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This study describes some electrophilic substitutions
of methylthio-, chloro-, and methoxy- ferrocene. The
experiments were carried out in amn attempt to determine
the directive effects operative in these compounds.

The aminomethylation of methylthioferrocene afforded
the three (1,2; 1,1" and 1,3) isomeric dimethylaminomethyl-
methylthioferrocenes, whiehiwere converted via their
methiodides to the corresponding methyl- methylthioferrocenes
These compounds were them converted to the correspondimng
thiocyanates, ag. lwthiocyanato=1°=methy1fsrroceneg and
thence to the corresponding disulphides, e.g., di-{1'-
methylferrocenyl)disulphide., An independent synthesis of di-
(1°-methylferrocenyl)disulphide from l-carboxyferrocene-=1'-
sulphonic acid provided conclusive idemntification of this
compound, The site reactivities, as determined from the
weights of isomeric methyl- methylthiosferrocemes isolated,
indicate that the methylthio group is activating in nature,

Chloroferrocene was found to acetylatevexclusively
in the unsubstituted ring, thus demonstrating the deactive
ating effect of the chloro substituent.

A new route to ferrocenylboronic acid via ferrocenyl=
boronyl dichloride, greatly simplified the prepzaration of

methoxyferrocene, When methoxyferrocene was subjected to



Friedel-Crafts acetylation, a mixture of the three (1,2;
1,1° and 1,3) isomeric acetyl- méthoxyferroeenes was
isolated. These products were identified after reductionm,
as tha corresponding ethyl- methoxyferrocenes. Site
reactivities calculated from weights of isomeric ethyl-
methoxyferrocenes, isolated from two different reduction
methods (LiAlH@mAlCla and Clemmensen reductions), provided
unsatisfactory results. Aminomethylation of methoxzyferrocens
yvielded a mixiture of the thres isomeric dimethvliaminomethyl-
methoxyferrocenes, which were idemitified, after reduetiom of
the mizxture of methlodides, as the correspondimg methyl-
methoxzyferrocenes., Site reactivities cazlculated from these
reduction products showed the methoxy group to be activating
in nature.

The displacement of ferrocene suhqtituents by protons
wasuobserved ip gertain reactioﬂgo Methylthio- and
methoxy- ferrcocene on treatment with aluminium»tz_'ichloride9
afforded not only ferrocene, but mixtures of the isomeric
di({methylthio)- and dimethoxy- ferrocenes. A similar

treatment of chloroferrocene furnished only ferrocene.
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HISTORY

Since the discovery by E’ranklandn in 1849, of
diethylzinc, the first true organometallic compound, the
ensuing century has seen marked progress im this new branch
of chemiﬁtry, and in recent years organometalliz compounds
have ceased to be exclusively the cbjest of academic reseaxah.
The importance of present dey rssearchss are best kept im
perspective with the several major advances which made modern
developments possible. These include the preparation of the
first orgenomagnesium compound by Grignar@a in 1900; the
preparation of ecyelopentadienylpotassivm by ?hiel@i in 1901;
the direct preparation of organolithium compounds by Ziegler
and C:Olmraim{6 in 1930, latsr utilised by Gilmen for the
preparation of aryl and alkyl derivativea'df moat of the
elements of groups 4b and 5b of the pericdic classificationy
the organcsodiuvm compounds by Gilmang in 1933 and Bockm%hl
and Ehrhart in 19552 prepaered for the firet time from sodium
and organic halides.

| Despite the widely held belief that orgsnic derivatives
of the transition metals were inaccessibls, & new field of
organometallic chemistry was initiated by the discovery im

P
1951 of biscyclopentadienyliron or ‘ferrocsne’ by two



§2

899
independent groups of workers. Since then, the chemistry

of organic derivatives of the transition metals has expanded

10-81
at an exceedingly rapid rate and & number of reviews have

been published.
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STRUCTURE
28938

The now wellknown 'sandwich® structure of
ferrocene (I), originally suggested by ite diamagnetic nature,
non-polar character and its possession of a single C-H
atiotching frequensy in the infrared regionfawaa further
aubstantiafed by detailed X-ray crystallographic data
démomatr&ting 1¢s cenirosymmeiric natqregzarg? with the twe
ringéMplaced in parallel planes about thé centrel irom atonm.
Ferrocéne crystalliaé@ in the monoclinic speace group'PE?é
with two molecules in the unit c@ll%aeg? and hence the metal
atom lies at a centre of symmetyy both within the unit cell,

2223 : :
This leads to ferrocens having

2
and within the moleculs.
the pentagonal antiprismatic or ‘staggered’ conformatiom (I),

2829
while the analogous ruthenocene {(II, ¥ = Ru} and




osmoconoso (1I, ¥ = Os) have the pentagonal prismatic or
opposed conformation of the ringe in their orthorhombic
orystals, One suggested reason for this difference from
ferrocene, is the larger size of the ruthenium and osmium
atoms, which thus causes 2 reduction im ths repulslon betwean
the hydrogen atoms of the different rings.

Both physical and chemical svidence indicate that
the rings are fresly ratatingﬁa in solution and in the vapour
state, and considerable oscillation is even thoughi to occur
in the crystal state, with the 'staggered’ conformation being

87
preferred.
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HOMENC LATURE

The proecedurs for numdbering ferrocens derivatives is
usually quite straightforward. As can be seen from diagram
(1II), the carbon atoms of ome ring are numbered 1 to 5,
while those of the other ring are numbered 1¢ té ¢, in the
saﬁp‘ﬁire@tiono Iﬁ e monosubstituted ferrocene therefors,
carbon stoma 2 and 5, and 3 and 4 become equivalent, although

thia is not mecessarily true when both rings bear a subsiituend.

2
3@1 HyC @OCOPh H; C @OCOPh
4 [
Fe Fe Fe
d 1 Hy C
é @ d @000?11 nsc@)ocozm
L |
11X A v

sven when both substituents are identical., It will be seen
that (IV) and (V) are sterecisomers, and as such can be
separatedig thus stressing the importance of mumbering in the
same direction,

The nomenclaturs at all times is kept analogous bt¢

that of the benzene series, sxcept where woxd order pravenis



this, e.g- (IV) is named 1,1'=ferrocenylenediboronic acid,

whereas (VII) becomes l-methoxy-1'-ethylferrocona.
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PREPARATIONS OF FERROCENE

Since the discovery of ferrocene, many methods for
the preparation of 1%, its derivatives and oth@r biscyclo-
pentadienylmstal @ompounﬁu have besn devisedg but these mey be
ganerally thought of as falling into two maein groups, viz. thoze
involving syclopentadiene i%self, and the others imvolving
syelopentadienide iona.
1 (a). In the original preparation of férroeéna% the method
employed entailed heating the metsl itself with cyclopentadisns.
Thie method has not bsen extended to oﬁher metals except
m&gnesiuﬂ?s because of the poor yields, but this has begen
partislly overcome by using the metal cxid&a ee and hydrmg®ﬁ;&
Iron dxalateﬁaha@ alsc been used as & source of iron oxids,

(b). Cyclopentadiene also reacts readily with iron carbonyls
8637

at 200°, to give reasonable yields of ferrosens. This

reaction has been shown to progress via the tetrscarbonyl (VIII}),

TIIZ

[ .



o ‘ v : o 36937
which is formed exclusively at 135° by the same reaction.

2 (a). The most widely used prep&rative technique involves
the use of the cyclopentadienide anioh, C3Hy» @8 the Grignard
,reagents or as an alkali metal salt with anhydrous ferrous

chloride.

. MgBr + Felly—s (CyH, ),Fo &= FeCl, + M (|
\

The alkali metal salts of cyclopentadiens have been prspared
by tresting the hydrocarbon with an alkali metal ° sodamide
or éodiﬁm u@@ﬁyli&@&? in liquid ammonia,with sodium tert.
butoxidé in tert. butanolig with sodium ethoxide in eﬁhénmlaﬁg
with é@dium in tetrahydrofuran or ethyléné glycol dimethyl
etheri®9@09@@u@@ erd also with alkyl- and aryl- lithiun

L3}
compounds in ligroin or ether.

(b). One method which has beenm found particularly coivenient,
is the reaction of the anhydrous halide with cyclopsntadiens, im
. 38 . . 2
an amine such as diethylamine, pyridine or piperidine, which
‘39940

acts both as solvent and halogen acceptor. The reaction

may bé répresented as

FeCl, + 2CgH, + 2 amine ——3 CgHgPeCgH; + 2 amine.HC1



A wide iariety of substituted ferrocenes can be
prepared by the above methods i.e. from éubstituted cyclopenta-
dienesg51’§2Another most useful preparatory method; involves
the coﬁversion of fulvenes””55 to their corresponding
cyclopentadienyl salts, (the reduction being effected with
R'Li or LiAng) and treating these with anhydrous ferrous

chloride to give the desired ferrocenes (XIa) and (XIb).

CR, R
CRyR? FeC Fe
I T
RYLi CRpR?
@ s Xa XIa
= :
\R }
LiAlH,
CHR,
IX
FaCl.
CHR, —————E—2 Te
. +
[LialH, ] CHE,

Lb XIb




ﬁhny othér syntheses inoorporafing fulvenes have besn
8£<60 : 81 "
described in the literature, and lately Watte hss further

" expanded this field.
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PROPERT IES

Physical

Ferrocene is an air stable orange orystalline solid,
m.po 173°, goluble in all organic solvenfag and insoluble in
and unattecked by water, acids and alkalis, in the absence of
oxidising agents. It sublimes readily at 100°, and from
vapour pressure measurements up to 400°, Kaplan gj,glf,ag
estimate the boiling point at 249° at normal pressura.

Extensive studies of the dioﬁroismsain ferrocens

62 °66-87 a2
crystals, the thermodynamic properties, the infrared,

Raman?ﬁnc? and nuclear magnetic reaonancaﬁaﬂvé apectra gavse
results which agreed with the X-ray analyses resulis, confirming
the ‘'sandwich' structure already mentioned.

Oxidation of ferrocens to the blue water soluble
ferriciniuﬁ cation (XII), is easily achieved in acid media,
and the cation can be precipitated from aqueous or alcoholic
solutions by various anions, e.go, tri-iodide‘z1 reineckate'8
etc. The oxidation~reduction system is reversidble, and
redﬁotion of the ferricinium cation to ferrocene can be

accomplished with such mild reducing agents as titanous

chloride and stanndus chloride.
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XII

The oxidation-reduction potentials of fétro@éna?a aﬁd a nugber
of derivatives = ' ° have been measured polarographically and
some of these values have beéen further s#batantiated by
chronopotentiometric oxidation meaauremgﬁﬁsovsy?? The
oxidat;qn potential of ferroceme is close to that for the

ferrocyanide~ferricyanide system.

[Fa(CN)y]* ———s= [Fo(cH)e ]

Sdbﬁfituenta attached to the ring have a marked influence on
the oxidation potential, electron donating groups lowering
the oxidation poteniial, and electron withdrawing groups having
the opposite effect;

The infrared spectrum of ferroéénezz is surprising in

. b
its simplicity, having only five main bands. One at 3075 om.,



8 regliom typical for aromatic C-E bonde, arises from the
C=H stretching vibration; two &t 81l and 1002 cmaﬂﬂ are due
to C-H bending vibra£iomnﬁaaes and the others at 1108 and
1411 cmo": are due respectively to an antisymmstrical ring
ﬁreathing and an entisymmetrical C-C stretching vibration,
The last four bands ars reported to be present in all mono-
substituted ferrocene derivativeas, although their intensities
are reduced,snd those at 1108 and 1002 em, ™ diseppear
compl;tely_when both rings are substituted, These observations
have given rise to & rule generslly known as Rosenblum’sﬁg
'9,10% rule:-

‘When there is at least cone free cyclopentadienyl ring,

the infrared spectrum will possess bands at 9u end 1Cu°.

Te exceptions to this rule have been reported, but

Rinehart?ﬁ has indicated with gb@d reason, that peaks in
these positions do not neceassarily mean an unsubstituted ring.
Another generalisatlion derived by Roaenblumzs is the additivity
of spectra of singly aubgtituted compounda, represented
diagrammatically as shown. Thus the 1nffared spectrum of (C)
will consist of the spectrum of (B) superimposed on the

spectrum of (A), with the bands at 9p and 1O0p absent. Further

80
corroboration of these results has been presented by Boichard.
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(a) (8) (c)

Aromaticity

The essential electrical neutrality of the cyclopenta-
dienyl rings, was demdnstrated by measurements of the acid
strengths of ferrocenecarboxylic acid; 1,l'-ferrocenylensdi-
carboxylic acid and benzoic acid, which were found to be very
similér°? The pKa value of the monocarboxylic acid is raised
by electron donating and lowered by electron withdrawing
substituents, even when these are attached to the other ring,
thus showing that such effects are transmitted across the metal
atomfzaa’

lack of olefinic character in the oyclopentadienyl

rings was shown by their failure to react with maleic anhydride,
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or to hydrogenate with Adams' platinum oxide catalyst.

Ferroconé undergoes reactions typiocal of aromatic systems.
Other related compounds which have been shown to undergo
electrophilic (and free radical) substitution resctions, are
ruthenocene?,9 osmocengz cyclopentadienylmanganeae tricsrbonklzépg?
cyclopentadienylvanadium tatracarbonyl“ga9 and lately
dibepzenechromium?n ‘The other m=¢yclopentedienyl derivatives
must alsc be regarded as aromatic, althoﬁgh inatabiiity
frequently prévents thia being shown by éeans of electrophili@
substitution reactions,

No nucleophilic substitution 81 of ferrocens, or any
of its derivatives has ever been achieved.

Attempts at direct nitratioﬁyand brominatigﬁéggth
such positive reagente as H02+ and Br+ respectively, only
resulted in oxidation to the ferrieinium cation, and complets
rupture of the molecule, therefore 1ndirect routes to nitro-,
nitrdaSSIQan halo- ferrocenegl‘@ﬁsisﬁad %o be found,

Since the first successful aromatic substitution
reaction, achieved by Woodward and his oo;ﬁbrkera? with

29931 ?81984798-108

Friedel-Crafts éoylation, ‘ferrocene hae been
1087108~

1031 08 p
shown to undergo Priedel-Crafts alkylation, sulphonation, 0%
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110 111-112
metalation by mercuration, sodiation and

1107113~-118 1107116-139 6126861237
iithiation, arylation, formylation ypang04

1387126
aninomethylation (Mennich reaction) as well as various

condensation with ald@hydes?aaa@gvieamlzg Recontly we have
carried out 8 succesaful direct boronation by a Frisdel-Crafts
type reection.

Competitive experiments cerried out by Kozikowski
_;b____l_g.? showed the reaciivity order: ferrocens H»anisols)
nethyloyeclopentadienylmanganese tricarbonyl ) cyclopentadienyl-
manganese tricarbonyl »bhenzens. Furthermore, of the threo
compounds ,»forrocens, ruthenoceng and osm@ceneaiathﬁ most
veactive is ferrceenc and the lgast reactive is osnmocene.

These resulits show then, that ferrocene is the most
aromatic of fhe organometallic compounds so far investigated,

end the Russian workers have,on several occasions, descridbed it

es being 'superaromatic®.



17

The Bonding in Ferrocene.

The search fof a satisfactory explanation of the nature
of the bYonding in ferrocene, has led t§ numerous publications.
These have been condensed in several excellsnt reviows,iz;;§;;§ﬂ17
and two main concepts of the nature of this bonding have become
appgrént.

Fischer and his collab@zatom%gm9 regard ferrocage as
a new type of penetration complex, with the irom atom ettaining
the inert gas configuration by interaction of the Fé£+ ion with
each of the three pairs of T-electrons in each of the cyolopenta-
dienyl anioms. Thie results in the formation of six coordinate
covalences (d2sp’) almost octahedrally arranged.

The alternative molecular orbital treatment has had
many contributions, the most successful of which wers proposed by
Dunitz and Oz‘gelgae’iso9131 and Moffittiaa This theory prescribes
a single covalent (dﬁvaﬁf) bond from the met&l atom to each‘ring
as & whole, and any edditional bonding is regarded as being very
weako _

The incompatibility however, of the two concepts, may bhe
less than expected at first sight, as Linnett153 has stated that,

'the attainment of the inert gas configuration is essential’.



DISCUSSIORN
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Electrophilic substitution reactions of ferrocene have
been known now for the past ten years, but the findings from
conasiderable research efforts of many workers have shown that
as yet, the naturs of electronic tranamissién within and across
the aromatic rings is incompletely understocd. A general sub-
stitution pattern however became apparent from these experiments,
and the main‘purpoae of this study therefore was to investigate
further, the directive effects operative in certéin substituted
ferrocenes.

Ideally, substitution reactions on substituted
ferrocenes can be thought of as falling imnto two main categories,
depending on whether the directing substituent is electron
donating (activating), or electron withdrawing (deactivating).

