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SUMMARY

The first section of this thesis desoribes experiments leading
to the preparation of a series of geometrical isomers of tricarbonyl-
mono-T-substituted-oyclohepta(l,3,5)trienechromium.

Direct reaction of a substituted cycloheptatriene with
hexacarbonylohromium (or molybdenum) is shown to lead normally to
the 'exo' configurational isomer, whilst anionic addition %o
tricarbonyltropyliumchromium (or molybdemun) salts leads normally
to formation of the corresponding 'endo' ilsomer. Nuolear magnetic
rasonance studies are desoribed in support of these suggestions
and possible mechanistic piotures of the two reactions are given.

The second section reporte the results of studies on the
ring-contraction of certain tricarbonyl-mono-T-substituted-
cyclohepta(l,3,5)trienschromium derivatives to tricarbonylbenzene-
chromium. It is shown that the substituent, which must have an
acldic hydrogen on the carbon atom o to the C7 carbon atom of the
oyoloheptatriene ring, can be in either the exo or endo
configuration. A possible mechaniasm for the rearrangement is
given. It has not been possible to characterise the seccond fragment
from the ring-contraction.

In the third section, the results of unsuccessful attempts to
elucidate the structure of tricarbonylanthracenechromium and
tricarbonylphenanthrenechromium by chemical reactions (in the former

case by formgtion from tricarbonyl 9:10-dihydroanthracenechromium
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by dehydrogenation and in the latter case by hydrogenation to the
previously unknown tricarbonyl 9:10-dihydrophenanthrenechromium)
are reported.

Finally, in additional experiments the reaction of phenylethynyl-
lithium with tricarbonyltropyliumchromium fluoroborate is shown
to yield tricarbonylphenylethynyleyclohepta(l,3,5)trienechromium,
the reaoction of sodium methoxide with tricarbonyltropylium-
molybdemum fluoroborate is shown to give tricarbonylmethoxy-
cyoloheptatrienemolybdenum and the reaction of hexacarbonyl-
molybdenmum and 6:6'-dimethylfulvene is shown to give a complex
mixture separable by chromatography on alumina. Two of these
compounds have been identified as hexacarbonyldi(isopropyleyclo=-
pentadienyl)dimolybdenum and hexacarbonyl(isopropyleyelopentadienyl)-

(1sopropenyloyclopentadienyl )dimolybdenun.
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SUMMARY

The first seotion of this thesis describes experiments leading
to the preparation of a series of geometrical isomers of tricarbonyl-
mono~7-substituted-cyclohepta(l,3,5)trienechromium,

Direct reaction of a substituted cycloheptatriene with
hexacarbonylchromium (or molybdenum) is shown to lead normally to
the 'exo' configurational isomer, whilst anionic addition to
tricarbonyltropyliumchromium (or molybdemm) salts leads normally
to formation of the corresponding ‘endo' isomer. Nuclear magnetic
resonance studies are described in support of these suggestions
and possible mechanistic pictures of the two reactions are given.

The second section reports the results of studies on the
ring-contraction of certain triocarbonyl-mono-7T-substituted-
cyclohepta(l,3,5)trienechromium derivatives to tricarbonylbenzene-
chromium. It is shown that the substituent, which must have an
acidie hydrogen on the carbon atom of to the 07 carbon atom of the
aycloheptatriene ring, can be in either the exo or endo
configuration. A possible mechaniam for the rearrangement is
given. It has not been possible to characterise the second fragment
from the ring-contraction.

In the third section, the results of unsuccessful attempts to
elucidate the structure of tricarbonylanthracenechromium and
tricarbonylphenanthrenechromium by chemical reactions (in the former

case by formgtion from tricarbonyl 9:10-dihydroanthracenechromium




by dehydrogenation and in the latter case by hydrogenation to the
previously unknown tricarbonyl 9:10-dihydrophenanthrenechromium)
are reported.

Finally, in additional experiments the reaction of phenylethynyl-
lithium with tricarbonyltropyliumchromium fluoroborate is shown
to yleld trioarbonylphenylethynyloyclohepta(l,3,5)trienechromium,
the reaction of sodium methoxide with tricarbonyltropylium-
molybdemum fluoroborate is shown to give tricarbonylmethoxy-
cycloheptatrisnemolybdenum and the reaction of hexacarbonyl-
molybdemm and 6:6'-dimethylfulvens is shown to give a complex
mixture separable by chromatography on alumina. Two of these
compounds have been identified as hexacarbonyldi(isopropyleyoclo-
pentadienyl Jdimolybdenum and hexasarbonyl(isopropyleyclopentadienyl)-

(isopropenyleyclopentadienyl )dimolybdenum.
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Hein's polyphenylchromium compounds.

Although attempts were made, by Sand and Singer' in 1903 and by
Bennett and Turner2 in 1914 to form stable derivatives of chromium by
reaction of phenylmagnesium bromide with chromyl chloride1 and chromic
chloride® it was not until 1919 that Hein reported3 the first successful
preparation of a series of organochromium compounds, nowadays known by
the trivial name of the "polyphenylchromium compounds"”.

Whilst these compounds have been known for over forty years it is only
within the last eight years that their structures have been elueidated¥'5’6

Under Hein's original conditions, the rcaction is assumed to take

the following course:-

3 PMgBr + CrCly Bta0 ,  nyCr(oEt,);
(1)

giving an unstable d-bonded etherate (1), which undergoes an oxidation-
reduction reaction with rearrangement to yleld i-bonded complexes of

chromium(I) with both benzene (II) and biphenyl (III).
| ‘
Cr +

(11) (111)




Bisbenzene derivatives of chroumium and molybdenum.

The cation (II) was first prepared by Fischer7’8 in 1955 by the
reduction of chromic chloride with aluminium powder at 150°C in the
presence of benzene and aluminium trichloride, & reaction system which,
with the addition of carbon monoxide, was being investigated with 2 view
to synth®sising hexacarbonylohromium? Without the carbon monoxide, a
mixture resulted frem whieh (II) wes isolated as the picrate or reineckate.
Reduction of (IX) with sodium dithionite gave the parent compound

bisbenzenechzgniva (IV) as a black~browa solid.

Cr

(1v)

Subseguent research led to the isolation of the bisbiphenylchromlum(I)
cation (III)}O and the mixed benzenebiphenylchromium(I) caticn}l from
similar reductions of chromic chloride using biphenyl, and a mixture of
benzene and biphenyl 1n place of benzene. These complexes were found to
be identical with those from the Grignard reaction, thus proving

conclusively the® -bonded meture of the "polyphenylchromium compounds”.




The properties of (II) and (1V) have been studied ia great detail.

i

(LI} is dlameagnetle end thermodynamically stable (although leas &o thew

99,100). The infrarsd spec'traloa of {CgHg) Cr and (0696)201"

ferzocene
have bezn 1nterpm?,ed12 as suggesting D}d syewetzry vather thasn the
gix-fold symmetry about the Z axis whioch might be expected, and this hes
bhezn coafirpmed by K-;ray ml;mia?’

A study of the solid-state apeotrmw of (IV) has led to the
conclvsicn that there igs some motich in the solid atate, but that this
avpeers to be rotation of the whole molecule iv the orystal la£tice

rathor than rotatlion of the rings in the complex.

Purther confivmation of structure (IV) comes from electron-spin

16,17,18,19

rescnance studies on (II) whenece it is foumd %thet the

mpeired electron in (II) is not losalised on the chrouium atom, bub
Interacts equally with all Uwelve hydrogens on the two benzens rings.

Chemical properties of (IV) ave leorgely negative. Friledel-Crafta,

Chiionibabin and metalation reactions falled-’ to glve the substitution

preducts e3 did reactien with dlszonium salts. Atlempted nitration or

) . . . 20
sulpbozation and treatment with peroxides resulved in decompoziticn
- A . " . 2191%
of the zolesule. MNetaletici heg, howewver, been achieved recently.

Aznelogous bisaranechromivm compounds of toluene, o, m and

p-xylenes, teiralin, mesitylene and hexamethylbenzene huve bean

prepax‘edg Bigerenenolyodenum compoinkis of benzere and megitylene have
T, T3

baen made.

!




Preparation of triearbonylarenechromium (and molybdenum) compounds.

Reacticn of (IV) with hexacarbonylchromivm gave the first tricarbonyl-

22
arenechromium, tricarbonylbenzenechromium (V) in 27% ylelad.

Cr
/]
oC co
CO

(V)

23,24 25,26
A more general method, devised independently by Fischer, Natta

and Whitins27' 2

is to heat the aromatic compound with hexacarbonyl-
chromium under reflux or in an autoclave under pressure in a solvent

such as diethylens glycol dimethyl ether, (diglyme):-

ar o+ cr(co) diglyme , ArCr(CO)j + 3CO

Using diglyme as solvent, the intermediate tricarbonyldiglymemolybdenum
4
has been 1solated7 as a fairly stable yellow solid. Table I lists

some of the compounds which have been made by this general method.
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6.

Limitations of this method have been encountered with the substituents
-COOH, -CHO, ~CN, -HO, and -Br which promote decouposition of
hexacarbonylehromiun before the complexing reastion bacomes prominent.
However, the benzoic2" and phonylacetio a0id°> complexes have been
isolated by hydrolysis of the corresponding ester derivatives and the
benzaldehyds complex has been isolated”> by acid hydrolysis of
tricarbonyldi (ethoxy)methylbenzenechromium (VI).

0coHs
o e

Cr
o’ | o
Co

(V1)

Tricarbonylbenzaldehydechromium forms an oxime, a dinitrophenylhydrazone
derivative and undergoes noimzl Camnizzaro reaction.
Properties of tricarbonylerenschromius complexes.
Tricarbonylarenschromiun (and molybdemum) compounds are generally
yellow to orange in colowr and the ohrwi\nwxmnabloiam
unless there are sensitive substituents in the benzene ring (such as «0H).
‘n:é reaction between hexacarbonylchromium and arenes is facilitated by
the presence of electron-releasing substituents, and retarded by
electron-attracting and by bulky (Bu®) substituents. Tricarbonyl-




7.

(benzoic acid)chromium (pK 4.77 in 50% ethanocl) is a considerably
stronger acid than benzoic acid (pK 5.68) and only a little weaker
than p-nitrobenzoic acid (pK 4.48). 'l'ricarbonyl(phmlaootic acid)-
chromium is almost as strong as p;nitrophwlmtic acid, and these
results suggastthnta-&'(co)j group bound to an aromatic ring
withdraws electrons almost as.moh as a nitro group, and that it
hss also a steric effect comparable with that of a large ortho-
substituent® '

The eleotrically positive character of the aromatic ring in
these compounds hinders electrophilio substitution reactions and
promotes nucleophilic reactions. For example, tricarbonylchlorobenzene-
chromium can bo converted into tricarbonylanisolechromium under very
mi14 conditions and in good yleld:'

8ince the tricarhonylchromium group can be displaced from the
arens by the reaction of the7r(-~bonded complex with pyridine, tertiary
arsines, tertiary phoaphines®! or diethylenstriamine® giving
compounds like (m)r),cz-(co), the possibility arises of attaching
tenporarily the ff-box.ided Or((‘:O), group to carry out othorwise
impossible mucleophilic substitution rsactions on aromatie conpo\mda?b

The dipole moments of several of these -bonded 0r(00)3 complexes
havebeenmmzs'y they are large, and the benzenc ring is the
positive end of the dipole. HRepresentative moments are given in Table II,
and it can be seen that eleotron-releasing substituents on the benzene

ring increase the overall dipole moment.




Table II

Dipcle moments of J\mmcz-“x)}3 compounds.

Arene Dipole Moment
06116 5.08
(.76ﬂ50ﬂ‘> 5.26
pCHy (CH,), 5.52
1,3, 5-9583(01“3)3 5.81
1,2,4,5-CgH, (CHy )y 6.04
06(w3?6 6.48
CeHisN(CH3)2 B30
Cycloheptatriene 4.52

Cyclohsptatriene, apparently, has a lower donor character than
benzene.

The tricarbonylarenechromium complexes all show two atrong C-0
stisbollng itk &5 1900 et os it TARRIIG s
and Me.nginim have recorded the ultraviolet spsctra of a series of
these compounds and find three characteristic absorption arcas,
J15-325 mn (loge 4.0), 250-270 mp (loge = 3.7=4.0) and 220-230 mp
{(loge = 4.3-4.8).

Tricarbonvibeszenechromium.

This compound is formed in 80% yleld from hexacarbonylchromium

and benzene in an autoolave at 210-240°C2° It forms hright yellow




9.

needles, m.p. 161.5-163°C., stable in air, but slowly decomposed in

organic solvents to chromium oxide. X-ray anslysis 41,113

indicated
structure (V) for the molecule, in which the carbon atoms have a fixed
position and are all equidistant (2.25 * 0.05 &) from the chromium atom.
'lheplminwhichthoomenmmareoontain‘edhaabeenﬁmndtobe
parallel, within experimental error, to the benzene ring, the carbeon
and oxygen atoms of each CO group being collinear with the chromium
atom, and the angles CO-Cr-CO very near to 90°.

Tricarbonylbenzenechronium has been acetylated”=*>> to give
tricarbonylacetophenonschromium.

Arvens exchange reactions of tricarboaylbenzenechromium with
binuclear aromatics have led“2 to the synthesis of a series of

bis(tricarbonylechromium)complexess= Table III

Table IXT

Binuclear aromatic compound | M.p.(°C). [Yiela (%).
Ph-Ph 215-216 55
HyN-Cely «Clin-Niy 253-255 1
Ph<CH,=Ph 216-217 o8
Ph-NH~FPh 210-212 61
Ph<CHy-CHy=Ph 236-238 ™
Ph-CH=CH~Ph 243245 72




10.

Miscellaneous benzenoid derivatives of chromium and molybdenum.

43

15
Cais and Feldkimel “ and Stone, et al have isolated mixed-metal

complexes of chromium and iron by the following reactions:=-

Fe F\
Cr OC/CL co Cr cr OC/CIO co
co co Co

and also compound (VII) from hexacarbonylehromium and benzylferrocene,




1l.

@_ 2—O)

Cr

o’ oo

co

(VII)
has prepered an analogous compound from phenylferrocene.

whilst Munro 56

In an attempt to obtain paracyclophane analogues of bisbenzene-
chromium, Cram and Hilkinson‘m reacted hexacarbonylchromium with a
series of paracyclophanes to yield compounds of type (VIII), in some
cases having two Cr(CO)} residues in the molecule. However, they

were unable to link two benzene rings through a chromium atom.

(V1II)




12.

A variety of tricarbonylchromium complexes have been made from
compounds having 2, 3 or 4 benzene rings fused together. Thus,
1 31 1
naphthalene? anthracene, phonanthrene?1'77 chryaene? 9:10-

risanimber® i, & Sieiroinitnenna s

have given tricarbonyl-
chromium complexes. Other systema which have given tricarbonylchromium
48 48
derivatives include indene, fluorene, thianaphthene?7 aeenaphthylene77
&7
and thiophene.
49,69
Pischer, et al have alsc prepared the diecarbonyl compound (IX)
which is unique in being the only chromium complex known in which the

ligand is a simple olefin.

(-2

A<

v Cr

" B

co

(IX)

Tricarbonyl-N-(benzaldehyde-anil)chromium derivatives have been

made35

with the Cr(CO)B group on 1) the pheqyl ring and 2) the aniline
ring, and each of these has been hydrogenated to the corresponding
benzylaniline complex.

By reaction of hexacarbonylehromium (or molybdenum) with methyl-

]
1
pyridinium iodide, Piascher and Of‘e;lezso'5 isolated the corresponding




methylpyridinium(pentacarbonyliocdo)metal complexes. Upon neating in
vacuc,, the chromium compound gave a low yleld of thell -bonded

tricarbonylmethylpyridinechromium (X).

CH

\ /
Cr
of | o
co
(X)

n
Fischer and Frohlich75 have reported that hexacarbonylmolybdenum
reacts with 1,3-cyclohexadiene to give a compound (CgHg)oMo(CO),, and
6
King and Stone7 reacted 8:9-dihydroindene with hexacarbonylmolybdenum

to give a compound thought to be the ecyclononatetraene derivative (XI)

Mo
o [N
Cco

(xx1)

13,




14.

5:6'-Diphenylfulvene has givenS3 a tricarbonylchremiun derivative
in which 1t is suggested that the tricarbonylchromium group is bound to
one of the phenyl rings rather than the fulvene.

trohmeier has recently reportedee the results of kinetic studies
on the synthesis of tricarbonylarenemolybdenum compounds of benzene,
fluorobenzene, toluene and xylenes.

Chromium_end molybdenum derivatives of miscellaneocus olefins.

Table IV lists some of the olefins from which carbonylmetal

complexes have been prepared:-

Table IV
Olefin Metal s gisggaizzups Reference
& yelooctatriene Cr 4 45, 46
cyclooctatriene Mo 3’ or 4 45,46
5,6-~dimethylenebicyelo(2,2,1)heptene~2 Cr 3 28
5,6-dimethylenebicyclo(2,2,1)heptene-2 Mo 3 28
1,5-cyclooctadiene Cr 2 52
1,5-cyclooctadiene Mo 2 80,82
norbornadisene Cr 2 82
norbornadiene Mo 2 79,81,82
bicyelo(2,2,2)octa2,5-diens Mo 2 82
1,2-diphenylacrylonitrile Mo 2 8L
- acrylonitrile Mo 2 85

b this compound has been Shown to be a tricarbonylmolybdenum derivative by

its conversion, in boiling mesitylene, into tricarbonylmesitylenemolybdenum?S




15.
Reaction of hexacarbonylmolybdenum with azulene, 4,6,8-trimethylazulene

and guaiazulene has led to compounds formulated as AzMoz(COJG. The

structures of these compounds are m:nl'.'nown!'0'1’102

Chromium and molybdenum derivabives of cycloheptatriene.

