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2. ~~~~C~~~~Ll ~~~~;.:IJ;&~TIO~,'S 

The crystal sf,rTlct*dre of fel_rocer_.e *n-as 'seen refnvestigated 

-35' _n__-.ztrop_ dLf:ractiog_ _ Pree7ious resnl-is, which had indicated 

sig;niI"icant :?o>_planalty of the cycloge~tadienyl ri_n_gs vfith 
r:,p i-.,4 4 i_ ~ ._JU_roge_~ atm-s displaced to~zards the iron atom, i:'ere 

cop _'irne.d ~ _- The str~ct-tire .<<as fonnd to be disordered znd 

refinenent or' the structural ar!alysis together with ri gid-body- 

-motdorL arLalyses of th2 thernal _r zrmeters i-n_dicated th2t ths 

disorder cf th+ cyclopentadienyl rings resulted frorom molecules 

in_ dF?ferent orlentatiocs distributed at rzn-do?z? tkoughout the 

crj-stal [3]. The nolzcular configuration of ferrocele has 

been deterened ir_ the ordered phase at 130°K. The conf%guratfon 

;?,as characterised 5y a?- mgle of 10 0. cetween the rjl-cyclopenta- 

diew+-_l rig 'A . . orz_._nEatlons 'by tne I, 
use of a triclinZc face centred 

CU‘blC lattice ap~roximatio_n [!+I. 

42 X-ray . ~nvestigatlon or^ ferrocene at 293 and 19j"r( has 

provided evider:ce for a ?-ew dnterpretation ol the disordered 

crystal structu-re of the molecule. Vibrational-ellipsoid patterns 

Xere obtair?eci that Here rot colpatibie with pure rotatLonal 

disorder 03 the cyclopentadienyl rings. The diffraction rJatterns 

of the ti.gh-tenperature ~o_n_oclicic structure (ED) afid the low- 

-temperature (<164'K) triclinic structure (LT), indicated that 

the Formally ceotrosyoaetric molecule In the dlsordered _HT phase 

CZll be described a?groximately as an averaged superposition of 

the four molecules wesent in the primative LT cell. Or_ this 

basis, the molecular centre of symmetry for the ST space group 

is only statistical in nature and the crystallograpEc evidence 

for the staggered arrangeinent of the cyclopentadienyl rings 

50 ferroce-n_e wi__ 11 require revision [s]. The low temperature 

jziclinlc motif%cation of ferrocene has been studied by X-ray 
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crystallography at 101, 123 and 148’~. Assuming a centro- 

symmetric space group Fl: the asymmetric unit consisted of two 

ferrocene molecules with almost'r egular ventagonai cyclopenta- 

dienyl rings. The rings were rotated by -9' from the eclipsed 

orientation [6]. 

The crystal and molecular structure of the ethyl ester of 

(Z)-2-ferrocenyl-2-methylcyclopropanecaFboxyl%c acid has been 

determined by X-ray analysis. The q-cyclopentadienyl rings mere 

almost parallel and t?iiisted approxinately 3-8' from the eclipsed 

conformation [7]_ The ferrocenglcyclogropanes (2.1 and 2-2; 

X z OMe, Br) were formed by catalytic thermolysis of the apg-op- 

riate ferrocenylpyrazolines. The crystal and molecular structure 

of one of these cyclopropanes (2.1; X = OMe) has been deter_mxned 

by X-ray crystallography [8]. The molecular structure of 

2.1 

X 

2.2 

decamethylferrocene has been- determined by gas phase electron 

diffraction. The Fe-C and cyclopentadienyl C-C distances were 

similar to those determined for ferrocene. The equilibrium 

conformatlon of decamethylferrocene was staggered by comparison 

w'lith the ecliased conformatlon for ferrocene. The ring C- 

methyl C beads were bent out of the plane of the cyclopentadienyl 

group by 3.4O away from the metal atom [g]. 

The crystal and molecular structure of the paramagnetic 

1:1 decamethylferrocinium 7,7,8,8-tetracyano-o_quinodimethanLde 

diner salt has been determined by X-ray analysis. The crystalline 

lattice consisted of isolated units of (T-C5Me5)2Fe/TCN&/TC"Q/- 

Referencesp.266 
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t-at- ‘S> dimers yJiIj_c& l’itre it’r2n-e -ed in a regular manner [lo]. 

Ti:e r:agr_etic and Moessbauer nrooertles of one-dimensional _- 
decam~th~lferrocinlu~~ TCNQ_ (2.3) have been investigated. At lovr 

ALepz=ratlJres Lb-3 c_-oE_cle:; _- exMbited u_n_usud nagnetic properties and 

&he res,dlts *: bare ccnsistent 35th a metamagnetic behaviour [1-l]. 
CI. ipA5 cpLarge trzn_sfer ccmnlez l,l'-dlnethylfarrocininn bis(tetra- 

cyanoquino~imet'@_~_ n); [MeFc(TCITQ) ] 
-2 

has been characterized by 

X-ray crystallcgra.phy, electrical conductivity, Raman spectroscopy 

556 ::ag_etic measurements. ___ The magnetic susce$5bility of 

:;IePc(TCB&)2 -followed the Cu_rieL/leiss Iavr and in t'ne temperature 

range +.2-76O;;i, -ms dominated by the ferrocinFum cation. The 

ca.tion i'ras ClGsely gacked Sut did not silon sgn-spin interactions 

[12]. 

The crystal and _molecular structure of the trlcllnic mociir^i- 

cation of l,lt-lerrocenedicarboxy~~c acid has been determined by 

X-ray zzalysis . The structure y;as composed of hydrogen_-bon_dcd 

dimers and the carbon and hydrogen atoms attached to the 

pcyclogentadienyl rings 'Yiere displaced approximately 0.03-g out 

of tF:e rxn- 5 claoes toward the iron atons [13]. The crystal and 

m‘3lecular structure of l,l'-bis(ghenylglyoxyloyl)ferrocene has 

been de-iernlned by X-ray crystallography. The two Egands were 

centrosymmetric 715th respect to one another ;:lith the iron at the 

centre of symmetry [ISlo The crystal and molecular structure of 

diferrocenyltitanocene (2.4) has been determined by X-ray crystall- 

ograghy. Each of the ferrocenyl grouos and t'he titanocene group 
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9 0 

Fe 

6 0 

had an eclipsed confornatios of the ix:ro cy:lopentadienyl rings, 

The titanium-carbon6-bond length was 2.19.L [15]. Iron 

oxychloride undement direct intercalation by ferrocenc and cobalt- 

ocene. X-ray studies showed that the Van der Waals gag bet~~een 

the FeOCl layers expa_n_ded by aDproximately 5: to accomodate the 

metallocene [16]. 

30 STEREOCB-MSTRY OF FZRROCZNES 

The (R)-r"orm of the ferrocenylalliylamine (3.11, bemoic 

acid, iso-butyraldehyde and t-butylcyanide have beep_ co_n_densed 

together in a stereospecific four-component reaction to give a 

3.1 3.2 

References p_ 266 
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~Lzturt of the (R,S)- and (R,R)-diastereoisomers of the derkvative 

(4.2). The (R,S)-diastereoisoner WEiS separated by ChrOZ2tOgrZiphy 

2~d SUbj&?Ct~d t0 2CktiOlyt%C Cle2v2gs with trffluoro2cetic acid 

a_d ttioglycollic ~clci to forr? FhCO-Val-MYCMe 3 D71. The 

condensztion of formylferrocene vtith dlethyl glutarate uoder 

Stobje conditions 23 the sresence of potassium t-butoxide gave the 

E-form of the unsaturated ester (3-3; J$ = Z:t , R2 = H) xhlch - 
1 

xas coli-verted co the &ester (3.3; Ii- = Et, R 2 = isle) with diazo- 

(3-3,i Tri'llre su_z_corted 'by intramolecular acyiation of the unsaturated 

ester (3.3; R1 .z Et, R2 = E) to tke cycloheptadienone (3.4) and 

3y the co_n_versron of the same unsaturated ester to the diacid (3.3; 

& = R2.= Y), the- to the anhydride(3.5) and fL~alI!_y to the 

cyclckeztadieaone (3.4) [B]. 

Fe 

.6 0 
3-L; 

The crystal azd nolecular structure of the palladFum 

conplex (3.6) 1_ 172s Seen determined by X-ray an_a.lysis. The chiral 

carbon aton had the R-confL_guratlon azd the substituted ferrocene 
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group had the S-configuration. The five-membered ring containing 

the palladium atom was nonlanar [19]. The optically active 

palladated ferrocene (3.7) _- has been transformed into cUra 

Fe 

.6 0 

3.7 

CH2- MMe2 

0 0 R 

Fe 

6 0 

3.8 

2-substztuted (dimethyla~no)methylferrocenes ~lith . . gooc: retenClon 

of optical activity. Treatment of t%e palladium complex (3- 7) 

T.vith CE =CbCc 
2 

afforded the Vinylferrocene (T-8; R z C&C+) 

wILl_j.ch subse~uent1.y was reduced vlith Et 
3 
SiH-F CC02E 

3 
to the 'OUtyl- 

ferrocene [3-8; R = (CE2)3Me)]_ Carbonylation of the r?alladium 

complex (3.7) ir? methanol gave the meZhy1 ester (3-8; R= 

C02Me) [ 201 o The oatlcally active palladated aminomethylferroc?ne 

(3.9) combined with phenylvinylketone ahd carbon monoxide to give 

Me 

Fe 

2 

II---- NMe2 4-Y 0 
Ph 

\ 

Fe 0 

6 
0 

3.10 
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o_atlcally actFve 2-substituted emicomethylferrocenes such as the 

complex (3i,lo> [21]. 

A study has beer r?lade of the spontaneous conversion of the 

~-ferroceryl-l-ghenyIprogen-l_yl cation (3.11) into the ferroceno- 

phanyl cation (3.12) fGllGKed by a reversible deprotonation to 

glv-e the cycloaike_n_e (3,13)_ it was concluded that the cation 

(3.11) was converted tc the cyclic cation (3.12) by an inter-Lo-tic 

1,3-~5ift of an q-cyclopentadienyl a-ring grotoh toC(2) of the 

homo2nnuic?r bridge _ The cyclic cation (3 o 12) theh underaent 
_ 

deprotonatxon 'by stereosoecific loss of the exo-poton adjacent 

to c + [221. Tno crysta__-_ 77ine ,ceoEetrlc isomers of l,lf-?~is(c<- 

-hydroxyethyl)ferrocene have been isolated a_n_d these ?lere 

G 0 

Fe 

CDpk~Ph 

> 

D 
F 

D2 _.--- 

+ 

@ 

0 

h 

Fe \ 
. 

