO)llHZ(RCZH) [187]. The latter could alsoc be produced by photo—
lysis of 0;4(C0)12H4 in the presence of alkenes, and on heating it is converted into
[186]. On heating [186], however, decomposition occurred and Osq(CO)leh and Os

metal were formed.

The structure of OSS(CO)16’ [1887], obtained by pyrolysis of 053(C0)12 (214) has
been established (215) crystallographically. The metal-metal bond distances range
between 2.74 and 2.89 R, and the bond lengths to the Os(CO)4 group are significantly
larger than the other intermetallic distances. This slight distortion towards a
capped butterfly arrangement presumably reflects a difference in electron densitiy

associated with the 0s(C0), and Os(CO)3 units.
-

, (co) (Co)
Os 2 Os 2

H/(fs\ a7 \ CH

H

/ﬁ:’ /?S(CO)3 /
= -

Os —
(CO), (OC)aos\ /H
Os \ /OS/
(CO)3 H (CO)3
186 187

(CO)3

Os(CO),

Os
/\\>0s(c0)3
(0e10s /7

Os
(CO)3
188

Reduction of Os¢(C0);g by NaBH, gave 216) [oSé(co)lsr{]‘, [1897], and with activat—
ed zine, sodium amalgam or [BuéqN]I, [Osé(CO)lS]Z_, [190], was formed. On acidific-
ation of [056(00)18]2,‘, the dihydride Osg(CO),gH,, [1917], was produced. The addit-
ion of electrons (and protons) to the 056 cage resulted in a2 change from a2 bicapped
tetrahedral geometry (CZQ) in Osé(CO)18 to an octahedral structure in [1907]. The
species [191] has a monocapped square pyramidal structure, unlike that of
Ru6(CO)18H2 (217). In [189], the metal-metal distances range from 2.81 to 2.89 8,
while in [190] they vary from 2.85 to 2.98 R, the longer distances being associated
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(CO)3 ) ,l*l-i\

(OC) — (CO)3 2 S '
() Y AN\,
(OC)y : (CO} ‘ /

(CO)5 190 191
189

‘with the triangular face carrying a bridging H atom. In [191], the Os-0Os distances

range from 2.81 to 2.89 X, and the structural changes incurred on addition of
electrons to the 056 cage can be rationalised in terms of Wade's theory (218).

Heterometallic clusters

Reaction of F‘e(co)h(THF‘) with PCo (co)9 gave (219) (OC)L(FePCo (co)
of Fe (co) with Mn(n -C5H5)(CO)2(C =CHPh) afforded (220) the heteroblmeua1llc species
[1927 Crystallographic studies revealed that the Fe atom is covalently bound to a
C atom of the phenylmethylene group, the C atom of a bridging CO ligend, the Mn and

Treatment

central C atoms of the organomanganese ligand. The Fe-Mn distance (2.76 S) is

short in comparison to other Fe-Mn bonds (2.80 - 2.85 8. Reaction of F‘ez(co)9 with

Mn(n” -CH )(co) >(PPhCL,) gave (221) [193]. 1In this, the Mn atom is coplanar with

the P atom, the phenyl C atom which attached to it, and Fe(l). The metal-metal

distances are relatively long (Fe(1)-(2) 2.7+ £ (perhaps non-bonding), Mn-Fe(2) =
£). The closely related species [19% ] has also been described (222).

Ph
| 5
(n° —CH )(OC) Mn /C—H /Mn(CO)z(n —CgHs)
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Oéc\ \ Fe'(CO),
\\F
(CO)3 (CO)3
189 180
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METAL-CARBON AND SILICON G-BONDED SPECIES
Metal alkyl complexes E
Bimolecular ion-molecule reactions between iron and alkyl halides or alcohols

have been extensively investigated ('223). The results are summarised in Scheme 2G.

Scheme 29

. FeMe* + I  (52%)
Fe* + Mel —— =

Fel* + Me (489%)

Fe(CO)* + Mel ————= FeMelI* + CO (Me—Fe*—I)

lco31 f
FeICD,I + CH, (CD3I---Fe™*)
CD3

/ Fel* + C,D5 (14%)

Fe* + C,DGI == FeC,D;) + DI  (86%)

> FeDI* + C,D, (O)

Fet* + MeOH ——— = (Fe(OH)*
Fe(CO)Y + MeOH ———s= FeCH30H* + CO
Fe(CD30H)* + CH30H — FeOHCH,OH" + CD,

FeOHCH,OH* + CH;OH —% Fe(OCH,)(CH,OH)* + H,0

Me—?--—Fe*—OH T—— Me—O—Fe'™—OH —/—/—— Me—O—Fe*--.—?—H
|

H - H H
_ D -
+ + CH2a | .
Fet + CD;CH,I — | CDyCH,Fel —/——= ||-----~ Fe*—I | ——® CH,CD,Fe
: CD> :
“\ + DI
CHD | +
CHDCD,Fe* + HI —#= | [|------Fe*—I ——= CH,DCD,Fel
CD
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The structure of [195] has been established. ci-y'sballogzaphically (224) apd it was
noted that because of the trens influence, the'Fe-CH bond length was longer than
expected.  Reaction of . Fe(blpy) Et, with deuterium afforded (225) the complete range
of ethanes CyHg D (n=0-6). It was thought that partial dissociation of bipy .
was necessary befbre these exchange processes would occur, the various mechanlsms

It was also noticed that some H/D exchange occurred
= maleic an—

being summarised in Scheme 30.
in the bipy ligend, but this was absent in the species Fe(bipy)ph (L

hydride) and Fe(bipy)2X2 (X = C1 or CN).

Scheme 30
+D R A AN
2
Fe—Et ——— Fe—Et —— Fe---j[ ——= Fe—CHCH,D
- D> L
i
Fe—D + CH3CH,D
H_ H
FeCHDCDH>
Fe—H + CH,DCH,D 0w
N
b FeCH,CHD,
N/
FeCH,CH4

Reduction of F’e(acac)3 by AlMeZ(OEt) in the presence of diphos (Ph PCH CHZPPhZ)
gave (226) Fb(diphoé)ZMeZ In solution, this species evolved methane and was
converted into [1967. Other reactions of Fe(dlphos)2 5 are given in Scheme 31.
It was proposed that the production of deuteriated ethylenes when Fe(diphos)ZMe2
was thermally decomposed in CD2012 occurred via carbene intermediates (Scheme jg).
Reduction of F’e(aca.c)3 by AlMe,(OEt) in the presence of PMe,Ph afforded Fe(PMeZPh)—
(acac)ZMe which reacted with CO giving acetone.
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Scheme 31

Fe(dppe),H, + CHg

MeCOMe + Fe(CO),(dppe);

toluene

196 —y
PhC,H
Ph, H Ph
pZ | r2
( re
gh/é \gh heat
2 2 (solid)
C
Ph
CH,4:CoHg:CoH,
75:20:95
Scheme 32
Me CoHg
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A series o.f mono-alkyl and -aryl complexes have been prepared (22?) by treating
various isomers of Flu(CO)szCl2 (L = PMe,Fh or FMePh,) with HgR, (R = Me, Et or Fh)
.or SnMe,. The mechanisms of formation of alkyl species from the all-trans and all-
cis isomers are shown in Scheme 33, and it was observed that [197] did not react

with HgR, or SnMe,. In the reaction between Ru(CO)(PMeZPh)3012 and HgR,, giving
Ru(CO)(PMeZPh)BClR, the transfer of alkyl or phenyl ligand between Hg and Ru was
reversible. The species Ru(CO)Z(PMeZPh)MeX (X = Cc1, Br or I) reacted rapidly and
reversibly with CO giving (228) Ru(CO)Z(PMeZPh)Z(COMe)X according to Scheme 3%.
When X = Cl, mainly isomer A was obtained, with X = Br an equilibrium mixture of A

and B was produced, and when X = I, isomer B only was isolated.

Scheme 33
L L L
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c C
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Scheme 34 PR3

Me A
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“Ru —— “Ru—CZ
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“Ru;~ Me
X7 | L
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Methylation of NaZOS(CO)[‘,' afforded (229) OS(CO)4M82 and no [0s(co),+MeT, but treat-
ment of [0s(CO),H] with methylating agents (e.g. MeSOBF/CFBCOZH) afforded = mixture
-

of 0s(co),+H2, oS(co)ALHﬂe and Os(CO)L!’MeZ (1:2:1) according to the following reactions:

[05(00),+H]‘ + MeX — 0s(CO),HMe + X
[os(c0),H]™ + o0s(CO),HMe ——> 0s(CO),H, + [os(co),Me I

EOS(CO)LPHe]— + MeX — 0s(CO),Me, + X~

The hydrido methyl complex slowly decomposed in the absence of heat and light yield-
ing methane (but no CO); OsZ(CO)BHMe, [198] ang 053(00)121~1e2, [(1997. The hydrido
methyl dimer reacted with CCl,Jr giving ClOs(CO)L‘LOs(CO)L}Me.

Treatment of Fe(CO)h(n—C F7)I with AgPF, in acetonitrile gave (230) [Fe(CO)Z—
(NCMe)3(03F7)]EPF61, [200] (& or b). Although there was no confirmatory evidence,

the isomer a was preferred. It was noted that the two mutually equivalent MeCN
groups were noticeably less labile than the unique a2cetonitrile ligand. Thus, ex-
2 oo O Me O Q. O Me ~O
l jo c\ c €c c\ C le"
oc—os Os—CO oc—O05s Os 0s —co
C l \ C I / N C l
@) H Me C 0] C C C, O C
o) o o o} o)
198 199
+ +
CyF : CaH
3Fz 377
Oc.. ™ _NcMe Oc.. |~ _-NcMe
“Fel” . "~ Fel ,
MeCN?" | “®NCMe o€ | “SNCMe
C N
(@] C
Me
a b
200
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change with CDBCN occurred exclusively with the unique nitrile group, amd treatment

with L (PPhy, AsPhg; P( OR),, R = Me, Et or Ph) gave [201] (a or b; 2 again+preferred)
With diphos and with KT, [200] afforded [{Fe(CO)Z(NCMe) (03F7)}2(diphos)]2 and

Fe(cO)z(NCMe )2(c F., )I respectively. (Cis- and trans-isomers of Fe(CO), (CF—CFCFB is
have been detected (231).

CsF7 . C3F7
Oc._ I” _NCMe : OC\ l _~NCMe
‘Fe \
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Metallocyclic species
Photolysis of Fe(CO) and dimethylacetylene in THF (232) has given [202] (R = Me,

R*' = C&CMe) whose structure has been confirmed crystallographically (233). 1In
cyclohexane the same reaction afforded Fe(CO)4(Meucu), thought to be either [203] or
[204]. When heated together, Fe(CO) and the acetylene gave the ferrocyclopenta-—
diene species [20%] (R, R', R" = Me, CSCMe)
) Reaction of the cyclobutene [205] with FeZ(CO) at room temperature afforded [206]
whereas under u.v. light, [207] was produced (23+) Photolysis of Fe(CO) with

CH,,~CHCO,Me gave Fe(CO), (CH,=CHCO,Me) and [208]. Reaction of the bicyclopentane

species [209] (X = o- -CgH,, or CHZCHZ) with Fe(CO)y under u.v. light proceeded (235)
accordlng to Scheme 35. Photolysis of o-diiodobenzene and cis-2, 3—@1bromobut-2—°ne

in the presence of iron carbonyls afforded (236) [202] (R = R' = Me) and [2097].

The mechanisms of the photochemically initiated reactions of the diazaferrole
species [2107] with PPhg, diphenylacetylene and 2,3-dimethylbutadiene have been in-
vestigated (237) and are summarised in Scheme 36. The species [2117] decomposed
giving [2127] and [2137]. Alkylmethacrylates, CH ,=CMeCO,R (R = Me, Et, Pt or Bu™)
reacted (238) with Ru(PPh )4H or Ru(CH, )(PPh )5 giving [2147] whose structure was
established crystallogravhlcally. When CHD= CMeCOZEt was used, [21+7 partially
deuteriated at the hydride, B-C and Q-methyl positions was isolated. When ethyl
methacrylate rezcted with Ru[P(c )31§ 29 [2147 in which only the triphenylphosphine
ligands were deuteriated, was formed. Pyrolysis of [2147] afforded methacrylate
esters, small amounts of their hydrogenated derivatives and benzene (presumably
derived from PPh,). Similar treatment of the partially deuteriated [2147] gave eth-
y1 methacrylate (R = Et) in which 70% of the vinylic and a-methyl protons were deuter—
jated. Further, the o-positions 91 the PPh3 ligands became deuteriated revealing
an H/D exchange betiween the methacrylate ligand and PPh3 perhaps via species like
[215]. Reaction of [2147] with H, gave alkyl isobutyrate and Hu(PPhB)B'u’ and with

HC1, CH2=CMeCOZEt and hydrogen were formed. With methyl iodide, however, an oxid-

pri A
R Me
R R R Me N
J N ) 7
e .
R \\%e R Me R

(CO),
211 212 213
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Scheme 35

X X
hv
————ree -
- Fe(CO)g

(CO)4

// Fe [:: 2 //

X = benzo, CH;CH3

ative addition followed by a series of reductive-eliminations occurred, as shown in
Scheme 37. Reaction of Ru(CO)(PPh3)3H with methyl propiolate (239) gave [216],
elimination, giving Ru(CO)(PPhB) , Tollowed by oxidative addition and
coZMe)1-—->[Ru(co)(PPh

possibly via HZ

H migration, involving HC,CO,Me, viz. [Ru(CO)(PPh

3’3
(c=cHCO,Me) 1.

3)3%C

FPormyl, acetyl and related compounds.

Previously, salts of Fe(co)LLcHoT had been obtained (240) by treatment of 'Naz-

Fe(CO), with acetic anhydride. However, this formyl salt may also be synthesised
(2"%1) in good yield by reducing Fe(co) with 2 salt of [HB(OR)B:]‘ (R = Me or Prt).
Treatment of [Fe(CO) +CHO_] with HC1l in T'r{F‘ gave formaldehyde, and in the presence of

of PPn3, both F‘e(CO), (PPh ) and Fe(CO), (PPh )2 were formed. It was implied that the

NaBH, -facilitated :wena.v-atlor- of ..hese nhosnhlne complexes (2’+2) could proceed via a

“Ii

formyl derivative. Reaction of Fe(C0),[P(CFh). | with KHB(OPr® )3 gave 'lzzans—EF'e(CO)3
- )
{P(OPh)B}(CHO)J.

H Me MeO\ Pph3 /H
— C—|—C
(l: C\PPh3 /(;{_l 2 O// \\O—C/COZMe
H - // ‘; =~ r" \\
~ C—OBu (Ph.P).Ru iC—CO,R SRuZ CH
3" 3 N 2
e M N
PPh3 CH2 PPh34 CO,Me

214 215 : 216



Scheme 36

349

R
N —— : N
/" \‘ —_— (} 0o \
N YR T WS
\/f]_e\ ‘\/Fe\
o€ ¢ S5 oC C
O
® R ® R
N \ N
N// ) R <Ve7 VY R
IaN=t 4 SEE
(CO)3 (CO)4
[
PhC=CPh
L Fe(CO),(PPh3)
N R (3 R
5 —
7. @S
e e,
oc’é Ay oCc” | ~co
S Me PhC=CPh
hy Me
ﬁ R
G; o R
N T
\/F‘e O
o€ \\
LFe(CO), Ph  “Ph

References p. 437



350

Scheme 37
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Treatment of Os(CS)(PPhB)BHCl with CO gave }()2:8&)Q)(cs)(PPh3)ZHc1, [2177 and then
the blue thioformyl ccmplex [218]. The reactions of this compound with CF3SOBMe,
followed by treatment with either I"Iel‘l'ﬁ-l2 or OH , are given in Scheme 38. The formyl
species [219] may be involved in the rapid reaction of Os(c0)3(PPh3)2 with HC1 which
gave OS(CO)Z(PPh3)2c12‘ It was previously suspected (244) that this reaction _
proceeded via Os(CO)Z(PPhB)ZHCI, but this species is extremely inert towards HCl and
so is unlikely to be involved.

Reaction of F‘e(CO)B(PI-Ie3)2 with RI gave (245) Fe(CO)Z(PHeB)Z(COR)I (R = Me, Et, Py
or Bu™). Acetyl derivatives are involved in the reactions of Na[Fez(CO)BH], [220],
with @, f-unsaturated compounds, as shown in Scheme ﬁ These reactions were regio-
specific and it was observed that cleavage of the Fe-Fe bond in Na[Fez(co)B(Rm[ZCH_
COR')] was faster than proton addition and reductive elimination giving HCHZCHZCOR'.
Treatment of Fe(CO) 5 with (PZeZN)BCOR zave [_—(MezN)BC_][Fe(CO)L"[C(=O)OR}_] (247).

