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SUMMARY

ST oUTTer

The syﬁtheses of phenyl substituted ferrocengs
from the cervesponding cyclopeniadienes by three routes ave
desaribed, The first involved treatment of the sodium salts of
the oyclopentadiene with Terrous chloride and ithe other twe
involved the high temperabturs dnteraction of bthe gyclopentadie

£y

with iron pentecarbonyl and dicyc loaentad$enf?d1= ron tetra-

(’.v

=

vielded the symmetrical (i.s. both

ar
6]

arbonyi. This last wrou
rings substitulbed) and the nusymmetrical (i.e. one ring

4

unguhastituied) farrvocenss, in addition to fervocene ituelf. Th
most notable feature of this work was the failura Ho obiain
decaphenylfervrogena., The syntheses of two new eyclopentaldisns

<

Fediphenyl- and 1,2,5-trimethyl-3,4~-diphenyi-

-

Lpd~dimathyl~2,
gyclopentadiene, ars desceribed. These iwo producis havae been
gonverted to the corvespanding ferrvecenes. Reaction of dron
pentacarbonyl with S<bromo~1,2,35,4~tetraphicnyl- and H-bromoe

tapheny loyclopentadiene gave 1,2,3%,4-tetraphenyicycloponta-
dienyliron dicarbonyl bromide and the pentaphenyl-analogus
respechtively. The meastions of this lalter produet are
described in detail., Steric effects coperative in this seriss
of poly aryl ferrogenes are discusssed.
In order %o complele the above series, a route to

the unknewn hydrocarbon l,2-diphenyleyclopentadiens was

sought. The debydration of either l-hydroxy-3,4=-diphenyl-
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cyclopent=2-ene o 192adihy&rbxyml,2mdiphenylcyclcyentane was
found to give the dimexie bis(l,2-diphenyleyclopentadisne).
Pyrolysis oX this preduct gave the exo-isomer, whilc under moy
gtringent conditions l94=éiphenylcyclapah%&diena was obtainad
Bis~{1,2~diphenyleyclopentadiene)} on treatment with izen
pentacarhonyl gave e black crysialline produet G, oH sFa{C0);,
ptructurs of which was wot determine, with molybdenum hexa-
carbonyl bis<(1,2-diphenyleyelopentadienylmolybdenun tricarvhe
wes obtained. Attempted syntheses of l;2-diphenyloyclopenia.
dienes bearing a labile grouping, such as an oster or meobhoxy
group, ave described. Anbhydreoacetonshenzil and its substitulbe
am&loéues were chosen as cmnvénien% starting meterials. Durix
the course of this work a mew voule Lo phenylcyclepentenonss
giving high yields, was developed, The W.M.E. spectra of
various cycloventadienes, phenyl subsiituied eyclépé&tanon@s
and h13m(594ﬂdiphenyl@yolopaﬁ%adi&n@n&) ave discussed and
anglysad. Several clariflcations of dubious sirugtures are

mnade,

The attenpied conversion of lvlﬁubiﬁfehiaromercuri)n

Fervogane to 1l l'-dimethoxyferrvocene iz described. Reductive

cleavege of methoxyferrveoceme Followed by lreatment with
ferrons chloride gave only trace amounis of 1,3'-dimethoxy-

ferxocene. The acetylation of noncmethonyferrocene, under
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conditions which 4id not promelte demethoxylation, and the
attenpted geparation of the isomeric components by vapour
phase and ordinaxry chromaiographic teéhniques are desceribed.
Aminomsthylation of 1,1l'-dinethoxyferrosene gave isomerie
mixinres of mone and di-~anincmethylated products. The firsd
on rechromaiography gave iwe components whose sitruciures
ware not sssigred. Reduetion of the latter to dimethoxy-
dimethy Lfervocenses followed by chrometogvavhy in petroleum

ether Tailed to achisve eny separation,
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Cyelupentadiens (I} stcurs in the Tirst runnings during
the distillation of eruds beagén& from goal %ayr, this being an
important sommercial SeUreD. 1% is a eclourless liguid h.yp.
41-42°. Cyolopentadiene bears Tormal analogy %o the hetercsyelis
srematic systems furan (Il, X = C), thiophene {II, X = 5) and

pyrrols (IX, X = NH), Unlike ithese cyclopentadisne is devoid

[\

of aromatic sharacier. The uwnsaturated character of the disne
system is so enbanced by Ting strain that the pure monorey
readily undexrgoes self condensation at room temperature %0 yislid
a erystalline dimer, di@y@lopantadi@n@g (111) m.p. 32°, Moncmerie

gyclopentadiens is readily regenerated om heating.




Since this dimerisation is a straightforward Diels-Alder

addition, digyclepentadisne possssses the endo configuration (I¥),

4

thig ds borre out by its reactions.
The exo-isomer of dilcyelopentadieve (V) is obtained by
dimerisation at & higher temperature. Exo-dicyciopentadiene hes

mopo 1905&9

{1} (v}

Higher palymers of cyclopentadisne, involving the

condensation of 3, 4, 5 and b-cyslopentedisne nuelei, ave
. 498 86

formed by heating ithe moenomer o 150-200° in a sealed itubse,

Due to tThe presence of a highly reactive 1, 3-=Gilecne system,
syelopentadiene readily vweaets with dienophiles Torming bridged

R TR

ving (endomethylene) compounds. The prims example of
this is the reaction between cyclopentadiens and malels anhydride

to give sis-3,6-endomethyliene- H2-$etrahydrophihalisc snhydride

21%12
(vi).



L

The methylene group in cyclopentadiens is highly rea©tiwe§
thue it comdenses wilth aldehydes or keltones in the presenge of

3 054
hase o yield fulvenes (¥IT). The chemistry of this cless

. . 26916
of compounds has heen extensively reviewed.

a
¥
/T Ng
(vii)
Gyelopentadione also vreaets wilth methyimagnesium dodide
with the formatiom of eyelopentadienyimegnesiuvm todidae.
As esarly as 1900 Thisle recognised the acldity of eyslo=
. . 15
pentadiens by his work on eysclopentadienylpotassium, 8 very
resstive salt formaed By treatment of oyclopentadiene with metallic
potassium. This agidity of cyelopentadiense ig attributed %o

the gromatic charmobter of the gyclopentadienide anion (VIII@}‘




(vilia) ' (FIITH)

This snion possesses an aromatic sextet of sleetrons and is
completely symmetrical, so that {¥iilz) is only ome of five
canonical forms, a betiter pleiovrial repvesentation of the anion

is comveyed by (VIiiTh). The theoretical welationship of this

L7948
anion to benzene was Tivst pult forward by MNobimson and

199290
Ingoldd.

Various stvable derivatives of the syelopentadienids anion,

gontaining & bdeglancing positive charge within the nolesule, have

oa
&1

been isolated. These inglude, dilazceyclopentadisune (IX ),
2

e

LS
cy X

22 . . ; .
pyridinivm gyolepentadienylide (X)), the trimethyionsonium

o

N
A
i}
i

o

N
24928 '

and Sriphenyl-phosphonium {X11; analogues.

r:

(IX) (x) (Xx1) {(x11)



Phenyl Substituted Cyclopsntadienes,

In the past alkyl substituted cyclopentadienes have no®
veceived much attention- However & Russian group recently described
the preparabion and properties of certain poly- methyl substitubed
compounds . They have shown that the structure of the subsbibnied
qeyclopentadisne (or compesition of the isomer mixture) depends
mainly on the chavaciter of the substituwent and not on the method
of synthesisg. |

Compared with this a gveat deal of worlk has been carried
out on pkenyl subsitituted cyelopentadisnes. They are all
crystalline compounds with shary melting poinits. The known

vhenyl syclopentadienes ave listed below.

Syelopentadiene Mopo Refarence
monophenyl— 59-61° - 27, 28
Lyd=diphenyl- 158+ 29
1,2,4~triphenyd-~ . X497 30
1,2, 3~triohenyl- | 1573590 L oe7, 3l
1,2,3 4% traphany i~ NN By
1,2,304,5-pantapbenyl- 2R0° 33, §6
hexaphenyl- 172° 34

The principel method of prepavation of these compounds ia by
a6
pinaeol meduction of s gubstidtuted l,5-dione ’ (X171) giving &

eyclic diol (XIV), whioch ean be dehydrated with acid to give



the corrvesponding eyelopentedisne (XV).

(x111) (%1v) | (xv)

By this method, 1,2,3% and 1,24~tri=; 1,2,5,4=-tetra and 1,2,3,4,5-
pantaphenylcyclopantadiena have been obiained. Pauson aund
Willi&msai obtained & ﬁigher yield of 19295mtriphenyley@10pentam
diens starting from 4mny&r@xya29394=tfiphenyl@y@1@pentm2=en@ne
(F¥T)o This was reduced first wilh hyéri@di@'aciéﬁﬁ B0 23,4~

triphenyloyslopent-2-enone (AVII), then with borohydride %o the

gorresponding aleohol (XVIIX), which smoothly dehydrated te give

the desived ecyelopentedienme (XKIX).

Ph




35

Pentaphenyleyclopsntadiena  has also been obtained starting from
setracycelone (XX). Treatment with phenylmegnesium bhromide gave
the carbinol (X%1), whick was subsequenily brominated and

debrominated. to yield the hydrocarbon (XV, R = Ph).

Fa
Ph
= Pk
5
7 _
S Q)
Ph
Ph
{xx) {xx1)

Pyrolysis of the cerbinol (XXI) resulited in a 1,3-phenyl
shift yielding the kebone (XXII), treatment of this with phenyl=
magnesium bromide followed by dehydration gave hexephenyleyclo-

pentadiene (XXILI).

(X%IT) (%x713)

Monophenyleyclopentadiene was prepared by trestment of

27
cyclopent-2-gn~l-one with phenyllithium oy phenylmagnesium



28
bromide, <Tollowed by dehydration ¢f the vesuliting carbinol.

Riemschneider alsc cbitained the compound by prolonged treatmend

]

2
of 2-phenyleyslopeni-2-an-l-one (XXIV) with aluminimm isopropoxide.

#h

{FRI¥)

1,4~Diphenyloyclopentadiene was Tivst synthesised by
Borsche and m@ﬂﬁga who formuleted the compound as the 1,3
igsomer . However, Drake and Adamsgg followed the same reaction
scheme and proved that the 1,4~isomer was obiained. This
synthesis entailed the base catelysed condensation between
B-benzoyl propionate and acetophenone to give the ester (ZXV¥),
hydrolysis gave the corresponding acid which veadily lost carbon

dioxide on heating to give the dieme (XXVI).

COOEL:

PR N ?h&ﬁy ' Ph

(Xxv) (%XVT)
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Cyclopentadienyl Iron Compounds

The remarkable discovery in 1951, by two independent
groups of workers, of a stable ovrganc-irvon @0mpcunﬁ§99£oa has
led %o the development during the last decade, of a completely
new fieid of chemisiry. in an attempied preparation of dibhydro-
fulvalens, by the reaction of eyclopentadienylmagnesiuwmr bronide
with ferric chloride, Xealy and Pauson isolatedﬁt digyclopentae
dienylivon (XXV1I). The same compound was obbained by Miller,

40
Tabboth and Tremaine from she reacition of cyclopentadiene

vaporr aod reduced irom at 300%,

O

(XX¥13) . (XE¥IIT)
‘ . 41
The aromabticity of this usew compound wus rvesognised
by Woodward e% al. and on this basis it was named ‘ferrocens?,

The organometaliic chemistzy of the transition metal series

has heen extensively developed since 1951 and the field has

_ . 42 =42
been sumnmarised in numerous reviews.

5]

5
The structure of ferroocene has been degoribed as 8



1a

. ) &6
‘meleculay sandwich?® or moxe aptly a f‘Doppelkegelisivrulkiune?,
1% possesees a cenbrosymmebrie siructure with the two rings

. R < - . BT =61
disposed in parallel planes abvout the esntral irvom atom,
Ferxosene crystallises in the moncclinie space group Pza/g with

BY G

two melecules in the umnit oell, Hence the metal altom
lies at & centre of symmeitry boith within the unit cell and

2 56 187 » a o X 14
within the molscule. The vings in Torroceus have the stzgpere
conformation, while the analogous disyelopentadisnylruthenium

62 P65
(X%Xv11T, M = Ru)

and dicyclopentadienylosmivm {(XZAVITII M = O@)ﬁ
have the opposed conformation in theiy orthorhombic @rystals;
This may be ativibuited to the larger sié@ of the latter two
metal atoms, which reduwces the repulsion hetween the hydvogen
sgtome atitached to hoih rings, |

The fact, bthat no rotational isomers of ferrogene
derivatives bearing a subgtituent in each ring-h&ve ever been
dsolated, is sirvong evidense for free wotation of the viugs
in the molaculensa Even in the crysial state considerabls
motion of the rings, wlth respest to each other, is thought
to ocour, with the staggered conformatlon pref@rr@@oai The
validity of this congept of ring votation has been established

) %6
by proton magneltic resonagncs studies of the molecule,

Nomenelature

The ferrocene system is numbered as shown, wiith one

ving designated by carbons 1 to 5 and the second ring L' Ho

%71
%



{X31¥) im the same dirvection

3§ r} ral » - 7, £ 2
{:’Hs \{ ) o OGO C %K{j QOCOPH
F

b e, 2 b = A
@ﬁ%\ };e
GH, A OLOPH < T DL OB
(XXIX) {(5x%) (FRRT)

As caun be seen whern ore ring bears & subsiistuent,
pesitions R and 5 (o vpositions) becoms eguivalent as do positions
% and 4 (B posibions). It can be seen, on this system of
punbering both rings in the same divestion, that (XXX} and {(EXXI)
are sbersoigomers and s such can be sep&raﬁ@éQG? Where possible
direet analogy %0 the benzgene sevies is meinbained; the lylt-disnb-

gbitubed group has been termed the *ferroceuylene'’ group by veferencs

to the phenylene group {CgH, ).

Fhysical Properties

Ferrocene is an orange crystalline solid; m.p. 173°, i%

is steam volatile and sublimes freely above 100°. The compound

. o5 . _ 66 P74 Y72
is diasmegnetic, & Tact which aliied to the W.M.R. and

686D
infraved specive presenls sirong evidense for the high degree



of symmetry in the molecule, The infrared specitrum shows a

single (-H siretching band at 3075 @momig two bands at 811, 1002
emnmﬁg which have been unanbigucusly assigned o C-H bending
vibrations and two strong bands at 1108 and 1141 @mnbi These

have been assigned respectively %o antisymmetrical vring bdreathing
and an antisymmetrical C-C stretching mode. The presence of bands

at 1002 snd 1108 ocm. has been found 0 bhe so charactevistic of

LY
P

v d

the pyresence of an unsubstituted oyclopentadienyl ving, the
san be employed as an empivical rule {Rosenblumts 2, 10 rula)?@
to determine the substitution pattern in substituted ferrocenes,
Rosenblum ealzo formulated the g@n@ralisatian?g that the spestyra
of ferrocens derivatives are additive; i.e. the specirum of (C)

for sxample is a composite of those of (A) and (B) with the

(&) (B) {e)

axclusion of the 2,10 bands.

Ferrocene is unaffected by acids or alkelis in the

e

absance of oxidising agents. NWevertheless it may be oxidised



.

. . % .
to the blue monovalent fervicinium cabion (g8 ),Pe , which
gan he precipitabted as stable salits in combination with wvarious
L3 ﬁk?f)ﬁé 2 .'l > N ‘ *
anions, The oxidation potential for this transformation
7%
has heen measured polarographically and has been Tound to be

intermediate to those of the systens

3

o

2+
]

L Pe (H, O)q ey e, 0)g 1
[Fe(om)e ]~ —> [ralome]

and of the same owxder as the latter. Intrcduction of electron
withdvawing substitvents into the fervocene nucleus cansas an
appreciable increase in resistance to oxidation.

In contrast Lo its relative ease of oxidation ferrogens
is remarkably siable to reduchion, even under conditions whieh
cause reduction of henzene 1o cy@i@h@xan@uﬁi Inder more savere
conditions, rupture of the molscule occursg giving ilvon and
@yglap@ntanﬁo?§ Fission of the metal ring bond may also be
achieved by bromination oy chlorination, giving the corresponding

75 96

pentahalacyclapentang, end vy alkalli metals in basic solvends,
guch as liguid smmonis or elhylamine, to yield iron and

¢

eyelopentadiene,

Avomaticity

a1
Since the discovery by Woodwerd g3 al. , that fevrocene

readdly undergoes Friedel-Crafts agylation under mild conditions ,



14

numerows substibtutlon reactions have been investigated., In

GS 97B=BL . 85789
addition to Priedel-Craflis acylation, and alkrlation,

) i ) 83 190 =07 D4 19B . . .94%9G
these include sulphonation, BBTCNTATLON, setalation, *

9594 Q5208 G2 ROLOT=L OB 110031

Y

arylation, foraylation, aninoeme thylation

B3 2099450944214 8
as well as various condensations with aldehydes.

115 . - .
Pauson and Morvyison have carriad ount a succesafnl dirvect
horonation based on o Friedel-Craftas type reaction,

?6
No nuwecleophilis swhatitnition ol the w»ing protens has ever

been yecorded in the Tervocens servies. This has necessiitobed the

1564408
use of dndireet routes to such dervivatives as niitre, nitroso

76 BI 3.9“"1(.(*
and hal@ferrccen@so

123
Rosenblum hag recsnily propased g mechanism for this
eleggirophilic substitution. Briefly, this mechanism counsisis of

primaxry attack of the elecivophile a

o

tha central metal abtom,
followed by an interval veasrvangement ho the endocyelic % =complex
(XZXI1) and finally expulsion of a proton to give the substiiuied
fervogens (XXXITI).

Competitive expsriments have shown that fervocene is the
mos% and osmecene the least weactive of the iron, ruthenium
and OSmiumés dioyclopentadienyla. The followiung ovder of reactivii ;
has also been establish@dn‘

Ferrocene »} anisole ) coyslopentadienylmanganese tricaxbonyl )

banzene .



":-_G
503

23 L r{\f
if’ .:"f;’: ”“\ .
@ e <k@ . #
o + E” I
g p— ™
‘{.& .—?—":..“;"-:"-"—"N-ﬁ;ﬂ g“ Q ———— §‘?
o TS
= =

v
o

(XXXIIT) {RARIT)

Synbbegis of Substitnied Ferrogenes

The mo thods for the synthesis of substibtuied fervocsenes
can be c¢lassified inte three mein groups.
(1) Prom ferrocene via slectirophilic subsiitution reactions as
ontlined in the preceding chapter.
{(2) By utilisation of the reaction between a subsitiituted

cyclopentadienide anion (XXXI¥) and ferwvous chloride. The




16

. -
== § i
4 — O — &

(AxxTVv) (v )

anton is ugunally obitained by the action of alkali metals oxr alkyl
or aryllithiums on the hydrocarbon. This method is limited

by the poor avallability of monomeric eyclopentadiengs., Howevex
it has been used extensively fox the prepavation of gxyl

) B7PL069124 %126 ) 279126
substituted ferrocenes, aud 1,1l%-dialkyiferrogenss . ¢

55
Unsymmetrically swbstituted ferrosenes van be prepared by veaction
of mixed cyclopentadienyl snd substituited cyelopeniadienyl salis
with feryous ehloride,

In certain cages substituted eyclopentadlenyl salits have
been prepared withoui isolation of the Tree cyclopentadiene.
The most notable example of this has been the symntheses of
ferrogene derivatives bearing funational groups, using the
sodium enolate of methyleyclopentenone and ﬂiazacyclopantadi@negi
to give respechively dihydroxydimethylferrocene (XKXVI}laa and

. 1299130
the ane-fervocenes (XXEVII Ry = OHy, GzHy ).




Pz N

{(xXXvI) A {XREX¥II)

Reaction of cyelopentadienyleodinm with methylcohliore-
formate in the presence of free sodiva yielded the anion (KZX¥ITT),
whichk on addition of fexrrous chloride gave &imethglfar?@@eﬁe
dicarboxylate, by a sinilaex itechunique l;1l'=discetylferroscens

13191582

(X5x¥, R = COCH; )} has been oditeined in low yield.

i&i§?/~£ﬁﬁma

(XXX711I1)
Anrother important adaptation of this method hes bheen
the use of 6-substituted fulvenes in the syntheses of substituted
138913492436

ferrocenes. Reagtion of the fulvene (KXXng'R = alkyl

or aryl) with lithium aluminium hydride or alkyl or aryl




lithiume gives the intermedialte anion (X1.) which yiéldg the

substituted ferrocene (XLI) on itreaitment wiith ferrous chloride.

Jwsitiny <ﬁ —ﬁl}:‘:u% *
O
~ LRA
{XXXI%) (%1} (Xx1.1)

The acidie cheracter of fulvenes, c.g. dimethylfulvene {(FAXIX,
R = G¥,; ), on treatment wilh sodamide in liguid aamonia, gives

vise to anions such as (XLII) from which diisoprepenyiferrvocene

133
(XLITII) has been cbiained.

(X1.17) (Xn111)

{(3) The high tempersture reactionm of substituted syclopentadienes

with iron pentacarbonyl has been shown $0 yield subsbtituted

1958
Terroceonss.



Cyelopentadisnyl-Iron Carbonyls.

