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SUMMARY

The first aeotion of this thesis describes experiments leading 
to the preparation of a series of geometrical Isomers of trloarbonyl- 
mono-7-substl tuted-cyolohepta(l« 3f 3) trlene chromium.

Direct reaction of a substituted oycloheptatrlene with 
hexacarbonylchromlum (or molybdenum) Is shown to lead normally to 
the 'exo' configurational Isomer» tdiilst anionic addition to 
trlcarbonyltropyllumchromlum (or molybdenum) salts leads normally 
to formation of the corresponding 'endo' Isomer. NuoleEU? 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 tricarbonyl-mono-7-aubstl tuted- 
oyclohepta(1» 5)trleneohromlum derivatives to trlcarbonylbenzene-
chromium. It Is shown that the substituent» tdilch must have an 
acidic hydrogen on the carbon atom ol to the Cy carbon atom of the 
oycloheptatrlene ring» can be In either the exo or endo 
configuration. A possible mechanism for the rearrangement Is 
given. It has not been possible to characterise the second fragment 
from the rlng-oontractlon.

In the third section» the results of unsuocessfu]. attempts to 
elucidate the structure of trloarbonylanthraoenechromlum and 
trloarbonylphenanthrenechromlum by chemical reactions (in the foxier 
case by forms^lon from tricarbonyl 9 :10-dlhydroanthraceneohromlum
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by dehydrogenation and In the latter ease by hydrogenation to the 
previously unknown trloarbonyl 9:10-dlhydrophenanthreneohromlum) 
are reported.

Finally» In additional experiments the reaotlon of phenylethynyl- 
lithium with trlcarbonyltropyllumohromlum fluoroborate Is shown 
to yield trloarbonylphenylethynyloyolohepta( 1 » 3# 5)trleneohromlum» 
the reaotlon of sodium methoxlde with trloarbonyltropyllum- 
molybdenum fluoroborate la shown to give trloarbonylmethoxy- 
oyoloheptatrlenemolybdenuffl and the reaotlon of hexaoarbonyl- 
molybdenum and 6 %6 ' -dimethylfulvene la shown to give a complex 
mixture separable by chromatography on alumina. Two of these 
compounds have been Identified as hexaoarbonyldl ( Isopropyloyolo- 
pentadlenyl ) dimolybdenum and hexacarbonyl ( Isopropylcyclopentadlenyl} - 
( Isopropenylcyolopentadlenyl ) dimolybdenum.
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The first section of this thesis describes ejqperlments leading 
to the preparation of a series of geometrical isomers of trloarbonyl- 
mono-7-eubstltuted-oyclohepta ( 1 » )» 3) trleneohromlum.

Direct reaction of a substituted oycloheptatrlene with 
hexaoarbonylohromlim (or molybdenum) Is shown to lead normally to 
the 'exo' configurational Isomer» idillst anionic addition to 
trlcarbonyltropyllumchromlum (or molybdenum) 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 
rlng-contractlon of certain tricarbonyl-mono-7~8ubstltuted- 
cyclohepta(l»3f3)trleneohromlum derivatives to trloarbonylbenzene- 
chromlum. It Is shown that the substituent» which must have an 
acidic hydrogen on the carbon atom d  to the Cy carbon atom of the 
oycloheptatrlene ring» can be in either the exo or endo 
configuration. A possible mechanism for the rearrangement Is 
given. It has not been possible to characterise the second fragment 
from the rlng-oontractlon.

In the third section» the results of unsuccessful attempts to 
elucidate the structure of trloarbonylanthraoenechromlum and 
trlcarbonylphenanthrenechromlum by chemical reactions (in the former 
case by formed Ion from tricarbonyl 9 :10-dlhydroanthraoenechromlum



by deh3rd2*ogenation and in the latter case by hydrogenation to the 
previously unknown trioarbonyl 9:10-dihydrophenanthreneohromium) 
are reported.

Finally, in additional experiments the reaction of phenylethynyl- 
lithium with trioarbonyltropyliumohronium fluoroborate Is shown 
to yield tricaz^xmylphenylethynylcyolohepta(1 » ), 5 )trienechromlum, 
the reaction of sodium methoxide with tricarbonyltropylium- 
molybdenum fluoroborate is shown to give tricarbcnylmethoxy- 
oycloheptatrienemolybdenum and the reaction of hexacarbonyl- 
molybdenum and 6 s6 '-dlmethylfulvene is shown to give a complex 
mixture separable by chromatography on alumina. Two of these 
compounds have been identified as hexacarbonyldi ( isopropylcyclo- 
pentadienyl)dimolybdenum and hexaoarbonyl(isopropylcyolopentadienyl)- 
( Isopropenyloyclopentadienyl ) dimolybdenum.
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I M T R O D O C T  I O N



Hein's polyphenylchromlum oompounds.
Although attempts were made, by Sand and Singer^ in 1903 and by 

Bennett and Turner in 191^ to form stable derivatives of chromium by 
reaction of phenylmagnesium bromide with ehromyl chloride^ and chromic 
chloride^ it was not until 1919 that Hein reported^ the first successful 
preparation of a series of organochromium compounds, nowadays known by 
the trivial name of the "polyphenylchromlum compounds".

Whilst these compounds have been known for over forty years it is only 
within the last ei^t years that their structures have been elucidated!?

Under Hein's original conditions, the reaction is assumed to take 
the following course :-

3 PhMgBr CrCl- Ph^Cr(OEtg)^

(I)

giving an unstable d-bonded etherate (I), which undergoes an oxidation- 
reduction reaction with rearrangement to yield nr -bonded complexes of 
chrpmium(I) with both benzene (II) and biphenyl (III).

Cr +

(II) (III)



2

Bisbanzene derivatives of cixrouiiuai
% o  cation (II) was first prepared by Plscher*̂ ®̂ in 1955 by the

reduction of chromic chloride with aluminium powder at 150^C in the
presence of benzene and aluminium trichloride^ a reaction system which,
with the addition of carbon monoxide, was being investigated with a view

9to synthesising hexacarbonylchromlum. Without the carbon monoxide, a 
mixture resulted from which (II) was isolated as the picrate or reineckate. 
Reduction of (II) with sodium dlthionite gave the parent compound 
bisbenzeneGhiOîfliua (IV) as a black-brown solid.

(IV)

Subsequent researoh led to the isolation of the bisbiphenylch>romium(l) 

cation (III)}^ and the mixed benzenebiphenylehromium(I) cation^ from 
similar reductions of ohrwnio chloride using biphenyl, and a mixture of 
benzene and biphenyl in place of benzene. These complexes were found to 
be identical with those from the Grignard reaction, thus proving 
conclusively the -bonded nature of the "polyphenylehroiaiuu coB-pounds".



'i;' ; properties of (II) and (IV) have been studiec in «'‘.eCcJ.l.
y(II) is diamagnetic and thermodynamically stable (a.lthougn lesiij so than

ferrocene^^ 100̂  infraî sd spectra^^ of (C^H^)2Cr and (%%)2Cr
12have been interpreted as suggesting symmetry rather than the

six-fold symmetry about the Z axis vihJ.oh might be expected, and this has 

bean confiisjed by X-ray analysis?’̂
14A study of the solid-state spectrum of ( W) has led to the

conclusion that there is some motich in the solid state, but that this
appears to be rotation of the whole Eaoleoule in the crystal lattice
rather than rotation of the rings in the complex.

Fi^ther confirmation of structure (IV) comes from eleetron«»pin
î̂ îscnanee studies on (11)̂ ^'^^' l8,l^ sîhsnoa it is found that the

unpaired electron in (II) is not localised on the ohrociium atom, but
interacts equally with all twelve hydrogens on the two benzene rings.

Chemical properties of (17) arc largely negative. F^iedel-Crafts,
20Cliichibabin and metalation reactions failed to jive the substitution

products as did reaction with dlazoniism salts. Attempted nitration or
20sulphonation and treatmont with peroxides resulted in deaosspo^itlon

2'i 105of tho izolecul©. Metalatlcn has, however, been achieved rcoontly.*̂  ̂

ÀralogôUG bisarv̂ nechromiuffi cos^ounds of toluene, q , m and 
p-xyionas, tetro3.1n, mesitylene and hexamethylboaseno h&vo bean

Q
prepared. Bisarcnejaolybdenum compounds of benzene end nscsitylene hav@

71 73 been made. '
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Preparation of trioarbonylarenechromium (and molybdenum) oompounds.

Reaction of (IV) with hexacarbonylchromlum save the first tricarbonyl-
22arenechromium, trioarbonylbenzenechromium (V) in 27% yield.

(V)

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

27 29and Whiting ' is to heat the aromatic compound with hexacarbonyl- 
chromium under reflux or in an autoclave under pressure in a solvent 
such as diethylene glycol dimethyl ether, (diglyme)

At + Cr(CO)^  diglyme—  ̂ ArCr(CO), + JCOo 3

Using diglyme as solvent, the intermediate trioarbonyldiglymemolybdenum
74has been isolated as a fairly stable yellow solid. Table I lists 

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

lAfflitationa of this method have been enoountered with the eubetituente 
•COQHj -GHO0 *<ai« -NOg and «Bp whloh promote deooapoeltion of 
hexaearbonflohroDlum before the oonplexing reaotlon beoomes prominent. 
However, the benzole^ and phengrlaoetio aoid^ eomplemea have been 
isolated by hydrolysis of the oorro^wndlng ester derivatives end the 
benaaldAyde eomplex has been isolated by sold hydrolysis of 
trloarbonyldi(ethoxy)methiylbemmeneohrominm (VI).

00*

Cr
oc'

CO

(VI)

Trioarfoonylbenz aldehyde ohronlUD foims an oxlme. a dinitropbenylhydrasone 
derivative and underaoes no:mal Cannizzaro reaction.
Properties of trioarbonvlereneohromlnm oomolexee.

Trioarbonylaraneshromlnm (and molybdenum) oompounds are generally 
yellow to orange in colour and the ohromiim oompounds are stable in air 
unless there are sensitive substituants in the benzene ring (such as -OH) 
The reaction between hexaoarbomylohromium and arenas is facilitated by 
the presence of electron-releasing substituents, and retarded by 
electron-attracting and by bulky (Bu^) substituents. Trioarbonyl-



(benzoic aold)chromium (pK 4.77 in 5^ ethanol) is a considerably 
stronger acid than benzoic acid (pK 5.68) and only a little weaker 
than p-nitrbbenzoio acid (pK 4.48). iricarbonyl(phenylaoetio acid)- 
chromium is almost as strong as pHZitrophenylaoetio acid, and these 
results suggest that a -Cr(CO)^ group bound to an aromatic ring 
withdraws electrons almost as much as a nitro group, and that it 
has also a sterie effect comparable with that of a large ortho- 
substituent?^

The electrically positive <Aaraoter of the aromatic ring in 
these ocspounds hinders electrophilio substitution reactions and 
promotes nueleophilio reactions. Fbr example, trioarbonylchlorobrazene- 
chromium can be converted into trioarbonylanisoleohromium under very

27mild conditions and in good yield.
Since the trioartanylohromium group can be di^laced from the 

arena by the reaction of thetC-bonded complex with pyridine, tertiary 
arsines. tertiary phosphlnes ' or diethylenetriamine"^ giving 
compounds like (fh^)^Cr(CO)^ the possibility arises of attaching 
temporarily the ff-bonded Cr(CO)^ group to carry out otherwise

24impossible nueleophilio substitution reactions on aromatic compounds.
The dipole momenta of several of theseK-bonded Cr(OO)- complexes

78 57have been measured; * they are large, and the benzene ring is the 
positive end of the dipole. Representative moments are given in Table II. 
and it can be seen that electron-releasing substituents on the benzene 
ring increase the overall dipole moment.



8.

Table II

Dipole momenta of AreneCr(CO)^ oompounds

Are ne Dipole Moment

°6“ 6 5.08

CgHgCIl, 5.26

5.52

5.81

6.04

C6(«5)e 6.48
CgH5M(CH3)a 6 ,30

CyoliAeptatriene 4.52

Cycloheptatriene. apparently, has a lower donor oharaoter than 
benzene.

The tricarbonylareneobromioB complexes all show two strong C-0^ -1 27.29.38.59.110 _stretching vibrations at I98O and 1693 cm. Ercoli
40mn^ Mangini have recorded the ultraviolet spectra of a series of 

these compounds and find three characteristic absorption areas. 
315-325 mp (logé 4.0). 250-270 mp (logt = 3.7-4.0) and 220-230 zap 
(logG = 4.3-4.8).
Trioarfaopylbemzeneohromium.

Ihis compound is formed in 8o^ yield from hexacarbonylchrocaium 
and benzene in an autoclave at 210-240^0^ It forms bright yellow



needles, m.p. l6l.5-l63®C., stable In air. but slowly decompoced in 
organic solvents to chromium oxide. X^ray analysis indicated
structure (V) for the molecule^ in which the carbon atoms have a fixed 
position and are all equidistant (2.25 t 0.05 %) from the chromium atom. 
The plane in which the oxygen atoms are contained has been found to be 
parallel, %fithin e^qperimental error, to the benzene ring, the carbon 
and oxygen atoms of each CO group being collinear with the chromium 
atom, and the angles CO-Gr-CO very near to 90^.

Trloarbonylbenzenechromium has been acetylated^*^^ to give 
trioarbonylacetophenoneohroiaium.

Areas exchange reactions of tricarbtxaylbenzenechromium with
42binuclear aromatics have led to the synthesis of a series of 

bis(trioarbonylchromium)complexes I- Table H I

Table H I

Binuclear aromatic compound Tleld ($).

Fh-Fh 215-216 55
253-255 31

Ph—CHg—Ph 216-217 24
Ph-NH-Ph 210-212 61

Ph— CHg—Ph 236-238 79
Ph«CH-CH-Ph 243-245 72
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Miscellaneous benzenoid derivatives of chromium and molybdenum.

43 15Cais end Peldklmel and 8tone, et al have Isolated mixed-metal
complexes of ohromluai and Iron by the following reactions s*

_ /

r
CrCr

COOCOC CO
COCO Pe(CO)

1

Cr(CO)g

i
(o y
AOC I CO
CO Pe(C0)5

Fe

COOC CrCr CO
OC COCOOC

COCO

COCr CO
OC

CO

and also compound (VII) from hexacarbonylchromlum and benzylferrocene,



11.

56

Cr

(VII)
whilst Mimro^ has prepared an analogous compound from phsnylferrocene

In an attempt to obtain paraoyclophane analogues of blsbenzene-
44ohromium. Cram and Wilkinson reacted hexacarbonylohromlum 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.

(CHo)2'oa

o

Q

(CH2)n

(VIII)
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A variety of tricarbonylchromiuin complexes have been made from 
compounds having 2» 3 or 4 benzene rings fused together. Thus, 
naphthalene?^ anthracene? phenanthrene?^'*^ chrysene?^ 9:10- 
dihydroanthracene^^ and a dihydrotetraoene^ have given trioarbonyl­
chromium complexes. Other systems which have given tricarbonylchromiim

48 48 77 77derivatives include indene, fluorene, thlanaphthene, acenaphthylene
47and thiCphene.

49.69  ̂ ^Piacher. et al have also prepared the dicarbonyl compound (IX)
which is unique in being the only chromium complex known In which the 
ligand is a simple olefin.

Cr
Me

CO

(IX)

TTicarbonyl-N- ( benz aldehyde-ani 1 ) chromium derivatives have been
35made with the Cr(CO)^ group on 1) the phenyl ring and 2) the aniline 

ring, and each of these has been hydrogenated to the corresponding 
benzylaniline complex.

By reaction of hexacarbonylchromlum (or molybdenum) with methyl-
" 50.51pyridinium iodide. Piacher and Ofele isolated the corresponding
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methylpyridiniura(pentacarbonyliodo)metal complexes. Upon heating in 

vacuo., the chromium compound gave a low yield of the -bonded 
tricarbonylraethylpyridinechromium (X).

It
Fischer and PTohlloh have reported that hexacarbonylraolybdenum 

reacts with 1,!5-oyclohexadlene to give a compound (%%)gMo(C0)2, and 
King and Stone^^ reacted 8:9-dihydrolndene with hexacarbonylmolybdenum 

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

Mo
CO

CO

(XI)



14.

556:6'-Diphenylfuivene has given a trlcarbon^’̂lchi'omium derivative
in which it is suggested that the trioarbonylchromium group is bound to
one of the phenyl rings rather than the fulvene.

88Strobmeier has recently reported the results of kinetic studies 

on the synthesis of tricarbonylarenemolybdenum compounds of benzene, 
fluorobenzene, toluene and xylenes.
Chromium and molybdenum derivatives of miscellaneous olefins.

Table IV lists some of the olefins from which carbonylmetal 

complexes have been prepared :-

Table IV

Olefin Metal No of CO groups 
displaced Reference

c yolooctatriene Cr 4 45,46
c yolooctatriene Mo 5 or 4 45,46

5,6~dlmethyleneblcyclo(2,2,l)hoptene-2 Cr 5 28

3,6-dimethylenebicyclo(2,2,1)heptene-2 Mo 5 28
1# 5-cycloootadiene Cr 2 52
If 5-cyclooctadlene Mo 2 80,82
norbomadiene Cr 2 82

norbomadi ene Mo 2 79,81,82

bicyclo(2,2,2)octa2,5-dieno Mo 2 82

1,2-diphenylacrylonitrile Mo 2 84
' acrylonitrile Mo 2 85

e this compound has been shown to be a tricarbonylmolybdenum derivative by

its conversion, in boiling mesltylene, into tricarbonylmositylonemolybdenura.45



15.
Reaction of hexacarbonylmolybdenum with azulene, 4,6,8-triroethylazulene 
and gualazulene has led to compounds formulated as AzMogCCO)^. The 
structures of these compounds are unknown^^^'

Chromium and molybdenum derlvajblves of oycloheptatrlene.
During an abortive attempt to prepare trioarbonyltropyllum

54.55derivatives of chromium and molybdenum, Wilkinson, et al. isolated 
a series of tricarbonyloyolohepta(l,3,3)triene derivatives of chromium 
and molybdenum. Recently, many more derivatives of these parent 
molecules (XII) have been prepared and Table V lists some of these.