During an abortive attempt to prepare tricarbonyltropylium
derivatives of chromium and molybdenum, Wilkinson, et al. 1solated '’ >
a series of tricarbonyloyclohepta(l,3,5)triene derivatives of chromium
and molybdemun. Recently, many more def'ivatives 6f these parent

molecules (XII) have been prepared and Table V lists some of these.

(x11)

Structure (XII) is deduced not only from the red colour, but from
the infrared spectrum which shows three intense carbonyl stretching
modes as opposed to the two stretching modes shown by all the
tricarbonylbenzenechromium {and molybdemum) compounds. Initially it

l1'555 g
was suggasteds that the electrons of the six carbon atoms in the



Substituent M.p.("C). | Reference
H 129 =130 54,55
H 101 -201.5] 54,55
CH, 2 -3 | Sh5S5
m’ 4 150 54,55
Cetls, —enes 54,55
Celg 4 150 54,55
Coliy * s 54,55
CoHly * d 150 54,55
OCH, 107 - 109 58,56
oN 118-119 58,56
ca(oooca%?a 122-133 5B-56
6(CH,) (Co0c Hs)o 91 92 58,56

# oyclohepta(l,3, 5)trienyl.

16.




17.

plane of the ring were delocalised to form a quasi-aromatic system
which by-passed the exo-methylene group and were J{ -bonded to the
d-orbitals of the metal atom. However, recent nuclear magnetic
resonance studies have led Wilkinson to retract this suggestion and
sta‘!;es5 that bonding is from three distinet sets of double bonds,
and this is fully confirmed by detailed X-ray analysislo? (for the
molybdenum compound).

Treatment of tricarbonyleyclohepta(l,3,5)trienechromium (or
molybdenum) (XII) with trityl salts has led 57,58,59 to the isolation

of the much sought after tricarbonyltropyliumchromium (and molybdenum)
cations (XIII, M = Cr or Mo).

®

& %
Co

(XTII)

The high symmetry and structure of (XIII, M = Mo) has been confirmed

by the presence of only one proton resonance line in the N.M.R. spectrum

of its solution in DE’SOI‘?9 The symmetrical tropylium cation has six 1T

electrons which form an aromatic sextet and interact with the Mo(co)3

group in much the same way as do those of benzene,




18.

A novel use of the trlcarboaylchromiun group in helping %o detormine
structure hag recently been mmmdi? Reaotion of a compound thought
to have structure (XIV) with hexacarbonylchromium gave a commound
having infrared w&on typical of a tricarbonyleycloheptal(l,3,5)=
trienechromium derivative. .

OEt
L
(x1v)

Chwomtun apd molybdemm derivatiyes of eng?”
Bisayclopentadienechromivm (XV, M = Cr) was firat preparedso by

©

©

(xv)




19.

thermal decomposition of the hexamminschromiumoyclopentadieride
c:(m,)s(c,n,)g and indepondently by reaction of hexascarbonylcohromium
withoW?. A better method ia the action of ayclopentadienyle
Wumoiwwwwmg Although unattocked

by water, it is decomposed by acids and 15 very semsitive to oxygen.

The "chromooinium” oation (c,ss?acr* is obtained by oxidation with

Mine?s but is not stable in water. The reineckate and tetraphenyl-

boratemmgs The analogous molybdemom compound (XV, M = Mo) is
not known. Table VI lists some of the known cyclopentadienylmolybdenum

sompounds .

Table VI

Ceompound Rafarence

fesmsrenetere]”
(CsHg ) MoCly
(Cofis) oMoty
(CoHg) yMo

CEE- R - A

# this compound is thought to have one/l -bonded cyclopentedienyl
group and thres S-bonded cyclopentadiene groups.

An interesting monoeyclopentadienylohromiua compound (XVI) 4ia

fox'llod& from chromium(III) acetylacetonate and one equivalent of




ocyclopentadienylmagnesiun bromide in benzens., It is instantly
hydrolysed in water.

B om=o
-1

(xv1)

If ocarbon monoxide is allowed to react umder pressure with

biscyclopentadienylohromiun, the first product forwed, at 100-110°C
is a salt

Copglepr —ESy  fogmm);on] [rmsonton),]

At 150-170°C., the further action of carbon monoxide results in formation
of the dimeric carbonyl®> (XVII, M = Cr).

ek,
F \—

(xv1I)
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This structure hes been confirmod for M = [Ms by X-iny Mm?:-.los

The temperature dependence of the proton megnetic rescuance spectrum
shows that rotation of the cyulopentadieny]rings begins asbout 100°K. and
ummummcs.’e

(XVII, M = Cr and Mo), and a variety of substituted cyolopentediens
derivatives, in the cass where M = Mo, have also bsen cbtained®”9596:97
from fulvenes and the metal carbonyls and by the following acxies of

reactionst=

Ogfigiia  +  Cr(M)(C0)g ) MafCsisCr(to) (CO),|

/ (XVIII)

[esasoetims) (co),Ju
[msestoonsls ——g— [esmoreny,

(xviI)

Troatment of (XVIII) with alkyl halides lesds to S-bomded alkyl

derivatives e.g., methyl, othyl and isobutyl compounds for M = Moo

and mothyl for M = Cr.
Ammtheotmmmwwmm&hrmmm
molysdonum compounds which have beea made are (XIX) - (XXIII) made by

Pischor and oo-worlnoraﬁs.m




b
00000




mmmmumamm(mv)mm from zodiume

tricarbonyloyolopentadienylmolybdenum and (dicarbonyleyelopentadienyle
ivon) 1odide in tetrahydrofuren. |

QH1-©

(xxv)
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Geometrical stercoigsomers of meno-7~aubstliuted tricarbonyleyelchepta.~
{1,3.5)trienechromium.

The tricarbonyloyolohepta(l,3,5)triencechromiun molecule can be

assumed to have struoture (OXV, M = Cr),

(Xxv)

by analogy with the corresponding molybdenum compound whose structure
107

kas been shown to be (XXV, M = Mo) by X-ray anslysis. It is therefore

apparent that mono-T-substituted, [for numbering see (m)], derivatives

might exist in two geometriecally isomeric forms: (XXVI) and (XXVIIX).

=
- =] - 41\‘:
\ - \
Cr Cr
/'\ /i\
oc co oc co
co co

(Xxv1) (XXVII)
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At the beginning of the work described in t¢his thesis, varlcus mono=Te
pubstituted derivatives of CKXV) had been prepared (Table V), but no
suggestion had been made as to the configuration of these compounds.

It was therefore decided to attempt to characterise the structures of
the known compounds and to synthesise pairs of isomers having structures
(XXVI) and (XXVII).

Two general methods have previously been used in the preparation
of mono-7-substituted derivatives of (XAV), and these are i1llustrated
by equations 1 and 2.

The first methodsu'ss involved heating the metal carkonyl with a

T-substituted cycloheptatriene under reflux, or in a svitable solvent:=-

C7H7R + Cr(CO)6 > C7H?RCr(CO?) + 3C0 ....1

The second method56’58 involved reaction of the tricarbonyliropyliune

chromium cation (XXVIII) with suitabie anions:-

/l\
oc | co
co

(XXVIII)

CHLlr(CO)3 ¥ + R > CHACr(CO)y voenvernnns.ne.2
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and Whitingll? have suggested that reaction of aubstituted

benzenes with hexacarbonylehromium occurs by a "broadside™ attack

accompanied by an intramolecular shift and extrusion of carbon monoxide

groups, represented diagramatically as follows:-

+
oc €O ==
Co
\(_!r/ o
oc/l \co
Cco
G

> gl
ocC

+3CO

Co

It seems reasonable to assume that mono-T-gubstituted cycloheptatrlenes

should resct with hexacarbonylchromiuvm in a similar manrer, steric

factors assuring that the product is the 'exo' isomeor (XXVII):-

R
5
¥ s
oc €O co
“ .
Cr
o¢ ! “co
Co

o

2
)
2P co
o
()C. I/ . \:\~.(:()
/ “ ‘\
; o )

R

-

I 1N
oC ¢o Co
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In no ocase has it been observed that reaction of a mono-7-

substituted cycloheptatriene with hexacarbonylchromium leads to more
than one isomer, and it is therefore proposed that such a reaction
leads normally to the exo-substituted product.

A parallel to reection 2 can be found in the reaction of

cobaltoeinium salts with anionic reagents. Green, Pratt and Hilkinsonlla

and Fischer and Herberich;lg have prepared various endo-substituted
derivatives of cyclopentadienylcyclopentadienecobalt (XXIX) by
nucleophilic attack on cobaltocinium salts, e.g. with deutéride ion
and by the reaction of various halides, e.g. methyl iodide, with
cobaltocene. The former authoran2 have presented evidence that the
incoming group ocecupies the endo position, base mainly an the nuclear
magnetic resonance spectra of the products. Thus, in the methyle
cyclopentadienscyclopentadienylcobalt compound (XXIX, R = Me) the
proton resonance of the methyl group occurs at a high ¥ value (9.77)
compared with normal aliphatic methyl protons. 1his is aecounted for
by assuming that the extra shielding resulting in this upfield shift
is due to the proximity of the metal atom, which would not be the case
if the group were in the exo configuration.

A mechanism to account for the reactions is not given by
Wilkinson, et al:.L12 However, in a footnote to a paper dealing with
the stabilization of carbonium ions by metallocenes, Hill and Richardslls
suggest that the mechanism probably involves initial attack of the
methyl group on the free electrons of the metal followed by an
intramolecular shift to give the desired compound. This type of mechanism

may be represented diagramatically as follows:-




28.

@ ©

+ + o
Co R — Co-:).R > CO
R
@ | N\
{(xXxIx)
In further experiments, Jones and Wilkinsonlao and Green, Pratt

and Wilkinsonl13 obtained endo-substituted products by reaction of
lithium aluminium deuteride with [C6H6(05H5)F%]I and ¢f phenyllithium
with [cs%m(co)j]* C10, and with [CgHg(Cshis)Fe|Brs. They observed
that the product from the latter reaction, namely endo-phenyl-
eyclohexadienylcyciopentadienyliron(iI), (06H5-C6H5)FB(CSH5) showed
a phenyl proton resonance in the nuclear magnetlc resonance spectrum
at a U value of 3.25, again a relatively high value for this type of
proten, and accounted for by the shielding effect of the metal atom.
In view of these results, it seems probable that reaction of the
tricaerbonyltropyliumehromium cation with anions takes the following
course, leading solely to the endo-substituted isomer. The positive
charge on the cation 1s presumed to be distributed between the ring

carbon atoms and the metal atom.




13!
- /=
+R ot
Cr
oéll\\bo Od/St\bO
co co

Experiments by Munro and Pauson56’58 and to be described in this
thesis, involving anionie addition to tricarbonyltropyliumchromium
(andrmolybdenum) cations, gave in all cases only a single product.

It will be shown that these products have different propertles from

the isomerle products formed by the direct reaction of the corresponding
substituted cycloheptatriene with the metal carbonyls, and N.M.R. data

are given in support of the suggestion Just made regerding the configuration
of these compounds.

Reaction of 7-methylcycloheptatr1enesu with hexacarbonylchromium

under Wilkinson's conditionssu »55

gave a single product formulated as
tricarbonyl-7~-exo-methyleyclohepta(l, 3,5)trienechromiun, [(JONII), R = He] .
This compound was converted into tricarbonylmethyltrcoyliumchromium
fluoroborate (XXX), by hydride abstraction using triphenylmethyl

fluoroborate

co

(xax)




and this was treated with sodium borohydride ln an attempt to see if
the sequence -H /:+H~ would give a) a new isomer or b) the starting
methyl compound.

The reaction product was a deep-red olly substance which was
separated, by chromatography on alumina, into a non-crystalline fraction
and a red crystalline compound.

To eliminate the possibility that the crystalline compound was

of a type (XXXI), resulting from the reducing action of the borohydride,

Me Me

Cr Cr
/I\ 74 LY
oC Cco oc co
co cO

(ouxT)

tricarbonylmethyltropyliumchromiun fluoroborate (XXX) was treated with
zinc dust. This gave a compound whose properties were more similar to
those expected of a compound of type (XXXI), viz. 1low solubility in
organic solvents and high m.p., than those ¢f the borohydride reaction
product.

The low solubility of this zinc dust reduction product, in crganic
solvents, has precluded 1ts study by nuclear magnetic resonance and the

positions of the methyl groups are not knowm.




A study of the N.M.R. spectrum (No 2, pagel0) of this borohydride
reaction product indicated that it probably has the structure (XXXII),

tricarbonyl-1-methylcyclohepta(l,3,5)trienechromium,

CH3 142

\

Cr

/7 I\
o¢ | co
co

(XOXIT)

The singlet at ¥ = 8.03 is clearly due to the methyl protons, and this
methyl group must be on position 1,2 or 3, since a doublet would be
expected 1f the group were at position 7. The relative intensities

of the 3,4 2,5 and 1,6 protons, relative to those in the parent compound
tricarbonyleyclohepta(l,3,5)trienechromium82  (No 1, page40),
together with the relative disturbances of these groups suggest that

the methyl group is at position 1.

Struoture (XXXII) is in harmony with recently publishedll®

work
by Conrow who treated methyltropylium salts with sodium borohydride
and obtained a mixture of the four expected position isomers in the

following ratio:-

J1.
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Isomer 1 2 3 T

%. formed|60 |20 |15 ] 2.5

The non-crystalline material from the reaction of sodium borohydride
with tricarbonylmethyltropyliumchromium fluoroborate is thus probably a
mixture of 2,3 and 7 position isomers.

The action of methyllithium on tricarbonyltropyliumchromium
fluoroborate gave the two di(cyecloheptatrienyl) compounds (XXXIII) and

(XXXXIV), by the 'abnormal'route?6’11u whilst reaction of methylmagnesiuvm

i
/Fr ‘/Ci\ Cr
oc l\co oc | co oc/ l\co
(610 co (o0}
(XXXIII) (xoKTv)

iodide gave the required tricarbonyl-7-endo-methyleyclohepta(l,3,5)-
trienechromium [(XXVI), R = me} in 1% yield.
Conrow had reportedll5 that reactlion of methylmagnesium iodide

with T-ethoxycyolohepta(l,3,5)triene gives a quantitative yleld of




3.

T-nethyloycloheptatriene, uncontaminated with 1,2 or 3 position isomers.
Since tricarbonyl-7-endo-methoxycycloheptatrienechromium [ﬂXXVI), R= OM&I
had been made previously by the action of sodium methoxide on tricarbonyl-
tropyliuvmchromium saltass'sa it was decided to react this compound with
methylmagnesium lodide. The main product, formed in 80% yleld was again
tricarbonyl-T-endo-methyleycloheptatrienechromium,

Conrow115 does not suggest a mechanism for the reaction of the
Grignard reagent with T-ethoxyoyecloheptatriene. However, 1t seems
reasonseble to assume that the mechanism involves a four-centered eyclic
attack by the Grignard reagent on the alkoxyl group with (in the case
where there is a Cr(CO)3 residue) retention of configuration. It is
not known at which point the incoming methyl group becomes attached,
although it should be possible to clearify this point by the use of
suitably labelled reactants. The proposed mechanism can be 1llustrated

as follows:=

Wilkinson has stated 12

that in the coyelopentadienyleyclopentadiene-

cobalt compounds (XXIX), the substituent group, and the groups replacing
it are probably in the endo configuration. Thuas, by an extension of this
statement to cover exo end endo derivatives of tricarbonyl-T-substituted

cyoloheptatrienechromiums it seemed probable that whereas the 7-exo-




—
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methyl derivative should react with {iriphenylmethyl fluoroborate to yleld
the corresponding tricarbonyvimethyltropyliumchromium cation (end this

does in aoctual fact occur), the T-endo-methyl compound should not react
with triphenylmethyl salts.

Upon treatment of tricarbonyl-T-endo-methyleyeloheptatrieneshrocium with
triphenylmethyl fluoroborate, the chromium complex was recovered unchanged
in 78% yield, and no trace of triphenylmethane was found. Unequivocal
proof of the structure of the T-endo-methyl compound came from a study
of the muclear megnetic resonance spectrum, (No 4, pagel0 ). The
methyl proton resonance occurred at a ¥ value of 10.2., whi&h high value
is atiributable only to metal-proton interaction and consequent shielding
by the metal atom. Comparison with the spectrum of the T~exo-methyl
compound {No 3, pagel0 ) shoﬁed the latter to have methyl proton
absorption at ¥ = 8.45, in acoordance with Wilkinson's assignments a2
for the endo (9.77 ¥) and exc (8.63%) T-methyl groups in the similar
molybdenum compound tmva)

Me (8-63)
Me (9-Y7)
Me -
\
/Mo
oC \co
Co

{XXIVa)




Similarly, the product formed by reaction of sodium methoxide
and tricarbonyltropyliumchromium salts was shown to have the endo
configuration from its nuclear magnetic resonance spectrum (NolO, page &2 )
the methyl proton resonance ocourring at aw value of 7.2, whieh is
quite high for methyl protons in such an enviromment (usuelly 6.2 - 6.3% )}us
and which is again explainable on the basis of shielding by the metal
atom.

In attempts to prepare tricarbonyl-T-exo-methoxycycloheptatriene-
chromium, 7-methoxyocycloheptatriene was treated with hexacarbonylchromium
and with tricarbonyleyocloheptatrienechromium but in eash case
decomposition ocourred with scission of the metal-ring bond.

