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1. ixvI~.s 

ilesns-genow, 3yblnskayA znd co-workers have discussed the 

synthesis ard reactions of trssition metal conplexes conr;aining 

a dimatallic group cJith each metal bound to a common organic 

ligand. Both 6, l-and T,ll- complexes ace included’. Hswby has 

outlineci r;he synthesis and cnemistrg of m-cgclopentadienyl, 

Ii 
2 -erene andI-carboraqe trensitlon ccetel complexes . Vosniuc 

hzs discussed the chemistry of T-cyclopentadiengl complexes of 

the transition matacls 3 . 

The spplicstions of Vb'ssbaui-r spectroscopy to the chemistry 

of' organometallic compounds of iron has been reviewed by iierber 4 . 

The organomatallic chemistry of the transition elements reported 

during 1971 has bean surveyed by Candlin, Taylor ard Parkins'. 

The chemistry of n-olefin and 71-2 lkynyl transition metal complexes 

hzs been revieusd by 8ennect6. 

The strucr;ural festurzs Characteristic of organometallic 

compounds have been smarized by Bryan in EI general discussion 

on r,he use of X-rng md electron diifraction meLhods 7 . Bruce 

hT's surveyed the C.lectrophilic 8cbsGitutlon of hydrocarbon ligarras 

in 71-hg~oc~bon-tr~sition metal comple;:es". I-Ligand transfer 

reactions .iere revie,red by Efraty. The revisu included a section 

on q-cgclobutadierle transfer wr?ich is one of the mare hwwtant 

rou:es for the preparation of ?r-cgclobutaaiene meiial complexes 9 . 

4 valuable survey of polynuclear organocobalG compoucos is 

bress_zt.ed in Gmelin8s Handbook of Inorgmic Chemist-q 10 I Penfold 

md 3obir.son have discussed the structure and chemistry of tri- 

cobaltcarbon cluster compounds. The coordination chemistry of 

the besal triangle of cobalt atoms receives particular emphasis 

~-2 does the reactivity of the apical carbon atom to substitution 

b; electrophiles and nucleophiles. The electron withdrawing 
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cirracter of the cobalt tricarbonyl groups is used to rationalize 

71 .he reactivity at r;he apical sit6 . 

2. GEXr;RaL 

The protonation of (8-C5H5)kI(C0)4 (Ii = V, Nb) and 

~ft-CsH5)Re(C9)3 and their phosphine derivatives in acidic rnedie 

(JF3CGX-GH2C12) was studied by infrared spectroscopy. The results 

zc;eined in this study and other investigations inaicnmd Ghat 

l'or cgclopentadiengl csrbongl complexes of Groups V ana Vii elements 

.rIth the s2.me liEand L, the basicitg of the metai atom incrasses 

i- tke serias CS~5i~~(C~j)~L~CSHSV(~~C')3L<CoHsCr(C~)~L<c:~~SRe(i0)2L 

12 <ccs:SNb(Co)3L . 

Complete ligand field parturbztion calculations, including 

s tin-orbet coupling, using tne strong fiela l'ormelf.jm have been 

r7rried out for ~'(2~) 
,. 

, d2(do) and d3(c7) cordlguraclons in asial 

Glo symmetry. These results ,+zre applied to the interpretation of 

;h6 d-d electronic spectra of metal sinawich comple.ccs ,;ith partic- _- 

ulzr reference to bis(cgclonentadienyl)-vanadium, -cobr.lt and 

-ricke113. 

Th6 X-my chotozlectron spzctrs of t:-!e mrtalloc~nes: vanadocen6, 

c' romocene , manganocene, I'errocane, cobaltocene and nickelocene 

h?ve been measured. The esoarimental core binding energies nave 

been interpreted ;lith the aid of approximate m.o. calculctions to 

Drovide a description of the charge distribution uitnin the series. 

;:et electron transfer from metal to lib&d WLS observed in aach 

case. The values of cne metal jg multiplet spiittin&s were 

disctissed in terms of' delocalixation of the unpaired electrons, 

approrimatc m.0. calculations azu efl'ective values or' the metal 

39-3cJ exchange integral derived from axper5mentsl data on the 

appropriate fluorides. Good agreement was obtained between the 

Fteferences p. 427 
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exoerimental End cslculetsd splittings, except in toe case of 

nic'~elocene'4. 

Begun and Compcon have carried out a detailed stuag of zhe 

electron impact ionization of metsllocenes. Collisions between 

monoenergetic electrons and ferrocene, cob_ltocene and nicxel- 

ocene gave the ions ~[cS~5),i,1]',[(Cgb.5)~i]* -&d Mf, the aljpearance 

potentials for these ions, relative to the ionization potential 

for krypton, hs-ve bean determined. Good rgreement was obtained 

::ii;h values obtarned rece:?tlg by photoelectron spectroscopy. The 

negative ions [(C5iIg)rEI]-', (S5Ei5)-, and it1 the c2.50 Of cobaitocene 

C( :&)co]-, were 2I!so oota.lned by elecr;ron impact. The cyclo- 

Dencsdiengl ions ;rere formed at lou electron energies and the 

long-lived paren-, negstivz ion of nickelocene was observed at 

thermal elecl;ron energies. it rias suggested that the captured 

electron in the negative ions occupied one of the c 
-lg Jr !2_% 

0rbir;zis Oi‘ 15 
she parent molecule . 

5 d. (il (TT-c536)cr(co)3_ 

Genchrotrsne d6:rivatives and the corresponding molybasnLLu 

and tungsten conpourlds ware formed by heEting anisole or 

PhCH2C~2GXe ultb thi! epproprizte 

T&e Pce-,-_l (3-l) ua:: he&ted :Jith 

the arsne complex (3.2) (1%) Tnd 

u-c-t-_l hexacarbonyl at 140 0 lo . 

cirrotr<um bexacarbonyl to giva 

the complex i3.j) (361-I. Ey inol- 

gsis of tie comolesed acetal (3.2) gave tricubonylnaphthalane- 

cnromium. .Fnen 7-anti-benzonorbornadienyl acer;ate was heacea 

'-:ith c'nromium hexacarbonyl thi- arene complexes (3.~; %a 3.5) 

were obceined. Treetment OF the con~plaxes (5-L and 3.5) with 

17 methglmz+~esium iodide ~sve the corresponding zlcoholo . 

We reaction of excess 1,3,5-Griphenylbsnzene (TP3) with 

chromium hexacarbonyl in boiling dibutyl ether gave TFiLCr(CO) 
3 
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(3.6). in the preset ce 3f o.-.~~.--_z zhromfum qexaccrbonyl 

TPB.~CP(CO)~ (3.7) and TPB.~c~(co)~ (3.8) ters formedi'!, 

Chromium hexacarbongl was conderrsed with opr;ically pure 

(5) -ihCFi2CiT14eSO$le and the product was ssponii'ied to giv6 the 

ooticallg pure acid (3.9). This acid was cyclized by polypnos- 

phoric acid to form the ketones (3.10 and j.ll)l'?. 

(‘.l) 

(CW3 
Cr 

OAC 

6 / 

(3.4) 

0 0 

(3.2) 

r>D c 

a=B 0 / 
Cr 
(CO)3 

oh Cr(C0) j 

0 0 

(3.6) 

(3.5) 

(3.3) 

0 0 

0 4% 
(CO13Cr Cr(COl3 

(5.71 
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9- Cr(C0)3 

0 6 
(CO) p Cr(C0)3 

(i-8) 

O Ile 
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H 

0 
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EI 

@ 

FL e 

G 0 

c’r(co)3 

(3.11) 

co a 
I 2 

Ci3 
2 
--f---H 

he 

(%, 

( ;. ‘) J 

Or~EGosilicOc compounds nllw cnromium trichrbanjl groups 

--tcsched xere prera red by the resctisn OIY Pt+.,Siit 4_" (H = OH, 

b3loEen, alkyl; n = l-3) with chromium hexacarbonyl in diglyme 

or in 51-7 autoclavi at 160-7G" 'O. Triphenylstannylbenzene- 

cnromi~~ triczrboryl was preparec by tne reaction iS cetrephenyltIrl 

with cbrsmium hexlcqrbongl i_n diglyme. Traatment of tne tin 

derivotive xith mzrcury(II) chlorida geva pnenylm~rc~icnloride 

snd triohengltin ziiloride. Simils.rLy, txatment uith acetic acid 

gave trinhenylGin acetar;e; tciese GV~O reeccions showed thati the 

nhengl ~rouos coordirazed to chro.m.ium are more susceptible to 

clesvage then those that are uncoord%nsted 21 . 

Chromium hexacsrbongl was trested with dihgdroisopropgl- 

nsnhthalenones to give the correaoonding chromium tricarbongl 

derivatives (3.12). The z- and e- I'orms of (3.12; S-P'r 

at 2,3,4 positions) were prepared, when the iso-propgl group 
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was in the 2 or IL positions the form LJas obtained preferen- 

tially. '&en the iso-propgl group was in the 3 position the exe 

fOZVXl was obtained 22 . 

JsberSta and Xoth have invastigaced the reactions between 

phenglopidines and chromium nexacarbonyl. Two compl.axes were 

formed from 2,+diphenglp~i3ine (SPP) with the stoichiometrg 

DPP.Cr(C013 and DPP.2Cr(C0)3 wnile uith 2,4,6-triphenylpyridine 

(TPP) three complexes uere obtained, Pi?P_Cr(C0)3, ZrP.Xr(co)3 

and TPP.3Cr(C+ Irk esch CESB the cbrorlum tricarbongl groups 

(3.12) (3.13) 

were x-bonded to the phangl groups and not to the central pyridine 

ring. Chromium hexacarbonyl combined with I+-phenylpyrldine (PP) 

to give only the 6-complex ?P.Cr(CO)523. 

The direct reaction of chromium hexscarbongl with l,l- 

diphengl-I-silacgclobutaqe in the prasence of ciioctyihmine ev 

lOso fop 40 hours gave the T-srene complex (3.13; R = I-h; A = CB2)_ 

The same procedure uss used to prepare the disilacgclobuthne complex 

(3.13; A = Me: A = Si.Me21. PKR spectroscopy confirmed that the 

geminal methglene protons in the first complex were equivslentti. 

The reactions of substituted araneckromium tricarbongl derivativea 

in a mass spectrometer source have been studied. Seconaarg ions 

of the types [ArZCr2(C0)3]* and [Ar2Cr3(COJ61f were shown to UisF: 

R.eferences p. 427 
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from ion-molecule reactions at pressures of 5 x IO -0 to 2 x 10 -5 

?Xlll HS. Appearance _ootcntials were me%sured and used to confirm 

the reactant ions and 3350 to provide inrormntion on tbc r'ragment- 

otion pntbs of t‘ne sacondary iors. Pha fregmen tation of 

[lr,Cr2(CO)j]+ was formulated as shown (Scheme 3.1) 25 . 

I-i2SS scectromatry h-_s been used to measure th; ionTxation 

ooszntials and the cope:rance potentials for t'na ions that arose 

from the sequential loss of carbongl ~;roups from several benchro- 

trene derivEtires. Good correlations were obtainsd oatrzeen the 

values obtained for the loss 0T one z.110 two carbon31 E;roLps <-nd 

both the carbongl stretching force consta-t znd taa Hznznett constani 

for ii??5 benc.brotrere s~bstitue'lt. [_L.rene]' ions xere obtained 

zt energies intermediate bet:;? en those i'ound for the 1~s~ of t'kfo 
_I 

itTd uh-ree cPrbonp1 grOupsLo. 

InforxaGion on the oondlng in Gh* complaxi-s \r: ii b &Cr, 

CE t. 6Zr(GO)-, 
2 

Pie&K~C6Y5Cr(\;C)3 and. Gr(CO,h r;as obtained by 

/< 
[Al-, Cr2( :.l)j]+ 

r Ar2Cr2(C0)J+ 
\ 

1 

[_4rCr21C0):]+ 

-co 
I 
-co 

[l-r2Cr2CO-ji -Cr(N) 
3 

[.+rCr2(C0)J+ 

i 
-co 

A 
-co 

[Ar2Cr,]+ V 
[.2FCr2CO-J 

[fipl+ 

Scheme 3.1 

measuring the chemical shifts of the core ionization energies 

for r;hese compolmds. In the spectra of these complexes the main 

~e&s Mere often rrccompsnied by smaller ones, :ihose inGensit ias 
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and energies were dependant on the sr;rucr,u.re. An at&mot was 

made to =_ssign thesa smaller pea!ss 
27 

. 

The crystal and molecular structures ol' the tr13 isomsric 

thiophenotropllicenec'nronium tricarbjnyl csmplexas (3.1.4 aIlU j. 15) 

have been determtned by .Y-rny methods. In e;ch cese the chromium 

tricarbonyl ,group WLS bourd to the cycloheptatr>ene crou:J of the 

Ilea!nd. The conrormationa ol' -he complexcad and free lighnds 

Yare dii?ferent and isomerizaticn o:! cbmpla:i for_mation was _-is0 

observed. Potenr;ial mccnanisms Tar these processes LJZLY! discussecl 
2o 

X-rey and neutron diffracticn methods *-.nvs been used by Ftees 

and CO:CB?B to investigate r,he detzllad structure of oencnrotrene 

at 7k0_c. The sjmc~try of the benzene ring w:s Cjv .Jitn slight 

bond alternation (average difference in C-C bond 1engGh rj.O17:), 

the shortest 'oonds were trann to the carbonyi groups. 

(3.14) 

Semi-emoirical 17.0. calculations were in 

the observed bond lengths. The hydrogen 

slic'ntlg out of' the plane of the benzene 

cb_rom:um atom by an average of 0.038 29. 

(W3 

(3.15) 

goou agrsament rri t,h 

atoms were displaced 

rLng -and tourrcs the 

The electric dipole moments of benchrotrene and sixteen 

benchrotrene derivatives have been measured in benzene solution 

at 25O. The (T-arcne)Cr(CC)3 group momant was found to depend 

on the nature of the substituent in a prc;cise manner. The maasure- 

meqts allowed conformations to be assigr:ed to (v-aniline)Cr(CO) 

Referencesp.427 
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and (a-E-phenylenedi%tine)Cr(Cd)_ and confirmed that the matai 

ile_s bound to the benzene rather than the thiophsna resiaue in 

(S1-bsnzo[blthiophene)Cr(CO)3. The dipole moment of benchrotrene 

~2s lo:.er than that oi' (T-thiophtiae)Cr(CO)3 by 0.950 despite Lhe 

lotrsr7I-bzsicity of thiophsne and this was axpiainea in terms o$ 

the high S-Cr bond moment 3a . 

Trensarmular T(-T inGeraccions in [,?.2]mstacyclophae, 

{X.Z]pzacyclophzne and 2,2 I-soirown&ne hzvz bezn studied by 

measuring the ratio of the dissociation constpnts (K,/ii2) for the 

eouilibria between the bis-chromium tricarbonyl and mono-chromium 

tricarbor?:rl complexes, &cd between the mono-ckrotium tricarbonyl 

complex and tie free ligard. The equilibria for the metecgclo- 

cCxzne3 are 1; (3.161*(3.17) - cr(co)3 and 2; (3.17) e(j.10) + 

Cr(CO$ In this case the ratlo 'cl/K2 = V.0 f 1.9 which suggested 

that tkare :CS RO interaction between the benzene rings. These 

rFsl.lts were suppcrted by the IR carbDny1 stretcning frwyzencies 

31 
for the chromium tricarbongl conolexes . 

6snckzoirs:~e znd its derivatives form ch-zr$e transi'er complexer 

;iith electron acceptor species Smith as tetracydnoethylene (TCtl2) 

and 1,3,5-trinitrobensene ('i';IB) but do not combine vir;h elecr;ron 

donors. The cbzrge-transfer transition energies in the complexes 

were dekermined and used GO obtsin i;he iorlizatLon por;entiels of 
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(3.76) 

the parent benchrotrene compounds. It is suggestad chat in Lhe 

c%se of TC.'; interaction betireen the chromium atom and tni; eLectron 

donor is Of major importance while with TIiB r;he uonor interacts, 

most strongly brith the T-benzene ring ol' the organometalllc 

comoound3'. 

In an lttemot to determine the relative importance of .jr;eric 

and slectronic effects of chromium zricarbongl p>rticipetio.? in 

the solvolysis of p-[(fl- ergl)chromium tricarbonyl]alkyl derivatives. 

the acetolysis and for~~olgsis ratss and Lroducts for these reaction3 

have been studied. 'The chromium compiex (3.19: R = ii) .ias ten 

times more reactive than tne free ligand ana r;he conplex (~.17; 

? = P;e) w.zs six times more reactive than the free ligand towaras 

acetolysis at 90°. These reaction- -l proceedad without rearrange- 

ment while the formolgsis of the compiex (3.19; R = Me) gave 17;~ 

of the (q-pheny1)chromiu.m trlcarbongl-migrated product. Gtimates 

of anchimiric assistance to product formation were mride and the 

results were rationalized in terms of electron donation by the 

fl-complexeb group33. 