(XII)

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 molybdenum) oompounds. Initially it

34,35was suggested that the electrons of the six carbon atoms in the



16.
Table Y

Some THWbgtltoted tMaerbongleyolobeDtatrleneebgemlw*

Sttbetitunxt Natal M.p.(®C). Baferenoe

H Cr 129 -130 5»,55

H Mo 101 -101.5 54.55

ca^ Cr 7 2 - 7 3 54,55

“ 3
Mo d 150 54,55

C6H5 Cr ----- 54,55

^6=5 No d 150 54,55

C7H7 * Cr 54,55

C7H7 * Mo d  150 54.55

OCH^ Cr 1 0 7 - 1 0 9 58,56

GN Cr 118-129 58,56

GH(C0 0 C^ ) 2 Cr 122-133 58-56

C(GH^)(000C2g^)2 Cr 91- 92 58,56

* eyolohepta(l,3 ,5 )trlenyl.
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plane of the ring were delooalised to form a queusl -aromatic system
which by-passed the exo-methylene group and were fX -bonded to the
d-orbitals of the metal atom. However, recent nuclear magnetic
resonance studies have led Wilkinson to retract this suggestion and 

55state that bonding is from three distinct sets of double bonds,
107and this is fully confirmed by detailed X-ray analysis ’ (for the 

molybdenum compound).
Treatment of tricarbonylcyclohepta( 1,),5)trieneohromium (or

57 58 59
molybdenum) (XII) with trltyl salts has led to the isolation
of the much sought after tricarbonyltropyliumchromium (and molybdenum) 
cations (XIII, N » Cr or Mo).

M

CO

(XIII)

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

59of its solution in D^SO^. The symmetrical tropylium cation has six 7t 
electrons which form an aromatic sextet and interact with the Mo(CO)^ 
group in much the same way as do those of benzene.
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A siovQl vsBQ of tho trloarbonylcbromitBa grotsp iu helping to determine
83struoture has reoently been published. Réaction of a oompound thought 

to have otrooture (XIV) with hexaoarbonylohrosoiua gave a compound 
having infrared absorption typical of a trloarbonyloycl6hepta( 1,3,5 ) * 
trienechrooium derivative.

OBt

(XIV)

ChpomiuB and molybdenum derivatives of cyplopenbadiene?^
60Blsoyolopentadieneohromium (XV# M « Cr) was first prepared by

D

Q
(w)
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tlwnnal deooBposition of the hi— rt neehrinnilwmyol opiimterll m  M e  
Or(Ngg)g(Gÿy)g and Independectly tgr reaetlcm of hexaeapboogrlohromlm

QJ|with oyolopeotedlenm. A better method le the aotiom of oyoXopontedienyl*
61eodi%m on either obromoom or ofaroaio chloride. Although unattaohed 

by water# it ie deeonvosed by aoide and ie very eaneltive to oxygen.
The "ohromoolnluB* cation (C_L)gGr* ie dbtained by ooddation with

86iodine# but ie not stable la water. The relneokate and tetrapheoyl-
86borate are known. The analogoue molybdenum oonponnd (XV# N « No) ie 

not known. Thhle VI lists some of the known oyulopentadionylmolybdenum 
compounds.

Thble VI

R . f U M O o e

89

89

( C ^ ) g l b C l 2 89

90

78

# this oooqpound ie thought to have one/T •bonded eyolopantadienyl 
group and three d-bonded oyolopentadiene groups.

An interesting nonoeyelopentadienylohroniua compound (XVI) ie 
6eformed ftram cbromium(III) aostylaoetonate and one equivalent of
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oyolopenctadlenylmagneslum bromide In benzene. It is instantly 
hydrolysed in water.

iO>-
Br 0yN - /̂

Ne

(XVI)

If oarbon monoxide is allowed to reaot under pressure with 
biecyelopentadienylohromiiim, the first product formed# at 100-110% 
is a salt

(c^)ÿcar — 2 2  y ^cÿ*5)a®*jl * J  *

At 1 5 0 -1 7 0 ^0 .# the further aotion of oarbon monoxide results in formation 
of the dimerio oarbonyl^^ (XVU# M » Or).

00
M

(xm)

00
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This otruoturo baa boon oonflraod for M =« tfo by X-ray analysis?^*
Tbe temperature depandexiee of the proton m&snetlo rooramico opeetrum
shorn that rotation of the oyolopcaatadienyiringa begins about lOO^K. and

98is then prastioally Apes.
(JOfll# H  m  C r  and Mo)# and a variety of substituted eyolopentadiene 

derivativos# in the ease where M *> B9o# have also been dbtained^*®^*^*^ 
fron fuXvenes and the metal oarbenyls and by the following aeries of 
reaotionst-

O ^ J b  + Cp({to}(CO)g -------- i Ne^(%Cr(Mo) (CO) J
(xmi)

kgHgpr(M.)(CO)jH

^ -------» [ < W » < “ ?3]2

(wn)

Treatment of (XVHX) with alb* halides leads to d-bonded alkyl
91derivatives e.g.# methyl# ethyl and isobutyl ooqpoundo for M » Mo 

and methyl for M « Cr.
Asaengst the other Interesting <qrol<vex%tadienjdnrcaium and 

molybdenum ooa^pounds which have been made are (XIX) - (XXIII) made by 
Fischer and co-wcrkers^^^



(de.

Q

o c A o

(XXX) (XX)

Q
0 Cp • 01 e
Cr Cr
I I
0 Cr • 0 hS>
Q

dp

(XXI)

oc co
(xxn)

o
Cr

o
(xxnz)
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and the mlnod-awtal bonded ooapleat (SCDT) made^^ ftom aodinm- 
trloapbon8doyolopoiibadl<mylml3FbdiiMm and (dlearbomarleyalnpamtadlenyl' 
iMn) iodide In tetrahydrofuram

< 8 b ^ î—0
(xa r)

11 f t»»i 11 i»m
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Gecssetrloal Btereolsomera of mono-7~a^b8tltuted tricarbonyloyclohepta*» 
(l#3i>5)trlenechromlum.

The trioarbonyloyolohepta(I»3«5)trieneohromlum molecule can be 
assumed to have structure (CW, M = Cr),

C H

M
/|\00 I CO
CO
(XXV)

by analogy with the corresponding molybdenum oompound Wiose structure
107has been shown to be (XXV, M « Mo) by X-ray analysis. It is therefore 

apparent that mono-7*8ubstituted, ̂ for numbering see (XXV)], derivatives 
might exist in two geometrically isomeric forms: (XXVI) and (XXVII).

H
R

Cr
COOC

Cr

CO
(XXVI)

/ ' \OC I C O  
CO

(xxra)
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At the beginning of the work described in this thesis, various mono-7- 
substituted derivatives of ( X X V ) 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*”8ubstituted derivatives of (XXV), and these are illustrated 
by equations 1 and 2 .

Ttie first method^'involved heating the metal caAonyl with a 
7-substituted cycloheptatricne under reflux, or in a suitable solvent :-

+ C r ( C O ) ^ -------------> C^I,yRCr(CO)^ + 3 C O ----1

% e  second method involved reaction of the tricarbonyltropylium-
chromium cation (XXVIII) with suitable anions

Cr
/ i \OC I CO 
CO

(XX7HI)

C^HyCrCCO)) "̂ + R"   -V C,̂ H.̂ IKSp(CO)j
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24 117Pischer and Whiting have suggested that reaction of substituted
benzenes with hexacarbonylohroffiium occurs by a "broadside” attack
accompanied by an intramolecular shift and extrusion of carbon monoxide
groups, represented diagramatically as follows:-

C O
OC^ I C o

OC I C O  
C O

OC

3 CO
o c ' ^ d o ' f c o

It seems reasonable to assume that toono-7*substituted cycloheptatrienea 
should react with hexacarbonylchromium in a similar manner, steric 
factors assuring that the product is the 'exo' isomer (XX7II):- 

R

O C  co^co

O C ^  C O

CO
■COOC--

CO

Cl-

0 0  C O  C O
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In no case has it been observed that reaction of a mono-7- 

substituted cyoloheptatriene with hexaoarbonylchromium 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 reaction 2 can be found in the reaction of
cobaltocinium salts with anionic reagents. Green, Pratt and Wilkinson

119and Fischer and Herberioh have prepared various endo-substituted
derivatives of oyclopentadienylcyclopentadienecobalt (XXIX) by
nucleophilic attack on cobaltocinium salts, e.g. with deuteride ion
and by the reaction of various halides, e.g. methyl iodide, with

112cobaltocene. *nie former authors have presented evidence that the 
incoming group occupies the endo position, base mainly on the nuclear 
magnetic resonance spectra of the products. Thus, in the methyl- 
eyelopentadleneoyolopentadienylcobalt compound (XXIX, R » Me) the 
proton resonance of the ,methyl groî > occurs at a high YT value (9*77) 
compared with normal aliphatic methyl protons. This is accounted for 
by assuming that the extra shielding resulting in this upfield shift 
is due to the proximity of the metal atom, udiioh would not be the case 
if the group were in the exo configuration.

112

A mechanism to account for the reactions is not given by
5 with

118
112Wilkinson, et al. However, in a footnote to a paper dealing with

the stabilization of carbonium ions by metallocenes. Hill and Richards 
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 : -
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C o  R

(XXIX)

In further experiments, Jones and Wilkinson 
115

120 and Green, Pratt
and Wilkinson obtained endo-substltuted products by reaction of 
lithium aluminium deuteride with I and of phenyllithium
with ĵ Ĉ H^Mn(CO)^j ̂ 010̂  ̂and with )Pej Br^. They observed
that the product from the latter reaction, namely endo-phenyl- 
cyclohexadlenylcyclopentadlenyliron( II ), ( ) Pe ( )  showed 
a phenyl proton resonance in the nuclear magnetic resonance spectrum 
at a Y  value of ^.25, again a relatively high value for this type of 
proton, and accounted for by the shielding effect of the metal atom.

In view of these results, it seems probable that reaction of the 
trlcarbonyltropyliumchromium cation with anions takes the following 
course, leading solely to the endo-substituted isomer. The positive 
charge on the cation is presumed to be distributed between the ring 
carbon atoms and the metal atom.
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R’

oc I^CO 
00

ir
oc

00

Experiments by Munro and Pauson^^*^ and to be described in this 
thesis, involving anionic addition to tricarbonyltropyliumchromium 
(and molybdenum) cations, gave in all cases only a single product.
It will be shown that these products have different properties from 
the isomeric products formed by the direct reaction of the corresponding 
substituted cyoloheptatriene with tlie metal carbonyls, and N.M.R. data 
are given in support of the suggestion Just made regarding the configuration 
of these compounds.

54Reaction of 7-niethylcycloheptatriene with hexacarbonylchromium
54 #55under Wilkinson's conditions gave a single product formulated as

tricarbonyl-7-exo-fflethylcyclohepta(l,15,5)trienechroraiura, (̂XXSTII), R = MeJ . 
This compound was converted into tricarbonylmethyltropyliumchromium 
fluoroborate (XXX), by hydride abstraction using triphenylmethyl 
fluoroborate

Me

Cr
OC l\o

CO
(XXX)
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and this was treated with sodium borohydi’ide in an attempt to see if 
the sequence would give a) a new isomer or b) the starting
methyl compound.

*nie reaction product was a deep-red oily 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

CrCr
OC I^CO 

CO
/ l \OC I CO 
CO

(XXXI)

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

The low solubility of this zinc dust reduction product, in organic 
solvents, has precluded its study by nuclear magnetic resonance and the 
positions of the methyl groups are not known.
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A study of the N.M.R. spectrum (No 2 , page40) of this borohydride 
reaction product indicated that it probably has the structure (XXXII), 
tricarbonyl-l-methyloyclohepta(l, 5# 5) trienechromium.

(XXXII)

The singlet at 'f «= 8.05 Is clearly due to the methyl protons, and this 
methyl group must be on position 1,2 or 5# since a doublet would be 
expected if the group were at position 7* The relative intensities 
of the 5,4 2,5 and 1,6 protons, relative to those in the parent compound
tricarbonylcyclohepta(l,5,5)trienechromium®^ (No 1, page 40 ), 
together with the relative disturbances of these groups suggest that 
the methyl group is at position 1.

Structure (XXXII) is in harmony with recently published^^^ work 
by Conrow who treated methyltropylium salts with sodium borohydride 
and obtained a mixture of the four expected position isomers in the 
following ratio:-
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Isomer 1 2 3 7
%. 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 aotion of methyllithium on tricarbonyl tropyliumchromium 
fluoroborate gave the two di(cycloheptatrienyl) compounds (XXXIII) and 
(XXXIV), by the * abnormal*ro u t e ? ^ ' w h i l s t  reaction of méthylmagnésium

i\/
OC I CO 

CO

CrCr
/|\ OC I CO
CO

(XXXIII)

Cr
OC I'̂ CO 

CO
(xxxw)

Iodide gave the required tricarbonyl-7-endo-methylcyclohepta(1,3*5)- 
trienechromium (XXVI), R = MeJ in 13^ yield.

Conrow had reported^^^ that reaction of méthylmagnésium iodide 
with 7-ethoxycyolohepta(l,3*5)triene gives a quantitative yield of
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7*methyloyoloheptatriene, lancontamlnated with 1 , 2  or 5 position isomers.
Sinoe trioarbonyl-7*«ndo«fflethojcycycloheptatrieneohromiiim (̂X3CV1)> R = OMe|
had been made previously by the aotion of sodium methoxide on trioarbonyl-

56,58tropyliumohromium salts it was decided to reaot this compound with
méthylmagnésium iodide. The main product, formed in 80^ yield was again
trioeut*bonyl*7*ondo-methylcyoloheptatrieneohromium#

Conrow^^ does not suggest a mechanism for the reaction of the 
Grignard reagent with 7-ethoxyoycloheptatriene. However, it seems 
reasonable to assume that the mechanism involves a four «centered cyclic 
attack by the Grignard reagent on the alkoxyl group with (in the case 
where there is a Cr(CO)^ residue) retention of configuration. It is 
not known at which point the incoming methyl group becomes attached, 
although it should be possible to clarify this point by the use of 
suitably labelled reactants. The proposed mechanism can be illustrated 
as follows:- ..

112Wilkinson has stated that in the cyclopentadienylcyolopentadiene- 
cobalt compounds (XOX), the substituent group, and the groups replacing 
it are probably in the endo configuration. T h u s ,  by an extension of this 

statement to cover exo and endo derivatives of tricarbonyl-7*substituted 
cyoloheptatrienechromiums it seemed probable that whereas the 7-03co-
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methyl derivative should react with triphenylmethyl fluoroborate to yield 
the corresponding trioarbonylmethyltropyliumohromium cation (end this 
does in actual fact occur), the 7-endo-methyl compound should not react 
with triphenylmethyl salts.

Upon treatment of tricarbanyl-7**ondo*methylcycloheptatrieneahroGlum with 
triphenylmethyl fluoroborate > the chromium complex was recovered unchanged 
in 7 %  yield, and no trace of triphenylmethane was found. Unequivocal 
proof of the structure of the 7*dndo<-methyl compound came from a study 
of the nuclear magnetic resonance spectrum, (No 4, page40 )• The 
methyl proton resonance occurred at a Y  value of 10.2., which high value 
is attributable only to metal «proton interaction and consequent shielding 
by the metal atom. Comparison with the spectrum of the 7**gxo-methyl 
compound (No ), page 40 ) showed the latter to have methyl proton 
absorption at Y  = 8.45, in accordance with Wilkinson s assignments 
for the endo (9.77 Y) and exo (8.65 Y) 7-methyl groups in the similar 
molybdenum compound (XXIVa)

Me

Mo/ I \OC I ^CO 
CO

(xma)
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Similarly, the produot formed by reaction of sodium methoxide 
and trioarbonyltropyliumohromium salts was shown to have the endo 
configuration from its nuclear magnetic resonance spectrum (NolO, page 42 ) 
the methyl proton resonance occurring at a Y value of 7*2, which is

l45quite high for methyl protons in such an enviromsent (usually 6.2 - 6.5Y }, 
and which is again explainable on the basis of shielding by the metal 
atom.

In atteoqpts to prepare trlcarbonyl-7-^o-methoxyoyoloheptatrien0«
chromium, 7-m0thoxyoyoloheptatrlene was treated with hexacarbonylohromium
and with tricarbonyloyoloheptatrleneohromium but in eath case
decomposition occurred with 8olssi<m of the metal*ring bond.

Wilkinson and co-workers had r e p o r t e d ^ t h a t  reaction of
ll6phenylcyoloheptatrlene with hexaoarbonylchromium gives a compound 

formulated as tricarbonylphenyloyoloheptatrienechromlum. % e  only 
properties of the compound to be published were the three metal «carbonyl 
stretching frequencies in the infrared. Repetition of the reaction by

P*Q
Munro afforded a low yield of a substeuaoe which melted over 7 degrees.
It was concluded^'^ that this substance was probably a mixture of 
several isomers.

