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1. REVIZIS

Hlesnzyanov, Rybinskaya =2nd co-workers have discussed the
synthesis and reactions of transition metal complexes contalning
a dimstallic group with each metal bound to a common organic
ligand. Both &, T-and T,N- complexes are included®. flswby has
outlined the synthesis and cnemistry of N-cyeclopentadienyl,
T-arene and W-carborane trensition mstel complexesz. Voaniue
hzs discussed the rhemistry of N-eyclopentadienyl complexes of
the transition metalsB.

The sppliecations of MOssbauer spectroscopy to the chemistry

L

of organometallic compounds of iron bas been reviewed by ilerber™.
g ¥

The organomatallic chemistry of the transition elements reported

during 1971 has be=n surveyed by Candlin, Taylor and Papkinsb.

The chemistry of T-olerin and W-z2ilkynyl transition metal complexes
hag been revieusd by Bennent6.

The structural feztures characteristic of organometzllic
compounds have been summarized by Bryan in a general discussion
on the use of X~ray 2nd electron diffraction methods7. Bruce
hzs surveyed the electrophilic subscitutlon of hydrocarbon liganas
in N-hydrocarbon-transition metel complexesb. N-Ligand transrer
reactions aere revieded by Efraty. The review included a section
on W-cyclobutadiene transfer wnich is one of the more important
routes for the preparation of T~cyclobutaadiene meszal complexesg.

4 valuable survey of polynuclear organocobalt compounds is
oresented in Gmelin's Handbook of Inorganic Ghemistrylo. renfold
and Aobinson have discussed the structure and chemistry of tri-
cobaltearbon cluster compounds. The coordination chemistry of

the basgal triangle ol cobalt atoms receives particulsr emphasis

sz does the reactivity of the apical carbon atom to substitution

b. electrophiles and nucleophiles. The electron withdrawing
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cazracter of the cobalt tricarbonyl groups is used to rstionalizs

.ne reactivity at the apical site‘i.

2. GENERAL

The protonation of (“_CSHS)M(CO)M (i = VvV, Ilb) and
(“—05H5)Re(00)3 and their phosohine derivetives in acidic media
(,F3COOH—CH2C12) Wwas studied by infrared specctroscopy. The results
sosained in this study end other invesutigations inailcated chat
Tor cyclopentadienyl carbonyl complexes of Groups V ana VIIi elements
4ith the same ligand L, the basicity of the metal atom incrsases
i- tte series fgﬁshn(co)2L<CCSH5V(CU)3L<:COH60r(CO)2L<:Ubh5Re(CO)EL

<c5:51rb(co)3L .

Complete ligand rield perturbation calculations, including
s 'in-orbit coupling, using the strong fiela formall.sm havs been
carried out for 31(99), ge(gé) and QB(Q7) configuracions in axial
Cw syYmmetry. These results were zpplied to the interpretation or
'ne d-d electronic spectra of metal sanawich compleses «ith partic-
ular preference to bis{(cyclooentadienyl)-vanadium, -cob:zlt and
—ricke113.

The X-ray rhotoclectron spectra of ths mstalloesnes: venadocens,
¢’ romocene, mangsnocene, lerrocsne, cobzltocene and nickelocene
hive been mezsured. The expzsrimental core binding energies nave
heen interpreted uith the aid of approximzte m.o. cealculctions to
orovide a description of the cherge distribution witnin the series.
I'et electron transfer Irom metal to ligand w:s observed in each
ccse. The velues of tne metal 5>s multiplet splictings were
discussed in terms of delocalization of the unpaired electrons,
approximete m.o. calculations and eflfective values of the metal
3s-3d exchange integral derived from sxperimental data on the

appropriate fluorides. Good agreement was obtained between the
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exverimental and csleculated splittings, except in tne case of
nic'{elocene”'l'.

Begun and Compz<on have carried out a detailed stuay or the
elasctron impact ionization of metallocenes. Collisions between
monoerergetic elsctrons and rerrocene, cob.ltocene znd nicxel-
ocene geve the ions [(CEHS)EH]T,[(CSHS)NJ+ and M*, the agpearance
potentials for these ions, relative to the ionization potential
for krybpton, hsve been decermined. Good sgreement was obtained
:*ith values obtained recently by photoclectron spectroscopy. The
negative ions [(C;HS)EM]", (CSHS)", and in the cose of cobaltocerne
[(35ﬁ5)00]_, were also ootz ned by electron impacc. The cyclo-
pencadienyl ions ere rformsd a2t low glectiron energies and the
long-livad parent negstive ion of nickelocens was observed at
thermal electron cnergies, It was suggested that the captured
electron in the negztive ions occupied one ol the = or e,

1g
orbitzals of the parent molecu1e15.

3. (1) (W—deé)Cr(CD)3_

Benchrotrene derivitives and the corresponding molybaenuwn
and tungsten compounds were rormed by heating anisole or
PhCHEC:zoﬂe with th¢ zpoproprizte metzl hexacarbonyl at 1400 1°.
Tne esceczl (3.1) war heasted with chromium hexacarbonyl to give
the zrzne complex (3.2) (1%) =2nd the comolex {3.3) (36.). Hyirol-
¥sis o’ the comblexed acetal (3.2) gave tricerbonylnaphthzlene-
cnromium. Jnen 7-anti-benzonorbornadienyl acetste was heatvea
<ith chromium hexacarbonyl the arene complexes (3.5 =zna 3,5)
were obtegined. Trestment of the complexes (3.4 and 3.5) with
metnylmzcnesium iodide gave the corresponding alcoholsl7.

The reaction ol excess 1,3,5-triphenylbenzene (IP3) with

chromium hexz2carbonyl in boiling dibutyl ether gave TPB.C:-(CO)3



5 chromium nexacearbonyl

4]

(3.6). In the pressa ce 2f es.cow
TPB.2Cr(C0), (3.7) and TPB.3Cr(c0), (3.8) were formed'®.
Chromium hexacarbonyl was condensed with opuically pure
(S)—?hCchHl‘-'.ecogl-le and the product Wwas ssaponified to give the
oontically pure acid (3.9). This acid was cyclized by polypnos-

L)
vhoric acid to form the ketones (3,10 and ,'5.1‘I)‘l ‘.

el (V] A lneQ Oxe a0 Ok.e
/) I\ A \Cr'(CU)u.
Oy Or1y Oty
Gr
(C0) 3
(x.1) (3.2} (3.3)
{co)
3 -
Cp QAc [aT.¥
I\
O,
Cr
(00)3
(3.4) (3.5)

©

caac

(3.6)
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Gr(GO)3
COZH
CEZ-—(.)---H
lwe
Cr
(CD)3
(00)30r c:-(co)3
(+.8) (.9}
0 i1e H
H i'|e
O
Cr(CO)3 Cr-(CO)3
(3.10) (3.11)

Organogilicor. compounds wita cnromium tricarbangl groups
=tv2ched were prerared by the reaction of PnnSiﬁu n (g = oH,

halogen, alkyl; n = 1-3) with chromium hexacarbonyl in diglyme

fu

or in an autoclave at 160-70° <Y, Triphenylstannylbenzene-

cnromium pricarboryl was preparec by tne reaction of ctetraphenyltin
with chromium heracarbonyl in diglyme. Treatment of tne tin
derivative with mercury(I1i) chloride geve pnenylmsrcuricnloride
end triohenyltin ciiloride. 3Similariy, trsatment uith acetic acid
gave trivhenyltin scetate; tnese two reactiovns showed that the
nhenyl grouvs coordirated to chromium are more susceptible to
cleavege than those thet are uncoordinated21.

Chromium hexacarbonyl was treated with dihydroisopropyl-
naohthalenones ko give the corresponding chromium sricarbonyl
derivaetives (3.12). The exo- and endo- forms of (3.12; i-Fr

=t 2,3, positions) were prepared, when the iso-propyl group
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was in the 2 or L positions the endo rorm was obteined preferen-
tielly. “hen the iso-propyl group Wwas in the 3 position the gxo
form  was cvbt;:su.necld2

veberitz and lloth have investigaved the resctions between
phenyloyridines and chromium nexacarbonyl. Two complezxes were
formed from 2,o~dipnenylpyridine {(DPP) witi the stoichiometry
DPP.Cr(Co)3 and DPP.ZC:-(CO)3 wnile with 2,I4,6-triphenylpyridine
(TEFP) three complexes were obtained, TPP.CP(GO)3, Tre.2cr{Cco)

3
and TPP.BCP(CU)B. In gach czse the chronium tricarbonyl groups

(00)3 (CU)

{3.12) {3.13)

were (I-bonded to the phenyl groups and not to the central pyridine
ring., Chromium hexacarbonyl combined with L~phenylpyridine (PP)
to give only the G-complex Pp.Cp(co)523.

The direct reaction of chromium hexacarbonyl with 1,1~
diphenyl-i-silacyclobut&ae in the presence of dioctylamine &sv
1052 for 4,0 hours gave the T-arene complex (3.13; R = Fh; A = 082).
The same vrocedure was used to prepare the disilacyclobutane complex
(3.133 R = Me; A = Siﬂez). PMR spectroscopy confirmed thet the
geminal methylene protons in the first complex were equivslenbau.
The reactions of substituted arenechromium tricarbonyl derivatives

in a mass gpectrometer source have been studied. Seconaary ions

of the types [Ar20r2(00)3]+ and [Ar20r3(00)6]+ were shown to arise
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6 to 2 x 10_5

from ion-moliecule reactions at pressures of 5 x 10
vm Hg. Appearsncz noientials were me=zsured and wvsed to confirm
tne reactent ions and also to provide information on the Iragment-
ation paths of the sscondary iors. Th2 fragmentation of

. + - ; 25

hrDCrp(CO)3] Wwas formulated as shoun (Scheme 3.1)<°.

Fass srectrometry hzs been used to mszsure the ilonization

izls and the apbpecrance potentials for the ions that arose

cr

Doven
from t{ne sequential loss of carbonyl groups rom several benchro-
trene derivetives. Good correlations were obtained between the
values obtained for the loss of one znd two carbonyl groups «nd
both the carbonyl stretching force constant a2nd tne Hammett constani
for ths benchrotrere stbstituent. [Arene]T ilons wWere obtalned

ot energies inctermedizte betiucen those found for the 1loss of two

hy
o
ree carbonyl groupsé -

W
v
0o,
<l
n)

Information on the oonding in the complexes \Gbﬁé)ZCr,

’ HeﬂuﬂcéﬁSCr(GO)B and Gr(CO,6 wes obtained by

\s

- [Ar20r2(1333]+

d(//’// -GO -Ar

[%r20r2(00)2]+ [ArCrZ(CO)3]+
| -co | -co
[+r,cr,co]” ~Cr(50), [arcr,(c0),]"
1 -Go | -0
[Ar20r2]+ v [ArCPECO]

[ArZCr]+
Scheme 3.1

mezsuring the chemical shifts of the core ionization energies
for these compounds. In the spectrzs of these complexes the main

peaks were often accompanied by smaller ones, whose intensities
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and energies were dependznt on the structure. An attempt was

T

made to =ssign these smaller pegks™ .

M

The cryst2l and molecular structures of the tuo isomeric
thiophenotropilidenechnromium tricarb.nyl complexes (3.14 ana 3.15)
have been detzrmined by X-ray m=thods. In ezch case the chromium
tricarbonyl group wWcs bourd to the cycloheptztriene groun of the
licand. The conformations »7 .he complaxed snd free ligands
were dirfferent and isomerizatiosn o:: complexx formztion was =1so
observed, Potential mechanisms Tor these procssses wWere <:L"|.scussecia':3

X-rey and neutron diffracticn methods ~avs been used by Rees
and Co-rens to invesuvigate the detziled structure of penchrotrene
at 76%4. The symmstry of the benzene ring w:s Gy, witn slighe
bond alternation (avarage difrerence in ©-C bonda lengih 0.0172),

the shortest oonds vere trans to the carbonyl groups.

[43]
¢/}

Cr
(CO)3
(2.14) (3.15)
Semi-emoirical n.o. calculations were in good agrecment uith
the observed bond lengths. The hydrogen stomz wWere displesced
sliFntly out of the plzne of the benzene ring znd touzrds the
chromium atom by an average of 0.0BR 29.

The electric dipole moments of benchrotrene and sixteen
benchrotrene derivztives have bzen meszsured in benzene solution
at 25°. The ("T-arene)Cr-(CO)3 group moment was found to depend

on the rature of the substituent in a prscise manner. The measure-~

ments allowed conformations to be assigried to ('n’—aniline)c:-(CO)3

References p. 427
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and (F-E—phenylenedi:-_mine)Cp(CO)3 and conifirmed that the metal
wes bound to the benzene rather than the thiophene resiaue in
(“—benzo[b]bhiophene)CP(GO)3. The dipole moment of benchrotrene
wzs lower than that of (K-thiophene)Cr(CO)3 by 0.95D despite the
loter N-bzsicity of thiophzne and this was explainea in terms or
the high S-Cr bond momennBo.

Trensanrular T-T inceractions in [2.2]metacyclophene,
[2.2)pzracyclophane and 2,2'-sairobiindine hzve been studied by
me-~suring the ratio of the dissociztion constsnts (KI/KE) rfor the
eouilibpria between the bis-chromium tricarbonyl and mono-chromium
tricarbonyl complexes, &nd betueen the mono-chromium tricarbonyl
complex and the free ligand. The <equilibria for the metacyclo-
punanes are 1; (3.16)==(3.17) =~ Cr(co)3 and 2; (3.17) =(3.16) +
Cr(CO)B. in this case the ratio K1/K2 = 9.0 * 1.9 which suggested
that thsre uzs no interaction between the benzene rings. These
resrlts were suppcrted by the IR carbonyl stretening frequencies

31

for the chromium tricarbonyl complexes
Benchrotrene znd its derivacives form charge transler complexe:s
w#ith electron zcceptor species suzh &s tetracyanoethylene (TCHNZ)
and 1,3,5-trinitrobenzene (TiiB) but do not combine with electron
donors. The charge-transfer transgition energies in the complexes

were determined znd used to obtaein the ionization potentizls ofl

(CO)3
Cr

Cr Cr
(00)3 (co)3

(3.16) (3.17)



(3.18)

the parent benchrotrene compounds. It is sugeestad that in uLhe
czse of TC. S interaction between the chromium atom zna one etrectron
donor is of major importance while with TiB the aonor interacts
most strongly with the T-benzene ring of the organomstallic
compound32.

In an attempt to determine the rclative importance of steric
and electronic effects of chromium tricarbonyl parcticipation in
the solvolysis of E—[(ﬂ-aryl)chromium hricarbonyl]alkyl derivatives.
the acetolysis and formolysis ratss and rroducts for these reactions
have been studied. The chromium complex (3.19t R = H) was ten
times more reactive than tne rree ligend ana the conmglex (5.19;
2 = Me) was six times more reasctive than the free ligand towaras
acetolysis at 90°. These resctions proceedad without rearrange-
ment while the formolysis of the complex (3.19; R = Me) gzve 17w
of the (JT-phenyl)chromium tricarbonyl-migrated product. LEstimates
of anchimsric assiastance to product formation were made and the
results were rationalized in terms of electron donation by the
T-complexed group33.

Treatment of the ketones (3.20; rR' = Me, OJie; R2 = se, Ph, =t!
with the Grignasrd reagent gave a2 mixture ol twWwo diastersomeric
alcohols (3.21 and 3.22; RZ = Me, OMe; R- = re, Ph, Bt). The

reduction was stereoselective and the proportions of the two

products were determined by the nature of the substituents R1

References p. 427
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?
(:) cacﬁzosodhe
Cpr
(b0)3
(3.19)

and RZ and the Grignard reagent, Thus the methyl kKetone (3.20;

2
R1 = Obe, R™ = Me) with phenylmagnesium bromide zave the alcohols

2
3,21 and 3.22; R! = OHe, R® = Me, RS = Fh) in the ratio $3:7

wirile the ketons (3.20; a' = R

2

= Me) with ethylmagnesium bromide
reve the oroducts (3.21 and 3.22; 31 = R2 = He, 33 = Bt) in cthe
oronortion 6:923h.