L L
Oc._ | _cs Oc._ 1% _.cO
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Scheme 38 218
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Aryl complexes and o-metallation

Triphenylstibine reacted (248) with 1-"e'3(co)12 under u.v. light giving [221] whose
structure was established unequivocally by X-ray methods. Under identical condit-
ions, however, PPh3 and AsPh3 gave only FE(CO),L and Fe(CO) L2

Reduction of Fe(dmpe)ZCl (@mpe = Me PCHZCHZPMeZ) with sodlum naphthalenide affords
ed (249) the hydrido naphthyl species [222] (M = Fe), analogous to the known Ru (250)
and 0s(251) complexes. Treatment of this compound with other arenes (ArH) gave
Fb(dmpe)ZH(Ar) whose stability decreased in the order Ar = 0—06H3(CF3)2 > CgH, CN >
> Ph > CéHLLMe > cqu,NH . The ruthenium complex behaved similarly but under

C, ~H
mige'?vigorous conditions.  With MeCN, RC,H and CSH6’ [222 (M = Fe) afforded trans-
[re(dnpe), H(CH,CN) ], trans-[Fe(dmpe),H(C,R)], and trans-[Fe(dmpe)H(n -CH) I,
respectively. With Lewis bases (L = CO, RC,R', olefins or PR3)’ [2227] (M = Fe or Ru)
gave the zerovalent complexes M(dmpe)ZL. The olefin-containing compounds, e.g.
Fe(dmpe)z(CH2=CHR) were fluxionzl and the barrier to intramolecular site exchange
increased in the order R = Me < H < CH=CH2 < COZMe < CN, and the species with L =
CH2=CHCN was rigid on the n.m.r. time scale. In the reactions of [222—] M= Fe)
with thosphines, the species Fe(dmne)Z(PR ) (R = F, OMe, Et; PR3 = P(OCHZ)BCEt) were
readily isolated, but the reaction with PPr— 3 did not go to completion, and with PPh
only re(dmpe)ZH(c6§4PPn2) could be Obtalned.. The isolation of Fe(dmpe)B(EEtB)
contraests with attempts to prepare Fe(PMeB) 5 (2.52) where only Fe(PIVIeB)BH(CHZEVIeZ)
could be detected. :

Treatment of FeCl, with mesityl Grignard reagents afforded (253) Fe(CgH, Mej)Z'

By using the appropriate solvent, the extent of substitution of Ru(CO)(PPhB)BHCl
by P(OPh)B, and o-metazlation of the latter, could be controlled (25) (Scheme 40).
Treatment of Ru(PPh,),H, with (0ph), in boiling xylene afforded [223].

¢ Pme, (PhO) Q
, o P

Me,P- | -H _‘PoPh)
. M=
\
Me,p? | @ | (OPh)3
(_se:
222 . 223

Silyl compound..

In the presence of Fe(CO) 5 trialkylsilanes, SiHRB, reacted with olefins giving
(255) alkanes, SiRBR' and SiRBR" (R' = alkyl and R" = alkenyl) in a ratio depending
on temperature and relative initial concentrations of the reactants. It was suggest-

‘ed that an important intermediate 1n this reaction was Fe(C0) (alkene)H(31R ). The
silyl complexes Ru(PRR'R") H3(sln R R3) (R, R', R" = axyl, altcyl or aryl—alkyl Rl
RZ, " = H, halide, alkoxide, alkyl, aryl or aryl-alkyl) were obtained (256) from
reactions between Ru(PRR'R"),H, with SIHR' R R°.
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Treatment of the strained heterocyclic organ0511ane, Me Wﬂ , wWith Fe (CO)
gave [2247] while with Me, m CHMe and [2257], only [226]and [227] (R = Me or Ph),
respectively, were obtalne A ith the two isomers of RM851CH2CH(M8)CH2 (R = OMe or
Bun), reaction was stereospecific, there being no significant change in the isomer
ratio between reagents and products. It was concluded that the mechanism of the
reaction involved Fe(CO)L,' and was probably an electrophilic C-Si cleavage process.

The bis(silyl) chelated complexes [228], [229] (R = Me or Ph) and [230] were ob-
tained (258) by reaction of either Fe2(00)9 or Ru (co)12 with 1, 2—(Me2HSi)2C6H4,
1,2,4,5- (R2H81)L CeH, (R = Me or Ph), and 1,2,3,4, (Me Hsl)LF CgH,, respectively.

Q o Q
o.. | R ¢ oc § %2
c-. fl: .S SiRa C. ‘flfe -SiMe2 c\é sy
~FeZ ™M ~Fe
7 N c” | < 4
oc” I Yc o o¢
C Ha C o
o O O
224 225 226 227
' R R Me, .. Me
Meo 2 2 2Si Sioe
Sig St Si / \
@[ /M(CO)4 (OC%M\SI;ES/M(CO)A, oMy, ~MLco),
St ! 1 Me, Me
Meo R2 R2 2 2
228 229 230

MONCALKENE COMPLEXES

Reaction of Ph,P(=0)CH=CH, with 1?«53(co)12 gave (25) Fe(CO)q’[PhZP(=O)CH=CH2] in
which the vinyl group was bound to the metal. On pyrolysis, this complex was convert
ed into the polymeric species [Fe(CO)4{CHZCHP(=O)Ph2}5]n. The structure of [231]
was determined crystallographically (260), and it was shown that the two Fe(co)4
groups are mutually trans to the olefinic bonds of the five-membered ring.

,F'e(CO)4 H Rl H\ /Rl
Pr_l \C—C/ C =—=C
ey De=o” . 7 ¢ Ne—ome
R Fe—" "~ Fe o
Ph ‘-‘ (CO)3 (CO)3
Fe(CO)4

231 232 - 233
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Treatment of fre(co)qﬂl' with RC,R* (R =R = CO,Me; R = H, R* = COMe or CO,Me; R
COo,Me, R' = H) gave (261) the n3—vinylacy1 derivative [2327]. 'The species [2327] (R
H, R* = COZMe) was also prepared by reaction of cis—BrCH=CH(COZMe) with [Fe(CO)LF_]Z-.
Methylation of [232 ] gave [233 ] which could be converted by pyridine-N-oxide into
Fe(CO)3(pyr)ECHR—CH'(CO Mej Oxidation of this compound by ce™ in methanol afforded
RCH( OMe )CHR" (CO,Me ). Protonation of [232] by CF 4CO,H gave the olefin complex
Fe(CO)q(RCH—CHR')

Reaction of RCH=CHCONMe, with Fez(co) gave Fe(CO)Q(RCH—CHCONMe ) (R = H or Ph)
which could also be formed, together with re(CO)B(HCH~CHCONMe2), from Fe (CO)12 (262).
With ECH cn{consze3T FeB(CO).,Z afforded [Fe(CO) ( CH,=CHCONHNMe YT, [23+] The
complexes Fe(CO), (CH =CHCONHR) reacted (263) with E Et OT giving 235-] which, on
further reaction with R',NH, afforded the metallocycle [236] (R =R' =Me; R =H, R" =

I

Me; R = H, Me, (CHZ)j) whose structure was confirmed by X-ray methods.
/NR>
o OFEt 2C =CH— C (C]
= /’ - :
U CH ———(:H———C' @ BE H TQR
| e 4 ;
W [ NHR ¥ o
Fe* Sm® Fe &S5 =5 \
(CO)3 3 (CO)4 3o
234 ) 235 236

Electrochemical reduction of Ru(PPhj )3Cl in acetonitrile afforded (26'1.')
Ru(nz—NCMe)(PPh3)LF.MeCN in which one acetonitrile molecule is m-bonded via the CN
group to the metal, whereas the other is uncoordimated. The species did not react
with CCI, giving CHCl3, and using P(2,6-06H3D2)3 and CDBCN had no significant in-
fluence on the spectral properties of the complex. Thus the species is not a hydride
and probably has a trigonzl bipyramidal structure with the nz—MeCN occupying an
equatorial site. Treatment of Ru(nZ—MeCN)(PPhB)L‘L with CO gave Ru(CO)(PPhB)LP and
Ru(CO)Z(PPh3)3 in steps, and with PMePh, a species of empirical formula Ru(PMePhZ)L,r
was produced. This last did react with CClb' giving CHClB, indicating the presence
of a Ru-H bond, and oOne I—T*Iel’h2 ligand may be o-metalated, either at the phenyl or

methyl subsituent.

ALLYL, COMPLEXES

Reduction of Fe(n —C3H )(CO)Z(PPh )X with zinc dust gave (265) the paramagnetic
Fe(CO),(PPh )(03.,5), while with sodium amalgam, diamagnetic I:F‘e(CO)Z(PPh )(c H )]
was formed. These species, in solutions free of reducing agents, were e::ectlve
debromination reagents for vicinal organic dibromides. While the radical speciles
did notreact stereospecifically, the aniohic species did, with anti elimination.

The structure of [237], obtained (266) by reaction of the monoepoxide of cis,trens
hexa-2,%4-diene and iron carbonyl, wasdetermined crystallographically (267). Treat—
ment of Fe2(00)9 with RMe?_sisi(CH=c1{2)Me2 (R = Me or CH=CHZ) afforded (268) the n3—
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1-silapropenyl derivative [238] which reacted with PPh, giving F'e(CO)B(PPhB)Z.

The mechanisms of photoinsertion of haloalkenes into the Fe-C bonds of diene
iron tricarbonyl species, and the subéequent hydrolysis of the products on silica gel,
have been investigated (269). The conclusions are summarised in Scheme 41.

The H n.m.r. spectra of Fe(nl{'— L,.HL,.)(CO)3 in FSOBH at low temperature has been
investigated (270) and it was concluded that the species present should be represent-
ed as [239] and not [240] as previously suggested (271). A similar Y ana 3¢ n.m.r.
spectral study of Fe(CO)B(CéHS) in acid solution has also been reported (272). It
was concluded, in confirmation of earlier reports (273), that perhaps the best rep-
resentation of the product, [Fe(CO)B(CéHg)T, is [2417] where the hydride is bridging
betveen Fe and C. The 13C n.m.r. spectra of [Fe(nB-CBHLLR)(CO)QT (R = H or Me) were
also reported and it was observed that Fe(nB-C3H5)(CO)3(.OCOCF3) did not dissociate

in solution giving [Fe(n3—03H5)(co)3]+.

H
Me (
“Fe(CO),(SiMeR) \
®
Fe—R
. (CO)3
238 239

Fe
(CO)s (CO),
240 241

Low temperature photolysis (274) of a mixture of tricyclo[3.2.2.0.02’7]b.ept—j—ene
with f’e(CO) gave a series of complexes as shown in Scheme 22. The structure of
[2027] was established by X-ray techniques, and it was shown that the carbene iigand
occupies an apical position at one trigonal bipyramidal atom while it is in the
trigonal plane a2t the other Fe atom. The Fe-Fe distance is 2.63 2, which is typical
of such carbene-bridged species (275).

Treatment of tropone iron iricarbonyl with TCNE gave [243-], in a2 cycloaddition
reaction involving initial electrophilic addition to the un—coordinated double
vond (276).

CYCLOBUTATJIEIE AND TRIMETHYIENEMETHANE COMPLEXES
3¢ n.m.r. spectra studies have been made of Fe(nL}—CL}HL,_)(CO)B (277) and Fe(na'_
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Scheme 42

—Fe(CO),

Fe(CO)3

B re(co,

CLLHBCHHOH)(CO)B (R =H, Me oxr Pr}(278). The latter group was iﬁvestigated in acid
solution, and it was suggested that there was extensive donation of electron density
from the metal via the CLy. unit to the exocyclic electron-deficient C atom, giving
a highly stabilised carbonium ion (see also ref. 270).

Reaction of the benzocyclobutadiene complex I-"e(nb'—CBI-IG)(CO)3 with NOFF; or NO, PF,
gave (279) the nitrosyl cation [2%47]. Addition to this species of L{PR, or AsRg,
R = alkyl or aryl) afforded the metal-stabilised phosphonium salt {245].

From v.t. 19C n.m.r. spectral studies, it was established (280) that [2467 (R = H,
COMe, CH(OH)Me, Et and CH(OAc)Me) was fluxional, undergoing an effective ligand

rotation with AG = 17-18 kcal/mol.
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DIENE AND HIGHER OLEFIN COMPIEXES

Acyclic diene species
The enthalpiesof thermal decomposition of a series of olefin complexes of 1ron,

viz. Fe(CO)L‘_(CZHq'), Fe(CO) (dlene) and Fe(CO)(dlene)Z (diene = CyHg, diethylmuconate
and methylsorbate) have 'been determined (281). For the Fe-ethylene bond, the bond
enthalpy contribution was 23.1 kcal/mol, whereas an average bond enthalpy contribut-
jon for the diene-Fe interaction was ca. ¥4 kcal/mol. It was noted that Fe(CO)B-
(CLLH6)2 decomposed thermally or on melting to give dimers and trimers of butadiene,
whereas Fe(co)3(06H8) under similar conditions gave (CéHg)z' Measurements were also
made of the enthalpies of sublimation or vaporisztion of these complexes.

Scheme 43
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Photolysis of Fe(CO)
diene proceeded (282) according to Scheme %43, and the structure of [247] was estab-
Acylation of Fe(CO) (dlene) complexes using Hcoc1/A1023
Substitut-
On quenching the

in the presence of a. mixture of methyl acrylate and a 1,3-

lished crysta.llographica.lly.
in dichloromethane at 0° afforded (283) dienone complexes in high yields.
ion occurred at unsubstituted terminal C atoms of the diene unit.
reaction mixture with cold aquec;us ammonia, the cis-dienone isomers were obtained

exclusively, and the trans forms could be subsequently produced by treatment of the
cis isomers with methaznolic NaQMe.
using MeOCHZCI/AICIB
or dienoic ester complexes with AlClB/LiAlHil_ (4:1) effected complete removal of the

Formylation of the diene complexes was achieved

, and treatment of these and the dienone species, related dienol

oxygen function from the complex giving tra.ns—Fe(CO)B(diene) complexes in good yields.
Some of these results are summarised in Scheme 44.

Scheme 44

ACylation and reaction of myrcene
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Scheme 44 contiuned
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iron tricarbonyl with oxalyl chloride (28%) is shown in Scheme 45. .
The ring opening of 2,3-bis(hydroxymethyl)methylenecyclopropane by FeZ(CO) 9 has

been thoroughly investigated (285) and the proposed mechanism, supported by some

crystallographic studles, 1is outlined in Scheme 1_4_6_ The ‘regiospecific thermal re~
Scheme 45
Te(cO)‘a Fe(CO)s Te(CO);, »MeO<C /Fe(CO)a
M
eCOClI, AlCi4 - + ) +
CHClp COMe COMe
l I l
AN
CICOCOCI
AlCl3
= - ’z
—Fe(CO)y —Fe(CQO)y _— Fe(CO)3
N AlCl3 B AgNOj3
—_— " mixture —————» +
CcOoCl EtOH e ] i o _
(o . Clt

References p. 437



362

Scheme 46

HOCD, H
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o

arrangements of-the products obtained (285) from the above study have been extensiv-

ely reported (286), and the important results are shown in Scheme 47. The data
imply that where sufficient flexibility exists, direct insertion of a metal into an
allylic C-H bond, giving a o-allylic species, and the collapse of such a species via
a direct hydrogen transfer from the metal to an olefin carbon atom, can proceed as a
low energy olefin-isomerisation pathWay without requiring the intermediacy of a m—
allylic metal bond (Scheme 48). It was concluded that any metal-promoted sigmatrop- ‘
ic 1,3~suprafacial hydrogen shift in these systems is certainly not of low enough
energy to compete effectively with the o-allyl metal hydride or w-allyl metal hydride
mechanism for olefin isomerisation.

Reaction of Fez(co)g with PhCH=CHCH=CHCH(OH)(Ph) afforded (287) the appropriate
iron tricarbonyl complex which, on treatment with HBF,, gave [2487] whose behaviour
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with Na.BH3CN, NaBD3CN and LiAlH(Ome@ (Omen = mentholate), giving.inter ?ili [2197] ’
and [2507], is summarised in Scheme 49, A mixture of 1- and 2-phenylcyclohexa-1,3-
diene reacted with Fe(C0)_. giving the expected iron tricartonyl compounds which,

when treated with CF;CO,D, afforded [2517 ana [252], consistent with previous studies
(288). Hydride abstraction by [Ph3cT from [251] gave [253] (i.e. only H was elim-
inated), whereas [252]], under similar conditions, afforded a mixture of [254] and
[255] (2:1). The absence of [255] as a product of the hydride abstraction from [251]
is presumably a reflection of the steric requirements for such a reaction involving
[PhBC ['.  The dienone [256] reacted with Fez(co) giving the anticipated complex
whose subsequent reactions, affording E257—l and 2587, are shown in Scheme 50. The
complex [2597, obtained from the appropriate diene and FeZ(CO)g, reacted with CFBCOZH
giving [2607] which did not undergo hydride abstraction with [Ph CT, presumably also
because of steric reasons. Thermolysis of [2497], [2507, [2577, [2587 and [2607,
afforded species in which deuterium undexwent a 1,3-shift (Scheme 51), possibly via
wr-=allyl iron hydride intermediates. Certain cyclic diene species, however, were
found to undergo 1, 5-shifts (Scheme 52). When the cyclic compounds contained an
aromatic substituent, metal epimerisation was also observed (Scheme 53) , and epi-
merisation must be faster than hydride abstraction to give a w-allyl metal hydride.
Cis, trans-isomerisation was also rationalised in terms of a w—allyi metal hydride
mechanism, as with [2467] in Scheme 5%, in line with earlier suggestions (289).