Reaction of phenylmagnesium bromide with tricarbonyl«7-@ndo- 
methoxyoyoloheptatrlenechromium gave triearbonyl-7-ondo«phenylcyclo« 
hepta(l,5#3)trienechromium ^(XXVI), R » Fhj in 95^ yield. The compound 
was homogeneous, highly crystalline and possessed a sharp melting point.
It was also obtained (in only 7^ yield) by the reaction of phenylmagnesium 
bromide with trioarbonyltropyliumchromium fluoroborate.
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ÜSie phenyl proton resonance occurred at a Y  value of 5-53 In the 
nuclear magnetic resonance spectrum ( No 9, page 42 ) * which value is 
abnormally high for phenyl group protons in most organic molecu3.es. It 
should be oofnpared, however, with the value ofY= 3*25 in

andt - ?.2 In C_HgCo(C^-endo-Ph), and 
hence it seems highly probable that our oompound is the endo-phenyl 
derivative.

In the study of the rearrangement to trioarbonylbenzenechromium 
of certain tricarbonylcyoloheptatrienechromium derivatives (part 2 of 
this discussion), Munro had prepared trioarbonyl«7-@ndo-di(ethoxycarbonyl)« 
methylcycloheptatrienechromium ^(XXVI), R » CH(COOEt)g j, by reaction 
of diethylsodiomalonate with trioarbonyltropyliumohromium perchlorate.
It was therefore decided to try and obtain the corresponding exo-

TOTisomer by direct reaction of 7*di(ethoxyoarbonyl)methylcyoloheptatriene 
with hexacarbonylobromium. The expected produot, tricarbonyl«7-@xo- 
di(ethoxyoarbonyl)methyloyoloheptatrienoohromium, |^(XX7II), R « CH(C00Bt)2 
was isolated in 3Q^ yield.

In view of its possibilities as a model rearrangement oompound 
trioarbonyl-7«^o-( ethoxyoarbonyl )m8thyl03roloheptatrieneohromium,
I (XXVII), R - CRgCOQBtl, had been prepared by direct reaction of 
7- ( ethoxycarbonyl)methyloycloheptatriene with hexaoarbonylchromium.
Attempts were made to prepare the corresponding endo-derivative by means 
of a pseudo Reformatsky^^^ reaction using zinc and ethyl bromoacetate 
tg)on trioarbonyltropyliumohromium fluoroborate and tricarbonyl-7-^ndo- 
methoxyoyoloheptatrienechromium, similar to the above-mentioned
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Grignard reaotlona. B y  using rigorously purified materials, the 
required oompound, trioarbonyl-7**endo»(ethoxycarbonyl)methyloyolohepta- 
(l,3«3)trieneobromium f (XXVI), R = CHgCOOBt j was finally prepared from 
zino turnings, ethyl bromoaoetate and trioarbonyl-7-0ndo-methoxyoyolo- 
heptatrieneohromium in tetrahydrofuran, in yield.

The nuclear magnetic resonance spectra of the two malonate and the 
two acetate complexes (Nos 5-6, page 4l ) show the same displacements 
of chemical shifts, but the spectra are so complex that detailed assignments 
could not be made.

Alkaline hydrolysis of tricarbonyl-7'^ndo-(Gthezyoarbonyl)methyl-
chromium ‘ , .oyoloheptatriene^gave tricarbonyl-7~0ndo-carboxymethyloyclohepta( 1,3#5)•

trienechromium in 9 ’̂  yield. Determination of the value of this 
acid and of the corresponding exo-acid, might add further confirmation 
as to the configurations assigned to these compounds, provided that the 
endo-acid has structure (XXXV) and that the exo-isomer has structure 
(XXXVI) ... CO -OH

CH

/ i \OC I CO 
CO

(xxw)

Cr/
OC ! CO 

CO
( x s x s a )
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for whsreas (XXXVI) would be expected to be a elWrbly stronger aold
27than aoetlo aold, the trioarbonylohromlimm groiQ> having been shown ' to 

be powerfully eleotroin*wlthdrawlng, the possibility of Interaotlon 
between the hydroxyl hydrogen and the ohromlum atom in (XXXV) would 
tend to make (XXX?) a weaker aold than aoetlo aold#

Slgnlflgant differences in hydroxyl absorption In the infrared have 
been noted^^®'^^ for similar exo and endo isomeric alcohols In the 
ferrocene series.

However, there is the possibility that the endo-aold could have the 
structure (XXXVU) and the exo-aold could have structure (XXXVIII) 
where baok«bondlng with the If electrons of the ring might lead to a 
reversal of the results.

Cri\/
OC I CO 

CO

CO

/OC I CO 
CO

(XXXVII) (xxxvm)



39.

NOCLEAR MAGNETIC RB80NANCB 3PBCIHA.

Relevant spectra are shown overleaf. Nn 1. is taken from the
82results of Wilkinson et al and, like Nos 2 and 3, was obtained as 

CClĵ  solution using tetranethylsilane as internal reference, on a 
Varian Associates machine at Xnq>erial College, London. Nos 4 • 10 were 
obtained as a benzene solution and were calibrated using the 
appropz*iate side-band of benzene. The difference in position of 

jî in Nos 1 - 3  from the position in Nos 4 - 10 is probably due to 
solution effects. Spectra Nos 4 - 1 0  were obtedned on an A.E.I. machine 
at Glasgow Uhiversity.
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No 1

/ \
V C HNo %

No 3
C r  (co)i

1,C

/O
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No 6

No 7

No 8

lO
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I No lO



INFRARED SPECTRA

Representative spectra are shown on pages 
4) and 44.

All were obtained sis approx. 1.5 ^ KOI 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 
rsuige.

-1Pesik positions are given in cm.
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Metal carbonyl frequencies
1. 2000, 1920 and I908.
2. 2000, 1920 and I908. 

(as CCl^ solution)

2. 1980, 1908 and 1876
4. 1992, 1922 and 1894
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Metal carbonyl frequencies;-
5. 2000, 19^ and 1862.
6. 1980, 1905 and 1859.

7. 1996, 1905 and 1887
8. 1999, 1932 and 1905
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Rearrangement of 7*aubstitttted trtoarbonyloyoloheptatrleneohromlum 
oompounda to trioarbonylbenzeneehromium.

During an attempt to synthesise oyoloheptatrienylcyolopentadienyl- 
ohromium (XXXIX), Munro and Pauson^^*58#87

?ICr
A

1
Cr

/ | \  OC CO

o CO

(XXXIX) (XIII)

CIO,

trioarbonyltropylitBsohromium perchlorate (XIII) with an excess of 
oyolopentadienylsodium. Hie unexpected product, isolated in yield 
was tricarbonylbenzeneohromium (V).

(V)
The molybdenum analogue was found to behave similarly. The reaction 
may be represented formally as t*
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• >
C^^C r(CO )^ CIO4 + C^H^Na ------------> CÆ^Cr(CO)^ + f  NaClOĵ

This equation shows that two fragments may be generated. It was 
therefore considered necessary to establish i^ether the benzene ring 
attached to chromium In the product was derived entirely from the seven- 
membered ring or In part from the cyclopentadlene ring. A decision In 
favour of the former view was reached qualitatively by repeating the 
reaction first with methylcyclopentadlenylsodlum, whereupon the benzene 
compound (V) was again the only chromium complex Isolated; then with 
trlcarbonylmethyltropyllumchromlum cation (XL)^'^ tr 1 carbonyltoluene- 
chromium (XLX) was obtained. The conclusion was corroborated more

Cr Cr/|\OC CO
CO CO
(XL) (XLI)

quantitatively by labelling the tropyllum complex (XIII) with tritium 
and showing that the derived product (V) contained the ejqpected

87,56proportion of tritium.
The same ring contraction was observed when (XIII) wets treated with 

an excess of dlethylsodlomalonate. The simultaneous Isolation of



47.

tricarbonyl-7-endo-dl (ethoxyoarbonyl )methylcyclohepta( 1,3, 5) trienechromlura 
[(XUI), R = H. R' = COOBt]

CRR'

/ OC
CO

(XUI)
cO

suggested that the 'normal' anion addition is an intermediate step in 
these rearrangements. %is was confirmed by showing that both the ester 
and the corresponding exo ester ĵ (XLII), R = H, R' = COOEt] are 
transformed into trioarbonylbenzeneehromium (V) by the further action 
of diethylsodiomalonate or other bases such as sodium methoxide. "Rie 
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 trioarbonylbenzene- 
chromium (V) by sodium methoxide.
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That tricarbonyl-7-endo- [l, 1 * -di (ethoxyoarbonyl)] ethylcyclohepta( 1,3» 5) - 
trlenechromlum ^(XUI), R = Me, R' = COOEt| fails to rearrange 
indicates that ionization of the acidic hydrogen [(XLII), R « h] 
induced by the base is an essential step in the ring contraction.

Cr
/ | \OC I CO

(XLIII)

.87,56The above observations led Munro and PausonT*'^ to propose that 
the electronic shifts indicated in (XLIV) represent a possible 
mechanistic picture for this ring contraction. On this basis, the

Cr
OC CO

CO
(XLI7)

fragment in the cyclopentadienylsodium reaction would be fulvene.
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and diethylmethylenemalonate would result similarly from
[(XLII), R = H, H* = COOEt] . Neither of these products would be

87ejqpeoted to survive the reaction conditions.
Attempts have been made, therefore, to find a case where, by anionic 

addition to the tropylium seilt (XIII) a compound could be synthesised 
which would, upon rearrangement by base, give two fragments which could 
be separately identified.

T h e  first compound to be examined was trioarbonyl-7-exo-(ethoxyoarbonyl) 
methylcyclohepta(l,3»5)trienechromium (XLV), obtained in 67^ yield

,COOSt

Cr
OC |\x)

CO
(XLV)

from 7- ( ethoxyoarbonyl )methylcycloheptatriene and hexacarbonylohromium. 
It was thought that treatment of this compound with base should give 
trioarbonylbenzeneehromium (V) and ethyl acrylate. The latter compound 
would be isolable as an adduct with, e.g. phenyl azide.

However, treatment of (XLV) with sodium methoxide yielded no 
trioarbonylbenzeneehromium (V) and the compound was recovered unchanged 
in 80^ yield.

Die analogous molybdenisn compound was also synthesised but was 
found to be too unstable to be of use.
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122Pseudo-Reformatsky conditions (part 1, page 36) gave 

trioarbonyl-7-endo- ( ethoxyoarbonyl )methyloyclohepta( 1,3 ,5 ) trieneohromium 
(XLVl) in 88% yield from the reaction of zinc and ethyl bromoaoetate

J
o/l

r\ 
CO 

CO
( x m )

with tricarbonyl-7*on^HBethoxycyoloheptatrieneohromium. Attempts were 
made, using various bases, to effect rearrangement of this compound.

Treatment of (XIATI) with sodium methoxide gave no trioarbonylbenzene- 
chromium (Y), the compound (XIYI) being recovered unchanged in 90% 
yield.

The compound (XIYI) similarly survived treatment with an 0.5 molar 
equivalent quantity of potassium t-butoxide in t-butanol, being 
recovered in 4 ^  yield. Again, no trace of tricarbonylbenzeneohromium (V) 
was found.

Treatment of (XIYI) with sodium hydride gave no trioarbonylbenzene- 
ohromium. In this case the addition of aqueous ethanol at the end of the 
reaction, to destroy the excess of sodium hydride caused hydrolysis
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and the oorreapondlng acid (XXXV, or XXXVTI, see part I) was isolated in 
60^ yield.

The use of a ten-fold excess of the much stronger base triphenyl-
methylsodium caused complété deooiqpoBition of the compound (XLVI).
The only products isolated were triphenylmethane (60^) and a trace of a
bright yellow crystalline hydrocarbon of unknown structure.

Repetition of this reaction using a catalytic amount of triphenyl-
methylsodium gave only unchanged (XUTI) in 94^ yield.

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

Reaction of trioarbonyltropyliumchromium fluoroborate with tetra-
125phenylcyclopentadienyllithium gave as the main product tricarbonyl- 

7-endo-(2j4J5I tetraj^nyl) oyclopentadienylcyolohspta(l,5,5)triene- 
chromium (XLVIl) in 4 ^  yield.

Ph

Ph
Cro/|\
CO

(XIVII)
"Areatment of this compound with base should give tricarbonylbenzeneohromium 
and 2,3#4,5-tetraphenylfulvene?^^ This latter compound is known to be 
stable to a boiling ethanolic solution of potassium hydroxide, and thus 
should withstand treatment at room temperature with bases such as sodium 
methoxide and potassium t-butoxide in t- butanol.
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However, treatment of (XLVII) with sodium methoxide failed to 

cause rearrangement to take place the compound being recovered unchanged 
in 70^ yield. No trace of tricarbonylbenzeneohromium was found.

Treatment of (XIATII) with potassium t-butoxide in t-butanol likewise 
failed to effect rearrangement, the compound being recovered unchanged 
in €Of> yield. Again, no trace of tricarbonylbenzeneohromium was found.

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

Ph

Cr
OC/ \CO

CO
(xLvrii)

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

The analogous triphenylcyclopentadiene complex (XUX) was prepared
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/OC I CO 
CO

(XUX)

(Ph

Ph
Ph

Cr
c / W

CO
(L)

In 70^ yield from trio arbonyltropyllumchromlnm fluoroborate and 
2 , 4-triphenyloyolopentadienyllithium^^^ That it had, indeed, the 
structure (XUX) and not (L) was easily shown by ozonolysis of the 
compound, when benzil w£is Isolated from the complex mixture of re&ustion 
products. The benzil must have resulted from the breaking of the 
two double bonds indicated by the dotted line in (XUX), and could 
not be formed if the molecule had structure (L).

Treatment of tricarbonyl-7-endo-(2J 4' -triphenyl)cyolopenta*
dienyloyclohepta(l,3»3)trienechromium (XUX) with an 0.3 molar 
solution of sodium methoxide gave no trace of tricarbonybenzene- 
chromium, the complex (XUX) being recovered in 30^ yield. But with 
triphenylmethylsodium a 30^ yield of tricarbonylbenzeneohromium was 
obtained. No trace of the second fragment 2,3,4-triphenylf%ilvene 
was found, and it was reasoned that if, indeed, the fulvene had been 
formed, it had reacted, in some way with triphenylmethylsodium.

Accordingly a sample of 2,3,4-triphenylfulvene^^^ was prepared 
and treated with triphenylmethylsodium. An immediate reaction occurred
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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^C — CHg 

(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 h^pened to the triphenylcyclopentadiene grouping.

Also, it had not been possible to locate the triphenylcyclo- 
pentadlcne moiety 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 triphenylcyclopentadiene moiety.

Cram and Knox 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 (XUX).

The complex (XUX) 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 into water and extracted with 
ether. The extract was chromatographed on alumina to yield tricarbonyl- 
benzenechromium (30^) • However, no trace of a compound posessing the 
triphenylcyclopentadiene grotqping was found in this extract.

The aqueous solution was acidified and extracted with ether,
and this extract was chromatographed on alumina to yield a brown
oil which showed intense absorption in the metal carbonyl stretching
frequency region of the infrared. That this is a derivative of
tricarbonylbenzeneohromium 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 tetrahydrofuran. In
this latter case, the major product, (isolated in almost quantitative
yield) was a vivid purple solid. (Tricarbonylbenzeneohromium, 3^, was
also isolated from this reaction). The purple compound was sensitive
to oxygen, being converted into a brown solid. 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 yielded an orange-brown gum whose infrared spectrum
was identical with that of the brown compound from the reaction of

126(XUX) with the Cram and Knox reagent.
It thus appears that the purple solid is probably the sodium salt 

of an intermediate in the rearrangement, its unusual stability being
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due to the particular substituent (triphenylcyclopentadienyl).
It was suggested by Munro and Pauson# that the mechanism (XLIV) 

was only to be treated as an Indication of the course of the rearrangement. 
In view of the fact that whereas tricarbonylcyolopentadlenylcyclohepta- 
trieneohromium (XLIII) rearranged to trioarbonylbenzeneehromium upon 
treatment with base, the metal-free eyelopentadienyloyoloheptatriene 
did not rearrange to benzene under the same conditions^*

We have found that. In a similar manner, vdiereas tricarbonyl-7- 
dl(ethoxyoarbonyl)methyloyc^.oheptatrieneohromlum (exo and endo) 
rearranges to trioarbonylbenzeneehromium, the metal-free compound, 7 - 
dl(ethoxyoarbonyl)methyloycloheptatrlene does not rearrange to benzene.

The mechanism (XLIV) suggests that the base Is a catalyst, and as 
a corollary, trace amounts should effect rearrangement. That this is 
not the ease Is seen from the fact that whereas a trace of potassium 
t-butoxlde failed to effect rearrangement of tricarbonyl-7-^xo- 
dl( ethoxyoarbonyl )methylcycloheptatrleneohromlum, an excess of sodium 
methoxide caused rearrangement to tricarbonylbenzeneohromium to occur.

A possible mechanism to account for all these observations Is as 
follow»:-

1
< / h »

CO

"I
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CHY Y CR

JCr -H
H + CHY- CRg

/|\OC I CO
CO

However, it Is rather surprising that the fragment CHY-CR^ is not 

isolated, and the above mechanism can not be considered to give a true 

picture of the reaction until or unless this fragment is isolated.
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Attempted elucidation of the structures of trlcarbonylanthraoenechromlum 
and tricarbonylphenanthrenechromium by ohemlcal means.