Since the Tirst preparation of cyclopentadienyl carbonyl
: 5%
gompounds of molybdenum and iungsten, numerous ¢yclopentedienyl
gomploxes involving earbonyl apd nitrosyl groups have heen
prepaved for the iransition clements ol groups Tive to eizhi,.
It has been found that slemenis of odd altomic nusber yield sompounds
of forwula CBHEM(GO)Kg while the even numbered mewbers foom dimers
of formula [Cq¥zM(C0} |,. The value of x corrvesponds Lo bhe
N
nwaber of pairs of electwvons required for the attainwent of the
next inerd gas sonfiguration, 1t is assumed that the Tive-msmberad
ring donates 67 -elegivons and that the wmetal-netal bond conbriduies
L] 138 U

in the case of dimevs. The chenistzy of this group of compounds
i . 42 ~45% 48949
has been extensively reviewed and within the present
gontext only the chemistry of the cyclopentadienyl carbonyls of

iron will be discusssed.

The compound dicyclopeniadienyldi-iron tetracarbonyl

1597142
(¥LIV) ®

13
which was originally fovmulated as (C.¥y ),Fe,(C0)s .
is obtained by the reaction of iron wnentacarbonyl and oyelo.

pentadiene dimer in the liquid phase. An improved method of

-

" T~/
\.

£ ;
/&\ /E‘.
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eo —

(ZLIV)




20

prevarsiion ves achieved by the use of monomeric cyclopentadiens
in a closed Bystemaiﬁs The coﬁpcun& Torms Gark purple plates,
msp. 124%, insoluble in webter and soluble in common Qrgenis
solvents with the ex@ep%idn of peiroleum ether. X-vay stuﬁieé4ggi%é
have shown thet the cyyzials are monocliniec with space group PEL/Gu
1% follows that there are itwoe molecules per unit cell and that
gach molegule must possess a centre of symmetry. On the basis of
this andihe infrared spectyum, which shows two distinet carbonyl
Trequencies, the structure has been formﬁlated as (XLIV), The
tetragarbonyl decomposes at 220° with the formesion of fervoocens,
the yield being improved by the addition of cyclopentadiene.
Oxidation in an agqueous medium gives the hydrated cation
{Gﬁﬁsﬁ'e(co)zﬂzo]"’o In organic solvenbs an anhydrous chlovide

1259 542 1369141
(XW¥, R = C1), bromide (XLV, X = Br), iodide (XI¥,

1569146 1ez o
X = I) and ecyanide (XILV, X = GN) have been obtained.

(Riv) {(rw1)

. 136
These compounds alsc yield ferrocsne on strong heatihg.

Reastion of the bromide (XIV¥, X = Br) with eyclopentadienyl
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godium gives the unsiable W =gyclopentadienyl & ~cyclopentadienyl—
156
irvon dicarbonyl (X1¥1) which loses carbon monoxide vexry

veadily with the Tormation of feryocene. CLompouunds of this

56

) %
type have heen utilised in the preperation of uwnsymmetrically
substituted fervocenes., Treatment of the bromide with mesitylene

in the presence of a2 halogen agceplor sueh as aluminium trichloride

results in the eliminstion of carbon monoxide eand formation of the

162
sation (XIVII). This don may be obladned as erystalline salts

S Te

P

e
(X1v 11} (Xwvxaz)

in canjunction with & variety of anions, Reduction of the ion
with lithium aluminium bydride gives the neutral diens complez
(xmnz)155

The dimeric teitracarbonyl may be reduced by sodium amalgam
to the yellow anion {CyH;Pe(C0),]” which reacts with mercuric.
ayanide 0 give the yellow mercury derivative (XLIX)iQG A veriety
of alkyl, aryl and agyl derivatives (XI¥, X = alkyl, aryl or acyl)

have heen prepared by reaction of this anion with the vespective
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{ALIX)

halide. By similar means, allyl complexzes (XI¥V, X = allyl) have
been obtained: probomation of the allyl group sffords W -
ethylenic complexes (I, R = H, Ne) and ultravicle’ irvediaiion

161
affords the W -allyl, momocarbonyl complex (LI, R = H, Me).

o =3 A
L

LCHR
CHy
/4/?%:%9
¢ | M
C&r
(n) (1)

The bridging carbon moncxide gwroup in the tetracarbonyl
{(X1L1V)} may be replaced by cther bridging ligands to give complexes
which do nol possess a netal-melal bond. The first instance of

this was the preparation of the sulphur bridged complex
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) 1654 165
(LII, M = S3 R = CGH ), layter has obiained analogous
phosphorus and aveenic bridged complexes {LIT, ¥ = P, 483,
R = (08 ), (CgHy )y ) by divegt interaction of the ietvacarbonyl

(X1,17) with tetrasubstituted biphosphines and arsines. These

. ' -

scmpounds exhibit cis-trans iscomerism. This hae regently besn

exiended by Heyter to bhe prepsration of singly bridged ionis
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complexes {(LIII, ¥ = P, As)iss from cyclopentadienyliron
dicarbouyl bromide (XIV, X = Br) and teiramethylbiphosphine
and arsing.

By far the most vecent development in this field has
been the synthesis of aza~faerrvocene (LIV)giﬁ? by the direct

interaction of cyelopentadienyliron dicurbonyl iedide (XILV, X -

= 1) with pyrolylpotessivm, Aza-ferrccene and the related

© @h
W) &
Fe. _
) (oY
j— .
S 1N\
N cO CO
’ &0
(1Iv) (1¥)

pyrolylmanganese tricurbonyl (ﬁ?)iss are distinctly less

stable than their correspouding syclopentadicenyl analogues.
Basic properiies are wmetained, aza-ferrocene being more

basic than the manganese complex due to the electron with-
drawing effect of the carbonyl groups in the latier. Prelimin-
‘ary Xeray studies  of szafervocene have shown that it is
isomorphous with fexrrocene. As yet mo successful electro-

philic substitution has been achieved.
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Bonding Theoxies Tox Farrvogene

Phe nature of the bonding in ferroecene and related

compounds has been the subject of much controversial discussion,
4R 925 9499549168 9165

From the nuvmevous publications and reviews,

two main gomcephs have smerged.

Fiascher and his aomworkersﬁ? rigualised Terrocene a&s a
completely new type of penetration complex. The two staggered
aromatic cyclopentadienyl anions each possess three pairs of
W =glectrons, which intersct with the central fervous ion o
form six co-ordinate covalencies (482 op®hybrids), distributed
around it in 8 trigonal entiprism.

An alternative molecular orbital interpreitation was
fivat put forward by Dunitz and Qrgelﬁo and later amplified by
Moffith, " Briefly this theory visualises a single covalent
(@4 -~ pW) bond from the cemtral metal atom to emch ring as a
whole, 'resonating' equelly between all five ocarbon atoms.

Any additional secondary bhonding may be regerded as being very
weako.

These two conceptls are not as incompatible as would
appear at first sight, since Linnettisi has pointed out thas
the metal atom must attain the inert ges configuvation. The

true snature of the bonding lies somewhere between these bwo

representations.
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The work deseribed in the following discussion
is an exiension of workpprevioualy carvied out by Pauson
g% al. dealing with the syntheses of substituted ferrogenes
fror the corxesponding cyclopentadiencss. Effovts wews
directed perticularly to the synthesis of a deca-substituied
ferrocene employing various substituited ocyclopentedienyl-=
iron cavbounyls. The syntheses of some new cyclopentadienss
ia also desgeribed. An attenpt was mads to aﬁgmant worlk,
previously carried ouit by Pauson and Movwyison, concerning

the directive effecte opsretive in methoxyferrvocenes.
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The woutes o substituted fervocenes xig'suhatituted
cyclopentadienes was initlally reporied by Fauson?v in 1954,
Due 0 the ready avallablility of monaméri@ phenylcyélopentam
dienes, the sbove method was employed for the syntheses of
verious phenyl-substituted fervocenes. In the course of
this work The following compounds were prepared, 1,1°-dipheny.
LeBgdi 5 tatraphenyley 1,92,4,1°,2° 4 ~hexaphenyl- and igl‘m
dib@nﬁhydrylfarroe@neﬁ These were prepered either hy
Lithistlon ox foxmation of the Grignewvd ré&g@n@ of the diene,
followed by the addition of ferric chloride. In the case of

. RFBG . a2 .
Le2y3=triphenyle, L@y 3d=tatraphenyl- and pentaphenyl.

ey@lopanﬁaﬂi@n@pﬁssﬁﬁ this techndque felled to yield the
corpesponding fervrocena, The above vesults indicated that
steric faato&é night be responsinle for preventing the
formation of ferrocenes having more than two pheuyl groups
on adjacent carbonsg.

However in 1955, Weinmayz ruportedas the preparation o
octaphenylferzocene (WIy R, = H; Rég Rsp By = Ph). The mebh
used was treatment of the sodium salt of tetraphenyloyclo-
pentadiens with ferrous chloride. This suggests that the
lithium salés of 1,2,3~triphenyl~, tetraphenyl- and
pentaphenyloyclopentadiene were unable to reduce ferric %o

the ferrous state, thus explaining the earlier failures.

It was decided to investigate this further; by
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)

extending welumayr's technique to obthexr phenylceyclopenta-
dienes. Repeated attempis at the preparation of octaphenyl-
ferrocene (LVI3 R, = H; Ky, By By = Ph) as described by

the above sutbor Talled. An examination of the reaciion
conditions gave a 40% yvield of 1,3,1' 3" ~tetraphenylferrocens
£rom 19@mdiphaﬂylcyclapentadienai9 suggesting that the
conditions employed were satisfaciory.

In the light of these resulis, a new and more poweviul
basic system was desirable for the preparaition of the sodium
salbs. Treatmont of anbydrous dimethylsulphoxide with
sodivm hydride gives the very sitrong base ‘dimsyl? Scdiuﬂf€4
The adventage of this system over sodium in liguid ammonis,
as used by Weinmayr, is that anhydrous conditions axye easily
maintainsgd. Gongequently, application of this fechnigue
to 1ly4-diphenyl~; lgﬁgﬁatriphénylma and tetraphenylcyclopentas

(43

diens gave Ly3,1',3%~tetvaphenyl-{IVIy ® 5, Ry, R, = Hy Ry, = i
(66%)5 1,253,1',29,5~hexaphenyl= (I¥Iy B o, Ry, = Hp Ry, By =
Ph) (45%) and octaphenylfervocens (IVI; R, = Hy Ry, My, Ry = 1
(20%). The addition of pentaphenyloyelopentadiene to ‘dimsy)
sodinm gave a deep purpie solution. The colour was dig-

charged on the addition of ferrous chlowride, pentaphenyl-

cyclopentadiene being recovered gquentitatively. L,4-Dimethyl-

%
2,5~diphenyleyclopentadiene on treebmant with phenyl lithium

w
38

See pPiscussion CGhepier IT
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and ferxyous chloride, gave 14,3 4'~tetranethyl-2:3,2 350

tetraphonylferrocens (I¥ly B, = By R, , By

&)

= Moy R, = Ph),

It wonld agpéar fxom these yesults that earlier failures
were indeed due %0 the poer reducing pvoperties of the
particular lithiuvm salis. However,the faot thai the yields of
the above feryvocenes fall off markedly with incvreasing phenyl
substitution, implics that Tormstiom is also inhibited by
ineroasing sterio atrain, The limlting case belng reached at
octaphenylferrocena.

Reaction of Phenyloyclopuntadienss with Ivon Carbonyl Compounds.

156
Hallam and Peugon have repovted, that reaction of
L, 4=Qiphenyleyclopentadiene with dicyclopentadienyldi-iron
tetracarbonyl (X1LIV) gave the unsymmetrical 1,3-diphenyle

fervocene (L¥ILy R, Ry R, = Hp By = Ph).
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Exten@ing‘this vaaction te ¢bthex phenyl subsbituted
eyclopentadionss, the symmetzical {(i.e., both vings
gubgtituted) and the unsymmeitrical products were obiained,
together with the parent compound ferrocene. Irrvegulerities
ococurred in the reactions with L,;2,3-triphenyl- and pentaphenyl-
gyclopentadiensa, In the case of the former, 1,2,j%-triphenyl-
ferrocene (IVIIy R, s R, = Hj By y By = Ph) could not be isolated.
This can only be attributed to the technigue employed for
isolation of those products, since there is no apparent
mechanistic explanation. Reaction with pentaphenylecyclopenta-
diene; on the other hand, failed to yield decaphenylferrocene

(I¥I; B, Ryy Byy R, = Ph). An observation which is in



keeping with earlicr experiments,

a0

The cyclopentadienes used

and the products obiained ave summarised im the following table

2

Cyclopentadisne

!

FERROCENE
WLl FA)
30
1,2, A~Triphenyl~ R, oRg=Hy B, sR,=Ph | R, jRy=Hj R, ,R =l

R, oRp=Hp Ry pRy ek

3253, 4-Petravhenyle '

R, =Hj Ry Ry sR,=Fh

3 9 & » § 9 4 D 5“?@3{‘:&?}1@.‘@@“1“

(=]

L =

1,2, 5=-Frime thyl=4,5-
diphenyle
IV IX

L a Al

Rj- 9R2 9-&5 91{@ = Pl’k

R oBo oBly = Ma
R, = Fh

Rja gﬁg 933 = ”ﬁag

Lo2,5-Trimethyl-3,4~diphenyloyclopentadiene (IVFIX) wes

readlily obtained by reaction ol 2,5-dimethyl-},4-diphenylcyclo-

165
pant=2=ghel-one (W11, ByR' = Me) with methylmagnesium

icdide and euvbssquent dehydration,

Wwiix

Me
7

Phe

One novel aspeét of the
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seriocs has heen bthe use of this compound for the prepavaition
of the deca~substituled 1,2,3,1%,2',3-hexanethyl-4,544%,5%~

199
tatvaphenyiferrocensa. Beca-ethyifaerrocene is the ounly othex

Tully subsiituled dexrivative so far reporied.

Phe preparation of 1,2,%,4-tetraphenyifercocens (IVIIs

R, = 8§ By RByy R = Ph) confivms the findings of a Japancse
:Lﬁﬁ o » )
group, who obtained this compound by the novel interaction

!

of cyclopentadienyliven dicarbonyl methyl (XIvs; X = Me) and

diphenylacetylens.

(xiF)

The prepavabtion of 1,35,1%,3'-tetvapbenylferrocens (VI
R, 9By R, = Hy By = Ph), by the high tempereture intersction of
lpd-diphenyleyelopentadionse and iren pentacazrbonyl, hes also
been d@ﬁ&?ib@@isa by Hallam and Poauson.  Adspiing this method,
octaphenylfersocens (Wi B, « Hy Byy By, B, = Fh) and 1,2,35,1729,
3t-hexaphenylferrocene {LVI; B, 9By = Hy By R, = Ph) wera chbained

from the coryesponding oyclopentadienes. Again pentsphenyle

cyclopentadiene failed to react under these conditious. Despite




the fact that no other produet was isolated, both these resctions
were acssumed to pass through a dimeric teotracarbonyl intermediats

(LXg R" = Hy R = Ph and R = Hj R' = Ph), Attempted syntheses of

these dimeric intermediates, by intersction of the sodium salt
of the substituted cyclopentadiene with iron pentacarbonylgiga
met with no sucgess. However,further support for the posfulated
intermediates was afforded by 1,2,5~trimethyl-3,4-diphenylcyclo=
‘pentadiene (I¥IX), which gave bis(~1,2,3-trimethyl-4,5~diphenyl-
cyclopentadienyl)di-iron tetracarbonyl (1Xj; R,R'= Me) on treatment
with diron pentacarbonyl.

The inefficacy of all direct methods Lfor the preparation

of decaphenylferrocens (IVI R, 4R, 9By ,R, = Ph), prompted the

syatheses of intermediate carbonyl compounds, possessing the




pentarhenyleyelopsntadienyl ring U -bonded %o iren. Conseguenitly,

[y

167
by analogy with the pweparation o 1lyl-ivon tricarbonyl iodide,
19253 45-pentaphenyloyclopentadienylivon dicaxbonyl bromide
{1%ITIs R = Phy X = Bxr) was obisined dlrvecily by refluxing

&2
5-bromopeniaphenvicyclepentadiens {1XT; R = Ph) and divon
penvacarbonyl in benzene. Under similar conditions

.r;"‘J\‘))
{1X1) (LRI1T)
Bobronoel, 2,3 4-tebrapheny leyelopentadiens (IXIy R = H} failed

5o rench. Howevey 1% dld reaet with irvon penbacaxbonyl on
vefluring im chlorobenzens, to give a low yield of 1,2,3,4-
totraphenyleyelopentadisnyliron dicarbonyl bromide {(IXIl; R = Hy

= Br). The efficiency of %his reaction in the case of
HS5-bromopentasphenyloyclopentadisne ds probably due %o the enhanced
gtabhility of %he pentaph@nylcyelap@nt&&ienyianiang which
foagilitates the eliminmation of a bromoniua ion,

It has also been found that high tenperaiture intervaction

of S-bromopentaphenyleyclopentadiens with iron pentacarbonyl

gives noderate yields of pasnitaphenyleyeclopsnitadiens.
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Reactions of Pentaphenyleyclopensadienylivon Dicarbonyl Bromlde

(IXIT3 R = Phy X = Br),

As has alveady been stated, the primary intcrest ian this
compouwnd lay in ite potential as an intermediate in the Fformation
of deoaphenylferrvocene {I¥Is R, o Byo RByzy R, = Ph). Accordingly
all initial efforis were concentrated in this direction.

In the cage of the pavent compound, oyclopentadlenyliron
dicsrbonyl bromide (RIVg % = Br), gyrmlysialae vields ferrocene .
Pyrolysis of pentaphenyleyclopentadienyliron dicarbonyl bromide
(hersafter referved %o as ‘the bromide') (IXIT; B = Phj X = Br)
failed to yield the expected fervocene, the products being penia-
phenyleoyclopentadiene gnd a vred crystalline material,; which had
no carbonyl absorption in the infrared. Due %0 the bechnique
employed forx isolatién of the above produet i.e. reduction of &
benzene solution to small bulk followed by precipitatian with
petroleum ether, quantities sufficient for a structural investigs-
tion were unobtainable, Chrometographic techniques proved
abortive; since the red msterial on adsorpition on alumina and
subsequent elution with ether-benzens gave & deep blue solid,
rasdily soluble in petroleum ether. On account of the meagre
yielda obtained and difficulties of purification, no conclusions
have been drawn as to & possible explanation fop this phenomenon.

1t was fel% that bias-(pentaphenyleyclopentadienylddi-iron
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tetracarbonryl (LXs RyR* = Ph) would be more suitable for
pyvolysis, since rupture of an iron-irvon bond should ocour more
readily than rupture of an irvon~bromine bond. Thus, treatment
of the bromide {(IXITy R = Phy X = Br) with sodium amslgam geve
two products. One was identified as bis-(peniaphenyleyclopenta-
dienylivon dicerbonyl )mereury (INITI). The shift in the

carbonyl streitching fregquencies in the infrared is compatible

%\T Ph T @gﬁ Ph ¢
Phe Formmem Hgrmee P il ) )P
! ?&?L\D/h

v
g""JL%
P £o Lo
(1X111)

*‘4 ¢

with the formation ofX & metal-metal bond 1.0, & shift from

2040, 2000 emo™ for the bromide to 1970, 1930 for (IXIIT),

The major product obbtained was an insoluble green solid, which
decomposed in a few days emd could not be obtained pure. As a
consequence, analytical data have not been obtained. However an
examination of the infrared spectrum revealed the presence of
two carbonyl stretohing frequencies, i.e. 1965 and 1786 cmo"io
The former is consistent with a terminal carbonyl group attached
to 8 metal, which is bonded to another metal and the latter is

typical of a bridging aarbonyl group between two metal atoms.
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The wvemaindey of the spectrum is indicative of the presence of

8 pensaphenyleyclopentadienyl gfﬁupa Summing up the iéfmared
avidence, it would appsar that this compound is in fech
hiaw(pantayhanylmyslap@nta&imn@k%dimiron tatracarbonyl (1&§

Ey,R' = Ph), On the other hand the colour and insolubilisty axe
not competible %ith tois explanation. A move r&%iona;
interpretation of this latter eriterioﬁ is provided by &
tetrameric structurs, (LXIV) being one of the mony possibilities.,

Howevern until the compound Gan ke purified and an scourate
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molecular waight determination carried out, no défimite
conclusions can be drawn. Pyrolysis of both these products
yvialded pentaphenylcyclopeniadiens, verifyimg the presense of
the pentaphenylcyclopentadisnyl group.