Tne mechanistic interprstation offered by tae authors iusas

supsorted by an X-razy cryst:llo_raphic decermination oi the struc-
1

tures of the aisstareoisomeriec alcohols (3.2% and 3.22; 2 = e,
Z 3 . - - - .~
R~ = Et, R° = rh)35. The selectivitics observed in tmne Grignard

reaccions ard the hydride reduction of the ketones (3.23 and 3.24)
were explained in terms of the prelferrsd molecular conformations

of these comoounds which were determined {rom the X-ray crystal

and molecular sbructureszé.

Juszuso0y and co-wor<ers bave nouw determinad the crystel

structure and stercochemistry ol one of tone diastereoisomeric

1 1 1
R R R2 R R3
TARe 33‘.' X / /
JO0R _rhea CI.-.0B + C:---OH
N 3 A 2
Cr Gr R Cr R
co c0o) ., C
{ )3 ( )j (bu)3

(3.20) (3.21, (3.22,
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forms of the z2lcohol (3.25) by L-rey diffraction. The structure

obtained supoorted the mechanistic schemnes presented in esriliier

bapers mentionad above37.

X-ray crysial structure metnoas were usea to determine the
2bsolute configiration of the (+)-2-methoxy-(1-hyaroxysthyl)-
benchrotrene enzntiomer of melting voint 70°: the gbsolute
conficuration uas (13)-2—mer.hoxy-[(S)1—hydroxyeunyl]benchrot.rene36
Rate constants were obteined {for the solvolysis of Rcoﬂuche201
[R = H, E-PhCP(CO)3, E-Pn] and CP(CO)BPhCHeZCl in zmqueous zcetone
at =15 to +25°. The rate of solvolysis of the cumyl chloride
containing the Cr(GO)3 group was 28 times Taster than tnat of
cunyl chloride, and thatbt orf Cr(CO)jPhGheZCl was 2.b times Iaster
than PnCile,G1°7.

The pH d=spendence of the kinetics of the hydrclysis of
PhCH=206HhCr(CO)3 and other Schifl bases ua3 studied polaro-
grachically. 1In zcid, the protonated bsce was attzeled by water,
In uza2kly basiec medie, hydroxyl ion attacked the protonated pbase,
while in strongly bssic medi:z the hydroxzyl ion attazcxed the free
baseuo.

lzte constants have been determired Cor tne decowposition of
benchrotrene and (Tr—cb'ﬂé)c-:-(cJ)ZPPh3 to benzene in cyclohexsne

1 e
respeccively.

at 25°. The values =re L x 10"3 end 1 x 1077 min~
Progressive changes in the UV soectre of the compounds during

the reeactions allowed the band =zt 315-325 nm to be assigned to
the (“lC6H6)Cr groupu1. The voltammetric oxidetion of arens,
cycloheptabriene, and cycloheptatrienyl tricarbonyl complexes of
chromium wzs investigated. The W-arene chromiwm triczrbonyl
comovlexes underwent two one-clectron oxidation processes. The

E: vzlues for the oxidatlion waves were aependent o: the nature of

F)

the substituent in tne bencene ring bubt they were independent of

References p. 427
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ring substituenb nositional isomerism. There was a linear
relacionsnip bevween E%(complex) and E%(free arene) end between
E%(complex) and the ionization energies ol the complexes
[(ﬂlcéﬁnﬂe6_n)cr(co)3] and of the Iree =zrenes. Tne cyclonepta-
triene and cycloheptatrienyl cnromium tricarbonyl complexes
studied underwent one electron reduction processesha.

The chromium tricarbonyl complexes, Phﬂﬁﬂcr(co)3 (R = H, khe)
were treated with M(CO), (m = Cr, Ko, @) in echanol ana irradaiated
with ultra-violet light. Complexes of the tyve (CO)BCr(PhHHR)H(CO)
were formed in which the benzene ring was T-bondea to the cnromium
and the HHR group w2s G&-bonded to the metel }#3. The ortho-
metallztion of the chromium tricarbonyl complex of benzo[h]quinolin
with msthylmanganese pentacarbonyl has been cerried out in toluene
to rorm the mixed metal complex (3.2&6) in 355 yieldhh.

Stnylbenchrotrene was treatecd with tert-butyllithium in
pentane-TEF Followed by ceric amronium nitrete to give a mixture
of m- end p-ethyl-tsrt-butylbenzene in the ratio 7:2. rhe free
lig-nd was alkyl:ted with the sare reagent only under rorcing
coraitiors snd the electron withcrawing chromium tricarbonyl group

1
in the complex facilitaces nucleophilic z2ctack on the benzene ringq'

Mo
b1 \C=0-\
OiMe H
COMe o” OH
Cr Cr Cr
(00)3___ (CO)3 (CO)3
(3.23) (3.24) {3.25)

rercuration of benchrotrere was achieved by heating it with

mercury{il) acetate in ethanol under an argon atmosphere. The



361

oroduct was treated with ethznolic calcium chloride to give
(TI'—CéH,SHgCl)GP(CO)B in 43/ yield. The compound railed to sym-
metrize with sodium thiosulphsastej instead cleavage of the carbon-
mercury bond was observedu6. The reaction of chromium carbonyl
with diarylmercury derivatives (E‘xcsﬁu)zﬂg (X = LSZN, 1ie0, Me,

H, F) gzve the chromium carbonyl derivatives (3.27). Tne infrared
svectra of these compounds shoued a decrsasing electron donor
sbility of X in the order given. Pyrolysis of (3.27; X = H) gave
Hg, Or, FhH, ?h, and non-volatile pr'oduct.su.?.

Jhite and Faron:z hove showm that (-toluene)molybdenum
tricarbonyl acts as 2 homogeneous catazlyst in the Friedel-Grafus
2lkylation, ecylstion, sulpnonation and volymericzation of benzenoid
aromaztics. The catalyst mey be added directly to the reaction
mixture or generated in sitn from toluene and molybdenum hexa-
carbonyl. Evidence was presented to support ilonic intermediates
and several mechanistic possibilities were discussed. (l~Arene)-
molybdenum tricarbonyl catzlysts were comparable in eiliciency
with 2luminium trichloride but were more conveniert to nandle,

L&,49

store and recovenr

n

Chromium hexacarbonyl was heated «#ith a series of inaans

(3,28; R = H, lle, X = CH R =H, X = Cre Sinee) to give the

2’ 2’
complexea (ind;n)Cr(CD)3. The LR szectra end thermogravimetric
50

curves uere recorded for these compounds” ., The ctoromium tricear-
bonyl complexss of 9,10-dihydro-1,Ul~-disubstituted-9,10-0-benzo-
anthraecenes have been prevared by direct reaction between the

lig=nd and chromium hexacarbonyl. The 1,i-aimethoxy complex

was isolated as 2 mixture of two isomers separasble by liguid
chromatograchy which had the chromium tricarbonyl group directed
toward or away I'rom the methoxylated ring, the 1,h4-aimethyl

complex existed in three isomeric forms’1.
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N\
X Hg
(23)3 . R R
(3.26) (3.27) (3.28)

4 series of ct2ble malcic anhydride (025203) complexes of
the general type 4ArCr(CO). CuH,O3 (2.29) uere prepared photo-
cggmically from -‘err(-JO)3 and mzleic snhydride. A comoarison of
the infrzred and 1] asca Tor the comdounds .;r-Cr'(Co)3 and
ArCr (S O), h i,05 irdicaved that tne M-bonded maleic annydride was
g more oouerful =lectron uighdrauinz lig=nd in tnssge compounds
thzn czrbon vonoxidesa. Thz resction of polymsthjylaced arenc-
crromiumtricaroonyls CP(GO)j(COFeé_an), n = 0 - 3, wich .:UPF6
5ave air-st=bls, yellos sazlcs [Cr(CO)QZiocéheb_nﬁn)]PF6 (3.30).
fttemobs to prepars cationic arenechromium scecvylene nitrosyls
rrom Gr(CO)g(?hCECPh)(Céheé_nﬂn), n =0 and 1, and nOPF‘0 afforded
the hydrido complexes Cr(d)(CO)_(PhC=CPh)(C.te,_,H ) BF, -  Ine
trentm=nt of the cations (3.30) with nucleopniles (£ ) gave
neutral substituted cyclohexadizryl comvlexes of the type
orl20), (10) (C ke, _ H_X)73.

Boiw.dern 2nd Colton have prepired the interesting binuclear

T-complexes (3.31; Ar = Ph, r! = g2 = H; Ar = m-tolyl, Rl = Ma,

32 = H; A&r = p-tolyl, F:ll = d, RZ = Me) by treatment of chromium
hexacarbonyl with the appropriate triarylphoaphine in decalin
a2t the rerflux temperature. The normal mononucleer coxnpounds
(“ltriarylnhosohine)Cr(CO)B, were formed as intermediates in the

reactions. The bridged complexes (3.31) were broken down by

czrbon monoxide in chloroform at room temcerature and pressure
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to form the simple coriplexes (triarylphosphine)Cr(CO)Ssq.

The crystal znd mol:scular stwruccurce oi the aimer
{DN-Gsﬁs)r(Céﬁg)g]Cr(CU)Z}z {3.21) has besen investigaced by
X-r=y crystallogcranhy. '‘fne molecule contnins two CP\C(J)‘2 SPOUDS
bridged by two triphe.iylphosrhine grouons where each tripnenjl-
phosschine zrouu is pbondzd to one chromium stom by pnospnorus and
is involvad irn N-benzene bonding to the second caromiun Etom-s.

Jeouen znd NDabard have discussed the elfrect of substituting

in

12}

PPn,, P(dhe)B or P(-:)'_-‘.';)-_) for one of tne carbonyl groud
2
b=nchrotrene snd banchrotrene derivatives. Tne decrecze in the

terminzl caroonyl IR stretcning frequency ror the esters [3.32;

R1 = H, 3% = he, X = ?PbB, E(Oalujl)B] from that for tha bencnro-

2

o

trere cster Ww-s 24vlaired in terms of an incres

or. chromium ana incre=zsad i«—>C bsck aonacion. Inhe pil values

R1
R
2 5 1 " 2
R ”‘\Pz @)%
M )
I3 0 - | L.r'k.-U)d Cr
(CU)ZCI‘ I'~_;:/ (Ou)zb!‘ (CO)Z-‘-
a- \r',/o Er F RZ
V/4 2
J
R1
£3.23y (3.2%) (z.322)
for tne zcias (3,32; &l = RS = B) inereased in the oraer orl
the substituencs, X = CO<<P(0he)7<:P(UEt)3<:rPh356.
o

Tne chemical prooertiszs of bgrchrotrene are also modirlied
by substitution of }R3 for 80, thus tne zster (3.32; R1 = he%C,
. 3
R = le, X = PFbB) Wwzs reauced rapldly and guancitatively to
the corresponding msthyl complex. By contrast, the znalogous

benchrotrene escver wazs reduced slowly ana incompletely under

References p. 427
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P . . . T . .
tne sg2me conditions. Substituznt consvancs (G ) were determinea

for Cr(30)3, (+0.6t) 2rnd CP(CO)EF(duB)B, {(-0.53) Irom Ii carbonyl

sy
3
A
Ke]

uer.cies for the substituted u=2tores (F-thOne)Cr(CO)2x57.

The r-te or hyarogen excaange in tvre T-bs:-zene ring or
CP(S')EEFhB, using CFBGJZD, Was aobroximavely tares timss

3 fast of with bsnzsn~chromium tricarbonyl. This was atitributed

to the inecrsased nucleoonilicicy of the aromeiic ligznd. «hen

o’ & tripnenylohosonine lirfend racvarded tne rate of nyarccen
exzcnance abzutbt twenty cimes. In tnis case tne rsaco-on wWas
conzidered to be proosphil:c hyarcsen eKCnanéeBU.

The triphanylborine edmolex (3.33) was jreparsd rom bromo-
diohenvlborene &.d t':[('Ir-:Cas)cmc\z)J]d in cyclohexare. Boron-
bo-dir- -as uwezksr ir che comples (>.3,) than in
trivhz-yilborane” . The tricarbonyvlchromiwn derivacives of hexe-
antamet1vl~, B—munoetnylpentaneahy{;_gnq

2zinz .Lere preo-red. ©rne infrereaq,

24
1
et
'3
13
[
ot
S
]
]
1
w
i
cr
)
l-j &
1
r
o)
e
= T
1
o
¢}
Lp]

;17 snd visible-uloroviolzt sceetra O tnese complaxes ere
interorceted in verwrs o ¢ buc':éred borazine ring &-b.ndea through
the ring vigroszn =2toms. The resulus surgested thot uher the

borzzine ring wis comolexed to chromium it was =z po;rar'w-acceynoz

than the corresponding areneoo.
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S B + ~oos N '
3. (11) [W-(s 8, )6r(C0),]", (W-Co g )Cricu),
The molecul-r orbical aiagrams for several daimctnyl- =2na

trimeuhyl—cyclonepta[c or b]thiopnenes (such as 3..4 -nd 35..55)

] S = B

- ~ =7 = e a2 [ N ro. - R [P | — PRI s - I BV N
‘1 CalCuUullTLEA DYy &N w-=-"uc..cl JCeilJa rrorasrr Lo cAlialn

b
=

a

re be:s

f

14

the nature -nd characteristics o tne products obozined by
treatment of the cycloheptzthiophenes with chromium nexacarbonyl
The structures and conformations ol cthe T-compleses ucre rouna
to show gfooa correl:ztions uith the calculated varamecers of the
ligands. In the s:me way, the cnsracteristics o the tniopheno-
tropylium ion Tormed in each series wWere correlatea Jitnn the

- o1
strvcture of the only W-complex Tocrmed in each case .,

4;]

(3.30L) (2..5)

The cryst=ol zrd molescular structure orl ﬁj—cyclohepta—
trienyl molybdenurm complex (3.3%) has peen determined Ly single

crystal X-ray diffr

@

ction msthoas., the cycloasptesrienyl ligand
is a trinapto cpecles. Tne moljoderwnm-nicrogen-boron ring in
the bidentate pyrzzolylborate group adovted & boat conrormatcion
wnich permitted a 3-H-i.o three-centre two-electron bond and
allowed the metal atom to gain the eighteen-electron configura-
tionbe.

Clark znd Pelenik have determined the crystal ana molecular

structure of NW-cycloheptatrienyliumtricarbonylmolybdenum tetra-

rluoroborate by X-ray difrfraction. The cation (3.37) had the

References p. 427
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expected 'pieno stool!' arrarcement ~ith the plenar seven-memberea

ng 2s the !seat?! and the thrse carbonyl groups as tlegs!'. [he

"

e

~C distz—rces ir. ths cycloheptatriznylium ring fell within the

Q

range i.368-1.L25% {(average 1.&002) which were similar to those
found in other cycloneptatrienylium complzxes. The metal stom

was zlrmost aguidistant from each of the ring carbon atoms, averase
2.31&3, whils the molybdenum-ring plone dista..ce was 1.u50K.

Th2 molybdenum-C{cz=rbonsl) i;2s found to be 2.0322, the longest

get observea in =2 molybdsnum tricerbonyl complex. This observacion

coupleu «~itn the ragner shorc moliybdenum-C(ring) distance

3 & I'Q,
Np—u” 0 R\ o
\ (CO) .
N 3
(3.36) {3.37)

indicated 2 strorger tnan normal interaction oetueen the macal
atom and tae ringbB.

The reaction of [1h] ennulene with ctriamminetricarbonyil-
chromium rave hexicarbonyl-trans-oa,l12a-dinydro-octalenedichromium((
(3.38). The preaction of monodehydro[1h]annulene wich uvrizceto-
nitriletricarbonylchromium gzve tricarbonyl-i,k-dihydroohenanthrene-
chromium(0) and cricarbonylphenanchrenechromium(v). The erystal
structures oI these complexes ware determined oy K-ray diffractionou

rrotonation of bicyclo[o,1,0]nonatrienemolybdenum tricarbonyl
(32.39) in degassed HsojF—SOEPZ at -120° gave tne rearranged product

(3.40) where tne =2daitionel pbrogon was bound to molybdenum. The
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metal atom wes G-bonded to carbon(Z) and W-bonded to tne penta-

_
(=3

dienyl group, carbon(l)-carbon(7) .