Wilkinson and co=workers had repor?.edsl"'s5 that reaction of
phenyloyoloheptatrienells with hexacarbonylohromium gives a eompound
formulated as tricarbonylphenyleycloheptatrienechromium. The only
properties of the compmmd to be published were the thres metal-carbonyl
stretching frequencies in the infrared. Repetition of the reaction by
Munross »58 afforded a low yield of a substance which melted over 7 degrees.
It was oonoluded56’58 that this substance was probably a mixture of
several isomers.

Reaction of phenylmagnesium bromide with tricarbonyl-T-endo-
methoxycycloheptatrienechromium gave tricarbonyl-T-endoephenyleyclo=
hepta(l,3,5)trienechromium [(}DWI), R = Ph] in 95% yield. The compound
was homogensous, highly corystalline and possessed a sharp melting point.
It was also obtained (in only T# yield) by the reaction of phenylmagnesium

bromide with tricarbonyltropyliumchromium fluoroborate.




The phenyl proton resonance occurred at a ¢ value of 3.53 in the
nuclear magnetioc resonance spectrum ( No 9, page 42 ), which value is
abnormally high for phenyl group protons in most oréanio molecules. It
should be compared, however, with the value of¥Y = 3.25 in
(CgHisCeHis)Fe(Colig) >0 and Y = 3.2 1n C H.Co(C i ~endo-Fn), ® and
henoe 1t seems highly probable that our compound is the endo-phenyl
derivative.

In the study of the rearrangement to tricarbonylbenzenechromium
of certain tricarbonylcycloheptatrienechromium derivatives (part 2 of
this discussion), Mumro ha.d prepared tricarbonyle-T=endo=-di(ethoxycarbonyl)
methyloyeloheptatrienechromium [(XXVI), R = CH(COOEt), ], by reaction -
of dlethylsodiomalonate with tricarboﬁyltmpylixmchromim perchlorate.

It was therefore decided to try and obtain the corresponding exo-

isomer by diresct reaction of T-di(ethoxyearbonyl )methylcycloheptatrienem
with hexacarbonylchromium. The expected product, tricarbonyl-7-exo-
di(ethoxyoarbonyl )methyloyoloheptatriencohromium, [(JDNII), R = CH(COOEt)a]
was isolated in 50% yield. . o

In view of its possibilitiesz as a model rearrangement compound
tricarbonyl=T-exo=( othoxycarbonyl Jmethyloycloheptatrienechromium,

[(XXVII), R= cuzcoont] , had been prepared by direct reaction of
7-(othoﬁoarbony1)mothyloycloheptatriensm with hexacarbonylchromium.
Attempts were mado to prepare the corresponding endo-derivative by means
of a pseudo Rafomatakylaa reaction using zinc and ethyl bromoacetate
won tricarbonyltropyliuvmchromium fluoroborate and tricarbonyl-7=-endo-

methoxyoycloheptatrienechromium, similar to the above-nentioned
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Grignard reactiona. By using rigorously purified materials, the
required compound, tricarbonyl-T=-endo=-(ethoxycarbonyl)methyleyclohepta«
(1,3,5)trienechronium [(XXVI), R = 0820008t] was finaily prepared from
zine turnings, ethyl bromoaoét.ate and tricarbonyl-7=-endc-methoxycyclo-
heptatrienechromium in tetrahydrofuran, in 88% yleld.

The nuclear megnetic resonance spectra of the two malonate and the
two acetate complexes (Nos 5-8, page 41 ) show the same displacements
of chemleal shifts, but the spectra are so complex that detailed assignments
could not be made.

Alkaline hydrolysis of tricarbonyl-T-endo-{sthexyeasienyl)nethyl-
cyo 1oheptatrioamtt?é trioarbonyl-?-endo-oarboxymethylcyolohepia (1,3,5)-
triencchromiun in 93% yileld. Determination of the pK value of this .
scid and of the corresponding exo-acid, might add further confirmation
as to the configurations assigned to these compounds, provided that the

endo-aclid has structure (XOV) and that the exo-isomer has structure

(xoxvr)
7
e (!ZH.& -
\ . co
) P A
" e
C+”
Cr
oc/ \co / !\
co oc | ¢co
co
(200xv)




for whereas (XXXVI) would be expescted to be a slightly stronger 20id
than acetiec acid, the tricarbonylehrazius group having been siown®! to
be powerfully electron-withdrawing, the possibility of interaction
between the hydroxyl hydrogen and the chromium atom in (XXXV) would
tend to make (XXXV) a weaker acid than acetic asid. .

Signifigant diftmnoos in hydroxyl absorption in the infrared have
been noted18:123 £or similar exo and endo isomeric aloohols in the
ferrocens series.

However, there is the possibility that the endo-acid could have the
struocture (XXXVII) and ths exo-zcid could have structure (MIII)
where back-bondingwiththel’relactm of the ring might lead toa
reversal of the results.

it
CH,-C0-0H

/I\

oC

(XXXVIT)



NUCLEAR MAGNETIC RESONANCE SPECTRA.

Relevant spectra are shown overleaf. Na 1. is taken from the
resultas of Wilkinson et alea and, like Nos 2 and 3, was obtained as
CCl, solution using tetramethylsilane as internal reference, on a
Varian Associates machine at Imperial College, london. Nos 4 - 10 wers
obtained as a benzens solution end were calibrated using the
eppropriate side-band of benzens. ‘The difference in position of
B3.4 in Nos 1 = 3 from the position in Nos 4 - 10 is probably cdue to
solution effects. Spectra Nos 4 -~ 10 were obtalned on an A.E.I. machine

at Clesgow University.
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INFRARED SPECTRA

Representative spectra are shown on pages
43 and 44,

All were obtained as approx. 1.5 # KCl discs.

The intense metal carbonyl absorption at 5.0 -
5.5 microns was resolved by dilution of the samples
and re-recording the spectra over that wavelength
range;

Peak positions are given in cm?1
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Rearr ent of 7-substituted tricarbonylcycloheptatrienechromium

compounds to trioarbonylbenzemmim .

During an attempt to synthesise aycloheptatrienylCyclopentadienyl.
57,58,87

chromium (XXXIX), Mumro and Pauson treated
@
c10,
Cr Cr O“
I\
oc co
(00)
(OoXIX) (XxIIT)

tricarbonyltropyliumchromium perchlorate (XIII) with an excess of
ecyclopentadienylsodium. The unexpected product, isolated in 46# yield

was tricarbonylbenzenechromium (V).

O

o T

(V)
The molybdenum analogue was found to behave similarly. The reaction

may be represented formally as :-

ns.



. s - +
C7H7,Cr(CO)3 Ci0y + CSHSNa ——) CGHSCI'(CO)3 + C6H6 + NaClO,

This equation shows that two 06 fragments may be generated. It was
therefore considered necessary to establish whether the benzene ring
attached to chromium in the product was derived entirely from the seven-
membered ring or in part from the cyclopentadiene ring. A decision in
favour of the former view was reached qualitatively by repeating the
reaction first with methyleyclopentadienylsodium, whereupon the benzene
compound (V) was again the only chromium complex isolated; then with
tricarbonylmethyltropyliumchromium cation (XL)SB’56 tricarbonyltoluene-

chromium (XLI) was obtained. The conclusion was corroborated more

O >

Cr Cr
7% / I\
ocC Co oC co
co Cco
(xw) (x1.I)

quantitatively by labelling the tropylium complex (XIII) with tritium
and showing that the derived product (V) contained the expected
87,56
proportion of tritium.
The same ring contraction was observed when (XIII) was treated with

an exceas of dlethylsodiomalonate. The simultaneous isolation of



u?s

tricarbonyl-7-endo~di(ethoxycarbonyl )methyleyclohepta(l,3,5)trienechromium

[(w1r), R=n, R' = COOE)
S—
=
—

(XLII)

suggested that the 'normel' anion addition58 is an intermediate step in
these rearrangements. This was confirmed by showing that both the ester
and the corresponding exo ester [(XLII). R=H, R' = COOEt] are
transformed into tricarbonylbenzenechromium (V) by the further action
of dlethylsodiomalonate or other bases such as sodium methoxide. The
molybdenum analogue of this endo ester has been made in a similar
manner, but was found to be too unstable to be of use in the study of
the rearrangement mechanism.

The corresponding intermediate (XLIII), in the cyclopentadienide

reaction was readily isolated when an excess of the tropylium complex
(XIII) was used and was similarly transformed into tricarbonylbenzene-

chromium (V) by sodium methoxide.



That tricarbonyl-?-endo-b,l'-di(ethoxyoarbonyl)]ethylcyclohepta(l,),s)-
trienechromium [(XLII). R=Me, R' = COOEt] fails to rearrange
indicates that ionization of the acidie hydrogen [(XLII), R = ﬁ]

induced by the base is an essential step in the ring contraction.

C

1™\

oC co
co

(XLIII)

The above observations led Munro and Pauson§7’56 to propose that
the electronic shifts indicated in (XLIV) represent a possible

mechanistic picture for this ring contraction. On this basis, the

r
l\
oc | co

Cco

(xLIv)

'CGFC' fragment in the cyclopentadienylsodium reaction would be fulvene,
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and diethylmethylenemalonate would result similarly from
[(xx1), R=H, R' = COOEt] . Neither of these products would be
expected to survive the reaction oonditions?

Attempts have been made, therefore, to find a case where, by anionic
addition to the tropylium salt (XIII) a compound could be synthesised
which would, upon rearrangement by base, give two fragments which ecould
be separately ldentified.

The first compound to be examined was tricarbonyl-7-exo-(ethoxycarbonyl)-

methyleyelohepta(l,3,5)trienechromium (XIV), obtained in 67% yield

COOEt
H

from T-{ethoxycarbonyl)methyleyeloheptatriene and hexacarbonylchromium.
It was thought that treatment of this compound with base should give
tricarbonylbenzenechromium (V) and ethyl aorylate., The latter compound
would be isolable as an addueﬁ with, e.g. phenyl azide.

However, treatment of (XILV) with sodium methoxide ylelded no
tricarbonylbenzenechromium (V) and the compound was recovered unchanged
in 80% yield.

The analogous molybdenum compound was also synthesised but was

found to be too unstable to be of use.




50.
122
Pseudo-Reformatsky conditions (part 1, page 36) gave
tricarbonyl-7-endo=~(ethoxycarvonyl )Jmethyloyoclohepta(l, 3,5 )trienechromium

(XIVI) in 88% yleld from the reaction of zinc and ethyl bromoacetate
H
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with tricarbonyl-T7-endo-methoxycyclcocheptatrienechromium. Attempts were
made, using various bases, to effect rearrangement of this compound.

Treatment of (XIVI) with sodium methoxide gave no tricarbonylbenzene-
chromium (V), the omm (XIVI) being recovered unchanged in 90%
yield.

The compound (XINI) similarly survived treatment with an 0.5 molar
equivalent quantity of potassium t=butoxide in t-butanol, being
recovered in 42% yleld. Again, no trace of tricarbonylbenzenechromium (V)
was found.

Treatment of (XIVI) with sodium hydride gave no tricarbonylbenzens-
chroniun. In this case the addition of aqueous ethanol at the end of the

reaction, to destroy the excess of sodium hydride caused hydrolysis



and the corresponding ecid (XXXV, or XXXVII, see part I) was isolated in
60% yield.

The use of a ten=-fold excess of the much stronger base triphenyle
methylsodium caused complete decomposition of the compound (XILVI).
The only products isolated were triphenylmethane (60#) and a t.raée of &
bright yellow orystalline hydrocarbon of unknown structure.

Repetition of this reastion using a catalytic amount of triphenyl-
methylsodium gave only unchanged (XIVI) in 94% yleld.

At this stage it was decided to try and find another compound with a
more acidic hydrogen on the ¢l - carbon atom.

Reaction of tricarbonyltropyliumchromium fluoroborate with tetra-

phenyloyolopentadimllithimlzs

gave as the main product tricarbonyl-
7-endo-(2} 34158 tetraphenyl) oyclopentadienyleyclohepta(l,3,5)triene~

chromium (XINII) in 43¢ yield.

Cr
of [
co
(xvax)
Treatment of this compound with base should give tricarbonylbenzenechromium
and 2,3,4,5-tetraphenylfulvene].'25 This latter compound is known to be
stable to a boiling ethanolic solution of potassium hydraxide, and thus

should withstand treatment at room temperature with bases such as sodium
methoxide and potassium t-butoxide in t- butanol.




However, treatment of (XIVII) with sodiun methoxide failed to
cause rearrangement to take place the compound being recovered unchanged
in 70% yleld. No trace of tricarbonylbenzenechromium was found.

Treatment of {XINII) with potassium tebutoxide in t-butanol likewise
failed to effect rearrangement, the compound being recovered unchanged
in 60% yield. Again, no trace of tricarbonylbenzenechromium was found.

In view of the failure of these experiments, 1t seemed reasonable
to suppose that (XLVII) did not represent the true structure of this
compound. A less likely, but nevertheless perfectly feasible structure

1 (XIVIII):=

Cr

1S

CcC Co
Co

(XIVIII)

the presence of the phenyl group in place of hydrogen on the carbon atom
ol to the cycloheptatriene ring militating against the possibility of
rearrangement according to the mechanism (XLIV).

The analogous triphenylcyelopentadiene complex {XIIX) was prepared



(xLIx) (L)

in 70% yield from tricarbonyltropyliumchromium fluoroborate and

2,3, d-triphenyloyclopentadienyllithi %25 That it had, indeed, the
structure (XLIX) and not (L) was easily shown by ozonolysis of the
compound, when benzil was 1§olated from the complex mixture of reaction
products. The benzil must have resulted from the breaking of the

two double bonds indicated by the dotted lime in (XLIX), and could

not be formed if the mol®cule had structure (L).

Treatment of tricarbonyl-T-endo-{(2] 3! 4';triphenyl)cynlopenta-
dienyleyelohepta(l,3,5)trienechromiun (XLIX) with an<3.5-molar
solution of sodium mstﬁnxide gave no trace of tricarbonybenzene-
chromium, the complex (XLIX) being recovered in 50% yield. But with
triphenylmethylsodium a jq%.yield of tricarbonylbenzenechromium was
obtained., No trace of the second fragment -- 2,3,4-triphenylfulvene
was found, and it was reasoned that if, indeed, the fulvene had been
formed, it had reacted, in some way with triphenylmethylsodium,

Acecordingly a sample of 2,3,4-tripheny1fulven9125 was prepared

and treated with triphenylmethylsodium. An immediate reaction occurred

53.




and the deep red colour of the triphenylmethylsodium was discharged.
Chromatography of the reaction mixture gsve at least ten different

compounds. The expected compound (LI) does not appear to have been

Fh

(LI)
formed as the major product, if at all.. Triphenylmethane, triphenyl-
methyl peroxide, and a compound which is probably hexaphenylpropane
constituted the major fraction of the material, and it is not known
what happened to the triphenyleyclopentadiene grouping.

Also, it had not been possible to loocate the triphenyleyclo-
pentadiene moliety from the reaction of triphenylmethylsodium with
(xLIx).

It was therefore decided to find another base which would effect
rearrangement of (XLIX) at the same time lending itself to easy
identification of the triphenyleyclopentadiene moiety.

Cram and Knox:"26 have recently investigated the base-system
potassium t-butoxide in dimethyl sulphoxide, and stated that it is
approximately as strong as triphenylmethylsodium. This system was
thus used in an attempt to rearrange compound (XLIX).

The complex (XLIX) was treated with a solution of excess potassium

t-butoxide in dimethylsulphoxide at room temperature. After seventeen
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hours, the reaction mixture was poured intc water and extracted with
ether. The extract was chromatographed on alumina to yield tricarbonyl-
benzenechromium (30%). However, no trace of a compound poseassing the
triphenyleyclopentadiene grouping was found in this extraot.

The aqueous solution was acidified and extracted with ether,
and this extract was chromatographed on alumina to yield a brown
o0il which showed intense absorption in the metal carbonyl stretching
frequency region of the infrared. That this is a derivative of
tricarbonylbenzenechromium is suggested by the presence of only two
stretching modes in the metal carbonyl region of the infrared. What
is probably the same compound was also formed during a study of the
rearrangement of (XLIX) using sodium hydride in tetraehydrofuran. In
this latter case, the majJor product, (isolated in almost quantitative
yield) was a vivid purple solid. (Tricarbonylbenzenechromium, 5%, was
also isolated from this reaction). The purple compound was sensitive
to oxygen, being converted into ;:1 brown s8olid. It showed intense
absorption in the metal carbonyl stretching frequency region of the
infrared, and in the hydroxyl region. Acidification of an aqueous
ethanolic solution of this compound followed by extraction with
methylene chloride ylelded an orange~brown gum whose infrared spgctrum
was identical with that of the brown compound from the reaction of
(XIIX) with the Cram and Knox rcm.gen‘l::.l26

It thus appears that the purple solid is probably the sodium salt

of an intermediate in the rearrangement, its unusual stability being



due to the partioular substituent (triphenyleyclopentadienyl).
It was suggested by Munro and Pauson, that the mechanisﬁ (XLIV)
was only to be treated as an indication of the course of the rearraﬁgement,
in view of the fact that whereas tricarbonyleyclopentadienyleyclchepta-
trienechromium (XLIIXI) rearranged to tricarbonylbenzenechromium upon
treatment with base, the metalefree cyclopentadienylcycloheptatriene
did not rearrange to benzene under the same conditions?6’87
We have found that, in a similar manner, whereas tricarbonyl«7-
di(ethoxycarbonyl Jmethyleyeloheptatrienechromium (exo and endo)
rearranges to triéarbonylbenzenechromium, the metalefree compoﬁnd, T-
di (ethoxyoarbonyl Jmethyleycloheptatriene does not rearrange to benzene.
The meohanisﬁ {XLIV) suggests that the base is a catalyst, and as
a corollary, trace amounts should effect rearrangement. That this is
not the case is seen from the fast that whereas a trace of potassium
t-butoxide falled to effect rearrangement of tricarbonyl-7-exo-
di(ethoxyearbonyl )methyleycloheptatrienechromiuwnm, an excess of sodium
methoxide caused fearrangement to tricarbonylbenzenechromium to ocour.