To obtain the best possible results, the substituent should have
a minimum steric effect, but a maximum activating influence.

The choice of substitution reaction is also governed by certain
factors. The reaction should give high yields, the products
should be separable by any method which will give nearly
quantitative results, and the reagent used should be as selective
as possible. The choice of substituted ferrocene may also be

limited by another factor, namely instability. Because of

1347136
this, such ideal derivatives as hydroxyferrocene (XI11)
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138-188

and aminoferrocene (X1Iv), which satisfy the other

XIIT XIV

conditiona9 have never been inveatigatéd in any detailed
manner.

From the monosubstitution of a ferroceng (A) already
bearing a substituent, the maximum number of isomeric preduvcis
expected would be three, namely (5), (C) and (D). Under
the controlled conditions normally employed for these reactions,
introduction of two Y groups is extremely unlikelys

In the majority of cases, the isomer ratios will be
deduced from the weight ratios of the isomers or simple
derivatives thereof. Chromatography times must therefors
be minimised to prevent @xcessive‘decomposition on the column,

a8 any one isomer may be preferentially decomposed.
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Methylthioferrocene.

The aminomethylation of methylthioferro@@ne (Xv) with
methylene bis=dimethylamine was reported 30 in 1959, The
resulte however proved to be rather umexpected, so & reinvestign -
tion was undertaken.

Thioanisole readily undergoes electrophilic substitution,
and icetylationiag bromination and sulphonation are reported to
procééd in high yields. Kitration howe#;rg leads to oxidation
of thé sulphur atom . Now the me thylthio group in thicanisole,
is knpwn to exert & marked activating influencegand this same
effect would be anticipated in the ferrocene series.

From the aminomethylation (Maﬂniéh reaction) of
methylthioferrocene (XV) Knox isolated two compounde (AVI) and

(XVII) whicn analysedlcorregtly for monoéubstituted isomers.

CH, N(CH:, )2

SCHy @ @ =CH, N(CH; ), }
OBy [N(CHs )a Jp

Fe

B ©

Xv XvI XvIX




The structure of the first isomer, l-methylthio-2-dimethylamino-

methylferrocene (XVI) a br@wn'crystalliné solid, m.p. 81.5°%, was

eatﬁblishud unequivocally by consideration of the following

evidénoes

(i) It eluted first on a chromatography column, the general
order of elution being 1,2 isomer, before 1,1°, Hefore .3,
Although this is only s qualitative basis for asmigning
structure, no exseptions to this rule hed ever boen>repor%edo

(41) The ‘infrared spa@trum showed bands at 9n end IQp showing
the presonca of an unsubgtituted @yclopentadienyl ring
(Rosenblum“s 10 9,10 rule).

(iii) The nuclear magnetic resonance ape@trumﬁsgﬁﬁ revealed
that the two substituents were adjacent.

. In an attempt to clarify the situation, Knox carried out
the aminomethylation of di(methylthio)ferroc&neﬁﬂz(XVIII)» and
isolated the %wo expected monosubstituted isomers (X1X) and
(xx). fhéy wére identifi@d‘ﬁnambiguauSly by means of their
nuclear magnatic resonance spectra, and elution order on
chromatography. FMR. spectral compariaone between (XIX) and
(XvI) supplied further proof of the identity of the latier.

A detailed investigation of the second compound (XVII),
was undertaken to establish its purity. This however failed

to yield the 1,3 isomer.
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XVIII XIX >

From the evidence available then, Knox concluded that
the second product was the 1,1' isomer, l-methylthio=1l'-
diniéthylaminomeﬁhylferr@ceneo Oﬂe anomaly however which could
not be explained was the presence in the infrared spectirum of
medium strong bands at %y and qu, These bands weré still
present after several attempted purification%,thus raising the
problem of deciding whether tﬁey were due to a free cyclo-
pentadienyl ring,or whether in fact they were an integral part

of the infrared spectrum of the L1* isomer

Synthesis of Di-~{1l'-me

As ceareful chrometography had faileé to resolve the
second compound (XVII), the best mode of approach to the problem

appeared to be that of synthesising unambiguously, the lsf isomer



or & simple derivative of it. Several attenpte wers thus

made ﬁo synthesise the necessary type of ferrocene derivatives
from which it would be possibie to prépare the desired isomer.
In an attempt to prepare l-dimethylaminomethylferrocens-1'-
sulphonic acid (XXII, R = SOy H), dimethylaminomethylferrocens
(XXI) was treated in one instance with chloroaulphonic106 acid

. .. 407
and in another with dioxan-sulphur trioxide. Reither method

@ CH, N(CE, ), CH, N(CHy ),
Pe |

) ——T Fe
.’!(:)5 o
L XX11

proved successful,

With a view to establishing the conditions for the
preparation of 1=chloromethy1ferro@ena=1“-éulphonyl chloride
(XkIII) from which a synthesis of thg-lgl'iBOmai (XX1¥) appeared
poséibieg the preparation of (XXII, R = CH,Cl) was attempted.
The free amine (XXI), was treated with chlorcmethyl ether
and stennic chloride catalyst, but this only resulted in the

184 :
formation of di-(ferrosenylmethyl-) ether (XXVIII). A repeat
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CE, C1 @CH,H(EH, )a
Fe Fo.
50201. @SC%

experiment incorporating a hydrochloric acid solution of
titanous chloride in the work up, yielded‘férrocenylmaﬁhanol
(XXVII) as the only recognisable product. The production of the
ferrocenylmethanol would thus appear to proceed via a quaternary

ammonium salt of the type (XXV) which could then underfgo hydrolysis

I

+ +
CH, N(CE, ), CH, OH CH, N(CH, )s
CH, OCH,
SR— P —
0): o V):
XXV xxv:_t _XXVI_

CH, OCE,

XXVIIX




to the alcohol (XXVII), as in the alkaline hydrolysis of
(ferrocenylmethyl)trimethylammonium fodide " (XxXvI). The
mode of formetion of the di=(ferrocenylmethyl-)ether however,
is ;eqé clearly understood.’

The chloromethylation was then attempted on the
methiodide of the amine (XXI) in acetic acid as solvent, but

without any success whatsoever,

108
In 1959, Neameyanov et al, showed that ferrocene-

carboxylic acid (XXIX) could be sulphonated specifically in the
1 posifion9 by treatment with dioxan-sulphur trioxide, to give
l-carboxyferrocene-l'-sulphonic acid (XXX). This di-acid (XXX)
with phosphorus pentachloride, yielded the di-acid chloride,
l-chlorocarbonylferrocene-1'-sulphonyl chloride (XXXII), which
appeared to be & s#itabla gtarting point for the envisaged
synthesis. ‘
 Along with the di-acid chloride (XXXII) we isolated

a compound not reported by the earlier workerafos Thié was
identified as l-carboxyferrocene-1'-sulphonyl chlorids (XXXI).

When it was allowed to react with excess phosphorus pentachloride,
a 41% yield of the di- acid chloride was obtained. Reduction of
(X%XXII) with lithium aluminium hydride pfbduced the obnoxious
smelling mercaptan (XXXIII) which was isolated after air oxidation
as ‘di-(1'-methylferrocenyl)disulphide (XXXIV), & yellow crystalline

solid, m.p.101.5-102,.5°,
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Having thus prepared a suitable derivative of the
1,1% isomer, attention was returned to the aminomethylated

products of methylthioferrocene.

28
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Examination of the Aminome thyl-Methylthioferrocenes.

The aminomethylation of methylthioferrocene was repeated

and the two compounds (XVI) and (XVII) isolated.
. o 148
Following the method utilised by Nesmeyanov et al.,
for the reduction of (ferrocenylmethyl)trimethylammonium iodide

(XXVI) to methylferrocene (XXXV) with sodium smalgam, the

o=

+ 1 .
CH, N(CHg )y CHy
‘ H&/Hg Fe
©)
XXvI | XXXV

Lo

methiodide (XXXVI) of the second compound (XVII) was prepared and
reduced ﬁithout purification to the corresponding methyl derivative,
‘(XXXVII). Since this material contained medium bands at 9n and 10n
it was submitted to a series of careful chromatographies from which
the two virtually pure isomers, (XXXVIII) and (XXXIX) were isolated.
Uniike their parent amines which eluted.with'ether,uixturas, the

methyl-derivatives eluted in ligroin, thus facilitating the
chromatography. Both isomers analysed correctly, the first one



XVIX XXXVI
O —
SCh,
Fe
XXXVII
sCE, i H,c@scﬂs
Fe + Fe

[§§2>cﬂb

XXXVIII XXXIX

to elute having no bands at 9n and 10 p.  This therefore was
the reduction product of l-methylthio-1'-dimethylaminomethyl-
ferrocene (XXIV), and the other had to be the reduction product
of lamethylthiOaiedimethylamindmefhylferrobene (XL). (XXxix)

2 4 S
possessed large 9,10 bands in the infrared.
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SCH, (CHy ), NCH, SCH,
Fe Fe

CE, N(CH; ),

XXIv XL

To show conclusively that (XXXIX) and l-methylthio-
2-méthylferrocens (XLII) were different, a sample o-f4 the latter
conpound was prepared to effect a direct coﬁparisono The
orystalline methiodide (XLI) m.p., 182-183°, of l-methylthio-2-
dimethylaminomethylferrocene (XVI) was reduced with sodium

amalgam in water as before to give the methyl-derivative (XLII).

@

I
CH, N(CH ), C%E(Cﬂs ) S
SCHy SCH; 50%
S —
— "ﬁ;;;-— XLIX

The infrared spectra of (XXXIX) and (XLII) although very
similar, were different, thus confirming our previous findings.

By chromatographing & mixture of (XLII) end (XXXVIII), it
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was found that (XLII) eluted first as expected. Now, since in
the initial separation of (XXXIX) from (XXXVIII), the latter
el@téd first, the general order of elution of 1,2 isomer before
1,1¢ beforq 1,3 was realised.

When a emall quantity of (XVII) was chromatographed on
& large column, eight fractioms were collected. The first
poﬁseased large bands in the infrared in the regions of 9r and
lb‘p, while the last had only minute bands in those regions.
Even though no complete sgparation of the amines cculd be
schieved, these results indicate an elufion order of 1,2 isomer
beioro 1,35 before 1,1 for the three dimethylaminomethylamethyio
thioferrocenes. This is the first time an exception to the
normal chromatographic elution order has been observed, and as
already mentioned, the reduction products from the methiodides
oi these amines have the normal elution order.

The infrared maxima of all three methlodides are
téﬁul&ted on p.120,

The problem was now-easentiali& one of con%érting the
l-methylthio-1‘'-methylferrocense isomer.(XXXVII) to the synthesised
&ié(l“—methylferrocenyl)disulphido (XXXIV) or vice versa, as
both routes appeared feasible. Lithium aluminium hydride

108
reduction of diferrocenyl disulphide (XLIII) bas been shown
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to produce the intermediate ferrocenethiol (XLIV) which can

be methylated with dimethyl sulphate in presence of sodium

S =S5 SH
LiAlH,
e e >

XLIIX _XLw
NaOH NeOH
or (CBy ), S0,
A1, 0
SCN SCHy
BrCN
XLV Xxv
(scw),
Hg

XILvI
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hydroxide to give methylthioferrocene (XV). The preparation
of diferrocenyl disulphide in 32% yield from demethylation of
methylthioferrocene with aiuminium trichloride had also been
reportedt39
Even though the demethylation proceeded in only 32%
yield, this latter method was chosen for the following reasonss
(i) l-methylthio-1l*-methylferrocene is an oil and comparisons
of small amounts of oils are undesirable.
(i1) only a small quantity of the disulphide (XXXIV) was available
for conversion to l-methylthio-l'-methylferrocene (XXXVII).
(141) The disulphide (XXXIV) is highly crystalline thus facili-

tating comparison,

Since only a limited amount of l-methylthio-l'-methyl-
ferrocene (XXXVIII) was available for conversion to the disulphide
(XXXIV), trial demethylatiorswith aluminium trichloride under the
conditions reported by Knox139 were attempted on methylthio-
ferrocene (XV). No diferrocenyl disulphide was obtained however,
and repetition of the reaction under air and under nitrogen, in
various solvents and at different temperatures failed to- produce
any . Traces of ferrocene however were isolated from theseo

reactions but this will be discussed in a later section.
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Another rcute to. the diferrocenyl disulphide was now
requiréd, and the method used by von Braun and Engelbertzi“
for the oleavage of the sulphur-carbon bond in thio~ethers
appearﬁd to offer the best possibilities. These worker€ showed
that cyénogen bromide, when allowed to react with various
di-alkyl and alkyl-aryl sulphides, formed the corresponding

thiocyanates as shown.

RoS.R?! + BrCN =—=——m R.SCN + R'Br

When methylthioférrdc@ne (Xv) was treated with cyanogen
bromide, ferrocenylthiocyasnate (XLV) was isolated as yellow
needles, m.p. 104°®, in 66% yield. This material showed
characteristic -Ca=sN absorption in the infrared at 2169 cmo=1
When Neahéyanow ggug}ﬁtq treétad diferrocenylmerecury (XLVI)
with thiécyanogen and then with an aqueous solution of sodium
thiosulphate they obtained ferrocene and diferrocenyl disulphide
(XLIII). The diferrocenyl disulphide, they suggested, was
formed from the intermediate ferrocenylthiocyanate»(XLN) by
the reducing action of the thiosulphate. (XLV) bowever; failed

to react with gggium thiosulphate solution, so diferrocenyl-
mercury was treated with an alcoholic solution of thiocyanogen

as described by Neamayanov et al. Stannous chloride was used

to reduce the oxidised material, and chromatography of the
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extraot on deactivated alumina yielded ferrocenylthiocyanate
in 23% yield. The only other product obtained was ferrocene
whichﬁboounted for 68% of the diferrocenylmercurf employed, and
therefore the total diferrocenylmercury accounted for was 89%.

It seems slmost certdin then that the Russi&n'ﬁ@rk@ra
did prepare the ferrocenylthiocyanate (Xiv)g but the sodiuam
thiosulphate reduction appsars to be highly unlikely: At a
later date, we discovered that aslumina converts thiocyanmats
derivatives to theilr corresponding disulphides in near quantite-
tive yields. Furthermore, the more active the alumina, the
quicker the reaction procesds. As the Russian workers had
separated the ferrocene from the diferrocenyl disulphide by
chromatography on alumina, this might explain why they obtained
diferrocenyl disulphide (XLII) and not ferrocenylthiocyanate.

Now alkyl-and aryl- thiocyanates are repurtedlea to react
with aqueous or alcoholic sodium hyd:oxide.aolutions to give
the corresp@nding disulphide, sodium cyanide, sodium cyanate and
water, |

2R.SCK + 2NaOH —»R.SS.R + NaCN + NaOCN + B0

Feréocenylthiocyanate (XLv) was accordingly refluxed with

2N aqueous sodium hydroxide in methanol and diferrosemyl disulphide

was obtained in 92% yield.
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Having thus established a mgthod for the preparation
of disulphides from mathylthioferroc#noa; di-(1'-methylferrocenyl)
disulphide (XILVIII) m.p. 101-102° was prepared from (XXXVIII)
by the same series of reactions, via th§ intermediate thiocyanate

(XLVII) which was obtained as an oil.

, SCH;
4 —— Ee s=~———s= Fe Fe
XXXVIIT ALVII XIVIII

The infrared spectra, melting points and mixed melting
points of (XXXIV) and (XLVIII) were identical, 80 the synthesissd
disulphide, and that obtsined from degradation reactions on the
aminé,muat be the same compound, namely, die(l’-methylferrocenyi)

" disulphide.

We have therefore established that the second component
from the aminomethylation of methylthioferrocene; contains
l-methylthio-1!-dimethylaminomethylferrocene (XXIV) as ths
major constituent, and the third dsomer, l-methylthio=3-

dimethylaminomethylferrocene (XL) as the other constituent.



The corresponding thiocyanatea and disulphides of the
1,2 and 1,3 isomer were prepared by the same reactions described

: abové and it was found that the only crystalline compounds wers

SCH, @Scx @5_5@

XXXIX LI LiI

1-thiocyanato-2-methylferrocene (XLIX) m.p. 79° and di-(2-
methylferrocenyl)disulphide (L) m.po 151=153°.

N.B. Near quantitative yields of the disulphides (L) and (LII)
were obtained when their corresponding thiocyanates (XLIX) and

(LI) were absorbed on normal active alumina in organic solvents.



Competitive Aminomethylation.

A competitive aminomethylation between ferrocens and
methylthioferrocene, using similar conditiones to those employed
for the aminomethylation of methylthioferrocene, was attempted ,
but the results were inconclusive since the only prcduct which
could be separated by chromaitography was l-methylthio=2-dimethyl-
aminomethylferrocene (XVI).

Since 1t seemed strangé that dimethylaminomethylferye-
cene should elute after (XVI), a mixture of thess compounds
alone was chrometographed in benzsne,. As §ur previous findings
indicated, (XVI) eluted first.

