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I. RESULTS OF GENERAL INTEREST 

A comparison’ of hydrogen isotope exchange rates in methyl ketones,_and pKa values 
in the related carboxylic acids, enabled various organometallic groups to be arranged in a 

%eries of increasing electron donor power: 

M 

Fc Ph C%CsH.&WCO13 (TrC&s)Cr(CO)s (r%%)ReKO)s 

[Ml COMe (exchaqe) 1 45 65 145 515 
[Ml COsH (@a) 7.66 5.70 4.99 4.80 4.73 

The relative Raman intensities for (7r-c6H6)Cr(CD), and (?r-cs H,)M~I(CO)~ v(C0) modes 
differ, and an explanation has been advanced’. 

Protonation of certain organometallic ketones has produced species which are excellent 
NMR models for metal-stabilised cations. The latter have been shown3 to be intermediates 
in the solvolysis of complexed dienyl esters (1) or ferrocenylcarbinyl esters (2). Detailed 
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ON6 = dinitrobenzoate 

NMR studies of these two systems, and of the uncomplexed dienones, favour a conjugative 
mechanism for the stabilisation of these cations by a metal atom, which is formally in the 

p position, rather than by any neighbouring group participation by iron. 

Of the system mentioned , no new relevant results were reported 

for (=C, HS )V(CO)4, (n-C5 H5 )Cr(C% (NO), ruthenocene, osmocene, or nickelocene, 
during 1971. Most interest centred on the n-diene-Fe(CO)a complexes, and related 

&ienyl-Fe(CO)s cations. 

II. INDMDUAL SYSTEMS 

(i) . (~T-C~H~)O(CO)~ (benchroneml 

I 

Infrared spectra of several ring- and phosphine-substituted derivatives in the 21OO- 

1850 and 700-225 cm? regions have been assigned4, and 13C NMR spectra have been 
reported’ for LM(CO), (L = mesitylene, durene, cycloheptatriene; M = Cr, MO, W). In 
the mass spectra of LCr(CO), (L = PhMe, PhC&Me, mesitylene), binuclear ions, e.g. 
[(arene)2Crz(CO),]+, formed by ion-molecule reactions, are found6. In alI cases, the 

most intense ions were [(arene)Cr, (CO)z]+. 

The synthesis of triphenylene-Cr(CO& is described by Sato and coworkers’; the NMR 
spectrum indicates that the Cr(CO), group is n-bonded to a peripheral ring. The application 
of GC methods to the analysis of thirteen derivatives cf the parent compound is reported’; 
the NMR spectra are listed, and the mass spectrum of (rr-PhBu-n)Cr(CO), is illustrated. 
Conformational equilibria between eclipsed and non-eclipsed forms were studied by NMR; 
the results support the idea of a conformational exchange (see AS70; 103) by variable 
temperature studies. The NMR spectra of substituted aniline-Cr(CO)B complexes have 
been investigated9 ; chemical shifts vs. Hammett o and d values give straight-line plots, 

showing direct interaction between the substituents and the amino group. Consequently, 
the transmission of resonance effects in complexed and uncomplexed benzene rings 
occurs via similar routes. However, the electron density at nitrogen in the Cr(CO), 
complexes is less sensitive to changes caused by substituents. This results from the presence 

of the strongly electron-withdrawing Cr(CO), group. 

*See Organometal. Chem Rev. B, 9 (1972) 99. 
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A comprehensive study by NMR, IR, Raman, 11gmSn-M6ssbauer, and mass spectroscopic 
methods of the phenyltin complexes reported last year (AS70; 101) has been described” 
Of interest is Me2 Sn[C6Hs Cr(CO),] z (3-l), which shows the largest deviations from the 
expected properties. This is ascribed to a significant distortion from tetrahedral geometry 
about the tin atom, towards a ttans-planar structure. A feature of interest in tb.e mass 
spectra of these complexes is the occurrence of the [SnCr]+ ion, of greatest relative 
intensity in the spectrum of (3-l). 

(3-l 1 (3-2) 

Two accounts 1X*1* of the solvolysis of 2-benzonorbornenyl-Cr(C0)3 methane- and 
p-bromobenzenesdphonates show that the rate enhancement at the S-position relative to 
that at the 2-position (266-280-fold) indicates that an endo-Cr(CO)J group provides an 
additional driving force. This probably arises by interaction of the metal with the positive 
charge. A final conclusion concerning the structure of this intermediate (3-2) was not 
offered. 