Two polymorphic forms of the bis(tricarbonyliron) complex of deca-1,3,7,9-tetra-
ene, [2617], were identified crystallographically (290). The structure of the iron
tricarbonyl complex of trans, trans-3,5-heptadien-2-ol was also determined by X-ray
methods (291)

Scheme 47
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Scheme 47 contiuned
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The protonztion of myrcene iron tricarbonyl caused & cyclisation of the hydro-
carbon ligand to occur (292) (Scheme 55). The synthesis of cyclic hydrocarbons via
.intramolecular coupling of bis(pentadienyl iron tricarbonyl) species has been achiev-
ed (293)(Scheme 56). The complex [2627] (n = 3) was characterised crystallographical-~

ly and it was shown that the two diéneFe(CO)3 groups are disposed trans to each other
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Scheme 48
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relative to the five-membered ring. Dimethylenecyclobutane (wﬁich contains 85%

[2637] and ca. 15% [264]) reacted (29%4) with Fe3(CO)12 giving [265] and Fe(C0),C, ,Hy 4,
[266]. The former product did not react with an excess of the cyclobutane giving
[266], suggesting that [265] is not an intermediate in the formation of [266].

With FeZ(CO) at room temperature, dimethylenecyclobutene probably afforded [267]
which, on warming, was converted into [2687]. Fe (CO)12 reacted with [269] giving
the nll'—cyclobutadlene complex EZ?O] Treatment of Fe(CcO)_ with 1,2, 5,6-tetramethyl-
3,4-dimethylenetricyclo[3.1.0.6° 6]hexane giving [2717] which rearranged (295) in the
presence of AgCl0, to give [2727 and [273], both of which are fluxional.
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Scheme 53
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Scheme 55
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The ferrocenyl alcohol (n —C5H5)Fe[n —C5HLLCH"CHC(OH)Me_J reacted (296) with Fez(co;
or Fe (CO).‘2 in the Dresence of CuSO, giving the -ferrocenyl—substltuted diene
complex [27:7] and (n -051{ )F'e(n ‘csHuc“ cqzcoue), while (n -c51-1 )'F'e[n -C5H+CH(Me)—
(OH)CH= 2] gave the 2-ferrocenyl derivative. The electronic effect of the ferro-
cényl substituent in [27%] 2nd its 2-substituted analog as been discussed (297).

The species (q5—C5H5)Fe[n ~c5HLPCH=CHCMe(0H)CHZCNJ afforded [275] in the presence of
FeB(CO)12 and CuSO,, but when the copper(II) salt was omitted, [276] wes produced.
Iron carbonyls reacted with 4—vinylcyclohexene giving a mixture ‘of 1- and 2-ethyl—
cyclohexa-1, 3-diene iron tricarbonyls, according to Scheme 57. While the dienes
[277] and [278] formed the expected diene iron tricarbonyl complexes without
skeletal rearrangement, [279] gave [280] with Fe3(co)12. Reaction of [281] (R =
CHO or COMe) with Fe3(00)12 afforded 1-R-cyclohexadiene iron tricarbonyl with loss

of the NEtz group.
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Scheme 57 continued
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Photolysis of F‘e(PE.‘tPhZ) (NZ)HZ in the presence of 2,3-dimethylbutadiene afforded
(298) first [2817] and then 2827]. However, in the presence of the anhydride [283]
(L), the iron phosphine dinitrogen complex gave [FeLZ]n which, on hydrolysis,
afforded [284). ’

Treatment of Fe(CO)B(diene) (diene = buta- or cyclohexa-diene; CgHg) with Na-
[N(SiMeB)3] gave (299) anionic cyanide complexes, [Fe(CO)Z(CN)(diene)]-. Proton-
ation or ethylation ([Et307+) of these afforded Fe(CO)Z(CNR)(diene) (R = H or Et).

Me M
d € = N Me
—Fe—  ——Fe—
Me Me l = Me
PEtPh PEtPh2
281 282
o Me Mé Me M
Me e
| o
Me
(o}
283

Cyvclic diene and higher olefin species

fn)

The He(T) photoelectron spectra of a series of M(CO)3(diene) complexes (M = Fe,
diene = G,Hg, CgHg, CoHjy, CgHy,; M = Ru, diene = CgHg or C7Hlo), and of Fe(CO)B-
(C7H8) and Fe(co)j(CBHB)’ have been measured (300), It was observed that the ion-
isation energies of the iron diene complexes showed a regular variation with ring
size, in contrast to those of the parent cyclic dienes. >
A study by v.t. 130 n.m.r. spectroscopy of the intramolecular rearrangements of
M(CO)B(diene)(M = Fe or Ru; diene = C4H6,'certain cyclopentadienones, C6H8’ norborna-
diene, cycloheptatriene and -trienone, cycloheptadienone, C8H12 and CBHB) revealed
(301) that there was a difference in the rate of CO scrambling between species
containing conjugated and non-conjugated hydrocarbons. The higher activation
barrier to CO scrambling in the conjugated species was attributed to the mixing in

of "six-coordinated character", e.g. [285] into the ground state of 2 formally five-
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coordinate species. The favoured mechanism of CO site exchange is illustrated
in Scheme 358. -

Reaction of Fe(CO), or Fe3(CO)12 with Et,NC,NEt, has given (302) the cyclopenta-
dienone complex Fe('CO)3[C5(NEt2) 5007 and FeZ(CO)é_[CZ(NEtZ)ZJ, [2867.  With PhC,NHe,
and MeC,NEt,, Fe(CO) 5 afforded {287 ] and [2887, réspectively, whereas with HC,Wie,,
the ferracyclopentadienyl species [2897, or its symmetrical isomer, was produced.
Reaction of F‘eB(CO)12 with acetylene gave (303) the fulvéne complex Fez(co)é(c5H¢CH2)
and a polymer formulated as EF‘eOCEHi,fFe(CO)B’]n.

It has been observed (304) that of the two isomers [290] (2 and b), only a can
isomerise to [291] by migration of the C(5)-endo H atom, presumably via a metal
hydride mechanism. In this reaction, some 3-methoxy- as well as unsubstituted

Scheme 58
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cyclohexa-1, 3-diene iron tricarbonyl was produced. Ethanolic cupric chloride (305)
proved a useful reagent for removing the F’e(CO)3 group from diene metal complexes,

as shown in Scheme 59.

Scheme 59
O
(0C),Fe— Cucla -
EtOH o o
O
(OC) Fe O
CuCl, -
—_————
EtOH
R

The substituted norbornadiene complex [2927] was obtained (306) by direct reaction
of the diene with F‘eZ(CO) Treatment of the complexes [Ru(C .8)01 —_, and
rRu(CB‘lZ)C 7 (C7H8 = norbornadiene; CgH,, = cycloocta-1, 5—dlene) wrth a variety
of amines, L (mono— di- and tri-alkylamines, piperidine, anilines and pyridines)
gave (307) the complexes Ru(diene)LZCIZ, [2937 and [29% |, whose structures were
established crystzllographically.

Oxidation of F‘e(CO)ZT (C H ) (C H = LP C,,phL, norbornadiene, cycloheptatriene
and CgHg; L = CG, PPhj or P(OCH ) CMe) by Ag' or NO' afforded (308) stable para-
magnetic cations, [Fe(co)zL(cxriy) which could also be detected voltammetrically.
Some of these cztions reacted with the solvent (usua.lly dichloromethane) forming
[= e(CO)Z._(C H _,_l)Tb but on oxidation of Fe(CO) (n ~CH i3), [ne(co) (n —C71-T7)_J+

was obtained.
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Polymerisation of Fe(CO)}., (CanR) (R = H), giving [295]), was effected (309) by
gH ][PFé] However, treatment of the cycloheptatriene complex with [Fe(CO), 3~
C.7HRR)]+ (R = CH,(Me)CyH,MeFe(C0),) afforded [296].
Reaction of [Fe(co)3(07ﬂ7)] with ClCOZMe gave PFe(CO) (7—Me0 CC7H ) and possibly
its l-carbomethoxy analog (310), but with MMe301 M= Sl or Ge) only ’T‘e(CO) -
(7-Me MC7H?) was produced (310, 311). The Ffluxional properties of these 511y1
and germyl complexes were investigated: (311) and it was concluded that the Fe(CO)
group underwent an oscillatory movement equivalent to a 1,3-shift (or possibly
successive 1,2-shifts) about the ring (see Scheme 60). Ireatment of [Fe(CO)B(C7H7)7-

with SnMe301 gave a mixture of Fe(CO)B(MeBSnC ) and ro(n -CH )(co) SnMe3
Scheme 60
GeMe, r _GeMe3_' ,(C'.:gb GeMej
\
—
~ Fe— -

i (CO)3

Fe
(CO)3

Treatment of [Hu(cgﬂlz)c1272 with 1,1l-dimethylhydrazine geve [hu(chlz)H(NH2NMeégT
(312). The hydrazine could be displaced by tertiary phosphines or phosphites
(P(OMe)B, p(ocuz) C¥e, P(OMe)Ph,, PMe,Ph or vyepn,) Olefin exchangse could be
achieved when [Hu(CSle)H(PMe Fn) 1+ was allowed to react with buta- or hexa-1,3-
diene, and the structure of [Ru(C#ﬂé)H(PWezPh)BTEPFz] wa.s determined crystallo-
graphically. It has a fac arrangement of phosphine ligands in a distorted ocia-
hedral structure. The cyclooctadiene and hydrezine ligands can be displaced (313)
from [Ru(CSHwéH(NH NMeZ) 7+ by chelating diphosphines, IL-L (Ph P(CH ) PPh,, n = 2,

3 or 4), giving [Ru(T—T) HWT which takes up hydrogen giving ERu( ~L) B 317. Hydrogen
could be displaced from this trihydride by CO, affording [nu(co)(T—L)ZHWT It
appears that [Ru(dlplms)z(I‘IeOH)HTF obtained from [Ru(cs-.lz) (NH e, ) T ana divho
in methanol, reacted with PhC,H giving Hu(dlphos)z(CZPh)(Cd—CHPh)

Reduction of Fé(CO)3(C8H8) to the 1,3, 5-cyclooctatriene complex was achieved {314)
either chemically, using potassium metal in THF, or electirochemically in the presence
of EMeBNH]Br; the latter method giving 109% yields. Froma v.t. 3¢ non.r. spectral
investigation, it was confirmed (315) that Hu(CO)B(CBHB) underwent a series of 1,2-
shifts. Activation parameters for the fluxional behaviour of this species and its
iron analog were calculated and found to be in satisfactory agreement with data
obtained from “H n.m.r. spectra. The mechanisms of site exchange in Fe(CO) (CBHB)
were shown definitely to be via 1,2-shifts. Pulsed 1H n.m.r. spectral studies
have been made (316) of FE(CO)B(CBHB), FeZ(CO)5(C8h8) and RuB(CO)L{_(CB‘B)2 in the
s0lid state. By comparison with solution data, it appeared that the lattice
arrangement of these species does not lead to locked or instantanequé structures,
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and the data further suggested that lattice interactions are not even the major
contributions to the energy barriers in the solid state. Interestingly, ring
movement occurred in FeZ(CO)5(CBH8) even below 7',7°.K, revealing that limiting spectrz
could never be obtained in solution.

The olefin metathesis reaction has been applied (317) to Fe(CO)B(CsHs). Thus,
when the complex was treated with WClé/AlE.‘tC12 in ethanol, Fe,(C0)g(CygH, &) 29771,
was produced, the structure of which was elucidated crystallographically. The
hydrocarbon ligand skeleton contains five fused rings and has not been reported
previously either as a hydrocarbon or as a metal complex (318), although other poly-
cyclic isomers of C;.H,s are known (319).

U.V. radiation of Fe(CO) and 2,4,6-cycloocatrienone gave (320, 321) the trienone
complex [298]. However, 11' the triene was allowed to react with Fe(CO) (PhCH—CHCOMe)
or its 3-penten-2-one analog, bicyclo[lt.2.0]octa-2,4-dien-7-one could be trapped
as an Fe(CO) complex, E299] Some reactions of this species are shown in Scheme
61, and the b:Lcycl:Lc ligand could be released intact by oxidation of [299] with Cett.

Ke)
(OC)3Fe—f/~ \
IJ\@mma <

(CO)3
297 298

Scheme 61
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Methoxycyclooctatetraene reacted with Fej(CO)l2 giving (321) mainly the fluxional
Fe(CO)j(CaH?OMe) and a small amount of Fez(co)é(ceH?Oﬁe). In attempts to expand
a coordinated c7 to a 08 ring, tropone iron tricarbonyl was treated with diazo-

methane. However, this reaction afforded bicyclic derivatives, as illustrated in

Scheme 62.

Scheme 62
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Thermolysis of M(CO)3(1,3,5-R R'R"CgH )} (M = Fe or Ru, R, R*, R" = H, SiMeB, Gel—‘{eB,
CPh,or Ph) in octane afforded (322) the bicyclo[%.2.0l)octa-2,4,7-triene derivatives
[(300] (M = Fe or Ru; X, 2 = H, SiMeB, Gelle, CFfiy or Fn), M,(CO) 5(08H7Q,Mea) (M = Fe
or Ru; @ = Si; M = Ru, Q = Ge), R (co)é(csz-[?cph ) or Ru3(co),,(c8h cph3)2. The .
structure of EBOOT M="Fe, Y= SlNeB, Z = CPhB) was determined crystallographically.
RBeaction of f{u(CO)B(CBHB) with [Ph.CT zave Ru(CO) (c H7CPh3) and [3017]. Thermo-
lysis of Ru(CO)B(C SiMe ) gave exclusively rjoz1, and [3007] was not observed.

The GeMe, analog was obtalned directly from 08"7GeMe3 and Ru (CO)IZ However, on
heating Hu(CO)B( CgH CPhB), both [3007] (Y = H, Z = CFh ) and Huj(CO)L,r( 68H7CPh3)2
were produced. :

Bicyclo[6.1.0nona-2,4, 6-triens reacted (323) with Fe (CO) giving [3037 which,
on heating, isomerised to [johj Treatment of a svn—dlmethoxynoroornnne derivative
with Fe(CO) 5 afforded (324) [305].

SiMe
o Y A
(CO)3 Ru” (OC),RuU—Ru(CO),
(CO)3 (CO)3 7
300 301
(OC);Fe— (OC)3Fe——
303
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Heterodiene species
Thermolysis of Fe(CO)BT(PhCH-CHCOR) (L= P(OI'Ie) or P(OPh) : R = H, Me or Ph)
gave (325) Fe(CO)ZL(PhCH—-CHCOH) in which the keto g:roup of the hydrocarbon ligand
is bonded to the metal. Reaction of Fez(CO) 9 with l-acetylcyclohexene in the
presence of ]?(OMe)3 or ]?(OPh)3 afforded [306]. A variety of heterodiene iron tri-
carbonyl complexes, Fe(CO)B(RCH=CHCOR') (R = Ph, R* = H, Me or Ph; R = ferrocenyl,
= Ph; R = Cr(qé—céﬂ )(co).,, R* = p——MeOCGHLE) reacted with PMe,Ph, P(OMe)3, P(OPh)B-:
or SbPh3 giving (326, 327) Fe(CO)BL(HCI-IzCHCOR') in which only the ethylepic bond is
attached to the metal. However, [307] reacted with PMe,FPh or P(OI‘Ie)_3 giving [3087]:

%Me o - N o
R \ \

Fe Fe Fe
(CORL (CO3 (CONL
306 307 308
The thietes [3007 (RY = B = B2 = Bf = H; R = BY = H, B = Me, RJ = Et or R® =
= (cH,) ) reacted (328) with 1?‘e(CO)S or Fe,(CO), giving [310'] from which one CO
Iy
group could be displaced by l'-'T:’h3 or P(OEt) While [3107] (R S R™ = H)

appeared to be dimeric in solution, the structure of Fe(CO), (PPh )(71 -Cy H,S) was
determined c*'ysta.llogmnm cally, and th:.s species at least is mor'ome*'lc. However,
on heating or photolysis, [310] (R = H =R = l = H; R = RL" = H, R = Me, R3
Et) graedurlly lost CO giving [3117] whose structure was also established by X-ray
methods. Ondatlon of [310] vy H,0, in acetic acid afforded, for example, isomers
of [FV(CO)B(n —C3H i3] S0), in which the isomerism was defined by the exo- or endo-
nzture of the S5=0 bond, but oxidation using m-chloroperbenzo:.c acid gave [3127].
Hydride abstraction from [310] ER R = B = B = H) gave [Fe(CO) (C S)T which
may be either [313] or [314].