Fischer, Kreibitzsch and Fischer had reported^^ that the reaction of 
anthracene, phenanthrene and 9 :10-dihydroanthracene with hexacarbonyl- 
chromium gave tricarbonylareneohromiurn complexes in yields of 0 . 1 % ,  4.5^ 
and 3*4^ respectively. Whilst the point of attachment of the Cr(CO)^ 
group in the 9 :10-dihydroanthraoene complex is as in (1*11) it was not

Cr
OC I'^O 

CO
(LIT)

C p

1)
(LIII)

Cr
OC I CO 

CO
(LIV)

possible at that time to say which ring in the anthracene or phenanthrene 
complexes carried the Cr(CO)^ group. Thus, trioarbonylanthraoenechroroium 
could have structure (LIII) or structure (LIV). Similarly, triearbonyl- 
phenanthrenechromium might have structure (LV) or structure (LVI)

Cr
/ | \OC J CO

Cr
OC

(I.V)

CO 
(LVI)
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While the work herein described was being undertaken, the results of
King and Stone, who had reinvestigated the reactions of both anthracene

127and phenanthrene with hexacarbonylohromium, were published. These
workers had increased the yield in the phenanthrene-hexacarbonylohromium
reaction to 14^, but had failed to isolate trioarbonylanthracenechromium
from the reaction of anthracene with hexacEurbonylchromium, although they
observed an intense violet colouration in the reaction flask, which faded
as the flask cooled. They reported that the phenanthrene complex was too
insoluble in organic solvents to allow of its study by nuclear 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 yield of the tricarbonylanthracene-
chroroium complex and b) prove its structure unequivocally, it was
decided to try and increase the yield of tri carbonyl 9 % 10-dihydro-
anthracenechromium (Lll) and then to convert it to (UII) by dehydrogenation.

By heating 9 :10-dihydroanthrEU)ene with hexacarbonylchromium in
diethylene glycol dimethyl ether, a 31^ yield of (UI) was obtained. An

42attempt to prepare (LII) by the exchange reaction, of 9 >10-dihydro-
anthracene with tricarbonylbenzenechromiun, was unsuccessful.

129Bonthrone and Reid had reported that treatment of 9:10-dihydro- 
anthracene with triphenylmethyl perchlorate in boiling acetic acid gave 
a 9 0 %  yield of anthracene. It was thought that tri carbonyl 9%10-dlhydro- 
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
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(Indicating formation of the desired trioarbonylanthracenechromium) was 
observed and tricarbonyl 95iO-dihydroanthracenechromium was recovered 
unchanged in 80^ yield.

130In their study of hydrogen-transfer mechanisms Braude and 
Lins te ad had reported on the efficaciousness of 2,3» 5# 6-tetraohloro-p- 
benzoquinone (chloranil) in promoting dehydrogenation of dihydroaromatic 
compounds. However, treatment of tricarbonyl 9:10-dihydroanthracene­
chromium with chloranil at 120^0 caused complete decomposition the 
only isolated product being anthracene.

Nesmeyanov and Vol'kenau have recently described their 
similarly abortive attempts to produce tricarbonyltetracenechromium 
(LVII) by dehydrogenation of tri carbonyl 5 :12-dihydrotetraceneohromium 
(LVIII) using chloranil, and the conditions under which the metal-free

/ i \
CO

(LVII)

chloranil
Cr Cr

CO
(LVIII)

1325 %12-dihydrotetracene is converted into tetracene.^ Treating the 
chromitan tricarbonyl derivative (LVIII) with chloranil either in glacial 
acetic acid or in benzene led to rapid and complete decomposition to 
5 :12-dihydrotetraoene and transformation of the latter into tetracene.
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Attempts to prepare trloarbonylanthraoeneohromlum by dehydrogenation
of trloarbonyl 9 slO*dibydroanthraoeneofaromium were thus abandoned.

Attempts were made to prepare trloarbonylanthraoeneohroniium by
direct reaction of anthracene and hexaoarbonylchromluD. Heating these
two compounds in petroleum ether (b.p. 100/l20^C) produced an Intense
violet colouration and a small amount of gas, presumably carbon monoxide,
was evolved. As the solution cooled, the violet colour disappeared, and
only unreacted starting material was obtained. Addition of a small
quantity of oycloheptatriene, vdiereby it was thought that the
intermediately formed tricarbonyloyoloheptatrienechromium might react

42with anthracene by an exchange reaction, again yielded no trace of
tricarbonylanthracenechromium. Finally, an attempt at direct exchange,
using prefoztned tricarbonyloycloheptatrienechromium and anthracene gave
only unreacted starting material.

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

31A similar conclusion was reached by Fischer. 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 tricarbonylphenanthrenechromium.
It was reasoned that if this had the structure (IV) it might be capable

chromium^ ̂
of hydrogenation to trioarbonyl 9 :10-dihydrophenanthreneA(LIX). This 
latter compound was not known at the time, but was readily prepared
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Cr/ i \
CO

(UDC)

by direct reaction of 9 :10-dlhydrophenanthrene and hexacarbonylohromium.
Tricarbonylphenanthrene chromium was prepared In ca. 10% yield

by refluxlng phenanthrene and hexacarbonylohromium In petroleum ether
at 120^C. Use of a lower temperature resulted in negligible reaction

127vAillst use of a higher temperature (King and Stone report having 
used a temperature of lyO^C) caused Irreversible decomposition Into 
phenanthrene, carbon monoxide and pyrophorlc chromium.

Attempts to hydrogenate trlcarbonylphenanthrenechromlum were completely 
unsuccessful. Use of palladium on charcoal, platinum on charcosuL or 
Adams' platinum oxide catalyst. In diethyl ether, tetrahydrofuran, ethyl 
acetate and glacial acetic acid led to the Isolation of unreacted 
tricarbonylphenanthrene chromium In yields of 8o - 99%.

124An attempt to hydrogenate the complex using copper chromite catalyst 
at elevated pressure and temperature resulted In rupture of the metal- 
ring bond, and subsequently a mixture of phenanthrene and 9 %10-dlhydro- 
phenanthrene was Isolated In 9 ^  yield.
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Pbllowlng a recent publication of Boer and Dulnker^ report 
that calcium hexammlne Is an efficient agent for the hydrogenation of 
phenanthrene, by the following overall reaction:-

Phenanthrene ♦ Ca(NH^}^  ^CaCNH^^ + + Dlhydrophenanthrene

it was decided to adopt this method In a final effort to hydrogenate 
trlcarbonylphenanthreneohromlum. Treatment of trlcarbonylphenanthrene- 
chromlum with a solution of calcium hexammlne In liquid ammonia caused 
much decomposition of the chromium complex to occur. Ttia only Isolable 
product was unreaoted trlcarbonylphenanthreneohromlum in 10% yield.
Attempts to hydrogenate tricarbonylphenanthrene chromium were abandoned 
and It was decided to try and dehydrogenate tricarbonyl 9 :10-dlhydro- 
phenanthrenechromium to trlcarbonylphenanthreneohromlum, which experiment.
If successful, would have proved conclusively th%t trlcarbonylphenanthrene- 
ehromlum had structure (L7)

By heating a mixture of 9 :10-dlhydrophenanthrene, hexacarbonyl*
ochromium and ethylene glycol diethyl ether under pressure at 200-220 C, 

tricarbonyl 9slO-dlhydrophenanthz*enechromliBn (LIX) was obtained In 65% 
yield. Prom the same reaction mixture was also obtained a low yield of 
a compound whose properties suggest It was a hexaoarbonyl 9 :10-dlhydro* 
ihenanthrenedlchromlum (IX) although It has not been possible to say 
whether It Is the 6&s Isomer pJC) or the trans Isomer (IXI).
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CO

I OG I CO 
CO

COoc
Cr

OC I CO 
CO

(IX) (LXI)

This la believed to be the first time that two Cr(CO)^ groupa have 
been Introduoed Into a fused polynuolear aromatic ownpound. Indeed^ 
the Russian workers speolfloally stated that they were unable to 
Introduce more than one atom of chromium Into similar compounds.

OYeatment of trloarbcnyl 9 : lO^dlhydrophenanthreneohromlum with 
trlphenylmethyl perchlorate under reflux In glacial acetic acid led to 
complete decomposition of the organometalllc complex. The only product 
Isolated from the reaction being a pale amber oil which showed no absorption 
In the metal carbonyl stretching frecpenoy region of the Infrared and 
which was almost certainly a mixture of phenanthrene and 9 %10*dlhydro- 
phenanthrene.

Treatment of tricarbonyl 9*10~dlhydrophenanthrenechromlum with
13^

1,2# 3,4-tetrabromo-o-benzoqulnone (the latter reagent being some
2000 times as strong a dehydrogenatlng agent as ohloranll) caused total
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decomposition of the organometalllo compound.
Treatment of tricarbonyl 9%10-dlhydrophenantbrenechromlum with 

2,3-dlobloro# 5# 6-dlcyano-p-benzoqulnone resulted In rapid decomposition 
of the organometalllc compound. After ten minutes the reaction was 
stopped and only unreaoted tricarbonyl 9 :10-dlhydrophenanthrenechromlum 
(11^) was recovered from the reaction mixture.

It was then decided to attempt to effect the required dehydrogenation 
using palladium on charcoal at an elevated temperature. Accordingly, 
trl carbonyl 9 %10*dlhydrophenanthrenechromlum was heated at 200°C for 
two hours In the presence of 10^ palladlisn on charcoal. After cooling 
the mixture was extracted with benzene and chromatographed on alumina. 
Elution gave a) Phenanthrene b) unreaoted tricarbonyl 9:10-
dlhydrophenanthrenechromium (6^)^ c) trlcarbonylphenanthrenechromium (1̂ ) 
and d) a compound thought to be hexacarbonyl 9 %10-dlhydrophenanthrenedl- 
chromium (1$). It was Initially thou^t that the dehydrogenation of 
tricarbonyl 9 %10-dlhydrophenanthrenechromlum to trlcarbonylphenanthrene- 
chromium had been accomplished. However, It also seemed possible. In 
view of the formation of the hexacarbonyl 9 :10-dlhydrophenanthrenedl » 
chromium compound, that the reaction mlc^t have taken the following 
alternative course:-
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OC

Cr(CO)

CrCr
oé^j CO oc I 00

CO CO

i
Cr

oc^l CO 
CO

+ Cr(CO)g

Cr(CO)

In an attempt to clarify this point, the experiment was repeated, at a 
slightly lower teoqperature, and for a much shorter period. The products 
this time were a) a mixture of phenanthrene and dihydrophenanthrene (2% )  
b) unreaoted tricarbonyl 9 >10*dihydrophenanthrepeohromium (629Ê) and c) 
hexacarbonyl 9 xlO^dihydropbenanthrenedichromium (1^). No trace of
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tricarbonylphenanthreneohromium was obtained and it therefore seemed 
probable that the trioarbonylphenanthreneohromium formed in the first 
dehydrogenation attempt with palladium on charcoal was formed by recombin­
ation of hexacarbonylchromium and phenanthrene, the latter having been 
formed by dehydrogenation of 9 slO-dihydrophenanthrene, which in turn 
had been formed by decomposition of tricarbonyl 9 ilO-dihydrophenanthrene- 
chromium.

It has thus not been possible to show, by chemical methods, whether
tricarbonylphenanthrenechromium has structure (IV) or structure (LVI) •

135However, Fischer has recently reported that preliminary X-ray results
have proved that the structure of this compound is (IVI). Whilst (LVI) 
is, then, the preferred structure, it seems not unreasonable to predict 
the existence of a compound with struotut^ (IV).
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Additional expérimenta.

•I «ag T'̂ 7
After It had been shown ' that reaction of 6 :6 ' -dimethyl­

ful vene with sodamide in liquid ammonia yielded the isopropenylcyolo- 
pentadienide anion (LXIII}« the possibility of achieving the same double-

(LXm)

bond shift with metal carbonyls was Investigated by Munro and Pauson^ 
It was found that when 6 :6 '-dlmethylfulvene was allowed to react with 
hexacarbonylmolybdenum using the fulvene as solvent, a complex reaction 
mixture was obtained. The product of the same reaction, done using

138
1,2-dimethoxyethane as solvent, has recently been shown 
Singh and Wilkinson to be (IXHT).

by Abel,

Mo

CO

CO
oc\ CO/

Mo .

CH.
CH.

(LXIV)
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56Munro and Pauson had shown that their ooiQplex reaction mixture
was separable « by ohromatography on alumina, into eight distinct compounds.
These were all crimson solids having very similar infrared spectra. The
fist of these has been shown to be (IXI7) by direct comparison with a

138
saiQple made by the literature method. Tbie second fraction was shown 
to be the unsymmetrical monounsaturated product (LXV) by analysis.

5 ^ '  o c T c o

Mo     Mo
bo/iS

CO

(LXV)

139molecular wsicd̂ t determination, and quantitative hydrogenation to the 
saturated product (LXIV). Althou^ the other fractions have not been 
examined in detail it appears reasonable to assume that the third is the 
diene (LXVX) and that the later fractions are polymeM derived from this 
and the above unsymmetrical product.

Although the mechanism of the reaction is not known, the formation 
of these products may be understoocâ by considering the hypothetical
first intermediate (IX7II) which w^uld be expected to isomerise to the

  65hydride (LXVHI). Such hydrides are known to decompose below the
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Mo
OC\

co
00

.CH:
ĈHg

reaction temperature used here, giving the dimers (UCDC). The hydrldlo
l40hydrogen is not liberated as molecular hydrogen in the presence of 

olefins, and in the present case just sufficient hydrogen is available 
from this source to produce the unsymmetrical product (lOCV), or equal 
amounts of the saturated (1X17) and diunsaturated (1X71) analogues.

O

(Lxm)

y
CO

(LXVIII)

Reaction of phenylethynyllithiuml4l

CO
OC

Mo
OC CO

CO

(Lm)
with tricarbonyltropyliumchromium

fluoroborate has given tricarbonyl-7-«ndo-phenylethynyloyolohepta(l,3,3)* 
trienechromium (LXX) in yield. % e  ooxnpound shows some similar
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Cr
< 4 \

(LXX) (LXXI)

properties to trloarbonyldl ( oyoloheptatrlenyl ) chromium ( X X X T T ) ,  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 (LXXI). Onfortunately, a 
satisfactory analysis has not been obtained, and indeW it would be 
difficult to differentiate between (LXX) and (LXXI) by this means.

Reaction of sodium methoxide with tricarbonyltropyliummolyfodenum 
fluoroborate gave trioarbonyl-7-0ndo-methoxycyolohepta(l,]),5)triene* 
molybdenum (LXXII) in 9 %  yield. The compound is extremely unstable 
and could not be analysed satisfactorily.

OCH

Mo

CO
(LXXII)
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A U  x*eaotlons 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 atmosphere for 6 hours.

Neutralized alumina was prepared by storing "Grade H" alumina
over ethyl acetate for 1 - 2  days, filtering, washing with methanol

 ̂oand water and finally drying at loO C., for 4 hours.
Molecular Weights were determined by the oryoscopio method in 

benzene solution.
All melting points are unoorrected and were determined in sealed, 

evacuated capillary tubes.
Uhless otherwise indicated, all infrared spectra were recorded 

as potassium chloride discs.
Ultraviolet spectra were determined in CUCl^.
Reaction solvents were rigorously dried unless otherwise stated. 
All chromatogrc^ihy columns were protected from light.
Petrol or ligroin refers to that fraction of petroleum 

ether of bopo 60-60*0.
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Tri oarbonyloyolohepta( 1.3.5) trienechromium?^
Freshly sublimed hexacarbonylchromium (30g., 0.13 mole) and

redistilled oyoloheptatriene (25 ml., excess) were refluxed in pure 
142diglyme (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 extract washed 
with water. After filtration through Celite, the ethereal solution 
was dried (Nâ SOĵ ) for ̂  hr., out of contact with light. BvE^poration 
to ca. 100 ml. was followed by addition of ligroin, further 
evaporation to 150 ml, and chilling to -70^C. Deep-red crystals 
[l6.0g., 9 W  based on non-recovered Cr(CO)^ m.p. 129-130^0 (lit^ m.p. 
128-130^0 ) appeared and were filtered off.
Note. It is essential to use rigorously purified diglyme in this prepar­
ation, for traces of peroxides can lead to complete decomposition. 
TrioarbonyltropyliiBBohromium fluoroborate.

Treatment of a solution of tricarbonylcycloheptatrienechromium in
methylene chloride ifith a slight excess of freshly prepared trlphenyl-

143methyl fluoroborate in the same solvent gave a quantitative yield 
of tricarbonyltropyliumchromium fluoroborate as an orange flooculent 
precipitate. The compound can be recrystallised from acetone as 
deep red needles, m.p. ) 300^0 .
%"icarbonyl-7-exo-methylcycloheDta( 1.3.5 ) trienechromium?^

y-methyloyoloheptatriene^^ (2.86 g., 0.03 mole) and hexaoarbonyl- 
chromium (6.9 g., 0.03 mole) were refluxed in ethylene glycol diethyl
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ether (30 ml.) for 43 hrs. Then, excess unreEicted material was removed 
in vacuo, leaving a red oil. The oil was crystallised from ether/pentane 
to yield red needles (3.99 g., 63%) m.p. 72-73^C lit^^ m.p. 72-73^C 
of tricarbonyl-7*exo-methylcyclohepta(l,3,3)trieneohromium, soluble in 
common organic solvents. The compound sublimes at 60°C/0.01 mm. 
Tft?ioarbonylmethyltropyliumohromium fluoroborate.