Calculations, based on the assumption that there was
no serioue decomposition, showed that more ferrocene than
methylthioferrocene had entered into the reaction. Now taking
into account the fact that ferrocene has ten available positions
for zubstiﬁutfon while methylthioferrocene has only nine, the
reactivity of methylthioferrocene compared to that of ferrocene
is 00865taking ferrocene &s unity. These results suggest that
eny activating effect can only be very slight, but to draw any
definite conclusioﬁs from such an unsatisfactory experiment

would be dangerous.
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Substitution of Chloroferrocene,

Since the chloro substituent is reasonably small and
thus presents no appreciable steric hindrance, the substitution
of chloroferrocene appeared to be worth investigating.

The dipole moment of chlorobenzene indicates the electron
attracting (inductive deactivating) nature of the chloro
substituent. Normally deactivating grouéa orient an entering
group to the meta position, but halogen substituents are ortho-
para directing like the activating (electron releasing) amino and

hydrexyl groups. This apparent anomaly is explained, however,

+ + +
31 Cl Ccl

i I |

7 - -
| PR G—pn 3
R

Cl

by regarding chlorobenzene as a resonance hybrid of four atructureén
Chlorobenzene can be nitrated and sulphonated with relative
ease. Nitre.tion,iw gives a mixture of ortho and para isomers in
the ratio 3:7, while the reversible sulphonation%so proceeds
exclﬁsively in the para position. The deactivating influence of
halogen substituents is demonstrated by the fact that dibromination

of benzene requires more forcing conditions than monobromination.
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One immediate difficulty was the preparation oF pure
chlareferrocens (LI7), free from ferrocene, by the pr@@@dmreiai
of treating ferrocenylboronic acid (LIII) with cupric chioride
in boiling water. Some ferrocene was nearly always produced
and as this could not we removed by chromatography, sublimation
or fractional crystallisation, the purity of the c¢hluroferrocene
was established by vapour phase chromatography.

When chloroferrocene was subjected to Friedel-Crafts

acetylation, a 57% yield of l-chloro-l'-acetylferrocens (LV),

MoPo 53505%4.5° was obisined. A mixture of ferrocens and

s@B(Oﬁ)a @01

Fe = -J9CL

@
© 1)

G

T LIII LIV v

shloroferrocene was alao recovered, and vapour phase cirametogrspl;”
showsd that ferrocens constituted 75% of this mixture.

A surprising fact was the compleie absence Qf acetyliferrocens, .y .
84°, although in omne preparation the crude 1=chlorow1°=acet§l-
ferrocene had m.p. 55-52°, This suggests the presence of
acetyiferrocens, tut vepour phase chrometegraphy fali=d ©5 giva

confirmation,



After the completion of these studies, Russian workersisz

published details of the acetylation of bromoferrocene, using
acetic anhydride and phosphoric acid. Their results agreed
with ours in that the only product they isolated was l-bromo-l'-

agetylferrocene.

Substitution Reaciions of Methoxyferrocene.

With the failure of chloroferrocene to throw any
appreciable light on the directive effects, the more reactive
methoxyferrocene (ILXVI) was investigated.

The benzene analogue, anisole, like chlorobenzene,
directs ortho- para, but unlike the chloro substituent, the
methoxy group has a considerable electron releasing property.

It is elear that the tendency to release electrons will De
greaiter with the electron-replete, negative oxygen which can be
formed from the hydroxyl group, than with the neutral oxygen atom,
ilo.es «=§l- —_—3 = § proceeds more readily than does

o +
« Q<R =0-R, thiz latter electromeric change compelling

oxygen to hold a positive charge. However, the orienting of

entering groups in aniscle can be explained by considering it to

OCH, * ocE, © "0CH,

Z - ‘ AL
~ :
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be a resonance hybrid of four structures.

Anisole readily undergoes Friedel-Crafts acetylat:long158
and anisaldehyde (p-formylanisole) is reported to be formed in
nearly quantitative yield by the Gatterman synthesis. Both of
these reactions give the para product,but nitration?a‘ proéeeds
predominantly in the ortho position, (See page 66).

Now while methoxyferrocene should be similar in reactivity
to methylthioferrocene, the former compound has the additional
advantage of causing less steric interference to further

subatitution.

Preparation of Methoxyferrocenes.

As the preparation of methoxyferrocenes by normal
procedures via the ferrocenylboronic acids is very time
consuming, giving poor yields, one of our first concerns was
the investigation of more direct routes to ihese compounds,

1. In 1957, Benson and Lindsey§2 successfully prepared
it hydroxymetallocenes ™ and their derivatives from the
corresponding cyclopentenones. This was achieved by converting
3-methylcyclopentenone (LVI) with excess sodium amide in liguid
ammonie into the doubly charged anion (IVII) which then reacts
with ferrous chloride to give the corresponding ferrocsne
derivatives, isolated after benzoylation as the stereoisomeris

benzoates (LVIII) snd (LIX).
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NOCOPh

@ 0COPh fyC @
> Fe Fe
B, c ‘ Hs c ‘ )
2ra*t A B C
0COPh 0COPh
X

I WII LVIII

e —————

By substituting dimethyl sulphate for benzoyl chloride

and using oyclopentenone (LXI)prepared from oyclopentadienol (LX)

‘ 165
by the method of DePuy and Eilers, the preparation of

6
R D] — D — >
O~

X LXI

LXII

1,1°-dimethoxyferrocene (ILXII, R = CEH;) appeared feasible,
Unfortunately, however, neither (IXII, R = CH;)nor (IXII, R = CO.Ph)

could be prepared by this method.

2. The preparation of 1,l!'-ferrocenylenediboronic 2cid
(1XIv) from 1,1°'-discdioferrocene (LXIIT) was alsc attempted,
but without success. The discdioferrocene failed to react

with either boron trichloride or tri-n-butyl borate.
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3. Following the method reported by Muetterties = for
the borodihalogenation of benzene and toluene, it proved possible
%o boronate ferrocene directly, by allowing it to react with beron
trichloride, in the presence of aluminium powder, aluminijum
trichloride and methyl ioedide in ligroin, in a Friedel-Crafts type

reaction. Muetterties formulated the reaction as:

347E 4 Al + 3Bl ——> 3AYBX, ¢+ AlXy + B

and stated that the methyl iodide acted as initiator.

In the ferrocene series, we found that the gquantity of
aluminium trichloride employed was of vitgl importance. Small
amounts of aluminium trichloride gave high yields of ferrocenyl-
boronic acid (LIII) and little 19lﬂ=ferrocenylenedibntonic acid
(LXIV), whereas a large excess of aluminium trichloride drastically
reduced the yield of ferrocenylboronic acid and only slightly
inocreased the yield of diboronic acid. No attempt was made to

isolate the ferrocanylboronyl dichloride (ZXV) since it hydrolysed
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immediately on contact with moist air.

BCl, B(0OH),

S st ? e

This method is excellent for preparing fairly large
quantities of ferrocenylboronic acid in good yield.

When preparing methoxyferrocenesg1359170 from mixtures
of ferrocenylboronic acids (mono- and di-), via the halofeérrocenes
and ferrocenylacetates, no intermediate purification was attempted.
It was found that the haloferrocenes were unresolvable on
alumina and that the acetates, although separablé on a column,

tended to decompose. Chromatography, however, easily separated

ferrocene, methoxy- and l,lt-dimethoxy- ferrocene.

Acetylation of Methoxyferrocene.

Friedel-Crafts acetylation of methoxyferrocene using one
mole of Perrier complex:aw (AlC1, 54cCl) per mole of methoxyferrocene,
gave a 46% yield of acetylated product. To prevent demethoxylation,
the reaction time must be kept to & minimum, and thus the low
yield encountered in this reaction may be due to either

demethox&lation or the short reaction time.
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OCHj 0CH,
AcCliAlCl; ~COCH,
OC

S ——————

_IXVI LXVII

Chromatography of the reaction product furnished methoxy-
ferrocene, two isomeriec dimethoxyferrocenes, acetylferrocene and a
mixture of three isomeric acetylated methoxyferrocenes (IXVII) in
that order. The isomeric dimethoxyferrocenes will be discussed
later along with the mode of formation of acetylférroeeneo

When the mixture of iscmeric acetyl-methoxyferrocenes was
subjected to careful chromatography, no resolution was obtained.
On one occasion, however, when a very smell amount was
chromatographed on a large column, l-methoxy-2-acetylferrocene
moPo 35=36° was obtained from the first part of the diffuse band.
Nevertheless, this was not a practical method for determining the
isomer ratios, so reduction to the corresponding ethyl- methoxy-
ferrocenes was effected.

On reducing the acetyl-methoxyferrocenes (LXXI) with
lithium a.lmiinium hydride-aluminium trichloride’ - 8 method
reported by Schlogl for near quantitative reduction of acylferrocenes
- only & Sm% yield of reduction product was obtained along with

two other bands. (See page 50). Reduction using lithium
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aluminium hydride alone, only produced the corresponding mixture
of alcohols. As it had proved possible to separate the three

isomers (IXVIII), (IXIX) and (IXX), & better reduction method

oc oC -
=CH8CH3} mc%cﬂs}
Fe — Fe
IXVII
QH, CHy
Q@
Fe Fe
B ©
IXVIII IXIX LXX

appeared to offer the best possibilities of obtaining good

isomer ratio values. .

The Clemmensen reduction procedure which Nesmeyanov et al,

showed proceeded in 67% yield for acetylferrocene, has recently
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61
been used by Watts = who obtained ethylferrocene in 87% yield in
the same reaction. This method was accordingly adopted but
since the reduction only gave a 60% yield, isomer ratios were

calculated for each method.

Structural Assignments to Ethyl-Me‘$hoxyferrocenes.

Séfuctural assignments were made on the following basis.

(1) oOnly (IXIX) of the three isomers isolated, showed no bands
at 9 p. and 10 po in the infrared. This was therefore the
1;1' isomer, l-methoxy-l!'-ethylferrocene.

(ii) The first isomer (LXVIII) to elute from the column was assigned
the 1,2 structure on the merits of its nuclear magnetic
resonance spectrum, This showed a splitting of the
methylene peaks, attributed to the adjacent methoxy group.

A splitting of the methylene peak in lumethylthio=2mdimethy1=
aminomethylferrocenei‘a hes been explained on the grounds of
steric hindrance by the aﬁjacent methylthio group, which
forces the methylene hydrogens to occupy different positions
in spece around the ferrocene nucleus. The steric
hindrance present in l-methoxy-2-ethylferrocene would be
expected to be less, and in fact the splitting was just

visible.
The remaining isomer (LXX) must therefore be l-methoxy-3-

ethylferrocene.



Displacement of Ferrocene Substituents by Protons.

In an effort to clarify the apparent dehalogenation and
demethoxylation occurring during the acetylation of chloro-
(LXXI, X = C1) and methoxy- (LXXI, X = OCH;) ferrocene, dry
hydrogen chloride gas was passed through a chloroform solution
of chloioferroceneo No reaction $ook place. When, however,
solutions of chloroferrocene and methoxyferrocene in ﬁethylene
chloride at room temperature under nitrogen,Were stirred with
freshly ground aluminium trichloride, ferrocene was quickly
generatéd in each case. In the latter case, apart from
formation of ferrocene and recovery of unchanged methoxyferrocene,
at least two other bands were eluted close together in the
Qhromatographyo The infrared spectra of these compounds which
possessed bands at 9}Po and 1o}u¢ were identical to the infrared
specira of the products obtained in the preparation of the acetyl-
methoxyferrocenes. These spectra were also similar to those of
the by-products from the lithium aluminium hydride-aluminium
trichloride reduction of the acetyl- methoxyferrocenes. The
similarity between these spectra and the spectrunm of methoxy-
ferrocene (Table No.l1l5. page 122 ), suggests that these compounds

are isomeric dimethoxy- ferrocenes,
Similar treatments of acetyl- and ethyl-ferrocene in

methylene chloride with aluminium trichloride, indicated that the
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acetyl group was very difficult to remove and that @as-
ethylation requires longer reaction time than demethoxylation.
Thie evidence therefore suggests that the largest contributary
cause for the poor yields ébtained in the reduction with LiLiH;-J
Alcla is that of demethoxylation.

When methylthioferrocene in methylene chloride was stirred
in the cold with excess freshly ground aluminium trichloride, 30%
ferrocene was obtained along with unchanged étarting material and
at least two other bands. From infrared spectral comparisons,
these minor bands appear to be isomeric di(methylthio)- ferrocenes.
(Table No.16. pagél25)o

In the acetylation of phenylferrocene, Rosenblumi59
reportéd the isolation of traces of acetylferrocene. Formation
of the latter may have'come about, either by dephenylation of
phenylferfocene followed by acetylation of the ferrocene
produced, or by the dephenylation of the three isomeric acetyl-
phenylferrdéeneso If the latter mode of feéction were followed,
preferential dephenylation of any one isomer would alter the
isomer ratios., These remarks are naturally also relevant to our
acylations. Recently, Rosenblum and Howellsico have iepeated Rosen-

blums previous work, but they do not mention if acetylferrocene

was 1isolated.
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A protonation reaction similar to those already diééuased,
171 . :

has been reported by Bruce. He observed an 11% conversion
of ferrocehylamine to ferrocene, when the former compound was
treated with acetic scid and sodium scetate.

It has long been known that anisole, as well as thio-

161

anisole, can be dealkylated with aluminium trichloride. Normal
procedures require heating these compounds either with aluminium

trichloride alone at 1203 or in a solvent such as benzene or

carbon disulphide. The reaction has been represented thus.

Hy C_ , ALC
0CH, N OAlCL, o
Alcl, Heat ‘ _Ho
- - + CHC1 + HOAlCH,

If analogous reactions occurred in the ferrocene series,
hydroxyferrocene and ferrocene thiol would be produced. The
former compound would decompose while the latter would oxidise in
air t@ﬁdiferrocenyl aisulphidec However, no disulphide was
isolated.

Certain electrophilic substitutions of aromatic systems
€.g. sulphonation and Friedel-Crafts reactions, are known to be

reversible. These " reverse" substitutions involve electrophilic
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displacement of a substituent by a proton. Examples of this

type of reaction include the Jacobsen reaction?sz in which alkyl

‘CHa H, S0, Hsc.cﬂs 5,50, n,c‘

groups or halogen atoms are displaced during sulphonation, and
the * detritiation'' and " protodesilylation® siudies by Eaborn
and his comworkerao183

The evidence suggests that ferrocene is a likely
intermediate in all the reactions described,and although dry
hydr@g@ﬁ chloride itself failed to dechlorinate chloroferrocene,
hydrogen chloride (formed in sufficient quantities from traces of
moisture) must play a part in the reaction. It is thus tempting
ﬁ@‘éssumeisa that the known typ@ion of complex (LXXII) is directly

involved. If this can exchange X snd H to give the cation (LXXIIIj,

¢ @ 9

LXXI1 LXXII LXXIIX




24

this may then react further according to one or both of the

alternative schemes.

(1) (CoHg)oPe™® + (CgH,X)(CsHy)Pe —s (CyH, ), Fe* + (CyH,X)(CqH, )Fe’
+ X

IXAIIT. IXXT

(2) (CHg)oFe™® ¢ (C4H,X)(CoHy )Fe —» (Cylly ),Fe + G, HyX,Fe + H'

In the case of chloroferrocene, no dichloro derivative was
isolated and course (1) or some related mode of reaction must be
followed.  Methoxy- and methylfhiou ferrocene on the other hand
afforded not only ferrocene, but also mixtures of the isomeric
dimethoxy- and di(methylthio)- ferrocenes. The second course
must therefore be followed at least in part, and the overall

process may be described as & disproportionation,
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Aminomethylation of Methoxyferrocene.

The aminomethylation of methoxyferrocene (ILXVI) proceeded
very smoothly in 82% yield (conversion) with a reaction time of
6 hr., compared to 24 hr. for the aminomethylation of methylthio-

ferroceneg, Chromatography failed to separate any of the three

OCH,
— s, |

LXVI LXXIV

expected isomers. The mixture of isomers (LXXIV) was therefore
convertdd to the methiodides and reduced with sodium amalgam in
water to the mixture of methyl derivatives. Since the overall
reduction was achiéved in 90% yield, the isomer ratios obtained
for the methyl compounds should be valid for the parent amine
isomers.

Careful chromatography now led to separation of the three
methyl isomers (ILXXV), (IXXVI) and (ILXXVII). It was found most
advantageous to run infrared spectra between 8.5 po and 11.5 p. on
fractions where visible separation of bands was doubtful, e.go

between the 1,1' and 1,3 isomers. The ' 9,10" bands could thus

be used &8 a criterion of purity.
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Structural Assigmments to Methyl-Methoxyferrocenes.

Initial structural assignments were based on the following
evidence:

(i) Of the three isomers obtained, only (LXXVI} had no bands in
the infrared at 9 p. and 10 p. This was therefore the
1;1* isomer.