.

CP(GO)?

H
—_—
I.o
(co),
(z.38) (5.39)

3.0 (111) (M-S K ),
- =0 - R s s (T b e R

onies [‘;?d(g)] o the gzssous bis(T-benzene

comclexes of vanidiuwn, milybderum and tungcien uere cslculated in

the rigid rotor-harmonic oscillator aprokiration. 1Tane values ol

e . ; " = =261°d o f so -

“he Stanaara entropies ol ths =olid compounds L3298 (s) vere

obtained using previously oublished gata. Tne results obtained

M O

~ -0 = - . 5 e — s e 3
for 5208(g) vere consideraosly nigh=r Ttnin those for S ) and

n

96
litcy

fn

thls was =2tbtributed to the hich symmetry =-nd nhigh st:b
of the comolexeséb.

Solid stacte transitions of bis(arene)chromium nelides were
studied by likolzev et al. The spscirlie neat against temperature
plots for bis(ll-penzene)chromium chloride, bromide end iodide and
bis(Tf-mesitylene)chromium iodide exhibited brez:s or maxima at
14C, 230, 240 and 255-262°K resuectively. These discuntinuities
wers czused by tr:snsitions in the solid stateé7.

A calorimetric mevhod has been used to decvermine standerd
enchaloies of combustion snd Tormation togethner witn mearn bond
dissociation enzrgies for the following T~arene complexes:
bis(WM-ethylbenzene )chromium, bis(W-o-diethyibenzene)chromium,
(T-iso-provylbenzene) (T~o-diisopropylbenzene)chromium and

bis(ﬂ-o-diisopropylbenzene)chromiumbd.

References p. 427
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The tnermal decompositior of bis{VM-benzene)chromium in airp
or in an inert atmosohere was facilicated by chromium(Il) iodide.
The reaction mechanlism involved tne initial loss orf benzene and
formztion of W-PnHCrl uwnich was oxidizzd to chromium(Iii) oxide
in s2ir. 1In the cbsence of air the intermesdicte gave bis(T-
benzene)ehromium and chromiumiii) iodide, the former finslliy gave
metellic cluromium ana benzene. 1Increesing =lkylztion of the
sterting material by msthyl ¢nd ethyl groups c.used zn increase

. . .. O
n the temperature reouired for thermolysis 9.
1

1=

¥l
3
<}

vsis of the bis(erere)chromium phenolates [ Delil;
R = H, L = s20K; X = O, L = 3.# (04};; 3 = 49,, L= ;_n_-oz-.cbuuus]

~3ve 2 mizturs of benzene, phenol or the monosubstituted phenol

nd Sr{ ! H, 1}, torether with minor amounts of bis(be-zcne,-
caromium zrd nyd-orer, - a:sprosortionztion mechznism was
nrososed for the zim-lest sherolate (3.21; 3 = H, L = Phuh},

Cxiczgion of bis(berzene)cnromium oy pherol wzs obszrvea at
2000 with the evolutisn >f hyd»ozer and loss oI the sandwicn
structurs to forn cthe phenolate Zr(ucbhun)z. The phenols orf

cidity were most active ia the oxigation end 2n the

-
e
3
o
5]
cr
1]

cz3¢ of m-rigroosh2nol nearly auantitative Tormacion o anenolace
Cr(JcéHuR)Z and benzenre w:s achievea7o.

Tre obyrolwysis of bis(ethyloenzene)cnromium at 160, 170 and
150° gave etbyvlbanzene ana CP7C371. The tnerm=l decomposition
ol bis(benzerelerromium Wwas studied at 3&0-&000 and 10J-300 rm
aressure. The pyrolysis was autocatelytic and the rage was
unzffected if the products of pyrolysis for exemple chromium znd
benzene, were coated on the vessel walls, This indicated that
the effect of the conromium atoms was only important at the instant
they were released. Bach mole of substrate gave more than two

moles of gas. The gases released included hydrogen, echylene,
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methane, etharne, propvlene, propane and toluene together with

2
traces of butzne and benzeneT“.

fyrolysis of bis{M-benzenel)ehromium and ics symmetrical ai-,
- - [v] -
tetrz- =2nd hexe-=thyl derivatives at 3LC-400° and 1JU-39u mm

oressure gaeve the I'ree ligands CéHb' GéHBit’ 06H45t2 and Cén35t3

(=.h1)

togethe» with cnromium, Up to 5. conversion w-s scnleved and
the reaction obeyed first order kinetics wiilh an sctivacion
energy of 22.5 keal mole” (3. Thermal decompusitios studies
ard measurements of the heats of reaction with iodine vapour
were carriea out ror bis({benzenajc..romium, bis(benzene)cnromium
iodide =nd sorme (arens)cnromium tricarbonyls usin, hizn temper-
zture microcolorimetry. fhe stanaard sntnzlpies of formacion

1

o] -
Aﬂf(cpyst,/kc&l mole

+30h; Cr(céﬂé)ZI, +12; Cr(Céﬂb)(GO)B, -106; Cr(CbHSCdBJ(CO)B,

obtzined were as [ollouing, Cr\G H, ).,
o b’z

-112; Cp[06(CH3)6](co)3, 1715 Cr(cyclo-3,Hg)(G0) 5, -Th. The
total entnzlovies ol disruption of the Cr-ligand bonds in tnese
molecules were calculated. For tne (arene)caromium gricarbonyls,
the ligend tinding energy wss increased substanticlly by rsplacing
benzene with hexamebhylbenzene?h.

The formation of bis(tetrahydronaphthalene)chromium iodide
and benzene(tetrahydronaphthalene)chromium iodide from chromium(Iii)

chloride and 1,h-diohenylbutane has been reported. chromium(iil)

chloride, aluminium chloride, aluminium dust and 1,h-aipnenyl-

References p. 427
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butare wWare neated to refllux in octane, taoe reaction mixture usas
tr=ated uith acueous-methanolic votassium hydroxide and f{'orm-
~riidincsviphinie acid ana then witn opotassium ioaiae., The :.roducts
rere seoerated by chromatvogranhy on alumina75.

~he siwvoxiaztion of bis(ethylbenzene)chromium u-s investigated,
et 172 over = p=riod of LU hours acetonh=none (7p), cthylberzene
(3,%) aand ~n unstable solid ((Phﬁt)ZCp]ZCpOu ware formed. The
unstrble solid g-ve ethyloenzene on further oxiastion. 1t uas
cocluded tnat Tn=2 autoxiaation was 2 bimoleculer n:zcverolysis

reaction nassing tirougsn an inssrnzaliate complsx which decorposed

76

to give etnyibznzsne and acecovhe:nione by osiaation The

autoxidacion of (W-diethylbsnzene)(W-ethylbenzene)molybaenum

L'}

- (o) - .
oroce=2dea cmoothly, even at -70°C to give ethylbenzene,
diethylbenzene ard on oxide of molyodenum in .Juenticacive yields.

The reection wge first order in oxyger and in the arene comblex.

W

ree rzdical innidbitors did rot afifect tne race ard the soLid
orodqucts o' the reaction did nug cacalyze 1577
The futogidzsion of bis(ll-benczene)chromium end ics di- a:rd

tri-ethyl derivacvises proceeds readily in dry nydrocarbon solvents
=zt room t=-peratur: by a2 second order heterolytic reaction to

give free ligard 21d = solid product [(Ph_"-i)ZCr]ZCrOL._. A Iree
redical mechanism wes excluded ar.d the reaction was catalys=d

76

oy uvater .

Tre zinzties of the autoxidation of bis(benzene)chromium

Wwes studied at hOo in p-xylene at concentrations of 1.Lh-4.6 x 167¢

moles/l end zn oxygsn pressure of 3100 mm. The activaetion energy
for the reaction was found to be 22 kcalfmole

The mass spectra of bisarene chromium compounds JCrar,
(ar = 0656’ 06E5053, xylene snd mesitylene) were recorded and

+
the arpearance potentials of Cr were determined. The relative
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abundar.ce of' the ions decreased in the order GPLT>\}I‘L2+>UI‘+-
The relative intensity or Cr+ decreased wnilst its appecrar.ce
ootential increased as the number of elkyl groups incrsased in
the benzene ring of the ligand. Tnis indicated tnat the strength
of the Cr-ligand bond increased in the same direction 0.

The ESR soJectra of the mixea sanduich compourdas (3.u2 and
3.i13) have been obzained at -150° in solid solution and at -55°

n liguid solution. Good zgreement with the ctheorstically

O
cr Cr flb_ Cr Cr
(3.42) (3.43) (3.by) (3.45)

redicted svectra was obtained. The wids lins ‘H Lt Scectra

9]

of ths csolyecrystelline solid comoounds were also messured.
Tnese results TOgosher JWitn previously zublishzd data for the
bis(M-benzene)cnromium cation were used to compare tiie magnetic
parameters of the complexes with trne ring size of the aromatic
ligands and the total charge on the moleculeal.

The X-rzy —hotoelectron spectra of the chromium complexes
(3.L2, 3.u4lp and 3.45) ana the hexalflucrophosphate and tetra-
fluoroborate szlts of (3.4 end 3.45) snowed that the chesmical
shifts of the electron oond energies is <{0.5 eV. Therefore
the charge distribution between the ligands in the complexes
(3.L2 and 3.b5) was nearly bzlanced. The chromium atom was snown
to carry a partisl positive charge sven in the neutral complexesda‘

Cocondensation of caromium atoms with zrenes gave good yields

of bis(arens)chromium complerss, Conventional mernods of mzking

References p. 427
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bis(arenelcirromium comalexes faileda when the arene possessed a
stronrly electron-urthdarauwing subsctitueni obubt with the coconaen-
sation m=thod cnlorobsnzene, flucrobenzene znd even p-dirluoro-
benzene fave bis(zrenejcaromium COﬁpOLnde3. Bis-T-arcune
c.relexes of molrdbdarum were s2pzrated Trom erom.tie nydrocarbons
and vurified by disczillation urdsr reauced pressur;bu.

Paviilt and A1ictorka have investigated T-complexes as
catalysts in homogerous polymerizacion and nyarosenacion.

s\Tf-ber.zene)chronium was usea in the volymarization of eth,lene
in neptane at 2507 ana 2uo atmospaeres of nitrogen. A trans-
volyrer was obtainzd with a molecuilar uzight of 37,000, ‘fne
selective nydrogenacion of HeCd:CdCH:GhOzne to [ReCH uﬂ CGhCA uudna
w33 acnieved with senchrotrene as she cacalyst, aistw—benzene)—
chromium was zlso us=d for selective hydrozenation, in the
oresence of hydrogen and cerbon moroxgide, tne eoffective catalyst
uas (M- 25Hg)Cr(CO) 3Ebb.

The concentrazions of trace elements in m:tals may be
sigcrificartly reducea hen the menazl is converted o an orgzno-
metzllic compourd. ion-transition metel impurities in particular
were reduced u.en i transition metal was incorporatea into a
TM-complex. Ariong =“he systems investigated was the formation ol
bis{W-ezhylbsnzere)chromium from cnromium{(Ili) chloride, aluminium
and ecthylbenzen 66,

Bis(f-arene)chromium compounds «ere found to be active as
catalysts in wne coupling of alxyl and eralkyl nziides to form
dimeric croducits after the elimination of halogen. Thus 3 benzene
solution of thCHvl containing (- Phdu) Cr gesve Ph »CZCHE h (66%)
and similar reactions iere carried out wich Phcﬁzcl, Pn3CCl,

ZH -LanZBr and Mel. Using the same conditions FnCClB gave
Ph03120012Pb while Ph20012 gave Ph C:CPh2 and ethyl iodide gave

a mixture of ethane and etnylene°7
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b.  (M-CgHz)in(C0),

Xirchner, larks, Rrisctolf and Ibers have used the L-ray
technique to confirm the btrens configuration (4.1} for the dimeric
cymantrene enzlogue [CW—CSHS)Zhn(CG)(NO)]Z. One of the bridging
ligands was a carbonyl and the other a nitrosyl group. 1in

solution the compound existed as a mixture of cis (w.2; L = GO,

HO) and trans (4.13 L = CO, 1O) ligand bridgea aimers in dynamic
eaullibrium. Cis-trans inverconversion and bridge-cerminal
ligand interchange occurred througrh symmetrical bridgs cisavege
Tollowed by rotation zbout the metcl-meval bona. Bridge-terminal
ligand interchange was faster for the trans thoan for the cis
isomer and these two reactions were fester than cis-trans inter-
conversion, The equilibrium constant K = [tpans]/[ggg] varied
from 2.1 in DMSO to ~"1.& in cyclohexane, the thermoaynamic

persmetsrs for the eauilibrium J“ere AK = -J.16 kcal mole_I,

-1 -~ O n = - &
A3 = 0,93 eu, AG = -0.Ll; keal mole at 29871, Comporisons wich
the isoelectronic chromium 2rd iron comblexss Jsre madeO“.

perallel investigation Adams uo.d Cotton propose similar

i

n

n

macnenistic scnemes to cccount {for the PHR spectra ol the compounds

as
(L.1 and L.,2; L = GO, NO) &nd relzctsd iron compow.ds .

Q- Q. O

L
rn n bwf/ \\‘Mn
N, 7

L/ \L/ @ l;/ ~

(4.1) (4o2)

L

The crystal and molecular structure o (cyclopentadienyl)-
dicarbonyl(triphenylphosphine)manganese has been determined by

X-ray crystallography. The molecule had paremsters that were

References p. 427



374

elmost identical with thkose of CSH;hn(CU)3 except for the Mn-C

bond lengths which znanzed from 1,60 to 1.73%. ‘fhe P-pin aistance

n

of 2.23&3 and the unchanzea parameters [or the .‘.n--C,:_E5 group
confirmed -Zhe strong electron donating pouer o tne cycloventa-
dieonyl grouogo

Tns X-ray ncthod nas been used to determine tﬁe crystal and
m>leculsr struccture ol W-cyclopentadienyl-G-methylrhenium
dicarbonyl bromide in ‘thich rhenium was bound to five ligands.
The aver-.ce distanc= betJzen the metal z2tom xnd tne cyeclopenta-
d.enyl rin- waes 2.313, the rnenium-methyl bond length wcs :.323.
The nzlecule had tnz n:ll-szndwich structure tnzt is characteristic
o tihe arzlojous conolex cymantreneg].
A-rr3 fluoresc:ene h-s been found to provide a rapid and

converient method for the determinzstion of heavy elemencs in

, iron and

cr

orcznomeizllic polyrers. In = typicsl experinen
m:pnznese were deterrmined accuretely zrnd precisely by soeking
filter pmper dises in an aouecus solubtion containing a known
concencration of viiyleymantrene-v.nvlfierrocene cooolymer and
then subjecting the discs to A-rsy fluoresceneqz.

Adams and 3guire bhzve reexamined the vibrational spectra orl
cymantrene ana its methyl derivative in the solia, liguid &nd
solutior pﬂases. Tney conclude tnat the T—CSHS part of the
SpectLrum cennot be assigned on the basis ol "local” C5V symmetry
ani offer & reinterpretasion of previous results togethsr with

93,

ned evidence
The interaction of pnosphine derivatives of cyclopenta-
dienylmangenese tricarbonyl wich tin(IV) chloride anda other
Lewis aeids [antimony(Iii) chloride mercury(Il) chloride and
germanium(IV) chlorid:] in the dichloromethane solution was

studied by imnfrared spectroscopy. GComplex formation was favoured
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by electron aonor subscituents in the cyclopentadienyl ring and
2lso by an increase in tne electron donor provertiss of the
ohosvohine lig:z:nd attachad to tre manganese. The ability of
Lewis acids to urdergo complex formetion rollowsd the series

SrGl, =S5bCl.> ch12>ueclu‘9b’.

3

The 1° ard Raman snectra were obtainsd for T-eyclopenta-
diesnylrhenium triczrbonyl in solution and ir: the solid state.