Reéﬁua:ﬁ;ien of the bromide (IXIIs R = Phy X = Br) with
sedium bovohydride in water gave,alter acidification, W-1,2,3,4,%
pentaphenyleyolopentadienylivon dicarbonyl hydride (IXIIy R = Phy
X = H) a5 & yellow cryshalline sclid, me.p. 27T-279°(d). It is
stable in air for a few hours, unlike previously reporied
am&logm&suias The same compownd has been olaimed by Huhelie@
from the weacbion of penbaphenyloyelopentadiene and iron
pentacarboayl, & weaction which incidentally could not be
repeated. The infrared spectre of these dwo compounds awe
identical, although Hubel repoxts a meliting point of 160-180°,
The appavent discrepancy in the meliting points is probably &
function of the rate of heating, since it has beenm found thab
to minimise decomposition of the materials melting points must
be carried out fairly rapidly. Proof of the hydride siructure
was provided by the preparation from the hydride (LXTIp R = Phy
X = H) of 1,2,3,4,5~pentaphenyleyclopentadienyliron dicarbonyl
mercuri-halides (LXII; R = Phy X = Hgll and Hgl), in direet
anglogy with Nyholm®s work on rhodium hydri&esieg These compound

form stable orange crystalline solids.
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Preatment of the bromide (LXII3 R = Phy X = Br) with
ayclopentadienylsodium gave the expected T ~Ll,2,3,4,5-pentaphenyl-

@ -cyclopentadienyliron dicarbonyl {LEVy R = H). This compound

Q F?n
RO,

P LBy

T e o q
O s €l@ — Ph Fe Ph
! Y
?{ @fwﬁ @\
(zav) (1XVI)

is mueh more stable ab room temperature than bthe parent compound
(I..'\.'I),,"56 hovever it readily loses carbon monoxide on strong
heating to yield 1,2,3,4,5-pentaphenylferrocene (IXVI).

The ohvious extension to the above would be the use of
phenylceyclopantadienylsodivm salts in the seme role. This was
duly carried out with the following results. l,4-Diphenyleycloe
pentadienylsodiuvm on interaction with the bromide {IXITy R = Phy
¥ = Br) yielded penbtaphenyloyoiopenbadiene and 1,5,1°¢,%%
tetraphenylferrocena (IVI3 B, Ry oR, = Hy By = Fh). Theve ave
two possible mechanistic explapetions, involving initiaslly

the formation of the axpecied Med complex {IXV¥s B = Phj.
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The pentephenylcyclopentadienyl group conld he displaced by
another molecule of l,4-diphenylcyclopentadienylsodium, %o give
an unstable symmetrical W-& complex (ILXVIIT), which could lose
garhon monexide giving the Tervocene. Alternatively, the dicarb-
onyl (IXV3 R = Ph) could decompose to the intermediate bis~
(1,3~diphenyleyclopentadienyk)di-irvon tetracarbonyl (IXVIII),
then to the fexrocena,

it was anticipated that identicel treatment with more
heavily substituted aryl-cyclopentadienyl salts would give
ginmilar resulis. However vesotion of bthe bromide {LXIXy R = Phy
X = Br) with the slkeli salts of 1,2,3-toiphenyles 1,2,3q4<
tetraphenyl- and pentaphenyleyelopentadiene led %0 isolabion

of pentapheuyloyclopentadiene and tho same green s0lid discussed
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previously. it would seen reaconable o infer that formatiom
of the expected W-& complex in these three latter cases is
inhibited by steric efifects. A postulate which was furithew
exenplified by attempis to prepare W - éomplexes (LKIXt R =&
ox Ph) in which the 7V ~bonded ring was unsubstituted and the

& bonded ring substituted. This wes carried out by reaction of
cyclopentadienyliron dicarbonyl bromide (XI¥s X = Br) with the

alkall salis of tetra~ and pentaphenyloyclopentadiens, The only

3

o0 Fe co

R
Py~ -Ph
Ph Ph
(1x1x)

product isoleited being dicyclopentedienyldi-iron tetracarbonyl
(XLIV). This sspect will be more fully debated in the nexi
chapber,

The broumide (IXII; R = Phy X = Br) readily forms very
stable W -~arene complexes (LX) on itrestment with benzens and

188

glupinivm trichlorids in the usuel mpanner.
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The salt is obtainsd initially as the dromide (LXK, X = Brj,
insoluble in water, & fact which can be accounied for by the
large organis residue survounding the mnetal atom. WNevertheless
it is readily soluble in agueous acetone, im whichk medium the
jodide (LXX3 X = I) and the reineckate (IXK; X = vein) wers
prepared.

Steric Effeots in Foly-Axyl Ferrocenss.

¥From the results discussed in the preceding chapters
two significant points are apparent,
1. In the symmetrieal ferrocenes {i.e. both rings identical) the
limit 4o further phenyl substitution in either ring is fouwr.
2, Por a fervocene to bear five phenyl groups on one ring, sterie
effects appovently dictate that the other ring cannot contain
phenyl substituents,

It can readily be seen from models that the phsuyl groups

in these compounds cannot be coplenar with each other or with
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the ring, duo to steric intevaction beitween the hydrogens in the
ortho position. The molecules most probably essums a propeller
like cgnfigurationgg? the phenyl gvoups forming the blades of the
propeller,

On this vesis it does not seem éeaswmable shat the propellex
configuration shonld be limited o four phenyl groups. The
inclusion of a Tirth phenyl group should net aliter the arrangement
in any way. This infers that thege products would be sieble
if formed and thed steriec effecis interfere with formation under
the reagtion conditiomz employed. This is exemplified by the
sevies of recactions dealing with the attempted preparation of

W =& complexes.
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Befoxre proceeding to the discussion of the above
topic, it igs felt that the N.lM.R. speotra of certain known
phenyl substituted cyclopentadienes waryant comment &t this

point. Spectra were obinined for 1,4-diphenyls 1,2,4-
triphenyle and 19295wtriph@nylcyalop@ntadi@n@o Raesonance

values, integrals and sssignmenta are wveported in the Appendix.

The principal ohjeciive of these N.M.R., sbudics was ¥o
deternine the position of the double bonds relative to the
phenyl substiltuents.

The spectrum of 1,4-diphenylcyclopentadiens {IXXIg
R = Hy R® = Ph) was perfectly streightforward, confizming
Prake and Adams® earlisr evid@ncaas for the 1l d-~configuvation,
1,2, 3~Triphenyloyciopentadiene (IXXTy R? = Hy; R = Ph) was slso
coafivmed by its spechzum. The peritinent features being a
triplet atl 3.57 corresponding to oneolefinie proion (Cg)
coupled with the me thylens gvoup (C;) and a doubled at 6.47
for the mebthylene group coupled with theclefinic proton.

The 1,2,4~isomer had & more complicated spacitrum, the mostd
peculiar feature being the integrel., The watio of sromatic

+ ol@fini?falkyl wes found %o be 2.5, which is intermediate

R&! \\\4«'- P?ﬂ;
.7
B R

{1x%1)
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between thet for struciure A (8) and B (17). It is thersfore

¢ %&\ - B
N RN
@hxuﬁiﬁﬁjzrw@% ' ;Efﬁﬁh
i
\\.. n:,:::{.[..'// \.z"::.:.:a{"-://
A %% I
i Ph
& B

proposed that this isomer is an equimolaxr mizture of A and B,

Theonly phenyl-substituted cyclopentadiene which has
not becen isolated is the 1,2-diphenyl-compound {LXXVI; R = Ph).
It has been claimed in the literature by Allen gﬁ‘giflvuwho
obtained a diphenylcyclopentadiene by treatment of 3,4~
aiphenylcyclopenﬁawnh&uan@(LKXII)ﬁ?9171 with ethenolic potesh,
However Broadhead and ?&usoﬂ%?a showed that & rearrangement

had teken place and the product was sctually the l,4-igomer

(1¥XI3s R = Hy R® = Phj.
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The latiter authore also endeavoured to dehydrate
1-hydrozy=3,4-diphenylcyclopent-2-ane (LXKIII}$?2 and 1,2-
diphenylicyclopentanl,2«-diol {IZXI¥; N = Ph)%vagi?% in the
first case nnchanged starting material was recovered and in

the latter, rearrangement again took place Vo give (IXAIp

R = Hy Rt = Ph), By employing more drastic conditions
Ph ? 0

_xﬁﬁ\& HE-fr=te O
= 0t

>

LY

Ph

(TXXILT) {IXXIV )

Horgpool and Panso££?5 obtained two producis from the
dehydration of (IXXIII) with ethanol and hydrochloric acid.
Thase compounds were consistent with hydroesrbons of formuls
(Gsvﬂie)ng however xno comnclusions WE?@ dvawvn as 0o the value
of n or pessible sitruciures.

The synthesis of 1,2-bis-{p-methoxyphenyllcyclopentadicne
{LFATIp R = G H,0Me), by treatment of the diketons (LXKV;
R = CgH,0Ne) with sluninium emelgem, has recently been
&eporteéaxaﬂ The route is probably vig the cyelic diol
{IXXIVy R = (O R,O0Me) which is comsequently dehydraied,

possibly during digtillation of the producis Ffrom the
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R

L= C ““"'@z i
; BN/
Ny R ™

{ LV) {IXXEI)

reaction mixtuve, & poimt whigh has spparently dbeen overiooksd
by the anthors.

This ve-awakenad interest in the elusive hydroearbon
1,2-diphenyleyclopentadiens {IEXVIs B = Ph). Application of
the above btechnigue to the umusubstituted anzlogue (LIXV; R = Ph)
yieldeé only the cyelic diol (IXXIV; R = Ph){% e Subseguent
dehydration with dhanol and hydrochloric acid gave one of the
hydrocarkons {C,,H , )11 previously isolated by Horspool and
Pouson, Aecurate molesculay weight determination gave a
formuls G;,8,5. It was therefore concluded that the compound
is & dimer of l,2-~diphenylcyclepentadiene {WXXVII). The
probable structure (LXAVII) was sssigned on the hasis of

#h

the N.M.R. specirmm which wes analysed as follows.



A7

2.6 - ¥ -~ corresponding %0 20 aromaitic protons
4,05 7T {4) ~ corresponding $0 the olefinie proton on G,
coupled with the teritiary proion on Gy
6.7 = 767 ~ & hump assigned to the alkyl protons on
| carhous 1,4,5,8,9 and 10.

On the basis of this evidence it secms reasonable o
postulate that the second, relatively insoluble, pr@dﬁ@tﬁvs
obtained by dehydvation of (LﬁKIII) is @ twimer or tetramay
of 1,2~diphenyleyclopsniadiang,

The dimer {IXX¥II) waes also obitained by treatment of
the diketone (IXXV3 R = Ph) with sine and acetic acid. Chugasv
poaction © on the methyl menthate of {LXRITL) snd zeaction of
{(1XXTI) with aluminium iaaprapaﬁiﬁg failed to yield any hydvos
carbon, It was hopsd that dehydration off l-hydroxy=3,;4d-

189
diphenyleyslopent-3-ena {IXX¥IIY) might yield the desirad
Py

Pl
{1XXvITY)

monomer due to the different position of the double bond, i.e.
one form of conjugation might be more susceptible to dimeriss-
tion. However, dehydration was not vealised by alcoholie

hydrogen c¢hloride. The movre vigorous method of sulphuvie in
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agetic acid yilelded a trace amount of a hydrocarbon which was

thought o be isomeric with (IXXVII). It would appear thab

dehydration with ethanol and hydrochloric acid is move applicebls

when the hydroxyl group is in the w-position to the doubls bond.
Cracking of the dimer {IXAVII) now sppearved to bs the

most likely method of procuring the pure monomer {(IAXVI; R = Ph).

Heating under vacuum at 200° produced a hright yvellow solid

with a2 much lower meliing poinb. Analysis gave & formunla

Cs5afygo dnfrared, uliravioclet and WoloRo gpectrs ara similaer to

{1XX¥vII} which veforms on slow heating, The Hwo products arve

probably the endo and exo-isomers (&) and (R).

& mem%whi%%j

A » ®
(IXXVIX)

By analogy with known cxamples, the sendo~isomeyxy should he
the more thermally sisble. This configuvation (A) is agsigned
to the Tiwst product obtained by ehydration. The pyrolysis
product hes the exo-configuration (B). Pyrolysis of the dimer

(IXEVII) under move drastic comdiltioms yielded 1,4-diphenyl-



syclopentadione {(I¥Xi; R = ¥z B = Ph). It ig possible that
ratro Diels=Alder weaction t0ok place to give 1l,2-diphenyleyclo-
pentadiene (LXX¥1z R = Pﬁ)g vhich under the conditions rearrenged
0 the 1l 4~isomsr. )

= ey

Ph e

=0
A |

v axry

E‘,'a?)

{ LEXTIX)

By roduction of the undissocisbls dimexr of 3,4-diphenyle
eyclopontadioenone {LKKIK)%?ﬁi% was hoped, by comparison of the
witravielet aﬁd infraved spectra, to provide strustural confivma-~
tion of the dimexr (LX¥VIX). Befors commencing this projech, the
structure of (IXXIX) hed to be determined unequivocally. Since
ite diseoveryiva in 1887 by dehydvabion of anhydroacetonebenzgil
(1XXX) meny coniradioctory statemente have been made concorning

the carrect sitructurs., Briefly it was initially Tormuwlated by

Pl

P

QS

(LXXX) (L}{KI{I?
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Japp and Burton p8 (IXXIXA). llowever Allen and Gabes

found thet decaxbonylation Followed by dehydrogenation gave the
indenone {(I¥XXI). Conmequently they formuleted the structure

‘ ' 278
ez {(IAXIEXR)}. This was later xeiracied in favour of (LXXIXA)

279
by an&Lagy with obher Luown exetmples, The formation of the

b Py P

JO]

A

{ LEXIX)

indenone (IXXXI) being accounted for by a 1l,3-ohenyl shif$,
Ap W M.R. study {see Appendix) of the compound verified
the initial fovmnlation {LANIXA). Analysis of the speetrun
is a&m Tollows
2,68 ~ 3,087 < avematic + olefinic proton {a)
5.57 - dowbles fox provon [b] split by long range coupling
with [e]
6.14T- double dowblet - proton [o] coupled with [d] and [h]
EGD“” 405 CoPoBo JBG ot LB CopPoBa
6,857 - proton [4] split by coupling with [a].
it has bséen f@pn@t@d?ws thet the dimer [IXXIX] does natd

react with phenylbydrasine. Mowever the author has obtained s



nmono-2,4-ainitrophenyilhydraszone, with the bridging carbonyl
nnetitacked and a di-hydrasone {IX{XII). Attompted Wolff-Kishner

180
reduction of this hydraszope at room temperatnre did not affoxd

{IXYXTL)

the anticipated isomer of the hydrocarbon {IXXVII).

Bireet interaction of bis-{1,2-diphenyleyclopentadiens )
{(1ZXVI1) with metal caéhonyls produced the Tollowing resulds.
Troatuent with irvon pesilesarbouyl in a c¢losed systenm yislded &
black cxystelline compound € oK (Fe((0);. Vawrious &tﬁémpts %0
igolate the orgenie Fragment met with noe sucecess. The NolMaRo
spectrum [see Appendix] conld not be analysed, it considbs of the
normal arometic resonance and two singlets at 4.74 and 5.857
relative raltios being 8.05:0.5:1.2, By contrest, reaction of
the dimer (IXXVIX) with molybdenum hexacarbonyl gave the purpls
bis-(1,2~diphenyloyclopentadienyl)di-molybdenum hexacarbonyl
(LXEXIIT3 RY = Hzy R = Ph). It appeared possible that o 1,2«

phenyl shift had occurred to give the 1l,3-phenyl isomer (IXXXIII.
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co GO
N/

Ma ——— 003

{ IXXATIT)

R = Hy R® = Ph)g ayﬁth&sis of the latter by vreaction 0f 1,4~
diphenyleyclopentadiene (IXXIs R = H3 R! = Ph) with molybdenum
hexacarbonyl proved that this was not the case. Beductive cleavage
of the 1,2-diphenyl-compound (LXXXIII3 R' = Hs R = Ph) was carried
out with lithium in ethylamine; however dimerxrisation again took
place giving bis-{l,2-diphenylcyclopentediens) (IXXVII).

The apparant existence of 1l ;2-diphenyloyclopentadicne in
the dimewric form (LXXVII) prompted investigation of possible
methyl subgtituted analognes., Thus reduclion of 2,5~-dimethyl-3,4-
diphenyleyclopant-2~en~t-one {IVIII; H, R* = Me) afforded the

corresponding alcohol {LXIXVEIi¥sR = Me), dehydration of which



gave monomeric lj,4-dimethyl-2,3-diphenyleyclopentadiene (IXXXIV;
R = Ke)s the sirusture was verified by N.M.R. {see Appendix).

This prodbably ilavolved e vearrzangement of th@la@con&&ry carbonium

R 3

Ph ;f Pl "’ff;
~OH
Ph~ \(’/ Ph
P Me
(TAARVITLY (TRXKIY )

ion (IZXXVA) to the move stable tertiasxy form (IXXXVR) prior to

elinination of the proton. Identiceal zeduction of the less

ﬁﬁﬁ jwﬁ
& 3 ¥
Ph ol Pl e
L o i \
paN -} . f/
4 I, 4
B2~ P
Ma Mo
A B

{ IXERY )

hindeved H-uethyle-3,;4-diphenyloyclopent-2-en-i-one {(IVIIT; R = Hg
Rt = Me) gave a colourless o0il which is pxdb&hly 8 mixtuve of
apiﬁerso Pehydration of this crude material with alcoholie
hydrogen chloride gave a gum {rom which the pure monomey l-methyl-

2y5=~Aiphenyleyolopentadiens (LAXXIV; R = H) could not be isolated,
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One of the primcipal reasons, for the desive 4o obitain
1,2=-Qiphenyleyclopsntadiens {ISXV¥I, B = Ph), was the divect
gynthesig of 1,2,1,2V-tetraphenylferrocens {LXEIVI) and the

unéymma%rical 1,2-diphenyiferrocene {IXXXVII)s the latitexr is of

@” x;z

NG

{IXXXV ) {IAXREV L)

Ph

particular dmperiance fox comparison with the alleged 1,2-

. ) . 10071069483
diphenylferrogene obitained by arylation. “Conssquently
efforts were now directed to the syntheses of aryl-oyclopentadienes
having & labile grouping, such as esbey or methoxy, which could
be ramoved after convexsion to the dssived ferrocene.