Treatment of the ketones (3.20; R' = Ke, We; R2 = Ae, Ph, St) 

with the Gri@"rd reage?_t gave a mixture Ol' tW0 diastaraomzric 

alcohols (3.21 arid 3.22; R' = Me, Ot4e; i? = pia, Ph, Et). The 

reduction was stereoselective and. the proportions of the tW0 

products were determined by the nature of the substituents IX' 

FLeferencesp.427 
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(3.19) 

and R 
2 

and the Grignard reagent. Thus the methyl Ketone (3.20; 

R' = OF;e, R2 = !{e) with phenylmsgnesLum bromide Gave the alcohols 

(3.21 and 3.22; R 
1 

= 0l.k , R2 = lr;s, R3 = WI) in the ratio 53:7 

irl.ile the ketone (3.20; R1 = R2 = he) with ~thgl%ag!esium bromide 

Fave the products (3.21 and 3.22; R' = R2 = I+, R3 = Gt) in the 

nronortion 6:92 3k_ 

T;?e mechanistic interpretation oll'ered by tile authors ~13s 

sup~o~',sd by ax X-ray ergs _ _ t:llo raphic dticerminetion of' the struc- 

tures of the aiestsreaisomeric alcohols (3.21 and 3.22; _R' = he , 

R-7 = Et, ,3 =. rfi)34_ The selectivities observed in toe Grignard 

reactions a73 tha hydride reduction of the ketones (3.23 and 3.24) 

:rere e.xoleined in terms or' tha prer'e?red molscular conformations 

of t'nese co_mpoundz which vlere determined from the X-ray crystal 

and molecular structure3 36 . 

hseusoy and. co-iJor*:ers ‘r?s.ve nou daterml.n.sd the crystal 

structure and stereochemistry ol? one of toe diasczreoisoneric 

(3.20) (3.2lr (3.221 
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forms of the alcohol (3 .Ss) by A-ray diffraction. The structure 

obtained supported the mechanistic schenes presented in esriier 

37 napers mentionad above . 

X-rag crgs;.al structure met,'locs ;~i-re ilsea to determine r;ha 

ebsolute configuration of the (+I-2-meLho.xy-(1-hgdro:?jethgl)- 

beret-rotrene enantiomer of melting point 70°: the absolute 

configuration ;ias (1X)-Z-mechoxy-[( ) -_y S 1 h ~rojcjecnyl]banc:~otrzne 36 

Rate constants were obtained For the s~lv~lysls of RC H CAe2C1 
34 

[2 = H, @hCr(C0)3, Q-Pn]ani Cr(CO)jPhCKezCl in aqueous acetone 

2t -15 to +25O. Tize rats of solvol,~els of' the cum;ll chloride 

containing r;he Cr(C9)j group :+as 22 times faster than tiiat or' 

cunyl chloride, arId that oI' Cr(CO) 
3 
PhChe Cl 

2 
was 2.L times i'sster 

than PnCf!e2C13?. 

*The pH dipendince of' the kinetics oi' the hgdrclysis of 

PhCH=~:CoR4Cr(CO)3 and other Scnifr' bases ;~as studied polaro- 

grachicallg. In acid, the orotonsted haze rras 'Itt'_c!Ctd bg wsGer. 

In r~eskly bssic media, hgdro:cgl ion attaLked the protonated oasa, 

while in strongly b?si c .nsdir the hgdroqi ion str;acked the free 

b2SP. 

1~';s crjnstants have been determired i'or Lrie decoslposition of 

benchrotrene and (-ff-C6R6)ir(CJ)2??h3 to benzene in cyclohexane 

I-t 2s". The values sre L+ x 10 -3 and 1 x IUs min-' respectively. 

Progressive chances in the tiV soectre of the compounds during 

the reactions allowed the bmd at 315- 325 run to be assigned to 

the (T-C6H61Cr group 41 . 'The voltammetric oxidation of arena, 

cycloheptatriene, and cyclohaptatrienyl tricarbongl complexes of 

chromium was investigated. The II-arane chromitim tricfrbonjl 

comolexds underwent two one-electron oxidation processes. 'The 

Ei. values for the oxidation wsves :qero dependent o!, the :latura of 

kbe substituent in tne benzene ring but they were indeoendent of 

Referencesp.427 
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rinc substituenb oositional isomerism. There wes a linear 

relacionsnip beiween Z*(ccrzplex) a135 E+(f'ree wer~e) end between 

E;(complex) and r;he ionization energies 01' the complexas 

C(X-CbE~~~eg_n)Cr(CO)31 and or" the free arenes. Tne cyclohepta- 

triene ;nd cycloheptatrienyl chromium tricarbonyl conplzxes 

studied underwent one electron reduction processes 42. 

The chromium tricarbonyl complexes, Ph;:%A~r(CO) 
3 (l.I 

= H, he) 

were trerted with 14(CO16 (PI = Cr, fro, a) in echeqol sna irraaiated 

with ultra-violst 1it;k.A. Complexes of the type (CtJ)3Cr(~tifii~~(COl 

wzre formed in which the benzene ring was Ii-bondea to the cnromium 

and th6 !lIii? group 'was B-bonded to the metal PI 43. The ortbo- 

mztellstion of the chromium triczrbonyl complex of benzo[Q]quinolinl 

!gith mothylmanqensse pentacarbonyl has been carried out in toluene 

to i'orm the mixed metal complex (3.26) in 3% yield 4J4_ 

Ztoglbenchrotrene was treated with tert-butyllithium in 

pentane-TEF' followed by ceric .%zronium nitrate to give a mixture 

of m- and E-ethyl- tsrt-butylbenzane in the ratio 7:2. Phe free 

lig-.nd 5r'as alkyl:ted with t'he sa116 resgant or!ly unaer I'orcing 

co:aisions and the elactron withcrewing chromium tricarbonyl group 

in the comolex facilitstas nucleophilic attack on the benzene Y! rLng 

Pie 
\ 
c=f.J.* e 0 

'H 
0' 

Cr 

ww3 

OH 

(3.23) (3.24) (3.25) 

k.ercuration of benchrotrere was Lchievsd by heating it uith 

mercury(iI) acetate in ethanol under an argon atmosphere. The 



oroduct wzs treated with ethanolic calcium chlorida to give 

(T-r: 6P5HgCl)Cr(C0)3 in $3:; yield. The comoound railed GO sjm- 

metrize with sodium thiosulphate; Instead cleava&s of the cebon- 

mercury bond was observed 46 . The reaction of chromium csrbsngl 

with diarylmercury derivatives (E-XC~H~)~H~ (X = i..e21J, iie0, Me, 

8, P) g-_ve the chromium carbonyl derivatives (3.27). !t%e infrared 

soectra of these compounds sho;red a decraasing electron donor 

ability of X in the order given. Pyrolysis of (j-27; X = H) gave 

Hg, Cr, IhE, ?h2 md non-volatile productsb7. 

:thite and Faron-, hsve shown that (T(-toluene)molybdenum 

tricarbonyl acts as a homogeneous catalyst in the Frieaei-Grafts 

alkglation, ccylltion, sulphonetion and uolymarization of benzenoid 

aromatics. The catalyst meg be added directly to the reaction 

mixture or generated in situ from toluene and molybdenum hexa- -- 

carbonyl.. Evidence was presented to su?Fort ionic intsnediates 

and several mechanistic possibilities were discussed. (T-Arene)- 

molybdenum tricarbongl catzlgsts were comparable in eificiancg 

with alurninium trichloride but w~ra more convenient to nendle, 

store and recover 4%49_ 

Chromium hexzcarbonyl was heated ,frith a series of inaans 

(3.28; 2 = H, Ke, X = CH2; 3 = ii, K = C,.e2, Sirle2) to give the 

compleses (indea)Cr(C0)3. The i;KR ssectra and thermogravimetric 

curves rrere recorded for these compolrnds 50 . The criromium tricar- 

bony1 complexes of 9,10-dihydro-1,4-disubstituted-q,lO-z-banso- 

anthracenes have been preoared by direct reaction between the 

lignnd ar,d chromium hexscarbongl. The 1,4-aimethoxy complex 

:~as isolated as a mixture of two isomers separable bg liquid 

chromstograchy which had the chromium tricarbongl group directed 

toward or away lkom the methoxylated ring, the 1,4-aimethyl 

complex existed in three isomeric forms 51 . 

Refe.rencesp.427 
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R R 

(3.26) (3.27) (3.28 1 

? series 0T ztzble Kaiclz anhgcir1cie (C ii. 0 ) complexes of “23 

the zeneral type _GrCr(CO),CqH,03 (3.29) :xere pIlepared ?hoGo- 
a 

chsmicallg- from :r~_ "r(SO)_ ar?d m-_laic 
5 

intyiiride. A como2rison of 

the infrared and frL3 U~GB ~'or r;he compounds .;rlZr(Ccl)- a.r~d 
3 

N?(:o)2C4E203 irdlcawd ths-, tne TI-boaazd maleic ar!ngdride lvas 

a msre oo:rerful -1ectron :lir;hdra:llng ligr-na in tntse compounas 

th-zn cl-rbon ronovideS2. Ti= , _ reactron ol' polymsLhSylacsd are:le- 

ckromiumtricarbonyls CriC3)3(CoYe6_nEln), r! = i) - 3, tiich I;OPF, 
Cl 

;r;sve air-st-ble, yel1o.i selcs [Cr(CO)21iOC6he6_nkin)]PF6 (3.30). 

c? ttimots to prs_sare cationic aranec'hromiun acacylene nltrosyls 

l'rom Gr(C\3)2(ShC:~,I~h)(C,;Ileo_nYr.), n = L1 zrrd 1, End .rOPFo effordzd 

the hyririao corpler.es Cr(A)(CO),(PhCZCPh)(C6k6__,hn) PF6. me 

treztmfnt 0T the cations (3.30) kith nucleopniizs (A-) &ove 

neutral substrtutrd cgclohexadiscyl conplaxes ot' the type 

Crl 120) (Tin3) (C 
2 6 

i4e 6_n.T'n")53. 

"Do:.der, a7d Zalton hzve prepared cha interesting Dinucldw 

w-complexes (3.31; Pr = Ph, R1 = R2 = H; A_r = m-tolyl, R' = he, 

2' = H; 4r = E-to1g1, R' = H, R 2 = b!e) bg r;rzatment of chromium 

hexacerbonyl with the appropriate triarylphosphine in decaiin 

at the rerlux temperature. The normal mononuclerr compounds 

(r-trierglnhosohine)Cr(C0)3, were formed 2s intermediates in the 

re?ct%ons. The bridged complexes (3.31) were broken down by 

a-_rbor! mono.x_ide in chloroform at room tenperature arid pressure 
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to form the simple complexes (trilrylphosphice)Cr(C0)554. 

Tie crgstzl znd molfculzr structurti ol' the aimlsr 

(~(x-C;ti~)!.(c6"5)2]Cr(3i1)2)2 (3.31) hss been investigated by 

X-rsy crystallocraohy. 'Ihe molecuie coztflins two CrlCO)z &riruns 

bridged by two triphe:~:~lphos~hine ,gou~s where each tripnerql- 

phosshine gr JUZ 1s oor.d:d to one chromium atom by snospnorus and 

1s involved ir: r-b erznne bonding to r;he secona cr~omim _ EkOI$, 

Jaollen and i&bard have discussad the efr'ecs of' substitutin& 

P^rn,, 
A 

T(d+ I3 or ?!oX;L,) _ for one of tne carho:-!)- groups in 
3 

b?ncnrotrene "_nc b?nchrotrene derivatives. Tale aecrecze it-8 the 

terminel caroonyl IR strttching frsauancy l'or the esters 
I: 3.22; 

i? = R, 3' = );c, X = ?Ph 3, F(Oal:ryl)3] from that I'or the bencnro- 

t.rene ester VJ-9 ?xclaired in tsrms of z_n increczc in c.ler,d censlty 

orL chromium ana Incre5sad L&AC bzck aons;,'LJn. Zne ~1:~ values 

for tne acias (' ,.32; Ff' 

( 3.21 1 (5.32) 

=R 2 = R) increased in tne oraer of 

ttiz substltue?ts, U = CO~P(l)f~,e),<?(rJYt)j<r~hj:6. 
, 

Tne chenicel prozerti*s of benclrrotrene are also moaified 

by substitution ol' !R3 for CO, thus trie ester (3.32; 3’ = i.23 
3 
C, 

R2 = ke, X = PFh3) ~2s reauceci rspiulg and quar.aitstivily to 

the corresponding mzth-jl complex. 57 contrast, tne Lnalogous 

benchrotrene ester we.s reduced slowly mla incompietely under 
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(3.33) 

thnn the corresponding arene 60 . 
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3. (ii) [T-(*:7g7)Cr(CO)3]-+, (TI-s7ti6)Cr(Gu13_ -- 

The ~olec~tl-r orbisai aizgramz I'or sevcrzl ~~im~cr~yl- '=:a 

trimothgl-c~;cloh~pt~[c or blthiognenes (such as 3.4 _nd 3.~5) 

hsve bee:1 calcrllzr;ed by zn w -Lfuc._el mech~d in order ~0 exulain 

the nature :nd characIeristlcs ol' cne prouuc~s obc;ined by 

treatment of the cycloheptethiophenes >Ji th chromium llexxarbongi 

The structures and conformations 01' -,he T-co,~plexes utire I'ouna 

to lchow cooa car-elrtions vith the cnlculatea rjarraeLers 01' the 

lig?nds. In the .s:_mc way, the characteristics C;I' r;he Ghio,?heno- 

troo!.lium ion l'ormad in each series were correlatau .~iti7. r;he 

structure of the only IT-coqolex 
01 

I'ormeci in esch case . 

(3.3lL) (3. 5) 

The crrstzl -_r.d mol;_cular structcre or' 5J-cyclohipta- 

trienyl molybdenum coxple:c (>. jr;) h2.s or;-et-1 determined by single 

cr*gstzl Ii-rzl; diffrsctizn mzthoas. I'he cycloaeptL,rienyl IL&and 

is a trinapco z?zcies. Tne nol~odar~~-nicro~a~-b~rorl riq in 

the bidentate pyrazolylborate group adoutzd a boat conl~orma~ion 

wnich permitted a 3-H-:.0 three-centre two-eiectron bond and 

allor?ed the metal atom to gain the eighteen-electron configurs- 

tionb2. 

Clark 2nd Pelenlk hsve determined the crystal ana molecular 

structure of IT-cyclohsptntrienyliumtricarbonylmolybdenum cetra- 

fluoroborate by X-ray difrraction. The cation (3.37) had the 

Referencesp.427 
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expected 'pier.0 stool arrangement ,qit'n the planar seven-msmberea 

-Ins 2s iche 'seat' and r;ha three carbongl groups as 'legst. me 

Z-C die-tzces ir. the cycloheptacrr3nylium rirlg fell xitI,iin the 

range . ,.365-l.h258 (aver age l.bOO!?) which were similar to those 

found in other cgcloheptatrlenglium complaxes. The metal atom 

w9s alnost aquidietent from each of the ring czrbss atoms, average 

2.jlLR, Xhile the v-!olybdenu_m-rip,< plane dista..ce LGEIS 1.~308. 

Ths n~lybdenum-C(cErbon~l) i::s iand. to be 2.032, tha longest 

yet observers in a *nolyb-l=num cricarb.xyl complex. This observasion 

couuiau ;icn e'ne r3Llier short mol;rbdenLm-C(ring distance 

t3.X) 

indicated a strorger 

aton 2nd Me ring 63 . 

The reaction 01' 

(3.37) 

tfizki normal inceractlon oesrreen i;ni- meGa 

[ll~] znnulene ?qith crizmminatricarbonyl- 

chromium rave hexicarbongl-tr~ns-6a,l2a-d~hydro-octalene~cnromi~~C 

13.3E). We reaction or monodehydro[lh]annulene wi.r;n r;riaceto- 

nltriletr~c~bonFlchromlum give tricarbonyl-l,k-dihyilrophenanthrene- 

ck-zomium(O) and cricarbor?yl~henzn-,~enec~~om~~(~). The crystal 

etrucLures of thace complexes 'rlere determined oy X-rag diffraction ol: 

Trotonation of bicgcio[l_,, l,O]nonatrienemolgbdenum tricarbongl 

(3.39) in degassed HW3F-S02F, at -IZOo gave tna rewrznged product 

(3.40) where Me =dair;ior.el pror;or! was bound to molybdenum. The 
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metal aton! wash-b3nded to carbon(C) and T-bonded to t!le penta- 

dienyl group, carbon(?)-carbon(7)b5. 

(T.38) i>.j9) (3.40) 

3. (iii) (Jl-,36k6)2Cr 

Pl5 stanctc-rd ertro.~ief [sp,3ti(g)] o? tne gzszous bis(T-benzene 

complexes OC' vLl;dilzT, m>lybder.um =nd tw;gz:en rr~re chiculatad in 

t'ne rlgld rotor-harnor?Ic oscillator a-,grn3L1:atlon. 'in+ v3lue.s oi 

*:he sta,ncara entropies ol' thr solid cS>moounds [j;yB(s)]""re 

obtained using previously oublished aata. Tnti rssul~s obtained 

for 3&8(c) Irere conslderaJly nlc,!?ar LC:_~ Lh3s.e f3r i3'r - Lye(e) and 

t.hls was zttrLbute.sl to the hich symmetry :nd !li@A stability 
I I 

of the comolexes"'. 