Jaouen and Dabard’j found that polyphosphoric acid cyclisation of (3-3) afforded 
two ketones (3.4) (33% endo, 66% em), showing some stereoselectivity in the reaction. 

66% 
(3-4) 

339/c 

Reduction with K13H4 proceeded exclusively by exe attack. These complexes have been 
used as intermediates in the synthesis of aromatic compounds, e.g. the optically active 
methoxyindanols (3-5) and (3-6). Removal of the Cr(CO)s group is achieved by simple 
irradiation14. 

l-l 

H 

v 3 

Cc) - (3-6) 
crKO)3 
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The problems associated with asymmetric induction in the benchrotrene series have 
been studiedr5 in the context of three structural elements, termed Ml, Sd and AC. These 
are, respectively, the asymmetry caused by complexation of the Cr(CO)s group to one 
side of the aromatic ring; by disymmetric disubstitution on the ring; and by the presence 
of an asymmetric carbon in a side chain. Generally, two of these elements are present in 
the initial substrate, the third appearing during the reaction_ The three combinations used 
in stereochemical syntheses are thus (Ml, Sd) + AC, (Sd, AC) + Ml, and (Ml, AC) + Sd, and 
can be illustrated by the following syntheses: 

(ML. Sd) + AC: 

(CO)$x 
-@ 

Ok.& KBH4 
- (COlJCr 

COEt --a 

OMe 
(m.p. 81”. 5% ; 

CH 
/Et m.p.112*.95%) 

‘OH 
(Sd.Ac) i-MI : 

Cr(C016 - 
Me Me “Me 

0 0 0 
(m.p. 74q exe. 44.5%) (m&L 126q endo. 55.5w 

(3-7) (3-8) 
Wll.Ac) + Sd : 

(CW2CHMe CO@ polyphosphoric acid 
- (3-7) + (3-8) 

(BO%) (20%) 

It is established that the reaction sequences (Ml, Sd) + AC are highly stereoselective, 
whereas (Sd, AC) + Ml afford mixtures of diastereomers in approximately equal amount. 
The sequence (Ml, AC) + Sd affords the thermodynamically controlled mixture, and shows 
differences from analogous reactions in the ferrocene series. This is interpreted by elec- 
tronic interactions, particularly with the electron density at the Cr(CO), group. 

Chemical correlations of (3-9) and (3-l 0), whose absolute configurations have been 
established by X-ray methods, with several o- and m-disubstituted benchrotrenes, have 
been reportedr6. Combination of these results with others previously reported enables 
absolute conrlgurations of some sixty complexes to be established. 

Chemical shift nonequivalence has been found in (3-11; X = NH*, IWe,, OMe) as a 
result of the presence of diastereomers. The difference in chemical shifts from the gem- 
dimethyl group is ca. 0.1 ppm”. 

CHMe2 
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The isomerisation of (7r-PhCH2 SCN)Cr(CO), (prepared from the benzyl chloride 
complex with NH,SCN) to isothiocyanate proceeds at a rate comparable to those of 
benzhydryl tbiocyanates _ I8 The mechanism probably involves a rate-determining ionisation, 

and a value of 2.5 - 1 O4 represents the lower limit of the ability of the Cr(CO)s gOUp t0 

stab&se this transition state. A novel form of valence tautomerism occurs in fluorene- 
Cr(CO)s (3-12) and its anion (3-l 3). Evidence for the migration of the Cr(CO)a group 
from the six- to the five-membered ring is provided by the proton NMR spectra of both 
specieslg . The anion can be prepared by treatment of (3-12) with KOBu-t. 

(3-12) (3-13) 

The use of arene-Cr(CO)s complexes in the stereospecific hydrogenation of dienes”, 
and for the synthesis of particular glycerides ‘I has been reported. Complexes of clro- , 

mium, molybdenum and tungsten have also been used as homogeneous catalysts in 
Friedel-Crafts-type reactions, e.g. alkylation, acylation, sulphonylation, dehydro- 
halogenation, and polymerisation; some advantages over AlCls are claimed**. 