To a solution of tricarbonyl-7~exo-methylcyolohepta( 1,3,3)triene 
chromium (1.39 g., O.OO66 mole) in methylene chloride (30 ml.) was 
added a solution of triphenylmethyl fluoroborate (2.30 g., O.OO76 mole) 
in methylene chloride (100 ml.). The flooculent orange precipitate 
vdiich appeared was filtered, washed with methylene chloride and ether 
(to remove triphenylmethane) and then recrystallised from aioetone to 
yield deep red needles (I.83 g., 86^) m.p. ) 300^0 ., soluble in acetone, 
alcohol and water. T^ioarbonylmethyltropyliumohromiian fluoroborate 
is insoluble in other common organic solvents.

Found : C, 39*9; H, 2.4; Cr, 16.2;
Cjj^H^BCrP^O^ requires : C, 40.3; H, 2.8; Cr, 13.9$(

Reaction of tricarbonylmethyltropyliumohromium fluoroborate with 
sodium borohydride.

A stirred suspension of tricarbonylmethyltropyliumchromium 
fluoroborate (1.11 g., 0.0034 mole) in air-fVee water (23 ml.) was 
treated with a solution of sodium borohydride (0.24 g., 0.0068 mole)
in water (30 ml.). Gas evolution occurred, with the rapid separation
of an oily red solid. After stirring the reaction mixture for 10 mine., 
the solid was filtered off and well washed with water to remove
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entrained unreaoted trioax^nylmethyltropyllumohromlum fluoroborate.

The oily solid (O.36 g.) was dissolved in pentane and ohromatogrcq>hed 
on alumina (60 g., deactivated 2 hrs.) to yield one broad band. Three 
fractions were taken using pentane as eluent. The first two fractions 
yielded oily red crystals melting below room texqperature. F̂ ?om the
third fraction, deep red crystals (0.166 g., 21^) m.p. 96-97^0 were
obtained. Repeated recrystallisation from pentane raised the m.p. to 
103*104®C. Tricartx)pyl-l-metbyloyolohepta( 1,3,5) trienechromium shows 
intense absorption in the metal carbonyl stretching frequency region 
of the infrared at 2004, 1930 and I908 cm"^ (CCl^). It is very soluble 
in common organic solvents.

Pound : C, 54.6; H, 4.4; Cr, 21.5;
^1^0^^^**^ requires : C, 5455; H, 4.2; Cr, 21.5#
Zinc dust reduction of trioarbonylmethyltropyliumchromlum fluoroborate.

TVicarbonylmethyltropyliumchromium fluoroborate (0 .5 g.# O.OOI5 

mole) in water (20 ml.) was treated with zinc dust (0.3 g., 0.0046 mole) 
and the mixture was shaken in vacuo for 6 hrs. Then, the mixture was 
extracted with ether (4 x 6 ml.), the extract filtered and dried (Nâ SOjî ). 
Further filtration, followed by evaporation and cooling to -70^0 
gave orange needles (O.3I g., 85#) which were recrystallised from ether/ 
pentane to yield deep orange needles of hexacarbonyldi fmethylcyclohepta-
(1.3,5)trienylohromiumll m.p. I68-I69 C. The compound is soluble in 
benzene, 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 cm7^
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Found I C, 54.9; H, 3*6; Cr, 21.6;

^ W S l8^2^6 : C, 54.8; H, 3*8; Cr, 21.6#

Reaction of trloarbanyltropyliumohromlum fluoroborate with methylllthiua.
To a solution of methyllithlum [from lithium (0.1 g., 0.014 g.atom)

and methyl iodide (3*0 g., 0.02 mole)] 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.,
then left overnight, at room temperature. The solid residue remaining
after removal of ether, was extracted with hot ligroin (3 % 10 ml.).
This extract was chromatographed on alumina (30 g.). The single orange
band vdilch formed gave orange needles (0.073 g., 19#) m.p. 146-147°C
Identified as tricarbonyldi [cyolohepta( 1, 3# 5 )trieny]^ chromium on the
basis of m.p., mixed m.p., and infrared spectral comparison with

56an authentic sample.
The petrol-insoliible residue was next extracted with benzene, 

and upon cooling this extract deep red needles (0.126 g., l8#) m.p. 
224-225^0 were obtained, identified as hexacarbonyldi|^cyolohepta( 1,3,5) " 
trienylchromium ! on the basis of their m.p., mixed m.p. with an

56authentic sample and infrared spectrum. .
Pf ioarbonyl-7-endoHPethyloyolohepta( 1.3.5) trienechromium.

a) To a suspension of méthylmagnésium 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 tricarbonyl-7-endo-methoxy-

56oyoloheptatrienecfaromium (1.0 g., 0.004 mole) in ether (20 ml.). 
The resulting orange solution was stirred for 1 ^  hrs., by the end of
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which time the solution had turned deep red-orange. The solution was 
evaporated to dryness in vacuo at room temperature. The red 
crystalline residue was extracted with hot benzene (23 ml.) and 
chromatographed on alumina (6o g.). Three bands developed. Elution 
with ligroin/benzene (lO/l) gave the main red-orange band, from which 
was obtained tricgtrbopyl-7-endo-methyloyolohepta( 1,3.5)trieneohromium 
(0.614 g., 8c#) m.p. 83-85.5^0, as fine red needles, soluble in common 
organic solvents. The compound shows intense absorption in the metal 
carbonyl stretching frequency region of the infrared at 1980, I908 and
1876 cmT^

Found I C, 54.70; H, 4.3; Or, 21.0;
Ci^H^oCrOj requires 1 0, 54.55; H, 4.2; Cr, 21.9#

Further elution of the column with ligroiz^/benzene (1/1) gave
orange crystals of tricarbonyldi(cycloheptatrieny)ohromlum (0.007 g.) 
m.p. 140-142^C., and elution with benzene gave red oxystalline 
hexacarbonyldi(oycloheptatrienylchromium) (0.002 g.) m.p. 200-210^0

b) To a suspension of méthylmagnésium 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 suspension of tricarbonyltropyliumchromium
fluoroborate (I.56 g., 0.005 mole) in ether (20 ml.). % e  mixture soon 
turned dark brown and was stirred i  hr. Filtration was followed by 
evaporation to dryness in vacuo at room temperature. The residue was
extracted with benzene (20 ml.) and chromatographed on alumina (20 g.)
giving one main band, together with a trace of two others.
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Tbe main band was eluted with ligrolxv^benzene (lOA) and afforded 
orange needles (0.091 g», 13#) m.p. 86-87^0., of trloarbonyl-7^ndo- 
methyloyoloheptatrieneohromlum. Identity was established by m.p., 
mixed m.p. and infrared spectral comparison with an authentic sample.

The filtered residues from the reaiction mixture were dissolved in 
hot water and to this solution was added excess of a solution of sodium 
borbhydride in water. The resulting solution was stirred for 2 hrs., 
and then extracted with ether. Prom the dried ether extract was 
obtained tricarbonyloyolcheptatrienecfaromium (0.46 g., 4l^).
Attempted reaction of triphenylmethyl fluoroborate with trioarbonyl-7- 
endo-metbylcyoloheptatrieneohromium.

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 trioarbonyl-7*endo-metbylcyoloheptatrieneohromium 
(0.198 g., 0.0008 mole) in methylene chloride (0.3 ml.). No 
precipitate had formed after 10 mins. The solution was poured into 
water (30 ml.), shaken and the methylene chloride layer separated and 
dried (CaClg). It was then evaporated to dryness in vacuo, 
extracted with ligroin and chromatographed on alumina (20 g.) to yield 
unreacted tricarbonyl-7-endo-methylcyoloheptatrleneohromium (0.154 g.,
78#) m.p. 84-85^0., identified by m.p., mixed m.p. and infrared 
spectral coog)arison with an authentic saoqple. No trace of triphenylmethane 
was found.
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Attempted preparation of trioarbonyl-7-exo-methoxyoyolohepta(l,3,5)- 
trienechromium ■

a) By direct reaction of 7-methoxyoycloheptatriene with hexacarbonyl- 
chromium.

7- methoxycyoloheptatrlene^^^ (l.l4 g., 0.01 mole) and hexacarbonyl­
chromium (3.2 g., 0.014 mole) were refluxed in a mixture of petroleum
ether (b.p. 100/120^0) ( 20 ml.) and n-hexane (10 ml.) in an apparatus 

l44designed to automatically return subliming hexacarbonylchromium into 
the reaction zone (hereinafter referred to as the Strohmeier apparatus) 
for 1 ^  hrs. Carbon monoxide (170 ml.) was evolved. Then, the mixture 
was filtered to leave unreaoted hexacarbonylohromium (2.6 g., 8l#).
The filtrate was evaporated to dryness and extracted with ligroin. 
Chromatography of the pale-pink extract caused a trace of a pink band to 
dec(xnpose on the column.

b) By exchange with tricarbonylcycloheptatrienechromium. 
Tricarbonylcycloheptatrienechromium (1.14 g., 0.003 mole) and

7-methoxyoyoloheptatriene (6.1 g., 0.05 mole) were refluxed in 
ethylene glycol diethyl ether ( b.p. 125^0., 30 ml.) for 24 hrs., using 
an air condenser so positioned that the cycloheptatriene 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 tricarbonylcyolbheptatrieneohromium, 
(0.11 g., 10#) as red needles m.p. 126-129^0.
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Trioaibooyl-7-endoH?h9pyloyolohepta( X, 3,5)trieneohromlum.
a) To a solution of phanylmagnesium bromide [from magnesium 

(0.24 g., 0.01 g. atom) and bromobenzene (1.57 g.» 0.01 mole)] in ether 
( 5 ml.) was added a solution of tricarbonyl-7-endo-methoxyoyol6hepta- 
trienechromiisn (0.516 g., 0.002 mole) in ether (20 ml.). The mixture 
was stirred 1^ hrs. Then, after filtration, the filtrate was evaporated 
to dryness 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 chromatographed on alumina (20 g.) to yield one 
band. Elution with ligroii^tenzene (9A) gave red needles (0.573 g.>
99#) m.p. 134-133^0., soluble in common organic solvents. Tricarbonyl- 
7-endo-phenylcyclohepta( 1.3.5)trienechromium shows intense absorption 
in the metal carbonyl stretching frequency region of the infrared at 
1976, 1905 and 1862 cmT^

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

^16%2^^^**^ requires i C, 63.19; H, 4.0; Cr, 17.1#

b) Tô a solution of phenylmagnesium bromide [from magnesium (0.24 g.,
0.01 g.atom) and bromobenzene (2 .0 g., 0.013 mole)] in ether (5 ml.)
was added a suspension of tricarbonyltropyliumchromium fluoroborate 
(1.57 g.# 0.005 mole) in tetrahydrofuren (25 ml.). An immediate 
exothermic reaction occurred with gas (CO) evolution. The mixture 
was stirred 1̂  hrs., at room temperature. TSiea 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
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and concentrated. Chromatography on alumina (20 g.) gave a single 
orange-red band from idiioh orange crystals (0.020 g., 1#) m.p. 132-133^C 
were obtained. The compound was identified as trloaz^nyl-7-endo-phenyl- 
cycloheptatrienechromium on the basis of its m.p., mixed m.p. with an 
authentic sample, and infrared spectrum. The petrol-insoluble material
was extracted with benzene and from this extract, by chromatography

»

on alumina (20 g.) was obtained a further (O.OdO g.), total (0.100 g.,
7#) of the same compound.
Tricarbonyl-7-exo- ( ethyoxycarbonyl )metbylcyolohepta( 1,3, 5) trienechromium.

Hexacarbonylchromium (3-0 g., 0.013 mole) and 7-(ethyoxycarbonyl)-
methylcyoloheptatriene^^ (2.44 g., 0.013 mole) were refluxed in a
mixture of ethylene glycol diethyl ether (20 ml.) and n-hexane (20 ml.)

l44in the Strohmeier apparatus for 40 hrs. The flask was cooled, and 
unreaoted hexacarbonylchromium (1.0 g., 33#) was removed by filtration. 
T h e  filtrate and ligroin washings were evaporated to dryness In vacuo
leaving a deep red oil. The oil was dissolved in benzene/ligroin
(4/1, 20 ml.) and chromatographed on neutralized (1 hr. deactivated) 
alumina (60 g.). Elution with ligroin gave a single red band which 
Ed"forded red leaflets (1.91 g&, 67#) m.p. 49-50°C., very soluble in 
common organic solvents. Tri carbonyl-7-exo-( ethyoxycarbonyl ) methyl-
cycloheptad, 3,5)trienechromium shows intense absorption in the metal 
carbonyl stretching frequency region of the Infrared at 2000, 1934,
1905 and 1862 cmT^ and at 1730 cm"^ in the 'ester’ region.

Pound : C, 53-2; H, 4.7; Cr, I6 .7O;

^14%4^^5 req^%^* : 0, 53-5; H, 4.5; Cr, 16.55#
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Tricarbonyl-7-exo-(ethoacyearbopyl)methyloyolohepta( 1. 3j 5)trlenemolyb(iepum.

Hexacarbonylmolybdenum (5.8 g., 0.02 mole) and 7*(ethoxyoarbonyl)-
121methyloyoloheptatriene (3 5 g # 0.02 mole) were refluxed 10 hrs. in 

ethylene glycol diethyl ether (20 ml.). The solution was filtered hot, 
under nitrogen, and unreeu)ted material was removed in vacuo, leaving 
a deep red oil (5.0 g.). Initial attempts to crystallise this oil by 
ohromatograqphy, action 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 crystals (1.40 g., 20#) m.p. 114-115^0., 
separated and were recrystallised from ether/pentane to give bright 
orange needles, soluble in common organic solvents, but sparingly 
soluble in paraffins. Tricarbonyl-7-exo-(ethoxycarbonyl)methylcyclo- 
hepta( 1,3,5)trienemolyfadenun has absorption in the metal carbonyl 
stretching frequency region of the infrared at 1992, 1916 and 1869 cmT^
and In the 'ester' carbonyl region at 1736 cmT^

Found : C, 46.9; H, 4.1;
C14HJL4M0O5 requires : C, 46.8; H, 3-9#

Trioarbonyl-7-endo- ( ethoxycarbonyl )methylcyolohepta( 1,3,5) trienechromium.
To a suspension of zinc (freshly prepared turnings, I .30 g., 0.02 g. 

atom) In tetrahydrofuran (2 ml.) was added a crystal of iodine and 5 ml 
of a solution of ethyl bromoaoetate (1 .7 ml., 0.02 mole) together with 
trioEirbonyl-7-endo-methoxyoycloheptatrienechromium (2.54 g«, 0.01 mole) 
in tetrahydrofuran (20 ml.).

A vigorously exothermic reaction began after a few minutes and the 
remainder of the solution was added dropwise over a 20 mln. period. Towards
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the end of the reaction, a hot water bath was 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 (NagSOĵ )̂. The soluti^ 
was concentrated and chromatogragAed on neutralized alumina (60 g., 
deactivated for 2 hrs.). Elution with ligroin afforded two bands. The 
first, orange, band afforded tricarbonyldi(cyoloheptatrienyl)ohroodum 
(0.002 g.) identified by m.p., end Infrared spectral comparison with 
an authentic sample.

The second, red, band afforded deep red needles (2.76 g., 88#) 
om.p. 100-101 C., soluble in common organic solvents. Tricarbonyl-7* 

endo- ( ethoxycarbonyl)methyloyclohepta( 1,3,5)trienechromium shows 
intense absorption in the metal carbonyl stretching frequency region 
of the infrared at 1980, 1905 and 1859 om"^ emd at 1730 cm*”̂ in the 
'ester' carbonyl region.

Found : C, 53-3; H, 4,6; Or, 17.00;

^14^4^^5 : C, 53.5; H, 4,5; Cr, 16.55#

A trace of a third, orange, band which stuck to the column was not
examined further.
Trioarbonyl-7-exo-di (ethoxyoarbooyl)methyleyolohepta(l, 3,5) trienechromium i

121
7*di(ethoxycarbonyl)methylcyoloheptatriene (2 .0 g., 0.008 mole)

and hexacarbonylchromium (2 .0 g., 0.009 mole) were refluxed in 
petroleum ether (b.p. 100/120^0 ., 20 ml.) and n-hexane (15 ml) in the
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l44Strohmeier aqwaratuB for l4f hrs. The mixture was then cooled.

filtered and evaporated to dryness 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 ligroizvtenzene (4/1) afforded 
red needles (1#54 g., 50#) m.p. 77-76°0 ., soluble in common organio 
solvents. Ttdearbopyl*7-«o-di (ethoxvDarbopyl )methyloyolohepta( 1.3.5). 
trienechromium shows intense absorption in the metal carbonyl stretching 
frequency region of the infrared at 1996, 1905 sod 188? om~^ and in the 
'ester' carbonyl region at 1751 and 1715 omT^

Found t C, 53.20; H, 4.9; Cr, 13.4;
CitHiqCtOy requires i C, 52.85; H, 4.7; Cr, 13.5#

Tricarbopyl-7*epdo-di(ethoxyoarbonyl)methyloycl6hepta(l, 3,5)triene-
56chromium.