Solid state transitions of bis(~rene)chromium nalides .+ere 

studied bg Hikolnev BG al. The -- spicil'ic ~EYL against temperature 

DlOLS for blsiTI'-Denzene)ctGm~~ chlcrrida, bramlde E-I@ iodide 2nd 

bis(T-mesitylene)chromium iodide exhibited brew-rs or maxims at 

I&C, rjo, 240 and 255-262o1i res:Jectlvely. 'These di~con~inuities 

were ceusea by transitions in the soiij. state 07 . 

.! calorimetric mechoa has been used to decerinine standud 

enthaloiss of combustion aud formation to&etner kitn mear, band 

dissociation enargizs for thi follouing T-arene complexes: 

bis(T-ethglbenzene)chromium, bis(T-g-diathgibenzene)chromium, 

(8-iso-pro?glbenzene)(~-~-diisopropglbe and 

66 
bis(T-o-diisopropylbenzene)chromium . 
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:he tnermal decompositior or' bis(T-bencenerchrotium in air 

or in &p. inerG axnosohere was facilitated by chromium(I1) iodide. 

The reaction mecnsnLsn involved Lnc initial loss or' benzene znd 

I'ormztion of Tf-21Hl;ri :rnich wns oxidizt d GO chroTirur(ilil oxide 

in air. in the absence of air tine insermadi:te g+ve bis(8- 

benzene)c?romium z_nci chromium\il) iodide, the former l'inzlly gave 

metallic c!,.romium ana benzene. Increasin, 2lkylation of the 

startirq material by methyl :nd ethyl gro~~ps c-used an increase 

in the tampsrnture raouired for thermolysis oY . 

'y??olvsls of the bis(erene)chromium phe!lolatss L j.kI; 

-?ve ~1 nixr;urs of benzene, phinol OY the monosubstituted phenol 

-Jld ::r ( i : Eik -! ) 2 torz thsr with minor amounts of bis(be-zcne~- 

cnromlum ?~d +gd_-o,-el;. -. a~soro,ortion;tiJn ~lechziilsm uJS 

qrozo-_cd f>)~ t:xe siT--lest ihenolate (:i.:kl; .7 = Ii, L _= ?tIUti). 

Oxiazc'lor. OT bis(bernzen e)c'hromiLLn og phenol ~~2s obaarvea Z.G 

.?09° with the evolut:Jn of hyd-oger? arid loss of the saridwicn 

structure to Zor~r, zhe ohenolate Zr(uC, h 
04 

A)~. The phenols of 

hir!lest acidity were IIKISL acG1ve i:l r;he oxiuation 6-'ld zn the 

csse of m-ritro3'5snol neerly oua?titztive formation ox' wcnolate 

Cr( .X6H4a)2 zqd benzer:e ~3s achisvaj. 7C . 

i'r.e o~olysls of his (ethyloen~ene)cr~rom~ at 160, 170 and 

160' geve ethylbenzene ana Cr C 71 
73. 

The tnermal decomposition 

of bis(benzere)crroaium was studied at 340-1!OOo and 10J-300 mm 

3Tessure. The py~olgsis was eutocatelytic and the rar;e was 

-4fi'ected if the products of pyrolysis for e;c.%?I~le ChrOmim 2nd 

benzene, were coated on the vessel walls. Tiis indicated that 

ths effect of the chromium atoms was only important at the instant 

t:?Ie _y *were relessed. Zac'n mole of substrate gave more than two 

moles of gas. The gases released included hydrogen, ethylene, 
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methane, ethane, propylene, propane and toluene together wizh 

traces of butane and benzene 72 . 

FTpo17sia of bis(T-benzene)chromium md its symmetrical ai-, 

setrz- 2nd hex:-ethyl derivatives at 3CC-400" and lJ_-33~r IXRI 

oressure gave t;he iVae ligands C61-io, i:.ti 
35 

dt, 2&+Et2 and c,t! Et- 
03 3 

Ql 
+ 

0 0- 

Cr il 

0 0 

@ 
2 

R 

the reaction obeyed 

enerpg of 22.5 Kcal 

?rd neasurements of 

first order 'kindtics Lrith an cctivs-,ion 

mole -1 73 I 'Thermal circomoositloa studies 

the heats of reaction with iodine vapour 

were carriea out ror bis(benzene)c.romium, bis(benseneJcnromium 

iodide and some (arena)cnromirdx tricarbonyls usin:, hi;n cempar- 

sture microc?lorimetrg. Iha stnncarc entnsipies Of r'ormazion 

&-I0 f(cryst,/kc'l mole-l obt-_inid :Jere as folloLiing, CrlC H ) 
0 b 2' 

+3Lr; Cr(C6B6)21, +12; Cr(C6?;)(CO)3, -106; CF(C,H~C~~~I (GO) 
3' 

-112; CYF[C~(CH~)~](CO)~, -171; Cr(cyclo-J7hE)(W)3, -74. The 

total entna lpies of disruption of the Cr-ligand bonds in Lnese 

molecules were calculated. For tne (arenelc,lromium tricarbonyls, 

the ligcnd blndi=& energy wzs increased substenti~iiy by replacing 

benzene with hexarnethglbenzene 7% 

The formation of bis(tetrahgdronaphthalene)chromium iodide 

and benzene(tetrahgd.ronaphthalene)chromium iodide from chromium(Iii) 

chloride and l,L-dioherqlbutane has been reported. Ghromium(lii) 

chloride, aluminium chloride, alumlnium aust and 1,4-oiphenyl- 

Reierencesp.43_7 
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.but2re w3re he2.ted to reflux 1%~ octzu-ie, tne PeaCLTo> ali:cture ~19.5 

traatsd with acueous-m?thano!.ic notecsium hyboxide fld t'orn- 

--rlidinos~;phinLc acid .an(l then witi? ootaesium iotiae. .Tne ;,roducts 

7ars seoarrted by chromatography on alumina 75. 

"he rLtoxlastion or' bis(ati~ylben=er,eIc~~oaium LIGS Investigated, 

at 1'3O 
I 

over E period of 4tl hours acetoah+none (7&r, etnglbenaene 

(34) a.-Ad P n ulistable salid [(Fhdt)2Cr]2CrOLC were formed, The 

lznst.-ble sol_id g-_vi ethyloe:lzene or, further o_xiaatLon. it uas 

co-acluded tnat -,ne c._Itoxl.Ystio? rras a bimolacular h?cerolysis 

reaction 02ssin,-. i.-~rou;n 25 lnuernsaiace c ~rrplsx ..hich cecoFposi;d 

to give etnylb:nzzne and acecoohenone by o:Laation 76 . The 

nutoxidacion ol' (T-die:hylbGnzene )(TT-ethylbenzene)molgbaenum 

aroceeden smoothly, even at -70°C to give e~hylbsnzene, 

dlethylbenxere 2rd an oxide ol' meiyodenum in quanc~sative yields. 

The reectio!s 142s first order in oxgge~ zqd in r,he nrene ccmg~lex. 

Tree redlcsl in-:r'oic%>rs did not sfr'ecc cne race and the solid 

oro~ucrs ol' :he resction did n-1'; cer;zlyzz it 77. 

The zucopzizlzsion ol' bls(r-banzsns )chromlxm md TICS di- e?,d 

cri-et'ngl derivatis?s proceed.c, rzIdi1:: in dry ngdrocsrbon solvents 

zt room te-perature by 2 second order heterolgtic reaction to 

give free ligg_rd e?d a solid prod#Jct [(PEi)2Cr]2Cr0,+. A free 

rrdical nechanlsm was excluded 21..3 the reactton was catalysed 

b$ 
?i5 

xater . 

Tr. e kinetics of the sutoxidstion of bis(benzetie)chromium 
r 

WES studied at 40° in p-qrlene at concentrations of I,!&-4.6 x 10" 

moles,/1 e-.d zn o_q~'n pressure or 200 mm. The activ2tlon energy 

for the reaction was found to be 22 !rcal/mole 

The mass soectra of bisarene chromium conpounds 2rAr2 

(sr = C&' c,;Figcfi'3, rylene and mesitglene) were recorded and 

the a~peararce potentials of Cr' were determined. The relative 
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abundzr:ce ol' the ions decrezsad in the order GrLr>3rL, +>(;r+* 

The relative intensity ol' Gr 
+ 

decreased wnilst its .zpt_'cor2-'.ce 

Dotential increased as the number of alkyl groups increased in 

the benzene ring of the ligand. Tnis indicated tnat tna strength 

of’ the Cr-ligand bond increased in the sane direction 
a0 

. 

The ES9 s3ectra of the mixes ssnauich comoounas (3.42 and 

3.ir3) have been ob;ained at -l<O" in solid solution ana at -55" 

in liquid solution. Good egreement with Lhe CheOraLically 

Q 0 Q 0 

Cr Cr 

6 0 0 0 

(3.42) (3.43) (3.&I (3.45) 

oredLcted soectra was obtained. The ;lida lina 
1.. 
n 1.14 spectra 

-k 

Q 
0 

c 1 i 

‘b Cr 

0 0 

Q 0 

Cr 

0 0 

or t:,+ I' olycrgstalline solid comoounds wera also measured. 

Tnese results tog,e;ner .:itrr prevlotislg Fhblishad data for r;he 

bis(~-ber~ene)cnromiu~ cation here used to compare tne magnetic 

pcrsmatsrs of the complexes with toe ring; size of' chi aromAtic 

llgands and the total chsrge on the molecule tj, . 

The K-ray zhotoelectron spectra of' the chromium complexes 

(3 .42, 3.44 and 3.45) z.?-~ci the her.ar'iuorophosphate 2nd tetra- 

fluoroborata salts of (3.44 and 3.45) snoWed that the cncmical 

shifts of the electron oond energies is (0.5 av. Tharefore 

the charge disLrlbution betueen the licands in the complexes 

(3.U arid 3.45) was nearly bals_nced. The chromium atom was snown 

to carry a partial positive charge even in the neutral 

CocondensatLon of cnromium atoms with cranes geva 

of bis(arene)chrouium complexas. Convention:1 mtitnods 

FLeferencesp.427 
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bis(arer~elcIlroolium connlexes i‘ailea when Lhe arene possessed a 

scrxl~l3 electron-:lit:?arerJin~ subsr;i tueni but with the coconaen- 

satton method calorohcnze:le, flucrobinzene *Lnd even g-tii'luoro- 

benzene rave bis(c=!rer.ejc::roroium comgouids 53 . 3is -IT-aralle 

c;-cli-:c~s 01’ molT-bd?rum :~ere separaz;ad from zro%_cic nyclrocarbons 

and ourifled bS -04 distillation ur.dzr reaticsd przss~re . 

Paviik and Klicorka have investigated T-complexes as 

cstalysts in homogerous polymeriz&Gion and nyoroccnacion. 

~is!~-b-rzene)c~roaiun! was usea in the polymerization of eth;lane 

.A 0 
in nsptane at 27V ana 2u~ atqosp.leres Of nitrogen. A crans- 

~oly~ar :qas obtain--d j~ith a molec liar t:=l@t of 37,000. IVls 

selective ngdrogenstion of K%Cd=C.iCli=ChO,he to keGi 2CH=Cti'Ai2AJ2"a 

~5s acnievad uith oenc.hrotrene as ;ha catalyst. &is(T-benzene)- 

chromium was ~130 u:s?d for selective hydrogenation, in thti 

orassnce of !?gZro,cn ar?d carbon moroxiae, tne efrective cacalg-st 

:!as (~-~5135~Cr(C~)3E!t5. 

The coxcentra;ions of trace olemtfiGs in metals may be 

si,-r_ii'icutly reducea :ihen the me:.al is converted GO ar! or~zno- 

metallic como0ur.d. iion-transition metal impclrities in particuiar 

;iere re3uced :rmen :L transition metal ;ras incorporatea into a 

T-comulex. .h-iong -;he systems investigated '&as the I'ormacion ol' 

_-- 
bis(~-e~hylb~~sese)chromiu~ from cnromium(ll~) chloride, aluminium 

and echylbenzeAe G6 a 

Bis(T-arene)cllromiu conoounds dere found to be active as 

catalysts in ~t2e coupling of alQl and z.rsl.!ql nelides GO form 

dimeric oroducts nftsr the eli_mxetion of halogen. Thus a benzene 

solution of ~h~~iI:l conGaining (T-‘-Ph;c),Cr gave Ph2EGiPh2 (b6ii) 

and similar reactions ::ere carried out wir;h FhCZ2C1, ?h3CC1, 

ZH2=CXY2Br and XeI. Using the sam8 conditions ?nCC13 gave 

PhCi12CCl,?h while Ph2CC12 gave Ph2C=CPh2 and ethyl iodide gave 

a mixture of ethane and ethylene 87 . 
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4. ~gH_5)‘Ln”(“o)3 

Ki xhmr, Mrks, Krisr;oz'l' and ibers nave ussd chi X-ray 

technique to confirm the trans configuration (1.+.1) ior the dimeric -- 

cmantrehe mxlogue [(TT-C5~s)2"~(CJ)(110)]2. One ol‘ the bricging 

1iFands ~2s a carbonyl and the ot'her a nitrosyl ~,roup. in 

SOlLlcion the COmpoLJhd existed &s a mixeure of c& (~-2; L = CO, 

!lO) ahd trans (5.1; -_ - L = CII, HO) ligand bridgea aimzrs in Qnamic 

eouilibrium. t>is-trans inLerconversLon and bridge-cermillal -- 

liEand intercfxn~e occurred through sy-mmetricai bridg;1 ciacve;e 

followed by rotation about tie metal-meLa bona. Briage-terminal 

lig,znd intorchanga was fastar for the trans thsn Tar the cis --- 

isomer and thsre t#o reactions were rester thzn cis-trsns inter- -- 

conversion. The aqtillibrikn constzrLt K = [ trans]j[&] varied 

from 2.1 In DNSO to Y1.i in cyclohsxene, the thermoajnamic 

-1 
parameters for c'ne equilibrium dere Ah = -a.16 keel mole , 

As = 0.93 eu, A.G = -0.k kcal mole-' at 258ol;. Conlp~rlsons wir;h 

the isoelactronic chrooium z-d iron conl)isuas rrtire m.s,de 
ui . 

in a prrall~l investigation Adams ti.d Cotton pPo?ose 

mccnenistic scr,emes to zccoG:nt i"or the Pi-ii specr;P~ Ol' LhS 

(4.1 aid h.2; L = CO, !iO) end rel;ced iron compow.ds 
d'j 

. 

similar 

conipoL.uras 

(4.1) (4.2) 

Tho crystal and molecular structure 01. (cjclopentadienyl~- 

dicsrbonyl(triphenylphosphine)manganese has been determined by 

X-ray crgsLallography. The molecule had paramatsrs that were 

R.efereoce5p.427 



374 

el~ost identical :qlth tbqse of C5&$n(C~jj except for the k-C 
* 

bond len&+Chs which ztiarrged i'rom I.60 to 1.732. ??he P-fiin distance 

Ol” 2.231$d SKI the uqchwyea paramzr;ers for the :JI-C-K :. 5 group 

confirmed :he strong electron donating poller of cae cyclopenta- 

dixyl ~:rou~~~ 

Tns X-rag nethoci nas been used to determine tie crystal and 

m>leculsr strucc-ure or h-c~clopentadiengl-G-aethylrhanium 

dica?bong1 bromide in .rhich rhcrrium ~39 bourrd to five ligarrds. 

%%e aver=ce distaqc* betdeen the metal ztom sid tna cyclopenta- 

d_er?gl rinr WPS 2.318, the rqenium-methyl bond len&th wzs _'.j28. 

?'he nzlecule had thz h:lf-szrddick structure r;-,?t is cnaracteristic 

Oi’ 2:‘te aralo.~ous so~nplex cJlrll_ntrene 91 . 

X-r.nrJ fluor9sc~zne h?-,s been found to orovide a rapid and 

cor.verient method I'm? ;he ciaterninztion Oi' heavy elsrrienr;s in 

org2-iome~~liic ?olgae:Bs. In E -,ypic51 ex~esr-lnr.r~t, iron. and 

m:rznnese were cieternired accurately zr,d precisely by sozking 

filter psoar discs ir! a-~ zoueas sL!.utior. containing a known 

concansrstlon of viiglc~~trene -v:nplferrocsne copolymer and 

the5 subjecting the discs to X-rex rluorescene 92 . 

Adams a.& &uire k-_ve reexamined the vibrational Spectra of 

Cynmtrsne eqa its ?lethyl derivzzr;i-re in the solid, liquid and 

soIu';ioP phases. Tneg conclude tnzt the T-CjH5 part of kke 

s~~ctrwn cannot; be sssigwd on the basis OS "local" C fjv symmew? 

ani offer a rainterpreta;ion of prsvious l*esults together with 

nerl evidence 93 . 