A series of substituted thiophene-Cr(CO)a complexes (3-14) have been obtained by 
direct reaction of the thiophene with Cr(CO)a(MeCN)s or Cr(C0)6 23*24. Complexes have 

(3-14) 

R’=H OI- alkyl 

R2=H.Me.t -0~ 

R%H,Me 

R4=H.Me.t-BU.OMe 

also been obtained from cyclohepta [c] - and -[&I tbiophenes, together with optically active 
methyl substituted derivativesz4. The complexes from 2- or 3-phenylthiophene contain 

the Cr(CO)s group bonded to the C,-ring, as shown by their NMR spectra. With the fused 
5-7 ring derivatives (3-l 5) and (3-l@, spectroscopic results showed that the Cr(CO), 
group was attached to the thiophene ring in the former, and to the cycloheptatriene ring 
in the latter. The structure of (3-16) has been determined, and confirms the proposed 
structure” . Treatment of the 5,7-dimethyl derivative with Et3 0”BF4- afforded the 
thiophenotropylium complex (3-l 7). 

(3-15) 
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Complexed heterocycles have also been obtained from reactions between pyrrole, and 

some N-substituted derivatives, with Cr(CO)e or Cr(CO)s(MeCN)s 26. Using 1-phenyl-2J- 

dimethylpyrrole and the latter reagent, complex (3-l 8) was formed; at higher temperatures, 

or wi^& C&CO),, mixtures of (3-18) with the phenyl-Cr(CO), complex (3-19) were 
obtained_ l-Phenylpyrrole affordid only a complex analogous to (3-19). In refluxing 

. 

Me 

(3-19) 

cyclohexane, the rr-pyrrole complexes undergo ligand exchange reactions, e.g. with benzene. 

(ii). [((lr-C,H7)13(CO)3]+ (tropylitrm-CY(CO)s cation} and derived complexes 

During studies of tropylidene quinones, Pauson and coworkers*’ synthesised (S-l), 

from which the cation (5-2) was formed by hydride abstraction. Further reaction with 

triethylamine converted (5-2) to the quinone derivative (5-3). The complex with dibenzo- 
tropone contains the Cr(CO)a group bonded to the benzene ring (S-4). 

(5-l) (5-2) (5-3) (5-4) 

The production of 99.98% pure (rr-PhEt)2 Cr is described by Umilin and coworkers** 

Further studies into the thermal decomposition of bis-arene rr complexes of chromium 

and molybdenum have been reported 2g~30 Such compounds are used for the preparation . 

of pure chromium, microcircuits, and photo templates_ The thermal stabilities increase in 
the order C&e < MePh f EtPh < mesitylene3’ - Thermal decomposition affords the arene 

and chromium metal. The Cr’ derivatives [C(areneh ]X decompose by disproportionation 
to Cr(arene)z and CrX,; here the stabilities increase Br < Cl < I 32. Oxidation of 

[Cr(?r-C,H,>,] BP& with CC14 affords a variety of products, including CeHe, PhCl, 
PhCCIa, PhBCla, Ph2BCl, BCls, and inorganic chromium(111). In the presence of cyclo- 

hexene, some dichloronorcarane is also formed, suggesting the intermediacy of 

dichlorocarbeneJ3. Oxidation of bis-arene complexes in the presence of water forms 

h#rogen peroxide; using dithionite a catalytic process can be constructed34. The 
solubilities of several [(sr-areneh Cr] I.complexes in water have been reported3”. 

One of the products of thermal decomposition of [Cr(sr-arene),] BPb is CrBPh+ 
While the structure of this compound is at present unknown, it may be related to that 
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These reactions are thought to proceed via initial coordination of the fluorocarbon 
derivative to the metal, and such a complex has been obtained using hexafluoroacetone. 

The synthesis of (10-i) by halogen elimination reactions with Fe2(C0)9 has been 
extended to the synthesis of (10-9) from 3,4-dichloro-l-bromocyclobuteness; this 

contrasts with the formation of (10-10) when the trichlorocyclobutene was used (AS70; 

112). This group has extensively discussed s6*” the proton NMR spectra of a variety of 

substituted cyclobutadiene-Fe(CO)3 complexes, including the determination of available 
13C-H coupling constants witbin the Cq ring. These analyses invariably rule out a 

rectangular ring; nearly uniform bond orders were found for all four C-C bonds. 

Syntheses of substituted complexes have been developed, using acetylenic precursors, 
e.g. nona-2,6diyne affords (10-l l), deca3,7-diyne gives (lo-12), 2,9dimethyldeca-3,7-diyne 
gives (10-l 3), and 8-methylnona-2,6-diyne affords (1 0-14)58~5g. The effect of akyl 
substituentl on the v(C0) frequencies manifests itself in a progressive decrease in the 
values for both bands with increasing number of substituent groups and carbon aton-&‘. 