D2 

\ 

cc- 

0 
Fe 

6 0 

reactrcns 1,1'-b~ w-(cK-hydroxyethyl)ferrocene gave 7-oxa- and 

~-thia-[~jferrocenG~h2~es with absolute stereospecifXcity [23]. 
Cl. A n e attack of l,l'-diacylferroceoes by Grignard reagents to form 

tertia-ry aiCOhOiS shoxed marked stereoselectivity. Thus the 

addition of ethyl-, cyciohexyi-, benzyl-, and phenyl-nagnesium 

haEdes to l,l'-diacetyiferrGcene (3.14) gave the er.ytbo-diois 

(3.16) as the Ilizjor products, -:ihile the cihlretones (3.15) u_n_der- 

Eexxt addition with methylmagnesium bromide to give the threo-diols 

(~-17) as the *main CrGducts. The stereoselectivity was ascribed 

to a preferential direction of attack by the Grlgnard relative 

to the intermediate hydroxy-ketone [24]. 

Ph 
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OH 

@ 

0 

a____ R 

Me 

3.16 Fe trythro 

I OH 

b- 
2. Zi20 

0 
Yl 

C Oi4e 
EiilO?? 

product 

4.14 

minor 
R product COR 

ZOR 

Fe 
OF: 

N 0 
-em- R 

three 

3.17 ?.!e 

4. SPECTROSCOPIC _4??TD PHPSICO-CFZ14IC_4L STUDIES 

Moessbauer spectroscopy has been used to study the vibrational 

and thermodynamic properties of crystalline ferrocene and dilute 

solutions of ferrocene in the lic_uid crystals 4'-n-propylaniline, 

4-n-hexyloxybenzylidene and terephthaloyl-bis-butylaniline [25]. 

Moessbauer spectra have been recorded for several bridged 

ferrocenes that contained one tetramethylene or gentamethyleoe 

bridge and ferrocenes that contained two bridges, one trimethylene 

and one tetramethylene, or both tetramethylene. It was shown 

that there was a linear correlation between the change of the iron 

to ring distances and the change of the Noessbauer parameters [26]. 

The Debye model zas been used in a theoretical study of the 

temperature dependence of the Noessbauer free fraction in liquid 

crystal systems. Debye temperatures were obtained for Zerrocene 

and diacetylferrocene and for their solutions in 4,4'-diheptyl- 

oxyazoxybenzene, 4,4'-dioctyloxyazoxybenzene, cholesteryl 
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myrlstate, and cholesteryl nyrlstate with cholesteryl ole2te. 

Phe mean square ddsglacenent of 2 1Noessbauer probe inserted into 

the iic_uLd crystal systezz has been detertined [27]. 

The mass sqectra of 2 series of methyiZerrocenes h2ve beefi 

recorded acd discussed. The fraglrentation of nethyiferrocenes 

conkining ug to tSLree sethyi grou_cs occurred mxi.nly by elitination 

of r~eutrai fragmer;ts corresponding to the FnLtial nethyicyclo- 

sentadieaes and tb_er: to nethyifuiveces. Symmetrical octa- 2nd 
. . L decaatiiyl-zerroce__, n0.s elFti_n_ated fragn?ents that corresponded to 

methyicyciogeoteres 2nd tetramethyibenzene [28]. T’ne mass spectra 

of eight alkyiferrocenes; l,i'-dinethyl-, ethyl-, l,l'-diethyi-, 

1,L ' 1 -.<i-n-procjFl-, _-) 3 It-d+ isourosyi- _ _ , i,l'-di-fi-bi_ityl-, l,l'-di-t- 

-3uty7_- a_n_d tetr2-t-buty7_ -r^errocene have been recorded 2nd discussed 

5z-L deta%l [29]. The 9ass spectra of so_Qe ferrocenyi-Chalcones 

(4-i; X = B, Br, OMe) ar_d the correspondiog cyl2?2ntreoyl- 

p%=lcop_es have beer, recorded. 
. ._ 

UA___ The .zr;ain ljrocesses 01 Tragmentat~on 

Or' tte fsrrocenyl-chalcones involved cle2~age of' the ~~tai-7-cycio- 

gertadienyi :?OrLd. It ':laS Concluded that the lOC2iiz2tiOn 0~ 

chz_rge On the nlet2i 2tCZl Of T-CO?l:leXe.S W2S 2E Important factor 

ii_ deter.T:ining their fragmentation mode under electron impact [30]_ 

The ;TISS spectra of several bencixotrenyi-, Cymantrenyi- 2nd 

ferrocenyl-czrbirols have been recorded. Water was eiitinated 
. _ 
c -uzxLng the Iragmentation of the molecules by a 1,2-e7itination 

EIeCh2D%SP? '.VhiCh involved tr2ES?er 05 the hydrOXyi group to the 

metal atom [31]. 

The low-lying electroll resonances Fo I"errocece, benzene 2ud 
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naphthalene vapour have been deternined by an electron impact 

procedure [32]. Ferrocene, adsorbed on the surface on an organ-o- 

metallic com_aound, 
1 

has been investigated by IR spectroscopy [33]. 

The -H iWR and electronic spectra of a series of a&:enylferrocenes, 

includiog (E) and (Z) stereoksomers of some styrylferroc-nes 

have beeD used to elucidate the structures of these molecules. 

The crystal afid molecular structure of the ethenyl-ferrocene 

(4.2) xas determined by X-ray analysis. The conformation 0 f the 

molecule (4.2) indicated that there \'ias mini_mal Z-conjugation 

through the trans-stilbeoe acd cis-styrylferrocene moieties [34]. 

4, 2 

Dipole mometlt measurenents on chloro-, l,l'-dictloro-, 

bromo-, _)_ 1 I'-dibromo-, iodo-, and l,l'-diodo-ferrocene in the 

te_mperature range 5-13OOC hzve bet= used to determine th- _ energy 

barriers to rotation about the iron-cyclopentadienyl bond. 

Values obtained for the disubstituted ferrocenes at 10°C were as 

fo llO?,~S , l,l'-dichloroferrocene, 480 cal _m_ol -1 ; 1,l' -dibrorlo- 

ferrocene, 850 cal mol-1; l,l'-diiodoferrocene, 950 cal a01 
-1 

[35]. 'The photoouclear reaction 5kFe(2( 2n)52Fe has been , 
investigated for ferrocene in the solid Phase and in solution 

and for solid ferrocir!iu:n picrate. The distribution of 5ZFe 

between the parent comound, inorgadc iron and unidentified 

products zas measured. For ferrocene, the rete_n_tion was 

deper?dent o_n_ the polarity of the solvent, in hexane the proportion 

of ferrocene was 37.6% while in diethyl ether the proportion sas 

10.2% [36]. 

The oxidation potentials of a series of ferrocene 

Fkferencesp.268 
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derivatives have been determined by rotating disc electrode 

-voltammetry and cyclic voltammetry ~11th a glatinurn electrode 

in methyl cyanide. Some of the molecules had two ferrocenyl 

moieties nresent and the formation ol" monocations and dications 

in these species was discussed [37]. Cyclic voltammetry with a 

four-electrode system has been used to investigate a charge 

transrer reaction between tmo imtiscible liquids: 

(7-C51i512Fecnl f Fe(CN)63-(,~~)+ (q-C5E5)2Fef(n) i- Fe(CiY>64-(w) 

The hexacyanoferrate redox cougLLe was in :,later (:'I) while the 

ferrocene-ferrocinium couple BES in nitrobenzene (n). A qualit- 

ative understandi_ng of the observed phenomena was obtained [38, 391. 

Cbronoamperometry has been used to study the electrochemical 

dissolntion of ferrocene on a carbon electrode. The initial 

form of tF:e ferrocer_e _, discrete particles or a uniform deposit, 

de<erdn_ed the pattern of bahaviour observed. The experimental 

results ::Iere in_ agreement with thn prevFously derived theory 

for suherical carticles or _=lanar layers of solid. The dissol- 

utio-r process xas found to be ddffuslon controlled [40]. Cleafied 

nlatinum electrodes xere immersed in an aqueous solution oI^ 

allyk_tinc acd then treated ,:rith iormylferrocene in the presence 

of a catalytic amount or" hydrochloric acid. TbAs gave a platinum- 

ierrocene electrode surface (4.3). Volts&metric measurements 

were carried out xIth the modiliad electrodes and the behaviour 

of the plat%num-ferrocene electrode towards reactions involving 

dissolved species was examined. ht was concluded that, under the 

conditions chosen, charge transfer occurred with the reactant at 
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a distance from the electrode where surface structural variations 

were not important [$I]. 

Tin (IV) oxide, ruthenium (IV) oxide and platinun/platinum 

(II) oxide electrodes have been treated :S_th L;-(ma ,thyldichlorosilyl)- 

butyryl chloride and then g-aminophenylferrocene to give surface 

coated eI_ectrodes (4-4; N = Sn; Ru, Pt). The electrochemical 

behaviour of the immobilized ferrocene molecules was investigated 

c42]- Platinum; and gold el-ectrode surfaces have been pretreated 

by anodization and then derivatized with (I,l'-ferrocenediyl)- 

dichlorosilane. Photoelectron spectroscogg of the surfaces 

showed Fe 2p z/2 bands .aith binding energies consistent with 

ferrocene Fe and ?rith large companion satellite peaks on t!le 

basis of a layer model. Relative Fe 2p 3'2 and electrode 

substrate in_ten_sities, _ nlatinun or 5oI.d ?iere correlated aith_ 

ferrocene coverage of the surface determin-ed by cyclic volta_mfzetry. 

It was shown that electrochemical charge transfer may occur 

through silylferrocene layers more than 100x in thickness [43]. 

Pyrolytic grapebite electrodes spontaneously bind /3-ferrocenyl- 

ethylamine at the surface. The coatings were regarded as poly- 

meric condensation products between the amine groups and oxygen 

functions on the graphite and contained several monolayers with 

electroactive iron_ centres. The nature of the solvent containing 

the @-ferrocenylethylamine v,as imnortant in determFning the amount 

of electroactive material bound to the electrode [44]. Trichloro- 

-g-trYazine (cyanurFc chloride) was bound to a pyrolytic graphite 

electrode via surface hydroxyl groups. The electrode vras then 

Fteferencesp.268 
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trtzt& -c;i&!: ‘~_ydrOxyo;.eth j7 lferrocefie to attach the Terrocene group. 