The interaction of paosphine derivatives ol' cgclopenta- 

dienglmanganese tricarbongl aiGh tin(IV) chloride and other 

Lzwis acids [antis?o?g(III 1 chloriae mercurg(II) chloride md 

germanium(IV) cE!.orids) in the ciichloromethwe solution was 

studied by infrored spectroscopy. Complex formation was Savoured 
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by electron aonor subscltuents Tn the cgclopentadienyl ring and 

also by an increase in tne eiectron donor propertiss of the 

uhos?hine lig:nd attl-ched to tne manganese. The ability of 

Lexis acids to undergo complex rormetion ~~ollows~ the series 

The I" and F&man spectra were obtained for r-cpclopente- 

dienylrhenium triczrbongl in solution and in: tne solid state. 

The normal modes of vibrar;ion were assigned in terr.s 31' iocal 

symmetry and comparisons were made with cymxitrena. 'Pne incre-,se 

in t-;-CO bond strength in &oing r'rom mDn-;z.riese tc rhenium tJs.3 

aemonstrzted by the fraquencies uia force constants for- tnis 

group z.nd by the relative ease ol' photochemZce1 substitution or 

carbon monoxide by othelq ligands 95 . 

The 13C !li.$i chemical snir'ts of a seriss of monosubetituseci 

cymzntrane derivatives were ri?orted. ?;ie ZVlZ-Lg;e Shi6lditrQ of 

tne carbon atoms zc t-z ?- and 3- posi tLons was incrkfased by 

alkyl substituents that had 2 greater ell;ctron-do-,cr ebilitg 

than the methyl group md was decreared ;~y electron acceptor 

96 
substituents . 

The :i'r;A a-ectrum of cyn?_l:trene er.ricned "lith 13 C so r;hat 

20;. of tne molaculcs tgsre (~-C,,,~~L~(~O),('~,O) was racoraed at 

12O and ?3OC in a nematic solvent "L ( c II- D-ne~ho.iyoensjliul!.eI-e- 

n-butglamine]. Soma geom5Lricsl pnr&natirs of tne molecule 

we:e calculated from the resuits sld the OC-~n-Crj bond argie 

77 compared rrall with values obtained by X-rag crgstaiiogrncqg . 

The polsrographic reduction of' C5h4"l~Cl!'1(CO)3 (P, = kn, AE; ana 

ferrocsnglmarcurichloride was investigatea and the pki, values 

for these molecules as C-h acias were deterninsa. 'fh; mercury 
. 

derivatives of cgclonentedienglm~nganese and rhenium tricarbongls 

were much more readily reduced than phanylnercdrg chloride uhich 

Rehrencesp.427 
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imitated that the respacGive radicals ticre stronger electron 

acceptors War: the Dbenyl radical. The values or pri 
a 

assimsr;ed 

from the Zs_ values shomd mat cgclopentadienylmxganez~ uld 

rhenium tricarbongls ::ere less acidic tnvl benzarre whilst ferrocane 

wes mope acidic 96,99 . 

The kinetics oi' ngdroGen-deucerim exchanGe in tricarbonyl- 

~-3~~rolyJmm1g.z~ese xith GF GO D fn benzene were stucGed_ 
3 2 

all 

four Dositions 311 :!le pyrrp>~l rine were very reactive and tneg 

100 usre eouallp dsut;,?ar;ed . 'IZle reacr;ion of bronopencacarbonyl- 

mcrbg2_cese(I) -aith m:ithljr potrssium 1 ,2,b-tricgznocyclopentadienids 

or ~ezrzeth~lamnonium pent zcyanoc:rclopsncadisnide gave the bri&ht 

TelloN CoIDlexBE [.In(LHC0)3]n. Spectroscopic evideme indicsted 

dil-~ I;hese qoignerLc co.;lpia.ies coni,eLnea r,lLrogen-bonded brioging 

cg6~ocgclopenteaien~l crouns. Tnere i4a3 rto tvidznce for the 

formstion of IT-bo~ii_=o cozi31.3.33~ wir;n tnece l%~x~as 
101 

. 

8Cx120~1-, i -bsnz Ozl-;'-,ns;n;rl- ana I-bsn=oyl-3-m~c~31- 

cym-zstrene xnline reluce~l by aocium or potzssiw i:l 1 ,Z-ai7=;hox;r- 

e;,ix.r.e or xiii; ';o t.le corrlspor.din; racticcl anions (;.j); 

elec;roiytic reduction hgas efl'ect~ve also in I'orting tne radical 

ions. 5iolutions oiY the radical a_:ion k;ere ohrple ana slok-lg 

ckanged to red on stwa~ng in con;act riiGn the raciuc:nb e~39t 

Q 1 0 - COlh 

i+l ( ,“O) 
3 

(4.3) 

Q 0 

Q 0 
!Ji.-ppn 

3 

r.nn(co) 
3 

(4.h) 

-xi th zhe formatiolr of the aia2xignetic dinegative ion. The 

2Z.S saectrum of me radical anion hsd r a &-vdlue of 2?.01)Oi& arid 
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W&S split in-,0 six components bp the J5i+.n nucleus . LElC,? 

comoonent shoaled fine structure r'rom the o- snd e-proto!is on 

the phenyl group. The unpaired spit: density was largeiy on cha 

mlngar.ese etom, thz ohen-1 ring a-xi perhaps on tne xetonic . ” 

102 
carbonyl ,group . 

Lithiated cymantrene was trszted with (8-S-h 
>5 

)lli(FPh 
3 
)Ci 

to give Cile nickel comrjlex (4.4). The reaction of tile co:n*:le;c 

(~L.!L) xlth excess mercury(iI) chloricle ,::nve chloroaercuri- 

103 
cym-ntrena in good yield . :::YI~TL ana n~uscn Lava asscribad 

t'-_e prepSzrstian of cnloromexuricymar~trere(4.~; 13 = :-.gGl) oy 

direct mircurazi sn oi cyrl>n:crena in the pr~se~x~ of parchlJric 

acid. ThE: intermaaiste (4.5; ‘i = HgCl) da-_ convertad GO GWZ 

ioalae (k.5; ii = I) and dicj~l:~tr~nyl~~rcu~~ iL.6) by stscl'la'ird 

nathods. ?,~olysis of 1~71s comoound '4.~1 with aiI'erroceriyl- 

marcurls in tne preser,ze ol' siltizr poxder &,ave tns unsyitiaatrical 

couplinE, proauct cymansrenyifzrroazne (~-r--7, 59,Lb1 :d,ether with 

birorrocena ard bit-nnentrene. The usefki Grignlrd (ic.5; 

(4.5) (4.6) (cc.7) 

R = :gI) and lithio (4.5; 2 = ii) intarxdibtes havs bean 

orepared. The first was obtainea from ioaocymentrenz, ethylene 

bromide and magnesium poticier sna the second fron either of the 

mercuriels (4.5; 13 = tig31) or (11.6) and n-butyllithium. ESicy-ms_n 

trene was acetylzted rJith acatgl chloride in the presence of 

104 aluminium chloride . 
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The reaction of bis(bromose~curi)c~~~tr3ne with copper 

bromide gave c_7msntrene (1.2:.), bromo- il L:.&), 1,34lbromo- 

(4.3); 1, i,Z-dXbromo- (26kJ , 1,2,4-tribromo- (4.331, l,Z,j-tribromo- 

(2? .L", J, tetrabrono- (16.2LC) and pcntzbrsno-cy-ma_ntrene (14;) 
105 

Di(cym~~trenyl)mercury was treated rlitn zin(iiJ ChiO~iCk in 

tstrabjdrofuran 8hzi gzvc dic,730-?t~engl~Fchloros~~~a~e_ Tnis 

cymrntrene-tin dcrivrtive was sloxly hydroiysed in air and when 

tre-_:ed with cold alcoholic a.mnor,iun! hgnrozde or S0aiu.m CtWOOn-;te 

1 UG 
~sve dlcymwtrenylcin oxide . 

'me t-restment of cymentrenyl-copper or -siiver :lith 

l,l'-3ibro~oferrocene in the oresence of copper(i) broollae g2ve 

c?e dicSvmantrere 1:k.C 1, 15,: 2nd toe incerneaiece corrrplex Ik.9; 

2 - Ek), jil,. .,‘ich m~tc?llic cop?-3r t!rie bronida (k.3; ~3 = &?l 

&Eve the nrodwzt !'I:?; ri = M). The scefl-te (4.9; r2 = 3Ac) 

WBS I'ormed in 76s :riela by neating the slme brotide :Jitn 

caooertii) ecetats in ctha,ol. 'l'h3 corresponding raection with 

copper:ii) pnihalimLd? at 130-1~0' gave r;he phtnU:miae (4.9; 

A = u~thallnido) and cnis ores conv~r-,eti to c'he arAnd (4.9; 

R = XI,), 107 k& .xitt? ethslnolic hgdrizine . 

Cyclixatian of chz two oc-dislbstitused cymantrsnes (h.10; 

Vi = H, R2 = Fa snd 4.10; R' = ze, R2 = H) under Friedel Crefts 

co,nditions I'o.llokred by reduction dith zinc &qslg8rn ;sve E simpla 

cyclohexere Droauct ir eacn czze kile cyciis3Lion Or‘ Ghc two 

p-discbstituted cgmsncrenes (4.11; *1 = pi, $ = ha and &.li; 

f-3' = lie, 7' Z E) md reducr;_ol! gave r,no cyclohexene proaucts 

from e-ch reactant. Thus the acid (b.11; R' = H, R2 = I'leJ ;ave 

the ororiucts (4.12 zna 4.13). The cymsntrene (~;.12J was also 

farmeri from zbe acid Ih.10; R' = Fie, R2 = HJ. The product 

distributizxs a-d 2 detailed nnalysis of' the 12 and JrEI spectra 

.-rep62 used to corfirn! the structures 
106 

. 
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me COt7dellS3iiOn Of GriaLQl- ..na Srisryl-nbiosilin+s with 

alkali metal-substituted c;clopentsdienyltricarbonylmang~ese 

zave a series of orgx!osilylc~c3~pentadiengitricarbonylmaese 

109 
comoounds . 

he 

Ke 
2 

(li.10) 

(1J.111 (k.12) (+. 13) 

Anderson h2s dascribzci the application of light-sensitive 

rsslr. co-qositions to the preparation of printing plates. k 

m:xture of en ep0.q resi_r. (01.5,;), a polymercaptan or rtcrctivs 

mhgdride curin@ agent (ltipJ and metngicpzntrene (2.5;~) ms 

used to coat tinplate. The plate was exDosed through 8 stencil 

to a mercury arc lam? ad cured at 125'. The uncured resin was 

removed by washing. In the absence of light the uncured rasin 

~6s stable for several weeks IlG . 

Cymantrene .xr-s confirmed as an effective antiknock additive 

i'or aromatic petroleums with rssakrch octane numbsrs,<9@, it was 

perticularlg effective et ligh speeds and it decreased t'ne f’uel 
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sensitivity to service conditions. Pollution problems suggested 

shat its use would be restricted to special circumstances 
111 . 

The concentration of atmospheric manganese, as manganese 

dioxide, was proeorLionc1 to the traffic density when measurements 

jere made near to higb-.rays carrying tr;Tfrc that used cymantrene 

as the betroleum anti:knock. Cymstrene was considered to be less 

toxic than tetraethgl lead"'. (Vinylcgclopenceaienyl~tricarbonyl- 

n?nganase was dissolved in alkali refLned linseed oil and this 

was ara.H"=! inGo fiims. The drying rate or thy film did not appear 

to be ret-de= by the prasence of' the orgsnome tallic derivative. 

a.fter drying, cnips of tne film were extracted HitAn either 

boiling acetone or bet-,zans, PO orF-anometallic compounds were 

extracted. This suggested that the (vinylcyclopentadienyl)- 

tricarbonylmangenese had been chemically crass-linked into the 

film matrix 113 . 

hixtures Ol' c-flan.trem w1 th ethyl bromide, tricresylFhosphate 

and toluene have b+en bvaluated as antiknock additives for petroleum 

iighr; stability and toxicity of t'he mixtures were also examined 114 . 

A mixture of cyman:rene, as an otidation catalyst, and tris- 

(/3-chloroisopropgl)thionophosphate, as a detergent, have been 

found to cause the almost complete elimination of carbon monoxide 

and hydrocarbons wlen added to &asoline 115 . 

L'ooolymers have been formed with vinglcymantrene and styrene 

methglacrylate, acrylocitrile, vinylacetate and vinylferrocene 

using azobisisobuty-ronitrila as the initiator. Reactivity ratios 

were obtained and the copolymers were rib-forming and insulating. 

'me l'ilms snowed high anti-rungal activity 116 . Se+,kina and 

co-workers have e-wined the el'fect of' substituting donor ligands 

for CO in cymsntrene and benchrotrene. Replacement of one 

carbonyl group in cymantrena by tertiary phosphine, aJ%ine or 



sr;ibine increased the rate of hydrogen isotope exchange (hia) baGwaen 

two and four orders of msgnicude using trifluoroacetic acid in 

methglene dichloride. The increase in rate of tiiG at the cgclo- 

oentadiengl ring was accompanied by a decrease in the II? carbonyl 

stretching frequency tihich confirmed the donor character of the 

Group V ligands. The effect or' 2 change in the donor atom from 

ohosohorus to arsenic OF antimony was much smsller than the efl'ect 

of changes In the substituens on pnosphorus. !?ha rate of YIE 

increased in tha order 0Ph<Ph<CH2Ph<Prz<cyclohexyl. 

Introduction of a second tertiary phosphine caused a marked 

decrease in the rate of HIE under tha same conditions altnough 

the IR carbongl stretching frequency showed a decrease confirming 

the increased basicitg of the manganese atom. :rnen tne acidity 

of the medium was increased by the incremental addition of I) SO 
2 4 

the rate of' AIE decreased and in media of hign acidity the 

excnange was almost complatelg suppressed. 3s contrast, the rate 

of HIE r'or cymantrene and the monophosphine anelogue (T-C5H5)- 

hn(CO),PPh3 increased with an increase in acidity. These 

observations were accommodated by a mechanism involvin& rapid 

initial protonstion to give tne cation (4.14) followed by slow 

hyarogen transfer from metal to ring to form (4.15) and subsequent 

loss of' a proton to give the product (4.16). IR evidence was 

used to support tne formation of' the protoneted intermediate (4.14); 

high frequency shifts for the carbongl sr,retching moaes were 

observed on the addition of CF3C02ii to those complexes that under- 

went HIE. Replacement of CO by PR3 increased the oasicity of 

manganese, facilitated initisl protonation and increased the race 

of HIE, introduction of two PR ~ groups caused a large increase in 

metal basicity, formation of' a stable protonated complex and 

inhibition of the metal-ligand proton shift. Experiments with 

381 
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cyrxu.trene a-d its mono- snd di-_Dhospnine dialogues labelled with 

deuterlum and tritiuq in the cjclopentadianyl ring confirmed the 

ex:st;er,ce of a kinetic isotope sffect in EI2 and demonstrated 

tfl-_t the fin21 step (oro%on abstraction) x29 rate-determining. 

The rate 0T iSi5 in t'ne complexes (4.17) has beer-, determined 

1 base 

(4. 17) (4.16) 

for five subscrtuencs. P.ithougn ;he overall raI;es or excnange 

varied by three orders of msgnitude, the dir"ference becuden tne 

rates at. the oc snd 
B 

oositions ramzined stall. Some partisl raze 

consr;ants (relative to cyma*ltrenel are given in complexes (4.10, 

L.19 and h.20). Tie trenas ooserved nerz irre sirml6.z Go r;hose 

obtatied in the I'errocene series. 

The rate of %I!2 at the benzeae ring of' benchrotrene was 

sensitive to renlacezent of carbon31 groups by tertiary pnssphines. 

Replacement of one carbonyl cause3 a rate enhancement of three 

orders or‘ msgnltude. A c the same time the carbongl stretching 
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freauencies decressed. ?ro!Vonation oi' cha cnromium ar;om r-,as 

demonstrated by !lF,i? spectroscopy al-id mechanistic arGumenta were 

used similar to those invoked L-or the corrzsp0ndir.g cymarltrane 

comolexes. Substitution in ~11s T-benzene ring oi becchroGrene 

had almost no afr'ect OP. ths rate or' HitZ. This l'inaing contrasts 

shsroly witn the 1-_rga change in rate observers OI! subsiA.butlon 

inr.0 r,he free benzene ligand where Lhe introduction of three 

PeLhyl croups enhanced the rate by 1i.17. Ring substituCion or 

(~-Pt-Cl)Cr(C0)2PPhj was similar in its effect o'i the rsrte of hi< 

2-d '10 adaouate explsnation for t'lese results could ba offered 117 . 

fC.12 3.6 

0.16 Q 0 
Ci 3.0 bhe 

1 

(k.lB) (4.19) 14.20) 

Eoigne and 3ab-_rd heve introuuced Tao ecymmetric ce:ltres into 

the cvymantrene molecule .zd isolatea tne product as a pair or' 

di%stereoisomers 1 L.Zl =d L-22; R' = riOI.re)3, I? = PPhj]. 'The 

rscemic ester (b.Jl: R' = R2 = CU) was irradiated &it? crimathyl- 

phosphite to give the diphospnite [ 4.21; 
~1' = ~2 = I(0.iej3 ] rinich 

was, in turn, irradiated with triphanglphospitine to i'orm tne 

118 
diastereoisomeric complexes . 