R’ R2 R3 R4 
(lo-11 1 Me Me Me- Et 
(lo-121 Me Me Et Et 
(lo-131 Me Me i-R i-Pr 
(lo-141 Me Me Me i-Pr 

The synthesis of the tetraphenyl complex by l&and exchange reactions has been 
reported for. [(CT-C=$~L)P~I~] 2 and Fe(CO), 61 , and from L(n-C4m)MBr2]2 (M = Pd or 
Ni), the latter in 78% yield 62 . The iron complex reacts with PdCl&?hCN), affording 
[(~-C4Ph4)Pd3C1&. Improved conditions for the direct synthesis of the iron complex 
from Fe(CO)5 and diphenylacetylene -have been described63. 

(vi) _ (Acyclic Irdiene)Fe( CO)s complexes 

Butadiene-Fe(CO)s (1 l-l) has been prepared in 65% yield by irradiating a four-fold 
excess of butadiene with Fe(CO), at room temperature for two daysW &‘_ Further 
irradiation of (1 l-1) with a sevenfold excess of the diene at -50” for 114 h afforded 
(?r_C4.H,), Fe(C0) (11-2) in 21% yield. 

(11-1) (11-2: 
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Several optically active diene-Fe(CO)a derivatives have been reported’l , including the 
(+)- and (-)-tt ans,~Q~s-2,4-he.xadienoic acid, aldehyde and ketone complexes. Resolution 
of the acid was achieved via the S-o-phenylethylamine salt. 

A new route to 2-substituted complexes is electropE&c substitution of the tetramethyl- 
allene-Fe(C0)4 complex (1 l-l 2), followed by deprotonation (simply by warming in 
acetone) and loss of CO. Yields are moderate to good, e.g. (1 I-13; R = AC or Bz), 6@Gn. 

(11-12) (11-131 

The hydrogenation of methyl sorbate, catalysed by substituted-diene-Fe(CO)s 
comp!exes, is accompanied by&and exchange reactions73. A mechanism has been 
proposed involving a common metal complex intermediate for the various observed 
processes. This intermediate .would be four-coordinate, and undergoes oxidative-addition 
or &and-replacement reactions_ 

The preparation of a number of isomers of polyene-Fe(CO)a complexes during a 
study of their interconversion is described by Wbitlock and coworkers74. Tire equilibrium 
position is little affected by the substituents, although rates of interconversion are influ- 
enced by electronic factors. The complexes were readily synthesised by stereoselective 
Wittig reactions with aldehyde-Fe(CO)a complexes as illustrated, which introduces trans 

double bonds: 

The bis-Fe(CO)e derivative (I 1-14) could be isolated from reactions with the heptatrienals. 
The pure isomer of the tetraene complex may be converted to the equilibrium mixture by 
heating, and consequently reactions between 1,8-diphenyl-octa-1,3,5,7_tetraene and 
Fea(CO)re afford the equihbrium mixture as shown. Kinetic results suggest isomerisation 
tia the formation of a monoene-Fe(CO)a intermediate (1 l-14a). In the case of the 

(ll-14a) 
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to the methoxymethyl derivative is described, followed by conversion to a earbonium ion, 

the structure of which is discusserl. No definite conclusion concerning this cation, for 
which four structures may be written (1 l-51), was reached. The forrnyl derivative was 
also prepared, and undergoes several conventional organic reactions, e.g. conversion to 

the alcohol (1 l-52). 

The unusual cyclohexadienyl complex (l l -53), whose structure was confumed by an 
X-ray determinationW , was obtained by the action of methyllithium on complex (1 l-54); 

the anticipated tricycle [S.l .0.02y8 ] octa3,5diene complex (1 l-53a) was not formed. 