The ferrocene modif~sd electrode :ras chzacterised by cyclic 

v~lta~_~etry 2_n_d dlffereg_tla_ 7 pulse polarograghy C45-J. 

VFnylferrocene has been izzobilized OIZ a reactive, deoxy- 

genated glassy carbon surface formed by m?l.echanFcal abrasion -tinder 

nitrogeg_ or by plasma etching u~d er argor; . Vinylferroc eze i.ias 

daoo=ited as zd_ electroactive -_ - ferrcceze oolymer on .g;lassy carbon 

aed 0" glatinux by direct introduction into a radio-frequency 

;las.n_a discharge. The modified electr odes formed in t?Fs :ray 

sp:o:,Tjed surface ::;ave~ corressond:.ng to 3 :< 10 -8 mol. cm-' ferrocene 

I;,-as a~socia+~ed +t>_ tb_e s?eciaTj_ sta'oilj_ty 02 half-filled acd 
-^z , ? ad -k-i 1s ::rhich occar at s’, 2 6 8 , 2 JO LL_-.., J__.--- a?_d d- because ol the - 
laIrg;e 

_. . -_.L_ 
Ilgasci-llelo spllc~lng CL;81 0 Differential ther_;al zndysis 

has bc;eg_ -used to e:rami._n_-2 I-er-rocS_n_e cryskls ar,d the heat capacl-iy 

x:fas mE_asured in th_e range from 15300°_K. -4 0e.x love-tenperature 

23~2 e 7,a.c: folJnd nhic .p_ :,'[a,c sta'ole 5d0:rl 242Oi( [49]. It vias 

concluded that the previously reported transition at 163.g°K [SO] 

zas a tran_sitio_n_ betveez metastable phases. The thermal decompos- 

itlon in vacua of vanacioce_n_e, chromocetle, manganocene, ferrocene, 
3 . . cooalzocene 2Ea nicfi-e- 1- 7oce~e has been Investigated. Kinetic 

results have shozn t%at the process is both homogeneous an_d heter- 

ogeceons ad the decomposit%on products showed activity as catalysts. 

The tharmal stabilli;y of the Group VIII metallocenes was determined 

by electroMc strilctwe rather tharr by thermodynamic factors, 
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with the following order of stability: 

(7-c5”9p > (IJ-c5-H5)2co >-(7-C5H5)$ CSlI- 

The thermal decomposition of 1,l I-diethylferrocene over 

alumLna has been investigated. The 1 ,l!-diethylferrocene eras 

adsorbed 011 to tile alumina aith the formation of the corresponding 

ferroci_tium io_n_ wbX.ch decomposed to give a solid ~woduct. W:?en 

the re2ctioll vessel was superszturated with hydroge!i, metallic 

iron was formed [521. - *The en-lhalpies of interaction of ferrocene 

in benzene solution ~;,iith a nurlw3er of electro-n acce_stors h2ve been 

measured at 238.15'K in 2~ adia'batic calorimeter. The e:lt:.laluies 

measured for ~illcon (IV) chloride ) gexlan1u::i (IV) ctloride, 

shosnhorus (iii) chloride, arsenic (III) chloride and slxl~hur 

dioxS_de viere near to zero, 'do:gever the mixing of fe;-roce_n_e ::rith 

liquid tF_n_ (IV) chloride, titaoiun (IV) c!iloride, antimo_n_:: (V) 

chloride, VOC13 2nd with solid galliu (III) chloride 2nd ~-srrl~:ll~~~ 

trioxi_de gave heats of formztion for the complexes (kcal m01 
-1 

> 

of: -18.8, -n.3, -3b.k, -20.7, -8.9 ~SJ -24.2 resFectLvelg [5~]. 

_First order rate constants for the solvolysis of the aryl(ferrocenyl)- 

methyl acetates (4.5; R = H, Me, CZT, OMe) have 'ce~ln_ measLLred. 

A ii-n-ear correlation yias obtair_ld betvreen relative rate cofistailt 

ap_d Hamilett ci- substLt,uent constants aad $CRL val-_tes for the inter- 

mediate ferrocenyl-sts_bL?ized CarbocatFons [&I. The fOi-rrocerlo- _w-_ 

phz:-l-y1 acetates (4.6; II = 1, 3, +) ?ere obtal_n_ed by t_?‘ea5!:?_z!-Lt 

of the corresuonding alcohols :;fit:.l acetic 2p&-dride fc_ g7ri:Z.l lie, 

s01v01ysis of the acetates (4.6) in 8GL aqueous aceto_n_c has been 

OAd 

0 .=ri, Fe 

6 
0 

0 
R 

7 
OAC 

0 

Lt.5 4.2 6 4.7 

References p. 268 



230 

investigated iti_n-etically using a titrinetric method. The ELrst 

order rate co_nstaats 03taL~sd were compared ii-i_Lh the value pre- 

vlousiy detertined for I.-lerrocenylethyl acekate (4.7). Relative 

raxe cor_sta~-~ts were (4.6; n = 2) 0.0058; (4.7) 1.00; (4.6; 

n = 4) 3118; (4.6; _n_ = 3) 122 [55]. 

The reacCFon of cyclopez!tatiene, dissolved in tetrahydr.~furan, 

ln the presence of [18]croxn-6 as a phase transier catalyst and 

ptas$_lJp hy-d_ro&de, y:Lkh 5ro> (II) chloride gave ferrocene. 
1 

:.fa-L ngl- , bemyl-, i prcjrjyl- ar,d cyclohexyl-ferrocene were prepared 

'@y siE-Yl= Phase transfer ca-lKLj;zeci reactloas [56]. A. convenient 

la30r-~o~~- _mLf&b_od for t-n_-= &.L. _"J orepzratio_n_ 0Z ferrocel_e has 'been 

reportad [573- p,[3_Dir~rerylprogFonjrlferrocPnp (5.1) 1x2s been 

grewred. by treatment of fer-rocene :xi-Lh the apxopriate acid chlorhde 

Ln -i$_e presence of aluniniun chloride [58], -;-7-J ___~_ztio_n_ oz" ferrocene 

Ji fi1 Lpbiphegyl carboxylic acid chloride In the presence of aluztinlwz 

chloride gav-e t_ tie ?_=rrocene derfvatives (5.2 and-5.31p The ketone 

(5.3) zas red--iced to the corresgondlog dlol [59]. 

The direct tbZomethylatfon of ferroce-n-e has bee_n_ carried o-at 

usi.~g formaldehyde and a thzol as reagents In the ?s_resence or" 

percW.oric acid. The ~errocenylnethylsulp~des (5.4; R= 

CH2CE20H, CH2C02R, C6E4.g-C021Q were obtaked by this method [60]. 

The reactloz or ferrocene, azzil%ne a_n_d ahtiz-Lum chloride gave the 

7+?_!lxline compltx (5.5) vrhic% T;ias isolated as the hezafluorophos- 

oh-ate salt. Deprotonation of the catLo_n- (5.5) vEis most conveniently 
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effected ?~ith sodadde in dichloromethatne to give tln__e &r ss_n__sitiy.re 

complex (5.6) [bl]. Ferrocece underwe_n_t Ilga_n_d e:i:change wZ.-ih 

Q- 0 
CI12SR 

Fe 

6 0 

5.4 

Q- 0 
NH 2 

Fe 

0 
0 

505 

carbon roonox%de in the preseme of aluminium chloride to give the 

tricarbonyl(7-cyclo_e~~adiangl)iroc cation (5.7)- Several ferro- 

cenophmes vre_'~+ isolated In low yzelds as ~U.nor products OZ the 

reaction [62]. Ferrocene under??e_n_t sudcessive ligafld excharLge 
7 ._. ._ wlitn 2_re,es acd caroon dioxide SU~SC~~U~~O~ I_ 1~ the presence of 

aluni_tium chloride. Pxenes used were benzer_e, 2,4,6-kinethyl- 

benzene, hexamethylbenzene an-d naphthalene. Or_e of the products 

(5.8) has bee= used 2s a catalyst in the electrochetical reductiol? 

of ndtrate to ammo_n_ia L-631. 

Ligmd exchange betwee ferrocene ad naphthalenes or &th- 

racenes has been studied. In additiofi to the expected exchange 

Referencesp. 268 
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- 
p-OGL;CCS, co!iplexes zere Isolated ~~hich contained gartially 

red-iced l2giltha:ene 2~. d 2vrtbzace-ie ligands. The reduction 

_F_ech2+s-_? ip_vo>.7ed a7sstractio:2 of Qdride io_n_ >cy aTd:~nim 

chloride fro.?_ the co3;ILeir to leave a carbeniu3 Lo3 :r:?lch I.'.;as 

s_La‘ci~Z~d 'cyi jTI- - . craxoleculaz, electron iza~szer gfvi.rrg Fe (III) 

and a radiiczl cent-re or, the lisard, Piydrogec_ ;'las th_e_n_ abstracted 

by the -iron ato% and transferred to the Ilgand [64]. Ferrocene 

u_n_der?ie_n__t liga?_d exchange vit'h zy:pe_n_e in tb_e _ aresence ol^ aluM.rium 

23-d 21u~7~~~u~~i chloride _io give the (T-pyrene)(q-cyclopeotadiengl)- 

iron ca_lroa ag_< tb_e -- (3-9:J_rene)~~ans-bis(7- y _ _ __ c c3ocentadfeoyl)iron 

dlcatim. Reductio_n_ took place d~~i_n-g the ligand exchal?ge to 

gFve t'r1e (7-4,5-dFhydro~y_rere)(?-cyclo3entadleng~)~~o~, a_n_d 

(7-4s ,S,1O-tctrahj-dropy~el?e)(~-cj-clo~e_n_tadie_n_yl)Fro_n_ cations as 

xell as the (7-4,S,9,10-tetrahyd~o~~~e~e)trans-5ls(~-c~rc~o~e~~2- 

die_n_::l)iro~ dicatioz [65]. Pe-r-rocezie =d several ferrocen$ 
- . ._ aerl-krac:7.ies exploded aher tixed with tetranli_tromethan_e. The 

reac-lioz. kvolved the FpXtiai r^orzation of a charge-transfer 

comr;lez, the rzdical 'C(N0 ) 
23 

generated in this step the_n_ combined 

viole_n__tly with_ ferrocene. Mst‘r_a_n_ol a_n_d cyclohesane solutions of 

ferroce_n_e were cot attacked by tetranitronethan_e [66]. 