The tetraphenyl-l-silycyclopen ﬁ 3ne complexes [315] underwent a variety of
substitution reactions at silicon/ as shown in Scheme 63 While the silacyclo-
pentadiene C,Ph,SiHMe reacted with 1=‘e3(CO):L_ giving (330) {3157 (R = Me, R" = H),
with Ru (CO)_2 it afforded Ru{CO), H(SlI-IeC,, ), which was not isolated, but dimerised
giving [3167. However, C,Ph,SiMe, or CLPh,,S:L"hCl reacted with Ru3(00)12 giving
the ruthenium analogs of [315] (the structure of the dimethylsilyl derivative has
already been reported (331)).

Treatment of FeZ(CO)g with 2, 5-dihydrothiophene-l-oxide afforded (332) [317]
which, on heating, was converted into [318]. ESCA measurements of Fe(CO) (CL;,HL,S)!

171, [318], Fe(CO)B(CLF LFS ) and their 2, 5-dimethyl substituted anzlogs have been
made and discussed (333). The use of Me3NO as a mild and general reagent for the
removal of organic ligands from Ii’e(CO)3 groups has been described (33%). By using
Fe(CO)B(CL’FH, 50, ), the mechanism of this decomplexing reaction has been probed (335)
and of na.rtl..ular interest was the isolation of [319]. This may be formed prior
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311

(0C)aL +

to loss of the-thiophene dioxide according to Scheme 6%4%.

Solvent and concentration dependent 1H n.n.r. and i.r. spectral studies of the
diazepine complexes [3207] (R = H) revealed (336) that fluxional pathways in this
species involve intermolecular proten transfer. The fluxional processes are
strongly acid-catalysed and proceed through a fluxional nq—imminium ion cémplex,

[3217 (R = H), which can be directly observed by n.m.r. spectroscopy. The crystal
structure of a representative salt of this imminium complex has been ‘determined (337).
Tt was found that protomation of non-fluxicnal diazepine complexes, €.g. [320]

(R = Me) or l-acetyldiazepine iron tricarbonyl led to static na—imminium species,

e.g. [321] (R = Me) or [322].

References p. 437



380

Scheme 63
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Bis-olefin complexes :

Reaction of iron atoms at -196° with butadiene, follwed by P(OMe)B, afforded (338)
Fe(CL,(Hs)ZI:P(OI'Ie)B] and Fe(CLl,’Hé)I:P(OMe)BJB. With 2, 3-dimethylbutadiene, only
Fe(CL}HLPMeZ)[P(OMe)jjj could be obtained. Styrene and phenylacetylene reacted with
Fe atoms giving polystyrene and triphenylbenzene, respectively. However, when a
mixture of styrene, Fe atoms and CO was allowed to warm from —1960 to —200, the
styrene complex [323], Fe(CO)a(CH2=CHPh)'and Fe(CO)5 were formed. There was no
evidence for C-H bond activation and no stable complexes could be produced in the
absence of P(OMe), or CO.  Cycloocta-1,5-diene reacted with iron atoms giving (339)
the known Fe(Csle)Z (340) which reacted with CO and P(OR) giving T?'e(CO)S and the
fluxional Fe($ le)[P(OH) 'J (R = Me, Et or Br*), respectlvel .

From v.t. ~7C n.m.r. snectra." studies of Ru(n -Cg 8)(1] -C7H8), [3247], it was
suggested (341) that the spectrum in the slow echr'ange 1limit was inconsistent with
2 series of 1,2-shifts but could be explained in terms of a “piano-stool" (n8—C8H8)
type of transition state, or a series of 1,3-shifts, the former being preferred.

The electric dipole moments of 1='e(c,,f{6)2~ (L = CO or P(Ol-Ie)B), Fe(C0O)(C, 4Me2)2,
Fe(C0)(CgHg),, Fe(CO)B(C, He)s Fe(CO) (Cg 8) and Fe(CO), [P(OMe) 7] have been measured
(342) permitting an assessment of the magnitude of the Fe-C-0 goun moment (ca. 2 D).
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DIENYL COMPIEXES

130 n.m.r. spectral data for the pentadienyl cations [325] and [3267] (Rl, RZ, 33
H and/or Me) have been-correlated (343) with charge density at the C atoms as
calculated from extended Hlickel m.o. theories. The "leakage" of the -\V—endo to the
¢ -exo isomer during solvolysis of [327] (R = H, R* = dinitrobenzoate) (Scheme &)
did not proceed (34%4) via a syn,syn cis-diene Fe(CO)B cation, e.g. [328]. The most
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robable mechanism for the production of both isomers involves non-stereospecific

e oy

onisation of the dinitrobenzoate ester giving [3291. Using [32?] (r=0D, R' =
dinitrobenzoate), solvolysis with intervention of 2 species like [3287 would give
deuterium scrambling, e.g. [327] (R =D, R' = H), [330] and [3317], which is not
observed. However, [327] (R =D, R' = H), on treatment with aluminz, gave a
mixture of [327] (R = D, R* = H), [330] and [331], and solvolysis of [327] (R = D,
R' = dinitrobenzoate) in unbuffered aqueous acetone afforded these three compounds
also, the third being produced by dinitrobenzoic acid catalysed dehydration of
[330], giving deuterium substituted [3287] followed by hydrolysis.

The l-methylpentadienyl iron tricarbonyl cation reacted (3%5) with NEt, giving
[3327 which, on heating, eliminated [EtBNHT giving the triene complex [3327].
Similar adducts were obtained with PPh3 and AsPhB, the former giving a syn-anti
complex analogous to [3327], and also a syn-syn form.

The geometrical deformations of n5—cyclohexadieny1 and other iron complexes have
been described (3#6) in terms of an electronic factor. It was suggested that in

: C6H7 species there is & secondary M...CH, interaction which is destabilising lead-
ing to substantial deformation of the methylene group out of the C5 plane. This
effect is also present in cyclopentadiene Fe(CO)3 species, but is less or absent in
cyclopentadienone and cyclobutenyl complexes. In fulvene iron carbonyl derivatives

there should be a bending of the methylene group towards the metal.
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INDO calculations have been made on [Fe(n5—cén (CO) 7+ (3+7) and it was suggest-
ed that there may be a correlation beiween the bond 1ndex (of free valence) values
at each dienyl C aztom, a2nd the site of nucleophilic addition. Coordinztion of
{iFe(co) Yoy C6H7+ was seen tO increase, relative to free Céﬂ7 , the positive charge
at c(2), [3347], which arises mainly via w-electron interactions. The charge data
predicted that site prefexence for nucleophilic addition to be C(2) > C(3) > c(1)
+8) that C(1) is preferred.

~
W)

which is contrary to the experimental observations
The bond index values, however, are consistent with the experimental facts, predict-
ing the preference for addition to be C(1) > c(3) > c(2).

The reactions of cyclohexadienyl iron and ruthenium tricarbonyl cations with
nucleophiles have been investigated. Thus, kinetic data obtained from the reactions
of these cations with indole have been interpreted (3%9) (Scheme 66) in terms of a
Tr-complex intermediate. With the Fe species, the formation of this intermediate is
the rate determining step whereas with the Ru complex, the slow rearrangsment of
this intermediate to a W1e.and—tyne c-complex is the rate determining .step. Addition
of mBull, and P(0Bu" ) to ELE(W —C4E )(CO)3]+ gave (350) the Dhosnnonlum complex salts
[335]. The klnetlcs of the addition of acetylacetons (acacH) to EM(q -CgH )(00)37+
and related n5—06H60Me and n5—C7H complexes have been studied (351) in various
solvents and compared with previous data (352). It was shown that- the reactions
are not subject to solvent changes and it appears that the overall mechanism involved
a rapid pre-equilibrium dissociation of acetylacetone to Eacac]_ which then added
directly to the dienyl rings. Methyiation of the cyclohexadienyl ring in
[?e(n5—2-306H6)(co)37+ (R = H, Me or OMs), giving Fe(co)3(2—3—5—Mec6H6), was achiev-
ed (353) stereospecifically and regioselectively using LiCuMeZ. Organo-cadmium
complexes, CdR2 (R = Ph, Cd Ph, CHMe CHZCH—CHZ, CHZCH=CHMe or CH=CHMe) also
reacted similerly (35%) with [?e(n —2—H06H6)(C0)3

Hydride abstraction by PhBC from [336] afforded (,55) the silacyclohexadienyl

complex [33?].
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Scheme 66
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Nucleophilic addition (N3—’ CEt, PBun3 or PEtB) to the cycloheptadienyl iron

tricarbonyl cation proceeded (356) via addition to the metal, follwed by transfer
of the nucleophile to the ring. ’

Treatment of [Fe(n5—c7H7)(co) T with Fe(n5-C5H5)(CO)2(n1—C3H5) and 2 related
species [338] gave (357) [339] and [3407] (2 and b). The reactions of [339] are
summarised in Scheme €7. Reaction of [F‘e(r\5—(271-17)((20)3__1+ with the T\l—a.llene
complex Fe(n5—05H5(CO)ZCHZC=C=CH2 or its propargyl amalog afforded [341] (R = H or
Me). ’

Deuteriation of tropone iron tricarbonyl, follwed by treatment of the product
with base and then addition of HBF,, gave (358) the tri-deuteriate species [342]
(X =Y =2 =D). Nucleophilic addition to this species by hydride, and also Me™,
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NHR™ (R = Bu® or Ph) and N, , occurred at the 3-position, giving [ %3], while CN~
attack gave [34+]. The species L3%5]mactad with CN~ affording [3467 and [34771.
Reaction of [Fe(CO)B(C?H,Z)]- with Mn(CO) Br and [Re(CO)B(THF)BrJZ gave (359)
FeM(CO)6(07H7) (M = Mn or Re), [348]. With [An(co),C1],, the cycloheptatrienyl
anion afforded [34%9] whose structure was established crystallographically. The
Rh-Fe distance, 2.76 £, is somewhat longer than those in ERh{Fe(PPhZ)(co)Z(n5—cjﬁjihj+
(2.67 and 2.66 §)(360), RhFeB(n5—C5H5)(CO)9 (2.57 and 2.62 8) and thﬁbz(q5-cjﬂj)2—
(co)g (2-60 and 2.57 B)(361, 362).
Reaction of cycloheptadiene with Os(CO)4(MR3)2 or [05(00)4(M33)]2 (1 = 51 or Ge;
R = Me or Et; or SiMe,Ph) afforded (363) [350] (the major product) amd [351]. With
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Scheme 67
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[Fe:] - . Br
Fe H
(CO)4 (CO)3

Ce4*; MeOH

Fe
(CO)s

CO,Me
R = CH(COzMe)2 or OMe

0s(CO0),H(SiEt.), only [350] was formed, and peither this nor [3517] could be obtained
from [Os(CO)LrQ_I Q= Sl“h3 or SiMe Cl) The species [351] is amalogous to
Ru,, (CH ?)(co) S(MMeB) (36+). Both [350] and [351] are fluxional, there being in
the former restricted rotation about the Os-C7H9 bond which permits the existence of
conformationzl isomers which interconvert zapidly at ambient temperatures. Reaction
of [3507] with bromine or iodine gave Os{n -C5H9)(CO)2X (X = Br or I) and treatment
of these species with P(OMe) or [Re(CO) ] gave rOs(*] —C7h )(CO){P(OMe)B}Z and
os(n —C7H9)(CO)2He(CO)5

Co-cordensation of iron atoms with cycloheptatriene gave (%S5, 266) the fluxional
n5-cycloheptadienyl—n5-cyclohepta.trienyl species [352] whose structure was establish-
ed crystzllographically. The complexed rings are essentially planar and the open
faces of the two mo- rings are skew to each other; the siructure being analogous to

Bu(né(:?H?)(niC?Hg) (367). A second product from this reaction, Fe(CiyH;g), was

thought to be Fe(n5—C7H9)2. Co-condensation of iron atoms with CgHg gave intract-

able polymers.
Protonation of M(CO) (CBHB) (PI = Fe or Ru) occurred (368) by two different routes

(Scheme €68) and the species Fe(n —-081-{ )(CO) Cl was isolated.
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CYCLOPENTADIENYL COMPLEXES
Binuclear species

Iron pentacarbonyl reacted (369) with (1, 3—(Mejsi)ZC5H3]_ giving [Fe{n5-1, 3-
(Mejsi)ZCSHB}(CO)Z:IZ. Treatment of Fez(co)9 with 1-H-indenes afforded (370) the
binuclear species [353], a 4-indenyl derivative (R = H or Me). A somewhat similar
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species, [3547], was obtained (271) from the reaction between Fe (CO) or Ruz(co)12
and 6(trans-prop-l-enyl)fulvene, other products being [355] (R .’ =H, Pr) and
w6l

A det;ilad study of the v.t. 1H and 13C n.m.r. spectra of [M(n 1en'1)(C0,2]2
M= Fg—or Ru; dienyl = C5H5, MeC5H4, indenyl, tetrahydroindenyl) has been reported
(372). A major difference in spectral behaviour between the Fe and Ru complexes
was detected in that in the latter both bridged_ and non-bridged isomers could be
observed, and it was noted that bridge opening to non-bridge rotémers was a rate
determining step for the interconversions of the ruthenium complexes. It was
observed that the new data could not be fully satisfactorily interpreted in terms
of the proposals of Cotton, Roberts and their coworkers (373) although the mechanisms
proposed are essentially the same (Scheme 69). The activation energies of the

CO interchange process are given in Table 3. The barriers to rotation of the non-

TABLE 3
Activation energies for the structural interconversion of [M(nS-dienyl)(CO)z_l2

and related species

M 'n5ﬂdieny1 iscmer Eaa
Fe CoHg trans 7.1+0.8
cis 11.240.3
MeC5H4 trans 8.0+0.6
cis 11.3+0.6
C9H11b trans 8.8+0.6
: cis 18.3+2.2
C9H7C trans 10.440.6
cis - 28.8:2.0
Ru C5H5 7.8+0.%
C H, He 10.04+0.3
CoHyy 1%.9+0.5
CoH, 14.040.5
M n5—dienyl isomer Eaa
FeNi.(n oS¢ H5)(C0) 5 9.5+0.4
Cer(n” -0514 )(No)zj - >21.5
{(Mn(n -C5H5)(CO)(NO)] >13.8:0.6

Zactivation energy 1in kcal/mol;'btetrahydroindenyl; cindenyl

ledged iron dimers seem to be markedly greater than those of their Ru analogs. It

was suggested that metal-metal bonding in these complexes may be directional and
hence at least part of the rotational barrier in the non-bridged species may be due
to hindered internal rotations about the metal-metal bond. Spectral data for

FENi(n5-05H5)2(CO)3 were also reported, and only the trans isomer was detected in

solution.
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Scheme 69

The dynamic properties of linked n5—dienylring species [3571 (L = CO or P(OPh) )s
obtained from L = CO by rezcticn with P(OPh)B, [3587, obtained from Fe (co) _d
azulene, and [359], prepared from [358] by reaction with Fe (00)12. have been
described (37%). The structure of [357] (L = P(OPh) ) was determlned crystallo-
g’raphlca"lly (Fe-Fe 2.50 R) B'r-:r_dge—-termlnal co gr'oup exchange occurred in (357
(L= CO) as rapidly as in cls—EF'e(n —C5F5 (CO)Z:] , more slowly in [358] and [359],
and not at all in [357] (L = P(OPh) ). These results are in accord with previously
proposed mechanisms (375) which req_uire that bridged species pass directly to
staggered configurations of non—br_idged intermediates and assume the necessity for
internal rotation about the metal-metal bond in order thati bridge-terminal group
exchange can occur. The proposed mechanism of exchange for l:357] (L = CO) and an
explanation of the lack of CO exchange in [357] (L = P(OPh),) is summarised in
Scheme 70 From a2 comparison of the i.r. spectra of [357-] (L = P(OP‘n) ) with that
of Fez(q 5.5)2(00) [P(OPh) ] indicated that the cis-isomer of the l.-tte"‘ is pre-
dominant in solution in non- Dola.r solvents, in contrast to r'»?e(n -C5H5 (CO) _] where
the populations of cis and itrans-isomers are almost equal at room temperaiure.