The normal modes of vibration were assigred in terrms of locsl
symmetry and compsrisons uere made with cymantrene. ‘fne increwse
in M-CO bond strength in going from mangznese tc rhenium uas
demonsctrzted by the fraquencies and lorce constants for wnuis
group and by the reslative ease o5 ohotocinemical substitution ol
carbon moroxide by othe, ligands’~.

The1%}HhR chemical aniregs of a serises of monosubstituted
cymznorene derivatives wsers reported. [ne z2verzge sndelaing of
tne carbon atoms av t-e 2~ and 3- positions was incressed by
alkyl subz=tituents that had 2 greaver eluctron-do-cr zbility
thzan the methyl group and was decreased »y electron acceptor

.

substituentsgo.

13

The R s ectrum of cyrantrene enricned with ¢ so that

20;. of tne molecules wers (“-ciﬁ )hn(co),(13co) was recorasd at

5
12° and 2300 in a nematic solvent [u—(g-me:hoxynenzyliuiue;—E—
n—butylamine]. Some geomsctrical paramatsrs of the molecule

were calculated rrom the results znd the 0CG-#n~CU bond angle
compered well with values obtained by XA-ray crystallogvapqy77.
The polarographic reduction of CSHquClM(CO)3 (b = Fin, ae; &na
ferrocanylmercurichloride was investigatea and the pﬂa values

for these molecules as C-H acidas were determired. ‘The mercury
derivatives of cyclopentedienylmanganese and rhenium tricarbonyls

were much more readily reduced then phenylmercury chloriie vnich
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inaicated that the respsctive radicals were stronger electron
sccepsors than the ohenyl radical., The values of pﬂa esvimaved

from tne B

vaiues showed that cyclopentadienylmunganezs and

N

roenium tricarbonyl:z uere less acidic tnan benzene whilst Terrocane

cidicgs’gg.

m

was more
The kineties of nydrogen-deucterium exchange in wricarbonyl-
T-oyrrolvlmangzneses uith GFBUOZD in bencene were studiea. Aall
four positions on she pyrrcdyl ring were very reactive and they
ware eousnlly deut=?aned100. The rezcsion of bromoopentcacarbonyl-

mangenese{(l) ~with :ither potzssium 1,2,h-trieyanocyclopentadienide

r cecraethylammonium pentz2cyanocyveclopantadienide gave the bright

]

y

ellow coxplexes Jn(L)(CO)J]n. Soectroscopic eviderce indicated

thzt these polymeric complesies containea nictragen-vonded briaging
T

nere was no cvidence for cthe
191

cyanocyclopenteaienyl s~rouns.
formztion ol M-bordsa comslza<ies witn tnese liganas

Benzozyl-, i-bsnz ojl-2-mzsnyl- ana l-benzoyl-3-mzca;l-

[

cymznirens were reluced by socium or potassium in 1,2-aim=tcthoxky-
ennene or -iF to tae correspording: reaaiccl anicns (L,.53)3
eleczrolytic reduction was efi'ective also in rorming whe redical
ions, 3Solutisons ol the radicel a:ion were ourple ana slowly

changed to red on scaraing in consact witn the rsducing assnt

COFn Hi-PPh3
-_-n(;‘O)3 hn(CO)B
{(q.3) (L.L)

with the formation of the aiasmagnetic dinegative ion. The

S35 soectrum of tne radical anion had a g-value of 2.000086 and
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was split inco six components by the Fn nuecleus,., Lach
component snoWed [ine structure Ifrom the o- end p-protons on
the phenyl group. The urpairsd =pin dersity wes largely on ohe

ic

o

mangar.ese atom, the bhenyl ring and perhaps on tne k2to
carbonyl group102.

Lithiated cymantrene was trazted with (T-u. h5)ui(EPh3)Cl
to give tvhe nickel comolex (4.L). The reaction of tnc com:lex
(1.h) with excess m=rcury(il) cnloriae ;ave chloromercuri-
cym:ntrens in good yield’OB. dove.r and nsusch kave asscribed
t:e prepasration of cnloromarcuricymantrere(g.5; & = zg35l) oy
direct mercuracion of cyriantrene in the presence ol psrchloric
acid. The inutsrmeaizce (4.5; 3 = HgCl) was converted to wne
iodrae (4.5; R = 1) and dicymzntrenylm=rcury (Lk.€) by standsrd
rethods. Pyrolysis of tniis compound '4.o) with alit'errocenyl-
mereury in tne pr nice of silver powder gave tne unsyauaztriceal

ferrocen (4.7, 390} zuzether with

I~

O

coupling proauctc cymanwreny

pilferrocenzs ard bicymentrene. The useful Grignara (.53

R Hg
kin rin jotel in F
(co) (CO), (o), (co) °
(L.5) {(u.6) (4-7)
R = “gI) and lithio (4.5; R = Li) internzdiates have becn

prepered. The first was obtainea from ioaccymsnsrens, ethylene
bromide and magnesium powder ana the second from eithar of the
mercuriels (4.5; ] = Hg3l) or (L:.6) and n-butyllithium. Bicymsan
trene was acebylated with scetyl chloride in che pressance of

aluminium chloride10u.

References p. 427



378

The »ezction of bis(bromome=zcuri)cymentrens with copper{I1)
bromide gave cymzntrene (1,2}, bromo- {1=.L%), 1,3-dibromo-
(hL.37), i,2-dibromo- (26n), 1,2,h-tribromo- (4.3m), 1,2,3-tribromo-
(21.0%), tetrabromo- (16.2%) and pantsbromc-cymantrene (1u;)105
Di({eymantrenyl )mercury wes trezted uicth tin(li) chloride in
tstranydrofuran zna gzve dicymantrenyldichlorostannane. 'Tails
cymentrene~tin derivative was slouly hydrolysed in air and when
trezted with cold alcoholic amnonium hyaro:xide or soaium caroon=te
cave dicymantrenylcin oxide VP,

‘fne trezument of cymentrenyl~copper or -silver uich
1,1'-dibromoferrocene in the oresence of copper(l) brom.ae gave
tre dicwmantrere {i..l), 15, znd tne incermeaiesce complex (L.9;

R = Br), 36.. .Jith metallic coposr the bromide (&.9; /& = 2r)
geve the oroduct {(.73; A = H). The acetzte (u.Y; 1 = VAc)

wzs Tormad in 76x yield by ne=ating the s.me bromide wigh
coooer{Il) zcetatz in ethanol. 'Thz corresvonding rzzection with

- . A o ~~3 . . C s L
copper{il} onthalimide av 130-150" gave uthe phonalimiae (ie9;

3 = vithelimido) snd tnis wes conversed to the anine (4.9;
R = 1M,), &8k with ethanolic hydrazine'°7,

Cyclizetion of the two x-disibstitused cymanirenes (ir.10;
R' = H, R® = Fe =nd 1u.10; R' = #e, A% = H) under Friedel Crefts

co+ditions followsd by reduction vith zinc amalgzm ave z simple

cyjclohexere proauciv ir each caze anile cyclicaitlon of the two

s i s - 2 .
p-alsuosultuted cymzncrenes (L.11; r! = H, R = Me and 4.11;
1 2 ‘- . .
R = lie, 1 = E) and reduct.-oi: gave two cyclohexene proaucts
. o . 1
from e-ch rszctant. Thus the =zcid (4.11; R = H, RZ = le) zave

the oroducts (4,12 and 4.12). The cymantrene (4.12) was also

2
firmed from the acid (Lb.10; R' = Me, R® = H). The oroduct
distributions and 2 detailed analysis of the If and WmR spectra

Jere used to corfirm the structures’oo.
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The condensation of triatdyl- .na vrizryl-nslosilsnss with
alkali metal-subscitubza cjelopentadienyltricarbonylmangsnese

Zave a series ol organosilylcyclipentadienylctricerbonylmangansse

comnounds109. e
cuzcaéc R2GO_ 4
Fe H.n(CO)3 Fe i'in(CO)3 rin(CO)3
0 O
In(CO)3
( .8) (L.9) {(w.10)
I-ie2
Me.ii;ypHECR;CRgcozﬁ o e,
(g%)3 (’cbc;) * (;éLg)
3 3

{(r.111 (L.12) (+.13)

Anderson has described the application of light-sensitive
resin compositions to the preparation of printing plates. &
mizture of en epoxy resin (01.5,:), a polymercaptan or recactive
enhydride curing agent (16x) and methylcymantrene (Z.55) wzs
used to coat tinplate. The plate was exposed through a stencil
to a mercury arc lamp and cured at 1250. ‘he uncured resin was
removed by washing. In the sbsence of light the uncured resin
ues stable for several weeks110.

Cymantrene wxs confirmed as an effective antilinock additive

for aromatic petrolsums with rssearch octane numbers £90, it was

particularly effective =t 1igh speeds and it decreased tne fuel
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sensitivity to service conditions. Follution problems suggested
that its use would be r=stricted to special circumsnances111.

The concentration of ztmosphsric manganese, as manganese

3 s Wwag prosortioncl to the traff
<ere made near to nighuays carrying crslffic that used cymantrene
as the petroleum antiknock. Cymantrene was considered tu be less
toxic than tetraethyl lead?'2, (Vinylcyclopencadaienyl)tricarbonyl-
m-ngancse wza dissolved in alkili pefined linseed oil and this
wWas arawn ingo fiims. The drying rate of tns film did not appear
to be retard=a by the presence of the orgznometsllic derivative.
After drying, cnips of tne 7ilm were extracted with either
boiling acetone or benzene, no organcmetallic compounds were
extracted. This suggested that tre (vingylcyclopentedienyl)-
tricarbonylmangan=se had been chemically cross-linked inco the
film matrix’13.

Mixtures of cymantrense with ethyl bromide, tricresylphosphate
and toluene have bisen evaluated as sntiknock additives for petroleum
Light stability and toxicity of the mixtures were also examined114.
A mixture of cymansrene, as an oxidation catalyst, and tris-
(F—chloroisopropyl)thionophosphate, &8 a dectergent, have been
found to cause the almost complete elimination oI carbon monoxide
and hydrocarbons waen added to gasoline]15.

Covolymers have been formed with vinylcymantrene and styrene
methylacrylate, acrvlonitrile, vinylacetate and vinylierrocene
using szobisisobutyronitrile as the initiator. Reactivity ratios
were obtained and the copolymers were ilm-forming and insulating.
Tne 1'ilms snowed high anti-Tungal acbivityIlb. Setkina end
co-workers have examined the erfect of substituting donor ligands
for GO in cymsntrene and benchrotrene. Replacement ol one

carbonyl group in cymentrene by tertiary pnosphine, arsine or
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stibline increased the rate of hydrogen isotope exchange (HIk) beuvwoen
two and four orders of megnitude using triflucoroacetic scid in
methylene dichloride. The increase in rate of HIE at the cyclo-
pentadienyl ring was accompanied by a decrease in the IR carbonyl
stretching frequency which confirmed the donor character of the

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

phosovhorus to arsenic or sntimony wes much smaller than the efflect

of changes in the substituent on phosphorus, The rate of HIE
incressed in the order OPh< Ph<GH,Ph<Pr’<cyclohexyl.
Introduction of a second tertiary phosphine caus=d a marked
decrease in the rate of HIE under the same conditions altnough

the IR carbonyl stretching frequency showed a decrease confirming
the increased basicity of the manganese atom. when tne acidity

of the medium was increased by the incremsntal addition of DZSOLL
the rate of HIE decreased and in media of high acidity the
excnenge was eslmost completely suppressed, By contrast, the rate
of HIE for cymantrene and tne monophosphine snslogue CW—GSH5)-
hn(CO)ZPPh3 increased with an increase in aciaity. <Tnese
observations were accommodeted by & mechanism involving rapid
initial protonation to give tne cation (4.14) rfollowed by slow
hyarogen transfer from metal to ring to form (L.15) and subsequent
loss of a proton to give the product (4.16). IR evidence was

used to support tne formation of the protonated intermediate (4.14);
high frequency shifts for the carbonyl stretching modes were
observed on the addition of CF3COZH to those complexes that under-
went HIE. Replacement of CO by PR3 increased the basicity or
manganese, lacilitated initisl protonation and increased the rate
of HIE, introduction ol two PR3 groups caused a large increase in
metal basicity, formation of a stable protonated complex and

inhibition of the metal-ligand proton shift. Experiments with
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cymentrene and its mono~ and di-phospnine e zlogues labelled with
deuterium and tritium in the cyclopentadienyl ring coniirmed the
ex:stence of a kinetic isotope =frect in HIS and demonstrated
thzt the fin2l step (broson zbstraction) was rate-determining.

The rate of HIE in bthe complexez (4.17) has been determined

o e

Fn N M- ) iin p:
(,0)2r33 !_CO)2!-’R3 (uO)Z ds
(L.1k) (4.15)
base
i D
Pn Fin
(uO)ZrPhB (GO)EPR3
(h.17) (4.16)

Tor Tive substituencs. BLlthougn -he overall rates ol exchange
varied by three orders of magnitude, the difference hetween tne
rates at the « and P vositions remained small. Some partial race
constants (relative to cymantrene) are ziven in complexes (4.18,
L,19 and L.20). The trenas opserved nere are similgr to those
obtained in the ferrocene series.

The rate of HIE at the benzene ring of benchrotrene was
sensitive to reolacement of carbonyl groups by tertiary pnosphines.
Rerlacement of one carbonyl caused a rate enhancement of three

orders of magnitude, At the same time the carbonyl ssretching
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Irequencies decreased. Protonation of the cnromium atom was
demonstrated by MR spectroscopy and mechanistic arguments were
used similer to those invoked Tror the corresponding cymantrene
complexes. 3Subscitution in wne T-benzene ring of bencirotrene
had almost no effect on the rate of HiB. This inading contrasts
sharnly with the lzrge change in rate observen o1r subsvigution
into cthe free benzene ligand where the introduction of tnree
mechyl mroups enhanced the rate by 107. Ring substitution of

(“-PhH)Cr'(CO)ZPPh3 was similar in its eflfect on the rate of nls

and no &deouate explanation for these results could be offeredIIT.
N ) 3.6 2.8 =10~
0.16 CL 3.0‘:::7bne 5.2 ® 10_3 (:> Uuzme
i
Mn Mn bin
Er (O i
(CO)2 .hj (CO)EPPh3 \uO)ZPrn3
(L.18) (4.19) (4.20)

Moigne and Dabzrd hsasve introauced two zsymmetric ceuntres into

the cymantrene molecule ard isolated tne product as a pair of

diastereoisomers[ .21 and L.22; R1 = E(Ohe)3, RE = PPh3]' The
2
rzcemic ester (L.21: R1 = RS = CU)J) was irradiased w«itn crimechyl-
2 .
phosphite to give the diphospnite[ bh.213 r' = 3% = ?(Cde)Bl]Uhlch

was, in turn, irradiated with triphenylphospinine to [form the
diastereoisomeric complexes118.