Rnenlum tricerbongl and bis(rbenium tricarbonyi) complexes 

of mesaporphyrin IX dimer,hpl ester 'nava been prepaped. Several 

alternative structures for the complexes were discussed arId 

rhenium was assigned the formal oxidation state t-1 
Ilr 

. 

FLeferencesp.427 



384 

(4.21) (4.23) 

Irrediation of the monosubstituted cymantrenes (4.23; 

R = H, .Et, CR2Ph, CO2Me. Se, Cl, Br, I: L = CC) in cgclohexane- 

benzene solution with Lriphenglpnosphine, led to displacement 

of one cerbongl ligand by triphenylphosphine a~;ci I'ormetion of 

the cymartrene analogues (4.23; L = PPh3).'20 

Polg(l-pyrazolyl)borstocricsroonglmanganese derivatives 

were prepared photochemically and the caemical, physical and 

electronic properties of these compounds were compared with those 

of the a?.alogous%-cgcl~pentadiengltricarbonylm~ganese compounds 121 

Benzonorbornadienone has been isolated for the first tima as e 

T-complex in which the olefinic bmd is lfn.red to tne manganese 

atom of a (I-nethglcgclopentacienyl)manganesa dicarbongl group 122 . 

Smith has prepared a number S? (a-zrane)manganese complexes 

such as the cation (4.24; L = C!IMe, PPh3). iiucleoptilic attack 

on these compounds by methyllithium, n-butgllithium end penta- 

fluorophengllithium gave the cgclohexetiengl complexes (4.25; 

L = Cl%e, P?h3)'23. Biehl and Reeves repormd a convenient, high 

yield synthesis of cyclopentadienglmanganese tricarbongl carboxylic 

acid. Tr'satment of C5ASNn(CO)3 with o-C1C6E4CCC1 and aluminium 

trichloride gave the ketone (4.26) in 87% yield. The ketone 

(4.261 was hgdrolysed by He3COK - MeOCH2CH20Me to give the corres- 

ponding acid in good yield'&. 

Tne cymantrene anslogue (4.27) was obtained in 64% yield by 



Ql 
+ 

0 

Mn 

(CO12L 

(4.24) u.l.25) (4.26) 

(4.27) 

heating bis(l-phenylborineto)cobelt with maqanese carbonyl in 

toluene. The borinata group 

5. (i) (~,+EJ4)Fe(C0)3 

Pera-substituted phengl 

is a planar and 

acetylenes were 

a hexahapto ligand 125 

treated smith CF2CFCl 

to give the cgclobutenes (5.1). These were hydrolgsed with 

sulphuric acid to form tha dikatones, the kstones were reauced 

and the cis-diols produced were treated with phosphorus(ii1) 

bromide to give the corresponding trans dibromo darivatives. 

Treatment of the dibromo compounds with Fc2(CO)9 gave the para- 

substitutea phenglcyclobutadieneiron tricarbonyls (5.2). 

Infrared, 13C and PXR spectra indicated that there was no conjug- 

ative interaction between the T-electron system of cgclobutadiane 

and the phengl ping'26. 
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R = Ne , F, Cl, Rr, 

MeO, F!e21i 

(5.1) (5.2) (5.3) 

.&en iron pencacarbonyl wes i_sztsd under pressure with a 

saturated solution of acetylene in Lecrahydrofuran lord yielas of 

cyclobutadiene%ron tricarbongl were obtained together klith 

tricarbonpl(ferracgclo~entadiene)iron tricarbongl (5.31, 

3/-butpolector!e, qCnkyLr3r!e md ~olyx~eric materiel 127. 

TSe cpclobuto~ianeiron tricerbongl derivative (5.i~) WAS 

obtsrned by stirring 1,2-dichloro-l,,+dihydrocgciobuts[l)phen- 

enthrene with diiron enneecsrbongl 13 ~esane at 50'. Oxidative 

aecor.posi tion of the complex with cerium(IV) liberated ~hfi 

free CJclobutaaiene lit;&nd l~hich k.z.9 trspped as the CO???-eSpOnd.ing 

cgclopenGaaiene adc\uct 128 . 

(CW3 

(5.41 (5.5) 

Schmidt has qepared the optically active (-)cgclobutadiene 

(5.5; R' = Ke, R2 = Et.) by reduction of the corresponding (-1 

acid (5.5; R' = CO,& R2 = COHe) and oxidized it with cerium(IV) 

in the presence of Xe02CCH=CMC0$e to form the butadiene adduct 
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Mich was 40;; racemic. in the same wiry, oxidation in the presence 

Of tetracganoetbglene gave wnollg racemic adducts. 'These results 

were used as evider,ce for the formation ol' free bUCadlene auring 

the oxidation'29. 

An optically active cyclobutsdieneiron tricarbonyl (5.6) 

was decomposed with ceric ammonium sulphate in acetone solution 

in the preserce 01' tne symmetrical ciieneophiles tetracganoathgiene, 

benzocuinone and C-phenglmaleinidz. The Diela-Alder adducts oi' 

the liberated cgclobutsdiene were examined xid there uas no 

evidence for the retention of optical activity. Ttli3 suggestea 

that the cgclobutadiene was free from tna metal's iniluence when 

tne adaucts were form.ed 130 . 

Grubbs and Greg have resolvea the disubstitutaa cgclooutadiene 

complex (5.7; R = O&e) into optically stabie anznt.omsrs by 

conversion ol' the methoxyl group to tt~e dimecnglmlno urou> (5.7; 

R = iR.le2) through a bromo intermediate (5.7; R = Rr) find fQrmEtiqxi 

d 

CH2R 

0 
1 \ 

Fe CH,OKe 

(5.6) (5.7) 

of the (+)-camphor-IO-sulphonate ol' the aimathylamina. 'Ike 

resolved amine was reconverted to the starting material (5.7; 

R = O)cie) by treatznent of the nethiodide (5.7; il = i@le31) with 

methoxide. The resolved complex showed less than p,g racemization 

when it was heated to 120° for 46 hours. By contrast, a buta- 

diene complex, (+)-(methyl S-formglpenta-2,4-dienoate)iron 

tricarbongl racemized with t$ = 46.5 hours at 119.4O. The optical 

Rekrences p. 427 



stability of the cyclobutadiene complex was ascribed to the 

requirement for the ligand to become cDmpletelg detached from 

the metal atom for racemization to occur 131 . 

The reaction of cgclobutadieneiron tricarbonyl with nitrosoniun 

hexafluorophosphate gave the air stable, gellou orange complexes 

of cyclobutadieneiron dicarbonyl nitrosgl hexafluorophosphate 

[RhCqFe(CO)2NO]+PF66- (R = H, Me, Ph). These complexas readily 

underwent monocarbongl substitution with various Lewis bases (L) 

GO afford products of' the type [RqC4~a(CO)~I~O)L]+PFg- (R = H, 

L = Ph3P. Ph3As, Ph3Sb; R = Ph, L = Ph3P, Ph3As). A dicarbongl 

substitution product[R4C4Fe(NO)L2]+PF6- [R = Ph, L = (PhC)3P] 

rzas also obtainedl3P. 

UV Lrredistion of matrix isolated T-cyclobutadiene iron- 

Q 0 

Fe 

(CO) 

(5.8) 

_-- 

% 

CF 
3 

Fe 

(CO13 

(5.9) 

+- 

0 CF3 

Fe 

NOI 

(5.10) 

2 

carbongl in krypton at WOK gave the dicarbongl (5-b) as the 

primary photochemical product. The authors suggest that this 

intermediate forms adducts with dienophiles directly without 

generation or" free cgclobutadiene 133 . 

The W irradiation of (IT-tetrsmethglcgclobutaciene)iron 

tricarbongl with trifluoroethglene in hexane led to the formation 

of the bridged complex (5.9) by insertion of l,l,l-trifluoro- 

ethylidene. Themolgsis of this product led to ring expansion 

and gave the dinuclear complex (5.10)'34. 



389 

5. (ii) (Acyclic T-dieneIFe(C0j3 and (~-trlme~hgleneme~n~e)Fe(CO) 
3 

complexes 

Dieneiron tricarbongl adducts were formed by treatment of 

five q onoterpenes with iron carbongls. The cis-ocimena (5.111 _ 

and cis-allo-ocimene complexes (5.12) unaerwent both skeietal 

and double bond rearrangement on heating, treatment with elLLmiUa 

and treetment with triphenglmethyl fluoroborate I'ollowed by 

borohgdride. Tbe mechanism of the thermal isomerization was 

determined by tracer studies. Hgdroboronation of the adducts 

(5.11 and 5.12) gave products which were decomposed under mild 

(5.11) (5 12) 

(5.13) (5.14) 

conditions to form novel dihgdromonoterpenes 135. 

Treatment of thiacgclobutene with either diiron nonacarbongl 

(thermally) or with iron pentacarbongl (photochemically) gave the 

iron complex (5.13j which uds converted to the monomeric complex 

Referencesp.421 
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136 
(s.ik) on treatment with triphenylphosphine . A series of 

dienee, for eramole buta'diene, cyclopentadiene, l,+hexaaiene, 

and Fez(W)9 were heated to&ether in cn autoclave or altsrnativsly 

in benzene co give diene It-conplexes of iron 137 . 

Heating 3 mzxturs of tne s ana zlti isonlcrs of' 2,2-dimethyl- .- 

ally-litenec~~cloprop-me rri-,h diiron nDracsrbony1 cove the diene 

canplex (5.15) together ;;ith the tri_~et:lylanemet~~e complexes 

(5.15 (5. lb) (5.17) 

(5.16 ax-vi 5.17) by ligand riarrsn~emanc. The products (5.15 

and 5. lb) were I'ormed from the D isomer wnile tne producr; 

(5.16! toTether :ITGI traces of' (5.17) were obtained from the 

enti isomer 138 
. 

The crystsl ar.ci molecular structure Or ckie mixsci complex 

m-1 ,k-diphenyl-l,:,- butsdiene)iroL tricsrbongi.&(7,4-diphsngl- 

1,3-butadiene) has been determined. The complexed outahena 

Ii&and was cis sna plazzar, ir; w'ss bonded co r;he iror? atom in 

the usual #ag witn Fe-C disi;ances or' 2.076, E.d79. ii.lbS ana 

2.lC58. The uncomplexed butadiane molecule ills tr;ns and planar 

and the two species were held together in tne crystal by Van der 

.fesis forces 139 _ 

The crystal and molecular structure of cinnamaldshgaziron 

tricarbongl was determined by K-rag motnods. Tba T-diene cnaracter 

of the ligand was corfirmed and the oxygen atom was not bonded to 

iron. The si_milari ty between this structure arid that of 
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8-U’ 140 ..-cinnamylideneanilineiron tricarbonyl LIBS noted . 

‘The crystal aru molecular structure of 1,4-diphenylbuGa- 

dieneiron tricarbongl hzs been determined oy .X-rag crystallograpng. 

The butadiane croup was bound to iron in the r'0r.n of a tetrsgonal 

cyramid :rTth two different iron-carbon bond lenct'ns, 2.12 and 

2.14-2. The unangl rings wert t.<i_sted appreciably out or tne 

olane ol‘ the butauiene group 141 . 

'The PI8 spectra of crismechglenena~n~eiror: Gricerbonpl 

[(Cti2)3C'e(C313] (5.16) zr.d (Cs~)j"Fe("j)~('jCo) (5.13) in 

ii-(s-rn~zthoqbanzjl iaine) -E-n-Dutgl-silinf urere recorded at 22U ibz. 

The observad a:mectrurrl of (5.19) rasaqblea a broexened spectrum 

or (5.16) a_nd r;his could have arisen from an intzrnediate rate 

of rotation or from insufficient resolution 142 
. 

The complexas formed between butndi-_ne, msthylbutadienes or 

trimethyleneneb. Lhrne ligands ar.d iron Grizaroonyi ~olrp3 or their 

trifluoroo:losphine ard mixed carbongl-trifluoroprlospbine anaio;;ues 

rrere investigszed bp 13 ant IrWi? s?ecr_.rosco?g. Trimecbglene- 

methaneiron tricarbongl xa3 the only tri8:arbonyi rrith all Ol' the 

czroonyls eouiv=lcnt cr.d I: 
3V 

sy?Metrg. 9-1e remeirin~, conpounils 

were based or! a square pyramid with one carbonyl Eroup occupgirz. 

an a~,icel aositlon and the other tWo on basal sites. Jzrbon- 

oxg,yen stretchFnE force constants wsre caiculated l'or apical and 

b?sEl carbongls a:ld used to preolct the most stable i3ombrS Ol' 

the trTfluorophosp*line derlvativae. c Yucxsl $10 description ol' 

the disne lizards was used to explain the changes obsarveo in 

the rorce constarrts for the conplexes. l? F 1Jt33 spectroscopy 

s'howed that intramolecular exhange of PF, and oo was taring 
J 

place in mixed cconplexes by concertea rotation 01~ the llgulds 

about tne iron atom so that their relative positions remained 
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-. 

Fe-O 
> ;CF312 

R, fi 

I 
Fe 

w$ !CO) 
3 

(5.20) (5.21) 

R,+R2 + \ 
Fe BF - 

4 Fe 

(CW3 (CW3 

(5.23) (5.24) 

(a) R, = R2 = !~a 

tb) R, = H, R2 = 1~ 

(c) R, = H, R2 = Et 

Fe 

Girl3 

i5.22) 

G(R) 

Pp- 
5 Fe BF - 

4 
ww3 

(5.25) 

(5.26) 

The Friedel Crar'cs ncecjlscions of r;ne (=-)I - and 2- 

acetoxgbutsdieneiron tricarbonyi complexes were investigated 149 . 

The molecular structure of tecrafluoroethylzneiron tetracarbongl 

~6s investigeted bg gas-p'nsse electron diffraction. The data 

obtained was consistent with a d lstorted octahedral complex of 

iron with C2V symmstrg. The results sugl?ested that the C2F4 

unit resembled e fra@ent of perfluorocgclopropane rhther then 

perfluoroethglene, and that the complexing with the iron was 

sigma, rather than pi, in character'50. 
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The IT\I irradiution cf butadiene and Fe(PF3)5 in ether gave 

the T-butediene complex (5.26). Similar reactions were carriea 

out with twelve other conjugated dienes and in each case the 

product was an air-stable compound Gnat was sublimed unchxhged 
151 

sgn-(I-FiethglDentadiengl)iron tricarbongl fluoroborace 

(5.27) was prepared bp dissolving trle alcohol (5.22) ii? anhydrous 

fluoroboric acid. .Sncn a suspension of' (5.27) in methglene 

chloride :~as treated witn basic &luWna I‘or one nour the vo1ar;L.l~ 

(5.27) (5.231 (5.25) 

qq-/p 

Fe 
Me 

(CO)3 
tccU3 

15.30) 

m complex (5.29) was lsolatea. if the reaction Has allowed 

to continue for 60 nours two closely related isomers or g-11,3911- 

1,3,~,10-(5-me~hyl-1,3,6,lO-undecapentaene~diiron hexacaroongl 

(5.30) were isolatad'S2. 

5. (iii) (Cgclic~-diene)Fe(CO)3 complaxes 

The crystal structure of bis(cgclooctatetraene)iron was 

determined bg X-rag analysis. 1r-1 the monoclinic cell 0% (CgS612Fe 
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(space group C/2c a = 25.13, b = 10.68, c = 13.98 !?; p= 99&o, 

2 = 12) there were two non-equivalent molecules one or' which 

showed evidence of disorder. Broad line Pfti spectra 

crystalline sample indicated thst the molecules were 

a dparr,ic rearrangement as shown (5.31) 153. 

The rsectfo~ or 1,7-cgclododecediyne rrith Pa(G:c) I 

of a poly- 

wdergoing 

5 gave 

C Ip~,#e2(C0)6 (major product) zx~d C,2B,6Fe(CO)3. The s-~ructure 

or' tne major product (5.32) wzs detsrmfned bg X-ray difTrzcti.on 

techniques and tlis ~2s fowd to be different from r;he structure 

(5.33) originally proposed by King znd Haiduc'54"SS. 

Fe 

(5.32) (5.33) 

Churchill and DeSoer have determined the crystal and 

molecular structure of heptar'ulvsneiron tricarbonyl by X-ray 

methods and have sr10w-n that iron is bound to 2 zrimethglene- 

methane group in the hydrocarbon l5gar.d. The bond lengths in 
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the 7,6,7,8-tetrahaptoheptaiklveneiron tricarbongl Were Fe-C- 

(central) 1.946 R and Fe-Ctperipheral) 2.120-2.192 g lSo. 

Et least four products were formed +&en diiron nonacarbongl 

was treated with bicgclo[6.2.O)deca-2,4,6-triene: one of those 

which involved ligand rearrangement has been investigated structur- 

ally by X-ray diffraction. It contained a 1,3-cgclohexadiene 

group bonded to iron tcgethsr with a second iron tricarbonyl 

(5.34) 

residue linked through a 6-bond to methglens and a m-bond to 

an ally1 group (5.j4)'57. 

An X-rag singLe crystal study of the bullvalene complex 

(5.35) shoued that the three membered ring in bullvalene was 

opened to give the bicyclo[3,3,2]deca-3,6,9-criene-2,8-diyl ligand. 