In an X-rey photoelectron spectral study of [F e(n -C 5)(00)2 L, semrate 0 1s

pezks were detected (,76) Tor the terminal and brldglng CO oxygen atoms. A kinetic
determination of Fe-Fe bond dissociation energies h2s been made (377) for the dis-
proportionation of Fe,(n -(25115)(71 —CEH,,IIe)(CO),, into [Fe(n -CSHS)(CO)Z] and
[?e(n -CH, I:=)(CO)2—I2 in benzene. Thé reaction proceeded via radical species, viz.
be(ﬂj—dlenyl)(CO)Z, and AW = 26.942.7 kecal/mol and As’f = 2.0+3.2 cal mo1 ™t deg_l.
The MUBssbauer spectra of a series of binuclear iron coleexes, e.g. .-ez(nj—c Hj)z
(CO) L (L = €O, tertiary Dhosnm.ne or phosphite), [Fe(n -C )(CO)] (Pn PRPPhZ)
(R = CH,, C,H, or NEt), Fe(n —-C )(co)z(r-PmZ)we(co) (L. = CO or PRB), and
re(n -cSHS)(co\(,,\ LO)(’A—PPhZ)(CO)ZL (L =co or PR ) ha.ve been measured (378).
Many of the compounds studied had non-equivalent iron enviromments, anpd various
lines in the spectra were analysed.

Carbon monoxide could be displaced from [Fe(n—CSHS)(CO) ] by primary amines

giving (379) the cis and trans-isomers of Fez(n 05H5)2(CO)3(NH R) (R = Et, Bu™ ,
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C6H11, CHz?h; RNH2 = piperidine, morpholine, bipyridyl or o-phen)}.
Reduction of [Fe(n5—c5}1 )(c0),(cs)T" by Nek afforded (380) cis and trans-
Fé(n5—C5H5)(CO)(CS)]2. An X-xay crystallographic;tudyof the cis form revealed.
bridging CS and a metal-metal bond (2.48 2) significantly shorter than in cis-
Fe(n5_c5H5)(CO)2]2. Tre trans—isomer slowly converted into a cis/trans mixture

in xylene.

Anionic and cationic species
Alkali metal reduction of [Fe(nj—c '5)(00)2]2 in hexamethylphosphoramide gave

(381), as expected, salts of [Fé(n5—C5H5)(CO)27—. Magnesium amalgam reacted (382)
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with [Fé(nj—C5H5)(CO)2]2 in THF giving [Mg(THF)21EFe0{5—c5H5)(00)212. Solution
spectral studies of Na.EFe(n5-C§l§)(CO)2] in ethereal solvents in the presence of
dibenzo-18-crown-6 revealed (283) the presence of three distinct ion pairs, one of
these involving a direct Na...Fe interaction, another a more normal Na...OC inter-
action, and ‘the third a solvent-separated ion pair. Conductivity studies of .
[Fe(n5~C§{5)(CO)3]EBPh4], EFe(n5—c5H5)(co)z(PﬂeZPh)][BPhLJ and [(Pth)ZNJEFe(CO)LFH]
revealed (384) that these species, too, formed ion-pairs..

Treatment of EFe(nj—C5H5)(CO)2(CS)]+ with Iewis bases L (PPhB, AsPh,, SbFh,,
P(csﬁll)a'; also P(p-xcéﬁ&)y X = F or OMe) gave (385) [Fe(n5-cjﬁ5)(co)(cs)L]".
The loss of CO in this substitution suggested that the strength of the Fe-CS hond
is greater than that of the Fe-CO bond. 13C n.m.r. spectral studies indicated that
‘the deshielding of the 1305 resonance increased as the CS force constant decreased,
and the shielding of the carbonyl resonznces Of [Fe(n5~C5H5)(CO)(CS)(PPh3)T relative
to [Fe(n5-c51{5)(co)_Z(PPhB)Tr was attributed to an increased m—acceptor ability of the
CS ligeand relative to CO., The thiocarbonyl cation reacted with RNH,, N ~ or N0,
and OMe~, affording EFe(n5-c5H5)(co)L(cm)’]+, Fe(n2-C_#,_)(C0)(L)NCS, 2nd Fe(n5-C5H5)~
(co)(L)c(=8)0Me. MNucleophilic attack by [Fe(q5-c )(co)2T, and its C_H, Me and
Clte analogs, on CS, afforded (386) the adduct [Fe(n5~csﬁ5)(co)2(csz)'l‘, which,
although it was not isolated, gave, on treatment with Mel, Fe(n5—C5H5)(CO)2C(=S)SMe.
Reaction of the CS, adduct with SnPthl and with Fe(n5~05[{5)(co) I afforded
E:e(nj—cj.!-ij)(co)zc(=s)SSnPh3 and Fe{n —C5H5)(CO)ZC(=S)SFe(CO)2(n —C5H§), respectively.

Czrbene complexes

Treatment of the iminoacyl complexes [3607] with Bu'Ne gave (387) the carbene
species [361] (R = H). The compound previously formulated (388) as [3627] should now
be described as [361] (R = P-XCgH,: X = H or Cl). Protonation of Fe(n5-05]{5)(00)2..
C(=NCGH11)CH206HLFX (X = H or Cl) gave the carbene complex [363] whereas similar
treatment of [3627] affored the bis-carbene species [36’4]

Alkene derivatives

Oxidation of [Fe('q5 “CSHS)(CO)ZJZ by Phqc.*. in the presence of an alkene gave (390)
[Fe(nj—CSHE)(CG)Z(nzna;kene)f (alkene = J/.fheptene, 1- or L4-octene, cyclo~heptene or
—oc.f.ene). Treatment of such species (alkene = propene, isobutene, heptene, styrene,
allylbenzene or cyclopentene) with NaBH_CN afforded (391) the corresponding alkyl
derivatives in good yield. Thus, [Fe(n5—05H )(€0),(Ci,=CHR) T" could be converted
into a mixture of Fe(nj—C5H5)(CO)2CHZCH2R and Fe(n5-2-05H5)(co)ZC}MeR (with alkene =
propene, only the former was produced). While NaBH_.CN reduction’ of EFe(n5—C5H5)—
(CO)Z(CH2=C}[e2):]+ gave exclusively Fe(n5~C§{5)(CO)ZCHZC}Me2, NaBH_q gave a 3:1 mixture
of the t-butyl and i-butyl derivatives. Reduction of the 2cenaphthylene cation by’
NaBD.CN afforded [365]. Attempts to produce alkyl derivatives from EFe(n5-c5H5)-
(CO)Z(alkene)T' where alkene = cyclo-heptene, -octene or norbormadiene were un-—

successiul.
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The addition of hetercatomic nucleophiles to [Fe(n5-c5ﬁ5)(co)2(CHR=CHR')]+ (r =
R* = H or Me; R* = H, R = Me or Ph, CHO or CHZOMe) occurred (392) with high regio-
selectivity giving a single, monosubstituted alkene adduct (Scheme 71).

. . + . - . .

Hydride abstraction by Ph,C from Fe(q5—c5d5)(CO)ZChZCE'{:ChZFe(CO)2(=—;5-05H§) gave
(393) the butatriene complex [366] whose reactions are summarised in Scheme 72.
Reaction of 1 Z—dlchlorocyclobutene with Na[Fe(n —05H5)(CO)2] afforded (394) [367]
and {1687 whose behaviour witih Ao or I’h3
[3687] vy Ag in the presence of cyclopentadiene and [369] gave the cationic complexes

C" is shown in Scheme 73. Oxidation of

[3707] and [3717], whereas oxidation in the absence of a diene produced the tricyclo-
‘octadiene complex [372_1. These reactions with dienes strongly indicate the presence
of the n‘z—cyclobutadiene complex [:373], and the production of the tricyclooctadiene
cation via [373] is depicted in Scheme ™. It was obsexved that the formation of
syn—itricyclooctadiene cannot be considered as prima facle evidence for the inter—
mediacy of CL;.HLI, in reactions involving transition metals.

Benzocyclobutenylidene, [373], and naphtho[bleyclobutenylidene, [3747], iron tri-
carbonyl cations have been prepered (395) by routes outlined in Scheme 75. The
reactions of [373] and [374] are also shown in this Scheme 75.The chemical behaviour
of the nz-benzocyclobutadiene complex [375] is summarised in Scheme 7.
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Scheme 71
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Scheme 71 continued
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Scheme 73
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Scheme 74
F'e(’?s--CsHs)(CO)2 = I:F'e] [Fe] [F'e]@
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[Fel o r/_—/ =
l + I l . [Fe:l — - Cl ) — e T
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D‘le] ® » » [rl-‘e_]@

Complexes containing M-C g-bonds

The ilonisation ene for M-C o-bonded species have been obta.ined from the
photoelectron snectra. o? M(n -C )(CO) Me (M = Fe or Ru) and “‘e(’q -C 5)(CO)ZCH CN.

Reactlon of 2-adamantyl halides (BX) with [Fe(n -CgH,g )(CO)Z] gave (397)

Fe(n —C5H )(CO)ZR while a similar reaction with R'COCl (R* = 1—ada.ma.nty1) afforded
Fe(n -CHg )(C0),COR'. Decarbonylation of the latter to re(n —05H5)(co)23' was
achieved using Rh{PPh ) Cl, but the PPh, released in this reaction reacted with the
l-adamantyl species glv:Lng Fe(n-C_H )(CO)( Ph_)COR'. Treatment of re(n—05145)(co)2_
cOBu® with Rh(PPh,)CL gave Fe(n—CSH5)(CO)(PPh ycoBu® in good yield, but the
corresnondlng pivaloyl derivative could not be decarbony_a.r,ed. Carbonylation of
Fb(n -C H )(CO)ZR (R = 2-adamanty1) with CO, and reaction with PPh3 gave

ne(n ~CH, )(C0),COR and Fe(n —CjHS)(CO)(PPh JCOR, respectively.

Reaction of [Fe(n —L5H5)(C0)2:| with SiMe,RCH,Cl afforded (398) Fe(n -c51-Y5)(co)2
CH,Sile, R (R = Me or Ph). Treatment of this with Lewis bases L (IE']E'h3 PMePh,, or
PEtPhZ) ga.ve Fe(n —Cjﬁj)(CO)LCH SiMe,R and Fe(n —05H5)gCO)(L)COCH ,SiMe,R, while m'.th.

S0,, Fe(n —CSHS)(CO)Z ,CH,SiMe,R.  Treatment of Fe(n -C5H )(CO)(PPh )cGeH 51Me3
with traces of acid afforded Fe(*] -—C5H5)(CO)(PPh )JCOMe. Direct synthesls of
Fe(n -C5H5)(CO)(PPh )R (R = Bu", CH,CHMe, or CHMeEt) was achieved (399) by action of
the appropriate alkyl lithium reagent on the iron iodide complex. The structures
of [Fe(n5-05]{5)(00)2]2(w2)n (n = 3 or &) have been determined (4#00) crystallograph-
jcally and it was found that the Fe atoms in each compound were joined by simple c-

bonded (‘H2 groups, the C-C and Fe-C bond lengths being similar in each species.
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Scheme 75
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The them1 decomposition of F'e(n —CSrI Y(co)(PPhn )R (R = Bt, Bu”, BuS, or But and

2-methylpropyl) into Fe(n -CSHS)(CO)(PPh JH and alkene has been investigated (%01).

The essentizls of the mechenism are outlined in Scheme 77.

The reaction of 'threo~Fe(n5—c5ﬁ5)(CO)ZCHDC}E)Ph with halogens has been studied

(402) under a variety of conditions.

The major product in most cases was threo-

a, B-dideuteriophenethyl halide, although the methyl ether was obtained in methanol.
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Analogous cleavage reactions of samples labelled with lBC at the 0-C atom showed
that, in most cases, the methylene C atoms became equivalent at some point along the
reaction pathway. This was not easy to explain but one mechanism (Scheme 78) was
preferred over an alternative (Scheme Q) involving a phenonium ion intermediate.
The overall mechanism proposed (Scheme 80) involved initial oxidation of the metal
to give a fluxional cation [Fe(n5-cjﬁ5)(CO)ZX(C}DC}DPh) T5, followed by reductive
elimination of threo-phenethyl halide. The cationic intermediate can also give
erythro-phenethyl halige, not by nucleophilic atiack on the intermediate by %, but
more probably via non-chazin radical processes. I+ was proposed that the halogen
cleavage of transition metal alkyls containing non-bonding d electrons may generally
proceed via initial oxidation of the metal, and the long-accepted S.2 (cyelic)
mechanism for cleavage of main-group metal alkyl compounds is a sym;'.eAtry—forbidden

process.
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Scheme 77
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Spiro[l .t Jnona-1,3-diene, [376], and spiro[2.4Jhepta-2,6-diene, [3771], reacted
(#03) with Fe (CO) giving [378] and [379], respectively. + While dimethylfulvene
reacted (l.-Oll—) with Ru3(CO)l2 giving [380], whose structure was established crystallo-
graphically, diethylfulvene afforded [381].

Treatment of 1, 4-dlha1 0-2-butynes with Na[Fe(n5-c )(co) 1 gave (405) Fe(n5—c H_)-
(c0),CH,C=CCH, Fe(CO)Z(q —CgH 5), Fe(n5-C5H5(CO)2C( CH )CH— 23 am; re(q5—C5H5)(CO)2_
CH,C=CMe. The last two could also be produced by treatlng Fe(n —C5}'5)(CO) H with
butatriene in THF. Protonat 1on of the bimetallic acetylene species afforded [3827]
which was transformed to Fe(q -C H5)(CO)ZC( =CH )CH—CH2 by treatment with
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[Fe(n -c H )(co)zj - Attack upon XCH,C,CHX (X = C1, Br or 0SO,Ph) by

[Fe(q -C )(CO)21 gave the n3—a. 1yl complex [383], also obtained by reaction of

Fe(n —CSH?)(CO)ZC( =CH, )CH—CH with Ma[Fe(n” —051{ )(co)2] or NaOMe in methanol.

When [383
methyl group and at C(2)

Treatment of [Fe(n —C )(co)zj with RO,CCH=CHI (R = H, Me or Et) gave (406)

cis- and tra.ns-Fe(n -ch )\CO)ZCH CHCO R.

A mechanism for these reactions is given in Scheme El.

was prepared in MeOD, the 713—ally1 group was monodeuteriated at the C(3)

A general synthetic route to F‘e(n —C5H5)(CO)2(n —a.lly'l) has been wocrked out (407)
and is shown in Scheme §g_ together with some rearrangements of the alkene inter- .
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mediates crucial to the f@mation of the nlﬁallylic species. Reaction of [Fe(nS—
cj_q5)(co)2]‘ with the bis-epoxide [38:] gave selectively [385], and deprotonation

of the cyclopentene complex [386] gave Fe(ﬂj-C5H5)(C0)2(ﬂ5-C5H5) and not [387]. The
cycloheptene cation [Fe(n5—C5H5)(CO)2(C7H12)]+ could not be deprotonated since there
wWere no accessible allylic protons trans to the Fe—nz-olefin bond in either the boat
or chair conformation of the olefin. Cycloaddition reactions of Fe(nj—c 5)(00)2—
(nl-allyl) with TCMNE and certain isocyanates gave (407) [388], [389], [390] and [391]
but with ceriain systems, as shown in Scheme €3, there could be a competitive "inserts
ion' reaction. Mercury(II) chloride reacted (408) with the nl—allylic species
Fe(n5—c5Hé)(co)2mZCR='03132 (m, R = H or Me, R% = Me or Th) giving Fe(n5—c 5)(co)2_
[CH_,_CR=CR RZHgCIZJ which, on treatment with NH,PFg, was converted into l:jgz%l:x
Treatment of [:3921 with chl2 afforded some Fe(n5—C 51-! 5)(CO)ZHgCl.