(i1) Both the remaining (LXXV) and (LXXVII) had bands in the
infrared at 9 p. and 10 p.  Since the normal order of
elution is isomer 1,2 before 1,1' before 1,3, {Lxxv) was
assigned the 1,2 structure and (LXXIV) must be the 1,3

isomer.

N.B. N.M.R. spectra of these isomers failed to confirm our

.structural assignments.



Correlation of Methyl-and Ethyl- Methoxyferrocenes.

Since N.M.R. spectra did not supply conclusive evidence
for distinguishing between the 1,2 and 1,3 isomers in the methyl-
-methoxyferrocene seriess, some other confirmation of structure was
desirable.

The following points on structure elucidation have been
established:-

(1) The three isomeric ethyl-methoxyferrocenes have the normal
elution ordery 1,2 before 1l;1' before 1,3,

(4i) Of the three reduction products, (&), (B) and (C) from the
three isomeric dimethylaminomethyl-methoxyferrocenes, (B) is

le-methoxy-1l‘-methylferrocenes.

Now, if the the first of the amines‘ta elute from the
column gives (A) on reduction and this amine could be converted
to l-methoxy-2-ethylferrocene, (A)-must'be l-methoxy-2-methyl-
ferrocene, A normal elution order would therefore be obtained.

The possibilities of converting a dimethylaminomethyl
grouping to an ethyl group were thus investigated using
dimethylaminomethylferrocene (XX1) as a model compound. Since
however, ethylferrocene is an 0il, the preparation of the
crystalline benzylferrocene was attempted first. When the

(ferrocenyluethyl) trimethylammonium iodide (XXVI) was heated



59

with 30% excess rhenyllithium in a tetrahydrofuran-ether solvent
system, 25% benzylferrocene (LXXVIII, R = Ph), 5% N,N-dimethyl-p-
ferrocenylethylamine (LXXIX) and 13% dimethylaminomethylferrocene

(XXI) were obtained. Similar treatment of the methiodide with

CH,R CH, CE, N(CE; ), CH, N(CH; ),

LXXVIII LXXIX XXI

methyllithium furnished 27% ethylferrocene (LXXVIII, R = CHy ),
29% of (LXXIX) and 9% of (XXI). This rearrangement which has

61 166,166
also been observed by Watts, has been formulated as followss

+ 1 +
GH, N(CH ), CH—N(CE; ),
CHy Base CHy

s

(-5%)

CH— %‘;(035 )2 (cH, ), N¥(CH, ),
AN

P

To minimise the side-reaction, the methiodide was treated
with the less basic corresponding Grignerd reagents, but only 9%

of benzylferrocene was obtained,and no ethylferrocene was isolated.
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+
Po.CH, N(CE; )sX” 8% Fe.CH,.R + N(CH), + Mgk, [Fo = G, H,Fe]

At this time, Russian workers . described the reactions of this
methiodide with several Grignard reagents including the afore-
mentioned., Using considerably higher temperatures aznd a four
fold excess of Grignard reagent they obtained ethyl- and benzyl-
ferrocene in 59% and 27% yield respectively.

Unfortunately however, when the mixture of aminoferrocenes
was chromatographed and several fractions taken, each fraction had
%9,10% bands in the infrared. As we could not be abselutely
certain that the first fraction to elute from the column was
predominantly the 1,2 isomer, any conversion to the corresponding
ethyl- methdxyferrccene would be worthless.

On the other hand, comparisons of the infrared spectra of
the ethyl- and methyl- methoxyferrocenes proved more successful,
The infrared spectrum (See Table No.l4 page 121)_@f the supposed
l-methoxy~ 2 -methylferrocene was very similar to that of lemethoxy-
-2=ethy1ferroceneo These cohpounds have absorptions a§
704 cm.~t and 697 cm. ¢ respectively, whilé none' of the four
remaining isomers sbsorb near this region, In fact, an excellent
correlation beiween the corresponding isomer of each series, is
obtained in the region below 1000 om.™? The structural assignments

made to the methyl- methoxyferrocenes from elution order date, are

thus substantiated.
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Aminomethylation of 1,1°-Dimethoxyferrocene.

From the aminomethylation of 1,1'-dimethoxyferrocene,

two products were isolated. The major product analysed for
a di-(dimethylaminomethyl) derivative (IXXXI) of 1,1'-dimethoxy-
ferrocene, and was presumably a mixture of isomers. The

other product (LXXX), was probably a mixture of the two disomeric

Fe

OCHy 0CHy

0CH, OCH,
<CH, N(CH; ), | (-cB, N(CEy ), ], }
Fe

LAXX XXI

dimethylaminomethyl-dimethoxyferrocenes, but too little was

K

obtained for further investigation.



Some Directive Effects Present in Substituted Ferrocenes.

The following two tables summarise the results from

previous studies in this field, all site reactivities having

168
been corrected for statistical factors.

R
+
Fe + R -3 Jsomeric Products

B.

Table Ko ° lu

Site reasctivities for electron withdrawing (deactivating)

groups.
Directing Site Reactivities Ref.
Groups Reagent 2 3 1v
R=COCHy;3 R'=E | C1COCH; +AlCI, 1,00 = 24 - 31, 169
2 R=CyHgs EeH " 1,64 1.00 2.13 0,49 160
3 R=p-CH; 0C4H, s o 1,94 1.00 1.68 - 160
) Ri'=H , _
4 R=R'=CgHy n 1.65 1,00 - 0,50 160
5 ReR-p-CHy 0CgH, " 1.95 1.00 = - 160
6 R=R'=p-BrCgH, " 1,11 1,00 =~ . iso
7 R=Brp R'=H Acy 0+H; PO, . - - Ex. = 52
8 R=CgHgy R'=H | CHy[N(CHj)oh#®'| - - ° - i?}
9 R=CgHgs R'=H 0(CH,CH,) 0.5G; | - - " - 1'23
. =
10 R=COCHyj R'=H w - - 9

a The 1,1’ product was formed exclusively (Ex.).



Table No.2.
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Site reactivities for electron donating (activating) groups.

“Directing Site Reactivities
Group Reagent 2 3 1 Ref.
1 RaCH,CHy3 R'=H| C1CO.CHy+AlCY | 0.33 1.00 0.24 172
2 R‘R"E'cﬂa A@z 0 + AIC% 0044 ' 1000 b 79
3  R=R'=i Pr o 0.23 1,00 = 79
4 R=R'=S.CH 1,95 1,00 - 142

CH, [No (CHy L] +H"

Numerous other substitution reactions have been carried out,

but such complicating factors as inability to separate the

products, and polysubstitution, have made the calculation of

site reactivities impossible.
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The findings from this study are summarised in Table No.3,
below, and again site reactivities are corrected for statistical
factors.

Teble No, }:

-+
+ R w3 Isomeric Products
"iirecting Group Reagent Site Reactivities
i 2 3 3
=5 .CHy GHé[N(CHS)ana 1.41 1.00 0,62
"o w b 1.50 1,00 0.57
-0, CHy CH, [N(cE; ), 1,* 1.60 1,00 0.43
g ¢1.COCH; +A1C1, ° 2,14 1.00 2,70
" " ¢ | 0,80 1.00 0,94
" " e 0.75 1,00 0,87
f
=Gl C1.COCHy +A1Cl, - - Ex,
8 Calculated from iscmer weights of reduced amines.
b Determined from infrared spectral data of reduced amines.
© paleulated from iscmer weights of reduced acetyl isomers
{Reduction by LiAlE,-A1Clg).
d calculated from iscmer weights of reduced acetyl isomers
(Clemménsen reduction).
® Determined from infrared spectral data of reduced acetyl
izomers (Clemmensen reduction).
£

1,1 igomer exclusively.
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The results tabulated above, indicate that methylthio
and methoxy groups are activating in nature, allowing preferential
aminomethylation in the already substituted ring. The
predominance of the 1,2 isomer in each case, agrees with
molecuiar orbital calculations of localisation energies by
Richardstvs and Rosenblum and Howellsc160 These calculations
predict a higher reactivity for the 2 position in ferrocenes
bearing either an electron withdrawing or an electron donating
substituent.

In the aminomethylation of l,l“=di(methylthio)ferrocene,142
(Table Ko.2. ), the ratio of the 2 to 3 isomer was found to be
1.95:1. This order of substitution agrees with that obtained
from the aminomethylation of methylthioferrocene although the
2:3 isomer ratios do not correspond exactly. It also agrees
with the predictions based on the molecular orbitel
calculations. However, if the methylthio group is eleciron
donating in nature, the site reactivities present in 1,17'-d4i
(methylthio)ferrocane should be similar to those present in
1,1'-dimethylferrocene, As can be seen from the table, this
is not so.

Although steric effects are undoubtedly present, they are

necessarily léas important in the S5-membered cyclopentadienyl
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ring than in the six-membered benzene ring,and arguments along
these lines do not satisfactorily explain the discrepancy
“between the reactivities of these compounds.

A descriptive resonance treatment?in-which the primary
covalent iron to ring bond is regarded as being a position
variable single bond, also predicts preferential substitution
in the 2 position. Contrary to molecular orbital calculations
however, this treatment suggests that highly electroﬁ attracting
groups direct predominantly into the 3 poéitiono

What may be an important factor in certain gubstitution
reactions is the pgasibility of interaction.between the
electiopﬁile and the directing group. This interaction has
been established as being present in the nitration of anisole154
and related aromatic ethers, causing preferential ortho
nitration. The discrepancy in site reactivities between the
aminomethylation of 1,1'-di(methylthio)ferrocene and the
acetylation of 1,1'-dimethylferrocene may ﬁherefore be explained
by the presence of this effect in the former reaction.

This interaction between electrophile and directing group
might also explain why such vastly different results were
obtained from the acetylation and aminomethylation of methoxy-

ferrocene. A further complicating factor however, is the poor
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reduction yields of isomeric ethyl-methoxyferrocensesobtained.

Two different types of reduction gave entirely different
| results and since the reduction was small (55-60 % in each case)
preferential decomposition of any one isomer cannot be
discoﬁﬁﬁedo ' The site reactivities obtained from the acetylation
of methoxyferrocene must therefore be unreliable and further
research into this problem would be sdvantageous.

An obvious answer to the problem would be the determining
of isomer ratios from the parent acetylemethoxyferroceném9
possibly by vapour phase chromatographic methods.

Chloroferrocene was found to be highly deactivated as

expected, giving exclusively the 1;1' isomer on acetylation,



EXPERIMERKTAL



The majority of reactions described in the following
experimental were conducted under nitrogen which had been
deoxygenated and dried by passing it through Fieser's solution
and then concentrated sulphuric acid.

Unless otherwise stated, all chromatographies were carried
out on Spence's grade H alumine which had been partielly
deactivated by exposure to the air for 6 hr.

Ferrous chloride was prepared by refluxing anhydrous
ferric‘chloride and chlorobenzene for 2 hr. The mixture was
then fiitéred through 2 gintered glass funnel and the ferrous:
chloride washed well with ether.

Melting points are uncorrected and were measured in
capillary tubes evacuated to 20 m.m. pressure.

Ligroin refers to petroleum ether, b.p. 60-80°,
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Attempted Preparation of l-Dimethylaminomethylferrogens-
li-sulphonic Acid. - (a) From Dimethylaminomethylferrocene

and Chlorosulphonic Acid. - To a rapidly stirred solution of
dime thylaminomethylferrocene (5.25 g., 0,022 mole) in dry
acetic anhydride (30 ml.) under nitrogen, was added from a micro
burette o#er & period of 10 min., technical chlorosulphonie

acid (2.5 gop 0,022 mole). An immediate darkening in colour
accompanied the addition. After being left 24 hr. at room
temperature, the reaction mixture was filtered with care into
ice-cold water (75 ml.). Basification with 5N sodium hydroxide
solution followed by ether extraction to remove starting material,
Yiealded no extract%. Similar extraction under neutral and aeid
conditions also gave negetive results., Further attempts to
isolate the requirsd product, including evaporation to dryness
of the original filtrate before basification, proved futile,

(b) From Dimethylaminomethylferrocens and Dioxan-Sulphur Trioxide.-

A suspension of dioxan-sulphur trioxide (4.2 g., 0,025 mole)
[prepared by distillation of sulphur trioxide (2 g.) from 65%
oleum into a stirred solution of dry dioxan (2.2 g.) in dry
dichloroethylene (25 ml.) under nitrogen at 0°] was added
gradually to & stirred solution of dimathylaminomethylférrocons
(5.25 g., 0.0216 mole) in dry dichlorcethylenme (20 ml.) under
nitrogen at 0°. After 0.5 hr. at 0-=-15° and a further 1.5 hr.
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at room temperature, the solvent was evaporated undsr reduced
pressure at room temperature to prevent excessive decomposition.
Unsuccessful attempts were made to isolate the lead, barium and

S~benzyl-thiouronium salts of the required product.

Further sulphonations with dioxen-sulphur %trioxide on
(ferrocenylmatiyl)bzrimethylamnonive icdids were equally
vnsuccessfuli.

Attempted Praparstion of i-Dimethylemincomethyl-l?-

chloromethylferyocene. - Anhydrous stannic chloride (2.0 g.,

0.0077 mole} was addsd over & period of 20 min. to a stirred
golution of dimethylaminomethylferrocene {4.8C g., 0.0198 mols)
end chlorodimethyiether (502 €o5 0.04 mols) in dry carbon disulpi-
ide (35 ml.)} uuder nitrogen at 0°., After a further 15 min., ‘
ice=water (100 ml.) was added snd the yellow presipitate which
separated cut wes filtered off, The organic layer was removad
and evaporated tc dryness to yleld a solid residue, which,
together with the previous pracipitate,'waé extracted with ligroin.
Evaporation afforded the yellow crystalline di-(ferrccenylmethyl-)
ether (0,90 g.)» MoPo 127®9 which was recryetellissad from

ligroin to congiant myp. 132° (Lit., 144, DoPo 132=134°)
(Founds ©,63.9; H,5.4. Celc. for Cp,H,aFsg0. C,63.83 Hy5.4%).
mpe melting point wes undepreased on admizture wiith an &uthenfi@

sample, and the infrared spectra corresponded exactly.
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In an experiment, identical to the one desoribed above,
employing the same reactants under the same conditionéa the
only product identified was ferrocenylmethanol (0.4157 go)
which grystallised from ligroin, in yelldw needles, m.p. 79°
(Lite, " m.p. 81-82°). The infrared spectra of this
material and of an authentic sample were identical, and the
mixed melting point was undepressed.

Attempted chloromethylation of (ferrocenylmethyl)

trimethylammonium iodide im acetic acid as solvent, only resulted

in isolation of starting material.

1-Chlorocarbonylferrocene=1'~-sulphonyl chloride

and l-Carboxyferzocene-1'-sulphonyl chloride. - Phosphorus

pentachloride (8 g., 38.3 mmole) in dry ehloxoform (50 ml.),

was added to a stirred suepension of l-carboxyferrocens-l°'-
sulphonic acid (3.5 go, 11.3 mmole) in chloreform (100 ml.)
meintained under & nitrogen atmosphere at 40o50“o The phosphorus
pentachloride was added in peversl equal portions after similar
intervals of time, and as the resction progressed, dissolution
of the acid chlorides was observed. After 4 hr., the reaction
mixture was filtered, the filtrate washed several times with
weter and then dried over calcium chloride. Evaporafion of

the chloroform using a rotary evaporator with the minimum of

heatihiz, afforded a reddish crystalline residue (2 g.) which was
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triturated with warm ligroin and filtered. After removal of
excess solvent as before, cherry-red crystals (1.03 goy 27%) of
the di-acid chloride, m.p. 103° (Lit.'"" m.p. 105-104°) were
obtained on cooling. The ligroin insoluble brown crystalline mass
from the trituration;cryéiallised from methanol in brown platepe
This material decomposed without m;lting at 137° ,

(Founds ©,40.63 Hy3.08 549055 €1,10.9. Cy4 HpFeS0,CL requires
Cy40,25 H,2.85 S,9.83 C1,10.8%) and infrared spectral comparisons
between the di-acid chloride and other related compounds (See

table Fo.ll p.118) indicated thet this compound was l-carboxy-

ferrocene-1’'-sulphonyl chiorids.

i-Chlorocarbeonyiferrocene-1'-zulphonyl chloride from

l-Carboxyferrocene=-1'-gulphonyl chloride. - A large excess of

phosphorus pentachloride {2 g.5 9.6 mmsle) in chloroform (30 ml.)
was added to the stirred l-carboxyferrocene=l'w-sulphonyl chloride
(0-176 go3 0.54 mmols) in chloroform (70 ml.) under nitrogen, &nd
kept at 40-50° fox 4 hx, The reaction mixture was worked up as
before to yield the red crystalline l-chlorocarbonylferrocenc=1°<
sulphonyl chloride (0.076 g.3 41%) m.p. 103-104° as the only
product.