This ligand was lT->onded to one iron tricarbongl group through 

two olsfinic bonds znJ, to a second iron tricarbonyl group by an 

iron-carbon S-bond end a n-tilyl group 158 I 

The 13C MR spectra were reported for the irontricarbonyl 

complexes (5.36; R = H, Me) and they wera compared with the spectra 

of the cation (5.37). It was concluded that the irontricarbongl 

sroup participated in the delocalization of tha positive charge 

in the complexes (S.36)‘59. 

Cycloheptatriengliron tricarbonyl 

reaction of alkyllithium rasgents with 

tricarbonyl. The room temperature i+ii 

anion was prepared by tha 

cgcloheptatrieneiron 

spectrum of the snion 
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displayed a singlet at T= 5.35 Hnich was indicatrve of a fiuxional 

structure. The stable -4ion underwent oxidation as well as 
161 

nucleophilio substitution to produce the ?-substituted derivatives 

cyciooctatetrene iron at 

R 

(5.37) 

polycrgstalline tricarbonyl(IT- 

ZOO0 was exazI1nec.l in aethll. frcviouslj 

aerived equations for the iif- line shapea were reviewed ltj1,162 
. 

Fourier transform "C I:'hi3 spectroscopy h=,s been used to invesciger;e 

the fluxional behsviour of (T-cgclooctatl>traene)iron tricarbonyl. 

The spectrum recorded at temperatures of' -1X" and beiow was in 

agreement with the rigid structure of the molecule ana toe 

multiplicity of the carbonyl resonan cL,es demonstratau >ile absirice 

of exchwge at t'nese temperatures. AL hic;her terPrper-ssur-zs, 00th 

rirg-atom erd c-zrbongl exchongs processes were operating independ- 

ently 163. 

Deganello has used room temperature '3, l.kR spectroscopy GO 

distineish bctueen fluxional and non-fluxional I-cycloheptatriane 

anda-cyclooctatriene diiron hexacarbongl complexes. Observation 

of the soectra over a range of temperatures indicated that at 

least two rearrangement processes were involved 164. 

Chierico and Flognaschi have investigated the origin of the 

strUCtUra1 disorder observea in bis(cgclooctatetraene)iron and 

the motion that may take place in tha crystal, by wide line NM 
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sDectroscoog. The second moment has been calculated for the 

ri,-id lattice and compared with tne experimental second moment. 

Below -1ESO r;ne line width was constant ana t'ne rate OIY tee motions 

in_ the crystal- rias not great enou:n to al'i'ecc the secona moment. 

At h_i-;h.er ttmoeratures tne molecules bega? to move at a grzacer 

rote. It i;cs concluded chat tne aisorder observea at room temper- 

ature wes dyne-mic, rot:ler thgl static, in choraccer. Tne onl.g 

tl;pe oz' m.otion at this temperature was comoleteig activatea and 

consisted 01' sxili oscillatior,s of the cyciooctateixaene rings 

s-13. not rotations of the rings 
165 

. 

7ne kinetics or' t'ne reaction of the iron-cnrbongl complex 

(S-36) with a numWr of substituted phosphines and phcsphites 

JT.S ex=qinad Enisr Dseudo first ord2.s . ..Jitions -using iill'rareci 

s@sctroscong. .Siti t'Phj or WPh)3 substitution of the carbon 

monoxide molecule trans to the iron-carbon bond took place via -- 

2 120 dissociative mechenism. The reaction of (5.38) with more 

nucleouiilic 1%cancls (al:kylpiosnhines and phosphites) followed 

two distinct react.on psths. One invoived the dlssocistive path 

to give (5.39; L = phosphine) and one in which the transanAiular 

!cetone (s.LO) xas r'ormea 166 . 

I 

I’ 
: Q I 

Fe(C0j3 

(5.381 

I’ 
, 

; Q f CO 

/ ’ Fe(C0J2L 
L 

15.39) 

+ Fe(CO)_L 
23 
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Tne 1,s migration of hydrogen in cyclic-Gene iron tricarbongl 

complexes was investigated. For example t'ne comple.-c (J.i;l) 

isomerized to give a mixture or' (~.I_L? and 5.42) wtlen hezr;ecl in 

(CO13Fe ( C0)3Fe 

R = R or D 

\S.JLl 1 (S.h2) 

i::;14?e. 0~ t?le b=srs ol’ SLereochzmicai z.crloies z_nti isotope 

effects a mechanism wo_s proposed I'or tnis unusual rasction lo7 . 

Yhitlock x-d Stuc!<i have reinvestigated shift i-_omerisrn j.n 

the benzocgc~ooctacecraene conplex (j.42) and its :,j-napntno 

aralocue arid demonstrated i;nsr, boi;h hre fluxlonal moiecules. 

Tne lox temparature limiLin& YiiG s?ectrR kire reac:?ed -_t -15' 

and 70° resoecclveig. Line sbapt anaijrals of the tezradeucario 

aerivacive ol' ct7e complex (5.43) enzbleo ttie aci;ivation er.ergg 

Tar the orocess (5.Lje5.44S5.45) GO be determitlea as 1ir.o xcal 

_: 
mole . The rate 0T sf.ift isomerism r'or Gtle 2,3-na?ntho x~islog~~ 

ox' (5.43) wzs estimated end gave an activaclon energy Oi’ jl Kc31 

-1 
mole . Comparisor! of these activation eriergies with tne value 

~-or the sqme prociss in cgclooctatctrae9eiron zricarbongi (7.2 .ccal 

mole-') 1. aldicates chat the large difl'erence may be ascribed to 

the energy of the ortho quinoidal intermedista (S.&j end its 

anPiO&Ue in the 2,3-naphtha cornpond. 'These results maa also be 

contrasted with the fac'rle stlTft isomerism in the benzocycioocta- 

tetraene diiron complex (5.46) which has a1-1 activation energy of 

2.1 kcal mole-' and where isomerisation may involve a "twitch" 

Rekrencesp.427 
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Fe 

(co)a 

(S.lgL) (5.45) 

(5.46) 

nechazism'"'. 

3unt and Russell have dcscrioed the formation o1' a stable 

T-complex or 1-phenglpentalene. iron pentacarbongl has sGirrsd 

with 3-ohengl-l,Z-dihydrooenLalen+ in mzthglcgclohexene at 170" 

50 give the octahzpto diiror! complex (5.47) in 12;0 yieldlo9. 

The reections of bi s-trimathglsil~1~catylene and bis-trtiethyl- 

SilglbuLsdiyne with 7e3(ZO),2, CO,(CO)~ ar.d 35~~5~~~~(CO)3 was 

studled. Eat's the acetylenes -with Fej(CO),2 gave the stebie 

complexes Fe(CO)k(~ie3SiC2SiEIe3) awi 2,5-ois-~rlmethgisilglcgclo- 

pentadienone iron tricarbongl ciimer (5.48) respectively. Both 

the ecetylenes with COAX gave the familiar bridging acetylene 

complexes and the reaction of bis-tri~ethglsilglacetylene 

!dith cyclopeatadienylmanganese tricarbongl gave C5H5Fi~(CO)2- 

(E:epC2Simij)770. 

Xi-~ am? fickermn have reported the direct formation of 

tricarbonylfarrole-iron tricarbonyl derivatives (5.49) from 
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Me3Si 

(OCl$e -FF~(CO)~ 3 

‘c’ 
0 

(5.47) (5.48) 

al-es or macrocyclic alkadiynes and the benzelscecone complex 

(h-PhCE=CHCONe)Fe(CO)3 in boiling benzene. The Denzalacetone 

complex provicies a convenient source oi' Fe(CO)_ 
ZJ 

groups I'ree fron 

Fe(CO)LL ~rouus and side reactions were insi@.ficant. 

Truck znd Kr.011 have reoorted the cormetion of cha gellow 

crystalline complex 'K-C5R6Fe(PF3)3 on U'J irradiation of cgclo- 

pelr;adierre and Fe(PF ) 
35 

in ether. 'The cyclopentadiene complex 

(5.50) (5.491 

was converted to a cyclopentadienyl derivative, T-C d-Fe(PF 
55 

) 
32 

Y, 

172 on treatment with trieshyla4nir-m . 

Diene iron 

of the isomeric 

pentacarbonyl. 

most stable and 

methanolic acid 

tricarbongl complexes were formed by treatment 

methyl cgclohexadienecarboxylates with iron 

The 'conjugated' complex (5.50; R = Me) was the 

was obtained from the others by heating with 

or me thoxide. Isomerization was accompanied by 

hydrogen-deuterium exchange to give a monodeuterated product at 



the endo-6-9 nosition. On this -- bssis 2 T-ally1 intermediate was 

suggested for she excha_nSa process. TIR carboxyl group irr the 

2cid (5.50; R = ti) was reduced to 2 prim2py slcohol by dlborane 

tihila the zster (5.50; R = Me) WES inert toward,p lithium eluminium 

%dride. 4bstrzction or‘ a hyariae ion from eirher one ol' two 
. 

non-eluivalent positions allylic to the diene group in Ghe ester 

(q.50; R = Le) gave the corresponding ~-cgclona~~sdienyliron 

tricarboayl c2tlor.s. Uiene iron tricarbongl complexes were also 

forneu from r;!eee Lsomeric ciihyaro-o-toiuic esters z.d iron 

173 oentaczoonyl . 

. AUman-rl hss lsuleted Sever21 T-complexes from Lhe reaction 

b~ttr~een the vinylc;PSlopropane , ticgclor3.1.03her-2-ene, 2nd diirotl 

nonocLcroon71 in etl!sr. 0~2 prociuc~ concainea the ligand bound 

to the ?e(CO)4 Srotln through the double bond. .Ji second producr; 

with the same stoichiomeGrg (5.51) contained the rearranged 

hydrocarbon Foiety 2nd this complex lost, carbon monoxide to give 

2 thLrdT-cozipl-ex (5.52). T-(1 , ?-Cyclohexediene Iiron tricarbonyl 

was rormed from thsT-ally1 complt:x (5.52) by 2 r'urr;her rearrange- 

ment. Similar trsa-~sformations werme zchieved irith the iron carbongl 

complex of bicyclo[!+.l.O]hsot-2-e!?e 2nd the s~sne products were 

-co \ 

+co 

(5.51) (5.52) 

obtained by the borohgdride reduction of the (K-cycloheptadienyl)- 

iron tricerbongl cation 174. 

Sarel, Sen-Shoshan 2nd Kirson heve observed independently 



the formation of dieneiron tricarbongl complexes from vinylcgclo- 

propanes and iron pentacarbonyl. I-E%engl-I-cyclopropylethglethylene 

and its E-ctxloro derivatives .rere each heated with iron penta- 

carbonyl in di-n-butgl ether to give the 2-arglpentn-1,3-dienss 

in 55-61;; yield. 1,1-Xcycloprooglethylene gave the expected 

product (5.53) on treatment with iron pentacarbonyl for 6 hours, 

but after hesr;ing I'or a further IO hours the dienone ccjnplax 

(5.54) was formed by ring opening of' the secona cyciooropane rin, 

with carbongl insertion. The cyclohexerone derivative (5.54) 

was not formed on heating the diene complex \s.sj) kith iron 

175 oentacnrbongl _ 

"he treatment of semibullvalene with iron er-neacarbongl gave 

four iror carbongl complexes (5.55, 5.56. 5.57) anu an unstable 

yellow oil rrllich was not characterize3 176 . Irr the reaction betwear 

cyclohexa-1,3-dlene and FL3(CC),,, Jhitasides and i3udnirc have 

observed the catelytic cleavage of' the cjclone:<adiene ring anU 

e, /\ I 
Fe 

ml3 

(5.53) 

pP- GQ 
Fe 

Fe 
(CO13 

Ft3 

(CO)4 (CO)4 

(5.54, (5.55) 

the formation of (cyclohaxa-1,3-diene)ruthenium tricarbonyl. 

The latter product was favoured by a large excess ol' cgclohexadiene 

or by the use of benzene as a solvent. The cyclohexadiene complex 

was round to be an active catalyst For inter- and intra-molecular 
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(5.56) (5.57) 

hydrogen transfer reactions. Treatment of' the complex with 

cgclohexa-l,+diane at the reflux temperature lead to the formation 

of benzene, cgclohexa-1,4-diene and cgclohexene together with 8 

177 new rut'nenlum complex (5.58) . 

Treatment of 1,3,5-trimethyl-1,4-cyclohexadiene with triiron 

dodecacsrbongl gave a mixture of the endo- (5.59; R' = H, R2 = Me) 

and exo- _ (5.59; R' = Ke, R2 = ti) diene iron co_mpounds in the 

QP ‘c_ M’ ‘. _s’ 

Ru 

ml2 

1 P- 
+ 

0 
Fe 

NOI3 

(5.58) (5.59) (5.60) 

proportron i:4. Hydride ion abstraction from the exo- isomer 

was achieved smoothly to yield the banzenonium complex (5.60) 

when tbe mixture ;res stirred with triphenglmethgl fluoroborate 

while the endo- isomer was recovered unchanged. The dimethgl- 

cgclohexadiene complex (5.59; R' = R2 = Me) was also resistant to 

hydride ion abstraction 178 . I] 

The ditropgl iron complex (5.61) wnen treated with a,molar 

quantity of tetracganoethylene gave the complex (5.62). Treatment 
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of' complex (5.62) with an excess of' tetracyanoethylene gave the 

di-adduct (5.031. The initial isolation of the complex (5.62) 

Fe(COj3 

CIi 
CiI 

(5.61) (5.62) (5.63) 

indicated r;hat the tricarbongliron group had deactivated the 

cycloheptatriene ring, Lo which it WCS coorlinatek, towards 

'79 electroohilic attack . 

The reaction of tricarbonglcycloheptatrieneiron with hexa- 

fluoroacetone, l,l-dicgano-2,2-bis(trif'luoromethyl)ethylene, 

trans-1,2-dicgano-l,2-bis(trifluorometh~l)ethylene and tetra- 

cganoethylene gave the crystalline compounds (5.64-5.67) 

resnectivelg. Similar adducts were formed wnen tricarbonyl- 

(5.04) (5.65) 

(methyl-, bromo-, and phengl-cgclooctatetraene)iron were treated 

with tetracganoethglene 180 . 

The complex 1,5-cyclooctsdieneruthenium tricarbongl has been 
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(5.67) 

used as c-te source of szveral diineruGhenium tricarbongl conqlexes. 

T'e neu con~lfx~s 'rare I'orned by 'Teating the stsrr;ing nzterial 

wi tb_ t'ne apvrooriste 1 il;snd in be?zer.e. Side reactions azd 

polymer~zacion were insignlricanc e'ld hich ylelas of rjrodLtcts 

wer‘+ obteirreii nfter short reaction times (-30 &tin). Ir? this way, 

rutheniur? tricnrbonyl complexes Were prepared of 1,3-cyclohexadiene 

1,3-cgcloheskzdiene, cgcloheDtzt?iePe, tropo~e, cgclooctatetraene 

167 and sorae dic;yclic dianes . 

In order to i!lvestigace the possible intermediate for.;atiorx 

01'4- and XT-al!yl I)or.ded iron in the re action of vinjlcgclo_propane 

sys tels with iron I:srbongls, rigic tricgclic hgdrocerbons nave 

been used as st3rt:ng materials. Thus the tetrecyclodecens (5.b8) 

,yave 'she comolex (';.b9) !Jith aiircn ,lonacarbonyl. laarrrul.,~ement 

Of this product to the corresponding n‘-diene complex was inhibited 

by its structure and the intermediate role of &and a-ailgl bonci- 

in; ho iron in the formation ofT-diene iron carbongls w2s supported 

T~eakrls3t of -,ha bicyclonogatriene (5.70) t.ith diiron none,- 

cerbongl at room r;-maeraturs led to exter.sive rearrancemsnt of the 

hydrocerbon with the rormation 01' four isomeric 1~-C9H10)F~(C~)3 

comolexes together with Fe(COjL and Fi32(CO)6 complexes of' 



‘lo7 

@ @'I3 

(5.63) (5. 09) 

cis 
L 
-Cgclonon~tetrseneiror tricaroon,l (5.71) ;Jas Jrerjared 

from r;he rehctior~ of c-b_bIc;-clc[~...l.O~nonet~~erc eitner pni~r,o- 

chemically xi’;h iron oentacsrbonyl or tncrnaiig with aiiron 

no7scarboisgl. fidaitio?zl complexes isolaGea ~'rom chdce reactions 

included t.he iron tricnrbongl complexes (5.72-5.741. L?. 
Pm cl9 - 

c:,clononztetra~ne complex (5.73) was a srzble solid at room 

texpernture but et 121 
0 

it underw;;n.k eleccrocyclic rlnz closure 

to givi cis-tiihgdroindineiron tricarbongi (5.72i. 111~2 cot2ple.r. 

(5.73) wqderwent protonation gt -12ir" ill i%ll 'h-zo,C1F LO give the 
3 

l& 
r7onocgclic czLion (j.75) . 