Thermolysis of the complexes [367] and [3687] described earlier (39%4) afforded
(409) Fe(n5—c5ﬂ5)(co)ZCH=CHCH=CKFe(co)z(n5-cjﬂ5) and Fe(n5~051{5)(CO)ZCH=CHCH=CHC1.
The former, on iodination, gave ICH=CHCH=CHI and [{Fe(n5—C5H5)(CO)Z}Z(CLPHs)]Z*', and
this dication could also be produced by treatment of Fe(n5—c5ﬂ5)(co)2c1{=c1{CH=cH_
Fe(CO)z(n5—C5H 5) with HCl. Protonation of [367] by HBF, gave probably [393] which .
reacted with Et,N giving B, Hydrolysis and . dehydration of [3687] on alumina
gave eventually _tza_ns—Fe(n5—05H§)(CO)ZC}IZCH=CI{CHO, according to Scheme €4.
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Scheme 81

Fe(n5—CgHgN(CO), =[Fe] .
[Fe]cH,C=CCH, [Fe]

) [F-'eV
- /
[Fe]
XCH,C=CCH,X —————== [Fe|CH,C=CCH,X
(X = Cl or OSO,Ph) : l
- X~

P9 £

[FeJcH,C=C—CH, -e——— H,C=C=C=CH,

I &
| N\ [Fe]

[Fe]lcH,cH=Cc=CH, + [Fe]CH,C=CMe

[Fe]” + H,c=C=C=CH, l
T /\(
BrCH,C=CCH,Br [Fe]

|

o
0
\
o o
Y
V/
A
0
2
ml
o)
0
\
O {:
7,

References'p. 437



404
Scheme 82
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Scheme 83
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Reaction of [Fe(n~-C )(co), 1™ with Phq_ns or Ph,P " gave (410) 35-45% yields of
Fe(n —C5H )(CO) Ph and E;‘e(n —C (CO) ] The ammonium salts [PhMegNT and
[(PhCHz)Me NT reacted slowly mth the caruo;cylate anion affording Fe(n —051{5)(00)2Me
and Fe(n —CjHS)(CO) CH,Ph, respectively. The overall course of the reaction with
[PhBPT was thought to involve initial formation of PhLPP‘“e(CO)?(n -C '{5) which
dissociated giving [Ph, P]* and [Fe(n —Cqu)(CO)ZJ . The former radical Ffurther
dissocizted g1v1ng Ph.,P and phenyl radiczls which could either attack the iron spec1es
givi ne(n —C )(CO)Z--, or dimerise affording biphenyl. The iron radical could
also dimerise ..o give [Fe(n —C5H5)(CO)2_J

From T°C n.m.r. spectral comparisons of re(n -05}{ )(CO)ZPh, Fe(n —C5H5)(CO)-
[P(Oph) JPh and [395] with [3967 (M = Fe, L = CO and P(OPh) ), it has been shown that
it is posslole to differentiate between metallatied and non—metallated PhO groups

within the same molecule. The species [395] was obtained by heating (411)

[=1® R [Fe]
[ .
[Fel
103 394
<=
_Fe =~ _-Fe
o¢” L
o-—4(~;:[::] (PnO)?_P{-oiI::j
k»/o 396
395

re(n~ -—C5P5 (CO)(PPh )Ph with PhOPOC..ZCHZO

In refluxing decalln, Ru(n -C5H )(PPh )ZMe was converted (%#12) into [3977 which
further reacted with CF3C CF3 glVlng [398] T;{phenylvhosphltn reacted with
Hu(n -C5_ 5)(PPh3)201 giving Ru(n 'C§{5)EP(OPh)3]201 which, in refluxing decalin
in the presence of dicyclohexylamine, afforded [396] (M = Ru, L = P(OPh)B) which
did not rea.ct with CF. C,CF,.  The azo compounds p-RC.H) N= NC61( (X =H or F) reacted

with Pu(n - 5)(PPh3) Me giving [399], [400] (X = H, R = H, Me, OMe, CO.EL or CFy;



407

X=F, R=1H, Me or CFB) and [401] (X = F). Complexes similar to [399] and [200]
were obtained with 3, 5—(Me02c)2c6H N= N06X (X = Hor F). Treatment of Hu(n5—c5H5)-
(PPhB)ZMe with EC6F5N=]2 gave ELLE% These reactions confirmed the expected tend-
ency for the low-valent electron-rich Ru species to engzge in nucleophilic o-metall-.
ation reactions with fluorinated rings. The reactions may involve a.bst'r'aétion by
the metal of fluorine and it was shown that Ru(n -C5 )(PPh ) Cl reacted with NH,F
in methanol in the presence of Ag2C03 giving Ru(n —C5H5)(UPh )ZF'

Treatment of [Fe(n —c5H5)(c0)2T with RCOCl (R = 2-thienyl, 2-furyl, 5-methyl-2-
furyl, &, 5—benzo~2-f‘ury'l) gave (£13) wﬁ(n -05}- 5)(co)ZCOR which reacted with PPh3
glv1ng Fe(n —c5H )(CO)(PPhB)("OR) Photolysis of re(n -c )(CO)ZCOR affomed
Fe(n -C )(CO) R which, under u v. light, reacted with Pph3 a;_fordlng Fe(n —05H5)-—
(CO)(PPh )R. Reactlon of re(n ~CgH 5)(CG)2R (R = 2~thienyl or %, 5-benzc-2-furyl)
with Hacl gave (414) the mercurated species [£2037] and [L04], and treatment of the.
former wlth Ha,S.0., afforded [405].

27273
- ;l !‘?u /C':s
el
398
_Ru .Ru

399 400
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In hot diglym Fe(qj—CSHS)(CO)Z(CH ) Ph (n = 0 or 1) reacted (415) with Cr(CO)6
g1v1ng Fe(n _CjHé)(CO)Z(CH ) E(q —06H5)Cr(CO) J. Reaction of Co(n —C5H5)(PPh3)

(H CoH ) (R = R = Ph or COZMe R = Ph, R Z co Me) with Fe(n -c5H )(CO)L(C Ph)
(L = cO or Ph) afforded (416) E+O6], from which the Fe atom could be cleaved by HCl
only with difficulty, giving Co(n -C )(PPh )(ﬂ -G, Ph H)

Treatment of Fe(n -C )(n -C H, COCH,C1) wlth Na[re(n -c . H,_)(co),] in THF afforded
(417) Fe(n -CSH )[ﬁ —C5H COCH Fe(co)z(n -C5H )] together with F’e(ﬂ52 )(n '053;
COMe) and Fe(n” ~CoHs )(co),cl.  In dwmethoxyethane, Fe(q —c5H5)(n —c5H4c0c1)
reacted with the carbonylate ion giving Fe(n _CEHS)B] -C5HLrCOFe(CO)2(n —C5H5)] On
photoly51s or hea.tlng this SDecles in trimethylpentane, modest yields of
“b(n ~C5H Y —Cjnape(co) (n° ~CH )] could be obtained. Reaction of Fe(n -c5H5)-
(n° ~C H, CH, C1) with [Fe(n -c5H5)(co)2] gave Fe(n -c5H5)[h ~C jH;, CH, Fe(C0),(n —CSHE)]
Electrochemical studies of these species revealed that the electron transfer
fehaviour of the two Fe centres were independent of each other. Reactlon of
Fe(n -C5H5){Tl —CSH,,COCH re(CO)z(n —05]‘[ X1 with HgBr, gave (418) F‘e(n —C )(CO)Z'Br
and ne(n -C_H )(n -C_H,,COCH,, Hgdr), whlle with HX (x = C1, HSQ, or c104),

[Fe(n —05H5){n —CjHlYC(OH)CHZFe(CO)Z(*] ~C.Hg )3 was formed.

Treatuent of [Fe(n5-c5H5 (co)3]+ with Me,S(=0)CH,in THF afforded (¥19) Fe(n —C5H5)—
(CO) [C(O)CHS(O)Me 1, &o7] (a,b,c or d); form (d) was apparently present in solution
at room temperature.

Reduction of M(n5—C5H )(co)come (M = Fe, L = PPhg, P(OPh)y, P(CgHy;)s, PMe,Ph
or CO; H = Ru, L = PPh,) to Dl(n5—C5H5)(CO) (L)Et was achieved (420) using BH,.THF
or B H, in benzene; M(n5~C5H5)(CO)(L)H being an occasional addition product. It
was suggested that the rate of reduction increased with increasing electron density
at the metal centre, and the proposed mechanism of reduction is shown in Scheme 85.
It was noted that Fe(n —C5H5)(CO)(PPh )JEt probably has the conformation as shown in
[4087], and that related species containing FMe,Fh, (OPh) or P(CH Ph) have lower
steric requirements permitting free rotation about the Fe—CHZ-CH bonds.
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Fluoro-alkyl and —a.r_yl compounds

Rezction of [Fe(n —C5H§)(CO) T wlth (cF, )ZC—C-C(CF )2 has given, under a variety:
of condltlons (421), the species Fe(n - )(CO)ZI:C{C(CF )=CF. }—C(CF )2 1, o9,
Fe(n-c H.)(c0)n> ~CF,C(CF5)C=C(CFy), 1, 101 and We(nj—C_H )rh5;n(nw31cﬂc(cp )~
Ccrc=c(CF. )27 [#117].  The structures of Fe(n —C5H5)(PPh )[n -CF, c(cp )c=C(CF )2],
obtained by photolysis of [4107 in the presence of PPhj, am 11] were deuermz.ned
crystallographically.

(F5C) C\’.:/ ‘\, LC= C(CF3) 2

Irradiaticn of EFe(n ~05H )(CO)Z_J with CFBC CFy gave [4127] whose structure was
- confirmed by X-ray methods (4 22) (Fe-Fe 2.59 X) Similar treatment of [Ru(n —05H5)—‘
(co)%] gave first trans-au(q —C5H5 (co),C(CF. ) CH(cwj), also produced by heating
Ru(n ~05.5)(co)2H with CFBCZCFB, and then Ru(n —c5H5)(co)c(CF )—C(CFB)C(CFB) CHC-B
These latter reactions are closely related to the behaviour of Ru(n —C5I-15)(PPh ) H
with CF3C CF (423), but the apparent change in stereochemistry of the fluorocarbon
ligand Iomed on replacement of PPh. by CO implied a change in mechanism of reaction.

Treatment of Fe(n —Cj. 5)(CO)ZMe with CF.C CM3 gave two conformers, (4137 (a2 and b),

FaCh
which vanldly interconvert in solution. dith hexailuorobut-2-yne, the nl—allyl
specles Fe(n” ~CH, )(LO)Z(C ) afforded mainly [%4147] and on photolysis of Fe(n5—C5H5)—"
(CO)Z(q -C ) with the acetylene, [215] and some ferrocene was produced. This

latter reactlon is an example of 2 (2 + 4)w addition (Diels-Alder) where the acetyl-
ene does not enter the coordination sphere of the metal in the early stages aof the
reaction. A product 51m11ar‘to [#15] was obtalned with MeQ,CC,COMe.  While there
was nc rezction between Fe(n —C5H )(CO)Z(n ——C3H )} ard CFys Fe(n —051{5)(CO)2(T] -C;{g
afforded ferrocene and [11—16], whose structure was established crystallographically.
Of note here is the cleavage of the LZC—CFZ bond . The nl—cyclopenta.dlenyl complex
a2lso reacted with (CF )2C° giving [417] by a mechanism illustrated in Scheme 86.

The structure of Ru(n -CH.)(PPhy)lc(co,Me )= c(co,Me)c(CF,)=CH(CF )], [418], obtained
by reaction of Ru(n —051{5)(PPh3) C(CF )= CH(CFB)] (423), has been confirmed (424) by
X~ray techniques.

In the reaction between benzene, CéFjH and Cr atoms, Cr(né—céHé)(ﬂé—C6F5H) was
produced, (425) which, on lithiation by LiBu®, gave Cr(n°-Cgi )(n ~CgF1i).” Treat-
ment of this species with Fe(nj—CjHj)(CO)ZI gave Cr(né—C6H6)[n6—C6F Fe(CO)Z(n5CSH5)].

The structure of the product obtained (426) by reaaction of Ru(n —C5H5)(PPh3)2Me
with decafluoroazobenzene has been identified crystallographically (427) as [419].
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Optically—-active and chiral complexes

The reactions of 'r,he om.lcall‘,r pure Fe(*] —C5H )(CO)(PPh R)X (R = NMeCHMePh; X = I
or Me) with Cl,, Br, or I, and LiMe occurred (#28) with retention of configuration
(Scheme 87). The varying degrees of epimerisation of the unreacted starting

materizls and isolated producis were interpreted in terms of pseudo-rotation of a
coordinatively unsaturated intermediate formally five-coordinate at Fe (assuming the
15—c5H5 ring to occupy three coordination positions). This intermediate was also
invoked in explaining the rates of epimerisation of Fe(n —CjHS)(CO)(PP R) as
determined by polarimetry, and PPh,R exchange measured by n.m.r. spect*oscony (429),
which were the same (see Scheme 88) The absolute configuration of Fe(n —CjHS)(CO)-
(PPh )[COZ(Z -Pr —5—MeC6H3)7 has been determined crystallographically (430).

”reatment of [Fe(n -CgHg )(CO) T with MenOCCH,X or MenCH,X (Men = mentholate,
[2201) zave Fe(n” —CSH )(CO)ZH (R = CH,COMen or CH,Men, respectlvely) which, on photo-
lysis with PPh3, afforded (+31) E¢21] (R = CH,OMen or CHzMen) The species [42 l]
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(r = CHZOMe) was resolved by recrystallisation after column chromatography, while

[421] (r ='CH2Men) was resolved by recrystallisation alone. From crystallographic

studies, it is known that these species have the R-conformation.

Reaction of [421]

(R = CHZMen) with HX (X = €1, Br or I) afforded Fe(n5-c5.r{5)(co)(PPh3)CH2x with
retention of configuration, and X could be metathesised by H , CN , OMe , R' (R' =

Me, ETt, Prl, Ph or cyclopropyl) upon treatment of the halomethylene species with

NaBHh, KCN, KOMe in methanol, TiR' or MgR'X, respectively, again
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configuration. However, treatment of [21] (r = CHZCOMen) with HC1l or H SQ, in
methanol gave racemlc Fe(q _CSH )\CO)(PPhj)CH CO R" (R" = H or Me). Reaction of
T~"e(n 2o )(CO)(PPh )CH Br, EL211 (r=ocH Br), with an excess of trans-PhCH=CHMe at
25° gave Fe(n -C 5(00)(pPh )Br and [+c?] as a 9% enantiomeric excess of the (+)—
(18)(28) cyclonropane. Treatment of [#217] (® = CH,R', where R' = H, Me, Et, Prt or
Pn) with S0, afforded Fe(n”. —C )(CO)(PPh s(=0), CHAL '], the extent of racemisation
being dependent on temperature and on the nature of R' Greater then 95% stereo—
specific insertion occurred in dichloromethzne or dimethylformamide when R' = H.
Treatment of [421] (R CH,Men or CH,OMe) with 50, gave either Fe(n "CSH )(CO)(PPhB)-3
[cu S(—O)2R7 or Fe(n —C5H5)(CO)(PPn2)[CH os(= O)R] (R = men or OMe), the Former being

favoured on the basis of snectTO=c0plc data. Reaction of [%421] (R = CH,R', R' =
cyclopropyl) with S0, eave ~e(q —C5H5 (CO)(PPh Ws(= O)ZCHZCHZCB =CH, J with 20% net
stereospecificity. The abnormal insetion of SO2 into the C-0 bond of [f217] (R =

CH,Men or CHZOMe), in comparison to the more usual formation of Fe—S(=0)2—R species,
may be undersiood as a reflection of increased eleciron density at the metal centre
which is provided by PPh.. This increases the stability of the polar species
[re(n5-C “5)(co)(DPh3) ChZT Foa? which contributes to the ground state bonding. It

proved impossible to obtain Fe(n —Cjﬂj)(CO)(PMezph)Cthen the only product which

<<::::::> ’ fe) \T/

|
Fe.

/” \
PhP” R
C
(@) Me
421 420
could be isolated being Fe(r. )(CO)(PD._ZPh)Me. The large-scale synthesis of
racemic [%#21] (R = CH,R", R* = al{yT), that is compounds where CH,R' contains B

hydrogen atoms, 1is very conveniently achieved by the following route:

[::e(n5-05 (0}, ,—» NalFe(n” -c.)(C0), T — Fe(n” ~C,H,)(C0),CH, Oite
' Pphj, m
T (12— CH)(CO)(PPRy)CH,Cl €—— Fe(r)j—chj)(C.O)(PPhB)CHZOMe
R'MgX
Fe(r15—C5H5)(CO)(PPh )CH,R

This pathway is superior to reaction of Fe(q —CjH )(CO)ZCn R* with PPh (see ref.
L401) or of Fe(n —05:'5)(CO)(PPh3)I with M/-CHZR X.

In the complexes Fe(q -C5H )(CG)(alkene)SnR3 and he(n —C H )(CO)(aTL.ene)SnR3
(R = Me or Ph, alkene = C,H, orcC H6), the olefin rotates about the metal-alkene
bond (432) with a barrier to rotation varying from 11 to 14 keal/mol, permitting the
observation of both averaged and non-averaged n.m.r. spectra. Evidence for restrict

ed rotation about the Sn-C bonds in SnPh_-containing derivatives was also obtained.