Diethyl mstlonate (1.28 g., 0.008 mole) was added to a solution of 
sodium ethoxide [from sodium (O.I38 g., O.OO6 g. atom)] in ethanol
(5 ml.) and the mixture was stirred 30 mins. Tetrahydrofuran (20 ml.)
was then added together with trio arbonyltropyliumahromium perchlorate 
(1 .5 g., 0.0046 mole) and the resulting mixture was stirred overnight.
The solvents were removed in vacuo., and the red residue was extracted 
with ligroin. Evaporation of this extract to dryness yielded a red 
crystalline residue (0.8I g.), vdiioh was chromatographed on neutral 
alumina (90 g.) to give two major bands with traces of two others.
Elution with ligroin gave a trace of a red solid and also yellow needles 
of tricarbonylbenzeneohromium (0.236 g., 24#) m.p. l62-l63^C., the
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Identity being established by mixed m.p. and infrared spectral comparison 
with an authentic sample.

Elution with ligroin/benzene (l/l) gave orange-red crystal» of 

tricarbonyl-7-endo-di(ethoxycarbonyl)methylcyclohept a(l,3# 5)triene­
chromium (0.552 g., 31#)• Recrystallisation 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*^ and at 
1753 and 1738 cra*̂  in the 'ester' carbonyl region.

Pound : C, 52.8; H, 4.8;

^17^i8^^7 rsguirGS : C, 52.8; H, 4.7̂
Elution with benzene gave a small amount of a green gum (0,011 g.) 

which did not show absorption in the carbonyl region of the infrared 
and was not examined further.
Tricarbonyl-7~endo-di(ethoxycarbonyl)methylcyclohepta(1,3,5)triene- 
molybdenum.

A solution of sodium ethoxide [from sodium (0.12 g., 0.005 g. atom)] 
in ethanol (5 ml.) was added to a solution of diethyl malonate (5 ml.) 
in tetrahydrofuran (25 ml.). The resulting solution was shaken 30 mins., 
then tricarbonyltropyliummolybdenura fluoroborate (I.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 -7o°C. Red needles (0.725 g.,
33̂ ) m.p. 92-93°C., were obtained. Tri carbonyl-7-endo -di ( ethoxyceirbonyl ) - 
methylGyolohepta(1,3,5)trienemolybdenum shows intense absorption in the
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metal carbonyl stretching frequency region of the infrared at 2000,
1923 and 1880 om~^ and in the 'ester' region at 1733 and 1721 om.^ The 
oompound is soluble in oomnon organic solvents with the exception of the 
paraffins.

Pound : C, 47.60; H, 4.4;
CiyHisMoOY requires : C, 47.45; H, 4.2#

Alkaline hydrolysis of trloarbonyl-7-endo-(ethoxycarbonyl)methylcyclo- 
hepta(1,3,5)trienechromium.

To a solution of sodium hydroxide (O.O8 g., 0.002 mole) in aqueous 
methemol (45 ml.) was added trioarbonyl-7-endo-(ethoxycarbonyl)methyl- 
oycloheptatrienechroniium (0.314 g., 0,001 mole). The resulting mixture 
was 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 (CaClg). 
Evaporation to dryness left a deep red crystalline solid (0,251 g., 93#) 
m.p. 148-150^0. Recrystallisation of the compound from methylene chloride/ 
ligroin, gave red needles, m.p. 151-152^0, soluble in common organic 
solvents with the exception of the peiraffins. Tricarbonyl-7-endo- 
( oarboxy)methyloyclohepta( 1,3,5)trienechromium shows absorption in the 
metal carbonyl stretching frequencyxof the infrared at 1976, I90I and 
1873 cm"^ and in the 'acid' carbonyl region at I698 cmT^

Pound : C, 50.3; H, 3-8; Cr, 17.8;

^12^10^**^5 : C,50.35# H, 3-5; Cr, lS.2#



86.
Rearrangement of trlcarbonyl-7~endo-dl(ethoxycarbonyl)methylcyolohepta-

56(1.3.5)trleneohroml\irn with dlethylsodlomalonate.
Trl 0 ar bony 1 -7-endo -dl ( ethoxycarbonyl )methylcycloheptatrieneohromlum 

(0.l8 g., 0,0005 mole) and dlethylsodlomalonate [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 (O.038 g., 3&#) m.p. l62-l63°C.
Mixed m.p and infrared spectral comparison with an authentic specimen 
showed the compound to be tricarbonylbenzeneohromium.

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. 122-123^0 .

Rearrangement of trloarbonyl-7-exo-dl(ethoxycarbonyl)methylcyclohepta-
(1.3.5)trienechromium with sodium methoxide.

To a solution of sodium methoxide [from sodium (0.258 g., 0.01 g. 
atom) ] In methanol (10 ml.) was added tricarbonyl-7-exo-di(ethoxy­
carbonyl )raethylcycloheptatrienechromlum (0.267 g., 0.0008 mole). The 
mixture was stirred at room temperature overnight. Thef\ the solvent 
was removed in vacuo., at room temperature to leave a red viscous residue. 
This was triturated with ligroin (4 x 5 ml.) and the filtered extract 
was concentrated and chromatographed on alumina (20 g.) to give one 
yellow band from which tricarbonylbenzeneohromium (0.010 g., 6 #) m.p. 
162-163 C was obtained by elution with benzene/ligroin (l/l) and
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Bubeequmt sublimation. Identity was established by m.p., mixed m.p. 
and infrared spectral comparison with an authentic sample.
Attempted rearrangement of tricarbonyl-7-exo-dl( ethoxyoarbonyl )methyl- 
cyol6hepta( 1.3.5)trieneohromium using potassium t-butoxide in t»tautanol.

To a solution of tricarbM%yl-7-exo»di ( ethoxycarbonyl )methyloyolo- 
heptatrieneohromium (0.193 g , 0.0005 mole) in tetrahydrofuran (4o ml. ) 
was added 1 ml. of a solution of potassiian t-butoxlde [from potassium 
(0.181 g., 0 . 0 0 5  g. atom)] in t-butsml (4o ml.). The resulting 
solution oontained 0.2 molar equivalents of potassium t-butoodde. The 
solution was stirred 6 7  hrs. Then, the solution was evaporated to 
dryness at room temperature in vacuo. Extraction of the residue with 
ligroin was followed by chromatography of the extract on neutralized 
alumina (20 g., deactivated 2 hrs.). The single red band gave only 
unreacted trioarbonyl*7*exo-di ( ethoxycarbonyl )methylcycloheptatriene - 
ohromium (0.124 g., 6 5^) m.p. 76*77^0., 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*exo - ( ethoxycarbonyl )methyl* 
cyol6hepta(1.3.5)triepechromium with sodium methoxlde.

To a solution of sodium methoxide [from sodium, (0.10 g., 0.004 g. 
atom)] in methanol (10 ml.) was added trioarbonyl-7*exo-(ethoxy-> 
carbonyl) methylcycloheptatriene ohromium (0.57 g*« 0.002 mole). The 
resulting mixture was stirred 45 hrs at room tenq;>erature. The 
solvent was removed in vacuo., at room temperature and the red residue
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was extracted with ligroin (3 x SO ml.)* After concentration 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 obtedned unchanged tricarbonyl»7-exo»(ethoxycarbonyl)methylcyolo-
heptatrienechromium (0,46 g., 00 m.p. 48-49^0., identified by m.p.,
mixed m.p. and infrared spectral comparison with anauthentic sample.

No trace of tricarbonylbenzenechromium was found.
Attempted rearrangement of tricarbonyl-7-endo-»(ethoxycarbonyl)methyl*»
oyclohepta(l.3,5)trienechromium with sodium methoxide.

To a solution of trioarbonyl -7-endo - ( ethoxycarbonyl )methylcyolo-
heptatrienechromium (0.31*4 g., 0.001 mole) in dry methanol (4o ml.) was
added 1 ml of a solution of sodium methoxide [from sodium (0.013 g.,
0.00065 g.atora)] in methanol (45 ml.). Ttie resulting solution, which
oontained 0.01 molar equivalents of sodium methoxide, was stirred 24 hrs.
CDien, the solvent was removed in vacuo., and the residue was extracted
with ligroin and chromatographed on neutralized alumina (20 g.,
deactivated 2 hrs. ). Elution with ligroin afforded only unreaoted
tricarbonyl-7-ondo- ( ethoxycarbonyl )methyloycloheptatrienechromiura

o(0.281 g., 90 ̂ ) m.p. 100-101 C., 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- 
oyolohepta(l,3#5)trienechromi\aa with potassium t-butoxide In t-butanol. 

To a solution of trioarbonyl-7-endo-(ethoxycarbonyl)methylcyclo-
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heptatrleneohromium (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., 0.023 g.atom) ] in t-butanol (40 ml.). The resulting solution
whioh oontained 0,3 molar equivalents of potassium t-butoxide, was
stirred for 13 hrs at room temperature. Then, the solvent 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
afforiSed only unreacted tricarbonyl-7-endo-(ethoxycarbonyl )methylcyclo-

oheptatrienechromium (O.I3 g*, 42^) m.p. 100-101 C., 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 - 
cycloheptaCl,3,5)trienechromium with sodium hydride.

To sodium hydride (supplied as a 30 ̂  dispersion in oil, by L. 
Light and Co., 0.139 g., 0.003 mole) in tetrahydrofuran (20 ml.) was 
added triGarbonyl-7-@ndo-(ethoxycarbonyl)methylcyoloheptatrieneohromlum 
(0.316 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. Ttie 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-insoluble 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 (CaCl2 )* Filtration and evaporation to dryness 
at room temperature in vaouo., gave trioarboayl-7 -endo-(oarboxy}iiieth3rl- 
oyoloheptatrieneohronium (0 . 2 8 6  g,, 60 %) m.p. 149-150^0., identified 
by m.p., mixed m.p. and infrared speotral ooopariaon with an authentic 
sample.
Attempted rearrangement of trlcarbonyl-7-endo- (ethoxycarbonyl )methyl- 
oyclohepta( 1 ,3 .5 )trienechromium with triphenylmethylsodium.

146 rA solution of triphenylmethylsodium I from triphenylmethyl- 
chloride, freshly prepared (2.78 g., 0,01 mole) and 1 ̂  sodium 
amalgam (31 g. )J in ether (66 ml.) was added to a solution of trioarbonyl- 
7-endo-(ethoxycarbonyl)methyloyoloheptatrlenecbromium (0*333 g. # 0.001 mole) 
in ether (30 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 chromatographed on neutralized 
alumina (deactivated 2 hrs.) to give one yellow band from which yellow 
crystals (1.40 g.) m.p.88-90^0., were obtained. Rechromatographing this 
yellow compound gave pure triphenylmethane (1.33 g,, 5*^) and a bright 
yellow crystalline compound (0.030 g.) m.p. 218-220^0 .

Pound ? 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 trioarbonyl-7-ando- 

(ethoxycarbonyl)methylcycloheptatrienechromium resulted in z^covery of
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tba ooopouad la 9 V  yield.
Triomrbanyl-7-«odo-(g:3:*:5 ' .tetro%*awloMlOMatadlmA)eyololiepta(1.3.5) 
trlepeohroalum.

lb a solution of pbsnyGLXithiun [ from lithium (0.12 g., 0.017 g.
atom) and toomobensens (1.3 8*« 0.0083 mole)] in ether (10 ml.) was

147added a solution of 2,3,4,5-tetpepbenyloyolopeotadiene (2.76 g»,
0.0075 mole) in benzene (50 ml.). The resulting milky suspension was 
refluxed 2 hrs., and then cooled. Trioarbonyltrbpyllumohroiiiiura 
fluoroborate (2.36 g., 0.0075 mole) was then added and the resulting 
mixture was stirred 13& hrs.

Evfgx)ration of the solvents was followed by extraction with 
ligroin (5 % 20 ml.). Filtration gave an orange filtrate and a pink 
residue.

The orange filtrate was evaporated to dryness and extracted with
ligroin ( 4 x 3  ml.). Chromatography of this extract on alumina (60 g.)
gave one band, which afforded tricarbonyldi ( oyoloheptatrlenyl ) chromium

o(0.050 g., 4g() m.p. 147-148 0., identified by m.p., mixed m.p. and 
infrared spectral comparison with an authentic sample.

The pihk solid was sublimed at 140^C/0.1 mm., for 40 hrs., and 
yielded tetraphenylcyelopentadiene (0.100 g., 4g(). The remaining solid 
was extx*aot&d with hot benzene (5 x 20 ml.) and concentrated. This 
extract was chromatographed on alumina (600 g. ). Washing with ligroin 
(1200 ml.) to remove tetraphenylcyolopentadlene was followed by elution 
with benzene/ligroin (1/9) which gave a red solid (0.030 g., 2 $) m.p.
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228-224^0., Identified as hexaoaTbonyldi( oyolobeptatpienyldbromi%m) on 
the basis of its m.p., mixed m.p. with an aiithsntio sample and infrared 
speotrum.

Elution with bensene/llgpoin (1/1) afforded a deep-orange compound 
which gave orange-red needles (1.94 g., 4) % )  m.p. 198-198.5^0 from 
benzene/ligroin, soluble in benzene, chloroform and methylene chloride, 
but only slightly soluble in other common organic solvents. Tricartoopyl- 
7-endo-(2l3i4i5'-tetrapbenylcyolopentadienyl)cyol6hepta(1.3.5)triene- 
cfaromium shows intense absorption in the metal carbonyl stretching 
frequency region of the infrared at 2000, 1927 and I887 omT^

Found t C, 78.0; H, 5.O; Or, 8.7;
C^H^qCtOj requires t C, ?6,5; H, 4.7; Or, 8 .?%

Attempted rearrangement of tricarbonyl-7-endo-(2J 3! 4j 5 ' -tetranbeoyl- 
oyolopentadienyl)cyclohepta(1.3.5)trienechromium with sodium methoxide.

Trioarbonyl-7-endo- ( 2 J 3# 4 ' 5 ' -tetraphenyloyclopentadienyl) oyclo- 
heptatrleneohpomiun (0.576 g«# 0.001 mole) was added to a solution of 
sodium methoxide [from sodium (0.042 g., O.OOI8 g. atom) ] in benzene 
(100 ml.) and methanol (1 ml.). The resulting mixture was stirred at 
room temperature for 21 hrs. After filtration, the filtrate was 
evaporated to dryness at room temperature in vacuo. The dried extract 
was sublimed at lOO^C/O.l mm for 2 fare. No trace of trioarbonylbenzene- 
cfaromium was found.

The solid was then extracted with hot ligroin (12 ml.) and filtered, 
washed with water and dried leaving a deep pink solid (O.4o4 g., 70%)
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D.p. 196-198^0 ., Identified as trioarbonyl-7-«ado-(2j3!4j5'-tetrapbenyl- 
oyolppentadienyDoyoloheptatrlene^npomium on the haeie of its m.p., 
mixed m.p. with an authentic sample and infrared spectrum.

The filtrate was chromatographed on alumina (60 g.). Elution 
with benseno/ligroln (1/20) gave tetraphenylcylopentadiene (0.024 g.,
5%) m.p. 162-164®C., (lit^^^ m.p. l64-l65®C).
Attempted rearr*«̂ y>«fe mf tricarbonyl-7-eado-(2j314]5' -tetranbenyl- 
oyolopeptadiepyl)o3rolohepta(1.3.5)trieneehromiian with potassium t- 
butoxide in t-hutanol.

Tricarbonyl-7*endo-(2! 3i 5 ' -tetraphsoyloyolopentadienyl ) oyolo- 
heptatrienechromium (0.337 g-# O.OOO6 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, 
ethmol (10 ml.) was added and the solution was filtered. The solid 
was extracted with hot benzene (10 ml.) and the resulting filtrate was 
evaporated to dryness in vacuo. Sublimation of this dry residue at 
100^0/0.1 mm., gave no trdcarbonylbenzenedfarasium.

The residue was dissolved in benzene and chromatographed on alumina 
(30 g.). Only unreaoted trloarbooyl-7-endo-(2i3#4j5'-tetrepbenylcyclo- 
pentadienyl)oyolbheptatrienecbromium (0.20 g., 60 %) was obtained 
Triearbonyl-7-endo-( 2l 3] 4 ' -trlnhenylcyclopentadienyl) cvclbbeota( 1.3.5)- 
triene ohromium.

To a solution of 2,3,4-triphenylcyclopentadiene^^ (5.88 g,, 0.02 
mole) in benzene (I50 ml.) was added I8 .7  ml. of a solution of phenyllithium 
[from lithitn (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
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suspension was refluxed 2 hrs., and then cooled to room temperature. 
Iticarbonyltropyliumchromium fluoroborate (3-14 g., 0.01 mole) was then 
added, together with benzene (10 ml.). The resulting suspension was 
stirred for 20 hrs. after addition of ethanol (10 ml.) the mixture
was filtered and the solid 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 ligroin/ 
benzene (5/1). Elution with the same solvent mixture gave first a 
yellow band which afforded unreaoted triphenylcyclopentadiene (2.6 g.,
45 % )  and then bright red needles (3*62 g., 70 %) m.p. 165-167.5^0., 
soluble in common organic solvents with the exception of the paraffins. 
Recrystallisation from methylene chloride/ligroin raised the m.p. to 
167-167.5^0 . Trioarbonyl-7-endo-(2]3j 4 ' -triphenylcyclopentadienyl) - 
cyclohepta( 1,3,5)trienechromium shows intense absorption in the metal 
carbonyl stretching frequency region of the infrared at 2000, 1934 and 
1901 cm"^ (CCI4) and 1984, 1925 and 1866 om“^(I«31).