(5.70) (5.71) (5.72) 

King, Aaiduc u?d Zavenson have continued their inv6stigatlons 

of intramolecular tr~~sannular cyclization in t;he rzectiona 

between macrocgclic ali<adigr?es arid transition nital compounds. 

Referencesp.487 
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Fe(CO)3 

da7 
(CO13 
Fe 

(5.73) (5.74) (5.75) 

The alkadiynes (5.76; m = 4, n = IL, 5 and 6; n = 5, n = 5 end 6) 

were hezt;ed with Fe(COj5 or Fe3(CO)12 to form initially the 

metellacgclo~entadienes (5.77). These intermediates tnen lost 

2 metal atom to fo_zm either the tricgclic cTclobutrdiene derivatives 

(5.78) or the tricJclic cgclopencadiengl compounds (5.79). It 

w2s necessary for on8 bridge of zt least five methglene groups 

to be present in the complex (5.77) for collapse of t'ni ferra- 

cgclooentadiene to occur. &en one bridge length was five 

(m or I? = 5) ther! .:ollzpse to the cgclopsntadienyl derivatives 

(5.78) (5.79) 
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(5.79) was preferred l&G . 

Birch, Chamberlain and Thompson have inveszlgated the 

oxidative cgclizstion of T-cgclohexadiene iron tricarbongl 

complexes (5.al). Tnus the cation (5.80; R = H,Or,e) was treated 

with acetylacesone co give the diketone (5.61; R = H,OI.le) and 

this compound was heated with manganese dioxide in benzene to 

form the dihgdrofuran complex (5.82; R = E,Of~ej. Deuteration 

coniirmed that cgclization proceeded stereospecifically with loss 

of the 6-endo-proton 166 . 

\R 0 + !/ 
i 

Fe 

(co)3 

R/ 0 < CH(COhe)2 

Fe 

(W3 

(5.80) (5.81) (5.821 

Comnounds of the type J_&Io(CO)~C~R~ IL = B(C31!2'i3)4, 

REk3:J2'i3)3, RB(3,5-I<e2C31~2H2)3 and li2a(3,5-C3;i2ti2)2] were treated 

with Fe(CO)5 to give the corresponding Fa(CO13 adtiucts. The 

starting comounds and the adducr;s were i'luxional !nolecules with 

the C '-I nine resonances appearing as singlets in the PMR spectra. 
T7 -- 

It w2s thought that the Fe(CO13 group was attached to the butadiene 

nortiona of' the C7H7 rings (5.a3)187. 
Graf and Lillga reported the electrophilic substitution of 

tricarbonyl(norbornadiene)iron. Treatment of this complex with 

equivalent amounts of dichloromethgl methyl ether anti tPtanium 

tetrachloride gave the aldehyde (5.84). Aeduction of the aldahrde 

(5.84) with lithium aluminium hydride - aluminium chloride gave 

the correspondins methyl derivative 188, 189 . 

Referencesp.427 



(CO) 3Fe 

lio(CO),L & CHO 

(5-W?) 

’75s cat ion [C6Ei7Fe (CO)j]t was shown to bahgva as &n electro- 

while uith a uide variety or' aromatic coapouncls to give tn6 iron 

carbonyl con?ple.ues (5.65; .< = indolyl, mathylindoiyl, pyrrolyl, 

r'urgl, chiengl, irrid?zolyl and ferrocenyl). The rsaccions we:re 

carried out ii wntsr of polar organic solverlts but no reaction 

was observed wit'h bsnzane, xl&g1 benzene, 
190 anisole or phenol . 

The chroxstogreohic s6caration of I- and 2-n12tho.cJ derivatives 

of cgclohexa-l,j-diene iron tricarbonyl compleses has been 

described ahd tne zite 0~' hydride ion acstraction from Lhem oy 

tribheny~ethgl NLsoroborate determined. The resulting c;jc!o- 

hexadienyl complexes have, in turf, oeen treated with oorohgciridb, 

nydroride arto morp'coline in order to define the sites of' nuclio- 

phrlic edaition. The raec-,io,:s of enanlines a_nu ketones rlith 

cyclohe:cadienyl iron complexes have also been exsminad 
191 

. 

c; 
I. (iv) (TT-C5~S)Fe(I!-C6H6) 

Iher benzenecgclooentadienyliron was heated to 40° in 

tetrahgdrofuran it gave ferrocene tSl$-). 

2C6E6FeC5YS +- (C5tiS)zFe + 2Cbd, + Fe2+ 

1-1 a similar marmer nsphthalenecgclopentadiengliron was 

converted to ferrocene 
192 . 
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Zlectron delocalization in ruchenocene and ferrocene was 

studied by the attachment or a variety of spin label systems 

to the cyclopentadiengl ring. The spin label systems used included 

semidione radical anions, semiquinone radical anions, ketyl radical 

anions and naphthyl radical anions. Ruthenocene and ferrocene 

were found to be relatively inefficient in the delocslisatron of 

electron snin density regardless of the spin lsbel employed ‘93 . 

Decachlororuthenocene has been prepared from rutnenocene by 

seven successive lithiation and chlorination steps. Each step 

involved the heteroannular diiithiasion of the retallocene vrith 

n-butyllithium-TLZDA in hexsne or TBF and addition of the lithiation 

mixture to hexachloroethane. In tne early reactions, poiylitbiation 

and metal-halogen exchar.ze combinea t.7 givs c_omple:. !U.u.r;uras ol' 

products. Decachlororuthenocene was obtained ir. 14;~ giald overell. 

In the corresponding synthesis of aecachloroferrocene, tne product 

was obtained in &2TLJ yield from 1 ,I I-dichioroferrocene. The 

decschiorometallocenes were hesaroannulzrly dimesailated rritn 

n-butgliithium ard the 1iLhio intermediates were Greated :rith 

iodine to give the 1,l t-aiiodooctschloromatallocenes. The physicel 

oroperties of the decachloro- and the inzermsdiate polychloro- 

compounds were reported ‘94 . 

Radioactive methglruthenocenecarboxylate I@3 Fiu was prepared 

by hesting methglferrocenecarbovgiate etb 103 

6. (i) (TT-c~b!4)Co(T-C5J15) 

The crystal and molecular structure of (T-cyclopentadiengl)- 

[~-trans-diuhengl-bis(trimethylsilgl)cgclob~ta~iene]~obalt has 

been confirmed by a single crystal X-rag investigatLon. These 

resultslq6 concur with the independent structure1 studies on both 
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the cis- and trsns-isomers reported by Kabuto and co-workers 
197 . 

King and co-worlters reported the reaction Of \PI~)sCSCO(CO)~ 

with ciiuhenglacetylene to give the tztraphenylcgclobuthdiene 

derivative (&.I), and with 1,7-cgclododacadiyne to give the 

tricgclicbutadiene derivative (6.2). The manganese CornpoundS 

(se)S"S[.~(~0)2?Ph3, [(!:e)~C5[."~(CO)2110]Pr16 and [(P!e)5C5YI(CO)(P10)- 

PPh 
3 
]?F6 were orepared from (Ga)5CShin(C0)3 by routes that were _ 

analogous to those used for the preparation of the corresponding 

unsubstituted cyclopentadienyl derivatives 
190 

usins C5H5"~(C0)3 . 

(6.1) (6.2) 

The photolysis of photo-0(-oyrone zund v-cgclopantadienyl- 

dicarbonglrhodium it: benzene solution gave T-cyclopentadienyl- 

q-cgclobutadienerhodium (6.3) and a dinuclear complex (6.4). 

The treatment of tho comDlex (3.3) with acetic anhydride md 

tin(iV) chloride gave T-cyclopentadienyl-T-acecglcgclobutadiene- 

rhodium which illustrated the great reactivity of' the T-cycle- 

butadrene ring towards electrophilic substitution 199_ 

(6.31 
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I 

0. (ii) c~-c5+i5~2c~ and r0i-c5+c2+ 
The nalf-wave ootential ol‘ the cobalGicinium-cobaltocene 

ccxvle at a dropoinz mercury electrode was used as ,l reference 

ootentiel against which the potential OF a class electrode 'was 

measured. This was utilized for the determination of hydrogen 

ion activity in basic media such as aqueous ngdrszine and aqueous 

ethglenediaminezO'. 

The 6 values a-d tie hyperfine structure o.arsrkLers I'or the 

orbitnllg degenerate doublet ;round state of cobsltocene ware 

determined by electron paramqnetic resonx!-Ice ~1 d comcarea with 

201 tha tkeorsticplly predicted values . 

A-l ZPR study of cobaltocene complexed with tecracyarLo- 

ethylene ITCUE:), tetracycnoouinodimcthane, 5,3-aichloro-s,h- 

dicga_no,quinone and chloranil has been carried out. The last 

:.h.re.s complexes gave only sinple line spzcsra but the spectrum _ 

of the TCliS co,nule:r was comlplex and was nssizned to contributions 

from three sources 202 . 

usvison and smart have developca a convenient procedure for 

the synthesis or the bisI'klv=lane conlplexes (t.5 and 6.0). 

Dinydrofulvalene has rormed in TRF at -72O by the reaction ol’ 

iodine uith t:;o eouivaients of Sodium cgclopentadieniae and was 

deorotonated to tne corresponding dianion wicn n-butyllithium. 

Jnhydrous cobalt chloride was stirred into the reaction mixture 

and after twelve hours it was acidified and oxidized with gaseous 

oxygen. The Eddition of ammonium hexafluorophosphate gave the 

oroduct (6.5). Different proportions of the same reactants led 

to the comblev (6.6) rather than (6.512". 

Sheets and Kirsch have described a convenient procedure for 

the Synthesis of cobalticinium 

inert atmosphere nor anhydrous 
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salts in 30-50:. yield, neither an 

conditions 3re required. ilono- and 



(6.5) (6.6) 

di-substituted co;n~ounds (6.7; i:' = T&e, ii2 = 

R2 = H; 3’ = R2 = 3, tie, C0,t-i) ire-2 prepared 

dienylthalliu? whie:h was generated in situ. 

d0 2PF6_ co 

0 0 R2 

(6.7) 

H; R' = C(12H, 

from cyclopenta- 

'i'nus methylc>clo- 

oentsdiene, cyclop.%tadiene and anhydrous 11Oki in er;hanol were 

stirred toTether to give the internediste thallium complex. A 

solution or cobalt chloride in aqueous dimet‘nglsulpho:cide was 

added to give a mixture of the three products (0.7; ii’ = he, 

p2 = &- $ = 22 L 9 - = - , I..? _ 7 ‘- ) in go;‘, feldiOk I 

Yla electroni,: sbsor?tFsn s?bctra of cobzlaiciniu! ~~-lts, 

recorded in ez'oanol at loom temperature, showed similarities to 

the spectra of the corresnonding Cerrocenes in both the number 

2nd rorm of the balds. The effec; of electron donating substituents 

in increasinG the ?lect?on densit;? on t'be cyclopzntadienyi ring 

was more important for cbe cobalticinium Con than r'or farrocene. 

?he absorption ban3 at 400 ?I!!, which was assigned to the 

+**g('2g+ $5 +I t raJsition in I'errocene, corresponded GO a similar 

transition in the cooalticiniu! ion 205. 

The interfacial condensation of 1,l f-ciicerboxycobalticiniu.m 

hexafluorophosghate disodium salt with dicyclopentadienyltirznium 

hexafluoroohosohate in nitrobenzene to wacdr mixtures gave soly- 

~bis(o_~csrbonglcyclopentad~engl~cobalt~IiI~[aicgclo?entadienyl- 

tit~ium(I!')]hr‘vafluoFo3ilosphate) (6.8). Tne t;hermal stability 
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of the polymer (6.&?) was nigher Ir. nitrogen tharl in zir 2nd it 

under:rent mien exchange in aqueous salt solutions to eive soluole 

(Trichloromathyl)cyclo~~ntediane was aicplaced from the 

cobpltocene (0.9) by treatment .iith iodine, siiver nitrate, 

(6.8) 

Q 0 

,C02-Ti 

*_ 
0 

_K 

cc1 
3 

Q 0 
co 

* 
0 
(6.9) 

tetracp2noethylene or sul?hur aio:tide . 207 

The reactivity ol' l'arrocene and cobaltocenc toxerds picric 

and tric!Cl.oroacetic acids nas been compared. .4 radical anion 

species was not Cormed from cobaltocene since tne cobsiticiniwn 

product from the reaction with trichloroacetic scid was dia- 

mqnetic. It was found that hydroxide ion did not reduce 

cobalticiniutn salts to cobaltocene although the Terricinium ion 

was reducad by this reqent 2~8 _ 

Brown has investl&ated the reaction becwaen cobeltocene znd 

trimethglsilyl halides. Cobsltocene is rapidly oxldizeu to the 

cobslticinium ion by trimathylsilgl bromide and iodide at room 

temnerature or below with the formstFon oi' Fie3S1SriPle3. Trimar;hyl- 

silgl chloride is inert in the absence of o.xygen. A cobalticinium 

suueroxide was proposed 2s the intermediate in this reaction in 

the presence of oxy.gen, it ~29 detected by tha I‘&i3 parmagnetic 

contact shift and was trapped as an adduct 209. 

Leonova and iiochetkova have reviewed the reaction chemistry 

OI? cobaltocene and nickalocene. This is a gooa review and it 

Referencfsp.411 
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has sections on, (i) substitution reactions or" the carbon atoms, 

(ii) reactions in the aide chains of substituted cobslticinium 

salts.(iil) reactions involving addition to the cyclopentadiengl 

ligand,(iv) ligand exchange reactions and (v) electron donating 

aroperties of cobaltocene and nickelocene 210 
. 

Oxygen .4as telien up by a dry ethereal solution 01' cobalt- 

ocene to form the peroxide aaduct (6.10) as an orange solid. rThis 

species had beer, prooosed nreviously as an intermediate in the 

reaction of cobaltocene with compounds containing en active 

hgdro;en atom in tie presence of o.xygen. The adduct (6.10) decom- 

posed ranidly in air 2nd slo.~lg under nitrogen 211 . 

(6.10) 

The oxygen adduct of cobsltocene, [(C5ti5)2Co]202, was found 

to be a good reagent for the oxidstive cleavage of a carbon-carbon 

bored in a-dil:e;_,cnes end o-?uinonen to give cobsltlcinim cm?bo_vJl- 

ates. The oxidation also occurred when a mixture of cobeltoczne 

and ti-diketone (or o-ouinone) was treated with molecula? oxygen 

at a low tem7erature. For example benzil gave cobalticinium 

benzoate, [(JSH5)2Co]+rhCOO-, which when treated with hydrogen 

chloride in ether produced benzoic acid and cobalticinim chloride 

in ouantitative gieldz 212 . 

?. series of cobalticinium hexafluorophosphates was prepared 

and -ased in t3e prgzparation of polyesters. For example l,lf- 
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dichloroformylcobalticinium hexafluorophosphate was added to 

1,4-butanediol to give the 1,4-butanediol-l,l~-dichloroformgl- 

cobalticinium hexafluorophosphate copolgmzr 213 . 

Cobaltocene mixed with activated halogen compounds was used 

as 2 photosensitive catalyst for the polymerization oI' vinyl 

monomers by ultraviolet irradiation. For example cobaltocena 

mixed with benzenesulphonyl chloride was used as a catalyst for 

the polymerization or hydroqethgl acrglate by ultraviolet 

radiation2'iC. 

Imai and Koisumi have used a catalyst prepared from cobaltoca-ie 

and triisobutglaluminium in toluene under a nitrogen atmosphere 

I'or the isomerizacion oT S-nlke~gl-2-norbornen69. Thus S-vingl- 

2-norbornene was converted to ethylidene-2-norbornene in 62.4;~ 

yield over 2 hours at 150 0 215 _ 

The resctivities toriards triphanglphosphine shown by 

Ii-allylcobalt tricarbongl (I'ast reaction with first-order kinetics) 

and l'f-cgclopentadienglcobalt dicarbongl (slor? reaction with szccnd- 

order Icinstics) rrere explained by IR s.~~ci theoretical SCCCi,O 

investigation of the compounds. The T-cyclopentadienyl 1i;snd 

acted as an electron donor and facilitated a build up oi' electronic 

charge in the carbonglTIc orbitals via the metal d,._ and dys 

orbitals. This led to a high M-C bond order and low C-O bond 

order as confirmed by the IR measurements. The high orbital 

population of the1.l orbital3 caused the incoming nucleophila to 

be diverted towards tna positive metal centre to give a slow 

bimolecular reaction2'". 

Treatment of m-cgclopentadiengl)(T-l,s-cgclooctadiene)- 

rhodium(I) with dip~englecetglane at 180° under pressura gave 

(~-cgclopentadiengl)(~-tetrephenglcyclobutadiene)rhodi~(i) in 

3% yield. The crystal and molecular structure of tnis Complex 

Referencesp.-?ZV 
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(6.11) was determined by .I-rag diffraction. Tha rnodium-cgclo- 

pentatiengl distzce wes 1.668 2 en.d r,he mazal-cyclobutatiene 

distance was 1.626 fi. tie planes of the tvo ligads were almost 

parallel anti the plmes of the phenyl groups were twisted with 

resnect to the cgclobutadisne ,-iAs and beret awq from the mate1 

ato&'7. 