Rnenium tricarbonyl and bis(rhenium tricarbonyl) complexes
of mesoporphyrin 1X dimethyl ester have been prepared. 3everal
alternative structures for the complexes were discussed &nd

. - Iy
rhenium was assigned the formal oxidation state =+1 .
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Me @cozne Me GO, Me @ R

Mn tn Mn
1 1N
w1 co\R2 R c':o R! (coi L
(L.21) (4L..22) (L.23)

Irradiation of the monosubstituted cymantrenes (4.23;
R = H, Et, CHZPh, COZMe, SNe, C1, Br, I; L = CO) in cyclohexane-
benzene golution witn triphenylpnosphine, led to displacement
of’ one carbonyl ligend by triphenylphosphine and formgtion of
the cymantrene analogues (4.23; L = PPn3).120
Poly(1~-pyrazolyl)borstotricarbonylmenganese derivatives
were prepared photochemically and the cnemical, physical and
electronic properties of these compounds were compared with those
of’ the anslogous W-cyclopentadienyltricarbonylmangenese eompounds121
Benzonorbornadisnone has been isolated for the first time as a
TM-complex in which the olefinic bo>nd is linced to tne manganese
atom of a ([[-rmethylcyclopentaaienyl)manganess dicarbonyl group122.
Smith has prepered a number >f (T-arene)manganese complexes
such as the cation (L.24; L = CiM=, PPh3). liucleopnilic attack
on these compounds by methyllithium, n-butyllithium and penta-
fluorophenyllithium gave the cyclohexaedienyl complexes (4.25;
L = CHNMe, PPh3)123. Biehl and Reeves reporced a convenient, high
yield synthesis of cyclopentadienylmanganese tricarbonyl carboxylic
acid. fTrzatment of CSHSMn(CO)3 with g-ClcéﬁhCOCl and aluminium
trichloride gave the ketone (4.26) in 87% yield. The ketone
(.26} was hydrolysed by HeBCOK - MeOCHchZOMe to give the corres-
ponding ascid in good yield12u.
The cymantrene analogue (4.27) was obtained in 84% yield by
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+ Cl
© @' o3
co
Mn ¥n Mn
(co)ZL (00)21. (co)3
(L.2y) {(L.25) (L.26)
OO
Mn
(co)3
(.27} ]

heating bis(1-phenylborineto)cobalt with manganese carbonyl in

toluene. Tne borinate group is a planar end a hexahapte 1igand12b

5. (1) (“zcugu)Fe(co)3

Para-substituted phenyl acetylenes were treated with CFZCFCl
to give the cyclobutenes (5.1). These were hydrolysed with
sulphuric acid to form the dikestones, the ketones were reauced
and the cis-diols produced were treated with phosphorus(11l)
bromide to give the corresponding trans dibromo derivatives.
Treatment of the dibromo compounds with pae(co)g gave the para-
substituted phenylcyclobutadieneiron tricarbonyls (5.2).
Infrared, 130 and PHMR spectra indicated that there was no conjug-

ative interaction between the TM-eleetron system of cyclobutadiene

and the phenyl ring1 26.
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F Cl
7
O<K OO e
P Fe
Fe (00)3
R = Me, F, Cl, Br, (co),
MeO, Mezﬁ
(5.1) (5.2) (5.3)

+hen iron pentancarbonyl wes razted under pressure with a
saturated solution of acetylene in tectranydrofuran low yislas of
cyclobutadieneiron tricarbonyl were obtained together with
tricarbonyl (ferracyeclonentediene)iron tricarbonyl (5.3},
“-butyrolactone, arinnydrone snd zolymsric material127.

The cyclobutadieneiron tricerbonyl derivative (5.L) was
obtsined by stirring 1,2-dichloro-1,z-dinydrocyclobuta[l]ehen-
enthrene with diiron enneacarbonyl 1n hexane abt SOO. Oxidative

aecorposition of the complex with cerium(IV) liberated che

free cyclobutzaiene ligend which wza trespped as the cori-esponding

cycloventaaiene adquct128.
1
OO @”
{::> N2
[] Fe R
Fe (C0)3
(co),
(5.4) (5.5)

Schmidt has prepared the optically active {-)cyclobutadiene

(5.5; R' = ke, R?

acid (5.5; R' = COH, R® = COMe) and oxidized it with cerium(IV)

= Et) by reduction of the corresponding (-)

in the bpresence of NeOZCCH=CHCOZHe to form the butadiene adduct
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which was L0% racemic., In the seme way, oxidation in the presence
of tetracyancethylene gave wnolly racemic adducts. 'These results
were used zs evidence for the formation of free butadiene auring
the oxidation129.

An optically active cyclobutadieneiron tricarbonyl (5.6)
was decomposed with ceric ammonium sulphate in acetone solution
in the preserce ol the symmeurical disnecpniles tetracyanoethylene,
benzocuinone and li-phenylmaleimide. The Diels-Alder adducts of
the liverated cyclobutadienes were examined and there wuas no
evidence for the retention of ovtical activity. This suggestea
that the eyclobutadiene was free from the metal's influence when
the adducts were formed13o.

Grubbs and Grey have resolvea the disubstituted cyclooutadiene
complex (5.7; R = OMe) into optically stable snznt.omzrs by

conversion of the methoxyl group to the dimechylamino group (5.7;

R = UMeZ) through & bromo intermediate (5.7; R = Br) and formation
Me CH., R
[
I .
Fe CH ,OMe Fe Me
GO CcOo
{ )3 ( )3
(5.6} (5.7)

of the (+)-camphor-10-sulphonate of the aimethylemins. The
resolved amine was r=converced to the starting material (5.7;

R = OMe) by treatment of the methiodide (5.7; R = NHGBI) with
methoxide. The resolved complex showea less than 5 racemization
when it was heated to 120° for L6 hours. By contrast, a buta-
diene complex, (+)-(methyl 5-formylpenta-2,4-dienocate)iron

tricarbonyl racemized with t% = J6.5 hours at 119.&0. The optical
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stability of the cjyclobutadiene complex was ascribed to the
requirement for the ligand to become completely detached from
the metal atom for racemization to occur131.

The reaction of cyclobutadieneiron tricarbonyl with nitrosoniuns
hexafluorophosphate gave the air stable, yellow orange complexes
of cyclobutadieneiron dicerbonyl nitrosyl hexaflfluorophosphate
[RuCuFe(CO)2H0]+PFB_ (R = H, Me, Ph). These comolexas readily
underwent monocarbonyl substitution with various Lewis bases (L)
to alford products of the type [RuChFe(COE§NO)L]+PF6_ (R =H,
3 3As, PbBSb; R ="?h, L = PhBP, PbBAs). A dicarbonyl

substitution product [RL{_CL}Fe(NO)La]“‘PFé" [R="ph, L= (Ph0)3P]

L = Ph,P, Fh

was also obtainedl32,

UV irradiation of matrix isolated M-cyclobutadiene iron-

ol S

Fe

Fe Fe
(CO)2 o

(co) | (co), _| 5
{5.8) (5.9) (5.10)

carbonyl in krypton at 8°%K gave the dicarbonyl (5.8) as the
primary photocnemical product. The authors sugzgest that this
intermediste forms sdducts Wwith dienophiles directly without
generation of free cyclobubadiene133.

The UV irradistion of (TT~tetramethylcyclobutadiene)iron
tricerbonyl with trifluoroethylene in hexane led to the formation
of the bridged complex (5.9) by insertion of 1,1,1-trifliuoro-
ethylidene. Thermolysis of this product led to ring expansion

)13k,

and gave the dinuclear complex (5.10
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S. (ii) (Acyclic T-diene)Fe(CO)B and (“—brlmethylenemeunane)Fe(00)3

complexes

Dieneiron tricarbonyl adducts were formed by treatment of
five monoterpenes with iron carbonyls. The cis-ocimene (5.11)
and cis-allo-ocimene complexes (5.12) underwent both skeletal
and double bond rearrangement on heating, trestment with alumina
and treetment with triphenylmethyl fluorcborate followed by
borohydride. The mechanism of the thermsl isomerization was
determined by tracer studies. Hydroboronation of the adducts

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

RN =
| /1
Fe Fe
(co), | (Co) 5 |
(5.11) (5 12)

(5.13) (5.14)
econditions to form novel dihydromonoterpenesIBD.

Treatment of thiacyclobutere with either diiron nonacarbonyl
(thermally) or with iron pentacarbonyl (photochemically) gave the

iron complex (5.13) which was converted to the monomeric complex
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(5.1} on treatment with triphenylphosphine’jb. A series of
dienes, for examole butzdiene, c¢yclopentadiene, 1,3-hexaaiene,

and Fea(co)9 wWere heated together in en autoclave or alternativaly

in benzene to give diene TW-complexes of iron137.

Heating =2 m:xture of tne syn ana anti isomers of 2,2-dimethyl-
allylidenecyclopropane with diiron nornacarbonyl gave the diene

cormplex (5.15) Logether with the trimethylenemethane compleses

AN/

(00)3 (00)3 (CO)3

(5.15 (5.16) (5.17)

5.16 ard 5.17) by ligend rszsrrancement. The products (5.15

—

and 5.16) were formed from the syn isomer wnile tne product
{(5.156) to-rether uinh traces of (5.17) were obtained from the
anti isomer138.

The crystal ard molecular structure of the mized compl:sx
(f-1,i~-diphenyl-1, .-butadiene)iror tricerbonyl.z{1,4~diphenyl-
1,3-butadiene) has been determined. The complexed outadiens
ligand was c¢is ana planar, iv w23 bonded vo the iron atom in
the ususl way witn Fe~C disvances or 2.079, 2.U79. 2.105 ana
2.1652. The uncomplexed butadiene molecule was trons and olanar
and the two species were held together in tne crystal by Van der

139

Jeals Iorces
The crystal and molecular structure ol cinnamaldehyaciron
tricarbonyl was determined by X~ray metnods., The T~diene character

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

iron. The similarity between this structure and that of
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TM-Y-cinnamylideneanilineiron tricarbonyl ias notedluo.
The crystal and molecular structure of 1,4 -diphenylbuca-
dieneiron tricarbonyl has been dectermined by X-rzy crystallogrepny.

The outadi

1]

ne group wzs bound to iron in the form ol a tetragonsal
oyremid uwith tuo different iron-carbon bond lenctns, 2.12 and
2.1&3. The vnenyl rings werse taisted aporecizbly out of the
plane of the butvadisne group1u1.

The PIR specsora of trismecthylenemeinareiror coricarbonyl
[(criy) 46Fe(c01 4] (5.18) ena (er,) j0Re(0o) (1 700) (5.19) in
if-({p~mathoxybenzyliaene)-p-n-outylzniline were recordad at 220 ilz.

-

The observed acsctrum o (5.19) resemblea a broeaened spectrum

.

of (5.18) and this could have ericsen from an int2rmediate rate

o rotation or from insufficient resoluuion]uz.

The complexes formed between butadiz2ne, msthy’ butadienes or
trimethylenemethane ligands ard iron oricaroonyl groups or cneir
trifluoropilosphine and mixsd ecarbonyl-trifluoropnosphine analogues
vere investigated by IR anc MR snectroscony. Trimsthylene-
methaneiron tricarbonyl uas the only trisarbonyl ulth all of the
caroonyls ecuiv=lznt ard ij symmstry. ‘The remeiring compounds
Wwere based on s sguare pyramid with one carbonyl group occupyirg

an =oicel wnosition and the other two on basal sites. <Jarbon-

3]

oxyien stretchinz rorce constants were calculated ror apical and
bzsel carbonyls and used to predict the most stable isomers of
the ctrifluorophospnine derivatives. & Huec<£el MO description of
the diene ligonds was used to explzin the chanzes obsarved in
the lorce constants for the complexes. 1?F MR spectroscopy
showed that intramolecular evchange of PF3 and CO was taging
slace in mixea complexes by concerted rotation or the ligands

about the iron atom so that their relative positions remained

rixed 3,
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The separation of dieneiron tricarbonyl complexes by gas
chromatography has been described. Ipn the absence of air,
quantitative seperations wesrc achieved on methylsilicone gum
in teflon columms &t temperatures up to 150° 1hh-

liixtures congaining diene- and dienone-iron tricarbonyl
complexes uere separczted rapidly and quantitatively by reversed
phase ligcuid cnromatogrephy. The technique was convenient for
use with compounds that were ol low stability at tempereturss
required ror gas chromatography1us.

The kinecics of the substitution of olefinic ligands by
triohenylantimony in (W-monoolefin)tetracarbonyliron

Pe(CO), (CH,=CEX) + SbPn,—» Fe(CO), SbPh. + CH._=CHX
L 2 L 3 2

3
(X = O&t, Pn, 3u, Cl, Br, Ciu, CO_iie)

e

was studied in toluere svlution. The reaction proceeded by a
dissociative mechznism and there was ar appreciable mass law
rectuardation erfect which indicacea that Fe(co)u was produced as
a2n int2rmediete. Ine results alsc led to the conclusion that
T-backbonding between the mecal and the olerinic ligand wWas the
ma jor contributor 1.0 the strength or tne metal-olefin bond1u6.

Hexaflfluoroacetone has been shown to insert into a cerbon-
hydroren bond in the disne liganas ol methyl and dimethylbutadiene
complexes. The UV irradiacion or (T[-2,3-dimsthylbutadicene)iron
tricarbonyl with hexarlluoroacetone gave the bridged T-allyl
complex (5_20)1h7_ The acyl_tion of the irontricarbonyl complexes
(5.21) followed by reduction geve the alcohols (5.22) and chen
dehydroxylation with fluoroboric zcid produced the salts (5.23).

Trectmant of the salt (5.232) with a tertiary amine gave tune

complex (5.24) whilst under similar conaitions (5.23b) and

1h8.

(5.23c) gave the quateysnary ammonium selts (5.25)



(00)3
(5.20)
R, -T\ R,
Fe BF
(00)3
(5.23)
(a) R1 = R2 = Me
{b) R1 = H, RZ = e
(c) R1 = H, RZ = Bt

(5.21)

_//_I_\\__\\

Fe
(CO)3

(5.24)
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(00)3

{5.22)

(R

(CO)3

V/4 | \
Fe
(PF313

(5.26)

The Friedel Grafcs acetylstions of ctne (syn-)1- and 2-

acetoxybutadieneiron tricarbonyl complexes were investigated

149

The molecular structure of tetrafluorcethylsneiron tetracarbonyl

was8 Lnvestigated by gas-vhase electron diffrsct:on.

The data

obtained was consistent with a dlstorted octahedral complex of

iron with sz symm=2try.

The results sugpested that the CZFM

unit resembled a Tragment of perfluorocyclopropane rather than

perfluoroethylene,

silgma, rather than pi,

References p. 427
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in character .

and that the complexing with the iron wes
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The UV irradiation cf butadiene and Fe(PF3)5 in ether gave

the MT~butzdiene conplex (5.26). Similar reactions were carriea

out with twelve other conjugated dienes and in each cass the
product was en ajir-stable compound wnat was sublimed unchanged151
syn-{1-Methyloentadienyl)iron tricarbonyl fluoroborate
(5.27) was prepared by dissolving tne alcohol (5.28) in anhydrous
fluoroboric acid. Jhen a sussension of (5.27) in methylene

chloride :as treated with basic siumina rfor ore nour the volavile

N 57, //_l—\\_ff_ te //l_\\_\\

I 1e B

Fe Fa Fe
(00)3 (CO)3 (CO)3
(c.27) (5.28) (5.29)

(5.30)

syn complex (5.29) was 1isolated, II' ©he reaction was allowed
to continue for 60 nours two closely related isomers of syn,syn-
1,3,6,10-(5-methyl-1, 3,6,10~-undecapentaens Jdiiron hexacarbonyl

(5.,3C) were isolated1>2.

5. (1iii) (Gyclic'ﬁ—diene)Fe(CO)3 complexes
The crystal structure of bis(eyclcoctatetraenel)iron was

determined by X-rzy analysis. 1In the monoclinic cell of (CBEB)ZFe
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(space group G/2c a = 25.13, b = 10,68, ¢ = 13,98 B; B= 99.6°,
Z = 12) there were two non-equivalent molescules one ol which
showed evidence of disorder. Broad line PIIR spectra of a poly-
crystalline sample indicated that the molescules were urdergoing
a dynamic rearrangement as shown (5. 31 )153.

The reaction of 1,7-cyclododecadiyne wuith F'e('\:\))5 gave
012516Fe2(co)6 (mz jor product) and 012H16Fe(co)3. The structure
o' the major product (5.32) was determined by X-ray dirlfTpsction

technioues and t'is was found to be different {rom the structure

(5.33) originally propnosed by King and Haiduc | 2s 155,
—_——
—
(5.31)
co go
(92
- ) ~CO
oc I ™ co |
Fe e
oc | ~co co— | ~¢o
Co GO
(5.32) {5.33)

Churchill and DeBoer have determined the crystal end
molecular structure of heptafulveneiron tricarbonyl by X-ray
methods and have snown that iron is bound to a trimethylene-

methane group in the hydrocarbon ligand. The bond lengths in
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the 1,6,7,8-tetrahaptoheptarulveneiron tricarbonyl were Fe-C-
(central) 1.946 £ and Fe-C{peripheral) 2.120-2.192 & 15°,

At least four products were formed when diiron nonaecarbonyl
was treated with picyclo[6.2.0]deca-2,4,6-triene; one of those
which involved ligend rearrangement has been investigated structur-
elly by X-ray diffraction., It conteined & 1, 3-cyclohexadiene

group bonded to iron together with a second iron tricerbonyl

(CO)BFe

é! “!!!h Fe(CO)3

(00)3

(5.34) (5.35)

residue linked through a 6-bond to methylene and a W-bond to
an allyl group (5.3&)157.