The  route chosen for the above was vie anhydroaceionee

1a1
bonzil (IXXX 3 ReR? = H); parellel syntheses wers carried

a i

out on 2-phenylavnhydroacetonebenzil {LXXX 3 R' = Hy R = Ph),

R - — LBRYLIGR
2, 5=-dimethylanhydroacetonebensil (LXXX 3 RyRY = Me) and

; ‘ 1882 2588
the HS-methyl analogue {LXXX 3 R = Hy R = Me), A1l were
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readily obiteined by the liteorature methods, with the excepiion of

the S5-methyl compound {IXXX 3 R = Hy R! e Me). Application

of the conditions reparted%gs by dapps i.e. treatment of benzil
(%CIT) and methyl o thyl ketone {XCIIT) with agueouns sodium
hydroxide at 80°, gave the diketone (XCIV). However use of
alceoholic potassium hydroxide in the sold yielded the desired
produet (N.B. Japp r@p@z%gﬁﬁﬁ the yrepsration of Z-methylanhyiro-

acetonabenzil (LXAX 5 R = By B = Me) under these condijions).
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. |
Fh——Cm==0 i“%{@ Ph—C ===COOCH,
/
Pl C==0 ‘?HR Py e 220
GH3
{(XC1IT) {(xc1xT) (XCIV)

The Lirgt step inthe proposed synthesis was veduction of
the anhydroacetonebenzil (IXZX ) %0 the diol {IXXXIZ).
Benzoylation of the secondary alcohoel group followed by dehydxation
of the tertiary hydyxoxyl should give the desived cyclopentadiena
{(zcx1). A1L four compounds employed wers readily reduced to the
raagpestive diols with sodium korohydeids., These diols, as might
ba expected, dehydrato very vreadily with alcohelie hydrogen
chloride %o give the ketones {(I¥IIL). The vesction could probably
proceed by either il 4-elimination of waber to give (XGV¥A) which

would rearrangse to the ketone or by straight 1,2-elimination to

give (XCY¥B) which could slse vesryrange. Thig constitutes a
Ph~,
Okt
Ph
A B

{(%CV)
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. . BY9371 0283 o
new route ¢ 3,4-diphenylceyclopent-2«-an-l-one (T¥vI113

RyR? = H), the QQSm&im@thylgiga Qaphenyii} and F-methyl &n&logu@sta?
The high yields (%JSG%) ohiained compeunsave for the two stage
process involved. The literature methodsﬁwplsﬁ93?19ia39i97 by
hydriodic aeld reduction of (LXXX } afford yields of only 50%.
Attempied benzoylation of 1l 4-dlhydroxy-2,5~dimathyl«3,4~
diphenyleyolopent=2«-ene {(IEXXIXs R,R' = ¥e) and the 2-phenyl
snalogue {DXXXIZ; R = Hy R = Ph) resulted in dehydrstion to the
respective cyclopentenones (I¥IIT). However L,d-dihydroxy«3,4-
diphenyleyelopent-2~ane {LXXXIX; B,R! = H) on trestmend with acetyl
chloride and benzoyl chlori&e yielded the respecitive acetyl (XCGI;
RyR? = By R" = COOH; ) end bewzoyl (XCI; R,R® = H; R = COPh)
dexivatives. The success in this laitter case may be attribubed
$0 the fact that the hydroxy group in the 1 position is less
hindersd by bulky elkrl or aryl subsbitvents. - Treatments of
both these derivatives with aleoholic hydrogen chloride resulied
in indtial hydrolyasis of the sster group, followed by dehydration
of the reformed diel (IXXXIX; R,RB® = H) %o give the corvesponding
cyclopentenons (I¥FIITy R, R' = H). Despite this, dshydration
undey milder conditionsg, i.c. anhydrous oxaliec acid in benzene
gave, in sddition to the cyclopemtenome {(IFIIIy R,R! = E), two
major produets, The fixst, eluted wilth petroleunm @ thevr~benzene;

was & yellow hydrocaxhon which gave hlus-green fluwovescent solutions.
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Analysis indicated en empizicel formule of Gy,H,5. The compound
appears 130 be a dihydrofulvalene devivaiive of 1,2-diphenvicyclo-
pentadions {ILXXVI; R = Ph). Exaninabion of the wliravicolet and
N.HM.®. spestra {see Appendixz) indicated (XCIXAlas the mosd
provable structurg. The wltraviolet max, ot 580 mu ecan be
agcounted fovr by extension of the conjugeted sysitem across four
double bonda., %The N.M.R. spectrum has been snalysed as follows
2.6 = 2,857 ~ Srometic protons and oclefinic protons [a]
6,797 ~ methylone protong [b]. This peak appesrs to be a
| doublet, split possibly dy some long xange
eonpling effact.
Relative intensitias are $.9:l. Phe mechanism involved is=
probably iInitial dehydration of the tevdiary hydroxyl group %o
give the cyclopentadiens ester (XCVI). Then cleavage of the
labile ester group to yield the radical (XC¥II), followsd by
radical coupling o give the dihydrofulvalene (ACVITIT), which
couvld then vreavrenge o the move fully conjugated fo&m{ﬁﬁiﬁé)o
Degpilte ihe evidence in Favour of this latier gtructure, one
must not ignovre the possibility of a 1,2-phenyl shift %o give the
isomers (XCIXB) end{CIZG). - The N.M.R, spectva of those

would be similar to thai of {CIXA),
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The second prodwet obiained by debydration of (XC) wes
& colourless crysitallline ether Gy,H,40, which exhibits maxime im
the infraved at 1066 and 1033 emo”"  The W.MoRo spﬁatrum-
{see Appendix) has not been analysed,

1% has become obvious thait abtitempited dehydration of
this ester (EC) leads 0 loss of the ester grouping. Consequensly
abitenpts were made teo initvoduce a methoxy group at position 1,
Treatment of the diol {IXXEIX) with sodium hydxide and dimethyl
snlphaiec once agein prometed dehydretion to the cyclopeniwnune
{WWITT3 R,R* = H). VUse of sodiwvm hydroxide as hase gave & G0%
yiaeld of the diether (C)., The N.M.R. spectrum of this product

is reported in the SLppendix,

P&‘L‘ ,‘fﬁf“‘iﬁ
s
= Mg

i

¢ (ﬁa ‘%%:‘\‘\.\E: j
O

ol

The above abortive vesulits only serve to illusirate the
Ffutility of +this technigus. Consequently two atitempts were made
to obtain l,2-diphenyloyclopentadienss containing o halogen
substituent., Both routes, i.e. attempted bromination of
(IXXIT) with Nebromosuccinimide and veduwetion of (01‘)MB with

sodinm borohydride, resulied iu dehydrohalogenation to give the
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(IXXIIT)

dimer of 3,d-diphenyleyeclopentadienone (LAXIX).

Phenylcoyclopenitenonesg .

R B
. £24
P\\l\ N L ,/ﬁ\
Tt \ . Q\ig;;‘!’ \\\*——-——_-,,. e
m\ﬂ kiiiﬁ %M;mLf R =« Me, Ph and H
1?“' R J_‘;i, 'f}\‘ ,}l‘\\‘&?
e N\ﬁﬁa ¥ \\\ﬂg R = Me, H angd ®
i i
A B

Those compounda were first preparsd dy Japp swd hig

73 FLPLFEPL91 5183°%1%

: L 99
Go=workers, by hydviedic scid reductlon of the corres.

ponding sphydroscetonehenzil (LNEX ) ~  Phe structure was initially
formulated as (4). Support for this formulation wes later given
& B

1849185
by Ruhemann et al. The strueture remained unchallenged

: £66 21860
for many years, until three groups ypresented ultraviolets evidence L
in fevour of the more likely structure (B). it does not seen

reasonable Lo postulate a shift of the double bond frxom the 2 %o
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the % pesition on veduction of the hydwroxyl group.

The authox has recorded and analysed the spectra
cbtained from & few of these compounds. (see Appendix). The
evidence verifies struciure {B). The detefﬁining factor
being the presemce of a peak at 3,337 in the N M.R. specirum
of 3y4-diphenylcyclopent=2-en=l-one (L¥IiI, R, R! = ﬁ)n which
hag been assigped o the olefinic proton. Sitruchure A has
no olefinic proton. The peak ot 3.237 ie abseni in the
2y5=dimethyl~ {IVIITy R,R? = Me) and 2-phenyl. (IWITI; RY = H,
R = Ph) analognes, thus aunthenticating the original assigament.

189
Suppoxrting preof has recently been afforded by the

indepsadent synthesis of dscmer (&),
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Abtempts te Prepave 1,1°'~-Dinethexyferrocene

The exlsting methods for the preparation of methoxy-
14694209
fervocenes {(CII and Gi??; R = OMe), via the boronic acids, 1#2
give moderete yields of monone thoxy«(CIl; R = OM@) &nd amall

, 792
amounts of 1,1'-dimethoxyfervocene {CIIl; R = OMe).

W Q"
) O,

{CI1) {cTin}

In oxdexr %o obiain suflicient quantities of the laiter.
more direct methods of prepsration wexre soughi. ﬁis(lglﬂm
chloromercurisferrocene (GIII; R = Bgcl)eé was chosen as a
cenvenient starting metexial., During the preparation of this
product, diferrocenylmercuxry (GIV)QQ was obtained in 22%
yield. Previous auvihors have not reported the isolation of

this compound uwndexr these conditions,




Pesatment of (CIIX; R = Bgll) with ethyl-lithium is

102 . , . - e s s
reported e give moderate yields of 1,3'=dilithicferrocens
{3173 R = LiJ. Boromation of Fhis mixture with tyi-nebutyl
borate gave 1,1°-fervocenylenediberonic acid [GITI; R = B(omH), ]
in 12% yield, which shows no improvement over existing meithods.
I _\76
Conversion of {CIIT3; R = HgCl) %o di-iodoferrocesne {(CITI3 R = 1)
followed by acetoxylation yielded drace amoumnis of &the expacted
192
L]

acetoxy compound {CIIIy R = GGGGE%} This route, via aceioxy-

. ‘o 291 %522
ferrocene, e the methoxy has bsen successfully utilised
in the case of brome-and chlorofervocenes. The above faillure
“is probvably due 1o the decreased solubility of di-iodoferrvocens
in agueous solvents. This was borne oubt by the preparation of
. 1,94, )
monoacetoxyferrocene {CI13; R = OCOCH; ) Trom iodoferrocens
?6
(Cily B = T})o
. 586 . .
Benson and Lindasey have successfully prepared deriva-

tiven of ‘hydrvoxymetallocenes® from the eyclopentenone (CTy

R = o). This novel synthesis was achieved by treaitmens of

o

==m::.3.\
“

“

B N SCOPK
D —"8

{
R J\\gg\’\“@{;@%}h

{(gv) (ov1) {CvIT)
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{C¥3 R = Me) with excess sodiun in liquid esmwmonia to give ths
double snion (CVIi; R = Me), whieh reacted with ferrous chloride
to yield the ferrovcene Qerivative (C¥Il; R = Me), isolated as the
mixnture of stergoisomerice benscaives. Use of cyalupentanonezol
{C¥IIXy R = H) and dimsyl so&iuﬁfsé uvndegr the above conditions
failed io yield the anticipatsd product. Morrison and

Pamsanéiﬁ reported & similar vesult employing sodium im liguid
snmonis as the basic medium.

The preparationiii of iglﬁmdisubstitu%ed ferrocenes from
the monosubstituted compound, by reduciive cleavage followed by
treatmont with ferrous chloxide, has been utilised for the
preparation of lgl°wbiﬁ@dimetmﬂMﬂﬁnamethy}Qferrocena (G111;

R = CH,NMe, ). Application of this technigue to methoxyferrocens
(G113 R = O¥c) gave only & 4% yield of 1,1°'-dimethoxyferrosens
{CIII3 R = OMe). Due 0 this,one must doubt the stability

of the methoxyoyelopentadienide anion (CVIII) 4n & sirongly

basic medium.
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Acetylation of Mono-methoxyferrocene (GIT, R = ONe).

Priedel~Crafts scetslation of momno-methozyferrocene
(CII3 R = ONe) hes been shown Ho @use damethoxyl&tioniga Thus
acecurate isomer ratios could not be obiained by this method dus
to possible preferential demsthoxylation of one pariismwlax
isomex, The mixture of acetyl-methoxyferrocenes (CIX)
obsained could only be separeted by veduction %o the correspond-
ing ethylmmethoﬁy derivatives followsd by chromatography in
patroleum ether, The reductive techniques emplcye&iiﬁ gave
yields of §50%. Henee anothew preferential faclor is introduced
which could lead to erroneous isomexr ratios,

It was deemed necessary to attempt acetylation by a
 technique which would not promote demethoxylation and to

separate the isomerio nixture without resorting to reduction.

It was found thet use of the system, acetic anhydride-phosphorie

COCH,
! A

o COCH =y
O™ Q)
Fe

(¢ux)
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asidigé aid not wesuli in d@mathogllqtion; Abienpied
separation of the acetylated isomers (CIX), by wapour phase
ghromatography, gave a toltal of seven peaks, thought e be
due to decomposition of the isomeric mixiture at the column
temperabure., Attemptad separation by ordinary chromatographic

technigues also wesulied in deconpesiitien,

i -mathy latien of Di-mehhoxyisrrogene (GIIT5 B = ONe)d.

Aminomethylation of leethe&yf rrocans {GIIT, R = OHe)
was carried out by Movrison and Paus eﬂ whoe ebitainsgd iscmexie
mizxiures of mono- {CX) and diaminomethylated (CX1) produsts.

So attempt was made st that time o separvate ths isomavrs.

/f\»QMQ‘ .4'\JQM6\
¢ \
N, Fe 2CHNMe
UMe .} @ aM1e
(cx) (cx1)

The suthor has repeated this experiment with a similar
result. The mixtuve of mono-aminomethylated products (CX),
will bo termed mixtuvre 1 and thet of +the diaminomethyleted (CXI),

Rixsure 2, Gereful chromatography of mizxture 1 gave two
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fractions designated components A and B. 7The H.H.R. gpecirva
{see Appendix of both these componendts indicuisthe presence

of twe methoxy groups., This fact is borne out by analysis

of the methiodides obiained from these two componenis.

However due to the presence of medium 9,10 bands in the infra-
rad spectrum of A, one must bs wvayy of making eny definite
assignrents on spectrel evidenee,

Chromatography of mizbure 2 did not effect any
resolution. Redusiion to the corvesponding dimeithyledimethoxy
isomers could only be aceomplished in 50% yield and the
product obhtained thms, was npod eomplately_separated on

chromatography in petroleum ether.






EBxpevimental Proesdures

¥olting Foinds. These were determined ual

fﬁ
o
i

z & Gallenksap

f)

melting point apparatus and are ungerveeted. Melibing poinmis
of all organometallic compounds wers meesuved in sealed

gapillarios evagualed %o about 20 mm. pressuve.

nfrared Spectva were wegorvded as 1% potassium chloride

£

3i80C8.

N.¥M.RB., Specirs were run in deuitercchliocovoform on & Pevkin-BElug:

4G g,C Spseitrometer.

Molegular Weish%s were deteormined exyoseopnically in benzene,

-

Reagents. Petreoleunm ether uvsed was the fraction h.p. 60-50¢

iz

errous chloride was prepared by refueition of snhydrous fexvie
ehlovide in velluxing ghloxobaznzene Chroratographies were
garvied out on alumina (Spence Grade H), which had heen

partially desctivated by expesure to the atmosphers for & hr.,

and on silica gel {(Hopkin and Williesms M.F.C. Grade). A1l
reactiong involving organometallic compounds wewve garvrvied oud
under an simosphere of nlirogen,which had been deoxygenated

with Pleser's solunbion and dried with concenirated sulphuris

8616,
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13,4, % Betrapheny Iferrocons Q??Kg‘nﬂpﬂﬂenLnﬂﬁ R, =Ph).

TP

{a} Sodamide wae prepared Trom sodium (0.3 g., 0.022 mole)

el

liguid anmonie (50 ml.) coniteining Tervic nitvate (0.2 g.).

) 29 x
1,4=Diphenyleyclopentadiene {2,318 g., 0.0 mole) was added,
followed shout an hour ileter by anbyireus fevrous shloride
(3.0 go, 0.023 mole). JKylene (25 ml.) was added, the ammonia
allowed %o distil of ¥ and the mixture was siirred st voom
temperature overnight. The precipitate which Tormed was
filtered end washed with hot yylense. Removal of the solvend

yielded an ovenge solid, which cyystallised fyom aecstone to give

] 2% o ® A - wan { »
orgage=-ved priams of 1,3,1',3'-tetvaphenylierrocene {0.% gap

A0% ), Wope 220-222° {143, 220-222°],
2o . o - . _
{v} 1,4-Diphenyleoyelopentadinne (1.6 goy T3 mmole) in

tatrahydrofuran (50 ml.)} was added to dimsyl sodium, {orayar@&

-

from sodium hydride (0.52 go, 50% dispevsien, 0.01 mole) inm

iad .
dimethylsulphoxide (6 nl.) acvording o bhe method of Covay )
and the vepuliing mixture was sdiveed for 1 hr. PFerrous chleride

{0.93 gop 5.0 mmols) was added and the mixturs was sbirved
overnight., The resction mixbure was filieved and washed with
tetrahydrofuran . Removal ol the solvends gave 1,3,1%,3%-

< g 2% ves o V 4, *
tetraphenylierrocene (1.2 o 68ﬁ)a After crystallisaiion

from acetone the sompound had m.p. 220-222°,



gchepheny Lforrocene (IVIs R =H; Bn Ry R =Fh),

;5 8 = (i
(a) 1,2,3,4~Tetvaphenyloyelopentadiens (5.2 g., 0.014 mole)
1G4

in tetrehydrofuran {100 ml.) was added to dimsyl sedium,

‘s-é

[from sodium hydride (1 50% dispersion, 0.02 mole)

-

¢z
o

«

n 04
in dimethyl sulvhoxide {8 ml.)}] and the mizture wes maiuisined

a n . - - N T o £ - -
40°C with stirring for 2 hyr. Ferrous chlovide {(1.25 Z.4

0,04 mole) was added and the mixitnre was stipyved overnighit.
Filtration, followed Dy evaporation of the golvent yislded a
byrown substance. OChromatography in beazens on aluming gave

octaphenFifevrosens (1.0 g., 20%) as dsep Ted PUANBME Y Mo
3227 {145, 3227 1.

{b} Tetraphenyleyclopentadiene (3.7 ., 0.0l maole} and irom
pe enbacar rbonyl (1.9 ml., 0.01 mole) were heateé in an autoclava,
vRdey carbon dioxide, at i80° fov 4 hr, The residue waa
extracted with hot benzene. A¥ter removal of the solvent the

product wae chromatographed in benzene on alumina. 4 small

yellow band, separating first, contained starting material.

ﬂ

This was followed by a large wred band ylelding octephenyl
ferTooene. (102 g.s 32%).  ATter recyystallisetion from
chlozabenzens the product hed m.p. 322°. Wo depression of

RoPo Was oObserved on admixbure with ths compound obiained

in {(a).



1,203,0%,27 % =Hexaphenylfevrocans {LVI; R o8, =Hs R R, =Ph ).

51 .
(a) 1L1,2,3-Triphenylcyelopentadiens (2,06 g., 7 mmole} in

Nt

: 164
tetrahydrofuran (50 mi. ) was added Hc dimsyl sodium, [from

sodiun hydride {0.52 g., 50% disp., 0.0 mols) in dimethyl-
aulphoxide (& mi.)] and the mixture was stirved for 1 hwy.
Ferrous chloride (O 6% g., 5.0 mmole) was added. The reasiion

was carvisd oul ap desgribed above yislding 1,2,3, 17,2310,

Lot

£ b

hezaphenylferrosene {1 gop 4%%) which vesvystallised from

ghlorobenszene &3 red prisms, RM.bD. £H6=20

CO
;;,

{(Found: €,86.1

Ho505. Ou0,,Fe vequires ¢,86.0p5 He5.3%).

(b) 1;2,%- Twiphenyleyelopentadione {3 go, 0,01 mole), and
im@@penta@arbbnyl {1.5 mlo, 0.01 mole) werwe treated as desaribed
above in the preparation (b} of Qctaphenylfeyéo@enao This
vielded 1,2,3,1%,2¢,3'-hexaphenylfervocens (0,75 g., 21%).

AfLey wreovystallisation from chlovobenzene the produst had

WoPe 266-268°; undepressed on admizture with the produst

deseribed in (a),

Attempteod Preparation of Desephonyiferwzocene (IVI; R, 4B, ,R..R.=Ph),

54
{a) 192959495nPentaphenyX@y@1openta&ian§J (2.2% 8.5 5.0 mmole)

4 - - - 4 € iGé
in tetrahydrofuran (50 ml.) wes added %o dimsyl sodium, | from
sodium hydride (0.24 g, 50k dispersion, 5.0 mmole) in dimethyl-

sulphoxide {4 ml.)] and the mixture was stivred for 2 hr, A

deep purple solour developed. Ferrous chlowvide (0.32 g-



2.% nmole) was added and after o few mimutes the purple
@oieur&tien'diaappearedo After stirring overnight,
pentaphenyloynlopentadione (1.8 go, 81%) was rvecoversd
wachanged.,
(o) 1,2,3,4,5-Penbaphenyloyelopenitadisne (4.5 goy 0.01 mole) and
iron peatacarbonyl (1.9 ml., 0.0% mole) were healed in an
antoclave, under caxbon dioxids, at 18%° for 4 hry. Extragiion
of the residue yielded only unchsnged diene {4 g., 89%).

Similar reactions, eerried out ab 1L950° and 1357,

algo resulited in isolatiom of uvuchangsd diene.

Led, 1?4 =Tetrangthyl=2,3,27,3 ' «tatraphenylferrocens( IV R, =M,

R, oKy =Meg Rﬁ"“‘-‘? h).

fa

1,4-Dimethyl-2,3-dipbenyleyclopentadisne {(1.23% g.,
5.0 mmole) in beuzens (25 ml.) was added to phenyllithium,
[prepared in ether frowm lithinm (0,07 g., 0.0 g. atom) and
bremobenzene (0.8 g., 5 mmole)}] and the miziture was refluxed
for 2 hr. PFerrous chloride (0.32 gop 2.5 nwole) was added
and the stirrivg continuved overnight. Hydrolysis, Tfollowed
by separation of the crganic layer and removal of the solvent

gave an orangs guw, whick crygtellised on the aeddition of

g The synthesis of this compomnd is desceribad in

Experimental Chapter IT.



asatonsa . Regrystallisation Irom acetone gave lg4,1°,4%-

SES

tetramethyl-2,3,20, 30 -tetraphenyiferrocens (0.63 g., 46%)

ags orenge-1ed prisme,; WM.p. 232-233° {Pound: C,83.2; H,6,8.

Qo Fs o Fo Toquives C,83.53 Hy6,2%],

1,2, S5=Primethyl=3,4=divhenyleyelopentadiene (IVIX),

-

29ﬁwDimethylmﬁ94udiphenylcy&1opentm2menm1mcnai55 (17 2.5
0,065 mole) in beozene (125 ml.) was a2dded to methyl magnesium
iodide, [prepared from maguesium (2.4 g., 0.3 g. atom)} and
methyl todide (15 g., 0.1 mola) ia ethew {50 ml.)}.  The
mizture was stizvred ot room bemperature overnight and was finelly
relluxed for 1 hv. 1% wae then poured onto ice-ammonlium
chlaride mixbure and extvacted with ether, The ethereal extrast
was dried over sodium sulphate. Removal of %he ether yieldad
en orange yellow gum. Chromatography on alumnina in peirolsum
ether gave & yellow oil which crystallised from methsnol on

gcratoching. Recxystallisation fyom the same solvent gavs

1,2,5-brimethyle3,4-diphenyleyelopentadione (3.5 g., 21%) as

colourless prisms, m.p. 87-89°. (Found: C,91.8; H,8.0. Gy H,,

requires €,92,3; H,7.7%). N.M.R., dats eve given in the Appendix.