Q 0 

Fh Fax Ph 

Yx 0 

Ph k 

(6.11) 

6. (ilT) Cobalt-carbon cluster compounds 

3e reect.Lon of' norbornsdrene rglth ,:CCoj(CO) 9 (A = ire, Ph, 

SleO$, StO,C, F) gnve 5-h-5 complexes XC0 (CO) (;lorbornadienel. 
3 7 

in contr-st, the reaction of norbornaaiene uith HCCO~(CO)~ zave 

the com3lex=s (i-12 cld &.ij) and lrith arCCo3(C0)9 md C~CCO~(CO)~ 

the norbornadi-ne dimerized to give Binor S (t.1%)21o. 

Zegferth, Efelll:ren S_TG co-workers have conr;inued tneir 

(6.12) (6.13) (6.13a) 
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LCX3 + co2(co)a - 

I\ ‘\7 CO(CO)J 

(0c)3c0<co~c~) 
3 

(6.14) 

investigations of ii!qlidynetr:cotzlt nonacaroongl co;oplexes 

and report zhe preparation 01~ a number of 1Xnctionallg substitutes 

conplexes (6.1k) I'rom dicobalt octacarbonyl ar_d alxyltrihelo- 

methanes or sl_kyldihelomethanas in TFiP. The ratio 01' reactants 

creferred 11as 9 mcles of dicobait octecarbongl to 5 117oles 01' 

alkgl halide znd the reactions proceeded at rcarn kemperature or 

on gentle htacin,- t5C") to give yields ol' up to !?&. ~orapouncis 

preoarsd by this method were as 1~0110~s: [6.14; R = 3, L/3;, 

(.?O)2?(Q), i.e3CW(0), LejSiOC(0), .dt,riC(U), X;(O), I~:e2GOC(0), 

FiOCA2, ,319 
XC(O), GO, and i,eJi] . 

In a later pacer from the same IabDrztorg evidence :ras 

ol'l'ered to support t'nis mechanism and in parr;iculsr the carbonium 

ion intermediate (6.15). Thus treatment 01' the ketones (6.14; 

Fi = CHO, COiGe, CO*) with triethglsilsn% in benzene ifi-thout the 

addir;ion of trifluoroacetic acid Cave the alcohols (6.14; 

Ii = CH.OH, ~"HOHXe, CHOh'Ph) 5rs 
2 

wes anticipated from the mechanism 

proposed. The alcohols wsre conven ient starting materials for 

the preparation of the carboniwm ions (6.15) by treatment with 

propionic anhydride and then aqueous HPF6 under nitrogen. The 

PF.- 
0 

salt of the carbonium ion (6.15; R = Se) was obtained as 

a black solid which was quite stable in the absence of' air and 

moisi;ure. The stability of the carboniwn ions was attributed to 

6-moverlap wiich was favoured by its structurs. The salts, in 

either the so;id state or in benzene solution were attachLed by 

fiferencejp.427 
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nucleoohiles such as methanol, thiophenol and. aniline to form 

the ether[61.14; i3 = CH(Ne)OPle], the sulphide f6.14; R = CH(ile)SPh] 

and the secondary amine L6.14; ~7 = CH(II~)XHI%] resoectivelg. 

M,i:-Cx_I?l? chylaniline suffered electrophilic substitusion by the 

carboniun ions (6.15; 3 = 8, Ph) to form the E-substituted snilines 

[ 
f-,.1,$:; R = CS2C6HLiZ-le2-~, C!i(?h)C R IR-le2-01 220 

04 
. 

&m 

‘\/ c ,co~co~ EL 
3 

(oc)3co(oo(co) +.i. 
corn))) 

3 
(oc)3co: co(co) 

3 

(6.15) (6.16) 

In addition to cGaI.kylidynetricobalt nonacarbongl carbonium 

ions, the accessibility of the car-esponding radical (6.16) 

has also been demonsGrated this year by Seyr'erth and Hallgren. 

Fethglidynetricobalt nonacerbongl iras stirred with ally1 acetate 

and a catalytic quantity of azobislsobutgronitrile (AIBIJ) under 

reflux for nine days to r'orm the olefin adaition product (6.17) 

in 21:: gleld. 4 silnilar reaction with ally1 ethyl ether gave 

the corrcsoonding addition product (OC)9C03C(CE2)30Et. In the 

absence of the free radicel initiator, AIBH, no reaction took 

place**', 

Seg-ferth, Hung and Hall&pan have reported a new route to 

alkylidynetricobalt nonacarbongl complexes. The readilg avail- 

able ketones (6.18; R = COalkyl, COaryl)were reduced to the products 

(6.18; R = a-1, CH2aryl) with triathglsilane and trifluoroacetic 

acid in TRF at reFlux temperature. Yielos were good and fsll 

within the range 67-925 for the ten compounds prepared. It was 



proposed that the reduction proceeded by addition of triethglsilane 

across the ketone double bond with subsequent loss of the tri- 

ethylsilozq znion erld reduction of the resulting carbonium ion 

G!l 

(6.17) (6.18) 

(6.18: R = &lR') with a second molecule 01' triethylsilane222. 

TGethylidynetricobals nonacarbonyl cluster compoads (6.19; 

K = 8, ;C = Cl, Br; K = Al, '< = Br) have bec;n r'ormsd by heating 

dicobalt octacarbongl rrith Cl 3 BiIZt3, Br3i31!Et3 or t3r3Alligt3 in 

benzene at 60°. The reaction mechanism +~as investigated by 

heating the same cobalt czrbongl with eluminirzm(Ii1) bromide in 

benzene and isolation of the intermediate complexes CojCO)6AlBr3 

end 20 (CO) _41Brz as 
3 9 ~~11 as the product C0~(CO)i4.1"P~~l~r~~~~. 

.I\lkyl and alkenyl substitutf,d methinyltricobalt enneacarbongls 

were prepared by the reaction ol' XCCO~(CO)~ (X = H, 0) with mono- 

and di-olefins in an autoclave at approximately 130°. It was 

%R, + Xcco3(co),- XCh2Ch2CCo3(CO)9 

thought that this reaction nroceedad via a radical mechanism 224 - 

Radical anions YCCO~(CO)~-, where Y = Et, F, SiKe3, IJerf3 

obtained br reduction of the parent cluster compounds with SOdiUm 

in ether. The deep red solutions of the raoical anions were 

stable for several hours in the absence of air end each gave a 

complex ESR spectrum wnich con.?Tirmed interaction between the 

Men3lcesp.427 
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uneaired electron rind r;he t:h.reG ea_ulvzlenG cobalt nuclei znd 

supgestcd that the CCo (CO) cluster was XI electron-withdrawing 
3 9 

-roupc 

? 

,?CC2?fEt 
3 

(6.19) 

Iricobsltcarb~n clustar compounas, riJCo_ iC0) 
3 9' 

d = 1?, Pie, 

Et, r’, 21, 3, hzve found application as dimerLzaGion caGalyscs 

for CFC~~C dienes. For exaunla blcyclo~2.2.1]hepta-2,5-dierrl 

~3s heated to reflux .ri~_h the c-_ r;elgst II--I methglene aichloride 

r'or 3 hours GO &:ve r;he corrss?onding armer 1.1 94% y1elc.I 226 . 

u=lo~enoa~t~~rgltricobelt enneecubozagls were treEted riith 

crjl Zrignard rez-;eri%s to $vc the corresponding aryl-clusters 

ir Food jisld. Substitution with nl>qrl Grignard reqents was 

Cri'g3r - ZrCCo3(G019- R;C03(CO)9 + Ki3P2 

not oossfble. I'reatment of the halogen-cluster coz~pounds with 

orpenolitiiuw reagents mder a carlon monoxide acmos?here gave 

the corresponding acid, in good yiald, which resulted from carbon 

(i) 2iX 

3rCcopoJg Tii, tio,ccco3(co)9 
2 

moEoxide insertion. Grignard reactions carried out undsr a carbon 

;lono;:ide ztnosphere pve the acid in small yield 
L327 

. 

/ 
I 

7. li) ~513S]2iii 

The retes of exchange of deuterium and tritium ware deternined 

for systems of nickelocene with ~e3C03B-I:reZSO-f.,e~C~K and 



0(C~,CH,0H)2-:'"3SOH-~;e C3K. 
3 

These rtitee .qere conoared !:ith the 

rEtes of excha.nEe in ferrocene, triyhenylm3thane and di?hi;nyl- 

methane. The kinetic acidity of Lh?se con?owids increased in the 

order: fcrrocene<,‘5 5 H Ir1(CO)?<th2CII,<Ph~Cii<n;c_2loc~!le. The 

kinetic isoto3e e;'i'eCL or' nick*iocene was der;srl'lined EXL~ the 

.220 
reaction was found to aroceed as a ?rotophi.lic replacement ol' h . 

,iobinata hzs used corfigurationel iilse?acci.on ct~zhnlquas to 

orobe the eiectronic structure 01' nic:<elocene. Jhsrce-trmsrer 

configurations involving lignd to met21 electron trzrsfer as 

well as locally-excited con_fiSuraGions 01' tne micrl ion ibex 

considered. In order to achieve the best correiacion betbleen 

the calculated and zxperimentslly obtained d-d GrLnaition ensqies, -- 

the R%cah parameters, the resonance integrals znd -,ne enlr;ies 

Of ;he charge-transfer csnfiguratlons were d?ts-mixed" . -9 

A fM investiL;etion of ?alycysteliine nicxeiocene arid 

chrorocene hEs cor?firmed t!lat the res;Jnarice lin;_ aha:~e xld position 

and uaramegnetism for ezch sezallocena ~2s indepenaanz or' the 

temoexzture betrjeen 1.6 ~qd 29'L. The cbserved and calculaGea 

line shaces ror nlckelocene at J+.2OK :18~e cwnuared, the b+et l'i- >- LI 

~2s obtGned r'or the case wnere -,ha aiaczronic spin 33nsitTes 011 

nickel and each carbon _-tom weye 1.5 znd C.05 ras~ectivclj 
Zjc, 

. 

. 
Symmetrically trlsl!DcLi:tit.ed ixipli. ucc:ctr sondklic:> c\Y~~~,>LYT~s 

(7.1; 4 = ::e, E!lrt) have been prepared by Salzer 2nd .,?rn+r by 

treatment of ",he a9nropriatelg l,l'-discbstituted nic'kzlocerle 

with tetrafluoroboric acid, nearly qu;ntitstive yieluz tire?e obtained 

Ti?e reaction involved a primzrg one-electron tparsfer -TICI subsequent 

radical addition, or direct attzc!< by tne protori to Live Lne diene 

(dimyl) cation [!li(C5hS)(G5Hg)]+crhich then undel'weni an ion- 

molecule reaction with a second molecule. ol' nlck~loce~le t0 give 

the product (i.1)23'. 
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The reection #>f' nickelocene r;ith phosphites (riO)3S' (R = &-ie, 

ph) and carbon tetrachloride gave the non-ionic complexes 

T-C5H41’i [!J (OR \ )]c1232. 'Ihe reaction of nickelocene irith the 

square-planer comple?r. (diphos)2?iiX2 [diohos = 1,2-bistdiphengl- 

01 0 

R+ 

Ni - 

R 0 0 

Ni 

b 0 

(7.7) 

BF4- 
0 0 

_%2P 
,Ni 

\I,Pb 

H\,-C:: 2 
2 2 

(7.2) 

I 
+ 
r-k 

2 

ohosohino)ethane, j(: = I. 91' gave the bridged bimes;aliic complexes 3 

(2S~5~?i")2-r-d'phos. The corresponding chloro and bromo complexes 

gave the novel ioni,-, compounds [cc f;~5)"i(d'phos)J2111X4 (X = Cl, 

Sr) (7.2) which contained nLckel.(IX) cations and anions of 

diffe:ent coo-donation geonstries 233. 

Tne reaction ol' nickelocene with carbon tetrachloride, carbon 

tetrabrogide or trichloronechglbenzene in the presence of zri- 

Dhenglphosphine cave (.srihalo~enomethgl)cyclopenGadiene arid the 

correspondinS m-cyclopencadienyl~triphenglphosphosphinenickel halide. 

The ar~alo_rous reaction OS" nickelocene with ally1 bromide gave 

allglcgclo~entadiene; triphenglpbosptine was not necesswg for 

the clenvzge 5.n this case. Alternative necha!istic schemes 

involving ettsck 2t efther the nickel atom or a cgclopent3dienyl 

ring carbon atom were compared 234 . 

The reection of nZckelocene with thiols Fi5.H (R = i-C&, 



t-C3Hq, C,2HoS and ~-&leC6F$ ) gave the corresoonding thioL2t.e 

derivatives (C 3 
5 5' 

Fi3R) 2 (equation I). The treatment of nickelocene 

2(C5.hS)21Ji + 2XSH- (C+-+Ji3~)2 7 2Cghi6 (1) 

with methanol in the presence of oxygen gave a deep rao liquid 

the enelgsis of rzhicb indicated manomethow nicgelocene 235. 

I1icXslocene has been investigated as a catalyst I‘or the hono- 

geneous dimerization of ethylene. At 2c)O" and 43 atmospheres 

under nitro,-en 5 hoptane solution of ethylene uas converted to 

?-butenea5. 

I!ickelocene complexes have been used as stereospecific 

catalysts I'or the oolymsrization of butaaiene. Treatment or 

nic!<elocena x1Zh an equimolar amount of either titanium tetra- 

chloride or eluminium bromide gave the correspondin= 1:l complexes. 

.rith an excess of titznlum titrachlozide a 2:l co~i?lzx was rormed 

while excess nluminium bromide gave a complax with a ratio oi' 

l.S:l, the I:1 comoleres ware also formed in each case. The' 

catalysts (P-CSHS)2rJiTiC14 and (T-CgH5)2i1iA1Br3 were used 3s 

susoensions in benzene or toluene and an inauction period das 

observed before the initiation of the reaction. At 8-10;;; conversion 

of monomer to oolymer the catalyst passed into solution and the 

reaction continued in homogeneous medium. It rras prooosea that 

the reactive sites in the orgarometallic soecies were n-allylic 

in character since (~-Cg~~)IriC1AlBr3?Ph3 was en active cscalget 

236 while (~-Cg~,-)l:i?Ph3 was inert . 

7. (ii) Nickel-carbon cluster compounds 

King znd co-workers have continued their investigations of 

the reactions between macrocgclic alkadiynes and transition metal 

organometallic compounds or 

m= 4, n = 4, 5 znd 6! were 

Refe.rencesp.427 

metal carbongls. The diynes (7.3: 

treated l;ith the cyclopentaaienyl 



(7.3) (7.4) 

r (CH2)mI 
C C \ ‘\/ , wcw3 

\ 
(oc13co~ ‘\ /co (GO) 3 

(oc)3cocc / 
c- (CH21n- 

(OCJ3Fe 1‘ 3 3 
\ I 

Fe 
ml3 

(7.5) (7.6) 

c #3mnlex, tT-C5'_'s!liC0 ) 2 and dicobalt oc tacarbonyl in hydrocarbon 

solvents to ci_ve the tetrametellic co!vole:res (7.I.4 and 7.5) 

rescectively in which the macrocyclic 2l!fadiyne structure WEI 

retained. I?? the cese of the a1!-:=4I~?e (7.3; m = n = 4) dimetal- 

lit complexes rere isolated rlrhex >nlg ona of -,he two carbon-carbon 

triole bonds in the lisand was bo:kd to transition metals 237. 

The rormation or dimztallic complexes I'rom zl-cgnec znd 

nlckelocdne or dicobzlt. oct2csrbonyl has been reported by .Jiies 

. . 
ana ..axsej. Xth l-(ohanglethyngl)-h-chlorotetrafluorobenzene 

the reagents gave C~~IsC2Ch~~Cl(IIiC~~~)2 and C6~~C~Co~,,c1Co~~Co~6 
c 

resuectivelg, t’ne acetylene group bridged the two metal atoms 

in each case. Treatment of the szme diphenglacetglene wiGh 

triiror. dodeczcarbongl gave 2 com3lex tixture 01' products includ- 

ins isomeric derivatives of the binuclear complex (7.6)23s. 



6. Ursriocene 

Streitwieser end Harmon have prepared a number or urahocenes 

with hydrocarbon substituents (6.1; .? = St, CI-2=GS, 3u", Ph, 

cgclo-C3R5) by direct rasction between tne di-aion ol' the appro- 

priate cyclooctetetrrene and uranium(IV) chloride in LZF. l,l'- 

Xethyl- and l,l'-dibutgl-uranoceae did not exchage ligands 

on heetinc for several hours in diglyme. 3Lvinyluranocsne u2s 

reduced to the diethyl derivative by hydrogen over a paliadiurn 

catelgst and wltb tne Simmons-Smith ree, rent it gave dicgclopropyl- 

ursnocene . Zhe metallocene group in tne sl!~lLr~ocanes was 2s 

labile to Oxidation a_!!~3 acid clesrege 9s the ph=tnt n.+tzllocene. 

The visible soectre of these compounds sho~;ed tathochro.mic sltifts 

which were intcroreted ?s charge trsnsrar transitions- '39. 

0 0 

R 

U 

0 
0 

R 

(8.1) 
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