An X-ray single crystal studr of the bullvalene complex
(5.35) showed that the three membered ring in bullvalene was
opened to give the bicyclo[3,3,2]deca-3,6,9-triene-2,8-diyl ligand.
This ligand wes TW-sonded to one iron tricarbonyl group through
two oleflinic bonds znd to a second iron tricarpbonyl grous by an
iron-carbon 6-bond and a M-aliyi 5roup156.

The 130 NMR spectra were reported for the iromtricarbonyl
complexes (5.36; R = H, He) and they were compared with the spectra
of the cation (5.37). It was concluded that the irontricarbonyl
sroup varticipated in the delocalization of the positive charge
in the complexes (5.36)159.

Cycloheptatrienyliron tricarbonyl anion was prepared by the

reaction of alkylliithium reagents with cycloheptatrieneiron

tricarbonyl. The room temperature FMR spectrum of the anion
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displayed a singlet at T= 5.35 wnich wes indicative of a fluxional

structure. The stable =znion underwent oxidation as well as

. . 162
nucleophilic substitution to produce the 7-substituted derivatives
[ s |4
R R RZ
R
R R
R
R R R
R Fe &
(CO)3
L -
(5.306) (5.37)

Tke lMR spectrum of polycrystalline tricarbonyl(l[-
cyclooctatetrene iron 2t 200° was exariined in deta:l. rreviously
derived equatiorns for the :iMR line shapes were reviewed161’162.
Fourier transform 1BC liMR specoroscopy hzs been used to investigatce
the fluxional behaviour ol (T[-cyclooctat:treene)iron tricarbonjyl.
The spectrum recorded at temperstures of -120° and below was in
agreement with the rigid structur= of thz molecule ana tae
multiplicity of the carbonyl resonances demonstrated she sbschnce
of excharge at these temperatures. At higher temperacures, ooth
rirg-atom ard czrbonyl exchange processes were opercting independ-
ent1y163.

Deganello has used room temperature 13C IR spectroscopy Go
distinguish betwesn fluxional and non-Tluxional T-cycloheptetriene
and W-cyclooctatriene diiron hexacarbonyl complexes. Observation
ol' the spectrz over a range of temperatures indicated that at
least two rearrangement processes were involved16u.

Chierico and Mognaschi have investigated the origin of the

structural disorder observea in bis(eyclooctatetraene)iron and

the motion that may take place in tha erystal, by wide line HMR
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svectroscony. Tne second mome2nt has been celculated for the
rizid lattice a2nd compared with tne expsrimental second moment.
Below —1€5° tne lire width was constant zna the rate or tne motions
in the crystal wWas nov great enoutn Lo alfect the secona moment.
~her temvmeratures tne molecules began to move at a greater
rete. It iwias conciluded that tne disorder observed at room temper-
ature wss dymsmiec, ratner than static, in character. Tne only
tvpe ol motion at this temperature was comolecely activacea and
consisted orf small oscillations oI the cyclooctatetrrasne rings
and not rotations of tne ringslbs.

Tne xinetics of the reaction of the iron-carbonyl complex
(5.38) with a number of substituted pnosphines and ovhosphites
tes exemined under onseudo fipst ordos . ..ditions using inlrared
sovectroscopy. Jith rPh, or F(OPh)3 substitution of the carbon
rmonoxide molecule trarns to the iron-carbon bond took place via
a 0 dissociative machenism. The reaction of (5.38) with more
nucleoovhilic ligands (alkylpnosohines and pnhospnites) rollowed
two distincit react.on psths. One involved the dissociative path
to give (5.39; L = phosphine) and one in which the transannular

166

wetone (5.L0) was “ormea .

+ (o]}
Fe(CO)ZL
- L B
\5.39)
F‘e(CO)3
:0)_L
(.38 + Fe(bO)Z 3

(5.40)
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The 1,5 migration of kydrogen in cyclic-diene iron tricarbonyl
complexes was investipated. For example the complex (3.i1)

isomerized to give a mixturs of (5.41 ana 5.42) when heated in

Fh
H H
Ph
---R ---R
(CO) ,Fe (CO) ., Fe
3 --R 3 -—R
H 4
R =HorD
(5.0h1) (5.L2)

tucies snd isotope

t

zxlzre. On the bzz:s ol stereochomical

efffects a mechanism wes proposed 7or thiis unusual reaction .
Whitlock =rd Stucki have reinvesticated snift izomerism in

tihhe benzocyclooctatstraene complex {(-.43) and its 2, 3-naphtho

arelogue =snd demonsitirated tnac both are rluxional molecules.

Tne low temp=rature limiting liltR spnectra were reacned =zt —150

and 70° resvectively. Line shaps analysis of the tecradeutsrio

aerivative ol the complex {(5.43) enablec the actvivation erergy

for the pbrocess (5.u325.44=5.45) vo be detsrminga zs 1L.o Lcal

mole_i. The rate of srift isomerism for the 2,3-nspntho anslogue

o' (5.43) was estimated znd zZave an activacion ensrgy of 31 xcal

mole—1. Comparison of these xctivation energies with tne value

rfor the same process in cyclooctatctraeneiron wricarbonyl (7.2 <cal

mole_1) indicates that the large differsesnce may be gscribea to

the energy of tne ortho quinoidal intermediste (5.441) and its

anzlogue in the 2,3-naphtho compound. These results may also be

contrasted with the racile shift isomerism in the benzocycloocta-

tetraene diiron complex (5.46) which has an activation energy of

1

2.1 kcal mole” ' end where isomerisestion may involve a "twitch"
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- Fe —>
(c0),
F

e
(00)3

(5.43) (5.4L) (5.45)

O\

Fe Pe
(CO)3 (CO)q

(5.46)
mechanism1°8.

Hunt and Russell have descrioced the formation oI a stable
M-complex of 1-pnenylpentalene. Iron ventacarbonyl was scirred
with 3-phenyl-1,2-dinydrooencalens in mecthylecyclohexane at 110°
o cive the octahzpto diiron complex (5.47) in 125 yield1°9.
The reactions of bis-trimethylsilylacstylene and bpis-trimethyl-
silylbutadiyne with Fe3(30)12, 002(00)8 and C;hsrm(co)3 was
etudied. Both the acetylenes with Fe3(00)12 gave the stzble

complexes Fe(CO)h(He SiCZSiMeB) and 2,5-pis~trimethylsilyicyclo-

3
pentadienone iron tricarbonyl dimer (5.48) respectively. Both
the acetylenes with coz(co)a gave the Tamiliasr bridging ascetylene
complexes and the reaction of bis-trimethylsilylacetylene
with eyclooentadienylmanganese tricarbonyl gave GEHEHn(GO)z—

PP ane 170
(h63510251n63) -

ing and Ackermenn have reported the direct formaticn of

tricarbonylferrole-iron tricarbonyl derivatives (5.49) from
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(L)

(0C) ,Fe Fe(CO), 3
G
0 Me.,Si
3 Fe(CO)
3
(5.47) {(5.48)

alkynes or macrocyclic alkadiynes and the benzelacetone complex
(W—PhCH=CHCOHe)Fe(CO)3 in boiling benzene. The benzalacetone
complex provides & convanient source or F‘e(CO)__) groups free f{ron
Fe(CO)b_ croups and side reactions were insignificant.

Kruck 2nd Knoll have reoorted the Tormetion ol the yellow
cryscalline complex ﬂlcsﬁeFe(PF3)3 on UV irradiation of cyclo-

re1tadiene and Fe(PP3)5 in ether. The cyclopentadiene complex

. R
CO.R //_Fa(CO)
~ 3
Pe R Fe (c0) ,
(co)3
(5.50) (5.49)

was converted to a cyclopentadienyl derivative, TT-CSdsFe(PFB)ZH,
on treatment with triecnylamine172.

Diene iron tricarbonyl complexes were Iormed by treatment
of the isomeric methyl cyclohexadienecarboxylates with iron
pentacarbonyl. The 'conjugated! complex (5.50; R = Me) was the
most stable and was obtained from the others by heating with
methanolic acid or methoxide. Isomerization was sccompanied by

hydrogen-deuterium exchange to give a monodeuterated product at
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the endo-6-H oosition. On this besis a T-allyl intermediste was
3uggested for cthe exchange process. Tne carboxyl group in the
zcid (5.503 R = H) was ceduced to 2 primary alcohol by diborane
while the ester (5.50; R = Me) was inert towarde lichium sluminium
hydride. Abstraction of a hyariace ion {rom eicher one ol two
non-enuivalent positions allylic to the diene grouﬁ in cthe ester
(5.50; R = Me) gave the corresponding T-cyclonaxadienyliron
tricarbonyl catiornsg. UViene iron tricarbonyl complexes uWere also
rormea from three Isomeric dihyaro-o-toluic esters =z:d iron
oentacarnonyl’73.

Aumann nas isoleaced several T -complexes Irom Lhe reaction
betueen the vinylcrclopropane , bicyclo[}.1.0]hex—2—ene, and diiron
nonacesroonyl in ether. Ore product contairea the ligand bound
to the Fe(co)h grouo through the double bond. A second product
with the same stoichiomerry (5.31) contained the resrranged
kydrocz2rbon moiety snd this complex lost carbon monoxide to give
a third W-complex (5.52). T[-(1, 3-Cyclchexadienel)iron tricarbonyl
was rormed from thes TW-211lyl complex (5.52) by = Turther rearrange-
ment. Similar transformations were achieved uvwith the iron carbonyl

cormmlex of bicyclo[u.1.0]hent—2-ene and the same oroducts were

c=0 -Co
— I N
Fe
(co)3
(5.51) (5.52)

obtained by the borohydride reduction of the (Tf-cycloheptadienyl)-
7l

iron tricerbonyl cation .

Sarel, Ben-Shoshan and Kirson have observed independently
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the formation of dieneiron tricarbonyl complexes from vinylcyclo-
propanes and iron pentacarbonyl. 1-Pnenyl-l1-cycloprooylethylene
and its p-chloro derivatives .ere ezch heated uith iron penta-
cerbonyl in di-n-butyl ether to give the 2-aryloenta-1,3-dienss
in 55-61% yield. 1,%1-Dicycloprooylethylene gave the expected
nroduct (5.53) on treatment with iron pentacarbonyl for 6 hours,
but after heating for a further 10 hours the dienone corplex
(5.5ly) was formed by ring opening of the secona cycloobropane ring
with carbonyl insertion. The cyclohexercone derivative (5.54)
was not iormed on heeting the diene complex t5.53) with iron
nentacarbony1175.

"he treatment of s:zmibullvalene with iron enneacarbonyl gave
four iror carbonyl complexes (5.5%, 5.56. 5.57) anu an unstable
yellow 0il uhiich was noti characterizei176. In the rsaction betweer

cyclohexz-1,3-diene and Ru3(60)1,, Jhitezides and Budnixk have

observed the catelytic cleavage of the cjyclonexzadiene ring and

71\
n N

re O
(co), (fg) Fe Fe
(W
3 (Co)h (Co)u
(5.53) (5.54) (5.55)

the formation of (cyclohsxa-1,3-diene)ruthenium tricarbonyl.
The latter product was favoured by a large excess oI cyclohexadiene
or by the use of benzene as a solvent. The cyclohezadiene complex

was found to be an active catalyst Tor inter- and intra-molecular
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)3 \ ‘M%
Fe(co)h

(5.56) (5.57)

hydrogen transfer reactions. Treatment of the complex with
cyclohexe-1,3-diene 2t the reflux temperature lead to the formetion
of benzene, cyclohexa-1,lj-diene and cyclohexene together with a
new ruthenium complex (5.58)177.

Treastment of 1,3,5-trimethyl-1,4h-cyclohexadiene with triiron
2

dodecacsrbonyl gave e mixture of the endo- (5.59; rR' = g, R® = Me)
and exo- {(5.59: r! = te, RS = H) diene iron compounds in the
"I-I—
Ru Fe Fe
(CO) Co
2 (co), (co),
(5.58) (5.59) (5.60)
proportion i:}j. Hydride ion abstraction from the exo- isomer
was achieved smoothly to yield the benzenonium complex (5.60)
when the mixture wes stirred with triphenylmethyl fluoroborate
while the endo- isomer was recovered unchanged. The dimethyl-
cyclohexadiene complex (5.59; R! = gZ = Me) wes also resistant to
13
hydride ion abstraction178. :3

The ditropyl iron complex {5.61) when treated with a molar

auantity of tetracyanoethylene gave the complex (5.62). Treatment
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of complex (5.62) with an excess of tetracyanoethylene gave the
di-adduct (5.63). The initial isolation of the complex (5.62)
HC Cl
Cll

liC Cl
tic CHN NG H Cli
v
cl
R e e
J =

Gil
Fe(v0) 4 Fe (C0) Fa(c0) 4

C.

(5.61) (5.62) (5.63)

indicated that the tricarbonyliron group had deactivated the
cycloheptatriene ring, 5o which it wes coordinsted, towards
electroohilic attack179.

The reaction of tricarbonylcyclohertatrieneiron with hexa-
fluoroacetone, 1,1-dicyanc-2,2-bis(trifluoromethyl)ethylens,
trans-1,2-dieyano-1,2-bis(trifluoromethyl)ethylene and tetra-
cyenoethylene gave the crystalline compounds (5.6L-5.67)

respectively. Similer adducts were rormed wnen tricarbonyl-~
CN
(8] F.C
e, SO
r.C F.C
3 3 Fa(CO)
(5.6L) (5.65)

(methyl-, bromo-, and phenyl-cyclooctatetraene)iron wesre treated
with tetracyanoethylene180.

The complex 1,5-eyclooctadieneruthenium tricarbonyl has been
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cH

. A‘.h Cit
2 Gl '
::::Fe(bo)3

(5.66) (5.67)
, 3

a3 R! = qf = cn, z‘9= RO = cry

b; &' = &' = oFy, R = R3 = cii

c: RV =33 =c¢cr,, 7% = &% = on

used as v1e sourcs of saveral dieneruchenium tricarbonyl complexes.
The new comolsxes ‘rere formed by "eating the starving material
with the aporooriate ligand in benzere. Side reactions and
polymer:zacion were insignilicant and high yielas of products
wers obtairned after zhort rezction timez (~30 min). 1In this way,
rutheniur tricarbonyl complexes were prepared of 1,3-cyclohexadiene
1,3-cyclonestediens, cyclohentatriere, tropons, cyclooctiatetraene
and somes dicjyclic dienes181.
in order to investigace the possible intsrmediate forsation
or 6~ znd M-al1ly1l bonded iron irn the reaction of vinylcyclopropane
systens with iron carbonyls, rigic tricyclic hydrocarbons nave
been used as starting materiels. Thus the tetrecyclodecens {(5.08)
zave the comolex (7.569) with aiircn nonacarbonyl. Rearrangement
of this product to the corressonding W-diene complex was inhibited
by its structure andéd the intermediate role of & and W-e1lyl bond-
in= o iron in the formation of T~diene iron carbonyls was supported
Tmeatment of zhe bicyclononatriene (5.70) rith diiron nons-
carbonyl at room tzmperature led to extenslve rearrangement of the
nydrocerbon with the formation or' four isomeric l“'cgajo)Fe(co)g
comnlexes together with Fe(CO)u and F'eZ(CO)6 complexes of
183

09H10



407

Fe(CO)3

(5.68) (5.69)

R TR . X . -
¢is -Cyclononstetraeneiror tricarcongl (5.71) was prepared
from the reacuvion of cis—bicyclc[u.I.O]nonatrlere eltnsr pnoto-
chemically Wwith iron pnsntacarbonyl or thermaily wicth diiron

nonscarbonyl. Additional compleres isolateda Crom chesze rezctions

i
. < . . = i
included the iron tricarbonyl complexes (5.72-5.7L). Tne cis -

cyclononatetrasne complex (5.73) was & suwcble solid at room
o . . .
temperature but =zt 1M° it underwsni electrocyclic rinz closure

to give cis-dihydroindeneiron tricarbonyl (5.72). Trh=2 complex

ny

{(3.73) underwent protonation at -120% in F30,h~Z0,C1F to give the
] 4

iy
rmonocyclic cation (5.75)1°4.