The deuteration of ferroce_n_e ad cyolan-lrene was er"l'ected in 

the prese.n_ce of a heterogeneous _ nlatimm catalyst and a homogeneous 

potassiu-i tetrachloroplatdnate (II) catalyst [67]. The formation 

ol 52Fe.la hFgh specific activitg 1~2s achieved conveniently by 

a-i-iradiation of z - - .-_ 8 erroceze cor_r;axx_ng 54Fe [68]. A solution of 

lerrocene or o%e of its derivatives in _oetrol was added to coal 
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at 150-325’. This treatment increased the mzgnetic ~Liscepti~bility 

of the ~qmrit~es ic tile coal [69]. 

6. FERROCINI-31 SALTS 

Redox potentials for the ferrocene- ferrocinium Fon system 
7 i _ :.ave oeen aecerrr;ined in a series of aater-acetic acid-sulshuric 

acid mixtures at different concentrations. An ea_uation '.'I2,c 

derived wtiich related the r_edox potential to the acetic acid and 

suiphurlc acid concentrations [TO]. The various ec_uatlon_s ‘used 

for the determination of activation sz-raneters in eiectron- 

-transfer reactions have been considered. The ecuatioi-3s :*,er= ‘ L. i 
a_=i3ll33 to <:?i: folloyring system: 

[ (Co(phen)3]3+ f Fe(7-c5~~)2~[co(phe_n_)j]2t -i- [“e(7-C5”9J 

(where shen = ~henanthroline)2nd their usefulness ~12s assessed [7L!.]. 

Ferrocene znd iodine 2.t ion concentrations In benzene have 

bee= subjected to flash photolysis. A sharo increase in 

2bsor~ba,ce at 625_n_m was observed 6Op.s after the fias_ onsaf "_I. 

Tb_is corresponded to an increase in the concentration or ferro- 

cinium iodide. The absorbance remained const2nt for a period of 

several ms 'out fell over a period of a few S. A aecl~ani.53.m for 

the reaction was progosed [72]. .The oxidation of acetylF.errocene 

and i,l'-dFacetylferroce~e by ceriuz (IV) in SU~!~LIT~C acid 

(H o range +l to -3) involved an initial fast one-electron ste_o to 

give the corresponding unstable ferrocinium ion. Further o>:iti- 

ation caused breakdown of the metailocane group, acetylferrocene 

-was completely oxidized to Fe 2t by two equivalents of cerium (IV) 

vrhiie 1, I!.'-d&aCetyiferrOCene required three ecuivalents of 
:+ 

cerium (IV) for COn?piete 0xidatLon to Fe’ _ Ti-s intermediate 

ferrocinFum ions were increasingly stable ih solutions of ‘:li,=her 
_ ._. 1 _ acralty ant In the presence of the oxldlzing agent [73]. Ferro- 

CiIliUEl EerChiOrZtS Z!ld tetrafluoroborate decomposed u_n_dcr aqueous 

alkaline conditions. The stoichiometry of the reaction xas 

dependent on the counter anFon associated with the ferrocinium- 

cation_ The nech2nism involved a ra@d pre-equilibr%um between 

ferrocinium and added inorganic ani-ons (Cl-, Bry, E03-, CiOq- or 

SO 2-) followed by attack of hydroxide ion. 

i&n (III) hydroxide and 

The prodLlcts were 

an oxidized cyciopentadienrde [74]. 

Ferrocene residues have been attached to the surfaces of 

n-type gallium arsenide semiconductors by usifig (l,i'-ferrocene- 

diyl)dichiorosilane (6.1) 2s the reagent. The surface attached 
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Terrocane grouos VIere oxidized ifi a-n uphill sense 011 irradiation 

Kith light of eEerg;T greater thm l.+eV, the bzsxi gap of gallium 
_ _ 

ars201ce. 5Cl: conversiori i7as achievec? in the photooxidation a'i- a 

R 0 

Fe sic1 

6 
-2 

0 

~0~~ti~l 0i ~-0.25-v VS. scz, by contrzst, converslor? to this 
lxteot occurred Et a gote_n_tial of to.L;ov zt a reversible electrode. 
m, . . . _ 
Ins surlace-aLZacnea ferrocinlum ia_n_ can be used to oxidize 

rziuci?g agents icl solution such as ferrocene a_n_d iodide [75]. 
Tie t.;Jo electron re&uctazts, bi2errocene, .- orferrocenylnethane, 

bls(Sulvene)dliron arid >:,i<,N' ,N'-tetranethyl-~-~hen~~~e~ed~~~~e 

asra oxidized cortrathermodynamicaIly i;o the corresponding dica.tioos 

at il-iu&na,te< E- type silicon photomodes. The Serrocenyl-silane 

(6.1) '. ~:as accac'cLed to a si licofi shotoanode and this protected the 

siurlace Pro3 deleterious photoaoodic SiO, growth. Dichloro- 

diferrocenylsilae was attached to platinum a_nd _n_-type silicon 

elac+rodes. c The oxlbizing saner of the derivat?zed photoanodes 

I:las light ig_cefl_s_ ity de_aendmt [76]. 

The charge-transfer coz?lglex l,l'-dioethylferroci~~u~ bis- 

-(tetracyan-os~nod~~a~h~), (TCNQ), has been charackerlzed by 

X-ray cr;stallograghy. The structure consLsted of chains of 

stacked TCItQ molecule s and stacked ferrocinium ions. There ylere 

no interuolecular interactions in the ferrocinium chains. The 

nagnetic and electrical properties of the complex were reported 

c771- Decamethylferrocene (DMeFc) combined with TCNQ to give 

several salts ~Lncluding the green metanagEetic substance (DMeFct) 

(TCITQ:). Tlo_e structure 03 this salt a& determined by X-ray 

methods and found to consist of parallel one-dimensional chtins 
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containing alternating DMeFcr cations and TCNQ'= anions. The 

cyclopentadienyl rings of the ferrocinium cation were eclipsed 

and the anion had suffered partial oxidation to o<,H-dicyano-p- 

-toluoylcyanide [78]. Moessbauer spectroscopy has been used 

to show that the monocation derived from diferrocenylacetylene was 

a mixed valence species while the monocatlon obtained from 

[2_2]ferrocenophane-1,13-diyne ;'ras an averaged valence species 

c7910 

7. XZRROCENPL, C4RIBENIUM IONS 

Reaction of the alcohols (7.1; $ = OE, R2 = NMe2,OMe) :;.5th 

sodium tetraphenylborate in acetic acid gave the corresponding 

carbenium ions. Treatment of the carbenium ions with piperidine 

gave the piperidine derivatives (7.1; R1 = piperidino, R2 = 

NMe 2, OMe) [SO]. Ferrocenylacetylene was hydrolysed under acid 

Fe 

0 0 

conditions 160 times faster than (E-methoxyphenyl)acetylene, the 

products were acetylferrocene and g-methoxyacetophenone. The 

acid hydrolysis of ierrocenyl(&-methoxyphenyl)acetylene (7.2) 

gave ferrocenyl(z-methoxybenzyl)ketone 2s the only product. These 

results confirmed the stability of the o<-ferrocenylcarbenium ion 

L-811 - The divinylferrocene (7.3) has been converted to the 

ZerrocenedFcarbenium ion (7.4) with fluorosulphonic acid in liquid 

sulphur dioxide at -80Oc. An 'H and l3 C NMR analysis of the 

dication (7.4) indicated that charge localization on the a-carbon 

atoms was apgrecizbly greater than in the ccrrespondiog tertiary 

monocarbenium ions. The structure proposed for the dication 
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(7.4) contaIned a Sent exocyclic bon& to each M-carbon with a? 

07;er3_11 &-ALi- con?or_~ation to ellsu_re xzini_.m_al interannular 

electrostatic repulsiors [82-J. 

The spontaneous decom2osltio3 of ferrocenyldiarylmethylium 

Ions (7.5; $- = R2 zz H, O&; $ = .I II , R2 = OMe, CF$ to 

0,6_diaryl~ectafulvenes has been investigated '--inetically in 

aqueous ac%dic acetonltrile. The Firs': order rate constants 

xere degeldent or. the nature of the substituents R1 a_n_d R 2 and 

01 the ionic strength of the medium. Steric factors were 

izglic.a-lea 3.3 control 03 the degradation but carbenium lor 

stahLlit;; :'ias zot important [83]. The ferrocenylmethylcarbenium 

tetrafluoroborates C7.63 _p,l = _q2 zz "'; R7 = R, R2 = Me; 

R1 = %, R2 = CH(Ne)z; Rx = Ii, R2 = Ph; R1 = R2 = Me; R1 = 

R= = -pi>- , X = 9F4] zere prepred from the corresponding carbinols 

in tiethyl ether, tetrahydrofuran and t-butyl aethyl ether. The 

17 2.p-R s3ecLra 00 IT i b L the salts in CDCl 
3 

exhlblted strong signals 

attributed. to theether -ased in the preparation. It was concluded 

that o(-fzrrocenylmet'nylcarjeni-~m ions u_n_der>:rent t?io types of 

salvation_ One involved one molecule of ether per molecule Of 

. 
cacrOn arzd had a large association constant whilst the other 

;'I> s a much weaker interaction [8.$lo 

Secozdaryti-hydrogen ltinetic Fsotope efr^ects in nucleophilic 

additions to ferroce_n_yl stabFliied carbenium ions have been 

investigated. The results obtaified from the solvolyses of the 

car-be&un ions (7.7 and 7-8) in xater and water-0rgaC.c solvent 

.tixtures suggested that there was appreciable C....O bond formation 

in t _e tl transition state lor carbenium ion solvolysis [85]. The 
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crystal and molecular structure of ferrocenyldiphenylcarbenium 

tetrafluoroborats has been determined by X-ray crystallography. 