(ll- 53a) (11-54) (11-53) 

(e) . Other diene-Fe(COj3 complexes. Three groups have described syntheses of 
complexed heptafulvene derivatives. Thus Ehntholt and KerberQ5 obtained (1 l-55) in 
25% yield from a reaction between 7-hydroxymethylcycloheptatriene and Fe* (CO),; 
their interpretation of the proton NMR spectrum suggested a trimethylenemethane type 

structure. With Cz (CO2 Me)2, the azulene derivative (l l-55a) was formed. Lewis and 

coworkersg6 found that alcohols (1 l-56) readily eliminate ROH to give derivatives of 

heptafulvene complexes. However, attempted dehydration of the hydroxymethylcyclo- 

heptatriene complex afforded only the dirner, Cr6Hr6Fez(C0),+ The proton NMR spectra 
of these derivatives were interpreted on the basis of a diene-Fe(CO), structure. A complex 

isomeric with (1 l-55) has been obtained” by reaction of triethylamine with the complex 

(1 l-57), and is formulated as the parent complex, containing a diene-Fe(CO)a system 
(1 l-57a). The complex slowly (20 h/78”) dimerises. It can also be protonated by strong 

acids, and forms an adduct with C, (CO, Me),. 

Cl?- 57a) 
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7-Norbornadienone-Fe(CO)s (11-58) has been synthesised by oxidation of the alcohol 

with pyridine-SO3 in dimethyl sulphoxide, and the organic chemistry has been investigated 

(see Scheme)%. In addition, the photochemical behaviour has been explored as a possible 
route to the unknown ?-norbornadienone. At -196”, irradiation afforded quadricyclanone 

(1 l-59); in the presence of trapping reagents, only benzene and 9,lOdiphenylanthracene 

(with 1,3-diphenylisobenzofuran) were found. These results support the existence of 
7-norbomadienone as a highly unstable short-lived intermediate. 

A new route to bicycle 13.2.21 nonadienyl-Fe(CO)s derivatives involves reaction of 
bicycle [3.2.2] nona-2,6,8-trien4-01 with Fe, (CO), 99 . Protonation of either complex 
(11-60a or b) formed in this reaction leads to (11-61). A third complex (11-60~) from the 

initial reaction gave (1 l-62) on treatment with concentrated sulphuric acid. A tricyclic 

(ll-60a) (11-60 b) (11-60 c) (11-61) (11-62 I 

hydrocarbon forms the expected complex (1 l-63) with Fe*(CO)g ; with Fe(CO)s the 
dimeric ketone (1 l-64) was also obtainedlm . The prebullvalene ether (1 l-65) reacts with 
Fez (CO), affording the bls-Fe(C0)3 complex (1 i -66) in low yield. With Cc?, selective 
removal of one Fe(C0)3 group occurs to give (11-67) lo1 _ 

(11-63) 
(11-64) 

Fe 
uzo:p &, &, 

(11-65) (11-66) (11-67) 
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(ix). [(n-C5H5)Fe[nC~H~)] + cation 
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The naphthalene complex (13-I) can exchange Cl,, H8 for C6H6 or CG in a reducing 
medium, e.g. sodium amalgam in tetrahydrofuran; The latter reagent affords an intense 
violet colour, perhaps due to the unstabIe (r&s Hs)Fe(rr-CreHs) neutral complex. Astruc 
and Dabard’= have described the preparation and proton NMR spectra of a number of 
alkylbenzene derivatives, and by using substituted ferrocenes, they have also prepared 
some complexes containing substituted cyclopentadienyl groups. The proposed mechanism 
of formation of these complexes involves formation of hydrocarbon-AlCls complexes, 
and cleavage of the metal-ring bond, followed by recombination to give the favourable 
arenecyclopentadienyliron cation. Mossbauer studies of [(n-C, Hs)Fe(rr-&Hs F j] PFB 
confirm a phase transition at 215 K, ascribed to a reorientation of the complex catio#@. 

BF,-Et,@ 
Fe 

'(13-2) 

3% 

+ 
Fe+ 

Treatment of bis-indenyliron with BFs * Eta 0 and addition of ammonium hexafluoro- 
phosphate afforded (13-Z) in good yield, which could be hydrogenated to (13-3). The 
latter was synthesised independently from bis(tetrahydroindenyl)iron, indane, and AlCls rr”- 
The fornztion of (13-Z) occurs via an intramolecular shift. 

The only examples of this system reported since last year’s survey are the complexes 
(16-l) and (16-2), prepared from (Z-C, H&CO(CG)~ or (n-C, Hs jCo(rr-C, HI?) and the 
cyclic diacetylenes, cyclotrideca-1,7-d.iyne and cyclotetradeca-1 ,8diyne, respectively. The 
formation of the cyclobutadiene ring occurs via an intramolecular transannular cyclisation”’ . 

(16-l) m=4,n=5 

(16-2) m=n=5 
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