3
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The chemical shift differences resulting from the substitution of 05H5 by 09H7
permitted the determination of the preferred orientations in the propene complexes.
Decompositicn of these complexes proceeded with loss of the alkene in a process

whose rate was not altered by added PPh3

3

n~-—Allylic species

Photolysis of Fe(n ~CSP5)(CO)2(W C3H5) at 10° afforded (£33) the endo— and exo-
isomers of Fe(n -—05145)((10)('1 —C3 57>
was produced at a moderate rate. Similarly, re(q -C n5)(CO)2(‘ —Z—Mec3 ,, ) could be

), and on heatlng the endo- form the exo-isomer

converted to endo- and exo-21lylic speciles. If the photochemical process involved

CO dissociation (Scheme 8) followed by collapse of the coordinatively unsaturated

Scheme 89

H -H
H __H H H
oC Co Co «Q Co
2 — = -

hv )\g
——
o€ Co i L Co

ntermediate, then the initial product ratio might be expected to reflect co nformat—

|

Y

i
ional preferences, provided thzt the collapse was rapid comrared te rota.ulone about
the Fe-C and C-C bonds. Photolysis of cis- and trans-l-substituted n -a.l‘ly1 ic

species gave a number of syn- and anu1—~13-a lylic species as a mixture of endo-
and exo-isomers. Approximate rates for the thermal interconversions of the
different stereoisomers were determined and it was found that the antl-to-syn
conversion occurred at a rate comparable to endo-to-exo isomerism. . This implied a
similar mechanism involving n3_.'1 _;'13 transformations. Some mechanistic inform-
ation is given in Scheme 20, The absence of anti & syn exchange in the isomerism
of endo to exo complexes is expected, since the reaction would be anticipated to
proceed via a preferred l-substituted allylic intermediate in which the configuration
at the substituted C atom is left unchanged.

Reaction of [Fe(n- :-c )(co) T with }1e331crf—c~{c._9c1 gave (43%) 1?e(n —C5h )(co)2
CI-IZCH=CI-ISil“Ie3 which, on 'DhOT,OlySlS, was converted into ‘?e(n -C.H 5)(CO)(n -’I—MeBS:.—

Cij,)' Treatment of Fe(CO)5 with Z-MeBSiCBH,,I afforded Fe(n —Z—IIe Slf‘ H,,)(CO)BI.
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From i.r. and v.t. lH and le n.m.r. spectrel studies,it was established (435)
that rotation about the C-C bonds in the p-allylic species [fre(n -csr[5)(co)2}2
(p—CHZCHCHZ)T and [it«"e(n —c51{5)(co) } q.x -CH CMeCHZ)T required about 12 keal, /mol.
Compounds containing Group IVA ligands other than C

Troatment of Na[Fe(n5-c5H )(c0),7 with He(CH,), L1 gave (436) Fe(n” —C5H )(co),,-
(CH2)15M8 which urderwent 1nsertlon with GeCl, leAaFe affording ™ (n —C5H ,(CO)Z
GeClZ(CH2)15Me. Related species. Fe(n —C5H5)(CO)2GeRZ(CH2)nﬁe (R = C1 or O&c, n = &;

R = OAc, n = 4) were also obtained and, in relation to their surface active

properties, the critical concentrations for micelle formation by these com:lnxes
were determined.

UV irradiation of [re(15—C5h )(CO) 7] Snlie, gave (437) unreacted starting material,
Ere(q -C H5/(C0)2]2’ and the cis- and trans-isomers of the known [F e(q5—C,H )(CG)]Z—
(R-CO)r-SnMe,) (438). Reaction of [Fe(n -—C5HD)(CO) 1" with SnMe,Br, ;avn
r.Fe('r]5—C Hj)(CO)Z] SnMeBr and Fe(n —C5H5)(CO)QSnBrHe Mreatmnnt of L?e(q -Ct )—
(co), ‘l with snlcH (Sll"lej)zj gave (%439) ;ez( no-C H _512(CO)2{SH|—"H(SH )2 2} [ 23],
whereas be(‘\5—05 5)(00)2- (R = C1 or Me) afforded *=('15—CI )(CO)ZSnEC:I(Slﬂe )2 LR

whose MUssbauer spectrum has been measured. The tin(IT) alkyl also reacted with

FeZ(CO) giving [#247]. Contrary to a recent report (44:0), EFe(n5—C5H5)(CO)212
reacted (241) with SnX, (X = Cl, Br or I) in the absence of air and moisture, giving
[Fe(n” -CSHg)(CO)Z—J Sm( Irradlation of Fe(q5—c5r~:5'),(co)95nx3 with P(0Ph), gave
(442) re(n”’-C )rP(OPh) ] Snx (/ = Cl or Br), and with AzF, these complexes wers
converted into F‘e('] -C )[P(O:’h) ,SnF,. The kinetics of the iodination of

Fb(n —c5h5 (CO)ZMMe (M = 8i, Ge Sn or Pb) in carbon tetrachloride have been deter-
mined (%%43). The reactivity of the compounds incréased in the oxder 51 < Ge < Sn <
Pb, as a ~onsequence of vertical hyperconjugation and the increasing stabiliiy of
the MMe + ion. The reactions were thougnt to be akin to omatic substitution.

3

‘Compounds containing Group VA ligands

Reaction of [Fe(n5—c )(00)272 with a series o— 2-alkyl or -aryl imidazoles (HL)

gave (444) only FeL,. ﬂo:ever, treatment of Fe ( ’)(CO’Z‘ with sodium bsnzo-

triazolide afforded (4%5) [%25] and [%#267] which were S;adlly protonated at an un-
complexed N atom. No isolable meital carbonyl derivatives could be oObtained from the
reaction betweer Fé(n5—c5H5)(co)2: h, and CO at 190 atm and 150° (uh6).

Treatment of [Fe(n5—05. )(co) (were) T with Ph r(CT'I ) FPh, gave [(Fen” S ¢ _)(co) -
{PhZP(CHZ)nPPh2}1+ (x=1or2; n=1or2) (““7) Reactlon of [Fe(n~ -C5H5)€CO) 7
with P(=E)R,X (E = S or Se; R = Me, OEt or Ph; X = Cl or Br) gave (448) Fe(q -C -5)-
(CO)ZEPH2(=E)] which appears, on spectral evidence, to contain Fe—P vather than
Fe-E-P bonds. Carbon monoxide could be displaced from the phosphido species by
PPhy or FMeyFh (L) giving 1=‘e(r15-c5.5)(r‘o)l.[:—vﬁ?_(=13)'J, and reaction with Mel or [H930]+
afforded [Fe(n -C (co)Z{PR (EMe)} T'; similar ethylated species could be cbtained

from Fe(n —C5H5)(CO) [PMeZ(—S)]
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The species Fe(nS—C5H5)(CO)ZEP(CFB)ZJ, 1, functioned (449) as 2 ligand towards
Ni, Co, Fe and Mn carbonyl derivatives. Thus, the species Ni(CO)BL, Co(CO)Z(NO)L,
Co,{(CO)¢Ly, Fe(CO)LPL, Fe(CO)(N0),L, Mn(CO)B(NO)L and E@-Mn(CO)LPLH Wwere obtained,
ard from i.r. spectral studies it was estimated that the donor/acceptor ability of
L was intermediate between trizrylphosphines and trialkylphosphites. In
CO(CO)Z(NO)L and Mn(CO)B(NO)L, i.r. spectral data indicated thepresence of rotation-
2l isomers due to rotation about the P-Co and P-Mn bornds.

In a similar vein, Fe(n5—051{5)(00)2PPh2 and Fe(n5—051{5)(C0)ZSR (R = Et, Bu® or
Ph) could act as ligands towards Rh carbonyl species (450). Thus, with I:Rh(CO)ZCT]
Fe(n —C5H5)(CO)2PPh.2 L', afforded P.h(CO)L' Cl which, on treatment with SbF6 in
methanol, was converted into [RhL :":SbFéj, [42?], whose structure was es‘babllshed
earlier by crystallography (451). The mechanism of formation and some reactions of
{4277 are summzrised in Scheme S1. Reaction of [Rh(C 12)(E uOH)ZT (C gHj, = cyclo-
otad-1, 5-diene) with Fe(n —05115)(00)233 (R = Et or Bu®; L") gave [RhL"zT which
contains bridging CO and SR. However, with Fe(n -Cgt 5)(co) SpPh, Q, ERh(CSHlZ)QQT
was isola.ted which contained only terminal CO groups. Treatment of [Rh(CO)ZCl_]
with Fe(n —CSHS)(CO)ZSR gave only [An(c0),SR],. Reaction of [RnL,(EtoH),]" (L =
P(OPh) = CgH,,) with an equimolar amount of Fe(n —(151-[ )(CO)ZPPhZ afforded [4287.

The st:Lb:Lnes ShMe,Br and SbBr, reacted with Na.[Fe(n -C 5)(00),,] giving (452)
Fe(n -C§{5)(CO)2$‘bR2 (R = Me or Br) and [‘?e(n —C5H5)(CO)2 SbBr. The species
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[f‘e(n5-c5ﬁ )(C0), ISbRML_ (R = Me or Br; M = Cr or W, L =CO, n = 5; ML, =
Mn(CO)Z(n —C5H5)) were obtained from the appropriate iron complex and “activated”
metal carbonyl derivatives. The bis-iron complex [:Fe(715-C5H5)(CO)?_]‘,_SbBrI*fI.Ln was
similarly prepared. A number of these species exhibited conformational isqmerism

at room temperature with respect to the Sb-M bond. A mixture of Na[Fe(n5-05H5)
(c0),J and SbX, (1:3; X = halide) afforded (453) [Fe(n” -CH )(co)zj Sb which reacted
with M(CO)g (M = Cr or W) giving [Fe(n -c5H5)(co)2] SbM(CO) 5 This species was
also obtained by treatment of FE(n5-05H )(CO)ZSbF M(C0) . with [Fe(n —CSHS)(CO)ZJ-.
The structure of EFé(n —CjH )(CO)ZCIJ4ESb073Jh, 4297], obiained (&) by reaction of

r'F'e(n —C5H )(CO) T with SbClB, has been determined crystallographically (455).

Complexes containing sulphur ligands
Voliammetric studies of Hez(n —C )9 2(Sﬁ‘t)z, (4307, revealed (456) that the

complex underwent two one-electron OYldathe processes, one reversible (at +0.21 V

vs. SCF in CH,CN) and one quasi-reversible (at +0.90 V). The species also under-
went irreversible reduction. .The monocationic species [Fe Z(q —C5H5)2 2(Sﬁ‘t)zT"
was prepared electrochemically, was param2gnetic (one unpaired electron per dimer)
and has been characterised crystallographically (4 457). The important dimensions

of the neutral species (458) are compared in Teble 4 with those of the new cation.

TABIE 4

Structural data obtained from [Fez(n5-c5H5)Zsz(sgt)2]2:", z = 0 or +1
Distance (&) z =0 z = +1
Fe-Fe . 3.307(1) 3.059(1)
Fe-S(sulfide) 2.129(2) 2.135(1)
Fe-S(mercaptide) 2.281(2) 2.500(1)
S-S 2.123(3) 1.787(1)

In both species the Fe-S-S-Fe bridge is planar and, upon oxidation, there is a
contraction of the intermetallic distance as would be expected for the formation of

a one-electron metal-metal bond. Further oxidation of the monocation in acetonitrile

afforded [Fe(n?-C o) (NCHe ) (SEL) L7

Ealide and cyanide complexes
The He(I} photoelectron spectra of Fé(q —C51 )(C0),X (X = C1, Br, I or Me) have

been measursed (%459), and there has been a general discussion of the m.o. description

of these cﬁmg}exes. Photolysis by Visible light of [Fb(n —CgH, )(00)2] in
chlorinated solvents afforded (460) F‘e(n —CgH )(co)zx (x = Cc1 or Br), and further
irradiation of this speciles gave ne(nj-chj) and FeX,. The complexes Fé(n -C 5)
(CO)LT and D:‘e(q ~C4Hs )(CO)Z_.]I (L = PhBAs or PhBSb) have been obtained (461) from
Fe(n” -cL_ 5)(00)2_. Rea.ctlon of Fe(n —C<h5)(CO)(EPn3)T (E = P, As or Sb) with bipy
or o—nhen (L-L) gave [Fe(q —C5H5)(T—L)(EPh YII. The species Fe(n —C5H5)(CO)4X

(L = P(OCHZ)3 R = Me, Et or Pr’’; X = Cl, Br or I) have been described (462).
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"‘reatment of [F'e(n -C )(CO)(CN)E_J with BX, (X = F or Br) and Ph2301 save (%63)
e(q -Cgig )(co)(CN)ZBRZT (R = F, Br or Ph), [&31]. With BPh., K[Fe(q —05_5)(00)-
(CNBPh ) T was formed, while ! a1C1, gave Fbe(q -c )(co)(CN) (A cl, )]

Heactlon of Vl(PPh )(acac)Et with Na.[F'e('] —C5H )(CO) 7 in the presence of P‘-’h3
gave (464) ethylene, ethane a.nd Nl(PPh3)2(CO) as the only identifiable orsanometall-
ic species. However, Fe(n -C g)((‘.0)212 reacted with the nickel complex in the
presence of PPh, affording [Fe(n -cjﬂj)(co)2€PPh3)TI.

ARENE AND RRLATED COMPIEXES

T‘nere has been a detailed m.o. description(465) of the fragments N(n —Céné)
M(n —C5H5 and M(C0)3’ particularly in relation to the binding of these gxr *gups to
other metals. It was concluded that in such a bonding situation, the M(n —C6H6)
and M(n5-—c ) fragments had a stronger c-interaction with another metal, but the
M(CO)3 group was more effective at n—bonding.g

A detailed examination has been made (466, 457) of the exchange of cyclopenta-
dienyl rings in ferrocene with aromatic rings s ;The ability to underéo exchange
bas been correlated with the extent and site of Substitution on both the C_ and 06

5
rings. Thus, the ease of ligand substitution o* cyclopentadiene groups from

ferrocene by benzene and alkylbenzenes decreased in the order F‘e(n —Gjﬂ,_)(n -C 5HL
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OMe) > Fe('q -C5H R)2 (R = alkyl) >Fe(n -C5H )(n -C R) >Fe(n "C5H5%2 >

Fe(n —C5H,+C0Me)§ the product being I:Fe('r] —CSH4R )(Tl -CéH R2R3R )T_ (R~ =H, COMe

or alkyl; ® -2, R, = H or alkyl). Under certain conditions, removal of both
cyclopentadienyl rings could also occur, viz.
Al(‘.l3 5 6 .
Fe(n” ~CH)(n -CSHLCOMe) + Cglige, 2> [Fe(n —CSH,,R)(TI —c6:{31v1e3)'|+ +
[We(c'6H Me )2"_!2+ (R = H, COMe, Et)

From mechanistic studies (466), it appears that (a) ligand exchange, even when
catalysed by .A.1c13, is not quantitative, (b) the cleaved cyclopentadiene ring can be
protonzted and act as an electrophile in a Friedel-Crafts alkylation of alkyl ferro-
cenes and arenes, as, for examnle, in the reaction of ferrocene with benzene, AlCl
and Al, which gave I:Fe(q —CSHS)(\'] —Céhé)T and [4327], (c) the presence of AlCl3 is
not actually necessary for the ring cleavage of ferrocenes, and (d) alkyl substitut-
ion of the rings does not modify the nature of the ligand exchange process. However,

in some exchange reactions, functional group modification occurred (467) as shown,

for example, in Scheme 92.

Scheme 92
EZ—come et
l'l-_ CegHse l
e —_— - Fe

AICI3 l
D come

— X — 2+
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&= &7
e "
l' AlCl3 | |

X =0 or Phy

In the reaction between ferrocene, l-halonaphthalene and Al/AlClB, -th.e species
(%3371 (x = F, C1 or Br) was produced (468).  With 2-methylnaphthalene, the two
possible isomers of [re(q —C H )(9 -MeC, H YT were obtalned. However, with l-bromo -
naphthalene, a mixture of [433 = Br), Ere(l’] —C H )(n -Cy HB)T and the tetralin
complex [Fe(n —05 5)(.-16 —CyH IZ)T was formed. When this la.st. reaction was carried
out in the presence of iodine or DPPH, the tetralin species was not formed, and when
C10D8 was used instead of C, H extensive H/D scrambling was observed. These

1078
results suggested that radical species might be key intermediates in these reactions

(Scheme 93).
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Treatment of ferrccene with fluorene (ClBHlO) and Al/AlCl3 gave (469) [ﬁe(qj-C5H5)—
(n6—013H10)]+ which could be deprotonzted by KoBu® giving the Zwitterionic species
[+347] whose structure was confirmed by X-ray crystallography. Reaction of [&347]
with MeSOZF gave stereospecifically the exo-9-methylfluorene iron complex, and si
similar specles were obtained using Mel and p—Br06H4CHZBr. Protonation of the
complex also occurred but non-stereospecifically.

Addition of hydride ion to [Fe(n5-c5H5)(n6-c6H50021~1e)T cccurred (470) exclusively
at the arene ring and mainly at the position ortho to the COZMe group. It seems
that the product distribution in such reactions is controlleq mainly by differences

in the positive charge at the various arene C atoms as determined by the ring
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substituents. Borohydride reductlon of EFe(n —CSHL(COR)(n —C6H6)T (R = Me or Ph)
and L1A'LH, or LiMe reducwlon of ‘T‘e(n -C5. 5)(‘1 -1-MeO (,C6H6) gave (471)
Fe(n~ -—CSHL,_CHHOH)(T] —C6H7) and Fe(n” ~CH, Y(n -1-HOCR ,Ceg) (R = H or Me), respectively.
Treatment of these alcchols with CF,COH gave [Fe( n5-"5H Y){n —c6H5_V)7 (x=H, Y=
CHyMe or CHyFh; X = Me, Y =H; X = CHMe,, Y = H). The most likely mechanism
involved acid-promoted dehydroxyla.tion followed by intramolecular hydride transfer
from the 06H ring to the formal C centre of the resuliting carbenium ion.