Q- 0 

Fe 

b 0 

7.7. 7.8 

1 f CH 

2 

Fe 

6 
0 

The structure was regarded as an (7-cyclopentadieny1)(3-fulvene)- 

iron catxon (7.9) with the fulvene exocyclic double bond bent 

towarc@ the iron at an.angle of 2O.7O and an Fe-C,,, distance of 

2.7158 [86], Ferrocenylcarbinols have been treated with 

sulDhuric acid and then ammonium hexafluorophosphate to Zorm 

ferrocenylcarbenium salts such as the compounds (7.6; R’ = K - 3 
R2 = Me, Ph, ferrocenyl; R1 = Ph, R2 = Me, Ph; X = PF& The 

salts (7.6) were attacked by nucleophiles including cyanide ion, 

azide ion and acetate ion to give the corresponding neutral 

a-substituted ferrocenes. Thus the salt (7.6; R1 = H, R2 = Me) 
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7.9 

was attadked by cyan-ide 

[WI. 

8. FaROCx?JE CHaJISTRP 

(5) Photochetistry 

The trizlet energy 

'been_ studied ir_ a range 

to give=-methylferrocenylacetonitrile 

transfer from blacetyl to ferrocene has 

of solvents. The intensity of the phos- 

phorescence was measured as a function of the ferrocene concen- 

tration, From the results it was concluded that resonance energy 

transfer did not take place but ordinary exchange methods occurred. 

The kinetics of energy transfer followed a Stern Volmer model and 
L1 c.n_ere Pas incomplete transfer per encounter in the less viscous 

solvents [BB]. The mechanism of the reaction between t-butyl 

isocyanate and methanol photocatalysed by ferrocene arid iron (III) 

chloride in carbon tetrachloride-dLchloromethane mixtures has been 

invest%gated by _tinetlc, spectroscopic and o_uzntum yield measure- 

ments. It was concluded that the ferrocene was involved in the 

equilibrium: 

(7-C5E5>$e + Fe + Fe2+ 

;:lhich regenerated 

3**[(r)-;,EF~Gge]+ 

the active Fe * - The following halogenated 

cqmpounds;CCl &, PhCOCX2Sr, JJ -BrC6H4COCH2Br and C13CC02&le were 

dehalogenated by irradiation'of alcoholic solutions containing 

ferrocene or iron (III) chloride. It was suggested that 

radicals from the alcohol solvent were involved in the reaction 

c901. 
Vinylferrocene and iso-progylferroceae have been irradiated 

in methanol and ethanol to give ferrocenylethers by way of ferro- 
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Q- 0 
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CHMeR 
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cenylcarbocation intermediates. Vinylferrocene formed the ether 

(8.1; I$ = H, R' = Et) whi_l_e isopropylferrocene forn2d the 

products (8.1; RI = Me $= Me ,- , Et). These compounds (8.11 

were theaselves labile under the conditions used and gave the 

alkyl*errocenes (8-2; R = B and R = I4e) respectively. Binucle2.r 

products (8.3; R = H and R = Me) respectively ?rere also r'ormed In 

the secondary reactions [91]- The 

the v%nylferrocenes (8.4; R1 = Me , 

R2 = CPh=CH2) In dichloromethane in 

copper-chlorophillin sensitizer and 

d+ols (8.5; -' R- = Me, Ph, R2 = Me; 

vinylferrocene (8.4; R' = Ph, R2 =' 

conditions to give the diol (8.6). 

in the reactions [92]. 

photosensitized oxidation OZ 

Ph, R2 = CMe=Cff2; R1 = Ph, 

the presence of sodium 

oxygen gave the ferrocenophane 

Rl z R2 z FL). Aowever, the 

Ii) dimerized under the same 

Singlet oxygen was implicated 

The photolysis of several ferrocenyl ethers In methanol has 

been investigated and the products isolated v/ere formed from 

c%-ferrocenyl free-radicals and o(--ferrocenyl carbocations. For 

example, for 2-ethoxy-2-ferrocenylpropane (8.7) it was postulated 
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that photoexcltation sfforded an excited state (8.8) which 

gaxtitfoned Ftself betvreefi two reaction paths (Schese 8,~) [93]. 

HeOH 

807 

-Q+ 0 Or, 

Fe 

6 0 

8.8 

Fe 

1 
* /f 6 0 i 
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Scheme 8-1 
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Irradiation of 3-ferrocenyl-l-g-methoxypheoylprog-l-ene (8.9) in 

methanol gave +ferrocecyl-I?-methoxyphenylpropane, j-ferrocenyl- 

-l-methoxy-l-E-methoxyphenylpropane and 2 '-ferrocenyl-j-methoxy- 

-l-p-methoxypropane, The mechanism of the reaction nas investigated 

c941- 

'ONe 

r (ii) Derivatives containilln other metals (metalloids) 

'The reaction of chloromercuriferrocece uit _ b trimethylalum3num 

in a sealed tube gave the ferrocenylalane (8.10). X-ray crgstallo- 

graphic characterizationti the ferrocenylalane (8.10) showsc! that 

the two dimethylaluminum units ;*Iere linked tog;e-lher by k’hz 

chlorine atom an6 one carbon atom of a 
3 
-cyclopentadiengl ring. 

The angle of tilt bf the Tao 7-__ 
-0 

rvcloDentadieny1 rings ?las 8.2 _ 

Me2 
Al 

0 
I 

Fef B 

6 - 0 

- 

-9 0 

Fe 

-6 
0 I- 3 
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2.2d t:n_ere was no signifIcar_t iron-aluminum interaction [9.5]. 

The re2ction of excess ferrocenyllithium with tri-n-butylborane 

or boron trifluorlde gave tris(ferroceryl)borane 2xd the zivitterion 

(Be.111 _ The structure of the zxitterion (8.11) was determined 

by X-ray analysis. It was foi:nd that there aas oae sterically, 

A-- ,lStiZCt ferrocengl group and one electrcni tally unique ferrocenyl 

moiety and these xere not coincident. The electronic absorption 

spectrum of the molecule (8.11) indicated the presence of 2n 

i_qtervale_?co electroTlic transition 23d it was suggested that the 

electron trarisfer proceeded via 2 through-space mechar;ism L-963. 

The interaction 0I” ferrocenyllithium vilth [CuBrPPh3]4 gave ferro- 

cenylco3ner. -_ Treatment of the ferroceoylcopper with iodobenzene 

ar_d benzoylferrocene gave phenylferrocene and benzoylferrocene 

respectively [973. 

Dithioferrocene and 2-llt'~~odimethylaminonethylferrocene were 

COu3led in the -presence 05 tetrakis[iodo(tri-n-butylphosphIne)- 

copper (7)] to give the biferrocece (8.12; R = AqdIe2). Treatmer,t 

of the amIne (8.12; R = I'!&Ie2) ~5th nethyliodlde gave the corres- 

pondi'ng quaternary salt ?ihiCh gave the nitrile (8.12; R = CN) on 

re2ctior_ l*JLttil 8 ‘ potassium cyanide. The _n_itriie (8.12; R = CR) 

zas tydrolysed to the corresponding acid and this acid was cyclized 

by trlfluoroacetic acid anhydride to the trifluoroacetate (B-13). 

The latter compoun d (8,13) was hydrolysed with po-l2ssium hydroxide 

2nd the product was reduced to give the bridged biferrocene (8.14) 

[%I. Sever&!, halide complexes have bee= treated with l,l'-dichl- 

oro-2-lithioferrocene to form the corresponding ferrocenyl 

d eri-kati-~es C8.15; 

Ir(CO)(PPh3)& 

X = Fe(CO),(?-C5X5), AuPPhj, i~.k(cO)~, 

A Sin~clear derivative (8.16) Vi2s formed in the 

S2lIie ?i2y. The compounds (8.15 and 8.16) vere characterized by 
l.r 1 ad 13C XXi? sgectroscopj- [99] e The treztment of ferrocene 

.:1-j_ t h_ x t :hFum and 1,5-cyclooctadlene (COD) gave the lithA species 

(7-C5E5)"e(COD)IS xhich was converted to the zinc salt 

[(7-C555>Fe(C0D)]2Zc with zinc chloride. This szlt was in Turk 

treated vrith ethylene and then lithium to give the derivative 

(7-C5R5)Fe(C2R4)Li [loo]. Metzllation of ferrocene in the 

uresence of ethylene gave the com3lex (C,134)4FeLi2 which was 

chzacterized as the tetramethylethylenedXa_nine adduct ['Ol]. 

The ferroceoyl-silane (8.17; R = II) was chlorinated with 

palladium (II) chloride to give the chloro-silane (8.17; R = Cl). 

Reaction of t'his latter compouxxd vrlth l-ferrocenyi-2-j_ithj_oacety- 
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lena gave the diferrocenyl derivative (8.18) [102]. The hydro- 

sllylation of the ferrocenylacetylenes (8.19; n = 1, 2; R= 

Me, Et, Ph) with triethylsilane in the presence of a Speier's 

catalyst has been examined. The triethylsilyl group added to 

the carbon in the c+position to the ferrocenyl group In the 

acetylenes (8.19; n = 1, 2; R = We, Et) and to the P-carbon 

in the acetylenes (8.19; n = 1, 2; R = Ph). The addition 

of triphenylsilane under the same condltlons took place In the 

opposite sense [103]. Hydrosilylation of the organogermanium 

ferrocenylacetylene (8.20; X = GeEt3) with HSiPh3 in the presence 

of a Speier's catalyst gave the adduct (8.21; X = GeEt3). 

Cleavage of the carbon-germanium bond also occurred to form the 
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ferrocenylacetylei1e (8.20; X = SiFh$ and the disilylolefin 

(8.21; x = si?%.) , other related tra__s, n metalatiori and addFtion 

Q--- 0 

-- 
Fe 

.6 0 

8.19 8.20 8.21 

prcducts xere isolated from the reaction [IOk]_ 

Treatment of trine" caylstaxnylferrocene with [Ft(COD)Cl 
2 
] 

where COD = cycioocta-1,5-diene gave the ferrocene-platinum 

com_oiex (8.22). A siilar reaction viit'h l,l'-bis(trimethyl- 

StaEr-yi) ferrocene gave the ferrocenyl platinum COElpieX (8.23) 

c rwl - The ferrocenyl-phosphine (8.24) catalysed the hydro- 

fornylation of l-hezene to &ve complete conversion wFth Zgh 

selectivity to n-hexanal [ 1063. Eomogeneous catalytic asymmetric 

hyd_rogenatio_n_ of olefins , ketones ad itines by some rhodium- 

-COmpieXes of the ferrocenyl-phosphine (8.25; R = 3, OE, NMe2) 
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Fe 

Ft (COD) 
I 
Cl 

8.22 
8-23 

has been investigated. For example, 

ketones &COP2 (Rl = He, Et; Rz 

the hydrogenation of the 

= Ph, Ne,C, Bu, C02H) gave 

5-lOPh S- and g-R'CE(OE)R2 depending on tie substituents [107]. 

a.24 8-25 

Dichloro[1,1~-bis(diPhenylphosphino)ferrocene]palladiu~~ (II) has 

been used as a catalyst for the cross-coupling of set-butylmagnesium 

chloride with bromobenzene, @-bromostyrene and 2-bromopropene to 

give the corresponding set-butyl derivatives in very good yields 

[ 1081 e The bis(ferrocenylmethyl)phosphonic acid (8.26; x = H) 

has been treated with bis(dimethylamino)methane to form the 

phosphonate (8.26; X = CI-12NMe2) in 99% yield. The formation of 

twelve other phosphonates (8.26) was reported [109]. 