Big=(1,2,3trimethyl-4,5-diphenyleyelopentadienyl)~di-iron

tetrasarbonyl (IXs; R,R= MNe),

152, 5=-Trimethyl-3,4-diphenyleyelopentadione (1.3 g., 5

mmole) and iran pentacarbonyl {(0.7% ml., 5 mnole) wewa heated



in an auteclave (40 mrl.), under carbon dioxiéav at 150°
ol

foxr 4 hr. Eztraciion of the vesidue wiith hot benzene, Tollowed

by removal of the solvent gave a vlack crystalline mass.

Recrysitallisation from benzene yielded bis-{],2,3=trimsthrl=4,5-

diphenvloyoiopentadienyl )di~ivon tetracarvenyl (0.9 g., 4B.5%)

meP. 330° (4}, Infrared maxziwa in the carbouyl region 1953,

F R st . - 5 - Y
1773 cem. (Founds C,7Q:83 Ep5.4. 6., H;.7e, 0, wequives

gfl p?, .ﬁg? -L%)u

R

Attempted Preparation of 1,2,3,17,27, 3 %-Hexamebhyle=d,5,47,6°%=

setraphenyiferrocens, (IVIs R, 9By 0B = Hes R, = Ph).

1,2, 5-Trimethyle=3,4-8iphenyloyelopeniadiene (2.25 gas
8.5 mmole) inbenzene (20 ml.) wes added %o phenyllithiw

{0,021 mole) in ether (10 ml.) and the mixbturd was wefluxed fow
2 hr. Fervronz chloride (0.63 g., 5 mmole) was added and
stireping continmed overnighit. The mixiure was poured inie
water ond extvacted with ether. The extraect was dried {(Na,S0,)
and the solvent wes removed bto yield unchanged é%arting
material,

A similay result was obtained wvsing dimayl sodium in

plage of phenyl lithium,

Reaction of Substituted'Gy@lgpentadieneg.with Di-éyclopentadienyl

Ti-ivon Petragavrbonyl.

These reactions wers garried out by heating the

substituted cyelopentadiene and the tetrvacarbonyl (L:1 molaw



ratio) in an aultoelave {40 ml.}, under carbon dioxide, ot 180°
Ter 3 hwv, The reaction mass was exbrvacted with benzens, the

solvent vemoved and the producis ware Tiliersd through a shord

fa

colunn of aluminag in bensens. In s8ll ca

©
23]
ot

ded

[X3

es this yie

2

fervocenemnd a dark red oil. Fractional cyvstallisation of this
from acetone separated the Hwo Fferrogenes, d.e. with one wing
substituited and with bebth vingg eunbstituted. In every vase,
except The reastiouns with 1,2;3-triphenyleyclopentadiens and
pentaphenyleyelopentadions, two produets wers oh&ain&éo The
resulds of the ceries arves summarised in Table I, Physical
consiants and analybical data are listed in Teble I,
Authenticoity of known compounds isolated was esteblished by

nmelting point and mixed meliting point,

Reaction of 1,4-Diphenyloyelopentadienylisodium with fron

Pentacarbonyl.

Po dimsyl sodinm [prepared from sodium hydride (0,38 go,
T mmole) and dimethyl sulphoxide (4 ml.)]} was addesd 1,4-diphenrl-
cyclopentadiens {1.6 g., 7 muwole) in anhydrous tetrahydwofuran
{60 ml.) and the mixture was stirred for I hr. Iroen pentacarbonyi
(1.1 mi., 7 mmole)} was added, and the mixiure was relfluxed
avernight. The resciion mass was then egidified with acetis
agid, Tiltered and the solvent remavad. Crystellisation
of the residue from ethanol gave 1l,4-diphenyleyelopentadiene

{31:3 gos B1%), Mmop. and mixed Mop. 1561587,
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Physical Theracteristics and Snalytical Data for New Ferrocenes

Perrocans Colonr M. P, Analytical Data
1,2, kTrizghenyvia orangse priswms 1672697 FPound: ©,81.3: H,5.9
IVIZ; By.Ry = H CasHzaFe requires
H,N.w W&m = Ph ﬁwmwwom.vm .Mmamowmﬂ
2. 2,3k, 5=-Penitavhenyi- syanse yellow M., and =
. negdlies mized m.p.
LVEIX: Re B2 By By = Ph 3563589
: 168 T
1.2, 3, h-Tetravhenyi DR mﬂ wed 2259 Pound: C,82.73 E,5
PELens

Ca s Bag Fe reguires

LVIT; Ry = H
C,82.9; H,5.4%

1,2, 3=Teimethyibh, G- seidon velliow. 204 -206° Poumds: C,79.23 H,7
diphenyl- needley ,
CogHpy Fe reguires

LYZE: R. Rz . B, = ¥e
s O VL 5 IVE 553 fa Qo‘wmemm Mm m.f\.\

E - i ._m AQ - el s ~ -
Mmmuwwwgmm L2 ~Hewamethyla red prisms 192-1920 Pound: C,83.6; H,7.5
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Reagtion of

PSR

Tetraphenyleyelapentadienylaodium with Teon

Penbacarbonyl

1,2, 3, 4~Tetraghenyleyclopentadione (5.7 gZep 0.0L mole)
was added to sodamide [preparsd from sodiuvm (0.23 goy C.CL g
atom) and liquid ammonia {25 ml.)] and the wresulting mizmbure
wag abtirred for 2 hr. Ivon pentacarbonrl (1.5 ml., 0.0 mole)
in anhydvous tetrabydrofuran (100 ml.) was added snd the mixture

was relivxed overnight. The reaction mess was acidified with

rent was removsd mnder reduced

@
o
e

acetic acid, filtered aund the
presgsure. The residus was chromatographed in benzene on aluming

3 C) - a - <
yielding unchanged tedtraphenylerclopensadiene (5.3 2., 20%).

Ly2.%,A=Tetraphenyloyalopentadienyliron RDicazrbonyl Bromide

e

(XITp R o= Hy & = Bel.

a0t

(oW

5aﬁrom9mlg29§94mtetraphsnylcy@lcpenﬁa&ien@ﬂd (1.0 8oy
2.2 mmoele ) and irveon pendecardbenyl (0.5 mi., 3.3 mwmole) were
refluxed in chlorchenzene (20 ml.} for 2 hy, Carbon menoxids
was evolved and ths sclution turned dark red. Filtration,
followed by removal of the solvent yielded a dark brown residue,
Ghromat&gr&phy in benzene own alunina gave & small amount of
a purple compeund. Regrystellisation from methylene chloride-

petxroleum ether gave 1,2,3,4-tetraphenyleyclopentadienyliron

dicarhonyl bromide, as dark ved prims, m.p. L75-177% (a)

(Founds C,67.73 Hpdoda Cy, By ByFe0, wequives G,66.3; H,3.8%).

— - » - -~ mi
Tafrered max. in the carbonyl region 2041 and 2000w,
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Attempted Resction of S-¥romopentaphenyloyclopentadiene with

Iron Pentacarbonyl

a2
S-Bromepentaphenyleyelopentadiene (1.0 go, 2 mmele)

and & slight excess of ivon pentecarbonyl were heated in an

sutoclave at 150° for 4 hr. The reaction mass was extracted

with benzene; wemoval of the solvent gave a pele yellow solid,

e

ecrystallisation from ethyl acetate gave colourless neadles of
pentaphenyloyclopentadiene (0.5 goy 59%), m.p. ond mixed m.p.

253=255%,

1¢2¢594§5«Peﬂtaphamy1@y@1@@am§aﬂiaﬁyliran Dicarbonyl Bromide

{LEITs R = Phy X = Brl.

f-Bromepentephenyleyelopentadione (6.5 g., 0.012 meole)
avd irven pendscarbonyl (2.0 ml., 0.0L3 mole) were refluzed in
benzgene (150 ml.} foxr 2 br. The mixture was filtered and
reduced to small dbulk in a vacuum, Tha produst crystallisaed
out and was ¢ollegted by Tiltraition, Regeysitallisation from

methylene chlerlde~petroleum ether gave 1,2,%;4,89=-pentaphenyi-

eyclopentadienyliiron dicarbenyl bromide as dark red needles

(5.0 goy 65%), mo.p. Q) 3607 with decompesition from 230°.
(Fownds ¢,69.9; H,4.23 Fe,8.8. Gy 7y 5 BrFe(, requires ;69,73

Hs3.03 Pe, B8.8%). 1.R, max. in the carbonyl region 2040 and
ol
2000 cm.
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Pyrolysis af the Above Produeh

15253y 455-Pentaphenyleyelopentadienylizon dicarbonyl
bromide {G.5 g.) was heated (200°, CG.1 mm.) for 2 hr. The
residue was extracied with beanzene, the exlvact wesg veduced 1o
srall bulk and the addition of petvrol yielded o red solid.
(0,05 go)o Recrystallisation from chlorobeuzene zave deep red
needles; mapo é64m266* (Pound: Gy52.6, 53.1; H,8.7, 5.0%)

Some of this red product (%5 mg.} was chromatographed

on alumina. Benzene eluted a swmall green tand giving a green

fluorescent soluiion. Remeval of the solvent gave a yellow

oWy

ent for identification. Benzene<ether

ﬂ..::

solid (~ 3 mg.), insuffic
(2:1) eluted a bvlue band piving 2 blue solid (12.5 mg.) m.pe
110-130%. The compound was soluble in pestrclevm ether Trom

which it could be precipitateddby cooling to ~70*

Reagtion of 1,2,3.,4,5=Pentaphenylcyclopentadienylivon Dicarbonyl

Bromide with Sedium Amaloam.

1,253,4,5-Fentaphenylcyclopentadienyliron dicarbonyl
bromide (1 g., 1.9 mmole) in anhydrous tetrahydrofuran (40 ml, )
was stirred with sodium amalgem (1.52 go, 1%, 1.5 mmole) fer 2 hr.
A4 green precipiitate Tormed. This wes removed by filivation
giving a green powder (0.5 g.)y moD. $360° (d)}, This compound
was insoluble in common solvents and had T,R. mex. in the

2

carbonyl regian 1965 ead 1786 cm. . Chromatography of the



filtrate on alumings ipn benzene gave HgéiflﬁQﬂ§9495¢§?nﬁaphv33i=
crclopentadienyliron dioa vbun?i)mevgumg D08 8oy 30%), which

eryshallised as orange prisms, m.p, 262=264° fvom methylens

chloride, (Found: C,67.03 H,y3.93 FeoTaT o Oy, Pe, Hgo,

¥ M
fér]
floe
o
s
4
w0
«
(]
-]
o
,....3
O
we

He3.93 Fe,8.5%); I.R, max. in the carbonyi

region 1970 and 1931 cmo

Pyeolysis of the Above Iasoluble Green Solid,

The green solid (C.2 £.) was heated (2060% 1.0 mm.) fox
2 hy, The residue was extracted with benzene; removal of the
golvent geve a yellow resgidue. Crysitallisation from ethyl
celtate gave penbtaphenyleyclopentadiens,; m.p. and mirxed m.p-

251-254°

Pyrolysis of Bis-(1,2,5,4,%=pentavhenyicyelopentadisnyiiro

dicarbonylmergury.

Bis~{1,2,3,4,5-penbaphenyleyelopenitadisnylivon dicavbonyl)
meroury was heavsed (2009, 1 mm.) as shove. (nee again pentaphenyl-

eyclopentadiens m.p. 251=253%" was the only product isclated

& @

102,54, 5~Pantaphenyleyclopentadienylivon Dicarbonyl HBydride

Ta 1,2,3,4,%ventaphenyicyeloponitadienyliron dicarbonyl

bromide {3.C g.p 1.5 mmole) in tetrahydwofuran (30 ml.) was

added sodiuvm borehydrids (excess) in waiter (3 ml.} and the mixture



s
b
o

was siirved Tor 3 hx, The agueous layey wes withdvawny Hhe
$ ipdrofuran was acidified with glacial acvetis agid and on
cooling iu dce & yellow grystelline produet sepavabed.

K3 o

gidified with glagial

[—.[ n

Reerystallisation from telrabydroluran &

acebiec agid yilelded 1,2.3,4,5-ventavhenyloyelopentadienyliron

digarbonyl hydrids as yellow prisms, m.p. 277-279°{d). (Found:

-y A v 3 ;,r T .r-w
C1T5085 Hy5000 CyylyeFely requires C479.0p #,4.7%). T.R. max.

5

in the carbonyl regilon at 2000 and 1942 em. . An aceuvrate

analysis of +his compound ¢ould not be obteined due to iis

unstable nature.

L,2,3.4, S-Pantephenylorelopentadienyli

ron Micarbonyl Mewourd

2

An apicified tvetrabydrofuran solubion of 1,2,%,4,5=-penta-

9 .

phenyleyoelopentadisuyiivon disavbonyld hydwide wes bvesbted with
2 saturated ethanciic seluvtion of the vespeebive mercuris halid

The wesulving mixture was shaken Ffor 10 min., the @r; 58]

b

Lidnse
mereuri~halide was Tiltered off aud vesyysihellised from agueous

tetrahydrofuran. The following compounds were obteined

- =3
L,2:%.4,5-Pentaphenyloyeiopeniadienyliiron Dicarbonyl Mereuri-
ehloride (IXT7s R = Phs ¥ = {s01)
a6 yellow orange needles, m.p. > 360° with degompesition Trom

% N 7 — - L o . -3 =7 5 = A3
150° (Founds: G 5T.0; H 3.8y Pe,7.¢, Capiys CiFe 0, requives

e i by e " & EN -4 2
056,03 Hp%.23 Pe,T.1%)e I.R. max, in the carbenyl vegion 8%

2000 and 1970 cm.”™
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1.2,5,4, 8=-Pentaphenyleyelopentadienylivon  lcaxbonyl erouri-

jodide {LEIIs B = Phy X = Hal).

as orange needles, m.p. 245° (decomp. with effevvesencs)}. (Found:

Gs'ﬁg“s? I{i§°6§ FEDGQ;':M CS’B’F{E‘.

Fe,6.3%), I.R, max. in the carhonrl vegion ab 2010 and 1960 am

Fad

2y 5.4, 5=-Pentaphenyleyrclopentadienyl=¢ =cyclopentadienylw

iren Diearhonyd (JIKV: B = H).
Cyelepeniadisne (0.132 g., 2.0 mmole) was added fo

3

dispersed scdivm (C.230 g., 20% dispeveion, 2 mmeie) in anhydrous
ebrahydrofuran and the mixturs was stizvred for L hr. 1,2,3:4,5-

Pentapbenyleyclopentadienyliron dicerbouyl bromide (L.276 g

2 mmole )} in tetrabydrofuran {50 ml.) was then added and stivring

continued for a further 2 hv., 4u orange precipitese Torwed

3

thich was filtered and resrysitallised from methylene chloride %o

o

glve T =Ll,2;,3,4, 5=pentaphenyleycliopentadienyli= & =gyclopentadienyi—

iron dicarbonyl (0.8 g.) as orange red prisms, m.p. 343=345° {g

Another (0.2 go) was obbained from the Tilirate, sotal yield

{1:0 goy T8%). {[Founds G,79.63 %,5.0; Fe,9,0, EoW. 622

Gaa¥yoFe0, vequires €,81.05 H,4.8; Fe,9.00% M.We 6237,
=4

T.R. max in the carbonyl region at 201C and 1961 cm-

o

1,2,3,4,5-Pentaphenyiferrocene

W-1,2,3p4,5~Pentaphenyloyclopentadienyl-& «grclopentas

dienylivon dicarbonyl {(C.2 g.) was heated (200°, 0.5 mm,) fow
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L.5 hv, The regidue was sxitraghed with bhengene and the solvens

o

was yvemoved Lo yield an orvange yellow solid. Crysvaliisation

from chlorcbenzenms gave 1,2,35,4,%-pentaphenylierrocens (0175 g.

95%) as orange needles, M.p. 356=358°% (Found: CG,84.6; H,5.9;

v

ap= :

MoWay 548 Cuo¥y Fe waguires C,84.8; H,5.30y M.W.566).

o

Reaction ¢f 1.2,3.4.5-Pentaphenyleyclopentadisnylivon Nicerbonyl

hromide with 1,4-Uipheuricyetoventadienylsodium.

To dimsyl sodinm | prepaved from sodivnm hydvride {0.11 g,

50% dispersion, 2 mmele) and dixethylsulphoxide (2 ml.)] was

added 1,4-diphenyloycloventadisne (0.44 g., 2 mmole} in anhydrous

’n.{
‘Cla
=

or 1 hyv.

I‘.J-

tetrahydrofuran (20 al.) and the mixtuve was shirs
1,234, 5=Pentaphenyloyclopentadienylivon dicarbonyl bromide
{1,276 gos 2 mmole) in tebrabydrefuran (30 ml.) was added

and stirring continuved for & furiher I hr, The mizture was bhen
refluzed Tor 4 hr., filtered and the solvent was removed. The
regiiue was exbtracgted with het acebtons and filteved yielding

ey T3%) mop. =nd miked MaD-

pantaphenylezelopentadians (0.69
252-254°, Removal of the solvent from the filitwvate, followad
by chromalography of the residue on gluming iu benzene gave
lwﬁﬁlggj’mtetraphem 1ferrocene (01 Goy 20H), oo 221223

vadepressed on adnixtvre with an aubhentic specimen.

Reactlion of 1,20%.4,5-Papnbaphenyloyelapentadienyliiron Bicarboenyl

Bromide with 1,2, 3-wrivhenyleveloventadienyilithiva.

M v

To phenyllithiun |pregered in sther fyom Lithiuwa (0.023 g.,
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0.003 g, atom) and bromobenzene (0.2% g., 1.6 mmele}] was

added 1,2,3-tvripbenyleyolaopentadiene (0.5 g, 1,65 mmele) and

the resulting nixture was vefluxed Tor 3 hv. 1,2,%,4,5=Penta~
phenyleyelepentadienylivon dicarbonyl bromide (0.95 gop, 1.5 mmole

was added and the amixture was stiizwed Loy 1 hy. Filitraition gave

o green 803id {0.12 g.) wep. 360° (8}. I.R. mox in the sarbounyl

:.

‘J

region a% 1945 and 1786 @mnm¥ the infTrared speetium is idemti@al
with that of the green solid obtained on itreatment of the byremide
with sedium amalgam (p. 81). Removal of the solvent Tyom the
filtrate gave & colourliess residue. Chromatography in bansgsue
en alumina gave, aiter Trasctional orrsballisation Trom sgetone,
1,2, %-trivhenyleyclopentadiene and penitaphenyloyeleopeniadiene,

Moro8 and mixed m.p-.s were identical with authentie samples

Reagbtion of 1,2,3; ﬁﬂ)wfewtaph@nvloyclav@n radienylivon Bilcarbenyi

Bromide with 1,2,3,4-Tetraphenyicyclopenitadisnyliscdivm,

To dimsyl sodium [ prepared from sodiusm hydevide [0.24 g.
50% dispersion, 5 mmele) and dimethylsulphozide (3 ml.)] wes
added tebraphenylerclopentadiene {1.8% g., 5 mmole) in anhydrous
tetrahydrefuran (50 =l.) and the miziure was shirrved Tor ihr.
L,2,3,4,5-Pentaphenyicyeleopontadienylivon dicarbonyl bromide
(3,12 @., 5 mmole)} in tetrahydrefursn (100 ml.) was added and
the sitirring continwed for a furbther 2 hy, Filtration gave
the same green solid {1.2 g.) as descreibed in the previons

experdment, Remowval of ithe selvent from the filtrate gave



after chromaitography inm bensene on glumina, teltracyc
and pized m.p. 21922209, and a yeliow solid presumakly a aixdure
of teirs-pnd pentaphenylerclovantadiens,
Reagtion 1,2,3:d.5=Pentpphepyicrelopeniadienyliron Ddcarbonyl
Bromide with 1.2.%.4,5-Tentavhenyleyslopentadienylsodiwa.,
Peantapbenyloyclopentadienyisodium was oreparsd from
S-pentaphenylicyelopentadions (R.2% g., 5 mmele) and
Treatment with 1,2,%,4,5=pentaphenyl-

Lo2g3sds
dimsyl sodivm (5 mmals)
clopentadisnyliron dicavhornyl bromide {(3.19 g., 5 mmole), under
the same green solid (1.4 ¢
54,

ahove, gave
and mixsed m.p. 2512

'ﬂ'

the same conditions as
and pentaphenyleyelopsunitadiens, m.p
Reaction of Tetraphenyloyelopentadienyilithium with Gerclopents-
dienyliron Dicarhonyl Broomid
Petraphenyicyelopentadiens (1.7 g., 4 mmele) in henuzene
added to phensliithiuvm [ orepared Trom lithivm
nobengens (0,628 g., 4 meole)
fis o

(20 ml.} wa
hY n
) and bye

T.y 0008 go ate

=

wa9 X

4 umele) in

v

the mixturs

(0,056 g

in etherwr

(5 mi.)] ena
on dicarboryl bromide (1.04 g,
) was =26ded snd the wh

01

m

F;nﬁmpen adienylin
ofuran {40 mi.
LTiltared and

sabrahydrofy
P MRLE Was

The Towoblew me
in

Chrerategraph

anbydroug 1
PTOBSUTS 4
UG compeunis

stirzred overmigh®,
clvant renoved nnder radused
ulted in the sepavetion of

res

o

henzena on aluming
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1. Unchensed tehraphenyleyelopsnbudiens (1.62 go, 95%)} @mapo
and mixed mepo. LIH-1TT.
2. Dicyelopenstadlenyldi~iron tebracsrhonyl {0.46 oy 68F),

Bope 422°; undepressed on sdminsurs with as aushentic sample,

Reaction ef 1,2,35.4,h-Pentavhenyleyclopentadisnyisodivm _ with

grelepsnitadisnyiiron Disarbenyl Bromide.