Regio- and stereo-specific reduction of acylcyclopentadienyl arene iron cations
has been achleved ( 172) electrcchemically. T‘nﬁs, at pH = O in aqueous media,
EFe(n -C .,,COR )(1 C6H H )T underrxent a. two-electron reduction giving
[Fe(n —C5HLI’CHR OH)(*] —06n R 3)]"‘ (R = H, H2 = Me or Ph; Rl = H2 = Me; Rl = Me, R =
Ph), while at pH = 13 - 1%, one-electron reduction (with uptake of a proton) afforded
4357 (R* = B = Me; R" = Me, R® = Ph) which could be reduced by BH,  to the corres-
ponding neutral blsﬂj—cyclohexadle nyl complexes. Other stereoselective reactions
of a substituted cyclopentaalenyla ene iron cation are shown in Scheme 4. Electro-
chemlcal reduction of [F‘e(n -05H5)(n —C6 5 OZB)TI_ at pH = 0 afforded [re(n —C5H5)—
(a8 ~CgH CH0N) T

Trea.tment of [Ru(ns—célr‘é)cl -’ with NaPF, in methanol, and with NaOH, afforded

473) ER.JZ(n ~Cglig P ~CD1; ][PF6] ard [Ru,(n”-CgHg )p-O0H); Jc1.3H,0, resnectlvely.
With CsCl in aqueous HC1l, the ruthenium arene complex was converted into Cs[Ru(n—CéHg)
cL ] which reacted with Lewis bases (L = tertiary phosphines) giving Ru(n —C6H6)—
LCl and not _Ti'a.c—1=luL3Cl3

In methanol, Ru(FpPh ),, or Ru(PPh3)3H(OAc) reacted (474) with HBF,, giving
rRu(n -Cél{ PPh9)(PPh ) H]EBF‘,,] In the presence of benzene or toluene, it was
possible to prepare rRu(n —C6H5R)(PPh )ZHJEBFL;.J (R = H or Me) by this route.
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Reaction of Ru(PPh )4 > with phenol gave Ru(C6H50)(PPh3)2H and Ru(C6H5O)(PPh3)2H.—
2PhOH, probably n+36] from which the uncomplexed phenol could be displaced by
methanol.

Treatment of r":'{u(qé—a.rene)cl 1 or Hu(n -arene)(pyr)Cl, (arene = CgHg, 1,3,5-
Me306H3 or C6Me6) with M,CgHg (M = Li, Na or K) gave (475) the Tluxionzal species
Ru(n°-arene)(n —C8H8) The structure of the hexanguhylbenzene complex was establish
ed crystallographically and it was shown that the n -arene ring was planar while the
geometry of the CgHg ring was 1dent1cal to that in M(CO) (c H8) (M = Fe or Ru),
Fe(C0)(CyHg)(CgHg) and We(n ~CgHg)(n —C8H8) (u76).

Reaction of ferrocene with tetramethylthiophene in the presence of Jf!.l/.’l.ILBr3 gave
(477) [Fe(n”-C i )(n ~Cyle,s) T

BORANE AND CARBORANE COMPOUNDS

Reaction of Fe(CO)5 with B Hy in 2 hot-cold reactor afforded (478) Fe(CU) (Bhna),
Fe(CO) (BjH ) and a red, volatile liquid which, at 5°, gave an orange solid
'Fe(CO)5B5H .  Treatment of Fe{CO).(B ) [1377], with KH gave K[?e(CO)B(B HB}]
whose structure, [#387], as the [Bu LN “salt, was determined crystallographically
It was suggested that EQB?] and E438] could be represented as valence bond structures
analogous to BéHlo and E36H9]— , respectively, where Fe(CO)3 replacgd a BH vertex
and served as a two-electron donor to the polyhedral skeleton. From spectral

studies of Fe(CO)5B5H3, it was suggested that this species containing 3-CO bonds,
viz. [#397].
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Treatment of FeCl, at low temperature with Nag{eZCZBLLH_S] gave (479)
Fe(C,C'—M= CoByH, )2-.2, [#:0], whose reactions are outlined in Scheme 95. It was
suggesied that the hydride ligands bound to Fe in [440] probably occupied bridging
positions over triangular faces in the polyhedron. Rea.ctlon of Hu(PPln ) HC1 with
Na! c B,H, 2"] save (480) Ru(cC B7F )(PPhj)Z, M417], which may be obtzined by the reduct-
ive ellmlnauon of hydrogen from Ru(C,B ? 9)(PPh )oH, (#81).  The species (4417 did
not undergo oxidative addition with H, and showed virtually no catalytic activity
towards the hydrogenation of alkenes. With CO it gave Ru(CZB,?-.q)(CO)Z(Pph ). _
Treatment of Ru(vph3)3H01 with 7,9-[C,B o Hy, 1™ gave (481) 2,1, 7-3&(02391{11)(91711 )oH,,
[++27], whose structure was established crystallographically. On heating (%427 at
160°, hydrozen was lost and a dark blue species, probably 2,1 7-Ru(02 9 11)(PPh )
was Tormed. This reacted Wwith hydrogen regenerating two species, one of which was
427}, Both [4427] and its dehydrogenated product reacted with CO and HCL giving

2,1,7-Ru(C, Botyp )(CO)(PPh3)2 and 2,1, 7-Ru(cngﬁll)(PPh3)zcl s respectively. Treat-

\ <
H H [ —-E&
PhyPe %/ aPPh =B
PhyP,  PPh, e B SoB .
\ < /’1"“\\\ [ S :: "
Ru ol \C \\\ NNt
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Scheme 95'
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ment of Hu(PPhB)BHC1 with 7,8—[CZBéH12]- gave 3,1,2—Ru(CZB9H1 l)(PPh3)2H2 which,

unlike [#227], underwent irreversible loss of HZ on heating, althoush it formed sim-

&
70\ 4 |
|

ilar compounds with CO and HCl. Both [427] and its dehydrogenated derivative
catalysed the hydrogenation of olefins. .

From the reaction between Fe(2,3—l-ieZCZBL’,_H_,+)2H2 and Co(n5—cjﬂ5)(d(:.))2, E‘eCo(nj—Cj.Hj)—
(Me;'cb,Baﬂa)’ [4437, has been obtained (%82). The structure of this species has
been determined by X-ray methods. There is a direct Co-Fe bond and the two penta-
gonal bipyramidal units are fused at the common Fe atom with an additional BH group
'ca.pping a2 triangular face on both polyhydre simultaneously. Tne structure could be
retionalised in terms of a shortage of two electrons in the cage framework relative
to the normal reguirements for this- polyhedi'a.l cluster, and this caused one BH group

to adopt 2 capping position.
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Reaction of FeCl, with Macy HB’ Na05H and Me,,C,,BBH8 gave (483) at least four
. 5 N o 5 T U .~ =

3 = - h3 Ikt iy
isomers of Ebz(n C5H5)2H640438H8’ two of hhlch, 444 | and |44 5], have been
characterised crystallographically. Neither complex has the closo structure pre-
dicted from electron counting rules, and instead contain a five- and a four-membered
open face, resepctively.

Treatment of [Fe(n5—c5ﬁ5)(co)2 12 with 3,%4-diethyl-2, 5-dimethyl-1,2, 5-thiadiborolene

gave (48%) the triple-decker sandwich molecule funel].

L
,,;-\?\\::\ Me ,,;,B‘ K M '
RN I v L
Me /"\:Q:\\C/ B,/B \C
R VA NV RS ==
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CRGANOMETALLIC SPECIES IN SYNTHESIS AND CATALYSIS
Hydrogenztion and hydroformylation

A general mechanism for transition-metal catalysed
alkynes has been provosed (485) which unifies various features of these reactions.

hydrogenztion of alkenes and

It was suggested that hydrogenztion on metal surfaces should be interpreted as
hydrogen transfer between an adsorbed hydrocafbon and the adsorbed olefin and should
not be regarded as addition of hydrogen directly to the olefin.

Hex-l-ene and acrylic ethyl ester have been rapidly hydrogenated (486) by
Ru(PPh )BHCl generated in situ in methanol or ethanol/benzene mixtures. Reaction
of ruthenium(II) acetate with an excess of PhZPCHZCHZSi(OEt)B, L, gave (487)

uLZ(OAc)Z which was de-ethoxylated on silica gel, giving suppori-bound
{—d}SiCHZCHZPPhZ}ZHu(OAc)Z. This material subsequently hydrogenated hex-l-ens and
cyclohexene ynder moderate pressures (15 atm), even after treatment with HBF), . The
silyl vhosphine also reacted with Ru(cloﬁlé)CIZ giving RuL3C12 which was sim;larly
attached to silica, and also acted as.a hydrogenation catalyst.

The isomerisation and hydrogemation of terminal olefins was photocatalysed (488)
by Fe(CO)S. The observed quantum sfficiency for the conversion of pent-l1- to peni-
2-ene approached 500, implying the generation of a thermally active catalyst, possib-
1y analkyl hydride intermediate (Scheme éﬁD. Hydrogenation of olefin occurred
under very mild conditions and at low temperature under D2, it was established tﬁat
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Scheme 96
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H/D exchange within the olefin occurred competitively with alkane formation. The
mechanisms of hydrogenztion is also shown in Scheme g6.

A variety of ruthenium complexes can homogeneously catalyse the hydroformylation

of alkenes (489). Among the complexes 1nvesz1gaued were Ru(CO) (Prn )2,
Ru(CO)Z(PDh )2 21 Ru(NO)(PPh ).H, Ru(PPn ) H (x = y =14; x + y = 2),
Ru(vph3)2 (X = OAe, ococr«‘3 0CcOBu"), Ru(CO) (PPh ) (0,C4C1L,) and Ru(n ~Clg )(PPhB)éi

The ruthenium coleex recovered from the reaction wa.s 1nvar1ably RU(CO)B(PPhB)Z’ and

a mechanism of reaction involving Ru((‘O)Z(P"lrlB)ZH2 as the catalyst precursor has been
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suggested hoth for the production of aldehyde and of alkane (Scheme 97).

The evolution of hydrogen from mildly alkaline suspensions of Fe(OH)2 may involve

(1+90) elemental iron as an intermediate.

ethylene, CO and N,, and it 1s claimed that N2 may be reduced to ammonia and

2?7

This process is inhibited by acetylene,

hydrazine. It is further suggested that z2cetylene can be further reduced to ethylene

at one Fe atom, toethane at two Fe atoms, and that methane formation occurs at small

Fe clusters.

Scheme 97
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C-C bond formation
Radicals have been detected (491) by CIDNP in the Fe(II) catalysed halogen-metal

exchange reaction between a Grignard reagent and an alkyl halide.
to hexakis(cyclopropyl

Dicyclopropylacetylene is cyclotrimerised (492) by Fe (CO)
benzene; tetrakis(cyclopropyl)cyclopentadienone also belng formed.
reduction of Fe(acac)., in DMF at & nickel electrode in the presence of 1-bromobutane,
PPh and [EtL,rN‘rBr gave (493) modest yields of octane. Similarly, 3,%-dimethyl-

hexane was produced from 2 -bromobutane. Using an aluminium electrods, good yields

Electrochemical

of hexaderane, oOctene and octane were generated from l-octyl bromide, znd yields of

these products were further increased by exclusion of PFh_. Acrylonitrile was

catalytically hydrodimerised (494) to 1,4-adiponitrile by Ru(prh ) C_9 in the

presence of N-methylpyrrolidine in 3-methylheptanone-2-acetone, o“ by RuCl .nHZO

with N-methylmorpholine in methylcellosolve in the presence o+‘ [ (Bt N][snc1 ']
n —alken~) (alkane =

Reaction of Ru(PPh ) H, with alkenes gave (% 95) Ru(:rnB)B(

Hes ’hCH—CnZ 0* Chné) together with equimolar amounts of azlkane.
e(COZEt) or CH,=C(CN)CHe.

c HL,’ C3 Exchange
of the bound olefin could be effected by C“2—CHCAc, CHZ—CH
These n?-alkene complexes reacted with hydrogen giving alkane, and RU(PPh3)aH2 was -

identified as a smooth catalyst for the formation of alkane from these zlkenes.
However, Ru(PPhj)j(CZHQ) reacted with MeI giving propylens, traces of butadiens,
methane, ethylene and traces of éthane and butznes. The formation of propylene

~

suggested an oxidative addition of MeI to Ru(PFPh )B(CZH")’ and also clsavage of a2
~

C-H bornd in the bound Cznh giving a c-vinyl species.
and CD3" were idenitified, suzgesting

When these reactions were

carried out using CD3_, mixtures of CDL, 252

the involvement of Q-hydrogen abstraction from the Ru-methyl species. An §xp1anatioh

s

Tor these oObservations is summarised in Scheme 98.

Scheme 98

(R3P),Ru (L

OAc
AN
~TOAc =<Me
(R4P)LRU(C,H,) = (R5P). Ru(
3P ipRUlCH, RaPl Rul. J|_
Me oo PhCH=CHp -
24 ’ ~Me
CO,Et CoHy _
=<CN

H Me :=<h4e
— COzEt
-2 (RyP),Ru(~]|l
(R3P)3F|2u\0/ oFt 3P)3Ru( kph)
H
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Scheme 98 continued
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The species Ru(PPﬁB)LLHZ catalysed (£96) the [2m + 2] cross-azddition of norbornene

derivatives with Me0,CC,CO,Me (Scheme 9).

It was thought that a zerovalent Ru

olefin or acetylene complex was formed, with successive formation of a metallo-

cyclopentene complex and reductive eliminztion of the product.

N-C bond formation

Alkyl- or aryl-amido Grignard reagents, RNHMgBr (R = Ph, p-MeCgH,, Me(CH,);; or
051-:11) reacted with nitro compounds R'NO, (&' = Ph, D-RCgH, (R = Me, MeO or C1),

Me(CH,),4 or C6H11) giving N,N'-substituted ureas, RNHCONHR' (497).
mediate was thought to be [MgBr' J[Fe(CO), (CONHR)] .

A likely inter-

Indeed, treatment of the spec-—

ies obtained from Fe(CO) 5 and PhNHBgBr with methyl iodide gave acetanilide.
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Scheme 99
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Cc-C1 bond activation

In the presence of Fe (00)12 and Ru (CO)]E’ nixtures of chloroeihanes and alkanes

afforded (498) a variety of‘ organic products. 1In general, the chloxrocethanes were

m

converted into the corresponding chloroethylenes while the alkanes were transformed
into the monochloroalkanes and alkenes. Isomerisation and dimerisation ofi the
chloroalkanes also occurred, and the postuiazted mechanisms of these reactions are

outlined in Scheme 100.

REVIEWS, DISSERTATION ABSTRACTS, AND ARTICIES IN INORGANIC SYNTHESES

Reviews. The following reviews have appeared which contazin material of relevance
to iron, ruthenium and osmium organometallic chemisiry:

"Metal Carbonyls", by E.W.ibel and F.G.A.Stone, (499).

"Carbonyl Compounds”, by B.H.Robinson, (500).

“Binary carbonyls of transition metzls", by S.C.Tripathi, (501).

"Metal carbonyls: some new observations in an old field", by F.A.Cotton (502)
"Advances in platinum metzl carbonyls and their substituted derivetives. 1.

Ruthenium and Osmium”, by S.C.Tripathi, S.C.Srivastava, R.P.Mani and A.K.Shrimal,
503) -

“Carbon monoxide and metals: thelr influence on each other. Part 2. Reactivity

of earbon monoxide: Part 3. Metal carbonyl complexes", by R.J.Haines (504, 505)
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Scheme 100
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"Substitution reactions of metal and organometal carbonyls with Group V and VI
Donor ligands", by D.A.Edwards (506). C

“High nuclearity metal carbonyl clusters”, by P.Chini, G.Longoni and V.G.Albano (507).
"Carbido-carbonyl complexes with penta- and hexa-coordinated carbon", M.Nonoyana,
(508).

"Structural and bonding patterns in cluster chemistry", by K.Wade‘(509).

"Nitrosyl, dinitrogen and dioxygen complexes”, by J.E.Fergusson and G.A.Rodley (510).
"Mutual effects of ligands in Ru and Os nitrosyl complexes", N.M.Sinitsyn and A.A.
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"Organic-inorganic systems for the chemical modification of molecular nitrogen under
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"Complexation and activation of diazenes and diazo compounds by transition metals”,
by A.Albini and H.Kisch ( 51%). '
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"w-Cyclopentadienyl complexes", by G.R.Knox and W.T.Watts (525).
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Stephenson (527).
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