The ferrocenylfuran (8.27) has been formed by treatment of 

pentacarbonylrferrocenyl(methoxy)carbene]c~~o~um with tolan in 
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-Q- 0 
cE120 

Fe 

_b 0 

8 -26 

P 0 \ Cr 

I ii eoNe (co)3 
PX ’ Fe 

2 
6 
0 
-5 8.27 7 

d+butyl ether, The crystal and molecular structure of the 

complex (8.27) has been determiced by X-ray crystallography [llO]. 

Treatr?er_t of the 

R2 = 5; 

ferrocenyl-silver compounds (8.28; 

R1 = H. R2 = 
Rl = Cl, 

Cl) i'llth iodine gave the biferrocenyl 

derivatives (8-29 and 8.30) respectively [ill]. The reaction of 

ferroce_n_e vrith (Ph3PAu) O+SF,- i_n- the presence of hydrogen tetra- 

fluoroborate gave the ckplek c.ztion (8.31) [112], The reactiofi 
of mercury (II) acetate with several aBylvlnyl-substituted 

R1 
I 

Q 0 
Ag 

Fe 

& . 0 x2 

8.28 8.29 8.30 

Cl 

b- 0 

Fe 

.6 0 

Q- 0 

Fe I 2 
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AuPPh 

Q 0 
.=; 3 

cc I 
%_ ‘, 

‘-AuPPh3 

Fe 

h 0 

8,31 8.32 

ferrocenes has been investigated. Two reactions occurred, addition 

to the olefinic linka&e (methoxynercuration) and aromatic sub- 

stitution of the 7-cyclopentadienyl ring. Addition was the only 

reaction with vinyl- and ti-methylvinyl-ferrocenes and ring- 

-substitution was the only reaction nith o(-t-butglvinyl- and 

P,@-dimethylvinyl-ferrocenes. Both methoxymercuration and ring 

substitution occurred with trans-/%methylvinylferrocene. Addition 

was of the Markownikov type anAd substitution_ occurred in the 

unsubstituted 3-cyclopentadienyl ring. Kinetic data was obtained 

for these reactions [113]. The cyclopentadienide ion, B F - 

and ferrous ion in THF at -78’~ combined to give a ferraboza:e 

which ::ras converted by thermal isomerizatlon to the ferrocene 

analogue (8.32) a violet air-sensitive solid [ilk]. 

(iii) Comulexes of ferrocene-containing lixands 

Complexes of the /3-diketone ferrocenoyltrifluoroacetone 

WTPH) were obtained by reaction Sth the b&(7-cyclogentadienyl)- 

metal dichlorides, (~--c~H~)~Mc~~, Yrhere M = Ifi, zr, Hf, Nb. Two 

FTFH ligands were incorporated to give the complexes (‘I-C,.-+)M 
(FIYF)~C~, where M = Ti, zr, Hf, _Nb [115]. Ferrocenoylacetone, 

formed by treatment of acetylferrocene with ethyl acetate in the 

presence of strong bases, was used as a bidentate llgand towards 
copper (II) and iron (III) salts [116]. The metalation of 

(dimethylamino)methylferrocene with sodium tetrachloropalladate (II) 

in the presence of optically active N-acetyl-L-valine gave the 

opt%cally active planar choral 2-(dimethylatino)methylferrocenyl- 
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2 

8.34 

palladi!lrr, c’rlloride lp!??er (8.33) ir_ high yield _ The absolute 

rota_iio~_ and o3tirsl __A_ s~itjr of the dime? (8.33) xere determined 

sy con:;ersio_n_ to 2-rrethylferroceneczboxylic acid and to 

2-methylferrocenecarbal.dehyde [117]_ T'ne acetylhydrazone of 

acetylferrocene v:as attacked by palladium (II) chloride at the 

2_aositi@n to give a cyclopalladated complex. The complex gave 
_ ._ 

a pyrz_azne adduct :::i_t>: a t~ag_s-~~, T,? acd trans-C ,C1 geonetry. 

Sip>iZ_r reactiozs :i[ere carLed out Vi' ~.h the acetylhydrazones of 

3-methylacetophenone 
*,. 1 a_n_d 2-acetylxnxopnen [ u3]_ 

(iv) C-erieral Chemistry 

Zthylferroce3e, methyllerrocene and di-, tri- and tetra- 

-.Tethylferroceres xere obtained in yields of up to 7876 by the 

cocondersation of 110~ atorns and the vagour of the appropriate 

ethyl- a_n_d met3.yl-cyclopentadlenes at -190 ro [I-19]. Otidatlon of 

rtethylferrocene :;rith .malganese (III) 2cet2ite Fn acetic acid gave 

2. --> 
Lee cz.~errocenylmethan e (8.34) together with the 3-methyl and 

l'-metkyl isomlrs [120]- Decamethylferrocene (DMeFc) combxfied 

TiIit'c- 7,7,8,8-tetracyano-pq-inodimethane (TCNQ) to r^orm three 

charge transfer complexes, green (DMeFc)(TCN&), purple 

(D>~eZ'c)(TC~~Q) ad (i!eFc) (%X&)2. The tv~o monoclinic 1:1 

complexes :'rere analyzed by X-ray methods, the green complex was 

found to Xave a o__ ne-dimensional structure while the purple form 

xas made us of isolated diners, .The'green complex contained 

garamagnetic (DMeFc)* and (TCNQ) groups and shov:ed cooperative 

magnet5.c i8ceractlo__ - ns [121-J. The enolate salt (8.35), derived 
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cBPhCH=CPhOMgEr 

8.35 8-36 

CHPh- 

.b 0 I CHCOPh 

2 

from the corresponding P-ferrocenyl-ketcne, has been acylated x5th 

'oenzoyl chloride to form the Xnuclear ferrocenyl-ketone (8.36) 

as a _mLxture of diastereolsomers, A dibenzoyl intermediate xas 

FmplLcated in the reaction [122]. 

Reaction of the ferrocenyl-ketone (8.37) ?~ik'r ~~aK(CCl)n(7-C5$-) 

where M = MO, W: Fe; E = 2,3 gsve the corresponding ferrocenoyl- 

methyl derivatFves (8.38) [123]- Acetylferrocenes have been 

converted to tbAoketones (8.39; R = l?e, CMe3, Pii) ‘SJ- reaction 

mitii P4S10 in carbon dlsul.&ic?e [12L;]. Treat.ns_n_t of acetyl- 

ferrocene z~ith cyclopentadiene, l&ene and fluorene gave the 

ferrocenyl-fulvenes (g-40, 8.41 axi 8 ,L;2) respectively [125]. 

e 0 coc~2cl 

I 
Fe 

6 0 

P 0 

Fe 

6 0 

COCE2M +D (CO), Q- 0 

Fe 

6 0 

CSR 

8.37 8.38 8 -39 
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Qb 0 \ \ 
Fe 

6 0 

0 \ \ 

% 

Fe 

6 0 

0 

Q 0 

Fe 

\ 0 ia 0 
8.40 8-41 8.42 

l,l’-Bis(glyoxalyl)ferrocene has bee_n_ prepared by the seledum 

(IV) oxidation of l,l'-~acet~llerrocene and l,l'-bis(phenylgly- 

8.43 
L 

I n 

8.44 



oxalyl)ferrocene was prepared by a similar route. The ferrocene 

bisglyoxalyls were condensed i'lith 3,3',4,4'-tetraaminobiphenyl 

and 1,2,4,5-tetraaminobenzene to give polymers, for example 

(8.43 and 8.44). The properties of the polymers zere investigated _- 

[126-j. The reactions of 1,l' -bis(acetoacetyl)ferrocene have 

been examined [ 127]. Formylferrocene and some ferrocenyl- 

lietones (8.45; R = y>15 alkyl, aryl, ClCII2, CL2CE) have been 

prepared by oxidation of the correspooding ferrocenyl alcohol 

(8-46)) ether (8.47) aod olefin (8.48) v,?.th (R3Si0)2Cr02 

(R = Cl_4 alkyl, Ph). For example, the oxidation of ferrocenyl- 

methanol %lth (Ph3Si0)2Cr02 gave formyllerrocene in good Gelds 

[128]. A related patent described the oxidation of 2,2,2-tri- 

chloro-1-ferrocenylethanol to give trichloroacetylferrccene [l29]. 

Formyl-, acetyl- and henzoyl-ferrocene have been conde_n_sed 

with diethylsuccinate under the conditions of the Stobbe reactiofi 

to give mixtures of the E a.nd fOf?nS of the unsaturated ester 

0 

w 0 
R 

Fe 

.6 0 6 0 

8.45 _ 8.46 8.47 

OH 

w 0 
R 

Fe 

C02Et 

Fe 

6 
0 

0 

2 

p-l 
0 

6 0 

8.48 . 8.49 8.50 
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under:‘ient the same 

reaction [ 1331 D The reactioils 0 f ferrocer_yl chalcofles M.til 

ji2xcnet&>_e 2y& 
) or bezzenesulahonyl :?-ydrazides gave ferrocengl 

s;:r2ZOii?_e~ D Tke 3Ectiael rtac-lion or, ferrocenyl ch2lcores xras 

use.5 tc >regare, ferroc=‘;--l ___.,_-1,5-pentaledionzs and ferrocenyl-fi- 

->?etos7~lY;+_Tde~ [r3!+]. 