A possible mechenism to account for all these observations is as

follows e 4
o

CHR,
\
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o
CHY'Cﬂe e + H + CHYCR,
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/ I\ 7 I\
o¢ | co o¢ | co

co co

However, it is rather surprising that the fragment CHY-CR2 is not
isolated, and the above mechanism can not be considered to give a true

plcture of the reaction until or unless this fragment is isolated.



Attempted elucidation of the structures of tricarbonylanthracenechromium

and tricarbonylphenanthrenechromiun bx_ohemica\ means.

Fischer, Kreibitzsch and Fischer had reportedjl that the reaction of
anthracene, phenanthrene and 9:10-dihydroanthracene with hexacarbonyl-
chromiun gave tricarbonylarenechromium complexes in ylelds of 0.1%, 4.5%
and 5.4% respectively. Whilst the point of attachment of the Cr(CO)3

group in the 9:10-dihydroanthracene complex is as in (LII) it was not

seclecelese

< i\ N

Cco CO
(LII) (L111) (LIV)

possible at that time to say which ring in the anthracene or phenanthrene
complexes carried the Cr(co)) group. Thus, triocarbonylanthracenechromium
could have structure (LIII) or structure (LIV). Similarly, tricarbonyl-

phenanthrenechromium might have structure (LV) or structure (ILVI)

-

Xo o [ %

(v) (LvVI)

e




While the work herein described was being undertaken, the results of
King and Stone, who had reinvestigated the reactions of both anthracene
and phenanthrene with hexacarbonylchromium, were publishad'}z7 These
workers had inereased the yield in the phenanthrene-hexacarbonylchromium
reaction to l4%, but had falled to isolate tricarbonylanthracenechromium
from the reaction of anthracene with hexacarbonylechromium, although they
ohserved an intense vioclet colouration in the reaction flask, which faded
as the flask coocled. They reported that the phenanthrene complex was too
insoluble in organic solvents to allow of its study by muclear magnetic
resonance techniques, and were unable to throw any light on the question
of bonding in the compounds.

With a view to a) increase the yleld of the tricarbonylanthracene-
chromium complex and b) prove its structure unequivocally, it was
decided to try and increase the yield of tricarbonyl 9:10-dihydro-
anthracenechromium (LII) and then to convert it to (LIII) by dehydrogenation.

By heating 9:10-dihydroanthracene with hexasarbonylchromium in
diethylene glycol dimethyl ether, a 51% yield of (LII) was obtained. An
attempt to prepare (LII) by the exchange roaction?a of 9:10-dihydro-
anthracens with tricarbonylbenzenechromium, was unsucoeasful.

Bonthrone and Reid had reportedleg that treatment of 9:10-dihydro-
anthracene with triphenylmethyl perchlorate in boiling acetic acid gave
a 90% yield of anthracene. It was thought that tricarbonyl 9:10-dihydro-
anthracenechromium would probably not be stable to such vigorous conditions
and accordingly the complex (LII) was shaken with triphenylmethyl perchlorate

in benzene solution for 6 hours at room temperature. No colour change



(indicating formation of the desired tricarbonylenthracenechromium) was
observed and triearbonyl 9:10-dihydroanthracenechromium was recovered
unchanged in 80% yield.

In their study of hydrogen-transfer meahanismsljo Braude and
Linstead had reported on the efficaciousness of 2,3,5,6-tetrachloro-p-
benzoquinone (chloranil) in promoting dehydrogenation of dihydroaromatic
compounds. However, treatment of tricarbonyl 9:10-dihydroanthracene-
chromium with chloranil at 120°c caused complete decomposition the
only isolated product baing anthracens.

Nesmeyanov and Vbl'kenaujh have recently described their
similarly abortive attempts to produce tricarbonyltetracenechromium
{LVII) by dehydrogenation of tricarbonyl 5:12-dihydrotetracenechromium

(LVII1) using chloranil, and the conditions under which the metal-free

0 Q0

2 chloranil
Cr ‘ Cr
oé/'\\éo od//‘\bo
Cco co
(Lvixr) (LVIII)

1l
5:12-dihydrotetracene 1s converted into ‘l.'.tat:t'aczcme.:52 Treating the
chromium tricarbonyl derivative (LVIII) with chloranil either in glacial
acetic acid or in benzene led to rapid and complete decomposition to

5:12-dihydrotetracene and transformation of the latter into tetracene.
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Attempts to prepare tricarbonylanthracenechromium by dehydrogenation
of tricarbonyl 9:10-dihydroanthracenechromium were thus abandoned.

Attempts were made to prepare tricarbonylanthragenschromiwn by
direct reaction of anthracene and hexacarbonylchromium. Heating these
two compounds in petroleum ether (b.p. 100/120°C) produced an intense
violet ocolouration and a small amount of gas, presumnably carbon monoxide,
was evolved. As the solution cooled, the violet ecolour disappeared, and
only unreacted starting material was obtained. Addition of a amall
quantity of cyocloheptatriene, whereby it was thought that the
intermediately formed tricarbonyleycloheptatrienechromium might react

with anthrasene by an exchange maotion?a

again ylelded no trace of
tricarbonylanthracenechromium. Finally, an attempt at direot exchange,
using preformed triocarbonyloycloheptatrienechromium and anthracene gave
only unreacted starting material.

It seems likely that, in view of these discouraging results, any
tricarbonylanthracenschromium whioh forms disproportionates into the
starting material at the same rate as that of the formation reaction.

A similar conolusion was reached by Fiacher?l It also seems likely
that the only method available for the elucidation of the true structure
of this extremely interesting compound is one based upon X-ray
measurements.

Attention was next diverted to tricarbonylphenanthrenschromium.

It was reasoned that if this had the structure (LV) it might be capable
ohromi
of hydrogenation to tricarbonyl Qslo-uhydmmenmthre:.;)(m) . This

latter compound was not known at the time, but was readily prepared




62.

Cr

o %

Cco

(LIX)

by direct reaction of 9:10-dihydrophenanthrene and hexacarbonylchromium.
Tricarbonylphenanthrenechromium was prepered in ca. 10% yleld

by refluxing phenanthrens and hexacarbonylchromium in petroleum ether

at 120°C. Use of a lower temperature resulted in negligible reaction

127 having

used a temperature of 170°c) caused irreversible decompoalition into

whilast use of a higher temperature (King and Stone report

phenanthrene, carbon monoxide and pyrophoric chromium.

Attempts to hydrogenate tricarbonylphenanthrenechromiun were completely
unsuoccessful. Use of palladium on ocharooal, platinum on charcoal or
Adams' platinum oxide catalyst, in diethyl ether, tetrahydrofuran, ethyl
acetate and glacial acetic acid led to the isolation of unreacted
triocarbonylphenanthrenechromium in yields of 80 - 95%.

An attempt to hydrogenate the complex using copper chromite oata.lystlau
at elevated pressure and temperature resulted in rupture of the metale
ring bond, and subsequently a mixture of phenanthrene and 9:10-dihydro-

phenanthrene was i{solated in 94% yield.
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Following a recent publication of Boer and Dt.tinkom':"28 who report
that caloilum hexammine is an efficient agent for the hydrogenation of

phenanthrene, by the following overall reaction:-
Phenanthrene + Ca(NH;)G -——-i-Ca(NHz)z + RNI-]} + Dihydrophenanthrene

it was decided to adopt this method in a final effort to hydrogenate
tricarbonylphenanthrenechromium. Treatment of tricarbonylphenanthrene-
chromium with a solution of caloium hexammine in liquid ammonie caused
much decomposition of the chromium complex to occour. The only isolable
product was unreacted tricarbonylphenanthrenechromium in 108 yield.
Attempts to hydrogenate tricarbonylphenanthrenschromiun were abandoned

and it was deoided to try and dehydrogenate tricarbonyl 9:10-dihydro-
phenanthrenechromium to tricarbonylphenanthrenechromiumn, which experiment,
if succeassful, would have proved conclusively that tricarbonylphenanthrene-
chromium had structure (LV)

By heating a mixture of 9:10-dihydrophenanthrene, hexacarbonyle
ochromium and ethylene glycol diethyl ether under pressure at 200-22000,
tricarbonyl 9:10-dihydrophenanthrenechromium (LIX) was obtained in 65%
yield. From the same reaction mixture was also obtained a low yiseld of
a compound whose properties suggest it was a hexacarbonyl 9:10-dlhydroe
phenanthrenedichromium (LX) although it has not been possible to say

whether it is the cis isomer (iX) or the trans isomer (LXI).
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This 1s believed to be the first time that two Cr(co)} groups have
been introduced into a fused polynmuclear aromatic ow. Indeed,
the Russian workers specifically stated’u that they were unable to
introduce more than one atom of chromium into similar compounds.

Treatment of tricarbonyl 9:10.dihydrophenanthrenechromium with
triphenylmethyl perchlorate under reflux in glacial acetic acid led to
complete decomposition of the organometallio complex. The only produat
isolated from the reaction being a pale amber oil whioch showed no absorption
in the metal carbonyl stretching frequemoy region of the infrared and
which was almost certainly a mixture of phenanthrene and 9:10-dihydro-
phsnanthrene.

Treatment of tricarbonyl 9:10~dihydrophenanthrenechromium with

134

1,2,3, 4-tetrabromo-o-benzoquinone (the latter reagent being some

2000 times as strong a dehydrogenating agent as chloranil) caused total



decomposition of the organometallic compound.

Treatment of trioarbonyl 9:10«~dihydrophenanthrenechromium with
2,3—dicﬁloro.5,6-dioyano-p-benzoquinone resulted in rapid decomposition
of the organometallic compound. After ten minutes the reaction was
stopped and only unreacted tricarbonyl 9:10-dihydrophenanthrenechromium
(11%) was recovered from the reaction mixture.

It was then decided to attempt to effect the required dshydrogenation
using palladium on charcoal at an elevated temperature. Accordingly,
tricarbonyl 9:10-dihydrophenanthrenechromium was heated at 200°C for
two hours in the presence of 10% palladium on charcoal. After cooling
the mixture was extracted with benzene and chromatographed on alumina.
Elution gave a) Phenanthrene (78%), b) unreacted tricarbonyl 9:10-
dihydrophenanthrenechromium (6%), | o) tricarbonylphenanthrenechromium {1%)
and 4) a compound thought to be.hoxaoarbonyl 9:10-d.1hydrophmanthrened.i-.
chromimn (1%). It was initially thought that the dehydrogenation of
tricarbonyl 9:10-dihydrophenanthrenechromium to tricarbonylphenanthrene~
chromium had been acocomplished. However, it also seemed possible, in
view of the formation of the hexacarbonyl 9:10-dihydrophenanthrenedie
chromium compound, that the reaction might have taken the following

alternative course:-




In an attempt to olarify this point, the experiment was repeated, at a
slightly lower temperature, and for a much shorter period. The products

this time were a) a mixture of phenanthrene and dihydrophenanthrene (26%)
b) unreacted tricarbonyl 9:10-dihydrophenanthrenechromium (62%) and o)
Wl 9110-dihydrophenanthrenedichromium (1%). No trace of



tricarbonylphenanthrenechromium was obtained and it therefore seemed
probable that the tricarbonylphenanthrenechromium formed in the first
dehydrogenation attempt with palladium on charcoal was formed by reconbine
ation of hexacarbonylchromium and phenanthrene, the latter having been
formed by dehydrogenation of 9:10-dihydrophenanthrene, which in twrn
had been formed by decomposition of tricarbonyl 9:10-dihydrophenanthrene-
chromium.

It has thus not been possible to show, by chemical methods, whether
tricarbonylphenanthrenechromiun has structure (IV) or structure (IVI),

However, Fischer has recently x'epm'ter:l:w5

that preliminery X-ray results
have proved that the structure of this ocompound is (LVI). Whilat (IVI)
is, then, the preferred structure, it seems not unreasomable to predict

the existence of a compound with structuve (ILV).




Additional experiments.

After it had been shownl36’137

that reaction of 6:6'=dimethyl-
fulvene with sodamide in liquid ammconia yielded the isopropenylcyclo-

pentadienide anion (LXIII), the possibility of achieving the same double-

<

(IXTIT)

bond shift with metal carbonyls was investigated by Munro and Pauson?6
It was found that when 6:6'-dimethylfulvene wes allowed to react with
hexacarbonylmolybdenum using the fulvene as solvent, a complex reaction
mixture was obtained. The product of the same reaction, done using
1,2-dimethoxyethane as solvent, ha$ recently been ahownua by Abel,

Singh and Wilkinson to be (LXIV).
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Munro and Pauson had ahmm56 that their complex reaotion mixture

wag separable, by chromatography on alumina, into eight distinet compounds.
These were all corimson solids having very similar infrared spectra. The
fist of these has been shown to be (IXIV) by direct comparison with a
sample made by the literatureljs mathod The second fraoction was shown

to be the unsymmetrioal monounsaturated product (LXV) by analysis,
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1
molecular weight determination,jg and quantitative hydrogenation to the

saturated product (LXIV). Although the other fractions have not been
examined in detail it appears reasonable to assume that the third is the
diene (LXVI) and that the later fractions are polymers derived from this
and the abc;ve unsymmetrical product.

Although the mechanism of ths reaction is not known, the formation
of these products may be understocdl by considering the hypotheticel
firat intermediate (IXVII) which wauld be expected to isomerise to the

hydride (LXVIII). Such hydrides are known to d«aconmoma65 below the
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reaction temperature used here, giving the dimers (ILXIX). The hydridic
hydrogen is not liberatedluo as molecular hydrogen in the presence of
olefins, and in the present case Jjust sufficient hydrogen is available
from this source to produce the unsymmetrical product (IXV), or equal

amounts of the saturated (IXIV) and diunsaturated (ILXVI) analogues.
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Reaction of phenylethynyllithium with triocarbonyltropyliumchromium
fluoroborate has given tricarbonyl-7-endo-phenylethynyleyelohepta(l,3,5)=

trienschromium (IXX) in 52% yield. The compound shows some similar
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properties to tricarbonyldi(cycloheptatrienyl)chremium (XXXIV), and
structure (LXX) was proved by analysis, molecular weight determination
and by oxidation with permanganate to yield benzoic acid.

Reduction of (LXX) over platinum oxide gave a compound with very
similar properties, which is probably (ILXXI). Unfortunately, a
satisfactory analysis has not been obtained, and indezd it would be
difficult to differentiate between (IXX) and (LXXT) by this means.

Reaction of sodium methoxide with tricarbonyltropyliummolybdenum
fluoroborate gave triocarbonyl-T-endo-methoxycyclohepta(l,3,5)triene-
molybdenum (LXXII) in 98% yield. The compound is extremely unstable
and could not be Mysed satisfactorily.
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Al)l reactions were carried out in an atmosphere of oxygen-free
(White-Spot) nitrogen.

Spence's "Grade H" alumina was used for chromatography and was
partially deactivated by exposure to the atmoaphere for 6 hours.

Neutralized alumina was prepared by storing "Grade H" alumina
over ethyl acetate for 1 - 2 days, filtering, washing with methanol
and water and finally drying at 16000.. for 4 hours.

Moleoular Weights were determined by the eryoscopic method in
benzene solution.

All melting points are uncorrected and were determined in sealed,
evacuated capillary tubes.

Unless otherwise indicated, all infreared spectra were recorded
as potassium chloride dises.

Ultraviolet spectra were determined in 05013.

Reaotion solvents were rigorously dried unless otherwise stated.

All chromatography columns were proteoted from light.

Patrol or ligroin refers to that fraction of petroleun

ether of b.p. 60-80°C.
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Tricarbonyloyelohepta(l,3,5) trienechromium?0

Freshly sublimed hexacarbonylchromium (30g., 0.13 mole) and
redistilled cyocloheptatriene (25 ml., excess) were refluxed in pure
d:l.glyme:l‘n’2 (60 ml.) for 12 hrs. Hexacarbonylchromium which sublimed
out of the reaction mixture was mechanically returned at 10 minute
intervals. The mixture was cooled overnight, filtered into air-free
water, extracted with ether (4 x 200 ml.) and the ether extraoct washed
with water. After filtration through Celite, the ethereal solution
was dried (Na S0,) for % hr., out of contact with light. Evaporation
to ca. 100 ml. was followed by addition of ligroin, further
evaporation to 150 ml, and chilling to -78°C. Deep-red crystals
[16.03., 91% based on non-recovered c:-(co)sl m.p. 129-130°C (111'.56 m.p.
128-130°c )appemd and were filtered off.

Nota. It is essential to use rigorously purified diglyme in this prepar-
ation, for traces of peroxides can lead to complete decomposition.
Tricarbonyltropyliumchromium fluoroborate.

Treatment of a solution of tricarbonyleycloheptatrienechromium in
methylene chloride with a slight excess of freshly prepared triphenyl-
methyl f’].uo:-t.ﬂ:oox'adsew3 in the same solvent gave a quantitative yield
of tricarbonyltropyliumchromium fluoroborate as an orange flocculent
precipitate. The compound can be reorystallised from acetone as
deep red needles. m.p. » 300°C.