-Pentaephenyleyvelepentadienylsodium was prepaved {rom
1,2,3%,4,5=-pentaphenrlieyclopentadiens {(2.93 g., 5 mmole) and
dimsyl sodivm (5 mmele) in tetvahydrofuran (40 mi.). Cyele-
pentadienyliron dicarbonyl bromide (1.28 g., 5 muole) inm
tetrahydrofuran (20 ml.) was added and the mizituve siiresd
Tor 2 bz, The mixture wvas woxrked up as dessribed above toe
yield pentaphenyleyelopentediens (2.1 g., 24%) m.p. and mixad
M.po 250-253°; and dicyelopentadienyidi-ivon telracachonyl
(085 gos T2%}o Mmopo 191°, undepressed on admixiturve with an

anthentic specimen,

'ﬁa192Q59495wPantth@nyi@g@l@nantadienylw?f«h@nz@n@iwonw

Bromide (ILXXs X = Br),

1,2;3,4,5-Pentaphenyleyclopentadienyliron dicarbonyl
bromide (I g., 1.5 mmole) and aluninium trichloride 0,20 ga,
1.5 meole) were refluxed in bemszene (30 ml.) foxr 1 hy. The

mixture was poured inte waler, precipiteting am ovange solid



ag

~

which was removed by filiration aﬁd was crysielliised from
peetone 0 give Wel,2,%,4,5%-penbaphenyleyelopentadienyl="T -
venzeneiron oyomide (0375 m., T5%) as orvange Prisms, m.p.
256-258%(d}. (Fownd: G,T5.38 Ky5:33 Feoe8,5. €, by, BrPfe
veguives ,74.5; H;4.7; Pe,.8.2%).

Treatment of agusous aseion

75

solntions ¢f the above sald
with agqueous asetons solwiliens of ammonium reincckste and

patassium dodids gave respectively,

T=l,2, %4, F~pentsphenyloyclopentadienyl-T =bengenairen reineckaie
(LEXs X=veim)  as bright red nesdles, mep. 219-221°(4), snd

'ﬁ«1a2j§ﬂ4g§ap@ntaph§gglcy@l@@anta&ienyls?Tab@nzan@ir@n iodide

(I%X3 X = X) es ovange needles. Afber recrystallis&timg £yrom
aqueous agetone the compound had m.p. 25%5-254°(d}. (Founds
3,69.25 Hy4093 Foo8.1, Oy H;, Pel requives C,69.7; Hy4.43

e, 7-9%).
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L=Fydpoxy~3,4-Aiphenyioyelapent-2-ene LAEATINY

4, 4~Diphenyleyclopent=2-an-l-one®? (18 g., 0.04 mele)
wae suspended in metbanol (125 ml.), sedinm boerehydride (1.2 g.

in water (5 nl.) was added and fthe mixiture was allewed e

react Ter lhw. &% roeom bemperstuve. It wae ihen warmed on

the stesm bath te ensure cempletion of the vesction and &t the
sama time mest ef the selvent was allowed to aevaporate. On
geoling an oll separated eut, which guickly cxystallised.
Recrystallisation Trem eyclehexane gave l-hydroxyes,4-

diphenyleyelopeni-2~ene (9.1 ger 784} mope 103-105°

(Ld%.196 107=108,5°C ). ¥ pax{ECL) 5390 om ¢ {(OH).

b2

Bige(l . Rodinhenvievglopenitadiene ) (IXTVIT)

QARSI

("J

€AEL

{’\

nirabted hydrechloric acid (4.8 wl,) was added je
Tmx“ﬂfaxdmggamd1@henvxegcla ent=f=ane (2,36 g Zoy CoUl mole)
in ethanel {44 ml.). The mizture was wefluxed Ffer lhv. and

& n

the preduct (0.6 g.) was vemoved by filtratien, BExb

-

L@LL

Er»

L raG bl

v

with het pelveleum 2ther fellewed by filiration gave a
rellow insoluble hydresarben (0,06 g.) mop. 265-270%,
(Founds C,92 33 Hy6.7. (0,58, )n vequives C,93.%93 H,605%),
Reaoval of the solvent from the Tiltyate goave a yellow
powder, Recryatallisation Tyem potroleunm ethewr yielded

hig={l.2-diphenyl-cy clopen%adlenm)xc 82 g., 35%) as & fine

micrecryatalline pewder mop. 219-221°, (Feunds G,95.7:

}'{965?‘5 j‘a‘ga\‘ymp@*féio '*'@ﬁ?a raeyg nires 699‘:3055 E’EQ@O?}%% :ﬁﬂo?iro'@ﬁé)o

=

b
t
4
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The infvared speciyra of these two producits ave identical.
Ulira-violet and N.M.R. data for the latter are reported

in the Appendix.

Reaction between 1,5-Diphenylpentansi,S-dione and Aluminium

Analgemi 24

Ly 5=Nipheny lpentan-l, 5-Qicnet ¥ (25 p., 0.1 mole) was disselved
in ethanol-water {900 ml., 2:1}, 6 g. batches of aluminium
amalgam were added bwice daily over a peried of 14 daye.

The rescilon mixture was filiteved, peuved inte water {(s1.)

and exiracted w@ﬁh ather {(tetal velume 31.), Evaperstien of

the ather yieldsd a yellew gum (24.5 go). Chremabegraphy on
aluming failad te yield any hydresazban, tho maler preduct
baing lgamdihyér@xymlgEfﬁiph@nylcycl@pan%aﬁ& HoPo LOZ=204°

[ 153,175 20%3-304°]

Qghydggxion_gf,19ZmEihydrnxyml92@dinh@gyleyalgpentana (IXXI¥s R = Ph}.

L

192aﬁihydroxymlgEa&iph@aylcyclap@nt&u@i?3 (4.T2 gep 0.01 mole)
was alssolved in ethanol (75 ml.), concentraded hydrochloxie

aoid {5 ml.) was added and the mixture was refluxed for 2 hr.

On cooling a xed gum sepasxated. The motherw ligquor was decanted and
the gum was ocrysitallised from pelroleum ather. Hecvysielligation
from petroloum ether gave s small yleld of bis-{1,2-diphenyl-
cyclopentadiens) m.p. 2l8-~2207, undepresssd on admixbure with

produet isolated from the dehydration of L-hydroxy-3,4-diphenyl-

gyclopent-2-ene.




pe)
o]

Rouction of 1,A-Diphenylpenian-L,%=-dione with Zine and Acatic Acid

%, 5=Diphenylpentan=1,5-0ione (4.0 g., 0.016 mole) was

ad

3

vefluxed in acelbic acid (7% ml.) end zine (15 g&.) was ed
in small poriions aver 3hr. The miniture was rvefluxed for a
farthexr 2hv., then Tiltered hot onto ice and the inoerganic
residue was washed with & further 60 ml. of hot asetic acid,
The mixture was exitracted with ether, the ether layevr was
washed with water, dilulte sodium dicavbonate, water and

dried over seodium sulphalts, Removael of the sther gave an
orange 0il (2.2 gol}. Ghr@m&tngrﬁphy in petroleum ethex on
alumine gave bise=(1,2-diph enyleyelopsntadiens) {0.15 g.).
Re@wystalll sed from petroleum ether ithe compound had

mopo 218=-220°, undepressed on ednixture with an avthentic
gample. Denzens and benzena-gther sclutions eluted s Tuwthey
five bends which wers not investigated.

Methyl K&pthateiﬂ@ of L=Bydroxy=3,4d=diphenyleyclopani-2-one

To sodium hydride (2.1 go., 50% dispersion, 0,0438 mole)
in ether (25 ml.) was added i-hydroxy-3,d-diphenyleyclopent=
2-ane {7.08 g., 0,03 mole) in ether (7% ml.) and the mixiure
was vefluxed for Fhr. Jarbon disulphide (2.91 go, 00,0438 mole)
wap added esund relfluxing continuned for 3hv. This was Tollowed

vhe sddition of methyl 2adide (5.76 m., 0.0438 mole) and
the mixture was refluxed e Tucther Shr, It was then poured

into wabter, a little ether was added and the athevxeal layex

wag withdrswn. Removal of the solvent from the dried {E@asog}
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extract gave an evangs oil., Chromatography on silica gel
in benzene gave the erude zenithale (8,54 g.) as an orange
gum. No further abtempt vas made %o pardf

&

utmemyuc@ Pyrolysis of the sbove Xanthatke

The ahove manthete (4.0 g.} was heated (R00°, 0.1 am.)
in a savsage Tissk fer 2hy, FNe digtillate was collected in
the eide arm. Bxirsetion of the vesidue Followed by chromsbo-
graphy on alumine, with peitrolisum other as oluens; Lailed
to yield any hydrogarbon fyragment.

Redunetion of 3.4-Diphenyieyclopent~d-en=-i-ong with Alvalnium

\...

Jsoxropoxide? s

3, A=Bhiphenylcyolopent-2-cn-l=008 (9.0 z., 0.0%6 mole} was

Bein

dissolved im dry seluene (50 ml.) and dxy isopropanel (30 ml.)
and the imseluble matesxial was vemoved by Tillraeitionm. This
was combined with o soludtjon of aluminivam isepropomide (30 go,

148 mole)} in dxy teiusme {60 ml.) end dry isopropanol {130 ml.).
Phe mixture was sbirred and heated st 80° Tor 3hr. The bemperalture
of the bath wes zxaised bte 10C° end the mixiture of igoprovamnl
and acetone wes disbilled combtimvouwsly, viem e lang celuamn, for
19hr, PThe liguid volume in the flesk was kept congtant hy
the drepwise addition of igﬁﬁxepénolu Tha molultion was

goncentrabed in & vagwum, then added o sodiuvm hydroxide

olubion (20%) and exirecied with ethsr. The athersal
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solution was washed to newirality and dried over sé@ium aulphate.
Removal of the ethar gave & red oil {7.l go). Chromatography

on aluming yielded iwo frxactions., Pelvrolsum ether-benzene

(1:3) eluted 3,4-diphenyleyelopente! —en=3eone {4 g., 45%)

MoDo 10B8=110°, undepressed on admizxiure wibh an autheutis
gpecimen. Ether eluted l-hydroxy-3,4-diphenyleyclopeni-2-ene

(3 8oy 33%). Afher recrysitallisation fwom cyclohexane the
cémp@und had mep. 104-106, undepressed on admizxiture with an
anbhentic sample.

1-Hydroxy=>3,4-iphenylcycliopeni-3-ene [IIRVIII)

3,4=Diphenyleyclopent-3-en-l-onet8® (4.5 g., 0,019 mole)
was suspended in methanol (75 ml.), sedium borchydride {0.6 g.)
in water (2 ml.) was added sand the mixiture was allowed to
react at room btemperature for lhr. It was then hesated on
the steam bath and the solvent was allowed to evaporate., Afjber
lhr. the mizture was poured inito walter and extracited with ether.
The ethereal exbtract wes washed with water and dwried over sodium
suivhate, Removal of the sther gave a ved oil which crystallised
from benzene~petrolesum ether on sceratching. Recrystallisation
from cyclohexane gave prisms of l=hydroxy=3,4-diphenyleyclo-
pent-3-ane (5.0 g., 665) mgpu.102m1@4Q [11t.19% 102,%-103.5],
Ymax (KC1) 3413 en™ (ou)

Attempvied Dehydration of L-Hydroxy-3,4-diphenyloyclopent=3-ens

(s} with alcoholic hydrogen chlovide,
leHydroxy~5,d=-adiphenyloyelopent-3-ene (0.5 g., 2.imnole)

was dissclved im ethanel (11 mi.), concentrated hydrochlowic
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acid (1.2 ml.) was added and the mixture was refluxed for
Lhie. It was them poursd inte water and exirached with ethex.
The ethereal layer was washed with waiter and dried avex
sedimm gulphate. Removal of the ether gave a red oll
which ovysitallised on the addition of peivelenm ether.
Regrystallisation from petroleum ether gave unchanged
starting material (0.39 g., T8%) m.po. 101-103%°,
{v) Sulphuric a@i%/&c@ﬁic acid,

1-Hydroxy -3, d=0iphenyleyclopeniei=ene (0.5 g., 2.lnmola)
in acedic acid {(1Q ml.) was heated with concentrated sulphnv’s
aeid {1 ml.) for 15 minm., The mixiure was poursd into
water and extracied with ether. The ethereal extract was
washed with dilute sodiuvm blcarbopnaite solution, walter and
dried (We,80,). Removal of the sclvent gave a red oil,
which on chromatography on alumins im petroleum elther gave a
yaellow solid (0,02 go) mop. 105-110°, which had & similawy
infrared speetrum to bis={l,2-diphenyloyclopentadiens ).
It is believed to be isomeric with this dimex,

Syrolysis of Bis=(1,2-diphenyvleyelopeniadisne)

(a) Bis={1,2-diphenyleyelopentadione) (0.2 g.y Oofmmola)
was heated {2G0% 0.1 mm.) fox 2hr. iwd madter cooled sublimation
apparatue. A yellow compound, was collegited om the celd

finger condenser, Mo.p. B5=95°C. The compound does not have

& shery mellbing point due to the faot that it veforms the

originel bis-(1,2-diphenyleyclopeniadisne) on slow heating.
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This is beliaev.d to be the exo=Torm of bis-{1,2-diphenyl-

cyclopentadiiene ), {(Found, C,92,5; H,6.65 M.W., 3T4, UsoBag

roquires,; (95055 Bebo5% MoWe, 436).

(%) Bia={1,2-diphenyloyclopentadiens ) (0.5 g., 1.lmmole)
was healbed under nitr@gen@ﬁé@éﬁ in & flask »ith a long side
arm. An oily crystalline compound was coellected in the side
arm., Recrystallisstion from ethancl gave L 4-diphenyloeyelio-
pentadiene as pale yellow piales m.p. 156-158°, undepreossed
on admixture with an aulthentic sample.

Praparabion of Derivetives of Bis~(3,4-divhenyloyclopeniadiencue )

() 2,4-Dinitrophenylbydrasmena

Addition of 2,4=dinidrophenylhydrezive selntion to an
athanolic solution of bis={(5,4-diphenyicyclopentadiencas .76
gave a brighi ved precipitaie. Reecrysiallisation from ebhanol
containing a few dxops of ethyl acetate gave the mong=-2,4-

dinitrophenylhydrazone of bis=(§94m@iphenylcyelopagﬁaaien@n@7

as ved nesdles m.p. 248-250° with considevrable decompesition
from 200°.  (Found: Ny8.9, G B, W, 0, vequives W,8.7%),
Ve K1) 1775 em™ o

(v) Bydragome (IXEXII)

Bis~{3,4-diphenyleyclopentadienons) (1.1 g., 2.5mm0le)
was dissolved in hydrazine hydrase {(2U ml.j ana the mizture
s refluxed for 9hwr, An il formed, the mother liguoew wee
deganted and the oil weg recyystalliged from ethancol giving

the di-hydrazons of biaw(394f6§phenyley91ageﬁtaﬁgpneggj (0.8 §o, 6GBF

ERTA ik

MePo 155~161°%, (Pounds N, 10c4 | €y, H; M, meguives W, 1 1a4%) 0



Abtempied Reduction of the ahove Hydrasonw

To a »apidly stivred mixbuwre of freshly suvblimed potassium
tertiacy buiozide (2 g.) im anhydrous dimethylsulphoxzide {5 ml.),
was added in small porxiions over 3hr., the above hydrazone
(2 2oy 4 mmelaﬁ; The mixture was shaken with & methylene
chloride: water mixsure., The ovganic layer was sapnsyabed
and dried over ealeiuvm ohlorxide. Removal of Sthe solveni gave
g red oil., Chromaltography on alumine failed 4o yield any
bydrosarhon fragnent,

Reaghion hetween Bis-{1,2-diphenyicrclopentadiene) and Irvon

Pentacurhonyl

£

Bis={1,2~-diphonyleyclopentadiens) (2.2 g., 5 wele) and irven
pentacavrbonyl {1.5 @lay, 0.0L mole) werve heastue in an antoelave,
noder carbon dloxide, at 200° Ffovr 4hr. The veaction mass

was extracted with benzene. The solvent was weducsed to

small bulk, addition of patrol gave a dark brown solid, This
maverial was chromatograyhed on alunina in benzmens to give

a black ewysitalline solid, Re@ryaﬁalligatiam from methylene
phloride-petroleun ether gave black needles m.p. 264<266° (d),
(Eaunds C,68,53 Hod4.23 Fo,l%.35 MuWo, 466G, Con By gFel, reguires
CpbB8o4y Hodobp Fa,ldob3 MoWoy 386} ToRopg, in the carbonyl
vagion at 2041 and 1980 c¢m t, The N.M.R. spectrum is veporied

in the Appendix,

0
L'lr



Big~{l,2-diphenyloyclopentadienylmolybdenun  tricarbonyl)

(LEEXIII3 R = Hp R = Ph).

Eism{igawdiphexyleycléyenﬁaﬁien&} (1.1 go, 2,5 mmole) and
molybdenun hexacarbonyl (1.2 g., 5 mmole) wers heated in an
autoclave, uwnder carbon diaxi&ag at 200° fow 24 hx. DBxbraction
of the reaction mass with benzene, followed by removal of the
solvent gave a purple solid. Chromatography in petroleum
ether on alumina gave,

1, Unchanged hydrocarbon (0.25 go, 22%), m.p. 218-220%,
2. A deep purple solid (0.5 g.. 20%) was eluted with petrolsum
sther-benzene (4:1). FRecxzystallisation from benzene-

peiroleum ether gave big={1,2-diphenyleyclopentadienyl =

molybdenum tricarbonyl) es purple needles; m.p. 341=345° {decomp.
from 310°) (Found: ¢,61.93 He%a23 0p81oT. 0,08, 4M0,0, requires
G,63.53 HyB3.33 0,12.1%), Iﬁfr&r@& mex. in the carbonyl region
at 2080, 1961 and 1905 sme . |

Reagelion of Bise(19Qédiwhenylcg@lonentadi@nglmoiyhdenum

tricarbonyl) with Lithium in Ethylsmine.

A solution of bigm(lﬂzmdiphenylcy@iopenta&ienylmo13hdenum
teicarbonyl) (0.5 g+5 0.58 mmole) in anhydrous ethylamine (10 ml.)
was poured onite lithium metal (0.1 g., 0.014 g. gtom) during
5 min. The éixtuxe was shirrved for 20 min. and then poured

opte des-water, RExiracition with ether followed by wemoval of
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$he solvent from the dried (MgSQ, ) extract gave an avange &um.
Chromatography on alumina in petroleum ether gave a small

amount of bis~{1,2-diphenylcyelopentadiene), m.,p, 217-219°,

Big-{1,3-diphenyloyclopentadienyimolybdenun tricerbonyl}

(IXXXITIs B = Hy R® = Ph).

Treatment of 19Aédiphanylcyelopantadiena (1,06 oy
% mmole) with molybdenum hewacavbonyl (1.2 g., 5 mmole) in the
manner described above yielded s black gum. Chromatography
an algmima in benzene gave & purple oil (1.1 g.). This was
raghram&ﬁagraphﬁd on alumine wiﬁh.petrolaum ether as eluent.
A small yelliow band separated Tivslt, presumably unchanged
gtariing matsrial, Bengene eluted a dark\puréle band yielding

a pmrpls solid, Crystallisation from benzene-peiroleum ethexr

gave bis-{1,3-diphenylceyelopentadienylmoiyhdenun  tricarbonyl)

(0.9 go, 36%) as purple prisms, m.p. 284-206°, mixed m.p. With
the l,2-isomer 240-249°. (Founds 0,62.13 Hy3.9. G,qH,5M0, 0y
requif@s‘ﬂgéiu§§ Hp3e3%). Infrared max. in the carbonyl region
2028, 1960 snd 1942 om.™ .
LeMydroxy=2,5=-dinglhyl~3,A~-diphenyleyclopent-2=ane (IXXAY LT

1665
2,5-Dimethyl-3,4-diphenyleyclopent-2-an=l-one (2 go,

7.5 mmole) was suspended in methencl {30 ml.), sodiuvm bora-

bydride {0.24 g.) in water (1.5 ml.) wes added and $he mizbure
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i}

was allowed to Teact at room bemperature For 1 hr. It was the

e

o

heaited on the sieam bath and most of the solvent was allowed

b

o avaporabe, An olil separvaibed. The mixture was pouved into

W

gﬂj

ter and extracied with ether. Hemoval of the selvent frem iths
dried {ﬁa b@h}'extra@t gove & yellow oil, which crystallised
on the addition of ceyclchezanse. Hegrystallisation from

gyclohexans gave l-hydwozxy-2,5=-dimethyl=3,4-diphenyloyclooent=d-

ene (1.8 go, 90%) as solourless prisme, W.p. L02-104° (Found:

;.:.