T b. 5 condensatdon of foroylferrocene with 2-2yridinamine gave 

the corresconding Schiffls base (8.53). Cyclocondensation 03 the 

‘=a.??% (3.51;) ::itk CXCE2COci or ZSCB2C02Z ,gave the lerrocenyl+- 

-lactan (8.55) z__ nd the ferrocenylthiazolidinone (8.56) respectively 
[ 1351. Fornylferroczne 3as coridelsed t:iith the acetophenone 

cerivatj_ve (8.57; R1 = R2 = E, l_le; R1 = H, Rz = X2, OMe, CL, 

-P; qi = 14e Oi4e -_ R 
2 

~ralO~ua (8.;8) Ci361. 

zz 16) to give the trans fGr% 03 the chalcone 

FerrGC2llJTi C2rbinOl ethers (8.59; 

R = ethyi_OCtyl, allyl) zere obtained by conversion of (dimethyl- 

a~no)n~thyllerrGcene tc a cpaterxq~ salt an d then hydrolysis of 
1 E;r-is salt. Thus dichloroethane conbined with the aminoferrocene 
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Q 0 

Fe 

0 0 

8.55 

Fe 

6 0 

8.54 

8.56 

to ?orm the salt (8.60) vih+ch rras then hydrolyzed 

and Eerrmann have reported a convenient r’One-_pOt” 
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CH20R 

r’e 

0 0 

8.59 8.60 

~-Zerrocsnylal’--yl2~nes _ r’erroc ene 

R1R2COz 

2nd 2 ketone or aldehyde, 

nere dissolved ir a mixture or" trichloroacetic acid 

2nd acetic aciG,, fl-_~orosulphurlc 2cid vas added and the mixture 

::jas zdded to the amine, R3RLiMFi, in isopropyl. alcohol at -78O 

Fe 

6 0 

8.61 

ro_k 

OAc 

8.62 

0 

+2 0 

Fe 

b 0 

tc give the corresponding ferrocenylatiylmioe (8.61; R1 = H, 

yie ; R2 = Me , i-pr , iJ-Bl_l, cyclohezyl, Fh; R3 = H, He, RL; = TT, 

Me . I -Fr , t-Bu, &2Fh) .[l38]. 

The thermal decomposition of feSyocenylmethyldine~hy~~~~o~~u~ 

perchlorate and gicrate has .been investigated [139]. The 

ferrocefiyl group has been introduced as a substituent in gluco- 

zyraloses, -. thus ferrocenylcarbony_ 1 chloride combined xith 

2,3,4,6-tetra-0-acetyl-l-thio-p-D-glycopyranose to form the 

thioester (8,621. A similar amino-sugar, 1,3,4,6-tetra-O-acetyl- 
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-2-atino-2-deoxy-&D-glycogyrafiose, was attacked by (N ,N-dimethyl- 

amino)methylferrocene nethiodlde at the nitrogen atom to give a 

diferrocenylnethyl derivative [l&O]. 

0 ,. BIFERROCENES, FERROCZNOPHAMLS ANII AMMZL_U'ED FERROCENES 

Reaction of 1,1' 4ilithioferrocenes with phenyl- or methyl- 

dichlorophosphine and phenyldic-hloroarslne gave the [l]ferroceno- 

phanes (9.1, R = Ph, Me and 9.2) respectively. Treatment of 

the ferrocenophanes (9.1; R z Ph and 9.2) mith pher_yj_lithium 

Qb 0 

Fe R 

6 
0 

Q 0 

Fe AsPh 

ti 
0 

Q- 0 

HD?h 
2 

Pe 

&- 
0 Li 

9.1 9-2 903 

g-2-v e 

the lithio-ferrocene derivatives (9.4; M-= P, as>. 'Th_ese l-lith_io- 

l'-ohosuhino- (or -arsino-) -Zerrocenes __ xere treated ~rith a 

series of electrophLles to give heteroannularly disubstituted 

ferrocenes in good yields [141]- Ferrocene-1,11-dhthlol (9.4) 

has been treated with dlnethyl-sillcon, -gernaniurn and -tin 

dihalides in the presence of txo moles of triethylamine to form 

the correspondrng 1,3-dithia[3]ferrocenophanes (9.5; i.5 = si ) C-e, 

Sn) ic good yields, Variable _ temoerature 'R NMR spectroscopy 

has been used to elucidate the fluxional behavlour of the compounds 

and to determine limiting conformations [I&2]. 

The equilibrium constants for the protonation of [&]ferroceno- 

phan-T-one (9.6) and -6-one and for the ionization of [k]ferroceno- 

phan-'7-01 and -6-01 in aqueous sulphuric acid have been deternined. 

The behaviour of these compounds as acid-base indicators has been 

studled and the results obtained indicated that the [4]ferroceno- 

phane 7-carbenium ions were efficiently stabilized by the ferro- 

cenyl group although the positive centre itlas remote from the 

References p. 268 
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v 0 SE 

‘e 

b-- 0 Sg 

9.4 

Q 0 

Fe 
s\ 

CJ 
MMe2 

0 

S/ 

9.5 9.6 

cycloFent2dienyl ring [ 1431. 

The structure of [4J-ferrocenophan-l-one (9.7) has been 

determi_n_ed by X-ray analysis, The plz-n_es of they-cyclogenta- 

die_n_vl rings vfere u essentially pl2na-r aud the molecular conflgura- 

tio_h sluggested that there 7x2s considerable steric strain in th_e 

bridgirg group. The strain was thoug'ht to occur tit the carbonyl 

0 

0 + 3. ’ 
Fe Fe 

0 b/ 
9 - '7 9.8 

jucction between the bridge and the 3-cyclopentadienyl group [144]6 

The ?ioessbauer spectra of 1,1' -tetrmethyleneferrocene and 

1,1',3,3'-bis(tetrarethylene)ferrocene (9.8) have been recorded. 

The crystal 2nd noleculitr structures of this ferrocenophane (9.8) 

and of l,l' ,2,2'.,4,4r-tris(trimethylene)ferrOce~e were determined 
by X-ray crystallography. 

With the ring tiltihg 2Ed 

The Moessbauer results were compatible . 
iron-cyclogentadieny1 ring bond 
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shortenifig confirmec! by the X-ray analysis c14510 
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by X-ray analysis. The angle oI" tilt of the two 7-cyclopenta- 

dier-yl rings was 5.6a" and the tetra5ethylene bridges took 

difr"erect conformations to each other [D&I. Acetylztion or- 

chloro-, bromo- and methyl-ferrocene gave J-chloro-, j-bromo- 

a_nd 3-methyl-l_,l'-diacetylferrocene. These diacetyllerrocenes 

Here cycllzed nitl? RCSO, yvhere R = Ph, CO2H, to gyive th_e corres- 

gonding ferrocenopha.nes (9.10; R = Ph, CO+ x = ci, Sr, He) 

[ 14710 The fezrocene cr0-z.m ethers (9.12, g-12, 9.13 2nd 9.14; 

II = Z,j) have 5een ‘Jre_u%red. These briS,ged ferrocenes gave 

crystalline derlvatlves l:iith litksum 2~2 sodium perchlorates Cl@]. 

The g~acyclolerrocanoph;ille (9.16) was foroed by cyclization 

ci' tL~z_ dialdehj-de (q-15) uslny TiCL3/u~_lII 

(9.15) aas . 
4 
. The dialdehyde 

l_n_ Lii_lr-_ o'ctaip_ed :c'y treatme:q__l of %,I'-dZiodinZerroce3e 

wir;i E-vinylbenzaldehyde, A_ discztylene ~2racycloferrocenophane 
- . 

1'12s forzeo lil thz sane nay [149], Reaction of l,l'-ferrocefie- 

d?.cxbozaldehyde with ?_,I!_' -diacetylferrocene in the presence of 

+b 
Fe 

* 

0 9.17 
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pyrolysis of crossli&ed ferrocenes with continuous silicon 

carbide fibres has been surveyed [158]. 

Radical copolymerization of vinylferrocene (10.1) and 

2-vinylnaphthalene gave a copolymer the composLtion of I:Ihi:h 

indicated Mayo-Lewis reactivity ratios ol’ 0.~8 an-d 5.5 

respectively. F!.uorescence spectroscopy has shok7n em_ission 

froa excited naphthalene monomer and naphthalene excimer ~:~it'h a 

decrease in total i:tensity as the ferrocene content increased. 

This was rationalized in terms of extensive L_ntranolecular erlergy 

transfer from naphthalene to ferrocene groups an-? dynamic c_uenching 

of excited naphthalene monomer vlas more effici_enf than ejrcimcr 

formation [159]. Polymerized vinylferrocene :'ias apALed tc 

platinum electrcdes from radFo freq-ue3cy plasmas. The effects 

of methyl cyainide, water 0-r as_ueous ethanol on the electrochemistry 

of the thin polymer films has been investigated. It was concluded 

that the redox properties could be modrfied by the solvent [160]. 

The polymerLzations of methyl methacryl ate and acrylonitrile were 

FnXtated by the system uoly(vinylferrocene)-carbon tetrachlorlde 

in the dark. The colgmerlzations proceeded -<ia a radical mechaT-ssm 

'and they were tertinated by attack of a polarized cnonorrler on -itie 

uoly(vlAylferrocene)-car-bon tctrachlorlde charge transfer co.mplex 

&l]. 

The.z-radiation initiated free radical copolyoerFzatlon of ferro- 

cenylmethyl methacrylate (10.2) with styrexe, methyl msthacrglate 

and ethyl acrylate in benzene has been investigated. $Ionomer -_ 

reactivity ratios were calculated 'oy the Tidvrell-Slortimer method, 

& and e values ootailled from the copoLymerization \viLtil styrene :;ere 

0.97 and 0.55 respectively [162], The%-ray ir_duced polym_er- 

10.2 
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LzatLons of fezrocenylmethyl methacrylate (10.2) and l,l*-lerro- 

cengldi(methgl methacrylate) have been investigated. Polymer- 
.- 

u5ations of T;ne iz orLomers were effected in the crystalline and 

amorphous states a35 also in benzene. Electro_n_ sgLn resonawe 

spectra 05 the%-irradiated monomers s'no~red that fe_rrocene radicals 

and nethacryLic radLcals mere formed simultaneously at low 

temceratures an-d 765th increasiag teaseratnre the ferroce_n_e radicals i 
d~czx--.~-,- W"F_V""_. It eras concluded that the ferrocene group behaved as 

S_ rz&aAb-iGn energj- absc,rber [X3]. Tile arEoCc homo- aEd co- 

-goQnezization or several transiiion metal conitining vinyl 

moz_c_ce_cs , including lerrocenglmetkyl acrylate, has been investigated. 

r'erroce!lylmei; _y b--l acrylate 7:;as homopolymerized in the p.resence ol" 

;itFs-cm akrx_6uthydride acd ethylmagnesium bromide at -7S" [164]. 

ijnsaturated polyester mouldi?-g compositions co_n-itir~ng vinyr- 

ferrocenes izave been used to =L rive crack-Tree resifis with eff%cient 

r'il;=,,c of dltcled moulds. _-----_-~ A tyical ~orx~lation contaS.ned an 

e;joq zethacry_a 3 te iccaroorating 2&;6 styreze (100 sarts), ethyl- 

vin;~lferrocene (2O),glass T'ibre (25>, calcium carbonate (200), 

sixca sz.nd (200) dicumyl peroxide (1) and zinc stearate (2). 