Pound ; 0, 76.2; H, 4.7; Or, 9*8;
C^yig2|.CrÔ  requires : 0, 76.1; H, 4.6; Or, 10.0%

The ultraviolet absorption consists of two peaks; at 242 npa (log<£ = 4.6) 
and at 356 qp (log<g = 4.1).
Reaction of 2,3,4-triphenylcyclopentadienyllithium with tricarbonyl- 
tropyliumohromlum fluoroborate in the presence of tetrahydrofuran.

To a suspension of phenyllithium [from lithium (0.70 g., 0.1 g.
atom) and bromobenzene (7.85 g., 0.05 mole) j in ether (20 ml.) was added
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a solution of 2 , 4-tripbenyloyolope%%tadiene (14.6 g., 0.05 mole) in 
benzene (150 ml.). Tbe mixture, in whioh a white precipitate quickly 
formed, waa refluxed for 2 hra. After cooling, tricuxrbonyltropylium- 
chromium fluoroborate (9-57 g*« 0.0? mole) and tetrahydrofuran (15 ml.) 
were added, and the resulting mixture was stirred for 16 hra. After 
filtration, the solution waa taken to dryness in vacuo. The resultant 
solid was dissolved in benzene/ligroin and filtered tfaroue^ alumina to 
remove copious quantities of a green decomposition product. The filtrate 
was taken to small volume and chromatographed on alumina (250 g.). Elution 
with benzene/ligroin (l/l) gave red needles of trioarbonyl-7-endo- 
(2j3J4 ' -tripbenylcyolopentadienyl)oyclobeptatrieneAromium (1.8 g., 11 %) 
m.p. 1 6 5 -1 6 7 ^0 ., identified by m.p., mixed m.p. and infrared spectral 
comparison with an authentic saiqple. Further elution with pure benzene 
gave red needles (0.100 g., 1 %) m.p. 165-167^0. The compound is soluble 
in common organic solvents with the exception of the paraffins. TM.oarbonyl 
-7-endo-(li2l3* -triphenyloyolopentadienyl)cyolbbepta(1.3.5)trienebhromium 
shows intense absorption in the metal carbonyl stretching frequency region 
of the infrared at 1984, I9 1 6  and I8 8 7  cmT^ The ultraviolet spectrum 
shows two peaks; at 242 091 (loge . 4 .5 ) and at 320 npi (loge = 4.1)

Fbund % C, 7 5 .3; H, 4.8;
^33^24^^'^ requires i C, 7 6 .1; H, 4.6j%

Ozonolysis of trioarbonyl-7-endo-(2*3^4 *-triphenarloyolopentadienyl)- 
oyolbhepta( 1,3.5 ) trienechromium.

Trioarbonyl-7-endo-(22 3 ' 4 ' -tripbenylcyolopentadienyl ) oyolohepta- 
trieneohromium (0.27 g., O.OOO5  mole) in methylene chloride (14 ml.) was
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Otreated (at -l4 C.) with a aiigÿxt exoess of ozonized oxygen. The

resulting mixture of ozooides was deooopoeed by shaking with ferrous 
sulphate solution. The dried methylene chloride layer was ohromatographed 
on alumina (5 g ). SLution withbenzene/ether (1/1) gave a trace of a 
yellow gum whose infrared spectrum was identical with that of benzil. 
Attempted rearranam— at of tgloarbonyl-7-epdo-{2l3i4*-triphenylcyelo- 
pentadienyl)oyeldhepta( 1.3.3)trismeohromium with sodium methoxide.

T^ioarbcayl-7-eDdo-(2,'3J4 ' -tripbenyloyolopentadienyl ) eyolohepta- 
trieneohromium (0.67 g., 0 . 0 0 1 3  mole) was added to a solution of sodium 
methoxide from sodltan (0.016 g., 0.0007 g. atom) in methanol (40 ml.), to 
whioh had been added benzene (20 ml.). The mixture was stirred 48 hrs.
The mixture was then evaporated to dryness at room temperature in vacuo.
The residue was extracted with benzene ( 4 x 2  ml.) and this extract was 
chromatographed on alumina (70 g.) in ligroin to give unchanged tricarbonyl- 
7-endo - ( 2 J 3,' 4 ' -triphenylcyclopentadienyl) oyoloheptatrieneofarciDium 
(0.332 g., 50 %) m.p. 164-165^0., identified by m.p., mixed m.p. and 
infrared spectral comparison with an authentic sainple.

Traces of two other bands were eluted with ethsr/nethanol, but
Aowed no absorption in the metal carbonyl regiw of the infrared.
Rearrangement of tplesrbcoyl-7-endo-(2i 3j4 ' -tripbenyloyolppentadiemyl)-
oyolohepta(1.3.5)triene^gomiuro with triphenylmethylsodium.

l46 rA solution of triphenylmethylsodium I from triphenylmethyl chloride 
(4.0 g., 0.014 mole) j in ether (200 ml.) was added to tricarbonyl-7-endo- 
(2i3«4*-tripbenylcyolopentadienyl)cycloheptatrienedhromium (1.3 g.#
0.003 mole). The resulting mixture, which rapidly turned black-brown.
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waa stirx^ for 2 2  hra. Than, methanol ( 2 0  ml.) waa added to destroy 
excess triphenylmethylaodiun. At this stage the mixture was pale red. 
Solvents were removed in vacuo., leaving a yellow residue. This was 
extracted with ligroin and the extract was chromatographed on alumina 
(60 g.). SLution with ligroin gave:-

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

b) Pale yellow crystals (1.01 g. ) m.p.200-210^0., whioh m.p. was 
raised to 224-226°C., by repeated roorystaUisation from ligroin.

c) A red-brown gum (0.190 g.) which was sublimed at lOO^C/O.l mm., 
to yield tricarbonylbenzenechromium (0 . 1 5 0  g. ).

The petrol-insoluble material was sublimed at lOO^C/0.1 mm., to 
yield tricarbonylbenzenechromium (0.020 g., total O.I7 0  g«, 28 %).
Reaction of triphenylmethylsodium and 2.3,4-tripheoylfulvene.

1 2 5To a solution of 2,3#4-triphenylfhlvene (0.43 g., 0.0014 mole)
in ether (25 ml.) was added 25 ml. of a solution of triphenylmethyl- 

l46 rsodium I from triphenylmethyl chloride (3*54 g., 0.013 mole) and 1 % 
sodiixn amalgam ( 6 0 g., 0.026 g. atom)J in ether (200 ml.). The fulvene 
solution was instantly decolourised. The mixture was allowed to stand 
overnight. Tben^ the solvent was removed at room temperature in vacuo.
The residue was extracted with ligroin and chromatographed on alumina. 
SLution with ligroin gave:-

a) White needles (0.140 g., 4.7%) of triphenylmethane, m.p. 90-92^0., 
identified by m.p., mixed m.p. and infrared speotral oooqparlson with an 
authentic sainple.
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b) A trac# of a yellow-orange gun.
o) White orystals (0.0123 g., 1 %) of triphenylmethyl peroxide, 

m.p. l8o-l84 C., identified by m.p., mixed m.p. and infrared Qpeotral 
oomparieon with an authentic sample.

d) Mhlt. prisa» (0.152 g., 4 m.p. 224-22^0. (lit m.p.2l8^0) 
thoue^ to be hexaphenylpropane.

Found t C, 94.1; H, 6.3; N. 493; 
requires i C, 93*6; H, 6.4; M. 501.

Elution with increasing proportions of benzene gave low yields of 
a further seven oonqpoundB, obtained in insuffioient quantity for 
identification.
Rearrangement oftrioarbonv&"7-endo-(2%3l 4 * -trinhenvloyolopentadienvl) - 
ovolohepta(ls3.5)trienechromium with potassinn t-butoxide in dimethyl 
sulphoxide.

Freshly sublimed potassium t-butoxide (0.724 g., 0.006 mole) was 
added to a solution of trioaTbonyl-7-endo-(2l3l 4 ' -tripbenyloyolopenta- 
dienyl)oyel(Amptatrienechromium (1.00 g., 0.002 mole) in pure dry 
dimethyl sulphoxide (40 ml.). The mixture was stirred 17 hrs. at 
room temperature. It was then poured into water (300 ml.) and extracted 
with ether (4 x 100 ml. ). The ethereal extract was concentrated, dried 
(RàgSO;̂ ) and evaporated to dryness in vacuo. The residue was dissolved in 
ligroin and filtered throucdi alumina. The solution was evaporated to 
dryness and sublimed to give tricarbonylbenzeneohromium (0.115 g., 2 8  

The aqueous solution was continuously extracted with ether for 4 
hrs. in an extractor. This extract yielded only unorystallisable gums 
(0.20 g.) having no absorption in the metal carbonyl stretching freqoanoy 
region of the infrared.
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The aqueous layer was acidified (dilute HOI) and extracted with 
ether. Cooeeotratiom, drying and evaporation to dryness gave an orange 
gum (0.124 g.) having absorption In the metal oarbonyl stretohing

-I
frequenoy region of the infrared at 1 9 8 3  and I9 IO cm. Attempts to 
crystallise this gum were unsuccessful.
Rearrangement of tricarbonyl-7-endo-(2l3]4*-triphenylc3rolopentadlsnfl)-
oyeldheptad.3.5)trienechromium with sodium hydride.

To a suspension of sodium hydride [0 .I3 0  g., 0.0053 mole, as a 50 %
dispersion in oil (0.26 g.) j in tetrahydrofuran (20 ml.) was added a
solution of tricarbomyl-7-ondo-(2Î3J4'-triphenyloyolqpentadienyl)oyclo-
heptatrieneofaromium (0.329 g., O.OOO6  mole) in tetrahydrofuran (10 ml.).
The resulting mixture, which rapidly turned deep purple, was stirred for
1 hr. Methanol (4 ml.) was then added to destaroy the remaining sodium
hydride and the solvents were then removed at room temperature in vacuo.
A ligroin extract was chromatogr^Aied on alumina (20 g. ) and from the main
yellow band was obtained tricarbonylbenzenechromium (0.007 g*« 5 %) m.p. 

o
1 6 1 - 1 6 2  C., identified by m.p., mixed m.p. and infrared speotral 
ooaparison with an authentic sample. Only trace amounts of two other 
bands were eluted from the column.

The ligroin-insoluble residue ( 0.400 g.) was a deep purple 
crystalline solid and proved to be quite sensitive to oxygen. A sample 
(0 . 2 9 7  g.) was dissolved in ethanol (10 ml.)/water (150 ml.).
Acidification (dilute HOI) was followed by extraction into methylene 
chloride (2 x 50 ml.). The deep-orange oil which resulted from this 
dried (CaClg) extract iqxm evaporation, showed absorption in the metal
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carbonyl stretching frequency region of the Infrared at 1975 and igiOcmT^ 
Attempted rearrangement of 7-dl(ethoxycarbopyl)methylcyclchepta(1.3.5)-

TOItriene with sodium methoxide.
To a solution of sodium methoxide from sodium (0.51 g., 0.022 g. atom)

in dry methanol (10 ml.) was added a solution of 7-di(ethoxycarbonyl)-
121methylcycloheptatriene (2.37 S*# 0.0095 mole) in methanol (10 ml.). 

The mixture was left for 16 hrs. Then, the mixture was heated and the 
volatile distillate (b.p. 62-64^0.) was collected and examined on a V.P.C. 
column. Only unreacted methanol was present in the distillate. No trace 
of benzene was found.
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Ppioarbomrl 9 %10-dihydroanthreo#ne<Aromlum.

9 :10-dihydroanthraoene (5.4 g., 0.0) mole) and taexaoorbonyl^iroaliB 
(6.6 g., 0.03 mole) wore r e f l m d  In diglyme (50 ml.) for 4 fare. By 
this time the theoretioal amount of oazhon monoxide had been evolved. 
Bbreaoted material was removed in vaomo. The residue was reorystalliaed 
from diglyme and then benzene/ligroin to give lemon-yellow needles 
0.9 g., 51 H) m.p. 14>144^0 ( U t ^  143-144°C.) of trloarbtmyl 9:10- 
dihydroanthraoeneobrocnium.
Attempted reaction of trieaabomrlbenzeneflhromitp with 9 ilO-dihydrp.. 
anthraoene.

Trioarbonylbenzeneohromium (1.04 g., 0.005 mole) 9slO-dlhydro- 
anthraoene (0.225 g.# 0.0012 mole) were heated at l6o^C. for 8 hrs.
Then, some unreaoted tricarbonylbenzeneohromium (0.55 g.) was removed by 
sublimation. The dark-brown residue waa extracted with hot benzene (25 ml. ) 
allowed to oool and filtered through alumina, (30 g. ). The yellow 
solution was evaporated to yield tricarbonylbenzeneohromitn (0.48 g., 
total 1.00 g., 99%).
Attempted dehydroaenstion of trioarbonyl 9 >10-dihydreanthraoeneohrcmium
using triphenylmethyl perdhlcrate.

To a solution of trioarbonyl 9 %10-dihydroanthraoene<Aromlum
(0.25 g., 0 . 0 0 0 8  mole) in benzene (25 ml.) was added a suqiension of

l43triphenylmethyl perchlorate (0.35 g-, 0.001 mole) in benzene (25 ml.). 
The mixture was shaken for 6 hrs. No colour change was apparent at this 
stage. The mixture was poured into water (500 ml.), the benzene layer 
separated and dried (NagSO^). Concentration and chromatography on 
alumina (60 g.) gave unreaoted trioarbonyl 9 ilO-dihydroanthraoeneohromium



(0.20 g., 8 0  %) m.p. 14>-144^C., Identified by m.p., mixed m.p and 
Infrared apeotraX oomparieon with an authentlo sample.
Attempted drtnrdrewanation of trloarbomarl 9 ilO-dlbvdroanthraoeneohromlum 
with ohloranll.

A solution of trioartwnyl 9:10-dibydroaotbraoeneohromtum (0.77 6 # 
0.0025 mole) and ohloranil (1.99 g # 0 . 0 0 5  mole) in ethylene glyool 
diethyl ether (50 ml.) was refluxed for 20 hrs. The exoees solvent was 
removed In vaouo., and the solid residua was extraoted with hot benzene 
(4 X 10 ml.). This extract was filtered hot, to yield a colourless 
solution whioh afforded anthraoene (0.27 g.# 6 9  %) m.p.211-212^0.

The red residue had no absorption in the carbonyl region of the 
infrared and turned green upon exposure to moist air.
Attempted preparation of trlcarbonylanthraceneohromiun.

a) Anthraoene (9 . 6  g., 0.02 mole) and hexaoarbonylohromium (4.4 g., 
0.02 mole) were refluxed in petroleum ether (b.p. 100/l20^o., 27 ml.) for 
9 )̂ hrs. At this stage, the solution had developed an Intense violet 
colour and half the theoretical amount of gas had been evolved. The 
solution was allowed to cool, whence it turned yellow. Only starting 
materials were recovered.

b) Anthraoene (4.0 g., 0.022 mole), hexaoarbonylohromium (4.0 g., 
0 . 0 1 8  mole) and oyoloheptatriene (0.7 g.# 0.007 mole) were refluxed
in petroleum ether (b.p. 100/120^0.) for 10^ hrs., by whioh time the 
theoretical amount of gas had been evolved. Excess solvent and unreaoted 
material was removed in vaouo whilst the mixture was still hot, leaving 
a pihk solid. On sublimation this yielded only anthracene, hexacarbonyl- 
chromium and tricarbcnyloyoloheptatrienechromium.
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o) Anthracene (4.06 g., 0.023 mole) and trloarbonyloyolonepta- 
trieneohramliin (1.2 g., 0 . 0 0 5  mole) were refluxed la ethylene glyool 
diethyl ether (22 ml.) for 1@ fare Then, the dark red mixture was 
filtered and evaporated to dryneaa. In vaouo.. at room temperature. The 
red residue was extraoted with ligroin and ohromatographed on aiumimA 
(60 g.) to yield one red band whioh afforded trioarbomylayeloheptatriene- 
ohromium (1.01 g., 88 %) m.p. 128-129^0., identified by m.p., mixed m.p. 
and infrared speotral comparison with an authentic sample.
Attempted catalytic hydrogenation of triosibonylphwn^jl^p w diroiniun 
at atmowherio pressure.

The general method was as follows i- T^ioartxmylphenanthreneohromium 
(A g.) dissolved in solvent S was added to a pre-reduoed suspension of 
the catalyst (B g.) in the seme 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 
weicdied flask. The peroentage recovery of tricaxbonylphsnanthrens- 
^sromiun is given (D) together with the catalyst/complex ratio (C).

127

Run No A B C D 8
1 0.492 2.750 Pd/0 1 s 2 95 diethyl ether
2 0.746 0 . 3 4 7  Pd/D 20 t 1 9 0 T.H.F.
3 0.500 0 . 2 8 0  Pt/C 20 t 1 9 0 T.B.F.
4 0.438 0 . 0 3 4  BbOg 20 t 1 95 T.H.F.
5 0.581 0 . 1 3 7  PtOg 5 1 1 95 T.H.F.
6 0.720 0 . 1 6 0  PtOg 5 1 1 8 0 ethyl acetate
7 0.602 0.140 PtOg 5 % 1 8 0 glacial acetic acid
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Attempted todrogenatlcn of tMoarbomrl%d%enanthre%»eobromlum using copper 
chromite oatalyat.