0p8606p HyToTo 0, oH,,0 v res 0,86.33 HeTo6%)o ™ ma. (RC1)
5340 em.” {0H),

1p4-Dimethyl-2,3-diphenylcyelopsntediene {IRXZIVs R = Me).

l-Hydroxy-2,5-dimethyl=-3,4~diphenyleyclopent=2-gna (0.5 g.,
1.9 mmele) and comcentrated hydwochloric acid (1.2 ml.) were
heated to rveflux in methanol 5 ml.) for 1 hr. On cooling & pale
yellow crystalline maserial senawaueﬁnA Recwva sallisaetion from

methanel gave pale yellow nesdles of L d-Qimethvl=f,3-divhenyl-
& D 3 ST Lk g et Y

eyolopentadiene {003 &o» 65%)ﬂ MmePo 89-90° (Pounds ¢,9%.53

)

HoToko € oF, 5 vequires €,92,75 H,7.2%)}. WN.M.R. dabe ave
raecorded in the Appendix.

Beliethylanbydroacetonebanzil {(IXXZXz R = H R « ¥

To & mixture of benzil {60 g., 0,22 mole) and melhyl ethyl
katone (2106 oy 0.3 mola) was sdded potassium hydroxide (3 g.)

in sthanol {10 ml.}. Afber stirring for 5 hr, the mixiure

~



=
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pret)

golidified, The s0lid material wes washed well with weter and
then with ebther o remove impurities. Recorystallisation from
methanol gave colourless prisms of S-methylanhydreacetonebenzil

. PR
(4105 g0, 55%), mepo 1BO® [Tit. ~ mop. 180°7,

1y4-Dihydzony-S-Methyl-3,4-diphenylcyclopent=-2-ene (IXAKIX;

R = Hy Rfw Ne).

S5-lethy lanhydroacetonebenzil (14 go, 0.053 mole) in
methanel (200 ml.) was reduced in the manner described previously,
with sodium borohydride (1.7 g.) in water (11 ml.). On cooling
a erystalline material sepavated. Filtration, followed hy

recxystallisation from bensene gave };d4-dibhvdroxy=S-mathyl-3, 4

diphenyleyelopenti~2-ena (12.5 g., 90%) as colouriess needles,

BoPo 200=202° (Found: G,80.55 HEyTedo §,4H 50 wequirss Q,81.2;
He6.8%).Y

5-Mothyl-3,d-diphenyleyelopent~2een-l-one {IVIII, R = H, R's Me)

maxe(KGl) 3356 cmamg(eg)g

Concentrated hydrochloxric acid (7 ml.) was added %o
1,4-dihydroxy~S-nethyl=3,4-diphenyloeyclopent=2=ene (2.1 g.,
8 mmole) im athanol {70 ml.) and the mizturs was heated to reflux
for 1 hr, It was then diluted with weiler and extracied with ebthe:
Removael of the dried (Na,S0,} solvent from the extract gave a
vellow oil which crystallised slowly. Recryastallisation from
petroleum ether gave S-methyl-3,4-diphenylcyclopsni-2-en~l-ona

197
(1.65 go, 85%) as colourless needles, M.po TH=TT® [LitoJ 77° 1.
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It forwed a 2,4~dinitrophenylhydrazone, m.p. 202-204° (Found:

No12.8. Cp,H, N,0, vequires N,13.1%).

l-Bydroxy=5-methyl-3,4-diphenylcyclopent-2~one (IXXXVITI4R o ¥)

| SeMethyl-5,4-diphenyleyclopent-L~en-i~one (1.5 2., & mmole)
in méthanol was vefduced with sodium borohydride (0.21 5.), in
water (1.5 mlo.), as previcusly described. The mixture was pouved
into water and extracied with ether. Removal of the solvent from

the dried (Na,50,) extract yiolded l-bydroxyeS-methyl=3,4-

diphenyloyclopent=2=ene (1.3 g., 87%) as a colourless oil which
fajled to crysiallise from the usual solﬁemtso This oil is
probably & mixture of sterveoisomers. Y ﬁaxo(liqﬁid) 3373 emcmi
(o).

Atbempted Dehydration of the above Orude Material.

The crude alcohol (1.2 g.) was dissolved in ethanol
{30 m}u)g concentrated hydroehlorie acid (2.5 ml.) was added
and the mixture was refluxed for 1 hrng diluted with water
and extracted with ether, Removal oY the solvent from the
dried (NaRSO%) extract gave & ved gum. Chrometography on
alumine in benzene-~petrol (1:9) failed do yield any crysitalline
monomevic hydrocarbon,

1ed-Dihydromny«2, %, d=trivhenyicyclopent-2-ene (IXXAIX) R°=HZ B = Ph

. . 81
2~Fheny lanhydroacetonebanmlii (10 ga3 0,035 mole) was
dissolved in methsndl (150 al.), sedium borvehydride (1 g.) im

water {6 ml,} was sddad and the mixture waz allowed 1o reagt
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8%t room tempesrature for 1 hr. It was then heated on the
steam bath and most of the solvent was allowed to evaporale.
& solid sepaxrated, this was Tiltered off and recrystallised from

benzene giving l,4-dihydroxy-2,3,4-triphenylcoyclopent-2-ene as

colourless plates {9.6 gop, 26%), mep. 172-1T74° (Pound: C,B84.9;

Hy6o5o Cpplpo0, requizes C,84.13 Hy6.,1%), Y mﬁﬁm(xel dise)
-4

3360 cmo (OH).

Dehydration of 1,4-Dihydroxy~2,3,4-triphenyleyclopent-2-ane.

1,4=Dihydroxy -2, 34~triphenyleyelopent=-2-ene (0.2 g.) was
dissolved in ethanol (5 ml.), ceneenﬁraﬁed hydyochloric acid
(0.5 ml.)} was added and the mixture was wefluxed for 1 hx,
Cooling, foullowed by the dropwise addition of waler gave 2,3,4~
triphenylcyelopanﬁwamenmlm@na$i (ColT8 go, 95%), which crystalle
ised frém petroleun ether se neediss, B P &nd mixed m.p.

. =2
143-343°.% maxegxcl) 1704 cm.  (C=0)

Attenpted Benzoylation of 1,4=-Dihydraxy-2;3,4-triphenyleyalopant-

lod-Dihydroxy-2,%,4-tviphenyloyclopent-2-ene {7 g.,
0,021 mole)} was dissolved 3in benzmene-pyridine (1l:1, 30 ul.),
benzoyl chlorids (3 g., 0.021 mole) was added slowly with
cooling. The mixture was allowed to stand alt voom tempsrature
foxr 30 min., bthen it was poured into water and exirascied wiith
ather, The sthereal axiract was washed with water, dilute

hydrochloric acid, 10% sedium bicarhonate sodution, watey
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and dried over sodium sulphate. Removal of the ethor gave a
yellow gummy solid. Crystallisation from peitroleum ether ylelded
2,3, 4=-teiphenyleyclopent-Reen~l-0n8, M.p.l40~-142°, undepressed on
eduizture with an authenitic sample.

;QAwbigxdrgxgezgﬁméimethglmﬁg4ndiph@nylcgclopentm2mena {LEXRIE 3

29SmDimetkyl&nhgdroac@tonebenzill65 {10 g., 0.036 mole) was
dissolved in methanol (150 nl.), sodium dovohydride {1.2 g.)
in water (8 nl,) was addsd and the mixture was allowed to veact
gt room temperature Tox 1 hr. It was then heated on the sieam
hath and most of the solvendt was allowed %o evaporate. &n oil
gepaveted which crysiallised on coeling., Recyysitallisation from

bapngane gave 1g4-dihydroxy«-L;5-dimethyl-3, A-giphenyleyelopent-2-

ene as colourless needles (9.4 g., 24%), mep. 140=142°,
(Founds CG,80.8; H,Toke Gy oy o Oy meguires C98104g39?v$ﬁ)0\f —
b = el Mtrsd o

(xG1) 3448 om.” {0H).

Dehydration of 1,4-Dihydroxy~e,5=dimethyl-3,4-diphenyleyclepent=

Zneneo
1;4-Dihydroxy~2,5-dimethyl~3;4~diphenyleyclopant-2-cne

(0.3 go) was dissolved in ethanol (10 mlg); concentrated

hydrochloric acid (1 ml.) was added and the mixture‘was refluxed

foxr 1 hr. Qooling, followed by the dropwise addition of water
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T

168
gave 2,5-dimethyle?,d-diphenyleyclopent=2=ene«l-one (0.26 goy
9%%) which cryshallised from cyclohexane as colouriess plates,
MeDo LL4~116°, undepressed on adnizxbure with an anthentic sample.

- ol
\§maxa (KG1) 1695 om. (G=0),

Attemphed Henwoylation of L,4-Dibydroxy-2,%-dimethyl-5,4-diphenyl-

gyclopeni~2=-6u8,

Lyd=Dihydroxy-<d,5~dimethyl-3,4=diphenyloyclopent~2-ane
{30 g0 0,036 mole) was dissolved in benmene-pyridine (Lsi, 30 ml.),
bvenzeyl chloride (4.5 g., 00032 mole) was added with cooling and
the mixiuvre was allowed fto siand adt room ltemperature Tfox 20 min.
1% was then poured into water and extracted with ether. Tha
ethereal exitvact was washed with water, dilute hydrochlorie agid,
10% sedivm bigavhonate solufion, water and drisd over sodiunm
sulphate. Removal of the ether gave s yollow gum. Chromatography
on silice gel An benwene afforded 2,5=dimethyl-3,d4-diphenylcyclo~
pentdan-l-one{8.8 g., 94%). After recrystallisation from cycle-
hexeng the compound had @.p. llémllﬁ@g undepressed op adnixture
with sn anthentic sample.

1 . A=Dihydroxy~-3,4d-diphenylevclovent-2-ene (IXAXIX, R,R' = H},

181,
Anhydroacetonebengil {2.54 g., 0,01 mole) was suspended

Fo) in water (2 ml.)

[y

in me thanol (60 ml.), sodiuvm borohydride (0.3
was added and the mixtuxe was allowed feo react alb room htemperature

for 1 hy, It was then heatad on the sieam bath and most of the
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solvent was allowed %o evaporalte. Af%er 20 min. a colourless
crystalline sclid sepavated. The aixture was cooled and
Tiltered, Recrystallisation from benzena gave lo4dihydroxyr—

A S S St LA

sod~diphenrleyclopent-2~ane as c¢olonrless orysialline plates

(2046 Hog 96‘%)9 BePo LAD=1H1°. (F{)lmﬂg CoT9:.93 My6.4.

g ra:L
C,pH, 40 rEguires C,80.9p H,6.3%).Y {XCl) 3390 cm. {OH),

maX o

Dehydration of l,d4-Dihydrexy=3,4=-diphenyloyclonsnt-2-ene.

l%4=Bihydraxy*5g4mﬁiphen§1cyclﬂpentn2wene {2.54 8op 0,01
mole) was dissclved in ebhanel (70 ml.), concentvated hydrochloric
a0id (7,5 mi.) was added and the mixture was rvefliuxed for 1 hr.

It was thenr pouved iandte walter and extracited wiith ether. The
gthereal extfact was washed with water and dvried over sodiuvm
sulphate., Removal of the sther gave & yellow gum, which cxyshalle
ised on the addiition of psitroleun ether. Recrysitallisation from
petroleum ether yielded 3,4-diphenyleyclopent-2-en~l-~one (2.1 g.,
90%), Mapo and mixed Mop. LOT-109°,

l-RBengoyloxy=d-hydroxy-3,d~diphenyloyclopent~2-ang (£C, R, R'« H,

R = Qgph’fg.

2, 4~Dihydroxy~3,4~diphenyleyolopent-2-ane (2,54 gos 0.01
mole) wae &issolved in benzene pyridine (1l:1l; 8 ml.), benszoyl
chloxide {1.3 g., 0,01 mola) was added at 0° and the minture
wap allowed to veact at room temperature for 30 min. 1t was

then poured inte waiter end exitracited with ether. The etheveal
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extract was washed witﬁ weter, dilute hydrochloric scid, 1.0%
sodium bicarbonate solution, water end finally dried over sodium
sulphate. Removal of the solvent gave a yellow oll (2.9 go,
82%) which crystallised on scratching from benzens.pelroleum

ether. Recrystallisatiion from banzene-petroleum ether gave

l-banzoyloxy=4-hydrony-4,4-diphenyleyclopent-2-ene, m.p. L12-114°

(Founds C,80,53 Hy%.3. Oy ,H 0 vequires (,80.8; 59506%}a“€ .
4 ol

{XC1) 1695 em. (C=0), 3460 cm. {(OH). N.M.R. dats ave reporied

in the Appendix.

Dehydration of l-Bengoyloxy-~4-hydroxye3,4-diphenyleyclopent-

{a) Ll-Bensoyloxy~4-hydroxy-3,4-diphenylcyclopent-2-ecne (0.5 g.)
was dissolved in ethanol {1lml.), concentrated hydrochloric acid
(1.2 ml,} was added and the mixture was celluxed for 1 hr, I
was then veduced to half bulk and an oil separated,which crysitall-
ised on cooling to give nyellow 201id(0.31 gos QA%) . Recrystall-
isation from petroleum ebther gave 594%diph@nylcyclopentm2nen=1mon@
as colourless needles; m.p. 102-104° [Litoaag 108-130°],
wndepressed on admixture with an antheniic sample.

(b) LeBenzoyloxy-4-hydroxy-3,4=diphenyleyclopent-2-ene (7.1 go,
0,02 mole) was dissolved in benzense (6@0 mi, ) apd refiuxed For

12 hw. thyough a Soxhlet appevatus conteining anhydrous oxaliq

anid. The miziture was ther poured into water and the benzene
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layer separated. It was washed several itimes with 10%
sodium'bicarbanate solution, then with water and Tinally dried
over sodiun sulphaie, Removal of the solveni gave an ovange gum
which was chromatogrudhed on siiic& gel to give .

{1) & rellow arysitalline product (0.34 g., a%) eluted by vetrolevm

etnenwbﬁnz@nediﬁgl}o Regrystallisation from acetone gave
yellow needles, m.p. 238=239° |povnd: C;92.7; Hob.0 M.W., 326.

Cyailee Tequives 094,05 H,600%; MoWo, 434), K.M.R. dabe ave
reporied in the Avpendixn,

(2) 3,4~Dipherylayclopent=Cesn=l=cne (0.6 g., 278}, M.po and
fixed mop. IU3=105°,

{3} Bengene--petvoleum sther (L:l) gave & colouxvless erysta;lina
solid (3.2 g., A9%) which veerysiallised from acetone as line
needles, Mo.p. 207-209° [Found: C,91.0§ H,6.0. (5, H, ;0 requires
G,90.85 Hy5.8%)c N.M.Ro spectrum is reported im the Appendim.
\{ .

lmﬂcataxyn4=hgdrcxgm§94«&iphenylcyclaggntmﬁwene (XG5 ReRT = Hj

o o
maxn(KCIJ 1066 and 1033 cm.

RE 1 e GQQ}L‘%)“.

1,4&3ihydr0xyw§94udiphanyicyclopentnﬁwane (5.0 goy 0.02 mole)
was disselved in benzenespyridins (1:1, 24 mi.), aeetyl chloride
{(1.58 goy 0.02 mole) was added slowly with cooling. The mixture

was allowed to sbend at xroom temperature Ffor 30 min., then il
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was poured into water and extracied with ether. The ethersal
extract was washed with water, 10% sodium bicarbonate solution,
dilute hydwroghloric acid, water and Finally driad over sodiuvm
sulphate. Removal of the solvent gave @ yellow oil, whick
crysballised on the addition of cyclohexane to give 1l-pcetoxy=de
hydroxy=3,4-diphenyleyclopenti-2-ene (4,76 g., 82%), After
roorystallisation from cyclohexane the compownd had m.p. 103=-105°
(Founds G,77.43 Hp6.4. C,oH g0 wequires C,77.5; H»éol%)o‘yrm&xn
(¥G1) 1709 @mnwi (G=0), 3448 Gmoai {(OH), ¥NW.M.R. data are reporied

in the Appendix.

Dehydration of lmAcatoxgmam&y&roxyu39&wdiphﬁnylogelo@eﬁtmzaen@;

l=hoeboxy-d=hydroxy-3;4-divhenyleyclopent-2=ene (0.5 g.)
was dissolved in ethanol {(1iml.), concentrated hydrochloric acid
(1.2 ml.) was edded and ihe mixiture was vefluwxed for 1 hr, I%
was then poured into water and extracted with esiher. The ethersal
extract was washed with water and dried over sodivm sulphste.
Removal of the solvent gave 3,4=diphenylayclopent-2=en=l-one
(0036 gop 20%), m.p. 8nd mized m.p. 97~10Ll°, Recrystallisation

from petroleum ether raised the melting point to 102-104°

a8
| Lite  108-120°],

'&ttempted Prepavation of 4-Hydvoxy-l-methoxy-3,4~diphenyleyelo-

VENG=2=@NA o

(a) 1,4-Dihydroxy-3,4-diphenylayclopent-2-~ene {5.08 g., 0,02 mols)
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was Aissolved in methancl (50 mi,), dimethyl sulphate (2.5 g.,
0,02 mole) was added, followed by sodium hydroxide (4 ml., 20%
solution). The mixture was refiuxed for 1 hr., then it was poured
into water and extracted with ether. The ethereal extract was
washed wilth water and dried cver sodium suiphate. Removal of the
ether gave an orange oil which was chromatographed on silica gel.
Bengene-ather {9:1) eluted a yellow viscous liquid. Distillasion

at (175° (bath); 0.01 mm.)} gave Jl,A-dimethoxy-3.4-diphenyloyclo-

pentef-gne (2.6 g., 86%) as a colourless oil (Found: C,80.93 H,T.2.

=1
G, oHp o0y whquires G,81.43 H,T.3%).Y (liguid) 1115, 1093 cm,

naxe
(0~0=C)y; NoM.R. date ave reporied in the Appendix. Renzene-ether
{1:1) eluted starting matevrial (1.2 g.).

{(v) 1,4~Dihydroxy=3,4-diphenyleyclopent=2-one (3.5 g., 0,014 mole)
was dissolved in anhydrous Setrabydrofuxan (40 ml.) sodium hydride
(0.66 ., 50% dispersion, 0.014 mole) was added and the mixture

was refluxed for 2 by, Dimethyl sulpbate {1.76 g., 0.0L4 mole)

in tetrahydrofuran (5 ml.) was added and the mixture was refluxed

a Tupther 30 min. It was ithen pouved inta vater and extracted with
ether, The ethereal exiract was washed with water and dried over
gsodium sulphate. Removal of the ebher gave & yellow oil, which
crystallised om the'adﬁitian af eyelohexane. Reoxysitallisation
from cyclohexmane gave ’y4-divhenyleyslopent-2eenel-one (3.1 gy

95%)g SoPe ond mixed mM.po A02=110°,
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Atbtempted Beaction of l-lydrony=3%,4-diphenyleyelopent=2-ene

with N-Bromosuccinimide.

l~Hydroxy=3,4-iphenyleyclopent-2-ene (1,17 g., 9 mmole}
and N-bromosuecinimide {1.29 g.,) were refluxed in carbon
tetrachloride (50 ml,) for 1 hr. Filtration geve a dark red
selution and removal of the solvent under reduced pressure yieldsd
a dark fed 0il. Wo attempt was mede purify this material, which
wag dehydrsted directly with concentrated hydrochloric aecid (2 ml.)
in ethanol {40 @lo)q A davxk brown precipitate formed which was
filtered and vecrysitallised from benzene %o give bls-l,2-diphenyi~

1

cyclopentadienone ), map. 200°(d). Y m&xo(KGI L7FS and 1695 cm.

189
Attemptad Reaction of A~Chloro-3,d-divhenyleyclopent-Z-en~1l-ons

with Sodium Borohydride.

A~Lhlore=3, d-diphenyityclopent~2-eneloone (2,68 go, 0,01
mole) was suspended in meth&nol (60 ml.), sodium borohydrids
(0.3 go,) in vaker (2 ml.) was added and the mixture was allowad
30 react at room temperature for 10 min. It ﬁas then re&ﬁcad to
semall bulk on the steam bath. On coeling a colourleses cyystalline
product separated. Filtration followed by recrystallisation from

 henzens geve bis~{1,2-diphenyleyslopentadiencne), Mop. 200°(d).
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Chloromereuriferroosne and L, i'-Ris{chloromercurli)-ferrocane

(CIT, GIIL, R = HaCl),

Ferrocens {47 8., 0.25 mole) and mercurisacetate {77 g.,
0,25 mole) were dissolwed in edher methamol (1:1lp 2 1.) and the
mixture was left for 14 days with cccasional shaking. The wveactien
mixbure was filtered and the pregiplitate was washed with ethor:
methanol. Recrystallisation of the precipitate from xylene gave
@if@ér@é@nyl merguryﬁé (15 zo3 22%), m.p. 210-215°, undepressed
on adnixturs with an authenitic sample. To the Tiltvats, an
agueouns seliuvtion of potassium chloride {0.25 mole) was added
vielding an orange yelléw precipitate,

Filtration gave a mixture of moﬁ@ and di-mercurichlorides.
Soxhlet extraction for 6 days yielded mono-chloromercurifervocens
(T<T g-o %) and bis(-chloromercuri~)ferrocene (40 g.,. 25%).