Tricarbonyl-7-exo-methvloyolohepta(l, 3,5 )trienechromhm?u

7-methyloyoloheptatriene54 (2.86 g., 0.03 mole) and hexacarbonyl-

chromium (6.9 g., 0.03 mole) were refluxed in ethyleme glycol diethyl



ether (50 ml,) for 45 hrs. Then, excess unreacted material was removed
in vacuo, leaving a red oil. The oil was crystallised from ether/pentane
to ylold red needles (3.99 g., 656) m.p. T2-72°C 1it°' m.p. T2-T3°C

of tricarbonyl-T-exo-methylcyclchepta(l,3,5)trienechromium, soluble in
common organic solvents. The compound subl.;unes at 60°c/0.01 mm.
Tricarbonylmethyltropyliumchromium fluoroborate.

To a solution of tricarbonyl-T-exo-methyloyclohepta(l,3,5)triene
chromiwm (1.59 g., 0.0066 mole) in methylene ochloride (30 ml.) was
added a solution of triphenylmethyl fluoroborate (2.50 g., 0.6076 mole)
in methylene chloride (100 ml.). The flocculent orange preocipitate |
which appeared was filtered, washed with methylene chloride and ether
(to remove triphenylmethane) and then recrystallised from acetone to
yield deep red needles (1.85 g., 86%) m.p.) 300°C., soluble in acetone,

alcohol and water. Tricarbonylmethyltropyliumchromium fluoroborate

is insoluble in other common organic solvents.
Found : C, 39.9; H, 2.4; Cr, 16.2;
C,,HgBCrPy03 requires : C, 40.3; H, 2.8; Cr, 15.9%
Reaction of tricarbonylmethyltropyliumchromium fluoroborate with
sodium borohydride.

A stirred suspension of tricarbonylmethyltropyliumchromium
fluoroborate (.11 g., 0.0034 mole) in air-free water (25 ml.) was
treated with a solution of sodium borohydride (0.2% g., O. 0068 mole)
in water (50 ml.). Gas evolution occurred, with the rapid separation
of an olly red solid. After stirring the reaction mixture for 10 mins.,

the solid was flltered off and well washed with water to remove



4.
entrained unreacted triocarbonylmethyltropyliumchromium fluoroborate.

The oily solid (0.56 g.) was dissolved in pentane and chromatographed
on alumina (60 g., doactiva.téd 2 hrs.) to yleld one broad band. Three
fractions were taken using pentane as. eluent. The first two fractions
yielded oily red crystals melting below room temperature. From the
third fraction, deep red orystals (0.166 g., 21%) m.p. 96-97°C were
obtained. Repeated recrystallisation from pentaﬁe raised the m.p. to

103-104°C. Tricarbonyl-l-methyloyolohepta(l,3,5)trieneckromiun shows
intense absorption in the metal carbonyl stretching frequency region

of the infrared at 200%, 1930 and 1908 cm™ (0014). It is very soluble
in common organic solvents. '

Found : C, 54.6; H, 4.4; Cr, 21.5;
Cy1HyoCr03 requires : C, S5455:;H, 4.2; Cr, 21.56

Zinc dust reduction of tricarbonylmethyltropyliumchromium fluoroborate.
Tricarbonylmethyltropyliumchromium fluoroborate (0.5 g., 0.0015

mole) in water (20 ml.) was treated with zinc dust (0.3 g., 0.0046 mole)
andfhomixtmwasshakeninvacuo for 6 hrs. Then, the mixture was
extracted with ether (4 x 6 ml.), the extract filtered and dried (Naasou).
Further filtration, followed by evaporation and cooling to =70°C

gave orange needles (0.3l g., 85%) which were recrystallised from ether/
pentane to yield deep orange needles of hexacarbonyldi(methyleyelohepta-
(1,2,§)trie_rglohromium] m.p. 168-16906. The compound is soluble in
MM@, ether, chloroform and methylene chloride, but only sparingly
soluble in paraffins and carbon tetrachloride. It shows intense absorption
in the metal carbonyl stretching frequency region of the infrared at
2000, 1942 and 1916 om.~



Found : C, 54.9; H, 3.6; COCr, 21.6;
lL‘l g Tequires c, 54.8; H, 3.8; Cr, 21.6%

Reaction of tricarbonyltropyliumchromium fluoroborate with methyllithium.
To a solution of methyllithium [from lithium (0.1 g., 0,014 g.atom)

and methyl iodide (3.0 g., 0.02 lnolo)] in ether (5 ml.) was added a
suspension of tricarbonyltropyliumchromium fluoroborate (1.0 g., 0.003
mole) in ether (25 ml.). The solution was vigorously shaken for 1 hr.,
thenllort overnight, at room temperature. The solid residue remaining
after removal of ether, was extracted with hot ligroin (3 x 10 ml.).
This extract was chromatographed on alumina (30 g.). The single o;'ange
band which formed gave orange needles (0.073 g., 155) m.p. 146-147°C
1dentified as tricarbonyldi[cyolohepta(l,3,5)trienyl] chrontun on the
basis of m.p., mixed m.p., and infrared spectral comparison with
an authentioc esamplt.-;f.'6

The petrol-insoluble residue was next extracted with benzene,
and upon cooling this extract deep red needles (0.126 g., 18%) m.p.
224.225°C were obtained, identified as hmoarbommi{oyolohépta(l.s.s)-
trienylcln’omi\m} on the basis of their m.p., mixed m.p. with an .
authentic samp1056 and Iinfrared spectrum.
Tricarbonyl -7-endo-methyleyolohepta(l, 3,5) trienechromium.

a) To a suspension of mthylmagwsiﬁ iodide [from magnesium
(0.24 g., 0.01 g.atom) and methyl iodide (1.42 g., 0.01 mole)] in
ether (10 ml.) was added a solution of ‘brioarbonyl-7-endo-mﬁ:oxy-
oyclohoptatrioneohromimss (1.0 g., 0.004 mole) in ether (20 mi.).

The resulting orange solution was stirred for 1& hrs., by the end of



which time the solution had turned deep red-orange. The solution was
evaporated to dryness in vacuo at room temperature. The red
orystalline residue was extracted with hot benzene (25 ml.) and
chromatographed on alumina (60 g.). Three bands developed; Elution
with ligroin/benzens (10/1) gave the main red-orange band, from whioch
was obtalned tric 1-7-endo-methylcyclohe 1 trienechromium
(0.614 g., 80%) m.p. 85-85.5°C, as fine red needles, éolublo in common
organic aolven‘i'.s. The compound shows intense absorption in the metal
carbonyl stretohing frequensy region of the infrared at 1980, 1908 and
1876 om: >

Found : C, 54.70; H, 4.3; Cr, 21.0;
Cy1H;oCr05 requires : O, 54.55; H, 4.2; Cr, 21.5%

Further elution of the colum with ligroin/benzene (1/1) gave
orange orystals of tricarbonyldi(eyeloheptatrienylchromium (0.007 g.)
m.p. 140-142°c., and elution with benzene gave red orystalline

hexacerbonyldi (cyoloheptatrienylchromium) (0,002 g.) m.p. 200-210°C

b) To a suspension of methylmagnesium iodide [ from magnesium
(0.24 é., 0.01 g.atom) and methyl iodide (1.42 g., 0.01 mole)]
ether (10 ml.) was ad.&ed a suspension of tricarbonyltropyliunchromium
fluoroborate (1.56 g., 0.005 mole) in ether (20 ml.). The mixture soon
turned dark brown and was stimd} hr. PFiltration was followed by
evaporation to dryness in vacuo at room temperature. The residue was
extracted with benzene (20 ml. ) and chromatographed on alumina (20 5.)

giving one main band, together with a trace of two others.



The main band was eluted with ligroin/benzene (10/1) and afforded
orangs needles (0.091 g., 1%¥) m.p. 86-87°C., of triou'b'onyl-’{-endo-
methyloyclohaptatrieneolumi\h. Jdentity was establiahed hy m.p.,
mixed m.p. and infrared spectral comparison with an authentic sample.

The filtered residues from the reaction mixture were dissolved in
hot water and to this solution was added excess of a solution of sodium
borohydride in water. The resulting solution was stirred for 2 hrs.,
end then extracted with ether. From the dried ether extract was
obtained tricarbonylcycloheptatrienechromium (0.46 g., 41%).

Attempted reaction of trigh_a_ng fluorcborate with tricarbonyle7-

endo-methylevolohsptatrienschpromium.
A solution of freshly prepared triphenylmethyl fluoroborate

(0.269 g., 0.0008 mole) in dry methylene chloride (7 ml.) was added
to a solution of tricarbonyl-Teendo-methyloycloheptatrienechromium
(0.198 g., 0.0008 mole) in methylene chloride (0.5 ml.). No
precipitate had formed after 10 mins. The solution m poured into
water (50 ml.), shaken and tho methylene chloride layer ameparated and
dried (CaClpy). It was then evaporated to dryness in vaouo,

extracted with ligroin and chromatographed on alumina (20 g.) to yleld
unreacted tricarbonyl-T-endo-methyloysloheptatrienechromium (o. 154 g.,
79%) m.p. 84-85°C., identified by m.p., mixed m.p. and infrared
spe;traJ. comparison with an authentio sample. No trace of triphenylmethane
was found.




Attempted preparation of tricarbogzl-z-emo-megmoyolohsmg1,2,5)-

trienechromium.

a) By direct reaction of T-methoxycycloheptatriene with hexacarbonyl-
chromium.

T= methoxyoyoloheptatriemus (1.14% g., 0.01 mole) and hexacarbonyl-
ochromium (3.2 g., 0.014 mole) were refluxed in a mixbure of petroleum
ether (b.p. 100/120°C) ( 20 ml.) and n-hexane (10 ml.) 1in an apparatus
desisrwdlm to autom;.tioally return subliming hemarﬁonylohmmim into
the reection zone (hereinafter referred to as the Strohmeier apparatus)
for 12% hrs. Carbon monoxide (170 ml.) was evolved. Then, the P
was filtered to leave unreacted hexacarbonylchromium (2.6 g., 81%).

The filtrate was evaporated to dryness and extracted with 1igroin;
Chromatography of the pale-pink extraot caused a trace of a pirk band to
decompose on the colum.

b) By exchange with tricerbonyleycloheptatrienechromium.

Tricarbonyleycloheptatrienechromium (1.1%4 g., 0.005 mole) and
T-methoxyoycloheptatriene (6.1 g., 0.05 mole) were refluxed in
ethylens glycol diethyl ether ( b.p. 125°C., 30 ml.) for 24 hre., using
an air condenser so positioned that the oycloheptat;-:l.em which might have
been liberated could distil ( b.p. 114°C.) out of the reaction zone.

Then, the deep red solution was evaporated to dryness and extracted with
ligroin ( 3 x 20 ml.). Concentration of this extract and chromatography
on alumina (60 g.) gave only unreacted tricarbonyleycloheptatrienechromium,
(0.11 g., 10%) as red needles m.p. 126-129°C,



Tricarbonyl.7-endo-phenvleyolohepta(l, 3,5)trienechromium,
a) To a solution of phenylmagnesium bromide [from magnesium

(0.24 é., 0.01 g. atom) and bromobenzens (1.57 g., 0.01 molo)] in ether
( 5ml.) was added a solution of trioarbonyl-?-endo-methoxy&yolohepta-
trienechromium (0.516 g., 0.002 mole) in ether (20 ml.). The mixture
was stirred 1} hrs. Then, after filtration, the LIRS i evaporated
to drynesas at room temperature in vacuo. The dried extract was
triturated with hot ligroin (3 x 20 ml.) and this solution after filtration
and concentration was chrometographed on alumina (20 g.) to yield one
band. Elution with ligroin/benzene (9/1) gave red needios (0.573 g.,
95%) m.p. 134-135°C., soluble in common organie solvents. Tricarbonyle

loyel tall Jtrienechromiun shows intense absorption
in the metal carbonyl stretching frequency region of the infrared at
1976, 1905 and 1862 car.

Pound : C, 62.80; H, 3.9; Or, 17.0;

cléﬁlaero) requires : C, 63.15; H, 4.0; Cr, 17.1%

b) To a solution of phenylmagnesium bromide [from magnesium (0.24 g.,
0.01 g.stom) and bromobenzene (2.0 g., 0.013 molo)] in ether (5 ml.)
was added a suspension of itricarbonyltropyliumchromium fluoroborate
(1.57 g., 0.005 mole) in tetrahydrofuran (25 ml.). An immediate
exothermic reaction .ooourred with gas (CO) ewvolution. The mixture
was stirred 13 hrs., at room temperatm.. Then, after filtration, the
solution was evaporated to dryness in vacuo. The resultant gum was
triturated with hot ligroin (20 ml.), and this extract was filtered




and concentrated. Chromatography on alumina (20 g.) gave a single
orange-red band from which orange crystals (0.020 g;, 1%) m.p. 132-135°C
were obtained. The compound was identified as tricarbonyl-7-endo-phenyl-
cyoloheptatrienechromium on the basis of its m.p., mixed m.p. with an
authentic sample, and infrared spectrum. The petrol-insoluble material
was extracted with benzeme and from this extract, by chromatography
on alumina (20 g.).was obtained a further (0.080 g.), total (0.100 g.,
T%) of the same compound. |
Tricarbonyl-7-exo-(e carbonyl Jmethylcyclohepta(l trienechromium.
Hexacarbonylchromium (3.0 g.. 0.013 mole) and T-(ethyoxyearbonyl)-
methylcyoloheptatrienem (2.44 g., 0.013 mole) were refluxed in a |
mixture of ethylene glycol diethyl ether (20 ml.) and n-hexane (20 ml.)
in the Strohmeier appax'att.l.xs:l'M for 40 hrs. The flask was cooled, and |
unreacted hexacarbonylchromium (1.0 g., 3%%) was removed by filtration.
The filtrate and ligroin washings were evaporated to dryness In vacuo
leaving a deep red oil. The o0il was dissolved in benzene/ligroin
(4/1, 20 ml.) and chromatographed on neutralized (1 hr. deactivated)
alumina {60 é.). Elution with ligroin gave a single red band Whiuh'
afforded red leaflets (1.91 g., 6T¥) m.p. 49-50°C., very soluble in

common organic solvents. Tricarbonyl-7-exo=(ethyoxycarbonyl)methyl-

cyclohepta(l,3,5)trienechromium shows intense absorption in the metal
carbonyl stretching frequency region of the infrared at 2000, 1934,
1905 and 1862 T A 8 1730 i in s aatar’ region.

Pound : C, 53.2; H, 4.7; Cr, 16.70;

cluﬂlz,cms requires : C, 53.5; H, 4.5; Cr, 16.55%



Tricarbonyl -7-exo-(ethoxycarbonyl [methyleyclohepta( 1.3, 5) trienemol

Hexacarbonylmolybdenum (5.8 g., 0.02 mole) and 7-(ethoxyoarbonyl)-

mﬂwlcynlohnptatriemla (3.5 g., 0.02 mole) were refluxed 10 hrs. in

ethylene glycol diethyl ether (20 ml.). The aolution was filtered hot,
under nitrogen, and unreacted nateriai was removed in vacuo, leaving

a deep red oil (5.0 g.). Initial attempts to crystallise this oil by
chromatography, aotion. of the usual solvents and sublimation were without
success. The oil was kept in a refrigerator for 10 weeks. Then, the
partly decomposed mass was triturated with ether (3 x 6 ml.) filtered

and cooled to -78°C. Bright orange erystals (1.40 g., 20%).m.p.114-115°c..
separated and were recorystallised from ether/pentane to siée bright

orange needles, soluble in common organic solvents, but sparingly

soluble in paraffins. Tricarbonyl-7-exo=-(ethoxycarbonyl)methyloyclo=
hepta(l,3,5)trienemolybdenun has absorption in the metal carbonyl

stretoching frequency region of the infrared at 1992, 1916 and 1869 cm
1

A
and in the 'ester' carbonyl region at 1736 cm.
Found : C, 46.9; H, 4.1;

CyyHyylo0g requires : C, 46.8; H, 3.9%

Tricarbonyl-7~-endo-(ethoxyearbonyl )mgxlcxclohepta( 1,3,5 )trienec .
To a suspension of zine (freshly prepared turnings, 1.30 g., 0.02 g.

atom) in tetrahydrofuran (2 ml.) was added a crystal of iodine and 5 ml
of a'solution of ethyl bromoacetate (1.7 ml., 0.02 mole) together with
tricarbonyl-T-endo-methoxycycloheptatrienechromium (2.5“ g., 0.01 mole)
in tetrahydrofuran (20 ml.). |

A vigorously exothermic reaction began after a few mimites and the

81.

remainder of the solution was added dropwise over a 20 min. period. Towards



the end of the reaction, a hot water bath wasz used to maintain a gentle
refluxing of the solution. After cooling, the solution was poured into
water (200 ml.) and extracted with ligroin (6 x 20 ml.). This extract
was washed with water (2 x 200 ml.) and dried (Naesou); The solution
was concentrated and chroma.tosra.phod on neutralized a.lunina (60 g.,
deactivated for 2 hrs.). Elution with ligroin afforded two bands. The
first, orange, band a:rforded tricarbonyldi(cycloheptatrienyl )chromium
(0.002 g.) identified by m.p., and infrared spectral compar;l;on with
an authentic sample.

The second, red, band afforded deep red needles (2.76 g., 88%)
m.p. 100-101°c., soluble in common organic solvents. Tricarbonyl-;'{-

endo-(ethoxycarbonyl Jmethyleyclohepta(l,3,5)trienechromiun shows

intense absorption in the metal carbonyl stretching frequency region

of the infrared at 1980, 1905 and 1859 om™t 1

and at 1730 em™ in the
'ester' carbonyl region.

