University of Windsor

Scholarship at UWindsor

Electronic Theses and Dissertations Theses, Dissertations, and Major Papers

1978

Electrochemical synthesis in non-aqueous media.

Samuel. Zhandire
University of Windsor

Follow this and additional works at: https://scholar.uwindsor.ca/etd

Recommended Citation

Zhandire, Samuel., "Electrochemical synthesis in non-aqueous media." (1978). Electronic Theses and
Dissertations. 1899.

https://scholar.uwindsor.ca/etd/1899

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor
students from 1954 forward. These documents are made available for personal study and research purposes only,
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution,
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or
thesis from this database. For additional inquiries, please contact the repository administrator via email
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208.


https://scholar.uwindsor.ca/
https://scholar.uwindsor.ca/etd
https://scholar.uwindsor.ca/theses-dissertations-major-papers
https://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F1899&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.uwindsor.ca/etd/1899?utm_source=scholar.uwindsor.ca%2Fetd%2F1899&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca




ey

T TP

I* National Library of Canada '

Cataloguing Branch
Canadlan-Thases Division -

Ottawa, Canada
K1A ON4

NOTICE -

The quality of this microfiche,is heavily dependent upon
the quality of the original thesis submitted for microtilm-
ing. Every effort has been made to ensure the hlghest
quality of reproduction possible.

Tt pages are missing, contact the university which
granted the degree.

Some pages may have indistinct print especially if.
" the original pages were typed with a poor typewnter

ribbon or if the university sent us a poor photocopy N

Previously copyrighted materials (journal' articles,
published tests, etc.) are not filmed.

;

Reproduction in full or in part of thls film is governed
by the Canadian Cdpyright Act, R.S.C. 1970, ¢. C-30.
Please read the authorlzat:on forms which accompany
this thesns

" THIS DISSERTATION
- HAS BEEN MICROFILMED
EXACTLY AS RECEIVED -

-NL-339 (3/77)

Bibliothéque nationale du Canadau . o

Direction du catalogage - :
Divisiorr dis theses canadienne’s

La qualité de cette microfiche depend grandement de la
qualité de la these soumise au microtilmage. Nous avons
tout fait pour assurer une qualité.supérieure de repro-
duction. ’

'\ S'il manque des pages, veuillez communiquer avec
l'ur"\uiversité qui a conferé le grade.

La qualité d’'impression de certaines pages peut
laisser a désirer; surtout si les pages originales ont été’
dactylographiées i I'aide d’un ruban usé ou si l'université -
nous a fait parvenir une photocopie de mauvaise qualite.

Les documents qui font déja I'objet d'un droit d'au-
teur (articles de revue, examens publiés, etc.} ne sont pas

microfilmés. °

La reproduction. méme partielle, de ce microfilm est
soumise a la Loi canadienne sur le droit d'auteur, SRC
1970. c. C-30. Veuillez prendre connaissance des for-
mules d autorisation qui accompagnent cette these. ,*'

LA THESE A ETE
MICROFILMEE TELLE QUE .
NOUS L’AVONS REQUE E



S

»,

|
LAt

ELECTROCHEMICAL SYNTHESIS IN NON-AQUEOUS MEDIA

- 1]

by

Samuel Zhanditre

L]

: . A Thesis ,
submitted to the Faculty of Graduate Studies
through the Department of -

Chemistyry in Partial Fulfillment
of the requirements for the Degree
of Master of Science at
The University of Windsor .

Windsor, Ontario, Canada

1978 S



\

. Samuel‘l Zhandire Master c‘)fl Science 1978

* {‘ ", B .'-) Fal
i VJJu

.



AT T T W

e

-

.

.

DEDICATION

Y

-

iv

X

-



' ar ‘/-\QBSTRACT S _ o
. A review of electrochemical syntheses involving both sacrificial -

R

and inert electrodes is presented In particular the electrochemical
syntheses of alkyl metal compounds of bcth main group and transition metals

in non~aqueous solution is dlSCUSSEd.- Some of the more estahlished

.

methods for the<,lnthesis of-eteronuciear metal carbonyls are also rev1ewed

. - [N

R ' - In the present work thée direct electrochemical synthesis of ’”
.polynuclear metal carbonyls of the type LMUH(CO& ] [M o (n=4 ), e
w )
M'= Mn (n=5),M—Znoer (m—2)andM In(m=3)L=22’—bipy—
-_4.:

-

ridyl (bipy) or N,N N thetramethylethylenediamine (TMED) has been

achieved by the electrolysis of the carbonyls Mnp (CO and Co (CO)8 in

-

benzene/methanol solution in the presence of small amounte of EtaNCIOA .

The sacrlficial anode was made of the approprlate metal M, the cathode was

platinum and all reactlons were carried out in a nitrogeq'atmosphere The

. experiments involving the use of a tin anode did not vield the expected
products. I '_.