76
Attempted Preparsbion of L L'-Dibromeferrocene  {CilIi, R = Br)

1,1 -Bis{ vhleromerouri)-ferracene (6.54 go, 0,01 mole)

and bromine (4 g., 0,025 mole) were refluxed in chloroform (200 m2.,
for 30 min, The mixture was pouved inito sodium thiosulphate
solution and extracted with ether. The ethereal sextract was
washed with weter and dried (Ne,80,), removal of the solvent

failed to yisld any of the expected product.

e
1s1'=Diicdoferrocene. (GITl; B = 1).

1,1t =Big{ohloromercuri)~ferroosne (6,55 go, 0,01 mole) and

iodine (12,92 go, 0.025 mole) were vefluxed in chloxoform (250 ml,)
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for %0 min., The chloroform was deocsrited off and the bluck viscous
residue was extrocted (H6) with boiling ethanol. The ethanol
extracts were combined with aqueous sodium thiosulphate and the
precipitate was removed by Tiltration. The precipltate was dissolv-
ed in ethem Thin vac filtered and dried (Na,S0,). Removal of the
selvent, followed by chromatography of the residue on silica gel

in bengene, gave l,1'-di-iodofervocens (1.11 g., 26%) as & vred oil,

, . . A 192
Attenpted Prepavation of 1,1°'-Ferrocenylene Di-aceiale

(GI1I: R = QUOCH, ),

{a) L,1'-nitodoferrocens{l g, was refluxed with copper acetaie
{2.5 go) in ethancl for 15 min, The mixture was ponred into
water and extrvacied with ether. .Tha athevreal extract wae washed
with water, 5% poiassium hydroxidaisolutiong wéter and finally
dried (Na,50,). Removal ol the solvent gave unchanged 1,1l°di-
icdoferrocene {0.95 z., 95%).
() 1,1'=Di~icdoferrocens (0.9% g.) was dissolved in 50% aqueous
tetrahydrofuran {200 ml.), copper acetate (2.5 g.) was sdded
and the mixture was refluxed for 30 min. The.mixture was worked
up as desaribed adbove to give a red oll. Au infrared cpectium of
thic 2dl showed g wapr corbonyl absorption al 2.8 j probably due
e & trace of l;luerrocenylens discetate.

When the above procedure was repeated using water as the
solvent medium, the parbomyl absoypilon increased, however only

by o merginal amount.
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76
Todoferrocene (0IL, R = 1),

Chloromercuriferrocene (3.3 Zo.o 8.0 muole) was dissolved
in hot xylene (200 ml.) and mixed with & hot solution of 1odine
(10 g.) in xyleme (100 ml.)}, immediste precipitetion occurred.
The mixture was cooled; filtered and the precipitate was washed
with slcohol., The precipitate wazs then shaken with agueaous
sodium thiosulphate and extracied with ethev. Removal of the
solvent gave jodoferrocena{0.6 g., 24%), Mope 46m48°A€Lit07644m45©]=

191 B .
Fervocenylaoetale, {€I1I, B = QCOCH, )

Todoferrocene (0.6 gop, 1.45 mmole) was dissolved in
aqueous mebhanol (150 ml.), copper acetate (1.5 g.) was added and
the mixture was refluxed for.lﬁ min, It was then diluted with
water and extracted with ether. The etherssal extract wes washed
with water, 5% potassium bydroxide solution, water end finally
dried (Ne,S0,). Removal of the ether gawve an  orange oil,
Crystallisation from petroleum ether gave Ferrocenylacetaie

o1

(00517 Eog 67%)9 BePo 62”6403 (Litai 6405”66°JO

201,
Cyclopent~2=-en=l-ane. (C¥3 R = H),

A three nwcked flask, fitded with a dropping Tunnel,
fractionating column ard nitrogen inlet, was heated in a metal
2009201
bath to 300°, Dieyclopentadienol {48.5 go) was added
dropwise during 6 hr. and the distillsite wes collected in e Tlask
at «70°. Redistillation gave cyelopent-Resn~i~one (b.p., 24.5°

2 mme) (15.5 go, 66%).
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Attenpted Preparation of 1,1'-Dimethoxyfervocene {CII1s R = OMe)

To dimsyl sodium, [preveved by the method of Coreyis4
from sodium hydride (18.2 g., 50% diapéraiong 0,15 mole) and
dimethylsulphoxide {145 mlo)]3G$Qlﬁpﬁﬂ%=2monﬁlw0ﬂ&-(1405 Eoyp
0,175 mole) in enhydrous tetrahydrofuran (50 ml.) was added
dropwise during 30 min. The mixture was stirred a fuzrther 3 hr.,
then freshly prepared anhydrouws ferrous chlodide {(11.2 g., 0,088
mole) was added in small portions over 30 min., followed by
anhydrous tetvahydrefuran (150 ml.). The mpixture was sbivred
overnighi. then a2 solution of sediuvm hydwvoxide (% g.) in water
{250 ml,) was edded and the mixture was stivred for 30 min, The
solid material was vemoved by £iltration under nitvogen and the
filtvate was refluxed with dimethylsulphate (25.2 gop, 0.2 mole)
for 30 min, The mixture was poured into water (2 1.) and
extracted with chloxoform. The extract was washed well with
water and dried,(caﬂlz)n Removal of the solvent gave a yellow
gumny solid which was inscluble in petreleum ether and was
therefore not investigated.

1pi-Dimethoxyferrecene (C1II; R = ONe)

A solution of mathoxyferroeene (4.32 5.y 0,02 mole) in
snhydrous ethylamine (100 ml,) was pouved on to lithium metal
(3.0 goy 0,43 go atom) as rapldly es the vigorous weaction would
allow (™5 min)ulii The mizinre was ehirved for 20 min., then

faxyous chloride, from ferric chloride (6 gop 0,04 mole) was
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added and stirring continued overnight. It vae then pourad
into water and oxbracted with elther, which was diried (Mgsc%)
and removed to give an ovange gummy solid, which on chromatography
yielded.
Lo Terrocens { 0.90% oy 21.8%); mepo and mixed m.po T4=T6%.
2, monemethoxyf@yraaenﬁ$9$ (138 gey 32%), Bopo 40=42.5%,
B dim@thoxyfsfwcgan@igg (0,105 g., 4%) identified by its
infrared specirum.

. . ) . 146794209128
Feorrocenyiboranic acid end 1.3 '~Fervocenylenediboronic acid.

{a) To bubyilithium {0.043 mole) was added 1,Ll'=bis-{chioro-
mereuridferrocens (6.5 8oy 0,01 mole) and the mixiture stivred

at room bemperature for 1 hraiaz Thig wag then filtered through
a glass wool plug into a dropping fumnnel and added dropwise te
butyl vorate {13.8 g., 0.06 mole) in ether (20 ml.) at -70°

over 2 hr. The mixture was them allowed t¢ come te room tempera-
ture (1.5 hro), destroyed with agusous sodium hydroxide (10%,

100 ml.) and filteved. Theethor layer was exbracied with aqueons
sodium hydroxide (10%) and the extracts combined (total volume,
400 mlo).  Acidification with sulphuric acid (10%) yielded o
yellow precipitate, filtration followed by washing with water
and petroleum ether gave 1,1lf~ferrocsznylenediboronic acid

(0.5 goyp 8.5%) as & yellow powder. .
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(»)

fine aluminium vowder (50 go, 1.85 mola), freshly ground

To & shirred slurry of fervocene (37.2 g., 0.2 mole),

aluminiwm trichloride (3 g., 0.0225 mole) and methyl iodide (1 mi.)
in dry petroleum ether (5§O ml, ) under nitrogen at ~30° wes added
dropwise, over a period of 40 min., boron trichloride (100 g.,
0.852 mole), The reaction mixtuvre was then stirrved a furihey

4 days and the remeiring bovon trichloride distilled off wnderx
reductd pressure. The wpachion mass was then sucition Tiltered
through kiezelgnhr, under sarbon diloxide, and the aluminium powdew
weshed sarefuily with peltroleum ether., The red coloured filtrate
of Texzocens, ferrocenylboronyl dichloride and 1,1'-farrocenylene
bis{boronyldichloride) was hydrolysed at 0° by dwvopwise addition
of water {(containing a few drops of titanous chlovride) to the
stivred solution. The mixturse of boronic zcids was Filtered

off and washed with peiroleum sther and water to reutrality

{Congo wed). Extraction with sther left only a trace asmount of

1, ' -FTerrvocenylenesdiboronic acid, Hwaporvation of the dried

(Ma, 50, ) ebher exiract afforded forrocenylboronic acid (12.0 g.,

26%) .

Acetylation of Mopometh9§gferro@@n§

Methoxyferéauene (5.5 gog 0.0138 mols), acetic anhydride
(0:87 g0y 8.9 mmole), polyphoasphorie ecid (30 g.) were stirwed
under nitrogen at 45° for 2 hr. The mixture was them pourad inko

water and extracited with ethey. The ethevesl extrast wae washed
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with water, sodium bigarbonaie solution, water and finally dried
{Wa,80,). Removal of ethex gave s deep wed 0il (2,66 g.).
Chromatography on alumina in bhenzene gave
{a) an oily s01id (0.532 g.)} eluted with henzene and having no
carbonyl absoxption in the inlipred,
(b) a deep ved 01l (1.909 g.; 45%) eluted very slowly by
hensene_consisting of the thrwee monce-acetylated methonyfervocenss.
R@@hr@m&tngf&pﬁy of {&) in pelroleum ether gave unchanged
monoms shoxyferrocene {0,461 go, 13%)0
Fraotion (b) was distilled {150° bath; 0,02 mm. ) and
separation attempted by vapmy phase chromatography. Thrse
principal peaks with smaller peaks superimposed were obitainsed.
This was thoughl %o ke due %o partial decomposition alt the
golumn temperature {200°), When 1.357 g. of (b) was rechromabo-
graphed on a column (72" =z 1.2" } in benzeus no appavent
separation was achieve&;

118
Aminomethyliation of 1,1-dimethoxyferrocene.

1, '=Dimethoxyferrocens (1916 oy 4.79 mmole), mebhylene
bis-dimethylaning (1.94 g., 19 m.mole) and a catalytic emound
of 85% phosphoric acid in glecial acebtic acid (30 ml.) weve
gtirred at 100° for 15 hw, under nitrogen. Alter vemoval of
mogt of the acetis agid, the solution was basified to pHLO with

108 sodiuvm hydroxide soluntion and sxivacted with ethexr, The
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axtract was dried and evaperated o yield an oil (0,968 g.)
which was chromategraphed en aluaine to yield

(2) @ dark orange il (0.343 g.) eluted with ethor consisting
of dsomeric monoaminomethylated methoxyferracenss.

(b) a red 0il (0,608 g.) eluted with ethersmethanol (99:1)
conainting of isomeric diamincmethylated metiwxyfervocenss.
(a) {0.34% g.) was vechromeiographed in ethsr om & column

(60w = Q.6"), 2% ml. Tractions were collected.

Fraghion T Weight Fraction Weighs

Wo, 1 mg. No. g o
1 0B 2l 2.5
2 1.5 22 2.5
3 2.0 23 0.5
4 15.5 24 ' 0.5
3 a2 25 1.5
& 12 26 3
7 28 27 3
8 18 28 2
Q 15 29 2
10 12 30 3
11 10 3% a
2 LG 22 2.5
13 2 53 2
14 8.5 74 2
15 S 35 2
16 t 30 2
1 3.5 37 {column 21
18 3 axtruded )
19 3
20 Qoﬁ
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From this table it appears that the mixture consisits of two
gomponente. Fractiows 1-20 were bulked and considered %o be
component (4) (0.211 g.), Ffractions 23%-36 were bmlked and
designated component (B) (0,118 g.). FN.M.R. and infraved date
foxr these are regorded in the &@p@ﬂdix, Component (A) gave a
meﬁhig@iéag RePs 126-127° (Found: 0,45.23 Hy5.43 1,2,9.
C, ¢ M, ,Fal0, mequires G,43.13 H, 5.43 N,3.1%), Compoment (B)
gave a methiode, mep. M50-152° {Found: C,42.73 H,5.83 N,2.8.
G, o Fp ,Feli0, wequires C,43.13 H,5.45 Np3.1%).

Rechromatography of (b) failed o uchieve any separabion,
Redugtion of Eiﬁm(dimeﬁﬁgl&minomethyl)mdimethogyf@rfocen@so

Reduction of Ris~(dimsthylaninomethyl)-dimethoryferrocenss.
To a solution ol the aminomethylated product () (0.608 g,

1,7 mmole) in dry bensene {30 ml.) was added portionwise over a
period of 10 min., maﬁhyliaﬁid@ (0:895 goy 605 mmole) in dxy
bengene (10 ml.). On cach addition the solution was shaken
vigorously and after the final addition the mimtuvre was
refrigerated for 12 hr, The precipitate was filtered off and
the Tiltrate evaporated o dryness giving a combined yiseld of
methiodide {1.09 g., 200%).

To freshly ground sodium amalgam (175 g.) prepared Ffrom
sodium (%34 g.) and mercury (40 nl.) was added, with cooling in
an ice bath, a solution of the methicdide (L.09 g.) in water

{50 mlo)s After additioun of venzene (20 ml.) ihe mimiture was



121

heated on the steam bath for 3 hr., during which time the
gvelution of trimethylamine was noted. After cooling the
mixture was exbtracted with lknzene, dried {G&Gla) and evapevated
to yield en oil (0.4615 g.). 4An infrér@& speetrum‘of this
product showed sivonghydroxyl absorpbion &t 2.2 uw. The product
was once agein reaeked in beuzene-waber with sodivm amslgom

{100 go) for 5 hr. The mixture was worked up as bafore yielding
an oil (004§4 g+ ). Chromatogrephy on aluming in petroleum ether

gave a mixture of dimsthyl-dimethoxyferwvocenes {C.255 g., 55%)

as & drown 0il. Rechrometography on alumina in petrolevn ethsy

failed to resolve the mixbure,
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Relative
Cyelopentadiene T Value Intensityl Assirvment
Mim Wu .ﬂ\g.ﬁmﬁm@g@\w\s M ° wm -s.n“w Amﬂw m ° .\Nww« g@%”@ !tH.ﬂv
Ry Ry =Phg Ry By ,Fy=H 3,313 5,99 Glefinic 3,0, - 2
G.25 1.0 Hethyleme &3 - 2
1,2, kaTripheayle 2.5-3.% {m) i 12,51 Phenyl and olefinic-l6 ox 17
Ry s R (Re =Ph, By  Hy=H Go.12 1 ‘Methvyienic - 2 or 1
1,2, 3-Triphenyi- 2.6=3.1 {m} | 16,05 Phenyl - 15
Re ;Rp o By =Plr, Ry ,Ry =l 3.5 {&) 1 Dlefinie O -~ 1
6.5 {a) 1,88 Methyliene G - 2
i heDimethyl-2,3=Adiphenyi= 2.6=3.1 {w) 5.7 Phenyle Cp,Cq - 10
Ry ByuMeg Rp By =Phg By =H 6 .89 1.0 Methylene C - 2
.ﬁ&@m mnﬂw @M@&Mﬁ@“wm QM.QQAA_ haad m
L:25=Trimethyl=3,b-diphenyl | 2.8=3,1 {ea) i1.3 Phenvi, G ,Cy w L0
Ry oRa ;Ry=Me; Ry ,B;=Ph 5.87 {wm) i Protom on Oy « 1
7,93 mmw Methyl
8.1 {t 9.25 N ~ 9
8.27 "
d = doublet ¢ = triplet m = sultiplet.
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NoM.R. Spectrum of |0 ~0LOP,

%" Value Relative Agsionmewnd

Intensity

1.9=2.9 15.9 Pheny L w115

343 (a) 1 Proten on (g - 1

3.88 (qub 1 Provon ou Gy w §

7633 {dodd) 1,93 Protons on G - @

7ol 1 OB proton C4 =3
g“ “}u\dﬁ‘

N.M.R. Spectrum of JL\\ Do Q{'@’tﬁg
Ph lit
5,
O
_ Relative
¥ veiue Intvews ity Assirnment
2ol 9 (ﬁfb‘) 10.96 Phenyl - 13
3.58 (a) ] Proton on Oy w1
Iol2 (qm) Q.86 Proton on Cy = 3
7.32 (a) Proton on O = 1
7 o3 3.0 OH proton O - 1
7.5 {dg) Proton on O ~ 1
$5.0 3.4 Moethyl group - 3
g = doublet Q = guartet
mo= gultiplet g = ouintuplet

Rodle » double doubletd
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%v;a\

)

N.M.R,  Spoctrum of ‘Fa Q
RS

)
OMe

TValue Relative Asgisnment
Intensity
2.60-2,9h 12,5 Phenyl =10
5.5% {d) 1 Olefinic proton om Cs -
6,07 {wm) i Proton on Cy - L
G! ) )

G oGl % 6ol Methoxy protous - &
Go72 .

712 {m} 1.8 Oy wethyviene proup w23

d = doublet

i}

it

maitiplet
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H.M.R, Spectrum of Phenylsubstituted Cyelopentencnes

. Relativeo
1 o Lay Fe d
Cyeclopenierione T Value Tntensity Agsisnuent
3. h=dighenyicyeclonent-2- 2.5-2.8% {(m) 10,7 Phenyl <15
wefei=one
Ry, Ry = H 3.33 {a) 1 Olefinis C; -3
5.83 {m) ] Proton on C, =1
7.18 {a} 0.88 Proton en Cy - 1
7.5% {a} 0.88 Proton om & -~ %
2.3 h=triphenyleyvclopente 2:.55-3,2 8.7 Phenyl -~ 15
=2otiye lesne 2.43 {a} 1 Protom en O, =
By = Phy Rg = H 6.95 (&) 3 Proton on C; L= 1
7.23 (a) 1 Proton on G -1
2, 5wdims thried, bediphenyle | 2.65<3.15 10,9 Phenyle =10
cyclopeni-Z-cp=l=one 5.08 {g) C.8 Proton on O, = 1
Ry» Rg = Me 7.18 (g} 1 Proton on & -1
7,02 ﬁ&v 3,15 Methyl group on Cs = 7
2.25 (a) 2,7 Methyl group om O =3 i
d = doubled g = quartet m = maltiplet
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Imfrared waxima for methoxyferrocene and acatylmethoxy .
L

forrocenes below 2000 com.

ggg)wgwm ifiyfowm“.
N,
- >

L J " ~GOCH,
e e
@ {(W¥ujeld) @X(H‘) /
- 1661 {ve)
1493 {s) 1493 {vs)
166 (s) s
1456 (s) 1453 (s)
1h29 (vs) 1529 (s)
10 (m) w
1377 1377 (s)
- 1361 (=)
- _ 1274 {vs)
124y (m) | 1250 (s)
- , 1333 ()
piok {s) 1204 (w)
1058 (vs) 1053 (ve)
- 1032 (w)
1012 (vs) 1010 (=)
1000 (s) 1000° (m)
- 980 {w)
o1y (s) o1k (w)
- 890
832 (s) =
821 (s) 813
gon {vs) - =

a = doublet b = shcwlddoy
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InPraved mavima Ffor dimethoexyfaprrosene and diwsthylaminge
methylated product below 2000 om.~

Ny Gite
W

Fe

A
&{:))& Dige Component (4) Cowponont {(B)
2593 {ve) 1493 (ve) 1593 (vs)
- w75 {s) | w75 (s)
1450° (o) 151° (o) w51 (s)
128 (=) | w22 (o) 2y {s)
1978 {g) 1381 {w) 1376 (w)

- : 1351 (w) 1351 {w)

- 1316 (ww) 1316  {ww)

- 1286 () 1286  {m)

1250 (=) 1250 () 1247 (vs)
1235° (s) - -
1398 (ua) 1212 {w) 121y (w)

- - 1170 (w) 1174 ()

2359 lw) 1159 {m) 1149 {m)

- 2315 {u) 1136 (i)

" 1105 (s) 110y (w)

1053 (=) 1ou7® (=) 1056 (=)

2055° (o) 1036 (s) 1036° (s)

1012 (e) 1020% (=) 1018% (s)
= 1000 {s) -

- 990 (w) o146  {w)
921 (o) 925% {u) 926° (w)
862 (w) ‘ 881 (w) 917  {m)
823> () 813 (s) 842 {m)
816 (s) 813 (=) _ 813 (s)

& = dowblet, b = shouldew
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Inrosed maxima For mived ﬁima%hyiwﬁimathuxyferm@u@m@a
below 2000 cm.

1493 (s)

175 (s)

a8 ({s;)

1376 {w)

- 2277 (s)

1296% ()

I ?{'M@ L2 (@)

L’X 1052 (&)
‘f)X Ote | 1032 ()
) 953 {w)

(1dquid Pilm 921@ {2s)
859" (w)

816 (m)

792% (w)

you  (m)

a = doublet,b = shouldey
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