Di-{1'-methylferrocenyl)disulphide, - To a stirred

suspension of lithium aluminium hydride (0.355 go, 8.8 mmole)
in anhydrous ether (45 ml.) under nitrogen, l-chlorocarbonyl-

ferrocene~1'-gulphonyl chloride (0.37 g., l.1 mmole) in eiher



73

(35 ml.) was added over a period of 10 min, After refluxing
for 18 hr.,, the excess lithium aluminium hydride was destroyed
by dropwise addition of ethyl acetate followed by wet ether,

and 4N sulphuric acid (5 ml.). The ether layer was separated
and evaporated under reduced pressure to yisld an obnoxious
smelling brown residue, which was dissolved in ethanol (10 ml.),
water (25 ml.) and ammonie (10 ml., 4,0.88). A stream of air
was passed through the solution overnight ;nd the disulphide
which had separated out, was extracted with benzene. Removal
of the washed and dried (CaCl,) solvent under reduced

pressure, gave & yellow solld which was chromatographsd in
ligroin to yield one main band and three others in trace amounts.

The main band, di-(1'-methylferrocenyl)disulphide (0.1312

g-s 53%) crystallised from ligroin in golden brown needles,
m.po 101.5-102,5° (Founds C,57.05 Hy4055 S;13.7. CypH,FeyS,

requires C,57.23 H,4.8; S,13.9%).

Amincmethylation of Methylthiaferro@@naa = Employing

the conditions established by Kn@x?js methylthioferrocens

and 100% excess methylene bis-dimethylamine in glacial acetie
acid, were stirred at 100° under nitrogen for 24 hr. The
results from two such aminomethylations, together with the

rogults from two carried out by Knox, are summarised below.



Tabla Ne. éo

Recpversd Yields % Isomer Weights g, Isomer Ratio

% Pc.SCE; % b e 1,2 1,1941,3 1,1 4 1,3/1,2
l& 28 54.8 T76.5 1.455 2.504 1,72
2%® 1 7405 91.0 1,997 3.394 1.70
3 28,6 54.2 T6.0 1.509 2.415 1,61
4® 8.7  79.0 B87.0 5,262 9,507 1.81
L . .

411 runs carried out on 5.8 g. methylthioferrocens except
No.4, wherse 15 g. was used, C@nvereion yield, ¢ Yield based
on unre@overe@ methylthicferrocens. : Runs carried out by Knoxo

8
Catalytic amounte of 8574 phosphoric acid used; 0.05 g. for

No.2 and 0015 &o for N@o@o

(3-Methylthiofexrrccenylmethyl)trimethylammonium Jodide

and (1'-Methylthioferrocenylmethyl)trimethylammonium Jodide., -

A mixture (from rum No., 4) of l-methylthio-l'-dimsthylamino-
methylferrocens and l»methylthiomﬁzdimethylaminomethylfefrocsna
( 0.6 g.) was chromatographed in a column (23" x GOB?Q) in

a bénzene-ether mixture (49:1). From the resulting diffuse
yelloﬁ band, eight approximately equal fractions were collected,
and an infrar@d 8p®ctfum betwasen 805/u and lloﬁjmg was obtained
for each. The first fraction showed large bands at %p and

Lop &and wes thef@fare mainly lamethylthi@mB=dime%hy1&min@ﬁethylm

ferrocens, while the last fraction only had minute bands 8% %p
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and 10p and was thus predominantly l-methylthio~l®-dimethyl-
aminomethylferrocene. Dropwise addition over a period of
10 min., of methyl iodide in benzene, to a solution of the
amines in Benzeneﬁfolloned by refrigeration of the mixtures
for 1 hr. at 8°, afforded the yellow solid methiodides.
Filtration and successive crystallisations from acetone

furnishéd (3-methylthioferrocenylmethyl)trimethylammonium iodide,

m.p. 178° (Found: N,3.0. C,zH,,FeINS requires N,3.2%), and

(1'-methylthioferrocenylmethyl)trimethylammoniun iodide,

B.Po 154.5=5° (Found: N,3.0. C,gH,,FoINS requires N,3.2%).

l-Methylthio-1'-methylferrocene and l-Methylthio-3-

methylferroceng., - A mixture (from run FNo. 4) of l-methylthio-

1“%&imethylamin@methylferrOQ@ne and l-methyl-3-dimethylamino-
‘methylferrocene (3,00 g., 10.4 mmole) in dry benzene (60 ml.)
was quaternised by portionwise addition of methyl iodide
(1.841 g., 130 mmole) in dry benzene (10 ml.). The sqlution
rvasyshaken vigorously after each addition and then thé
miitﬁré waé refrigerated for 2 hr. after‘the final addition.
Phe mixture of methiodides (4.473 g.» 10;4 mmole) which
separated out as an oil, was dissolved in water (110 ml.)

and added, with cooling in an ice-bath, to freshly crushed
sodium amalgan (655 g., 6.8%) made from sodium (45 g.) and

mercury (45 ml.). Benzene (50 ml.) was added and the reaction
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miiiure heated for 3 hr. on a steam bath. During this time
the benzene extractad the reduced product as it forﬁed,and
evolution of trimethylamine was observed. When cool, the
benzeﬁe extract was washed, dried (CaCl,) and evaporated to
yield a brown oil which, when chromatographed in ligroin
afforded an unresolvable diffuse yellow band (2.420 g., 95%).

Infrared spectra of several fractiona.of this band,
showed that two compounds were present, and the following
@hrométographic scheme, incorporating infrared spectroscopy,
was used. Chromatograms 1 and 2 were carried out in a column
41" x 0,8" while the remainder only required a column 23'
b-4 008“ o A total of nine chromatographies were thus

required to achieve separation of the isomers,
——% c¢hromatography

/ > 1 -------------- 0-8759 &-

- .- m e o~ - -——— 000700 g"

1.3592 g

The first isomer to elute had no bands at In and lom

and was therefore l-methylthio=-1'-methylferrccense. (Found |

C,56.53 Hp5-8. G, pH,FeS requires C,58.63 H,5.7%). The
other compound must then be l-methylthio-3-methylferrocens,
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(Founds ¢,58.7) H,6.0. C,,H,,Fe 5 requires C,58.63 H,5.7%)
'Both analyses .eamp'lee were deep ordngearad,oila_ purified

by distillation at 0,02 mm.

N.B Vaﬁour phase chromatography failed to resolve the mixture

of isomers.

p_etérmination of Isomer Ratios, - The infrared spéectrum

of the nﬂ;d(}le fraction (0.070 g.) had medium size '9,10' bands
and was assumed to contain approximately equal amounts of
each isomer, |

Weight of 1,1' isomer 1.3593 + 0,0350 = 1.3628 g.
and Weight of 1,3 isomer = 0.8757 + 0.0350 = 0.8792 g

1,1' Isomer : 19‘73 isomer = 1.3628 : 0.8792 = 155: 1.

| since the aminomethylation of methy.lthiofex;roc'e‘xie

(run No.4) provided 9,507 g. of the 1,1' + 1,3 isomers and
5.262 g. of the ‘192 isomer

1,10 + 1,3 s 1,2 = 9.507 & 5.262 = 1,81 s 1

1,2 = 35.6% |
and 1,17 + i,3§64°4%

— 1
L1 = Zg% x 64.4 = 39.2%

1,3 = -2—1-%5 x 64.,4@25.,2%

""" Dhé complete isomer ratios are shown in the table on.

Po 790
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Determination of the Isomer Ratios from the Amino-

metgylation of Methylthioferrocene,by means of Infrared Spectroscopy~

Methylthiofarrocena(sgaq 8oy 25 mmole) was aminomethylated (run
,®
No.3) under the conditions employed before, and the products

isolated were
(1) lwmethylth10w2=dimethylaminométhylferrﬁcsn@ (1,510 g.)
(ii) l-methylthio-1'-dimethylaminomethylferrocens and
leme%hylthioaj=dimethylaminomathylfeirocene (2.415 g.)

The total yield was 3.925 g. (76%) and the isomer ratio
of 1,1° + 1,3 ¢ 1,2 = 1,61 3 1

Infrared specira of the puwrs 1,2 isamer and of the 1,1' +
1,3 mixture of isomers were obtained in carbon tetrachloride
solutidna and standardisation of the spectre was effected by
comparison of the areas under the aromatic C-H atretchihg frequency
band a‘é: 3086 cm. - A further comparison of the areas under the
band at 1105 cmcai(“9“ bapd) gave an estimate of the amount of
193 isomer present in fthe mixture and hencs the complete isomer
ratio ﬁas caloculated. The base-line for calculation of the areas

was taken as the average of the backgrodnd absorption of the speciwra.

® Wo phosphoric acid was employed ae catalyst, otherwise conditlons
were identical to those alrsady described. Phosphoric aeid,

while not altaring the ratio of isomers formed, increases the

overall yield from 77% to 91%.
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1,1' + 195 1!1’ + 122
1,2

- 1,2 lsomer  isomers

Area under band at 3086 cm."’1 148 165 1.11 (corz-
ection factod

Area under band at 1105 cem. 302' 142

Corrected area for 1,2 isomer = 302 x ioll = 336

1,2 1 1,10 + 1,3 = 3363 142 = 1 : 0.422
i.6, 42.2% of the mixture of 1,1°' + 1,3 isomersis the 1,3 isomer.
Now, since 1,1° + 1,3 : 1,2 = 1.61 See above (weight ratio)
The 1,2 isomer == 38.3% of total aminomethylated product.

2. 1,3 isomer = 61.7 x 0,422 = 25.5%

and 1,17 isomer=m61.7 - 25.5 = 36.2%

T&bz@ H@oﬁo
Dimethylaminomethyl - Methylthioferrosenes
1,2 1,3 ' 1,1¢
a b 8 b . a b
% 35.6 38,3 25,2 25,5 39,2 36,2
Isomer Ratio 1.41 1.50 1,00 1,00 1,55 1.42
Weighted Ratio 1,41 1,50 1,00 1.00 0,62 0,57

a Aﬁxédlcnlated from isomer weights of reduced amines,

b Determined from infrared spectral data of reduced amines,
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Competititve Aminomethylation Between Methylthioferrocene

and Ferrocene. - Ferrocene (0.789 g;, 4.24 ﬁmole); methylthioc-

ferrocene (0,984 g., 4.24 mmole), methylene bia-diméthylahine

(00432 Boy 4.24 mmole) and a catalytic amoumt of 85%

phosphoric acid in ‘glacial acetic acid (30 ml@) were stirred

at 100° under niﬁrogen for 24 hr. The solvent was fﬁen

distilled off, water (35 ml.) added, and the solution basified

at 0° to pH10 with 1ON sodium hydroxide solution. Continuous

ether extraction for 30 hr. afforded after drying (XKOH psllets)

and evaporation ,a semi-solid residue (1.6876 g.). Chromatogr&phy

yielded,

(i) ferrocene (604970 8o, 63%) mcp. 171° and

(11) methylthioferrocene (0,702 g., 71.3%) eluted with ligroin.

(111) l-methylthio-2-dimethylaminomethylferrocene (0,050 g.,
4.1%) m.p. 81° eluted with & benzene-ether mixture (19:1),

(iv) a diffuse yellow band (0,324 g.) eluted with a benzene-
ether mixture (9:1).

Rechromatcgréphy of the last band failed to produce any
further resolution and thus the experiment failed in its direct
objective. Assuming however, that no serious decomposition
occurred, the recovery figures for ferrocene and methylthio-

farrocene show that farrccene (0,292 g.3 1.57 mmole) and methyl-

thioferrocene (0,282 g.3 1.2l mmola) reacted.
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Since ferrocene has ten available places for substitution
compared to methylthioferrocenéb nine, the statistical value
for the reactivity of methylthioferrocene is 0.86, taking

ferrocene as unity.

Reaction of Methylthioferrocene with Aluﬁinigg,&algdeso =

(a) To a stirred suspension of aluminium trichloride (0.40 g.,
3 mmole) in dry methylene chloride (35 ml,) under & nitrogen
atmosphere, was added methylthioferrocene (0.4l go, 1.70 mmole)
in mefhylena chloride (10 ml.). After refluximg for 6 hr.,
decomposition of the reaction mass wes achieved by addition of
ice (5 g.), concentrated hydrochloric acid (2 ml.) and titanous
chloride solution. The chloroform extract was washed with
water, dried (Caclz) and evaporated under reduced pressure to
give a residue which on chromatography in ligroin yielded a
brown 011.(00065 g.). Comparisons of the infrared spectra of
this 0il and of methylthioferrocene in carbon disulphide
solutioxisp showed them to be different but no serious attempt
was made to elucidate the structure of this oil. It showed
absorption in the infrared at 758 cmo"i which could be
attributed to a carbon-chlorine bsnd., All attempts to crystall-
ise this oil feiled,and no disulphide was obtained.

Further dehethylationa wére attempted usings
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(i) aluminium bromide in methylene chloride under nitrogen,

(i1) aluminium chloride in methjlene chloride in air,

(iii) aluminium chloride in carbon disulphide under.nitrogon,
(iv) aluminium chloride in carbon disulphide in air,
butvnO“diferrocenyl disulphide was obtaiﬁedﬂ even when the
reflux timéa were varied. Traces of ferrocene however, were
isolated in each case.

(v) To a stirred solution of methylthioferrocene (1,00 g.

4.3 mmole) in methylene chloride (15 ml.) under nitrogen, was
added excess freshly ground aluminium trichloride. After 2hr.,
the éxcess aluminium trichloride was dé@omposed with ice-water
and titanous chloride solution. The organic layer was separated,
waghed, dried (CaCl; ) and evaporated to yield a dark brown
residue which was chromatographed in ligroin. Ferrocene

(0,2392 goy 30%), mopo 173-175° was quickly eluted from the
column, followed by methylthioferrocene (0;544030, 2404%) and two
1sqﬁeric di(methylthio)- ferrocemes. These last two compounds

- were identified by means of their infrared spectra which were
very similar to the spectrum of methylthioferrocsnso (see

Table No.1l6. page 123). Less than 0.040 g. of each compound

was isolated.
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Ferrocenylthiocyanate. - (a) A mixture of methylthioc-
ferrocene (0.227 g;; 0.98 mmole) and cyéﬂﬁgen broﬁidé 22 F
18.9 mmole) under nitrogen was heated for 3 hr. at 60-70° and
left a further 4 hr. at room temperature. After th;”excesa
cyanogen bromide had been removed by repeated addifioﬁ of ether
end evaporation under reducsd pressure, the reaction mixture was
extracted with warm dry benzene and warm dry ether. To the
residue, from the evaporation of the combined exiracts was added
dry ether (10 ml.) which in turn was evaporated %o remove the
last traces of cyanogen bromide. Initial chromatography in
benzene followed by rechromatography in a ligroin- benzene

mixture (1:1) yielded ferrocenylthiocyanate (0.157 g., 66%),

which crystaliised from ligroin in yellow feathery leaflets
m.p. 104°: Y . (in CCl, solution) 2169 em.”™ (C=N) (Found:
C»54.Ts Hy4.05; N,5.95; S,12.7. C,,H,,FeNS requires C;54.35
H,3.Ts Ny5.85 5,13.2%).

(v) Diferrocenylmercury (0.78 g., 1.36 mmole) was triturated
in an evaporating basin with a methanolic solution of thio-
cyanogsen, prepared by extracting with me thanol, an equimolar
mixture of cupric sulphate and potassium thiocyanate which had
been ground together in a mortar. The filtered alcoholic

solution of thiocyanogen was added in small amounts until an
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excees was present, then the reaction mase was heated for 20
min. Filtration of the green reaction mixture afforded (a),
a filtrate whieh was diluted with an equal volume of water
and (b), a green residue which was dissolved in 50% aqueous
methanol (200 ml.). 4 hydrochloriec acid solution of stannous
chloride was added to each solution which was then filtered and
ether extracted (x 3). The combined extfaots ware washed
caréfully w;th water, dried (CaCIz) and evaporated., Chroma-
tography of the residue in ligroin yielded ferrocene (0.346 g.)
m.p. 172°, ferrocenylthiocyanate (0.141 g., 23%) eluted by
a ligréinobenzene mixture (3:2) and two other unidgntified
compounds pressnt only in ¢race amounts. The farrbéeﬂylthiou
cyanate recorystallised from ligroin in yellow leaflets m.po
104° and the melting point waa.undepreaséd on admixture with
an authentic sample. The infrared spectrum was also identical
in every respect %o that of the fefrocénylthiocyansfe previously
prepared.