AN

/

(5.70) (5.71) (5.72)

Xing, Haiduc and 3Zavenson have continued their investigations
of intramolecular transannular cyclization in the reactions

between macrocyclic alikadiynes and transition metal compounds.
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(co)3
Fe H
H
Fe B
(5204 (cg)3 o H
(5.73) (5.74) (5.75)

The alkadiynes (5.76; m = 4, n = L, 5 and 6; m = 5, n = 5 and 6)
were heated with Fe(CO)5 or Fe3(00)12 to form initially the
metallacyclopentadienes (5.77). These intermediates tnen lost

a metal atom to form either the tricyelic cyclobutediene derivatives
(5.78) or the tricjyclic cyclopencadienyl compounds (5.79). It

wes necessary for one bridge of at least five methylene groups

to be present in the complex (5.77) for collapse of the ferra-
cyclooentediene to occur. When one bridge length was rive

(mn or n = 5) then :ollzpse to the cyclopsntadienyl derivatives

| = ]
) (CcH.,)

o), * Fe(CO)5 B (?HZ)m ’ e(co) (Ch )
—_ or Fe3(00)12

—_— (

{(5.76) l (5.77)

e (O] Gyl (01,

I
Fe Fe
(co)3 (co)3

(5.78) (5.79)
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(5.79) was preferred'S>,

Birch, Chamberlain and Thompson have investigated the
oxidative cyclization of N-cyclohexadiene iron tricarbonyl
complexes (5,31). Tnus the cation (5.30; R = H,Ome) wes treated
with acetylacetone to give the diketone (5.81; R = H,Ohe) and
this compound was heated with manganese dioxide in benzene to
form the dihydrofuran complex (5.82; R = E,Ohe). Deuteration

coniirmed that cyclization proceeded stereospecirfically with loss

o’ the 6—end0-proton186.

H
R R R o
+ cH(com)‘2 Y
1 H
Fe Fe Fe
(co)3 (co)3 (CO)3
(5.80) (5.81) (5.82)

Comoounds of the type Lho(CO),CoH. [L= B(G,lizH ;)
RB(C,N H,) 5, RB(3,5-Fe,G,li,H,) 5 end H2B(3,5-C3H2HZ)2] were treated
with Fe(CO)S to give the corresponding Fa(co)3 adducts. The
starting compounds and the adducts were rluxional molecules wWith
the c7H7 rinc resonances appearing as singlets in the PMR spectra.
It was thought that the Fe(CO)3 group was attached to the butadiene
nortions of the C7H7 rings (5.83)187.
Graf and Lillya reported the electrophilic substitution of

tricarbonyl(norbornadiene)iron. Trestment of this complex with

equivalent zmounts of dichloromethyl methyl ether and titanium
tetrachloride gave the asldehyde (5.8L1). Reduction of the aldshyde
(5.84) with lithium sluminium hydride - aluminium chloride gave
188, 189

the corresponding methyl derivative
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Fe
Fe
(CO)} (GO) .,
3
(5.62) (5.84) {(5.65)

The cztion [06571?&(-30)3]T was shown to beshave as en electro-
onile with a2 wide variety of =2romatic compounds to give tne iron
cerbonyl complexes (5.65; X = indolyl, methylindolyl, pyrrolyl,
furyl, thienyl, iridzzolyl and ferrocenyl). “The rsactions wWeres
carried out in water of polar orgznic solvents but no reaction
was observed with benzene, 1i1lkylbenzene, anisole or phen01190.

The caoromstograchic sesaration of 1- and 2-mzthox, derivatives
of cycloheza-1,3-diene iron tricarbonyl complexes has been
described and tne fite or hydride ion azpstraction Cfrom ithem Dy
triphenylmethyl fluoroborate decermined. The resulting cyclo-
hexadienyl cozplexes nave, in turr, oesn treated uith vorohydrids,
nydroxide and morproline in order to derine tnhe sites ol nucleco-
philie adaition. ''ns rezc:iio.ss of enamines znu ketones ulth

cyclohexadienyl ircon complexes have also been examined191.

5. (iv) (W-Cgh)Fe(M-C.Hy)

hen benzenecycloventadienyliron was heated to hOo in

tetrahydrofuran it gave ferrocene (51%.).
- + . 2+
P
ZCéné_eCSHS —_ (Csbs)aFe + Zcbﬂo + Fe
i a similar manner naphthalenecyclopentadienyliron was

converted to ferrocene192.
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5. (v) gE:ESESlQEE

Electron delocalization in ruthenocene and ferrocene was
studied by the attachment ol & variety of spin label systems
to the cyclopentadienyl ring. The spin label systems used included
semidione radical anions, semiguinone radical anions, k=tyl radical
anions and naphthyl radical anions. Ruthenocene and f{errocene
were found to be relstively inefricient in the dzlocalization of
electron snin density regardless of the sovin label employed193.

Decachlororuthenocene has been prepared rom ruthenocene by
seven successive lithiation and chlorination stews. Emch step
involved the heterocannular dilithiacion ol the retallocene with
n-butyllithium-TiheDA in hexane or THF and sddition of the lithiation
mixture to hexachlorosthane. 1In the early reactions, polylithiation
and metal-halogen exchar.ze combined tn give complex mixtures of
products. Dececiilororuthenocene was obtcined ir. 14 yi=ld overall.
In the corresponding synthesis ol ascachloroferrocene, itne vroduct
was obtained in L2{ yield from 1,1'-dichlorofsrrocene. ‘fhe
decz=chlorometallocenes were hetveoroannularly dimecallated wuith
n-butyliichiuvm and the lithio intermediases were wreated uith
iodine to give the 1,1'-aiiodooctachlorometallocenes. The physical
properties of the decachloro- and the intermediate polychloro-
compounds wWere reported19h.
Radioactive mecnhylruthenocenecarboxylate 103Ru was prepared

103

by heating methylferrocenecarboxylate with Ru013195_

. (1) (T-q M )co(N-C )

The crystal and molecular structure of (T-cyclopentadienyl)-
['n'—trans—diohenyl—bis(trimethylsilyl)cyclobutadiene]cobalt has
been confirmed by a sSingle crystal X-ray investigation. These

results196 concur with the independent structursl studies on both
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the cis- and trans-isomers reported by Habuto and co—workers197

King and co-workers reported the reaction of \me)SCSCo(CO)Z
with dichenylacetylene to give the tetraphenylcyclobutadiene
derivative (6.1), and with 1,7-cyclododecadiyne to give the
tricyclicbutadiene derivative (6.2). The manganese compounds
(b}e)scsl-m(co)z?PhB, [(I:e)50513-1!1(('.’0)2?!0]PF6 and [(Me)scsr-m(co)(no)-
PPhB]PFb were prspared from (E-ie)scsl‘in(co)3 by routes that were

analogous to those used for the preperation of the corresponding
190

unsubstituted cyclopentadienyl derivatives using CSHEK-m(CO)3 .
Fh Ph
/m” ! e '
G
Me Go Me Me ° Me
Me Me Me lie
e Me
(6.1) (6.2)

The photolysis of photo-iX~-pyrone and T-cyeclopentadienyl-
dicarbonylrhodium i»n benzene solution gave T-cyclopentadienyl-
T -cyclobutadienerhodium (6.3) and 2 dinuclear complex (6.l).
The treatment of the complex (h.3) with acetic anhydride and
tin(IV) chloride gave T-cyclopentadienyl-T-acecyleyclobutadiene-
rhodium which illustrated the great reactivity of the TM-cyclo-

199

butadiene ring towards electropbilic substitution

Q
O g cQ

©

(6.3) (6.4)
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6. (ii) _(W-CgHg),Co and |(‘n-c51js)_zc_o;|_+

The helf-wave potential or the cobalticinium-cobeltocene
ccuple at a droponing mercury electrode was used as i reflference
votentisl against which the potential of 2 glass electrode was
measured. This was utilized for the determination of hydrogen
ion activity in basic media such as agueous hydrazine and acueous
ethylenediaminezoo.

The g values a'd the hyperline structure saransiers Tor the
orbitally d=renersete doublet ;round state of cobaltocene were

etermined by electron paramacnetic resonzice cad comgzrea with
N p f
201

Q

he theoreticeslly predicted velue=a

ct

A1 ZPR study of cobaltocene complexed with tetracyaro-
ethylene (TCNE), tetracycnoauinodimesthane, Z2,3-dichloro-5,6-
dieyanogquinone and chlor=nil has been cerried out. The last
three complexes gave only cingle line sp=ctra but the spectrum
of the TClIiT complex was complex and was assigned to contributions
from three sourceszoz.

vavison and 3mart have developea a convenient procedure lor
the synthesis of the bisfulvzlens complexes (4.5 and 6.o0).
Jinydrofulvzlene was formed in THF at - 4° by the rezccion or
iodine with two eauivalents of s=sodium cyeclopenstadienias and was
deprotonated to tne corresponding dianion with n-butyllithium.
fnhydrous cobalt chloride was stirred into the reaction mixture
and after twelve hours it was acidified and oxidized with gaseous
oxygen. The =ddition of ammonium hexafluorophosphate gave the
oroduct (6.5). Different provortions of the same reactants led
to the complex (6.6) rather than (6.5)203.

Sheets and Kirsch have described a convenient procedure ror
the synthesis of cobalticinium s=2lts in 30-50. yield, neither an

inert atmogphere nor anhydrous conditions are required. HhHono- and
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+
2" 2 7+
OO OC “
I 1 _
Co Co 2??6' Go Co 2PF, Co
(6.5) (6.6) (6.7)
di-substituted comaounds (6.7: 2l = lie, R2 = Hj; r! = GO, H,
R2 = H; R1 = Re = 4, Me, CO,H) irere prepared from cyclopenta-

dienylthallium which wes generated in situ. Tnus methyleyclo-
nentzdiene, cyclop:antadiene and anhydrous T10H in ethanol were
stirred togsether to give the intermediate thallium complea. A
zolution of cobalt chloride in equeous dimetnylsulphoxide was
added to give a mixture of the three producis (o.7; al = e,
RE = H; 31 = R = 4, re) in 505 yleldfOl,

Thne electroni: absorption spectra of cobzliicinium salts,
recorded in etnanol 2t room temperature, showed zimilarities to
the svectrz of the corresnonding errocenes in both the number
and form of the bands. The effec~ of electron donating substituents
in increasing the 2lectron densityy on the cycloventadienyl ring
was more important for the cobalticinium ion than fTor ferrocene.
The absorption bani =zt 400 nm, which was assigned to the
A28(128-a 125+) transition in rerrocens, corresponded to a similar
transition in the cobalticinium ionzos.

The intsrfacial condensation orf 1,1 '-dicarboxycobalticinium
hexsfluorophosphate disodium salt with dicyclopentadienylticvanium
hexafluoroohosohate in nitrobenzene vo wWatsr mixvures gave poly-

{bis(oxycarbonylcyc10pennadieny1)cobalt(III)[dicyclopentadienyl-

titemium(I‘.’)]hexafluor-opnosphate} (6.8). The thermal stabilitvy
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of the volymer (A.8) was nigher ir nitrogen than in air and it
underient anion exchange in aaqueous salt solutions to give soluble
nroduct3206.

(Trichloromethyl)cyclop=entadiene was displaced from the

cobrltocene (n.2?) by cvrestment +ith iodire, silver nitrace,

[ ) cC1,
—o0 C@ Co @CO i Co
2 2
- —in
(6.8) (6.9)

tetracyanoecnylene or sulnhur aioxidaZVT,

The resctivity of lerrocene znd cobaltocene touards picrie
and trichloroacetic acids has been conparsd. 4 radical =znion
spvecies wes not formed from cobaltocene since the cobalticinium
product from the reaction with trichloroscetic ascid was dia-
mecnetic., It was found that hydroxide ion did not reduce
cobalticinium sa2lts to cobaltocene although the ferricinium ion
was reducsad by this reagentacs.

Brown has investigated the reaction bstween cobsltocene znd
trimetnylsilyl halides. GCobaltocene is rapnidly oxidizea to the
cobalticinium ion by trimethylsilyl bromide and iodide at room
temperature or belou with the formation of MeBSiSiheB. Trimechyl-
8ilyl chloride is inert in the absence of oxygen. A cobalticinium
suveroxide was proposed as the intermediate in this rsaction in
the presence of oxygen, 1t was detected by the iIMR paramagnetic
contact z2hirt and was trapped as an adduct209.

Leonova and rHochetkova have reviewed the reaction chemistry

ol cobaltocene and nickslocene. This is a good review and it
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has sections on, (i) substitution reactions oi the carbon atoms,
(ii) reactions in the side chains of substituted cobalticinium
salts, (iii) reactions involving addition to tne cyclopentadienyl
ligand, (iv) ligand exchenge reactions and (v) electron donating
properties of cobaltocene =nd nickelocene210.

Oxygen w.as telen up by a dry ethereal solution of cobalt-
ocere to form the peroxide aaduct (6,.,10) as an orange solid. Ihis
species had beer proposed previously as an intermediate in the
reaction of cobaltocene with compounds containing an active
hydrocen atom in the presence of oxygen. The adduct (6.10) decom-

poged rapvidly in air and slowly under nitrogen211.

Y
5 ©

The oxygen adiiuct of cobaltocene, [(CSﬁS)ZCo]ZOZ, was found

(6.10)

to be a good reagent rfor the oxidative cleavage of a carbon-carbon
bord in ®-diliecones end o-duinones to give cobzltlicinium carboxyl-
ates. The oxidation also occurred when a mixsure ol cobaltocene
and %-diketone (or o-cuinone} was treated with molecular oxygen

at a low temmerature. For example benzil gave cobalticinium
benzoate, [(CSHE)ZCO]+rhCOO—, which when treated with hydrogen
chloride in ether produced benzoic acid and cobalticinium chloride
212

in nuantitative ylelds

L series of cobalticinium hexafluoroohosphates was oprepared

and used in the prepesration of polyesters. For example 1,1'-



417

dichloroformylcobalticinium hexafluorophosphate was added to

1,h-butanediol to give the 1,4-butanediol-1,1'-dichloroformyl-

= - Y 9
cobalticinium hezxafluorophosphate copolymer‘Ij.

Cobaltocene mixed with activated halogen compounds was used
as a photosensitive catalyst for the polymerization of vinyl
rionomers by ultraviolet irradiation. For example cobaltocens
mixed with benzenesulphonyl chloride was used as a catalyst for
the polymerization of hydroxyethyl acrylate by ultraviolet
radiation21u.

Imei and Koizumi have used a cetalyet prepared Crom cobaltocene
and triisobutylaluminium in toluene under a nitrogen atmosphere
Tfor the isomerization of S5-alkeryl-2-norborneres. Thus 5-vinyl-
2-norbornene was converted to =2thylidene-2-norbornene in 82.4;
vield over 2 hours 2t 150° 215

The rezctivities towards triphsnyiphosphine shown by
TM-2allylcobalt tricarbonyl (fast reacticn with Cirst-order kineties)
and M-cyclopentadienylcobalt dicarbonyl (slow reection with seccnd-
order kinaztics) were explained by IR and theoretical 3CGCL.O
investigation of the compounds. The W-cyclopentadienyl lizand
acted as an electron donor and facilitsted a build up of electronic
charge in the carbonyl1T: orbitals via the meteal dxy and dyz
orbitals. This led to & high M-C bond order and low C-0 bond
order as confirmed by the IR measurements. The high orbital

population of the'“: orbitals caused the incoming nucleophile to

be diverted towards the positive metal centre to give a slow

bimoleculear reaction216.