Found

e

C, 53.3; H, 4.6; Cr, 17.00;
clu}LmCros requires : C, 53.5; H, 4.5; Cr, 16.55%

A trace of a third, orange, band whieh stuck to the colum was not
examined further.
Tricarbonyl-7-exo-di (ethoxyearbonyl)methyleyelohepta(l, 3, 5)triencchromium.
7-di(ethoxyoa.rbonyl)metbylcycl‘oheptatrienelzl (2.0 g;, 0.008 mole)
and hemarbowlchromim- (2.0 g., 0.009 mole) were refluxed in

petroleum ether (b.p. 100/120°C., 20 ml.) and n-hexane (15 ml) in the
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1y
Strohmeier apparatus for 14% hrs. The mixture was then cooled,
filtered and eveporated to drymess in vacuo, leaving a deep red oil.

This was chromatographed on neutralized alumina (25 g., deactivated 2 hrs.)

to give one red band. Elution with ligroin/benzene (4/1) afforded
red needlas (1054 e 5“) MaPo 77.78°°o' soluble in w organic

trienechromium shows intense absorption in thﬂ metal carbonyl stntching
frequency region of the infrared at 1996, 1905 and 1887 em™' and in the
'ester' carbonyl region at 1751 and 1715 onst

Found : C, 53.20; H, %.9; Cr, 13.4;

CyH;80r0» requires : C, 52.85; H, 4.7; Or, 13.5%

Tric 1 «7=ondo=di(e arbonyl) loyelohepta(l,3.5)triene~

Diethyl malonate (1.28 g., 0.008 wole) was added to a solution of
sodium ethoxide [ﬁ-om sodiwn (0.138 g., 0.606 g, atom)] in ethanol
(5 mi.) and the mixture was stirred 30 mins. me (20 ml.)
was then added together with tricarbonyltropyliuvmchromium perchlorate.
(1.5 g., 0.0046 mole) and the resulting mixture was stirred overnight.
The solvents were re:;:oved in vacuo., and the red residue was extracted
with ligroin. "Evaporation of this extract to dryness yleldsd a red
orystalline residue (0.81 g.), which was chromatogrephed on neutral
alumina (90 g.) to give two :lnajor bands with traces of two others.
Elution with lz-lgroin gave a trace of a red solid and also yellow needles

of tricarbonylbenzenschromium (0.236 g., 24%8) m.p. 162-163°C., the
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identity being established by mixed m.p. and infrared spectral comparison
with an authentiec sample.
Elution with ligroin/benzene (1/1) gave orange-red crystals of

tricarbonyl-7-endo-di(ethoxycarbonyl Jmethyleyclohepta(l,3,5)triene-

chromium (0.552 g., ;r{). Reerystallisation from ligroin gave orange-
red plates m.p. 122-123°C.. soluble in common organic solvents. The
compound shows intense absorption in the metal carbonyl stretching
frequency region of the infrared at 1999, 1932 and 1905 cm-l and at
1753 and 1738 cm‘l in the 'ester' carbonyl region.
Found : C, 52.8; H, 4.8;

cl7H18CP°7 requires : C, 52.8; H, 4.7%

Elution with benzene gave a small amount of a green gum {0,011 g.)
which dld not show absorption in the carbonyl region of the infrared
and was not examined further.

Tricarbonyl-7-endo-di(ethoxycarbonyl)methyleyelohepta(l,3,5)triene~

molybdenum.

A solution of sodium ethoxide [from sodium (0.12 g., 0.005 g. atom)]
in ethanol (S5 ml.) was added to a solution of diethyl malonate (5 ml.)
in tetrahydrofuran (25 ml.). The resulting solution was sheken 30 mins.,
then tricarbonyltropyliummolybdenum fluoroborate (1.83 g., 0.005 mole)
was added and the resulting solution was shaken a further 30 mins.
Unreacted material was then removed in vacuo., and the solid red-brown
residue was extracted with pentane (25 ml.). After filtration, the
extract was concentrated and cooled to -78°C. Red needles (0.725 g.,

33%) m.p. 92-9300., were obtained. Tricarbonyl-7-endo-di(ethoxycarbonyl)-

methylcyclohepta(l,3,5)trienemolybdenum shows intense absorption in the




85.

metal carbonyl atretching frequency region of the infrared at 2000,
1923 and 1880 om™’ and in the 'ester' reglon at 1733 and 1721 cm. The
compound is soluble in common organic solventa with the exception of the
paraffins.

Found : C, 47.60; H, 4.4;
CyH1gMoO7 requires : C, 47.45; H, 4.2%

Alkaline hydrolysis of tricarbonyl-7-endo-(ethoxycarbonyl)methyleyclo-
hepta(l,3,5)trienechromium.

To a solution of sodium hydroxide (0.08 g., 0.002 mole) in aqueous

methanol (45 ml.) was added tricarbonyl-7-endo-(ethoxycarbonyl)methyl-
cycloheptatrienechromiun (0.314 g., 0,001 mole). The resulting mixture

wes stirred 22 hrs. Then, the solution was evaporated to dryness in
vacuo., at room temperature leaving a red oily residue. This was extracted
with benzene, to remove any unchanged ester, and then dissolved in water.
Acidification in the presence of chloroform was followed by shaking

after which the chloroform layer was separated and dried (CaCla).
Evaporation to dryness left a deep red crystalline solid (0.251 g., 93%)
m.p. 148;150°c. Recrystallisation of the compound from methylene chloride/
ligroin, gave red needles, m.p. 151-15200, soluble in common organic
solvents with the exception 6f the paraffins. Tricarbonyl-7-endo-
(carboxy)methyleyclohepta(l,3,5)trienechroniunm shows absorption in the

Teqion '
metal carbonyl stretching frequencyaof the infrared at 1976, 1901 and
1873 om~! and in the 'acid' carbonyl region at 1698 omT>
Found : C, 50.3; H, 3.8; Cr, 17.8;

ClaﬁloCrO5 requires : C,50.35; H, 3.5; Cr, 18.2%



Rearrangement of tricarbonyl-7-endo-di{ethoxycarbonyl)methylcyclohepta-

36
(1,3,5)trienechromium with diethylsodiomalonate.

Tricarbonyl-7-endo-di(ethoxycarbonyl)methylcycloheptatrienechromium
(0.18 g., 0.0005 mole) and diethylsodiomalonate [from sodium (0.076 g.,
0.0033 g. atom) and diethyl malonate (1.0 g., 0.0062 mole)] were allowed
to react in ethanol at room temperature overnight. The solvent was then
removed in vacuo., and the orange residue was extracted with ligroin.
Chromatography of the orange extract on alumina (50 g.) and elution
with ligroin gave yellow crystals (0.038 g., 38%) m.p. 162-16300.

Mixed m.p. and infrared spectral comparison with an authentic specimen
showed the compound to be tricarbonylbenzenechromium.

Elution with benzene gave unreacted tricarbonyl-7-endo-di(ethoxy-
carbonyl )methylcyclohepta(l, 3,5)trienechromium (0.007 g.) as red plates
m.p. and mixed m.p. 122-123°C.

Rearrangement of tricarbqggl—?-exo-di(ethogycarbqul)methxlcyclohqpta-

(1,3,5)trienechromium with sodium methoxide.

To a solution of sodium methoxide [from sodium (0.258 g., 0.0l g.
atom) ] in methanol (10 ml.) was added tricarbonyl-7-exo-di(ethoxy-
carbonyl )methylcycloheptatrienechromiun (0.267 g., 0.0008 mole). The
mixture was stirred at room temperature overnight. Then, the solvent
was removed in vacuo., at room temperature to leave a red viscous residue.
This was triturated with ligroin (4 x S ml.) and the filtered extract
was concentrated and chromatographed on alumina (20 g.) to give one
yellow band from which tricarbonylbenzenechromium (0.010 g., 6 %) m.p.

o
162-163 C was obtained by elution with benzene/ligroin (1/1) and
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subsequent sublimation. Identity was established by m.p., mixed m.p.
and infrared speoctral comparison with an authentic sample.

Attempted rearrangement of triocarbonvl-7-exo-di(ethoxvoarbonyl)methvl-
o ta(l trieneschromium us potassium t-butoxide in t-butancl.

To a solution of tricarbonyl-7-exo-di(ethoxycarbonyl)methyleyclo-
heptatrienschromium (0.193 g., 0.0005 mole) in tetrahydrofuran (40 ml.)
was added 1 ml. of a solution of potassium t-butoxide [from potassium
(0.181 g., 0.005 g. atom)] in t-butamoh (30 ml.). The resulting
solution contained 0.2 molar equivalents of potassium t-butoxide. The
solution was stirred 67 hras. Then, the solution was evaporated to
drynass at room temperature in vacuo. Extraction of the residue with
1igroin was followed by chromatography of the extract on neutralized
alumnina (20 g., deactivated 2 hrs.). The single red band gave only
unreacted tricarbonyl-7-exo-di(ethoxycarbonyl)methyloycloheptatriene-
ohromiun (0.124 g., 65%) m.p. T6~TT C., identified by m.p., mixed m.p.
and infrared spectral comparison with an authentic sample.

No trace of triocarbonylbenzenechromium was found.

Attempted rearrangement of tricarbonyl-7-exo=-(ethoxycarbonyl)methyle

oyolohepta(l,3,5) trienschromium with sodium methoxide.
To a solution of sodium methoxide [rrom sodium, (0.10 g., 0.00% g.

atom)] in methanol (10 ml.) was added tricarbonyl-T-exo=(ethoxy-
carbonyl Jmethyloycloheptatrienachromium (0.57 g., 0.002 mole). The
resulting mixture was stirred 45 hrs at room temperature. The

solvent was removed in vacuo., at room temperature and thes red residue
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was extracted with ligroin (3 x 20 ml.). After concentretion to about
5 ml., the extract was chromatographedon neutralized alumina (20 g.,
deactivated 2 hrs.) and from the single red band eluted with ligroin
was obtained unchanged tricarbonyl-T-exo-(ethoxycarbonyl)methyleyoclo-
heptatrienechromium (0.46 g., 80 %) m.p. 48-4900., identified by m.p.,
mixed m.p. and infrared spectral comparison with anauthentlc sample.

No trace of tricarbonylbenzenechromium was found.

Attempted rearrangement of tricarbonyl-T-endo-(ethoxycarbonyl)methyl-

oyclohepta(l, 3, 5)trienechromium with sodium methoxilde.

To a solution of triocarbonyl-T-endo-(ethoxycarbonyl)methyleyoclo-
heptatrienschromium (0.314 g., 0.001 mole) in dry methanol (40 ml.)} was
added 1 ml of a solution of sodium methoxide [from sodium (0.015 g.,
0.00085 g.atomil in methanol (45 ml.). The resulting solution, which
contained 0,01 molar equivalents of sodium methoxide, was stirred 24 hrs.
Then, the solveni was removed in vacuo., and the resldue was extracted
with ligroin and chromatographed on neutralized alumina (20 g.,
deactivated 2 hrs.).' Elution with ligroln afforded only unreacted
tricarbonyl-T-endo-{ethoxycarbonyl )methyloyeloheptatrienechromiun
(0.281 g., 90 #) n.p. 100-10100., identified by m.p., mixed m.p.
and infrared spectral comparison with an authentic sample. No trace of

tricarbonylbenzenechromium was found.

Attempted rearrangement of trioarbonyl-z-endo—gethoxycarbogxl}meggxl-

gyclohepta(l,3,5)trienechromium with potassium t-butoxide in t-butanol.
To a solution of tricarbonyl-7-endo-~(ethoxycerbonyl )methyleyelo~
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heptatrienechromium (0.314 g., 0.001 mole) in tetrahydrofuran (20 ml.)
was added 1 ml. of a solution of potassium t-butoxide [from potassium
(0.87 g., 0.025 g.atom)] in t-butanol (40 ml.). The resulting solution
which contained 0.5 molar equivalents of potassium t-butoxide, was
stirred for 13 hrs at room temperature. Then, th§ golvent was removed
in vacuo., at room temperature and the brown residue was extracted
with ligroin (2 x 20 ml.). Chromatography of this extract on alumina
afforded only unreacted tricarbonyl-T-endo=-(ethoxycarbonyl)methylcyclo-
heptatrienechromium (0.13 g., 42%) m.p.lOO-lOloc., identified by m.p.,
mixed m.p. and infrared spectral comparison with an authentic sample.

No trace of tricarbonylbenzenechromium was found.

Attempted rearrangement of tricarbonyl-7-endo-(ethoxycarbonyl)methyl-
cyclohepta(l,3,5)trienechromiun with sodium hydride.

To scdium hydride (supplied as a 50 ¥ dispersion in oil, by L.
Light and Co., 0.159 g., 0.003 mole) in tetrahydrofuran (20 ml.) was
added tricarbonyl-T7-endo-(ethoxycarbonyl)methyleysloheptatrienechromsium
(0.516 g., 0.0016 mole). The resulting mixture was stirred 20 hrs., at
room temperature. Then, excess sodium hydride was destroyed with
aqueous ethanol and the solution was evaporated to dryness at room
temperature in vacuo. The resulting pink gum was triturated with
ligroin (4 x 10 ml.) and this extract was chromatographed on alumina
(10 g.) but no trace of tricarbonylbenzenechromium was found.

The ligroin-inscluble material was dissolved in water and this
solution was acidified using dilute hydrochloric acid. The reddish

suspension was extracted with chloroform and the chloroform layer was
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then Separated and dried (CaCla). Filtretion and evaporation to dryness
at room temperaturs in vacuo., gave tricarbonyl-7-endo-(carboxy)methyl-
oyoloheptatrienechromium (0.286 g., 60 %) m.p. 149-150°C., identified
by m.p., mixed m.p. and infrared speatral comparison with an authentie
sample.

Attempted rearrangement of tricarbonyl-7-endo-(ethoxycarbonyl)methyl-
cyclohepta(l,3,5)trienechromium with triphenylmethylsodium. |

A solution of tri.pheny]methylsodiwnl% [ from triphenylmethyl-
chloride, freshly prepared (2.78 g., 0.01 mole) and 1 % sodium
amalgam (51 g.)] in ether (66 ml.) was added to a solution of tricarbonyl-
7-endo~( ethoxycarbonyl Jmethyleycloheptatrienechromium (J.335 g., 0.001 mole)
in ether (50 ml.). The resulting solution was stirred for 19 hrs.

Then, dry methanol (13 ml.) was added to decompose the excess
triphenylmethylsodium.

The resulting yellow solution was ochromatographed on neutralized
alumina (deactivated 2 hra.) to give one yellow band from which yellow
erystals (1.40 g.) m.p.88-9090., were obtailned. Rechromatographing this
yellow compound gave pure triphenylmethane (1.35 g,, ST#) and a bright
yellow crystalline compound (0.030 g.) m.p. 218-220°%.

Found : C, 93.35; H, 6.3%. M. 130.

No trace was found of any compound having absorption in the
metal carbonyl stretching frequency region of the infrared.

Repetition of the reaction using an excess of tricarbonyl-T-endo-

(ethoxycarbonyl )methyleycloheptatrienechromium resulted in recovery of
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the compound in 94% yield.

To a solution of phenyllithium [ from lithiuwm (0.12 g., 0.017 g.

atom) and bromobemsens (1.3 g., 0.0083 mole)| in ether (10 ml.) was
added a solution of 2,3,4,5-tetraphenyloyoslopentadions® ! (2.76 g.,
0.0075 mole) in benzene (50 ml.). The resulting milky suspension was
refluxed 2 hrs., and then cooled. Tricarbonyltropyliumchromium
fluoroborate (2.36 g., 0.0075 mole) was then added and the resulting
mixture was stirred 13% hrs. |

Evaporation of the solvents was followad by extraction with
ligroin (5 x 20 ml1.). PFiltretion gave an orange filtrate and a pink
residus.

The orange filtrate was ovaporated to dryness and extracted with
ligroin (4 x 3 ml.). Chromatography of this extract on alumina (60 g.)
gave one band, which afforded tricarbonyldi(cycloheptatrienyl)chromium
(0.050 g., ¥8) m.p. 147-148 C., identified by m.p., mixed m.p. and
infrared spectral comparison with an authentic sample.

The pink solid was sublimed at 140°C/0.1 mm., for 40 hre., and
yielded tetraphenyloyolopentadiene (0.100 g., 4%). The remaining solid
was extraoted with hot benzene (5 x 20 ml.) end concentrated. This
extrect was chromatographed on alumina (606 g.). Washing with ligroin
{1200 ml.) to remove tetraphenyleoyclopentadiens was followed by elution
with bensene/ligroin (1/9) which gave a red solid (0.020 g., 2 %) m.p.



222-224°C., 1dentified as hexacarbanyldi(oycloheptatrienylohromium) on
the basis of its m.p., mixed m.p. with an authentio sample and infrared
speotrun.

Rlution with bensene/ligroin (1/1) afforded a deep-orenge compound
which gave orange-red needles (1.9% g., 43 %) m.p. 198-198.5°C from
benzene/ligroin, soluble in benzene, chloroform and methyleme chloride,

but only slightly soluble in other common organic solvents. Iricarbonyl-
7-endo-(2.3:4.5' ~tetrephenyloyolopentadienyl)cyolohepta(l,3,5)triene~-

chromium shows intense absorption in the metal carbonyl stretohing

frequency region of the infrared at 2000, 1927 and 1887 ocm.
Pound : C, 78.0; H, 5.0; Cr, 8.7;
0”32801'03 requires : C, 78.5; H, 4.7; Or, 8.7%

[ tadienyl)cvelohepta(l. 3. i um with um methaxide.

Triocarbonyl-7-endo-(23)4!5" -tetraphenyloyclopentadienyl)oyolo-
heptatrienschromiun (0.576 g., 0.001 mole) was added to a Wion of
sodium methaxide [from sodium (0.042 g., 0.0018 g. atom)] in benzense
(100 ml.) and methanol (1 ml.). The resulting mixture was stirred at
room tempersture for 21 hre. After filtration, the filtrate was
evaporated to dryness at room temperature in vacuo. The dried extract
was sublimed at 100°C/0.1 mm for 2 hrs. No trece of tricarbonylbenzene-
chromium was found. '

The solid was then extracted with hot 1ligroin (12 ml.) and filtered,
washed with water and dried leaving a deep pink solid (0.40% g., T0%)
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m.p. 196-198°C., 1dentified as tricarbonyl-T-endo-(2!3!4!5'-tetraphenyl-
oyolopentadienyl) oyoloheptatrienschromium on the basis of its m.p.,
mixed m.p. with an authentic sample and infrared spectrum.