Ferrocene (0.346 g.) and ferrocenylthiocyanate (0.141 g.
accouﬁt for 68% and 21% respesntively of the difsrrocenylmerouxy
employed in the reactioho

Attempted Prsparation of Diferrocenyl Disulphide. - A

saturated solution of sodium thiosulphate (40 ml.) was added
to ferrocenylthiocyanate (0.040 g.; 0.164 mmole) in methanol

(30 ml.) at room temperaturs and left for 2.5 hr. After
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dilution with water (40 ml.), the reaction mixture was
extracted with ligroin which was carefully washed, dried (CaClg)
an& eiaporated in vacuo. Chromatography yielded a yellow

band eluted with a ligroin-benzene mixture (1:1), and removal
of solvent gave a residue (0.036 g.) which crystalliséd from

' ligroin in yellow leaflets mo.p. 103°. The infrared spectrum

was identical with that of the starting material,

Diferrocenyl Disulphide. - ZN Sodium hydroxide

solution (30 ml.) was added to a stirred solution of ferrocenyl-
thiocyanate (0.030 g., 0.123 mmole) in methanol (20 ml.) under
nitrogén, and the mixture was refluzxed for 4 hr. in an o0il bath
at 90°. The cooled reaction mixture was extracted with ether,
and the extract was dried (CaCl,) and evaporated to afford a
solid residus. This was chromatographed on alumina yielding

a single yellow band eluted with a ligroin-benzene mixture
(1:1). Evaporation of the solvent gave & residue (0,029 g.,
92%) which crystallised from ligrbin in golden yellow plates,
m.po 192° (Lit. *°® m.p. 192°). There wes no depreesion of
the melting point on admizxture with an authentic sample of
diferrocenyl disulphide, and the infrared spectra corresponded

exactly.

1-Thiocyanate-1‘'-methylferrocene. - l-Methylthio-l'-
methylferrocene(oo205 8.9 0,83 mmole) and cyanogen bromide
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(2 goy 18.9 mmole), were fused together at 70-75° under nitrogen
for 2.5 hr. and left standing a further 2 hr. at room temperature.
Excess cyanogen bromide was remoyed by co«distillation with ether
as before, and the reaction mixture extracted with warm dry
benzene and warm dry ether. Evaporation of the combined
extractes furnished a residue which was trsated with dry ether

(10 ml.) and distilled under reduced pressure to rTgmove any
remaining cyanogen bromide. Chromatography in benzene gave

a brown oil (0,117 g.) which was rechromatographed in petxol

and eluted with & ligroin-benzene mixture (3:2). Removal of

solvent afforded a brown oil (0.074 gos 35%), Y (in cC1,

mex.
i v
solution) 2179 cm. (C=HN). No.'9,10' bands were present in

the infrared. Thies is therefore the required l-thiocyanato-l'-

methylferrocene which distilled readily at 0,02 mm. to give a

golden brown oil. (Found: C,56.33 Hy4.43 H,5.8. C,,H  FeNsS

requires €,56.053 H,4.35 Ny5.45%).

Di-(1l'-methylferrocenyl)disulphide. = To & stirred

solution of l-thiocyanato-lt-methylferrocene (0.069 g., 0.268
mnole) in methanol {20 ml.) under nitrogen, was added 2N sodium
hydroxide solution (30 ml.). After refluxing for 4.5 hr. in
an oll bath at 90°, the mixture was cooled, extracted with

ether which was dried (Caclz) and evaporated under reduced
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pressure. Chromatography in ligroin of th§ g0lid residue

obtained, yielded a trace amount of a yellow compound (probabiy

starﬁing material) followed by the main yellow band. Removal

of solvent and orystallisation of the residue (0.060 g., 97%)

from ligroin produced golden yellow plates, m.p. 101-102°,

This material proved to be identical to the synthesised sample

'previously described as:-

(1) the melting points were the same,

(11) there was no depression of the melting point on admixture
with the unambigﬁously synthesised sample,

(iii).thé infrared spectra were identical in bbth carbon

disulphide and carbon tetrachlorids.

:(2-Methllthioferrocenylmethyl)trimethylammonium Jodide., =

To a solution of l-methylthio-2-dimethylaminomethylferrocene
(2.00 é;;A6°91 mmole) indry benzene (50 ml.) methyl iodide

(1.23 go, 8.64 mmole) in dry benzene {10 nl.) was added portion-
wise ovef a periocd of 15 min. After sash addition, the éolution
was shaken vigorously until the methi@dide‘Began to crystallise
out, and when the final addition was completed, the solution was
cooled to about 8° for 3 hr., to ensure complete gquaternisation.
Filtration and recrystallisation of the précipit&te from acetonre

afforded yellow rectangular prisms, m.p. 182-183°, of (2-methyl-
thioferrocenylmethyl)trimethylammonium iodide, (Found: C,41.2;
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H;5:03 I,29.2) Ny3.05 S,6.8. C,gH,FEINS requires C,41.8p
B;5:13 I,29.43 Ny3.2p S,7.4%).
On one occasion, the methiodide appeared to soften

or melt at 1579 recryatallis%,and remelt at 183°.

l-Methylthio-2-methylferrogene. - To powdered sodium

amalgen (438 g.) made from sodium (30 g.) and mercury (30 ml.)
was added with cooling in an ice bath, a solution of the

above methiodide (2.982 g., 6.91 mmole) in water (80 ml.).

The reaction mixture was then hsated for 2 hr. on a steam bath,
and after cooling, the oil which had separated out was extracted
with benzene. Evaporation of the dried (CaClz) extract gave

a residue (1.685 g.) which was chromatographed in ligroin to

yield l-methylthio-2-methylferrocens, as a brown 0il (1.630 g.,

96%). Distillation at 0.02 mm, furnished an orange-red oil
(Founds C,58.93 H,5.83 5,12.4. C,,H ,FeS requires C,58.63

Hs5-T5 5,13.0%).

1-Thiooyanate-2-methylferrocene. - Il-Methylthio-2-

methylferrocens (0,209 g., 0.85 mmole) was treated with
eyanogen bromide (2 g., 18,9 mmole) as previously desoribed,
furnishing after extraction, a residue (0.110 g.) of l-thio-

cyanato-2-methylferrocene. Chromatography in a ligroin-benzene

mixture (2:1) afforded a yellow solid (0.081 g., 39%), which
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crystallised from ligroin in plates, m.p. 79°; Y (in CC1,

Dax.
solution) 2169 omo™ (C=FR). (Found: C;55.95 Hp3095 N,5025.

C,5 H, ,FeNS requires €,56.055 H,4.%5 N,5.45%).

Di-(2-methylferrocenyl)disulphide. - (a) 1-Thiocyanato-2-

methylferrocens [prepared by fusing l-methylthic-2-methyl-
ferrocens (0,700 g., 2.85 mmole) and freshly made cyanogen
bromide (6 g., 56.7 mmole) at 75° for 2 hr., under nitrogen] in
& ligroin-benzene mixture (2:1), was absorbed on an alumine
column and left atanding overnight. When elution was continued
after 16 hr., two bands were resolved, the first being di-

(2-methylferrocenyl)disulphide (0.453 g., 69%), crystallising

from ligroin in drown leafleté, M.Po 151=15%3°., The disulphide
was further purified by sublimation at 1407/0002 mm. (Founds
c957°23 Hy4.9. Cp,H,,Fe,S, requires C,57.2; Hy4.8%). The
second band, l-thiocyanato-2-methylferrocene (0,050 g., 8.5%)
BoPo TT=T79° eluted with & ligroin-benzene mixture (l:l)o

(b) 1=Thiocyanatc-2-methylferrocens (0,040 g., 0,156 mmole) in
methanol (10 ml.) was refluxed with 2F sodium hydroxide (15 ml.)
- for 4 hr. and the reaction mixture worked up as before to yield
a brown residue (0.030 g.). This was chromatographed in a

ligroinmbenzéne mixture (5:2) to give the required disulphide

(00024 8o 67%)9 MoePo 149-151°o
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1-Thiocyanato-3-methylferrocene, - Cyanogen bromide

(3 g0y 28,4 mmole) and l-methylthio-3-methylferrocene (0,380 g.,
1,54 mmole) were fused together at 70° for 1 hr. undor & nitrogen
atmosphere, The reaction and work dp‘were exgcutod as befors
taking'care to remove any residual cyanogéh bromideon éﬁrouath
graphy of the extract in = ligroin-benzene nixiure (7:3) afforded
lathiocyﬁngto=3mmethylferrocene9 a golden brown oil (0.124 g.,

43%): ¥ pax.
at 0,02 mm. (Found: C,56.43 Hy40.25 Ny5.6. C,,H  FeRS requires

..1
(in cCl, solution) 2188 cm.  (C=F), which distilled

;56,055 Hydo.33 N»SOS%). The infrared aspectrum also'lﬁossesed”%loﬂ
banda. ' ‘

Di—(ﬁ»methg}farrogenzl)disulphideo'o (a) Hydrolysis of

l-thiocyanato-3-methylferrocens (0.114 go,¥00445 mmole) in
methaﬁol (20 ml.) was achieved a8 bsfore by refluxing in 2N
sodium hydroxide solution (30 ml,), and after a similar work up,
an oil (03096 g.)was obtained. Chromatography in a ligroin-

benzene mixture (4:1) yielded di-(3-methylferrocenyl)disulphids, a

viscous brown oil (0.076 g., 74%) (Found: €,57.63 H,5.1.
czznézﬁezsz requires C,57.2; H,4.8%). No <C=N absorption

was present in the infrared.
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(v) A solution of l-thiocyanato-3-methylferrocene (0.1650 g.,
0.642 mmole) in a ligroin-benzene mixture (4:1) was absorbed on
normal active alumina, packed in ligroin in_a chromatography
colomn (14" x 0.75% I.D.), and left for 2 days. Continued
elution with benzene, afforded, on evaporation of the solvent a
deep orange oil which was rechromatographed on 6 hr, deactivatad
alumina in a ligroin-benzene mixture (9:1). The only product
obtained was the required disulphide (0,144 g., 97%) which was
distilled with difficulty at 0.08 mm. A certain amount of
decomposition occurred during the distillation.

N.B. In one experiment employing alumina which had been

deactivated for >20 hr., the hydrolysis was noticeably slower.
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l=Chloro-l1'-acetylferrocene, -~ Toa stirred solution of

chloroferrocene (2.0540 g.o 9.3 mmole) in dry, methanol free
chldrbf;rm (20 ml.) under nitrogen at 0°, vas added an excess
of Pérrie} complex over a periocd of 15 min. The complex was
prepared by stirring a solution of acafyl chloride (1:42 g.,
18.16 ﬁible) in pure chlorofomm (30 mlo)‘iifﬁ excess freshly
_ground aluminium trichloride for 2 hr., f;llowed by filtration
thrauéh a sintered glass fummel. After stirring for 2.5 hr.,
the reaction mixture was left overnight. Déepmpoaition was
achiequ by addition of ice and titanous chiﬁride solution.
Thé érganig iayer was separated, washed, dr;éé (CaClz) and
evapor@ted affording & residus which was chromatographed in a
ligroin-benzene mixture (1l:1) to yield:- | | |

(#L,& mixture of ferrocene &nd,chloroferrdzehe (0.7654 g-)
' eluted by the above solvent, present in the raﬁio of 3:1 as
determined from vapour phase chromafography. Since the vapour
'phaséfdhromatogxam showed no ferrocene in ataiting material,
ferrocene formed in the reaction was 0.75 x 007654 g- = 0,574 g-
(55%) and chl@r@ferrocen@.recovared was 0.25 x 0.7654 g. = 0,191 go

(9%)3(b )1=chloro-1'-acetylferrocens (1.2272 g- 57% based on

unrecovered chloroferrccens, - 50% conversion) m.po 53.5-54.5°

- after crystallising twice from hexane (Foundz Cy54.83 Hydo4p

C1,13.2. C,gH, ,FeCl0 requires C,54.93 Hy4.25 C1,13.5%),
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V5PoCo showed that no acetylferrocene was present.

In one preparation of l-chloro=1'agcetylferrocend the
crudd'producf befors crystallisation had ﬁcpa 55-62° but again
vapour phase chromatography showed there was no acetylferrocene
j?éaant, although its presence would be expectsd.

Two other bands were present in trace amoumts but

1deﬁtification wag not attempted.

Attempted Dechlorination of Chloroferrocens: - Through

a solution of chloroferrocene (0.272 g+5 1,23 mmole) in dry
chloroform (10 ml.)under nitrogen was pessed dry hydrogen chloride
gas for 20 min. The reaction mixture was left standing overnight
then treated with water {15 ml.) and titanous chloride solution

(3 dropé); The organic layer was separatéd, washed carefully
with water, dried (CaCl,) and evaporated to furnish a residue
(0.163 g.) which was chromatographed in ligroin to remove
impu;}t@apo Vapour phase @hromatogramsE of the starting material

and chromatographed product proved to be identical; both showing

sﬁall peaks due to ferrogene.

The column employed was one packed with silicone grease on
celite, The conditions used are outlined below.

Inlet pressure 700 nma.
Outlet pressures 195 mm.
Flow rate (N,) 1.6 1/h».

Temperature 228°C.
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Dechlorination of»Chloroferroeenéo = To & solution of

chloroferrocene (0.1984 go., 0.90 mmole) in dry chloroform (10 ml.)
under nitrogen in a 25 ml. two necked flask,fitted with.gas

inlet tube and calcium chloride outlet tube;was added freshly
ground aluminium trichloride ( 2 g.)- Nitrogen was passed
through the solution a further 45 min. as it grew progressively
greensr, then the mixture was decompossd by careful addition of
ice, ice-water and titanous chloride solution. The organic layer
wag separated, washéd with water, dried (Cacla) and evaporated

to yield a'reeidueB which when chromatogrephed on alumina using
ligroin, as solvent, afforded a yellow-brown crystalline material
(0,100 g@)on removal of the solvent,

Vapour phese chromatograms, (under the condition employed
before) of the starting material and chromatographed product
showed that :-

(i) The starting material was comprised of chloroferrocsnse 93%
and ferrocene 7% }
(11) The chromatographed product consisted of chloroferrocene 50%

ahd ferrocens 50%

Attempted Acetylation of 1l,l'-Dichloroferrccens. - A

solution of Perrier complex [prepared from acetyl chloride (1.0 g.,

12,7 mmole) and excess freshly ground aluminium trichloride in
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in chloroform (30 ml.)] was added over a period of 10 min. to

a stirred solution of 1,1'=dich1oroferrocéne (0.84 goy 3.3 mmole)
in chloroform (20 ml.) under nitrogen at 0°. The mixture was
stirred a further 1.5 hr. and left standing overnight. Decomposi-
tion of the complex was effected by addition of ice, ice-water

and titanous chloride solution, and the organic layér was separated,
washed dried (Gacla) and svaporated. The residue mo dbta;ned was
chromatographed on aluﬁina and ligroin soch eluted a yellow
‘erystalline solid (0,105 g.)s; mepo 55-75° which was presumably

a mixture of l,1%<-dichlorofsrrocens, chleroferrocene and ferrooens.
At least threé other compounds were eluted from the column, the
firstnéf which was a brown oil, poasessing,CéO absorption in the
infra:ed° This material however, was too umnstable to characterise,
The last two compounds to elute were only present in trace amounts

and thus could not be identified.
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Attempted Preparation of 1;1'-Dimethoxyferrocens. -
To & stirred suspension of sodium amide in'liquid ammonia |
[made from sodium (9.4 g., 0.4 g.atom ) freshly distilled
liquid ammonia (250 ml.) and ferxic nitrate as catalyst] under
nitiogen, was added cyclopentenone (16.4 g., 0.2 mole) over a
period of 20 min. After 3 hr., freshly prepared anhydrous
ferroué chloride (12.7 g., 0.l mole) was added in small portions
oﬁer 005 hr. When most of the ammonia had evaporated 5fter a
further 2 hr., anhydrous tetrahydrofuran (200 ml.) was added and
the reaction mixture left overnight. A solution of sodiuam
hydroxide (5 g.) in water (250 ml.) was added carefully and the
mixturé stirred for approximately 25 min. The solid material
was removed by filtratiom and the filirste was treated with
dime thyldulphate (25.2 g., 0.2 mole) for 0.5 hr. Extraction with
chloroform, which was washed, dried and gvaporatedslyielded 8
yellow=brown gummy solid which only dissqivéd in tetrahydrofuran
and glaéial acetic acid,

The seme preparation was attempted using diapersed
sodium in anhydrous T.H.F. with similar results.

| 1,1'-Dibenzoyloxyferrocene. - The identical preparations

given above were carried out using benzoyl chloride (under
Schotten-Baumann conditioms) in place of dimethylsulphate, but

none of the desired products was obtained.
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Attempted Preparations of 1,1'-Ferrocenylenediboronic Acid.-

(a) From Disodioferrocene and Boron Trichloride. = To a stirred

solution of boron trichloride (100 g., 0.852 mole) in anhydrous
petroleum ether (500 ml., 40/60‘) under nitrogen at e70°, was
added'portionwise, a suspension of disodioferrocane [prepurod
from dispersed sodium (10 g., 0.435 g. atom), chlorobenzene

(21 g., 0,188 mole) and ferrocene (18.6 g., 0,10 mole) in benzene
(100 ﬁle)] 15 ml. at a time over a period of 45 min., The
reaction mixture was allowed to warm up to room temperature over
1.5 hr., then stirred a further 2 hr. Excess boron trichlorids
was distilled off under reduced preesure (30 mm.) using a
receiving vessel and trep immersed in carbon dioxide-acetone
baths, and the reaction mixture was decomposed at =60° by
careful addition of methanol (70 ml.) followed by 10% sodium
hydroxide solution (200 ml.). Filtratiom through kieselguhr
afforded an alkaline extract, which on acidification at 0° with
10% sulphuric acid together with titanous chloride solution;
yielded no precipitate of 1,l'-ferrocenylenediboronic acid.