ZrioarbonylsdienaiithrenedirQaiium (0.564 g., 0.002 mole) and copper
124  ̂ ^(diromite catalyst (0.19 g.) in ethanol (50 ml.) were heated at

150^0 for 3 hrs. under a hydrogen pressure of 109 atmospheres. After
cooling 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 vaouo. The only isolated product was pbenanthrene
(0 . 3 0 2  g., 9 4  %), contaminated to a slight degree with 9 :10-dihydrpphen-
anthrene.
Attempted reduction of trioarfaonylphenanthrenechromiun with calcium

1 2 8hexanmlne in liquid ammonia.
Calcium turnings (0.26 g., O.OO6 5  g. atom) were added to liquid 

ammonia (10 ml.) which had been dried over sodium. This, bronze-coloured 
solution was slowly added to a stirred solution of trioarbonylphen- 
anthraneohromium (0.26 g., O.OOO9  mole) in dry ether (50 ml.). The 
resulting mixture, whi^ was initially orange, turned deep-brown after 
20 minutes. Stirring was then continued a further 40 mine. Then, the 
mixture was filtered under nitrogen [ca(NHg)g is pyrophoric] , without 
suction, and the brown slimy deposit was washed with ether (5 -* 10 ml.).
The orange filtrate was evaporated to dryness leaving tricsAonyl- 
phenanthreneohromiun (0 , 0 2 9  g., 10 %) m.p. 157*159^0., identified by 
m.p., mixed m.p. and infrared spectral comparison with an authentic 
sample.
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Reaction of hexaoarbonarlobromlum with 9 :10-<!U)M7dropbenanthr@K
ar»>QHylohmmlim (8 .O6 g., 0.04 IDOlo) and 9 llO-dlhydPO-

phenanthrena (6 . 9 6  g., 0.04 mole) together with ethylene glyool diethyl
etlwr (100 ml.) m o w  boated togetber at a0O-@2O"o., la an oeolUatlng
autoolave (1 litre.) for 2 x 4  br.* periods with Intermediate oooUag
and wentlng of oarbon monoxide. Them, tba autoolave was opened and the
oontants washed out with ether (100 ml.). After filtration, to remove
unreaoted hexaaarbongrlofaromlum (4.37 g.» 54 ̂ ) the solution was taken to
drjnesa at room temperature in vaouo. The residual yellow oil was
ohromatographed on (400 g.) la nrhsxane. After tborouehly
«mMhitig the column with n-hmcane to remove unreaoted 9 «lO-dlhydrophen-
anthrene, elution with henzenoA-hexaae (1/1) afforded yellow needles
(3-25 g.p 65 %) m.p. 106-107 C., soluble In oomnon organic solvents.
mpiosMxmgji Q %iOw)ihvdronhQr««4CmBnechromium 4how8 intense absozvtion
in the metal oarbonyl stretching frequenoy region of the infrared at
1 9 7 6 , 1 8 9 7  and 1 8 7 3  cmT^ Reorystallisation from methylene ohlorid#/

o 'n-hexane raised the m.p. to 108-109 Ç.
Found s C, 6 5 . 0 1  Hp 3*8; Or, 16.3; N. 312

C^i^H^CrO^ requires s 0, 64.6; H, 3*8; Or, 16.4% N. JL6*
Further elution of the column with 100 % benzene afforded a deep

yellow crystalline compound (0.050 g., 1 %) m.p. 217-218^0 (d from I6 0  C),
thoucdxt to be 9 %io-^tK«mMfa)e%Kmthrsmedinhso^

Found I C, 54.2; H, 3*3; M 4)7

®20®3L2^2®6 : C, 531; H, 2.7; M. 452.
The ooaqxnmd is only slightly soluble in common organic solvents
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and shovra Intense absorption In the metal oarbonyl stretohing frequency 
region of tba Infrared at 1957 and I887 omT
Attempted dehydrogenatlon of trioartx)nyl 9>10-dihydropheBantteeneolxromlum 
with triphenarlaethyl perchlorate.

Trioarbonyl 9$10-dlhydrophenanthreneohromium (1.27 g.# 0.004 mole) 
and triphenylmethyl perohlorate (I. 3 8 g., 0.004 mole) were refluxed for 
4 mine, in a mixturo of glacial acetic acid (100 ml.) and acetic 
anhydride (10 ml.). After cooling, the mixture waa poured into water 
( 1000 ml.) and this solution was extracted with ether (3 % 100 ml.). 
Concentration in vacuo gave a pale amber oil which showed no absorption 
in tba metal carbonyl stretching frequenoy region of the infrared and 
idiioh was probably a mixture of phenanthznne and 9 %10-dihydropbenanthrene 
Attempted dehydrogenation of trioarbonyl 9 ilO-dihydrophAnanthrene- 
ehrondum with 1.2.3,4 -tetrahromo-o-benmomulnone.

Trioarbonyl 9:lO-dihydrophensnthrsmeohromlum (0.57 &•» 0.002 mole) 
and 1,2,3#4-tetrabromo-o-bensoquinone (0.84 g., 0.002 mole) were 
refluxed in pure benzene ( 5 ml.) for l8^ hrs. (An exothermic reaction 
occurred upon mixing the two compounds in benzene and a gas, presumably 
carbon monoxide, was evolved.). Then, benzene (6 ml.) was added and the 
dark brown mixture was filtered to yield a dark brown amorphous material. 
This showed no absorption in the metal oarbonyl 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 compo%md whicdi decomposed on the 
column.
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Attempted dehydrogwiatlon of trioarbonyl 9 2lO-<iLh3rdroDhena%ithrene- 

chromium with 2,3-dlohloro 5,6-dioyapo-o-benzoqulnone.

To a solution of 2,3-diohloro 3,6-dioyano-o-benzoquinone 

(0.21 g., 0.001 mole) in benzene (5 ml.) was added trioarbonyl 9:10- 

dihydrophenanthreneohromium (0.23j^ 0.0008 mole). An immediate dark 

brown colour appeared and the mixture waa stirred 10 mins. Benzene 

(3 ml.) was then added and the mixture was filtered. The solid 

residue showed no absorption in the metal carbonyl stretohing frequency 

region of the infrared. It was washed with benzene (3 ml.) and the 

filtrate and washings were concentrated in vacuo. The solution was 

chromatographed on altnina (30 g.) to yield only unreaoted tricarbonyl- 

9 :10-dihydropheaanthrenecbromium (0.029 g., 1 1 % )  m.p. 108-109^0 ., 

identified by m.p., mixed m.p. and infrared speotral comparison with 

an authentic sample.

Dehydrogenatlon of trioarbonyl 9 :10-dihydrophenanthreneohromium with

palladium on charcoal.

Trioarbonyl 9:10-dihydropbsnanthreneohromium (1 g.) and 10 %

palladium on charcoal (0.9 g. ) were heated in a stream of oarbon dioxide 
o

at 120 C for 2 hrs. No gas was evolved, and the teinperature was
o

slowly raised to 200 C over 1 hr., at whioh temperature gas waa 

evolved. Some hexaoarbonylchromium sublimed out of the reaction zone. 

The temperature was kept at 200^0 for 2 hrs. and then the apparatus 

was allowed to oool overnight.

The mixture was extracted with hot benzene (3 x  13 ml.) and this 

extract was evaporated to dryness at room temperature in v a c w .

The gum so obtained was ohromatographed on alumina (6o g . ). Elution
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with ligroin afforded white needles (0.439 g., 78 %) m.p. 95-97^C., 

of pbenanthrene.

Elution with benzene/ligroin (1/200) afforded two yellow bands.

From the first was isolated a yellow orystalline ocopound (O.O6I g.,

6 %) m.p. 108-109^0 ., Identified as trioarbonyl 9:10-dihydrophenanthrene-

ohromium on the basis of its m.p., mixed m.p. with an authentic saiqple

and infrared spectrum. From the second band was isolated an orange

crystalline solid (0.008 g., 1 %) m.p. 158-139^0., identified as

trioarbonylphenanthrenechromium on the basis of its m.p., mixed m.p.

with an authentic sample and infrared spectrum.

Elution with benzene gave a third yellow band which afforded yellow

crystals (O.OO3 g., 1 %) m.p. 223-226^0., (d from 130^0) of what is

probably a hexacarbonyl 9 : lO-dihydrophenanthrenedlohromlum.

Repeated drtxydrogenation of trioarbonyl 9 ilO-dihvdrenbenaDthreneohromium

with palladium on oharooal.

Trioarbonyl 9 %10-dihydropbenanthreneobromium (0.43 g.) and

palladium on oharooal (0.395 g.) were heated in a stream of oarbon
o

dioxide at 190-200 C for 27 mins. After being cooled rapidly, the mixture 

was extraoted with hot benzene (5 %  20 ml.). After filtration and 

evaporation to dryness, in vaouo., the yellow gum so obtained was 

ohromatograi^d on alumina (30 g. ). Elution with ligroin gave a 

colourless compound (O.O67 g # 26 %) m.p. 42-46^0., which was shown to 

be a mixture of pbenanthrene and 9 %10-dihydrophenanthrene by infrared 

spectral coiqparison.
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With benzene/lleproln (1/19) a  yellow band was obtained whioh 

afforded unchanged trioarbonyl 9%10-dihydrophonanthreneohromi%m (0 .2 6 g.,

62 %) m.p. 108-109^0. Identity was established by m.p., mixed m.p. 

with an authsntio sample and infrared spectral oompariscm.

Further elution with benzene, afforded a second yellow orystalline 

ooxnpound (0.007 g., 1 %) m.p. 210-218^0 ., (d from 150 C.) whioh is 

probably hexacarbonyl 9%10-dihydropbenanthreoedicbroadum.
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Additional experiments.
Hexaoarbonyldi ( isopropyloyolopectadienyl )dinolybdaBPUP.

Redistilled 6 %6'-dimethylfulvene^^ (9.4 g«, 0.09 mole) and 

hexaoarbonylmolybdenum (13.4 g., 0.05 mole) were refluxed in ethylene 

glyool dimethyl ether (25 ml.) for 6 hrs. Then, unreaoted material was 

removed in vaouo., at room temperature, leaving a deep red residue.

This was extraoted with petroleum ether (b.p. 40/60^C., 20 ml.) and the 

extract waa ohromatographed on alumina (1000 g. ). The single red band 

which formed was eluted with ligroin and afforded purple crystals (0.724 g.) 

m.p. 155-156^0 ., 111 ^ ^  162-163^0 . of bexacarbonyldi(isopropyl-

oyolopentadienyl)dimolybdenum, extremely soluble in oommon organic 

solvents. The compound shows intense absorption in the metal carbonyl 

stretohing frequenoy region of the infrared at 1957 and 1905 omT^

Pound : M. 534. Ref 139.
^ 2 2 ^ 4 ^ 2 %  roquires : M. 574.

Reaction of 6:6*-dimethylfulvene with heacarbonylmolybdenum^^ ^  x>art) 

Freshly distilled 6:6'-dimethylfulvene^^ (10 g., 0.095 mole) 

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

evolution of oarbon monoxide ceased ( 7  hrs.) Unreaoted starting materials 

were then removed in vaouo., the red residue dissolved in ligroin and 

ohromatographed on alumina to give eight bands. Elution with ligroin 

afforded purple crystals (0.45 g., 4 %) m.p. 154-159^0., of hexaoarbonyl­

di (isopropylcyolopentadlenyl)dimolybdenum, identified by m.p., mixed m.p. 

And infrared speotral comparison with an authentic sample.



Ill

Further elution with ligroin gave the second hand as purple
o

orystals (0.34 g., 3%) m.p. 116*119 C(d)., of hsxaoarfaonylisopropenyl- 
ayolQpeBtadA«gllgoi»opf1̂ yoloptatadl«B»Mlo»1Jba<̂

Ftwad s C, 46.2; H, 3.6; M. 500 Rsf 139
^22^20**%% x«<iulrM I G, 46.2; H, 3.9( - M. 57S.

The ooopouod was hydrogenated in a mlsro-hydrogsnstiom apparatus 

over 10 %  palladium on oharooal.

Results.
A B C D B P
1 8.625 0.411 0.089 0.322 0.358

2 12.384 0.749 0.128 0.621 0.485

3 38.654 1.675 0.398 1.277 1.514

A
B
C
D

B
P

' Experiment No.,

> Weight (mgm.) used,

> Volume of hydrogen (ml.) absorbed, oorreoted to N.T.P.,

> Correction (ml.) for Band I (see below),

> Corrected value (ml.),

> Theoretioal uptake (ml.) required for 1 isopropenyl group.

In a similar experiment. Band I [hexaoarbonyldi(isopropyloyolo* 

pentadienyl)dimolybdenum j (16.023 mgm.) absorbed O.I65 ml. of hydrogen, 

oorreoted to N.T.P.

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 I905 om"^ in the metal oarbonyl 

stretohing frequenoy region of the infPared. The oompounds did not
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po88«80 Èharp polixts and atteopte to orystalUse them were
uneuooeBafiil.

Blutlon with benzene gave a  tvaam of a  red amorpboue solid and

also red crystals (0.020 g.) m.p. 69-74^0., of another unidentified
-1

produot, whioh showed absorption maxima at 2010# 3957 and 3905 om in 

the metal oarbonyl stretcâiing frequenoy region of the inArared. The 

general spectrum was very similar to those of the other oonpoimds. 

BrloarboinÆ«7-«i>te<)hwlBth3wirloy.l<rt»Pta(1.3.5)teAeDm>tePoiiilim.
1*1 r ■To a solution of phenylethynyllithium |^froo phonylaoetylsne 

(2 .2  g.# 0 .0 2 mole) and lithium amide (0.4) g.# 0 .02 mole)] in dioxan 

(145 ml.) was added tricaz^bonyltropyliumohrooiUD fluoroborate (2.21 g«#

0.007 mole)# with the immediate formation of a deep red oolour. The 

mixture was stirred for l4 hrs. After filtration# the filtrate was 

evaporated to dryness in vacuo. The residue was extracted with 

benzene (5 ml.) and chromatographed on alumina in ligroin (250 g.). 

ELution with benzene yielded a single orange«rod band whioh afforded 

deep red needles (1 .2 0 g.# 52 %) m.p. 145-144^0.# soluble in common  

organic solvents^ with the exoeption of the paraffins# upon 

reorystallisation from ether/pentane. TWoa%bonvl-7-eodA-N»#mvi@thvnvi. 

eyolohepta(1.3.5)trisnedhromiun shows intense absorption in the metal 

oarbonyl stretching frequency region of the infrared at 1980# 3914 and 

1869 omT^

Pound I C, 65.95} H, 5.7} Cr* 15.6} H* 550}

Q ^ H j g C K L  r m q u l r w  : C, 65.85} n, 5.7} Cr, 15.8^ M, 5S8.
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P w M M M i t .  oldatiott of trlQiirt)wl~7-«adp-i>hepyl9th!ro^^

Cptearboayl-7-wiaB-#bMjl0 H l>ajlqyi»lcintotel— oh r a r t M  (0.555 g  ) 

In etoetoB» (15 ml.) mub trsstod with an aaEOMa of an aqusous molution of 

potassium permaagaiiate, aoidiflsd with dlluts sulpfanrio sold. Itas 

solution was rsfluxsd 1 hr. After oooling and A l t e r i n g  (to remove 

MaOg) the solution was extracted with ether. This extract was dried 

(MagSOj^) and evaporated to dryness giving a yellow oil. Methanol 

( 2 ml.) was added# giving a yellow solution# and to the solution was 

added water ( 8 ml.). A white crystalline precipitate formed and was 

A l t e r e d  o A  giving white crystals (0.105 8 «# 8o $) m.p. U 6mll8^C.# 

IdentiAed as benzoic aoid by m.p.# mixed m.p. and infrared spectral 

ooaq)arl8on with an authentic sample.

Reduction of tricarbonyl*7-endo«phenylethynyloyelohepta(1.3.5)triene- 

chromium.

Ttdcart)onyl*>7*"gndo«pheinrlethynylcycldheptatrieneohron iun 

(0 .15 8 -) ^  ethyl acetate (20 ml.) was added to a pre-reduoed suspension 

of platinum oxide catalyst (0.049 g.) in ethyl acetate (10 ml.).

After 3  hrs. # hydrogen uptake had ceased and the solution was filtered. 

The filtrate was evaporated to dryness in vacuo., at room temperature and 

the red crystalline residue was recrystallised from ether/pentane to 

give red needles (0.101 g # 67 ft) m.p. 124.125^0.# soluble in common 

organic solvents. The infrared spectrum of this oonqpound was very 

similar to that of the starting material# but slight diAerencea were 

apparent.
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Tricart>onyl«7>»eiiaoHBqtto 1.3.5) WensmolAdemm^
To a solution of sodium mattaoxide ̂ fToo sodium (0.115 8-« 0.005 g#

atom)] in methanol (20 ml.) was added trioaitxxByltropyliiBDQolybdeniBn
fluoroborate (1.79 8-« 0.005 mole) and tetrafaydrofuren (30 ml.). The
resulting solution was stirred vigorously for 7 mins. Then# after

oAltration under nitrogen# the solvent was removed, at 0 C.# in vacuo.# 
to leave a yellow-orange solid. Trituration of this solid with ligroin 
(10 X 20 ml.) and filtration was followed by oooling to -TO^C.# idien

o
bright orange needles (1.39 8 # 98 %) m.p. 84-85 C.# were 
precipitated. The oompound was reorystallised from pentane. Trioarbonyl- 
7«eiKto-nethoxyeyel6bepta( 1.3.5)trieneieolybdenuia shows intense absorption 
in the metal oarbonyl stretohing frequency region of the infrared at 
2000# 1923 and I887 om"^ and at 1054 cm*^ due to the methoxyl groiq>.

' - r-

The conqpound is extrmnely unstable# even under high vacuum and could 
not be analysed satisfactorily.
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