- The filtrate was chromatogrephed on alumina (60 g.). ERlution
with benzene/ligroin (1/20) gave tetraphenyloylopentadiene (0.024 g.,
14
5 %) m.p. 162-16400.. (11t t m.p. 164-165°C).

oyolopentadienvl)oyol (1, trienechromiun with potassium t-
butoxide in t-butanol.

Trioarbonyl-7-endo-(2} 3}4;5' ~tetrephenyloyolopentadienyl )oyclo-
heptatrienschromium (0.337 g., 0.0006 mole) was added to a solution of
potassium t-butoxide [from potassium (0.012 g., 0.0003 g. atom)] in
t-butanol (7 ml.). The resulting mixture was refluxed 6 hrs. Then,
ethsnol (10 ml.) was added and the solution was filtered. The solid
was extracted with hot benzens (10 ml.) and the resulting filtrate was
evaporated to dryness in vacuo. Sublimation of this dry residue at
100°0/0.1 mm., gave mo tricarbonylbensenschromium.

The residue was dissolvyd in bonzene and chromatographed on alumina
(30 g.). Only unreacted tricarbonyl-7-endo-(2;3;4,5'~tetraphenyloyclo-
pentadienyl )oycloheptatrienschromium (0.20 g., 60 £) was obtained

trienschromium.
To a solution of 2,3, u-triphenylcyolopentadiomm (5.88 g., 0,02

mole) in benzeme (150 ml.) was added 18.7 ml. of a solution of phenyllithium
[n-om lithiuwm (3.0 g., 0.4 g. atom) and bromobenzene (32 g., 0.2 mole) ] in
ether (100 ml.). A white precipitate formed immediately and the




suspension was refluxed 2 hrs., and then cooled to room temperature.
Tricarbonyltropyliumchromium fluoroborate (3.14 g., 0.0l mole) was then
added, together with benzene (10 ml.). The resulting suspension was
stirred for 20 hrs. Then, after addiﬁion of ethanol (10 ml.) the mixture
was filtered and the 30lid residue was well washed with hot benzene,
giving a total volume of filtrate of 250 ml. This was evaporated to
dryness leaving a red oil. The oil was dissolved in benzene (20 ml )
and chromatographed on alumina (3 hr. deactivated, 400 g.) in 1igroih/
benzene (5/1). Elution with the same solvent mixture gavé first a
yellow band which afforded unreacted triphenyleyclopentadiene (2.6 g.,
45 %) and then bright red needles (3.62 g., 70 %) m.p. 165-167.5C.,
soluble in common organic solvents with the exception of the paraffins.
Recrystallisation from methylene chloride/ligroin raised the m.p. to

167-167.5°C. Tricarbonyl-7-endo-(2;3,4"' -triphenyleyclopentadienyl )~

cyclonepta(l,3,5)trienechromium shows intense absorption in the metal

carbonyl stretching frequency region of the infrared at 2000, 1834 and
1901 om™* (cc1,) and 1984, 1923 and 1866 om™:(XC1).
Pound : C, 76.2; H, 4.7; Cr, 9.8;
033H24Cr03 requires : C, 76.1; H, 4.6; Cr, 10.0%
The ultraviolet absorption consists of two peaks; at 242 mn (loge = 4.6)
and at 356 mu (loge = 4.1).

Reaction of 2,3,4-triphenyleyclopentadienyllithium with tricarbonyl-

tropyliumchromium fluoroborate in the presence of tetrahydrofuran.

To a suspension of phenyllithium [from lithiuwm (0.70 g., 0.1 g.

atom) and bromobenzene (7.85 g., 0.05 mole)] in ether (20 ml.) was added
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a solution of 2,3,l-triphenylcoyelopentadiens (14.6 g., 0.05 mole) in
benzene (150 ml.). The mixture, in which a white precipitate quickly
formed, was refluxed for 2 hnrs. After cooling, tricarbonyltropyliuvme
chromium fluoroborate (9.57 g., 0.03 mole) and tetrahydrofuran (15 ml.)
were added, and the resulting mixture was stirred for 16 hrs. After
filtration, the solution was taken to dryness in vacuo. The resultant
solid was dissolved in benzeme/ligroin and filtered through alumina to
remove copious quantities of a green decomposition product. The filtrate
was taken to smell volume and ohromatonapi;ad on alumina (250 g.). .m.ution
with benzens/ligroin (1/1) gave red needles of tricarbonyl-7T-endo-
(2, 3}4'-tr1phenylcydmtadiwl)oyoloheptatr£mw'm (1.8 g., 11 %)
m.p. 165-167 C., identified by m.p., mixed m.p. and infrared spectral
comparison with an authentic sample. Further elution with pure benzene
gave red needles (0.100 g., 1 %) m.p. 165-167°C. The compound is soluble
in common organic solvents with the exception of the paraffins. Tricarbonyl
=T-endo-(1.2:3' ~triphenvlcyeloventadienyl)cvelohepta(l. 3.5) trienechromium
shows intense absorption in the metal carbonyl stretching frequency region
of the infrared at 1984, 1916 and 1887 om™* The ultraviolet spectrun
shows two peaks; at 242 mu (logs = 4.5) and at 320 mqu  (loge = 4.1)
Found : C, 75.3; H, 4.8; .

C33H,,Cr0s requires : C, 76.1; H, 4.6%

Ozonolysis of tricarbonyl-7-endo=-(2,3;4'-triphenyloyclopentadienyl)-
oyclohepta(l trienechromium.

Tricarbonyl=T-endo=(2,3!4'-triphenyloyclopentadienyl)cyclohepta-
trienechromium (0.27 g., 0.0005 mole) in methylene chloride (14 ml.) was




treated (at -1400.) with a slight excess of ozonized oxygen. The
mlmmmérummm«mwmuthrm
sulphate solution. The dried methylene chloride layer was chrometographed
on alumina (5 g.). Klution withbenzene/ether (1/1) gave a trace of a
yellow gun whose infrered spectrum was identioal with that of benzil.

At ted of tricarbonvl-7-endo-{2!3!4'tri loyclo=
pentadienvl)cyclohevta(l,3,5) trienechromiun with sodiun methoxide.

bioarbmyl—?—endo-(a, o 4! —t‘l‘iphonylmlopontadiml) cyclohepta-
trienechromim (0.67 g., 0.0013 mole) was added to a solution of sodium
mthoxido from aodhn (0.016 g., 0.0007 g. atom) in methanol (40 ml. ),
which had been added benzene (20 ml.). mmummstmeduam
memitbmmthmevaporatedtodﬁmaa at room temperature in vacuo.
The residus was extraoted with benzene (4 x 2 ml.) and this extract was
chromatographed on alumina (70 g.) in ligroin to give unchanged tricarbonyl-
T-endo-(2) 34 ' ~triphenyloyclopentadienyl)ocycloheptatrienechromium
(0.3% g., 50 %) m.p. 164-165°C., identified by m.p., mixed m.p. and
infrared speom.l comparison with an authentic sample.

Traces of two other bands were eluted with ether/methanocl, but
showed no absorption in the metal carbonyl region of the infrared.

m RRGNSD Ofw DA

eyvolohepta(l,3,5)trienschromium with triphenyimethylsodiwm.

i adieiioty of gt ineiilnoit ™ [ £rom tripnenylaetnyl anloride
(4.0 g., 0,014 mole) ] in ether (200 ml.) was added to tricarbonyl-7-endo-
(2:3:4"' =triphenyloyclopentadienyl)oyoloheptatrienschromium (1.5 g.,

0.003 mole). The resulting mixture, which rapidly turned black-brown,
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was stirred for 22 hrs. Then, methanol (20 ml.) was added to destroy
excess triphenylmethylsodium. At this stage t.bo nixture was pale red.
Solvents ware removed in vacuo., leaving a yellow residue. This was
extracted with ligroin and the extraoct was chromatographed on alumina
(60 g.). Elution with ligroin gave:-

a.) White needles (1.55 g., 45 %) m.p.90-92°C., identified as
triphenylmethans on the basis of m.p., mixed m.p. and infrared spectral
comparison with an authentic sample.

b) Pale yellow crystals (1.0l g.) m.p.200-210°C., which m.p. was
ralsed to 224-226 C., by repeated recrystallisation from ligroin.

¢) A red-brown gum (0.190 g.) which was sublimed at 100°C/0.1 mm.,
to yieid tricarbcnylbenzmchromiu-n (0.150 g.).

The petrol-insoluble meterial was sublimed at 10000/0.1 um,., to
yleld tricarbonylbenzenechromium (0.020 g., total 0.170 g., 28 %).
Reaction of triphenylmethylsodium and 2,3,4-triphenylfulvens.

To a solution of 2,},4-triplwnylm1vene125 (0.43 g., 0.0014 mole)
in ether (25 ml.) was added 25 ml. of a solution of triphenylmethyle
”diml% [ from triphenylmethyl chloride (3.54 g., 0.013 mole) and 1 ¥
sodium amalgam (60 g., 0.026 g. atom)] in ethexr (200 ml.). ﬁm fulvens
solution was instantly decolom-ised.. Ths mixture was allmd to stand
ovarnight. Then, the solvent was removaed at room temperatue in vaocuwo.
The residue was extracted with ligroin and chromatographed on alumina.
Elution with ligroin gave:- |

a) White needles (0.140 g., 4.T%) of triphenylmethans, m.p. 90-92 C.,
identified by m.p., mixed m.p. and inf‘ra.red spectral comparison with an
authentic sample.




b) A trace of a yellow-ocrange Zim.

o) White orystals (0.0123 g., 1 “) of triphenylmethyl peroxide,
m.p. 180-184 C., identified by m.p., mimdmp and infrared spectral
ocomparison with an authentic sample.

4) White prisms (0.152 g., 4 %) m.p. 2oh-226C. (114 np218°0)
wl" to bs hexaphenylpropane.

Found : C, 94.1; H, 6.3%; M. 193;

03952 requires : C, 93.6; H, 6.4; M. 501.

Elution with inoreasing proportions of benzeno gave low yields of
a further seven compounds, obtained in insufficient quantity for

identifiocation.

Rearranzement of tricsrbonvl-7-ondo=(2.3.4'-trichenvlcyclopentadienyl)-
tal(l trienaschromium with potassium de .

sulphoxide.

Freshly sublimed potassium t-butoxide (0.724% g., 0.006 mole) was
added to a solution of tricarbonyl-T-ando-(2] :4'-tr1phowloyolom-
diowl)cyolohaptatriemclnmim (1.00 g., 0.002 mole) in pure dry
dimet.hylsulphmido (40 ml.). mmmsﬂmdl'zm at
roon temperature. Itmmmmwnm (300 ml.) and extraocted
with ether (4 x 100 ml.). The ethereal extract was mted. dried
(Nay80,) andmpmbod'todrymsinmm. The residue was dissolved in
ligroin and filtered through alumina. The solution was evaporated to
dryness and sublimed to give tricarbonylbenzenechromium (0.115 g., 28 %)mp.le1-2%.

The aqueous solution was contimuously extracted with ether for 4
hrs. in an extractor. This extrast ylelded only uncrystallisable gums
(0.20 g.) having no absorption in the metal carbonyl stretching frequency
region oi’ the infrared.
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The aqueous layer was acidified (dilute HCl) and extracted with
ether. Concentration, drying and evaporation to-dﬂness gave an orange
gun (0.124 g.) having absorption in the metal carbonyl stretching
frequency mgion of the infrared at 1985 and 1910cm".'At.temu to
orystallise this gum were unsuccessful.

loh: 1 trienechromium with sodium

. Toampmsionofaodimhwﬂﬂdslomg.,ommole,asa.50%
dispersion in oil (0.265)] in tetrahydrofuran (20 ml.) was added a
solution of tricarbonyl-T-endo-(2)3)4' triphomlcyolopmtadionyl)oyolo-
heptatrienschromium (0.329 g., 0.0006 mole) in tetrahydrofuran (10 ml, )
The resulting mixture, which rapidly turned deep purple, was stirred for
1 hr. Methanol (hml)wasthenaddedtodesmythﬂminingsodim
hydride andtheaolmta were then removed at room temperature in vacuo.
A ligroin extract was chromatographed on alumina (20 g.) and from the main
yellow band was obtaimed tricarbonylbenzenschromium (0.007 g., 5 %) m.p.
161-162°C., identified by m.p., mixed m.p. and infrared spectral
oompé.rison with an authentic sample. Only traco @w of two other
bands were eluted from the colwm.

The ligroin~insoluble residue ( 0.400 g.) was a deep purple
crystalline solid and m-owd.to ba quite amifive to oxygen. A sample
(0.297 g.) was diasolwed in ethanol (10 ml.)/water (150 ml.).
Acidi.fioa.tim (dilute HCL) ﬁaa followed by extraction into mthylone
ochloride (2 x 50 ml.). The deep-orange oil which resulted from this
dried (03012) extract upon evaporation, showed absorption in the metal
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carbonyl stretching frequency region of the infrared at 1975 and 1910cm71

Attempted rearrangement of 7-di(e arbonyl Jmethyloyelohepta(l,3,5)-

121

triene with sodium methoxide.

To a solution of sodium mthoxide[ from sodiwm (0.51 g., 0.022 g. a.tom)]
in dry methanol (10 ml.) was added a solution of 7-di(ethoxycarbonyl)-
mothyleyclohoptatriemla (2.37 8., 0.0095 mole) in methanol (10 ml.).

The mixture was left for 16 hrs. Then, the mixture was heated and t.he
volatile distillate (b.p. 62-64°C.) was collected and examined on & V.P.C.
colum. Only unreacted methanol was present in the distillate. No trace

of benzene was found.
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Tricarbonyl 9:10-dihvdroanthracenschromium.

9:10-dihydroantinracens (5.4 g., 0.03 mole) and hexaoarbonylohromium
(6.6 g., 0.03 mole) were refluxed in diglyme (50 ml.) for & l's. By
MOtithWﬁcﬂmofmmiﬁmewlm.
Unreacted material was removed in vacuo. The residue was recrystallised
from diglyms and then benzene/ligroin to give lemon-yellow needles
(3.9 g-» 51 %) m.p. 13-244°C (11t”F 143-184°C,) of tricarbonyl 9:10-
dihyaroanthrecenechroniua. |
At ted reaction of tricarbonylbenzenechromium with 9: -
anthracens.

Tricarbonylbenzenschromium (1.04 g., 0.005 mole) and 9:10-dihydro-
anthracens (0.225 g., 0.0012 mole) were heated at 160°C. for 8 hra.
Then, some unreacted tvicarbonylb.onzmcmmﬂ (0.55 g.) was removed by
sublimation. The dark-brown residus was extracted with hot benzene (25 ml.)
allowed to ool and filtered through alumina, (30 g.). The yellow '
solution was evaporated to yield trioarbonylbommoh:mim (0.48 g.,
total 1.00 g., 99%).

Attempted dehydrogenation of tricarbonyl 9:10-dihydroenthracenechromium
using orate.

To a solution of tricarbonyl 9:10-dihydroanthracenschromium
(0.25 g., 0,0008 mole) in benzene (25 ml.) was added a suspension of
triphenylmethyl pemhiomte“’ (0.35 g., 0.001 mole) in benzene (25 ml.).
The mixture was shakem for 6 hra. No colour change was apparent ntthia.
stage. The mixture was poured into water (500 ml.), the benzene layer
separated and dried (Na,S0;). Concentration and ohromatogmphy on

alunina (60 g.) gave unreacted tricarbonyl 9:10-dihydroanthracenechromium



(0.20 g., 80 %) m.p. 143-144°C., ldentified by m.p., mixed m.p and
mapomal comparison with an euthentic sample.

A t of tri 1l 9:10-dihvdroanthracenschromium
with chloranil.

A solution of tricarbonyl 9:10-dihydrocanthracenschromium (0.77 g.,
0,0025 mole) and chlorenil (1.39 g., 0.005 mole) in ethylsne glyool
diethyl otha' (50 ml,) was refluxed for 20hn.- The excess solvent was
removed in vacwo., anﬁthooolﬁmi&nmmuwhotm
(4 x 10 ml.). This extract was filtered hot, to yleld a colourless
solution which afforded anthrecens (0.27 g., 63 %) m.p.211-212C.

MMMMMMM&&WWNE&MOfW
infrared and turned groen upon exposure to moist air.

Attenpted tion of tri 1 .

a) Anthrecens (3.6 g., 0.02 mole) and hexacarbonylohromium (4.4 g.,
0.02 mole) were refluxed in petroleum ether (b.p. 100/120°C., 27 ml.) for
3k nre. At this stage, the solution had developsd an intense violet
colour and half the theoretical amount of gas had been evolved. The
solution was allowed to cool, whence it turmed yellow. Only starting
materials were recovered.

b) Anthrecene (4.0 g., 0.022 molae), hexacarbonylohromiwm (4.0 g.,
0.018 ﬁo.u) and oyocloheptatriens (0.7 s;. 0.007 mole) were refluxed
in petroleum ether (b.p. 100/120°C.) for 10} hrs., by which time the
theoretical amount of gas had been evolved. Excesa solvent and unreacted
material was removed in vacuo whilst the mixture was still hot, leaving
a pink s0lid. On sublimation this yieldod only anthracene, hexacarbonyl-
chronium and tricarbonyleyclohsptatrienschromium.
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¢) Anthrecene (4.06 g., 0.023 mole) and tricarbonyloyclonepta-
trienschromium (1.2 g., 0.005 mole) were refluxed in ethylene glyool

diethyl ether (22 ml.) for 19 hre Then, the dark red mixture was
filtered and evaporated to dryness, in vaouo., at room temperature. The
red residue was extracted with ligroin and chromatographed on alumina
(60 g.) to yleld one red band which afforded tricerbomyloyeloheptatriene-
ohromium (1.01 g., 88 %) m.p. 128-129°C., identified by m.p., mixed m.p.
and infrered spectral comparison with an authentic sample.