Treatment of (T-cyclopentadienyl)(T-1,5-cyclooctadiene)-
rhodium(I) with diphenylacetylene at 160° under pressure gave
(T-cyclopentadienyl) (T-tetrephenyleyelobutadiene)rhodium(I) in

3% yield. The crystal and molecular structure of tnis complex
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(€.11) was deternined by I-ray diffrsction. The raodium-cyclo-
pentadienyl distence wes 1.568 & and the metal-cyclobutzdiene
distance was 1.826 . The planes of the two ligands were zlmost
parallel and the planes of the phenyl groups wWere twisted with

resnect to the cyelobutadiene ring and bent awey from the metzl
217

©

O

agom

{6.11)

6. (i1i) Cobalt-carbon cluster compourds

Py

The reection of norbornadiene with ,{CCOB(CO)9 (x = i:e, Ph,

-
1]
(@)
\J
Q
-
Iy

t0,C, F) gave the complexes 30003(C0)7(H0rb0rnadiene).

In contrzst, the reaction ol norbornaaicne uith HCCOB(CO)9 Zave
the comslex=s (.12 &nd &.713) and with BrCCo3(CO)9 and ClCCoB(CO)9
the norbornadisne dimerized to give Binor 3 (&.132)210,

Seyferth, Hellirren and co-workers have continued oneir

H
B H
H‘\(;=c H CHO
[ . .
c\\\\ i c
Co(CO) N
AT Spatao),
(CO) . 0Co —
3 (co) ,Co
\\\ZCO) 3 \\\\\C
cO o
3 (co)

(6.12) (6.13) (6.13a)



419

R
C\\\\
Co(GO)
LCX3 + COZ(CO)B —_— = (0c) c/{:x§j7 3
3 o\\\\

00(00)3

(6.104)

investigations of alkylidgnetricobalt nonacaroonyl complexes

and report cthe brepvaration of a number of functicnhally substituted
conplexes (6,14) rom dicobalt octzcarbonyl ard zlxkyltrihzlo-
mechanes or alkyldihzlomethanes in THF. The ratio ol' rezctancs
preforred wvas 9 mcles of dicobzit octacarbonyl to 5 moles ol

21kyl hnalide 2nd the reactions proceeded zt rcom Lemperature or

on gentle heating (50°) to give yields of up to 50%. UJompounds
orepared by this method were as rollows: [6.1&; R = v, R;Si,
(30)2?(0), Le3coc(0), heSSiOC(O), dbgdC(U), ag(v), nBQCOC(O),

KOCH,, HC(0), #eO, and te_t]°'7.

o*
In a later pevper from the same laborctory evidence was
offered to support this mechanism and in particulsr the carbonium
ion intermediate (6.15). Thus treatment o' the ketones (6.14;

R = CHO, COFe, COPh) with triethylsilans in benzene without the
addivion of trifluoroszcetic acid gave the alcohols (6.1L;

R = CH,O0H, CHOHXe, CHOHFh) as wzs anticipated rom the mechanism
oroposed. Thne alcohols were convenient starting materials for
the preparation of the carbonium ions (6.15) by treatment with
propionic =2nhydride and then aqueous HPF% under nitrogen. The
PFé_ aalt ol the carbonium ion (6.15; R = lec) was obtained as

a black solid which was quite stable in the absence of air and

moissure. The stability of the carbonium ions was &attributed to

&-Toverlap which was favoured by its structure. The salts, in

either the so.id state or in benzene solution were attac:ed by
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nucleoohiles such as methanol, thiophenol and aniline to Torm
the ether | &.14; R = CH(Me)OMe], the sulphide [ 6.14; R = CH(lfe)SPh]
and the secondary amine [6.1&; R = CH(He)HHPh] resoectively.

MN,i-Dim=schylaniline suffered electrophilic substitution by the

carbonium iers (5.15; R = H, Pn) to form the p-substituted anilines
. R = e N . e 07220
[6.1L,_, R = GHyC Hyie,-p, CH(Ph)C K te, p_] .

\ \
o c// //00(00)3 //\\/co(co)3

3 o (oCc) ,Co //
\\\\00(00)3 3 ~

Co(CO)3

(6.15) (6.16)

Iin addition to -slkylidynetricobalt nonacarbonyl carbonium
ions, the accessibility of the corresponding radical (6.16)
has also been demonsctreted this year by Seyferth and Hallgren.
Methylidynetricobelt nonaczrbonyl was stirred with allyl acetate
and a catalytic gquantity of azobis:sobutyronitrile (AIBN) under
reflux for nine days to form the oliefin adaition product (6.17)
in 217 yield. A similar reaction with allyl ethyl ether gave
the corresponding aidition product (OG)9CO3C(CH2)3°Et' In the
absence of the free radicel initietor, AIBY, no reaction took
plac9221-
Seyrerth, Hung and Hallgren have revorted a new voute to
alkylidynetricobalt nonacarbonyl complexes. The readily avail-
able ketones (6.18; R = COallkyl, COaryl)were reduced to the products
(6.18; R = alkyl, Cﬁaaryl) with tristhylsilane and trifluoroacetic
acid in THF at reflux temperature. Yielas were good and fell

within the range 67-92%5 for the ten compounds prepared. It was
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proposed that the reduction proceeded by addition of &triethylsilane
across the ketone double bond with subsequent loss of the tri-

ethylsiloxy anion and reduction of the resul ting carbonium ion

CCH.,CH,CH_,0COe

R
\\g\\a 2 G~\\\\
// _“col(co), // _"colc0),
(OG) .Co // {0G) ,Go
3 \ 3
\\\\‘00(00)3 \\\\\CO(UU)B

(6.17) (6.18)

- Aunl . - s s 222
(6.18: R = CHR') with & second molecule of triethylsilane<<<,

tiethylidynetricobaly nonacarbonyl cluster compounds (6.19;
M =B, X =C1, Br; M = Al, ¥ = Br) have becn form=d by heating
dicobalt octacarbonyl uith GlBBHEtB, BPBB:!Et3 or Br3A1HEt3 in
benzene at 60°. The resction mechanism wes investigated by
heating the same cobalt carbonyl with e2luminiuvm(III) bromide in
benzene and isolation of the intermediate complexes C%;_(CO)BAIBJ:'3

and J0,(C0)41Br, ss .ell as the product 003(00)_.1Br,A18p3223.

=
Alkyl and alkenyl substituted methinygltricobalt enneacarbonyls
were precered by the reaction or XCCOB(CO)9 (X = H, D) with mono-
and di-olefins in an sutoclave at approximately 130°, It was
(1'21-1,+ + KCCo3(CO)n——> XChZChZCCOJ(CO)9
thought that this reaction oroceeded via a radical mechanism®2L,
Radical anione YCCoB(CO)g_, where ¥ = Et, F, SiMeB, wvere
obtained by reduction of the pearent cluster compounds with sodium
in ether. The deep red solutions of the raadical anions were
stable for several hours in the sbsence of air and each gave a

complex ESR spectrum wnhich confirmed interaction between the
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unzaired elecoron znd the three equivalent cobalt nuclei 2nd

suggested tnat the 0003(00)9 cluster was =2n electron-withdrawing

ﬁroupzas.

UL _MNEL
o 2 3
{
C

//,Co(CO)B

(00)300’//
Co(Co) 3

{(6.19)

‘ricabzltcarbecn cluster compounas, dJ003

t, 7y, C1, 5r, hzve found application as dimerization catalyscs

(00)9, & = H, ke,

2)]

or cyclic diznes. For exarple bicyclo)2.2.1|hepta-2,5-diene
v

kY

1wigs heated vo reflux Jith the czgalyst in mechylene dichlorids

for 3 hours to grve the corrssoonding ax:mer 1a 4% yleluggs.
Halozenom=thiryltricobalt enncacarbonyls wers trested with

aryl Grignard resgents to give the corrssponding aryl-clusters

=1d. Substitution with 2alxyl Crignard reagents was

I

ip good 7
tri'gBr - ErCCo3(GO)9——> R:Co3(CO)9 + HgBr,

not poscsible. Treatment of the halogen-cluster compounds with
orgznolithium rcagents under a caroson monoxide acmosphere gave
the corresponding acid, in good yizld, which resulted from carbon

(i) RLL

ch003(00)9 ——— hozcc\,os(co)9
(ii) H,O
2

moroxide insertion. Grignard reactions carried out under a carbon
27

2
monosiide atmosphere gave the acid in small yield©

7. (1) (W-GeHp)oHL
The retes of exchange of deuterium and tritium were determined

for systems of nickelocene with MeBCOOH—HeZSO—heBCOK and
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O0(CH_CH_CH) _~i'e COH—HeSCOK. These rstes Jere corivared uith che

3
rztes of exchange in ferrocene, triphenylmsthane and diphenyl-

methane. The kinetic acidity of iLhese comsounds increased in the

ordar: fcrrocene<:,~ﬂslﬂ(00) <:.“2Cd <F h3Cn<:n;c-alo ene. ‘The

J
ct oI nickszlocene was decvermined end tine

~ o

#inetic isotone eifs

. P _20
reaction was found to aroceed as a orotophilic replacement ol H

wobinata has used corfiguration2l interaccvion wechnianuss to

nrobe the electronic structure ol nicitelocene. Jharse-transler

m

configurations involving ligond to metzl slectron trensfer as

well as locally-excited configurascions of tne meoel ioa were

consid=red. In order to achieve the best correlation bstuween

the calculated and zxperimentally obtained d-d sransition ensrgies,

the Racah parameters, the resonance integrals =2nd cthe =snerzies

of :the charge-translfer configurations were datarmined” ’9
A FmR iInvestization of polyerysteliine nicXelocene and

chrortocene hes conflirmed that the resonance lin= shawvne and pousitcion

and vearamegnetism for ezch necallocens wzs independenc ol the

temoerature between 1.6 and 20°%. The cbserved and calculaced

line shaves for nickelocene a2t h.EOK vuere comvared, the best fio

was obtained for the case where the =2lecoronic spin dznsiti on

l'u

es
nickel and ezch carbon ztom uwere 1.5 and C.05 ressectively Y .

7]

ymmetrically trisubsticuted triple acciker sanduicn ecompounds
(7.1; R = 1, But) heve been prepared by Salzer and wsrnar by
treatment ol the avonropriately 1,1'-disubstitused nickelocene

with tetralluoroboric acid, nearly cuaentitative yields wvere obtained
The reaction involved a primary one-electron trarsfer =nd zubseaguent
radical addition, or direct attzck by the proton to ~ive tne diene
(dienyl) cation [hi(C.hs)(C Hé)]+uhich then underwent sn ion-
molecule reaction with a second moleculs of nickcloceune to ;sive

- 231
the product (7.1)
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The rezetion of nickelocene with phosphites (dO)BP (R = ke,
Ph) and carbon tetrachloride gave the non-ionic complexes
“—C;Hsﬂi[P(OR‘3101232. The reaction of nickelocene uith the

sguare-plansr complex (diphos)aliix2 [dinhos = 1,2-big(diohenyl-

R |+
- T
Ni

R BFh Wi REW
1 1
PbaP/ \\tha Xh
Ni \ /
H.C—CH
i 2 2 IE
(T.11 (7.2)

shosohino)ethane, X = 1I. GT:]gave the bridged bimetallic complexes
(CSHSHiK)sz-diphos. The corressonding chloro and bromo comblexes
gave the novel ioni: compounds [(CSHS)Ni(diphos)]zﬂiXh (£ = C1,
Br) {(7.2) wnich contained nickel(IZ) cations and anions of
diflferent coardinetion geometriesz33.

Tne reaction o nickelocene with carbon tetrachloride, carbon
tetrabromnide or trichloromethylbenzene in the presence of tri-
phenylvhosphine mave (crihalogenomethyl)cyclonentvadiene and the
correspondine (M-cyclooencadienyl)triphenylphosphinenickel hzlide.
The analozous reaction of nickelocene with allyl bromide gave
allylcycloventadiene; triphenylphosphine was not necessary for
the cleavasge 3n this cass. Alternacive mechanistic schemes
involvineg attaekx at either the niclkel atom or a cyelopentadienyl
ring carbon stom were comparedth.

The reaction of nickelocene with thiols R3H (R = i—CjH7,
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t_C3H9' 12H2

derivatives (GSHSJisR)Z (ecuation 1). The treacment of nickelocene

G g and E—Hecbﬁu) gave the corresponding thiolote

2(C.i H o+ 2 —> (G- 33 - .H.

(usﬂs)all 235H (Cbhsﬂloﬂ)z 205“0 (1)
with methanol in the vresence of oxygen gave a deep rsd liquid
the anelysis of wvhich indicated monomethoxy niczeloceneZBS.

Hickelocens hzs been investigated as a catalyst for the hono-
geneous dimerization of ethylene. At 200° and 113 atmospheres
under nitrogen =z heptane solution of ethylene uss converted to
1-butene85.

liickelocene complexas have been used as sterccspecific
catalysts for the pvolym=srization of butaaiene. Treatment ofl
nickelocene with an equimolar amount of eicher titenium tetra-
chloride or 2luminium bromide gave the corresponding 1:1 complezes.
“ith an excess of titanium tetrachloride 2 2:1 conplex was Irormed
while excess aluminium bromide gave a complex with a ratio of
1.5:1, the 1:1 complexes were also formcd in each cacse. The’
cetalysts (TT-CSHS)ZNiTiCHL and (T-Cghg) ,MiAlBry were used as
susoensions in benzene or toluene esnd an inauction period w~as
observed before the initistion of the reaction. At 8-10% conversicn
of monomer to polymer the catelyst passed into soluticn and the
reaction continued in homogeneous medium. It uas oproposed that
the reactive sites in the orgarometallic species wWere TI-z2llylic
in character since (’K—CSHB)IJiClAlBrBPPh3 was &n eccive cacalyst

while CW—Csﬁs)EiPPhB was inert236.

7. (ii) Nickel-carbon cluster compounds

King and co-workers have continued their investigations of
the reactions between macrocyclic alkadiynes and transition metal
orgenometallic compounds or metal carbonyls. The diynes (7.3:

m=1.4, n=».L4, 5 and 6) were treated with the cyclopentaaienyl
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comnlex, (M-C L{,;!liCO)2 and dicobalt octacarbonyl in hydrocarbon

\n

solvents to give the tetrametzllic compleres (7.4 and 7.5)
resvectively in which the macroecyclic clkadiyne structure was

n = ) dimetal-

retained. Irn the cese of the alkaiijre (7.3; m
lic complexes wWere isolzated where inly one of the two carbon-carbon
triole bonds in the licand was boniled to transition meb213237.
The ro»mation of dimetallic complexes from zlgynsc znd
rnickelocsne or dicobzlt octecarbonyl has been reported by siles
and !acssey. :ith 1-(phenylethynyl)-Lh-chlorotecsrafluorobenzene
the rcazents gave 06H5020éF401(”iCSH5)2 and C6H5C?_COF'401GOZ(CO)6
respectively, ths acetylzne group bridged the two matal atoms
in each cacse. Treatment of the szme diphenylacetylene With

riiron dodecaczrbonyl gave = comnlex mixture of products ineclud-
)236

ctr

ing isomeric derivatives of the binucleer complex (7.6



8. TUranocene

Streitwieser end Haprmon have prepared a number of uranocsnes
with hydrocarbon substituents (6.1; 3 = &b, CH,=CH, 3u”, Fh,
cyclo—CBHS) by direct resction between the diwnion of ths appro-
priate cyclooctetetrezere and uranium(IV) chloride in <HF. 1,1°'-
Dietnhyl- and 1,1'~dibutyl-urznocene did not exchenge ligands
on heating for several hours in diglyme. vivinylurarnocene uas
reduced to the diethyl derivative by hydrogesn Gver a palladium
catelyst and with the Simmons-3mith reagent it gave dicyclooropyl-
uranoc=ne, The metallocene grouo in the alkylursrocenes wWas as
labile to oxidation and acid cleavege =s the psarent m=talloeene.

The visible svectra of these compounds spnotied bathochromic snifts

-
which were interoreted =2s chzrge transler transitions‘Jg.
R
[v)
R
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