(b) From Disodioferrocene and Tri-n-butyl Borate. - To a stirred

solution of tri-n-butyl borate (196 g., 0.852 mole) in anhydrous
ether (400 ml.) under nitrogen at -40°, was added portionwise,
a suspension of disodioferrocene (prepared from the quantities

of reagents previously mentioned ) in 15 ml. aliquots, over a
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period of 45 minutes. Stirring ums continued & further 21 hr.
at room temperature,and the reaction mixture decomposed at

~40‘ with methanol (70 ml.), and 10% sodium hydroxide solution
(200 ml,). Filtration through kieselguhr furnished an alkaline
layer, which when combined with further alkaline extracts and
acidified with 10% sulphuric acid solution together with
titanous chloride solution, gave no precipitate of diboronic

acid.

Ferrocenylboronic Acid and 1,1'-Ferrocenylenediboronic

Acid.- To a stirred slurry of ferrocene (37.2 goy 0.2 mols),
fine alﬁminium powder (50 g., 1.85 mole), freshly ground
aluﬁiniup trichloride (3 g., 0.0225 mole) and methyl iodide
(1 ml;) in dry ligroin (350 ml.) under nitrogen at =30°, was
added dropwise over a psriod of 40 min., boron trichloride
(100 g., 0.852 mole). The reaction mixture was then stirred
& further 4 days at 8° and the remaining boron trichloride
distilled off under reduced pressure (20 mm.) with the trap
and receiving flask immersed in carbon dioxide-acetone baths.
The reaction mass was then suction filtered (caution-fire)
through kieselguhr and the aluminium powder washed carefully

- =
with dry ligroin. The red coloured filtrate of ferrocens,

Ether must not be used to wash the aluminium powder as this

increases the risk of fire, Solid carbon dioxide was always
added to the buchner funnel during the filtration.
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ferrbcenylboronyl dichloride and 1,1'-ferrocenylenebis(boronyl
dichloride) was hydrolysed at 0° by dropwise addition of water,
@ontéining a few drope of titanous chloridq} to the stirred
solution, After 1 hr., the mixture of boronic acids was
filtered off and washed éith ligroin until the filtrate was
colourless. Evaporation of the filtrate afforded unchanged
ferrocene (8.1 g., 22%). The boronic acids were then washed
with water to neturality to Congo red paper, and then with ether
to remove the ferrocenylboronic acid. Evaporation of the dried
{CaCl, ) ether extract afforded ferrocenylboronic acid (17.0 g
37%) . The ether insoluble residue after soxhlet extraction,
was dried under vacuum over calcium chloride to yield 1,1°'=-

ferrocenylenediboronic acid (2.1 go, 3.9%).
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Table No.6

Numerous runs were carried out under various conditions, and the

results are listed below.

REACTANTS * ‘ PRODUCTS
FeH mowu_ Al AlC1, CH, I Temp., Time FcH |FeB(0H); FelB(0H);]1a
Mole Mole g.atom mmole mi, °C Hr., Rec.| % %
V.

1. 0.1 0.38 0.67 3.8 0.5 20° a2 4 15 -
2.° 0.1 0.43_  0.89 - 0.5 80 16 - . -
3, 0.05 0.43 0.74 705 0.5 70 5 & = .
4, 0,1 0.43 1,12 9 120 0.5 20 3 2 11
5. 0.1 0.43 1.11 224 1.0 10 120 v 2.5 9,1
6. 0.2 0.85 1,85 15 1.0 8 96 35 22 14,5
7o 0,6 2,56 6.66 30 2.0 11 96 go| 7 10
8, 0,2 0.85 1,85 15 1.0 8 96 20| sh 2,2
5.f 0,2  0.85 1.85 22.5 1.0 8 96 22| 37 3.9

2 The solvent was ligroin in each case. b All temperatures except runs 2 and 3

ware room temperatures. e Reaction cerried ocut inm a bomb, Omly 4 hr, at 809,
a8 . ‘ . .
When zinc dust replaced aluminium, only diboronic acid {0.0058 mole., 6%) was

£

isolated., ° Ferrocene recovered was not aawmw@na Three experiments useing

these conditiomns gave identical results.




101

Acetylation of Methoxyferrocene. - A soluticn of

Perrier complex {formed by stirring acefy1 chloride (1.820 g.,
23.2 mmole) with excess freshly ground aluminium trichloride
in dry methylene chloride (85 ml.) for 2 hr.] was added dropwise
over a period of 40 min. to & stirred solution of methoxy-
ferrocene (4.500 g., 20.8 mmole) in methylene chloride (75 ml.)
under nitrogen at 0°. The complgx was decomposed with ice,
watér and titanous chloride solution 5 min., 4after the final
addition, and the organic layer was separated, washed with
water, dried (0&C12) and evaporated to give a brown res#due
(4.7722 g.). Chromatography in benzene yielded :—
(a) an oily solid (0.7180 g.) eluted by benzene and having
no >c = O absorption in the i‘nfr&reé.
(b) acetylferrocene (0,229 g.; ﬂaSZ%)§ m.p. 84-85° after
sublimation, eluted slowly by benzen65 |
(¢) a deep red oil (2.479% g., 46.3%) (Founds C,61.4; H,5.8
6133143‘602 requires C,60.5; H,5.5%) comprising of the three
mono-acetylated methoxyferrocenes, eluteé by a bengene-ether
mixture (1:1). Yield based on unrecovered stariing material
was 51.2% .
' Reéhronﬁtogr&phy of (a) in ligroin afforded methoxy-
ferrocene (0.455 g-, 10%); and two orange-brown oils (00104 €. )

snd (0,155 g.). | |
When 0,460 g., of (c) was rechromatographed and the
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bgn¢ collected in five fractions, the firat and last
fradtibnn had the largest '9,10' bands. Moreover the first

fraction was a low meltlng solid 1~methoxy-2-acetylferrooene;

¥ maxa(liquid film) 1680 cm. (cao) which efter being sublimed

twice, had m.p. 35-36°%

Reduction of the Isomers of Acetyl-methoxyferrocene.

(a) Lithium sluminium hydride-aluminium trichloride reduc-

tion. = A suspension of lithium aluminium hydride (0.500 g.,
13,14 mmole) in snhydrous ether (20 ml.,) was added carefully
with cooling (ice-bath) to a stirred suspension of freéhly
ground aluminium trichloride (1.75 go, 13.14 mmcle) in
anhydrous ether (15 ml.) uﬁder nitrogen., To this mixture at
room tezgperature9 was added dropwise, & solution of the
acetylated products of methoxyferrocene (1.70 g., 6.57 mmole)
in anhydrous ether (20 ml.)}. Twenty minutes after the final
addition, the reaction mixture was decompdéeé with ice-water
and thé ether layer separated, washed with water (x 2), dried
{CaCl, ) and evaporated to yield a brown oil (1.5125 gs)o
Chrométography afforded three bands, the firat being a brown

0il (O 8328 g., 54%) comprising of the ethyl isomers, eluted
with llgr01n, The second band, also a brown oil (052336 g.)»
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eluted with benzene, was followed by another oil (0:0511g.)
eluted with ether. Neither of these showed hydroxyl absorption
in the infrared.

| The first band was rechromatographed in ligroin on a
column (44" x 0,75 I.D.) yielding two bands, the first of

which was l-methoxy-2-ethylferrocene (0.,1580 g., 10.25%)(Found:

C564.15 Hy6.25 057020 Cy3H,gFe0 requires €,64.03 Hy6.65 0,6.6%).
Elevén‘approximately equal fractions of the second band were
coliécted, and an infrared gspectrum of eachlwaa obtained in
the region 8.5 u to 11.5 p, after evaporation of the solvent.
The samples were then grouped according to whether or not they
had bands at 9 p and 10 u, and in this way the chromatogrephy

was followed, giving a separation of l-methoxy-1'-~ethylferrocene

(o;&996 8os 32.4%) (Found: C,6%.65 H,6.5. CiaﬁieFeG‘requirea
A . i ‘
€,64.05 H,6.6%), and l-methoxy-3-ethylferrocene (0.0750 g.,

4.86%)(Founds C,652¢ Hy 7/ § Oy — o C,5H ¢Fe0 Tequires C,64.03
H,6,63 0,6.6%).
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Further treatment of band 2 (0.2336 g.) with an excess
of the reducing agent,established that this was not a mixture
of ethers formed by dehydration of the intermediate alcohols,
since only starting material was recovered. The infrared
spectrum of this compound however was found to be very similar
to the spectra of bands 2 and 3 from the acetylation of methoxy-
ferrocene.

In an effort to improve the reduction yields, further
experiments, using various amounts of aluminium trichloride-
lithium aluminium hydride complex, were carried out. These
are outlined below,

(1) Reduction of acetyl-methoxyferrocenes (09600 g-9 2,32 mmole)
with lithium aluminium trichloride (0.088 g., 2.32 mmole)
and aluminium trichloride (0.310 g., 2.52 mmole) only
resulted in a 54.6% yield of isomeric ethyl-methoxyferrocens.

(ii) A reduction using an excess of lithium aluminium hydride '
and a catalytic amount of aluminium trichloride resulted
in the isolation of a mixtiure of isopéric alcohols énd &

trace of the isomeric ethyl- methoxyferrocenes.

v 0000002000000

(b) Clemmensen Reduction. - To a solution of the isomeric
acetyl-methoxyferrocenes (0.417 g., 1.62 mmole) dissolved in
ethanol (20 ml.) was added =zinc amalgam [prepared by

ghaking mossy zinc (7.5 g.) for 5 min. with a dilute
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hydrochloric acid solution of mercuric chloride (0.75 g.)].

The mixture was brought to reflux and a solution of concentrated

hydrochloric acid (4 ml.) in ethanol (5 ml.) added over 10 min.,

When the mixture had refluxed a further 0.75 hr., the solution

was decanted into water (250 ml.) and ether extractedo This

extract was washed, dried (Gaclz) and evaporated to furnish

an oll which was chromatographed on alumina using ligroin as

solvént to yiseld a mixture of the sthyl-methoxyferrocenes

(0.235 g., 60%). Two other oils were obtained in small amounts.
Rechromatography of the ethyl-methoxyferrocenes (0.225 g.)

as on p.103,in a column (43" x 0.8") afforded l-methoxy~2-

ethylferrocene (40 mg.), l-me thoxy-1'~ethylferrocene (118 mg.)

and l-methoxy-3-ethylferrocene (50 mg.)

The complete isomer ratios are shown on psl06s

In another Clemmensen reduction of the isomeric
acetyl-methoxyferrocenes (0,600 g., 2.33 hmole), l-methoxy-
2~-ethylferrocene (52 mg.) and a mixture of the 1,1' and 1,3
isomers (226 mg.) were obtained (total yield 56%). The weights
of fﬁé 1,1' and 1,3 isomers present wére determined ffom

infrared speétral data by the method described on p.78.
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1,1' + 1,3 1,1' + 1,3

1,2 isomer - disomer . 1,2

. -1 ‘
Area under band at 3086 cm. 68 101 1.485 (correc~
tion factor)

Area under band at 1003 cm. . 170 81

Corrected area for 1,2 isomer = 170 x 19485 = 253

1,2 ¢ 1,1' + 1,3 = 253 3 81 = 1:0.312,

31,2% of the mixture of 1l,1' + 1,3 isomers is the 1,3 isomer
1,3 isomer = 31,2 x 226 = Tl mg.

and 1,1' isomer = 226 - 71 = 155 mg.

lsomer Ratios for Acetyl-Methoxyferrocenes

Table No. 7. Results determined from LiAlH,-AlCl, reduction

1,2 1,5 1,1
. Weight mg. 158 75 499.6
Isomer ratio 2.,14 1.0 6.75
Weighted ratio 2.14 1.0 2.70

Table No. 8., Results determined from Clemmensen Reduction

192 15!3 191'
a b . a b a . b
' Weight mg. 40 . 52 50 71 118 155
Isomer ratio 0.80 0.73 1.00 1.00 2.%6 2,18

Weighted ratio 0.80 0.73 1.00 1.00 0.94 0.87

a. Calculated from isomer weights of reduced acetyl-methoxyferrocenes.
b. Determined from infrared spectral data of reduced acétyl-

methoxyferrocenes.
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Demethoxylation of Methoxyferrocene.

To a stirred solution of methoxyferrocene (0.50 g., 2.3 mmole)
in methylene chloride (10 ml.) under nitrogen, was added freshly
ground aluminium trichloride (0.75 g.). After 10 minutes, the
excess aluminium trichloride was decomposed with ice-water and
titanous chloride solution. The organic layer was separated,
washed, dried (caclz) and evaporated to yield a residue, which,
when chromatographed, afforded ferrocene (0,030 go., 7%) and
methoxyferrocene (0.179 g., 36.0%) eluted with ligroin, and two
other compounds (0.089 g.) and (0.082 g.) respectively, eluted
with benzene, Infrared spectral comparison (Table No.1l5,
page 122) suggested that these compounds were isomeric dimethoxy-
ferrocenesD These infrared spectra were gleo identical to the
spectra of the unidentified oils obtained in the preparation of

the acetyl- methoxyferrocenes.
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Aminomethylation of Methoxyferrocene. - To & sfirred
solufion of methoxyferrocene (3,50 g., 16.2 mmole) in glacial
acetic acid (50 ml.) under nitrogen, was added methylene
bis-dimethylamine (2.07 g., 20.3 mmole) and a catalytic amount
of 85% phosphoric acid (2 drops). The reaction mixture was
stirred 1.5 hr. at room temperature, then heated over a period
of 0.5 hr. to 100° and maintained at this temperature for a
further 4 hr. Most of the acetic acid was then removed by
distillation, water (130 ml.) was added and the solution
basified to pH1lO with 1ON sodium hydroxide solution, Ether
extraction gave, after removal of the dried (KOH pellets)
solvent, a brown residue (4.160 g.) which was chromatographed
on alumina to yield methoxyferrocene (0,142 g., 4.1%) eluted
with 11gr§in, and a brown oil (3.600 g.) which was eluted with
a benzene-ether mixture (l:1). This oil, b,p°150°(bathb/0002 mm,
(Found: C,61.83 H,6.83 N;5.0. C, H gFeNO requires C,61.65 H,7.0;
N,5.1%) failed to resolve oﬁ fechromatogr&phy, but was later
shown to consist of the three isomeric mono-aminomethylated
methoxyferrocenes. The conversion yield was thus 82%, and
the yield based on unrecovered methoxyferrocene was 85%.

A picrate of the mixture, prepared in aqueous ethanol
and recrystallised from aqueous acetone, afforded orange-red

needle” s Po ].2405"'126° (FOund’ 0947083 H’4o4§ NylloZi 0,25050
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CaoHpp PN, Oy requires C,47.83; H,4.43 N,11.4 0,25.6%).
When this picrate was heated in concentratéd caustic solution,
and then ether extracteé, evaporation furnished the free amine.
The infrared spectrum of this material was ideﬁtical to fhat of
the first portion of the main band and thus the picrate and
regenerated amine appeared to comsist mainly»’if not entirely,
of the 1,2 isomer.

Reduction of Aminocethylated Methoxyferrocenes, - To a

solution of the aminomethylated products of methoxyferrocene
(1.00 gy 3.67 mmole) in dry benzene (50 ml.) was edded
proportionwise methyl iodide (0.730 g., 5.14 mmole) in dry
benzene (10 ml.) over a period of 10 minutéso On each addition
the solution was shaken vigorously and after the final addition,
the mixture was refrigerated at 8° for 12 hr. The precipitate
was filtered off and the filtrate evaporated to dfyness giving a
combined weight of 1.52 g. (100%) of methiodide

To freshly ground sodium amalgam (175 g.), made from
sodium (12 g.) and mercury (12 ml.), was added with cooling in an
ice bath, a solution of the methicdide in water (60 ml.). After
addition of benzene (20 ml.) the reaction mixture was heated on a
ateambath for 3 br., during which time the evolution of triﬁethylm
amine was observed ¥hen the reaction mass had cooled, it was
extracted with benzene, which after drying (CaCle) was evaporated

to yield a brown oil (0.7872 g.). Chromatography in
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ligroin yielded the reduced product (0.7605 g., 90.5%) and
0.695 g. of this was rechromatographed in ligroin in a column
measuring 44% x 0.75" I.D. Two bands were eluted, the first of

which was l-methoxy-2-methylferrocene (0.2945 g.) (Found: C, 62.8 ;

Hy, 4./ $ Cyp H, 4FeO requires C,62.63 H,6013 0s7.0%)

The second band containing l-methoxy-1l'-methylferrocene
and l;methoxy-s»methylferrocene was collected in ten approkimately
equal fractions and an infrared spectrum from 8;5‘p051105/p$
obtained for each sample, after evaporation of the solvent.
Fractions ﬁere then grouped according to whether or not they ﬁad_

bands in 9p. and 10 p. Thus l-methoxy-l'-methylferrocene (0.1983 g.)