Attempted oatalyt:

The gensral method was as follows:- Mcw“mmmmm
(A g.) dissolved in solvent S was added to a pre-reduced suspension of
the catalyst (B g.) in the same solvent. After 'apparent' hydrogen
uptake had ceased, the mixture was filtered and the catalyst well
washed with the solvent. The filtrate was taken to dryness in a
weighed flask. The peroentage recovery of tricarbonylphenanthrene-
chromivm is given (D) together with the catalyst/complex ratio (C).

RmNo| A B c D 8

1 |o.492 |2, 750 Pa/C| 1 : 2|98 diethyl ether
2 10.746 | O.A7T PA/C |20 : 1}90 T.H.F.

3 ]0.500 | 0.280 Pt/Cc |20 : 1|90 T.H.F.

4 10.438 | 0.034 B0, |20 1 1|95 T.H.F.

5 |0.581 | 0137 PO, 5 ¢+ 1|95 T.H.F.

6 |0.720 | 0.160 Ptos | 5 : 1|80 ethyl aocetate
7 |0.602 | 0.140 PtO, | 5 : 1 |80 ] glacial acetic acid




ghromite catalyst.

Tricarbonylphenanthrenechromium (0.564 g., 0.002 mole) and copper
Wu oo.ta.l;vatm (0.19 g.) in ethanol (50 ml.) were matod at
150°C for 3 hrs. under a hydrogen pressure of 109 atmospheres. After
oooling and venting, the products were washed out of the autoclave
with ethanol (100 ml.) and after filtration were evaporated to dryness
at room temperature in vacuo. The only isolated product was phenanthrene
(0.302 g., 94 %), oontmnimtad to a slight degree with 9:10~dihydrophen-

Caloium turnings (0.26 g., 0.0065 g. atom) were added to liquid
ammonis (10 ml.) which had beem dried over sodiun. This, bronze-coloured
solution was slowly added to a stirred solution of tricarbonylphen-
antimenschromium (0.28 g., oooogmole) in dry ethsr (50m1) The
resulting mixture, which was i.nitiallymnso. hmdd.op-bmwnattu
20 mimites. BStirring was then contimued a further 40 mins. Then, the
mixture was filtered unfer nitrogen [ Ca(liiy)g 1s pyrophoric | , without
suotion, and the nrown slimy deposit was washed with ether (5 - 10 ml.).
The orange filtrate was evaporated to dryness loaving tricarbonyl-
phenanthrenechromium (0,029 g., 10 %) m.p. 157-159 C., identified by
m.p., mixed m.p. and infrared spectral comparison with an authentie
sample.
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Reaction of lchromium with 9:10 threns.
Hexacarbonylohromium (8.06 g., 0.0% mole) ard 9:10-dihydro-
phenanth:%m (6.96 g., 0.04 mole) together with ethylene glycol diethyl

ether (100 ml.) were heated togothor at 200-220°C., in an oscillating
eutoclave (1 litre.) for 2 x % hr., periods with intermediave cooling
soil veritilng of SAUD HoGHEIAN. TG, the mkoslaye wan opaned and the
contents washed out with ether (100 ml.). After filtration, to remove
umreacted hexacarbonylohromium (4.37 g., 54 %) the solution was talken to
drynea# at room temperature in vacuo. The residual yellow oil was
chromatographed on alumina (300 g.) in n-hexans. After thoroughly
washing the column with n-hexane to remove unreacted 9:l0-dihydrophen-
anthrene, elution with benzens/n-hexane (1/1) afforded yellow needles
.(3.25.5., 65 %) m.p; 106-107°c.. soluble in common organic :olmts

shows intense absorption

in the metal carbonyl stretching frequency yegion of the infrared at
1976, 1897 and 1873 om'l Ramatalliaation from methylens ouorme/
n-hexane raised the m.p. t0108-1090.
Pound : C, 65.0; H, 3.8; Or, 16.3; M. 22
1731201'03:'0&1\:11'0- s C, 64.6; H, 3.8; Cr, 16.4% M. J6.
Further elution of the oolwm with 100 § banzene afforded a deep
yollow orystalline compound (0.050 g., 1 %) m.p. 217-218% (4 frem 160 C),

Pound 1 C. 54 2; H, 3.3 M‘D’?

02031201‘206 requires : C, 53 1; H, 2.7; M. W52,
" The cempound is only slightly soluble in common organic solvents
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and shows intense absorption in the metal carbonyl stretching frequency

region of the infrerved at 1957 and 1887 om.*

mation of tricarbonyl 9:10-d

with triphenvimethyl perchlorate.

Tricarbonyl 9:10-dihydrophenanthrenschromivn (1.27 g., 0.004% mole)
and triphenylmethyl perchlorate (1.38 g., 0.004 mole) were refluxed for
k ming. in a mixture of glacial acetic acid (100 ml.) and agetic
anhydride (10 ml.). Afteroooling the mixture was poured into water
( 1000 ml.) and this solution was extracted with ether (31:100m1)
Gmoenmminmm gawapaleamberoilmmshouedmabsorption
mthsmetal carbonyl stretching frequency region of the infrared and
which was probably a mixture of phenanthrene and 9:10-dihydrophenanthrens.
At ted dehyvdrogenation of tricarbonyl 9:10 threne-
chromium with 1,2,3,4 -tetrabromo-o-benzoguinone.

Tricarbonyl 9:10-dihydrophenanthremechromium (0.57 g., 0.002 mole)
and 1,2, 3,4-tetrabromo=-o~-benzoquinons (0.84 g., 0.002 mole) were .
refluxed in pure benzeme (5 ml.) for 183 hrs. (An mwo reaction
ooomd\monmixingthemcmmbmemmdam, presumably
carbon monoxide, was evolved.). Then, benzens (6 ml.) was added and the
dark brown mixture was filtered to yield a dark bu‘m.amorphmm material.
This showed no absorption in the metal carbonyl region of the infrared
and was discarded. The filtrate was evaporated to dryness, extracted
with benzene (5 ml. ) and chromatographed on alumina (10 g. ) Elution
with benzene gave a trace of a yellow compound which dooonposod on the
columm.
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Attempted genation of tri 1 9:10 o=
chromium with 2,3-dichloro 5,6-dicyano-o-benzoguinons.

To a solution of 2,3-dichloro 5,6-dicyano-o-benzoquinone
(0.21 g., 0.001 mole) in benzene (5 ml.) was added tricarbonyl 9:10-
di.kwdropmnanthremchromim (0.25¢, 0.0608 mole). An immediate dark
brown colour appeared and the mixture was stin;ed 10 mins. Benzemne
(Sml ) waathanaddedandthemixmrewas filtered The solid
residue showed no absorption 1n the metal carbo:wl stretching frequency
region of the infrared. It was uashed with benzene (5 ml.) and the
filtrate and washings were concentrated in vacuo. The solution was
chromatographed on alumina (30 g.) to yleld only unreacted tricarbonyl-
9:10-dihydrophenanthrenaschromium (0.020 g., 11 %) m.p. 108-109bC.,
identified by m.p., mixed m.p. and infrared spectral comparison with
an authentic sample.

Dehydrogenation of tricarbonyl 9:10-dihydrophenanthrenechromium with
palladium on charcoal.

Tricarbonyl 9:10-dihydrophenanthrenechromium (1 g.) and 10 %
palladium on charcoal (0.9 g.) were heated in a stream <.>f carbon dioxide
at 120°C for 2 hrs. No gas was evolved, and the temperature was
8lowly raised to aoo°c over 1 hr., at which temperature gas was
evolved. Some hexacarbonylchromium sublimed out of the reaction zone.
The temperature was kept at 200°C for 2 hrs. and then the apparatus
was allowed to cool overmight.

The mixture was extracted with hot benzene (5 x 15 ml.) and this
extract was evaporated to dryness at room temperature in muo

The gun so obtained was chromatographed on alumina (60 g.). Elution
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with ligroin afforded white needles (0.439 g., 78 %) m.p. 95-97°C.,
of phenanthrena.

Elution with benzene/ligroin (1/200) afforded two yellow bands.
Mmthefimtmlmlatedamnwmmmm(o.oﬁlg.,

6 %) m.p. 108-109°C., identified as tricarbonyl 9:10-dihydrophenanthrens-
M1m on the basis of its m.p., mixed m.p. with an authentic sample
and infrared spectrum. From the second band was i1solated an orange
arystalline solid (0.008 g., 1 %) m.p. 158-159°C., identified as
tricarbonylphenanthrenechromium on the basis of its m.p., mixed m.p.

with an authentio sample and infrared spectrm.

Elution with benzene gave a third yellow band which afforded yallow
erystals (0.005 g., 1 %) m.p. 225-226 C., (d from 150°C) of what is
probably a hexacarbonyl 9:10-dihydrophemnthmmdim.

Repeated tion of tricarbonyl 9:10 threnechromium
with palladium on charcoal.

Tricarbonyl 9:10-dihydrophenanthrenechromivm (0.45 g.) and
palladium on charcoal (0.395 g.) were heated in a stream of' carbon
dloxide at 190-200 C for 27 mins. After being cooled repidly, the mixture
was extracted with hot banzeme (%5 x 20 mi.). After filtration and
evaporation to drynesa, in vaouo., the yeilw gum 80 obtained was
chromatographed on alumina (30 g.). Elution with ligroin gave a
solourless compound (0.067 8., 26 %) m.p. 42-46°C., which was shown to
be a mixture of phenanthreme and 9:10-dihydrophenanthrene by infrared

apaotral comparison.
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With benzene/ligroin (1/19) a yellow band was obtained which
afforded unchanged tricarboayl 9:10-dihydrophenanthrenechromium (0.28 g.,
62 %) m.p. 108-109°C. Identity was established by m.p., mixed m.p.
with an authentic sample and infrared spectral comparison.
Further elution with banzene, afforded a second yellow crystalline
compound (0.007 g., 1 %) m.p. 210-218°C., (d from 150 C.) which is
probably hexacarbonyl 9§m.mh;dmmwcmu1m;
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Additional experiments.
Hexaoar 1di 10 1)dimolybderum.

Redistilled G:G'Mlmlvmln (5.4 g., 0.05 mole) and
hexscarbonylmolybdemsr (13.4 g., 0.05 mole) were refluxed in ethylene
glycol dimethyl ether (25 ml.) for 6 hrs. Then, unreacted material was
removed in vacuo., at room temperature, leaving a deep red residue.
™is wes extracted with petroleum ether (b.p. 40/60°C., 20 ml.) and the
extract was chromatographed on alumina (1000 g.). The single red band
which formed was eluted with ligroin and afforded purple crystals (0.724 g.)
n.p. 155-156°C., 11t

eyolopentadienyl )dimolybdemm, extremely soluble in ocommon organic

162-163°C. of hexacarbonyldi(isopropyl-

solvents. The compound shows intense absorption in the metal carboayl
atretohing frequency reglon of the infrared at 1957 and 1905 om'.'l

Found : M. 534. Ref 1%0.
022,!{241%206 requires : M. 574.

Raaction of 6:6'-dimethvlfulvene with heacarbonﬂmo%m?s(m part)

Preshly distilled 6:6'-dimethylfulvenel-L (10 g., 0.095 mole)

was heated with hexacarbonylmolybdemm (10 g., 0.038 mole) until

evolution of carbon monoxide ceased ( 7 hrs.) Unreacted atarbing materials
ware then removed in vacuwo., theredresitm.e dissolved in ligroin and
chromatographed on alumina to give eight bands. Elution with ligroin
afforded purple crystals (0.45 g., 4 %) m.p. 154-155°C., of hexacarbonyl-
di(isopropyleyclopentadienyl )dimolybdenunm, _ identified by m.p., mixed m.p.

and infrared spectral comparison with an authentic sample.




Further elution with ligroin gave the second band as purple
arystals (0.3% g., ) m.p. n6-119°c(a)., of hexacarbonylisonropenyl-

FPoamd : C, #6.2; H, 3.6; M. 500 Ref 1%
CooflogMos0g requires s C, 46.2; H, 3.5¢ M. S5T2.

The ocompound was hydrogenated in a mh_m-zudmmtion apparetus
over 10 4 palladium on charcoal.
Results.

A B c D B P

1| 8.625}|0.411 |0.089} 0.322 | 0.338
2] 12.384 | 0.749 | 0.128 | 0.621 | 0.485
3| 38.654 |1.675 [ 0.308 | 1.277 | 1.514

= Experiment No.,
= Weight (mgm.) used,
= Volume of W@n (ml.) absorbed, corrected to N.T.P.,
Correction (ml.) for Band I (see below),
= Corrected valm' (m1.),
= Theoretical uptake (ml.) required for 1 isopropenyl group.

In a similar experiment, Band I [Mcarbonyldl(iaopropylcyolw
pentadienyl)dimolybdenum | (16.023 mgm.) absarbed 0.165 ml. of hydrogen,
corrected 'bo N.T.P. |

537 W © Q W »
|

The next four bands were also eluted with ligroin and afforded
red amorphous solids with closely similar infrared speotra, all showing
strong absorption at 1957 and 1905 em™ in the metal cerbonyl
stretching frequency region of the infrared. The compounds did not




possess sharp melting points and attempts to orystallise them were
unsucceasful .

Elution with benzene gave a trace of a red amorphous solid and
also red orystals (0.020 g.) m.p. 69-74°C., of ancther unidentified
product, mmemnmmataom.mmnlgosm'lm
the metal oarbomyl stretohing frequency regiom of the infrared. The
general speoctrum was very similar to those of the other compounds.

To a solution of phenylethynyllithius®'* [fmn phenylacetylene
(2.2 g., ooemole) and 1lithium amide (0.43 g., ooemle)]indim
(145 m1.) was addod tricarbonyltropyliumchromiun fluorobarate (2.21 g.,
0.007 molc), with the immediate formation of a deep red ocolour. The
mixture was stirred for 14 hra. After filtration, the filtrate was
evaporated to dryness in vaowwo. The residue was extracted with
benzene (5 ml.) and chromatographed on alumina in ligroin (250 g.).
Elution with bmano vielded a single orange-rod band which afi‘ort.led
deep red needles (1.20 g., 52 %) m.p. 143-144°C., soluble in common
organic solvents, with the exception of the paraffins, upon

recrystallisation from ether/pentane. Tricarbonyvl-7-endo-phenvlethvavl-

cyolohepta(l,3,5)trienschromiun shows intense absorption in the metal

WIMWWMMM“IQBO. 1014 and
Foud : C, 65.95; H, 3.7; Cr, 15.6; M, 330;

cmﬂrel'o} requires : C, 65.85; H, 3.7; Cr, 15.88 M, 3e8.



r&-umqmwwmm (0.353 g.)
in acetone (15 ml.) was treated with an exceas ofanmouoolutiouo.r
potassium mu, acidified with dilute sulpimric acid. The
solution was refluxed 1 hr. After cooling and filtering (to remove
Mn0,) the soluticn was extreoted with ether. This extraot was dried
(I82804) and evaporated to dryness giving a yellow oil. Msthanol
( 2 ml.) was added, giving a yesllow solution, and to the solution was
added watu' (8 ml.). A white orystalline pracipitate formed and was
f1ltered off giving white orystals (0.105 g., 80 %) m.p. 116-118°.,
identified as benzoic acid by m.p., mixed m.p. and infraered spectral
comparison with an authentic sample.

Reduoti f tricarbonvl-7 loyolohepta(l, 3.5)triens-
ochromium. .

Tricarbonyl-7T-endo=phenylethynyloycloheptatrienschromium
(0.15 g.) in ethyl acstate (20 ml.) was added to a pre-reduced suspension
of platimm oxide catalyst (0.049 g.) in ethyl acetate (10 ml.).
After 3 hrs., hyirogen uptake had ceased and the solution was filtered.
The filtrate was evaporated to dryness in vacuo., at room temperature and
the red orystnlline residue was reorystallised from ethor/pemtane to
give red needles (0.101 g., 67 £) m.p. 124-125°c., soluble in common
organic solvents. The infrared spectrum of this oompound was very
similar to that of the starting material, but slight differences were
apparent.
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To a solution of sodium methoxide [ﬁ-om sodiwm (0.115 g., 0.005 g.
atom)] in methanol (20 ml.) was added tricarbonyltropyliummsolybdenum
fiuoroborate (1.79 8., o.oosmole) and tetrahydrofuran (30m1) The
resulting solution was stirred vigorously for 7 mins. Then, after
filtration undor nitrogen, the solvent was removed, at X C., in vaowo.,
to leave a yellow-orange solid. Trituration of this solid with ligroin
(10 x 20 ml.) and filtration was followed by cooling to =70 C., when
tright orenge needles (1.39 g., 98 %) m.p. 84-85C., were
precipitated. The oompo\md m rocrystallisod from pentane Tricarbonyl-
7-endo-mothmoglms ,2,§)Mmmlybdemm shows intanse ~bsorption

in the metal carbonyl stretching frequeney region of the infrared at

2000, 1923 and 1887 om™t

and at 1054 cn™t due to the mothoxyl group.
The compmmdismlymtable. omm&erhighvacmmandcmld

not be analysed satisfactorily.
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