T;le T-i-rture a _._ was moulded at 150°C For 3 .mZ2. under pressure [16.5]. 

3errcceq,rbethzl 01 I:,ras converted to the vinyl ether (10.3) by 

heating ::lith T&OCH=CA 2 In tile oreserxe of mercury (II) acetate. 

'i;:=le vi nyl eth_er :.:'a= - thus >olymerLzed witir boron trifluoride 

etherate to the LL?_eer ma=romolecu1e (IO&; n = 10-11) [r&J]. 

Ferroce3ylacetylene has bee!, heated at 190-300°C 5~ the presence 

Gf tri_LsG -prooylborane to form poly(ferrocenylacetylene) in SW/, 

10.3 10.4 
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yield. The polymer had a paramagnetic concen_tration_ of 

lo-18-10-19 spins g-1 and. electrical conductivity 10 
-13~-lcm-1 

Cl671 - Ferrocenylariline ).A -- 'errocenylphenol, diacetylferrocece 

oxime and bis(hydroxyethyl)ferrocene undery!ent polycondensation 

with disulphur dichloride at 2580°C in benzene t0 fOr!x poly(ferro- 

cenyl disulphides) lxhich contained the linkages -NESS- and. -OSS-, 

The polymers were stable in air tc 200-250°C, had a paramagnetlc 

l7 centre concentration Ol^ lo- -10 l9 _ -I aild electrical spin g 

conductivity of 10 -l"-10-15_(1-lcm-l at 20°C [168], 

11. APPLICATIONS OF FZRROCEWE 

(i) Ferrocene stabilizers and improvers 

Low-density polyethylene has been stabilized by the addition 

of 2,2-bis(l,l'-diethylferroceny-1)propane (11.1) in the presence 

of other additives [X7]. The reaction or' chlorinated polythene 

-o- 0 
Fe 

b- 0 ,Pt 

1 
1 

CMe2 

2 

11.1 

film with ferrocene proceeded by a fast substitution step followed 

by a slower diffusion co_n_trolled step, The nhotoouidation 

resistance of the ferrocene modified film was improved. The 

modifzed filz rras a good clear shield for the protection 0-F 

vulnerable substrates against photodegradation c 1-701. The 

addition of 0.3-l weight / % ferrocene or a ferrocenyl ketone t0 

petroleum-base cutting fluids increased the durability of cutting 

tools lubricated with the fluids [171]. 

(ii) Ferrocece in analysis 

Selenium (IV) has been estimated by reduction to selenium 

with ferrocene in acetic acid. The resulting ferrocinium ion 
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xas thee_ deter&_ned by calorimetry 0 r by atotic absorption spec- 

tro7Jhotoaetry. The techr;ique zas subjectto interference by 

o_xLdizing agerits r172], The o_xLdation of lerrocene with 

tel.>ziu~ (IV) has See-n studied in order to evaluate the reaction 

:-JT the auan_titativt deter?-nztdcn of tellurium. The reaction 
-- _ 

_=,rOeaeoec vz_a tkle forzation of tellurium (II) and the final product 

:;;as metallic telJ_urium_ A sgectro~hotonretric procedure was 
~ - -_ .- aevrsea 10r Cne deterfination of Zellurium in cadtium telluride [ 173]* 

F rerrocere has bees used in t!le electrochsticzh detertination of 

mo13-7bder_um and :raca&um i:l steel [g.JL]_ The electrocheAmZcal 

gror,erties of -L&e copper (II)-cos>er (I) and the ferroceze- 

-ferr.ocl-zZu_m zor systems _- Tier2 comgar~d ad the C$Z~IEUTI conditFons 

for t!.l e redo-x reactio_n_ be-Lvraa_n_ ferrocene ad coxper (II) were 

ckosc-n L. 07~ the basis of these results a procedure zas developed 

for <b-e ti'r b_inet:ic detsrGn_at-ion of copper wL-t!l ferrocene [175]. 

Q- 0 
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I 

Fe 

6 0 
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Substitrrted ferracenes [11,2; 

r;q OMe,. CO 
2 

:-.Te, 
2-- 

Si>le 
3’ 

I,K5;vtz; 

56Ez3(m-12>2, ; 

~~,e~~~~Ie~E~~X e, 
_ 

e 1 

sulpkuric acid as redon titrants. The formal oyLdat.Fon _aotentials 

xere atrcngly deper?d eni; on the acid concentratfon with ooly very 

snail substbtuect effects [176]. An slectroche.mical study has 

been !z-_Ce o? carbon paste electrodes ::ihlch contained an insoluble 

electroactive compound, such as iron (III) oxide ad ferrocene, 

tot=th-r jlrzth a~~ ele:: Lx" - trolytic pasting liquid, The factors which 

affected the chronoamperometric an d voltamperometric curves were 

evaluated. The electrodes T:rere useful for the a_ual_itative and 

cua~tLtative analysis of solids [ 1773. 



(iii) CcEbustion cor_‘;rol 

The &5dFtFon of ferrocexle, xixeci xith an alighatic alcohol 

md an organic hydroperos5dg to gasoline im_orovet the octane nurnbar 

[ 1781 o The effectiveoess of mi_:~tures of ferroceze 2116 tricarbonyl- 

(7 -i -qethylcyclogentadienyl)nalganese 2s an antiknock reTgent In 

,asoline have been Fnvestigated. The mj_xtures of the t::10 

organometalJ3.c coln_ou_n-ds had 2 synergistic effect. Fhe inc_reases 

2x1 the oct2tne numbers caused 3)- t'he mixturts were equ.al to or 
1. 

2-Ferrocenglethacethiol xas Created YE_ ‘th hydroxyl terixinated 

polybutadiene and 2,2' -azobis(2-!nethylpropioni-Lrile) to give a 

polymeric material that i'las useful as a bioder for composite .'. 

propellants. The propelltiots ilad stable burning properties 

r @31* The efficiency of dibromotetrafluoroet!lae as 2 fire 
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ex_ting~isher i'las en?~aq_ccd by the addition or" a sz~aI1. proportion 

(0.05-0.50 ::-eight 56) of tiethyl?errocene [~8+]~ 

(iv) Siochemical ad biolo,g;ical aaalications 

Ferrocene has_bee_n_ acylated with acyl chlorides to give the 

ketones [11.&; 

(CE2)+ 

R = CK(CIZ2Me)(CZ2)3Me, CZMeCR2CE2Me, (CI12)gMe, 

(CH2)LrCRXe2, CEXeCS2CMe3, CXe2CBTe2] mghich have beea used 

i_i the treatmeat of iron def5cFency aaaetia [~85]~ l,l'-sarro- 

COR 

Fe 

6 0 

cenediacetic acid aE:hydride (11.5) ivas prepared by treatment of 

the coITespoedFng &acid aith dicyclohexylcarbodiimTdeO Reaction 

of the ahydride (11.;) cith a.~ines gave the corresponding a_yzdes 

(11.6; _R = Ifj; 
-2 

PhCE21JE, C K 6__13?.:, norgholko). Ifi a sitilar 

reactio_n_ thy : _ anhydrlde (11.5) Vi2s treated ~12th ~-~IIII_~o~E~~cL~L~~~c 

2cici (5-A PA) o-r 7-anlnocephalosporanIc acid (7-.&CA) to give the 

ferrocelyl-penicillin (11.7) and -cephalosporiE (~.,8) respectively. 

The ahhydride (11.9) ~2s also arenzred a_& its reactio~_s wit-h 

6-S'_< arid i_i-.&CA ::Iere investigated-CL&]. The metabolism of 

-"SF-pocene has beeh studied in vivo using rats afid in vitro using -__- -- -- 
rzit liver ticrosomes. The biological activity or' D,L-P-ferrocenyl- 

-K-alaui_n_e (Il.lO) has been investigated and it was tested for 

its ab-iliiq to: (I) support or inhibit the growth of L Eesenter- 

aides, a phenylalaMne requiring organism, (ii) inhibit the growth 

of CBO ceils in culture md (iii) function 2s a substrate or 

inhibitor of phenylalafl&e hydroxylase an_d itromatic L-amino acid 

decarboxylase. S The growth OI L. nesenteroldes, in the absence - 
of phenylaltine, was not supported ahd there was no inhibition 
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I.106 11.7 

Oi gromtil in the presence or phenylala_ql!le. The ferrocengl- 

-alanLne Iwas : (i) tor_i_c to the cao cells at a coilce:-itratio_n_ of 

0.45 _&f, (ii) a noncon~petitive inhibitor in tile ~~i:e!lyl:~la~~-ig_e 

hyaroxylase systerr alld (iii) a coapetitiv~ i_q:1x‘oitor of uomatic 

L-aninoacid decarboxylase ~11th res;sect to pheilyl.alaHi;re [1_88]. 

Tte biological activity and _zetabolisn sf (i-)-2-amLnopro~>-L- - 

Terrocene succinate in mice has bee2 icvestlgated as an ampilet- 

arzine analogue, In vitro the CODpound inhibitea t:ie metabolis:El 

02 aminopyrene afid s-nitroa~Fsole but !lad r?o effect ,9n the oxidation 

02 ~,N-d.~methyloctylamine [l89]. The metabol.Lsm and cytostatic 

effects ol" ~-nethgl-~-~-chloroe~~~y~~~~~dr~~o~es of forqil-ferrocene 

arrd -ruthenocene have been investigated. Both the hydraso5es 

exhibited cytostatic efl"ects similar to t!zose of the correspo,r?ding 

hydrazone of benzaldehyde [IgO]. A fertilizer co~itai_n_ing 0.5;1; 

3,5,5_trimethylhesanoyllerrocene mixed ~r:lit'r? suz.factanta was used 

for supplying @ants with iFon. Treatment of chrysanthemums 

With the fertFlizer cootrolled iron chlorosis a& increased t!le 
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