(Found: ¢, 2.7 s Hy 6.6 5 0y 7»7. C,,H, ,FeO requires

C,62.63 H,6.13 0,705%) and l-methoxy-3-methylferrocene (0.1846 g.)

(Found: Cy — 5 H, — § 0,7.05. C,,H ,Fe0 requires C,62.65 H,6.13
0,7.0%) were obtained. All three isomers were oils, and analyses

samples were prepared by distillation at 0.02 mm.

Isomer Ratios for Dimethylaminomethyl-Methoxyferrocenes.

Table No. 9

_1,2 1,3 1,1’
Weight g. - 0.2945 0.1846 0.1983
Isomer ratio 1.60 1.00 1.07

Weighted ratio 1,60 1,00 0,43
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Since the reduction was accomplished in >90% yield,
it is reasonable to assume that the isomer ratios for the
aminomethylated products would not be far removed from that
shown on the previous page.

Aminomethylation of 1,1°-Dimethoxyferrocenc, = 1l,1'=

Dimethoxyferrocene (1.30 g., 5.3 mmole), methylene bis-dimethyl-
~amine (2.16 g., 21.2 mmole) and a catalytic asmount of 85%
phosphoric acid in glacial acetic acid (30 ml.) were stirred at
100° fo: 15 hr, under nitrogen. Moat of the acetic acid was
distilled off and water (150 ml;) added. The solution was then
basified to pH 10 with 10N sodium hydroxide solution and

extracted with ether. This extract was dried (KOH pellets)

and evaporated to yield an oil (0.856 g.) which was chromatographed
on alumina to yield two bands. The first of these bands eluted
with ether affording a brown oil {0.146 g.)s bop. 150° (bath;//
0,02 m.m, (Found: N,4.4. C,zH, FeNO, requires N,4.6%). This
oil presumably consists of the 1,1',2 and 1,1',5 isomers and

0.146 g. thus represente & 9.1% conversion yield. An ether-
-methanol mixture (99:1) eluted the sscond band which furnished
another brown oil (0.687 €o)y bopo 140-145° (bath)/boo2 m.m.
(Found: €,59.93 Hy8.45 N,7.7. GC,zH,sFeN, 0, requires

€,60.,03 H,7.8y N,7.8%). This sscond compound probably comsists

of isomeric di-(dimethylaminomethyl)-1,1’-dimethoxyferrocenes,

and 0.687 g. represents a 36% conversion yield.
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Some_Reactions of (Ferrocenylmethyl)trimethylammonium iodide.

'(g) With Phenyllithium. - To a stirred solution of

phenyllithium prepared under nitrogen from lithium metal (0.28 g.,
0.04m) and bromobenzene(2°36 8+s 0,015 m.) in dry ether (15 ml.)
over a period of 0.75 hr., was added (ferrocenylmethyl)trimethyl»
ammonium iodide (2.35 g., 0.006m) followed by ether (20 ml.) and
tetrahydrofuran (30 ml.). The solution was then refluxed for

8 hr., during which time evolution of trimethylamine was observed.
When the reaction mixture had cooled, methanol (15 ml.) and water
(250 ml.) were added. Evaporation of the dried (KOH pellets)
ether extract afforded & brown oll which was chromatographed to
yield four bands. The first, eluted with ligroin, was diphenyl
(0.050 g.) together with a trace amount of some ferrocene
dérivative (either ferrocene itself or methylferrocene).
Purification of the diphenyl was achieved by oxidation of an ether
solution of the mixture with a solution of ferric chleride in
hydrochloric acid. Removal of the now celourless ether layer
furnished pure diphenyl which, after sublimation had m.p. 66-68°
(Lit. 69-71°). Benzylferrocene (094110 8oy 24.5%) mopo 69-72°
(Lit. 70-74°) also eluted with ligroin. Further elution with a
benzene-ether mixture (9:1) furnished N,N-dimethyl-f-ferrocenyl-

ethylamine (0.076 go» 4.84%) and dimethylahinomethylferrocene’
(0.194 g-» 13.1%) which were characterised as their methiodides.
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NoB. The infrared specira of all these compounds were identical

in every respect to those of authentic samples.

Ih a similgr reaction, the same amount of phenyllithium
was stirred 2 hr. at room temperature, and 1 hr. at reflux, with
(ferrocenylmethyl )trimethylammonium iodide (3.85 go, 0.0lm) in
ether (120 ml.) without tetrahydrofuran, Chromatography of the
extract in ligroin afforded 9 hands, of which only diphenyl
(0.028 g.)3 benzylferrocene (0.5389 g., 196%) mop. 69-T1°%;
N,Nédimethy1=ﬂwferrocenylethylamine (0,160 g., 6.2%), and
dimethylaminomethylferrocena (0.240 g, 9.9%) were identified.

(b) With Methyllithium. - To a stirred solution of methyl-

lithium prepared under nitrogen from lithium metal (0.28 g.,
0.04m) and methyl iodide (2.14 go, 0.015m) in dry ether (15 ml.)
was added (ferrocenylmethyl) trimethylammonium iodide (3.35 go»
0.0085m) followed by ether (20 ml.) and tetrahydrofura# (30 ml.)s
The reaction mixture was refluxed for 16 hr., cooled and
extracted with ether after addition of methanol (15 ml.) and
water (250 ml.). The dried (KOH pellets) extract was evaporated
to give a brown oil which on chromatography in ligroin yielded
ethylferrocene (0490 g., 27%) ny7 1.6038 (Lit. njo 1.6011)
eluted by ligroing NgN=d1methyleﬁaferrocenylethylamine(00655 8oy

29,.4%) and dimethaminomethylferrocene (0,197 go» 9.4%) Both

eluted by a benzene-ether mixture (431). All three products were
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characterised by their infrared spectra which were identical to

those of authentic samples.

In another reaction employing methyllithiumg?repared from-
lithium xﬁe‘tal (0.28 g., 0,04m) and methyl iodide (2.14 g., 0.015m)
in dry ether (20 mloﬂ and (ferrocenylmethyl) trimethylammonium
iodide (3.85 go, 0.0lm), the reactants afier addition lof tetra-
hydrofuran (100 ml.), were stirred at 70° for 10 mins. and a
further 2-hro at room temperature. On heating up. to 703 the
evolut;on of trimethylamine became more pronounced and the
suspension of methiodide dissclved or reacted to give a deep
brown coloured solution, After addition of methanol (20 ml.)
and ether (250 ml.) the.reaction mizxture was washed with water
to remove unchanged methiodide. Evaporation of the dried (KOH
pellets) organic layer furnished a residue which on'chfoma£0graphy
in ligroin yielded ethylferrocene (0.7196 g., 26%)3 N,N-dimethyl-
B-ferrocenylethylamine (0.146 g., 5.7%) and dimethylaminomethyl-
ferrocene (0.7413 g-» 30.5%).

(¢) With Phenylusgnesium bromide. - To a stirred
solution of phenylmagnesium bromide[prepared under nitrpgen from
magnesium turnings (0375 go» 0,0154n;) and bromobenzene (2,36 go,
000150m9 in ether {30 ml,)), was added (ferrocenylmethyl)-
trimethylammonium iodide (3.85 g., 0.0lm) followed by tetrahydroa
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furan (100 ml.). Most of the ether was distilled off and the
reaction mixture was refluxed for 24 hr, When the reaction
mixture had cooled, the excese Grignard reagent was destroyed
‘with methanol (10 ml.) and unchanged methiodide was removéd by
filtration. The filtrate, diluted with ether (250 ml.), was
washed ﬁith water to remove the last trac§s of methiodide; dried
(Oaclz) and evaporated to give a brown res;dueo Chromstography
in ligroin afforded a mixture of benzylferrocene and diphenyl
which were separated éé already described on pagelll to yield
benzylferrocene (0,260 go, 9.4%), m.p. 68-70° and diphenyl (0,040 g.)
M.Po 66=68°a The infrared spectra of both were identical to

those of authentic samples.

(a) with Methylmagnesium iodide, - To a stirred solution
of methylmagnesium lodide[prepared under nifrogen from ﬁagnesium
turnings (0.375 ge, 0.0154m) end methyl iodide (2.140 g., 0.0150m)
in ether (25 ml,)]was added (ferrocenylmethyl) trimethylammonium
iodide (3.85 go, 0.0lm) followed by tetrahyﬁréfuran (100 ml.).

As befbre,wthe ether was distilled off and the reaction mixture
refluxed for 24 hr. Methanol (10 ml.) was added to destroy the
excess Grignard reagent when the reaction had cooled.

Filtration removed the unchanged methiodide leaving a colourless

filtrate.



APPERNDIX




1516

Polarographic Measurements.

Preparation of Supporting Electrolytes. - The supporting

electrolyte (i) was prepared by dissolving anhydrous sodium
perchlorate§ (2:4492 goy 0,02 mole) in 0.1M perchloric acid (20 ml.)
(made from 71% analar perchloric acid and distilled water) and
adding absolute ethanol (80 ml.) When 5 ml. of this solution was
mixed with a solution of 0.0080 g. of the ferrocene derivative in
abaolﬁto ethanol (5 ml.), in the oxidatién cell, the overall
concentration of the supporting electrolyte was 90% ethanol, 0.1M
sodium perchloraite, 0.0lM perchloric acid.

- Supporting electrolyte (ii)was prepared in a similar
manner using 1.0M perchloric acid (20 ml.) te give an overall
‘electrolyte concentration in the oxidation cell of 90% ethanol,
O.1M sodi;ﬁ perchlorate, 0.1M perchloric acid,

Several oxidation potentials are listed below in table

No. 10, . .

£ fThis is best prepared by recrystallisiﬁg twice from distilled

water at 80°, as at this temperature, anhydrous sodium perchlorate
crystallises free from chlorids contamination. The anhydrous
sodium perchlorate was then dried over P,0; in & vacuum desiccator.
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The experimental measurements were obtained using a

Tinsley Model 19/1 polarograph and a divided H-cell, with a

saturated calomel reference electrode.

Table No.1l0.
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Ferrocene Oxidation Potential. Volts
Substituent
, 0.01# HC10, 0.1N HC10,

1 1,1'-(Cl), - +0.466
2 -C1 - 0.460
3 ~SCHy +0.323 0.295
4 -H 0.314 0.288
5 1,1'~(SCHy ), 0.275 0.261
6 ~CHy . 0.272 0.236
T 1,1+=[c(cH )5 ], 0.240 0,200
8 1,1'-(CH,), 0.227 0.188
9 1,1*-[cH(CHy ), ], 0.220 0,202




118

Table No.ll.

Positions of strongest infrared maxima (cm.™* ) between

2000 cm.”t and 1000 om.™* from KCl discs.
| d :
. ,CQE 80,01 o .S001
Po.CGE  Po.SQE Felgey Fe.5G,C1 Fo.000l  Folgcy] Fc\cgzx

- - - - 1767 1770 -
. 1715% - - - 1712 1712
1660 - 1667 - - 1689° 1695°
1471 - 1485 - - um 1479
- - - - 1441 1445 -
1416 1412 - - - - -
1399 - 1403 - - 1399 - 1399
. - 1366 1374 - 1372 1371
1279 - 1290 - - - -

- - - - - 1247 1247

- 1185%  1190* 1203 - 1203 1203
1156 - - . - - 1164

- - - 1143 - 1144 1143
1105° 1110° - 1107° 1109° - -

- 1057 1062 - - - -
1048 - 1046 - - 1046 -
1026 1022 1031 1030 - 1033 1029

- - 1010 1014 - 1015 1010
1003° 2003° - 1000° 1000° - | -

a ' : b o d : 174
Broad band Shoulder 119,10 bands From the literature.



Table No.l2.

Positions of infrared maxima (cm.”1) below 2000 cm. ?

from liquid films,

soMe

Fe\Me
192 193 191?’
= 1475 1477
1456 1456 1456
1441 1437 1441
1422 1425 1427

- - 1387
1366 1376 1370
1307 1307 1311
1239 ¥242 - -

- - 1227
1168 - 1167
1106 1105 -
1076 - -

- - 1038
1030 1026 1024
1001 1001 -

966 - 966 965

952 = =

- 937 -

- - - 921

- 902 -

- - 889
- 833 - 825

- 816 810

119
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Table No.l3.

Positions of strongest infrared maxima (cm.™®) below

2000 cm. 1 from KC1l discs.

Fc,—sma
NCH,-N"(Me); 1"~

1,2 1,35 RN
1639 - -

1481 1481 1481
1462 1471 1468
447 - -

1410* i4;o igga
- 395 3
R T 1309
13eq 1255 1a¢1

’] -

1104 1103 -
1035 1047 ;ggg:
- - 1017
1000 1000 a6
- - 98
®m
909 - -

- 899 890
874 874 gzg
841 -

- 826 828
814 - 809
- 741 741

a Poorly resolved peak b Duplet.



Table No-14.

Positions of infrared maxima (cm,"1) below 2000 om.~%

* from 1liquid films.

Fc;ﬁf‘ ‘ ‘Fcigze
1,2 1,3 1,10 1,2 1,3 1,10
1493 1493 1493 1493 1493 1493
1475 - = 1475 C = ‘ -
1456 1460 1456 1451 1452 1452
1416, 1414 1425 1416 1418 1425
15815. - 1377 1380 1376 1376
1372 1372 = - = -
- - - 1316 1312 1312
- - = 1284 - -
1277 1277 1277 - 1272 -
- - 1245 - 2145 1245
- - 1225 - = 1224
- - - 1206 - =
1138 1140 - 1143 1141 -
- - - 1117 - -
1103 1101 - 1104 1104 -
‘o - 1e57 = 1058 1058
- 1048 - - 1046 - -
1029 1029 1036 1028 1036 1037
- - 1020 o= 1021 =
1010 = 1010 = = 1014
1000 998 - 1000 1000 -
- 942 = o - 935 -

- 919 97, - 917 917
- - 914 = 904 904
813 811 813 815 813 813 -
. - - 800 - - 801
792 = = 791 = =
704 = = 697 = =

& Duplet.
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Table No.l5.

Positions of infrared maxima (cm. * below 2000 cm. ! from
liquid films of products obtained in the demethozylation of
methoxyferrocene, The spectrum of methoxyferrccene was

recorded in nujol.

Fc.OMe

& Duplet

Band 3  Band 4
; 1739(m)
1495; 1493(vs) 1493gvs)
1466%(s) 14647 % m) 1464b(s)'
izgg:&:g 1449 m) 1449 (=)
1410(m) 1418(8) 1418(3 )
- 1377(s) 1377(m) ;Z;ggmg
= = m
- 1279(m) 1279(m)-
i§§§fv§) 1244(s) 1244(s)
R m = o
- 1209(w) i§o9gm;- -
- - 24(s
1104(s) 1103(s) 1103(s)
1058(vs) 1053(vs) 1053(vs)
- 1020(s) 1020(s )
1012§vs) 1010(s) 1010(=)
1322{3 e ' gr6(m)
B w
gZ§§:§ 813(3) ezs(va)
804(ve) - 676(z)
b Shoulder
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Table No.16.

Positions of infrared maxima (cm.™!) below 2000 cm.~* from
carbon tetrachloride solutions of products cbtained in the

demethylthiolation of methylthioferrocene.

Fe.SHe Band 3 Band 4
1439%(m 1437(s) 1437(s)
1412“533 14258(3) 1420°(s)
1309(m) lslﬁiw) 1309(m)
- 1256(m) 1256(w)
- 1211(w) -

1166(s) - 1166(m)
1105(s) 1104(m) 1104(m)
1050(w) 1036(w) 1036§m)
1019(s) 1021(m) 1021(s)
1000(s) 1000(w) 1000(m)
965(m) - 965§m)
953(w) 953(w) 955(m)
- - 927(w)
886(s) - 889(m)

& yultiplets ° Shoulder



Table Noo.1l7.

124

N.M.R. spectrum for l-methoxy-2-ethylferrocene.

T Values

}

8,90

8,77
8,65

7.64>
7.51:
7.42%
7.24

6.55
6.26
6.16
5,86

" ® puplet

[]

. : CH, CHy
=CHy H, @ OCH,
R:* H
: Fe
©
~0.CH

ring proton (H, )

ring protons(H,)
protons of free ring
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