Current efflclency measurements were made for a few of the systems

»

studied and a mechanism has been proposed for the formation of the

complexes prepared.
-

Field ionisation (FI} and field desorption (FD) mass spectral
Studies have been. carried’ _out for the compounds synthesized. The advantages
of these two techniques over the more widely used electron impact (EI)
technique are, also discussed, Molecular ion peaks are observed for a
majority of the compounds at cbnsiderably higher relative abundances than
' ' in the corresponding EI studles - | r
' The advantages of the electrochemical methods in the synthesis of

heteronuclear polymetallic carbonyls are presented

Attempts to effect the coupling of 2-and 3—bromopyridines electro-
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[
-~

chemicaily were unsuccessful. However, coupling BCCurstith 4-bromo and

.AQéhlorppyridine‘herbchloride to form the -4, 4-bipyridyl dihydroﬁalides.-
. . i i . . . X * X

»

vi ’
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CHAPTER I L

- L]

A LITERATURE SURVEY: ELECTROCHEMICAL OXIDATION

Fl
v

REACTIONS IN SYNTHESIS - o

- bt

i.l;~ General Remarks:

r

Electrolytic tecﬁniques have been used for‘the'éynphesis and analysis

£ x.

of qgueéus and nonaqueous organic and inorganic systems for many years.

Electron transfer. between reactant A and.substrate

-
o
+
(3]

F or G are reductions or oxidations: T
. ’ + . N
A +F - — A 4+ F.
* -
OR
A+ G M

The oxidation of a substrate signifies the.reductiOn of the reactaht
- and oxidatipn of the rgactaﬁﬁ signifiﬁs’the reduction of thg,lgttef.
Kinetic ;estraints resulting froﬁ high ;ctivat;oﬁ energies gométimes
_make'ié impossible f;r'the direct reaction of components to form thé
producgs. However, electrochemically inducéd, thé reaétions maj
‘occut-quife_readily.. . . |
A-complete electrochémiéal system generaily consists-of a -
voftage sourcé;‘a cathode,.an ancde and the electrolyte soiution.;
The ancde and cathode can be of the inert type or.thé active type. In -
‘the lattef type the anode qr cathode is dissolved by pass7ée gf a . ‘\\

.current. This review will concentrate maiqu on- the work involving.

active anodes and inert cathodes and a nonaqueous “solution phase.

,

. = -

"’
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- so selécted that the separatiqnooftproducts.ls possible

‘subparting electrolytes.

and electrolytes have fdund very'wide applicdtions*

" ° . L]

The efficient operation of any electrochemical system places
- . £
certain demands on the solvent and electrolyte combination to be

employed in the synthesis. Thus the combination(s)selected must meet.

- ’ " . ' W
the following requirements: the solvent -electrolyte combination

Ta . '_) L ‘——-—.-‘-‘\-../

must be sufficiently inert towards statting and end products; he more
o e, B . R
resistant to reduction (or oxidation) ,than the starting reagents,lbeh

electrolysis, and form systems of sufficlent electric 1 topductivity.

‘ N [ . ' .
In keeping wi}h;lhe above restrictions, the following solvents
& . ) Y :

acetonitrile,

méthanol, ethyleneglycol dibutyl ether, tetrahydrofuran (THF), pyridine,
Ethanol dichloromethane and R4NX (R = alkyl and X = Cl Br, I, C104,
PFg or BFA)or.MX (M=1Li, K or Na; X =Cl, Br, I ar C10,,) as

1.2 Electrochemical Synthesis of Main Group Compoundsf ' '

B v 4 ) ' ] . -
The'eleotrolytic prepération_of tetraallelead compouﬁd:has e
been a subject of.considerable'interest in the past two decades due to

the economic importance of these COmpounds as fuel anti-knock
additives. In 1930, work done by French and Drane1 has shown that

anodes of aluminium, zinc, and,cedmiumicoﬁld'be dissolved by electrolysis

in ether solutions of isopentyl magnesium chloride to yield the

"alkylmetal compounds of the respective anode metals. The use of

Ctignard reagents in the preparation of alkylmetals showed that they
were elebttoective at both sacrificial and inert electrodes in
nonaqueous soloutlon. A direct result of this was tﬁe use of Grignerd.
reagents in tﬁe synthesis of tetraalkyllead compounds involving.the

il

use of a sacrificial lead anode and an inert cathode in ethef solutions.
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The overall reaction is now believed to involve the following
S

steps.2 S ’ .
Pb anode o _ .t '
:" 4K+ Pb >\ — R L .
) Steel cathode. h . ~ .
angxf oty 3 - — Mg + zngiz
_ Overall: _' |
LR+ .Pb' + 4Mgx’ ————  RPb + 245 + 2ng2 '

,' - ( = Cl or Br and R-is alkyl or aryl radical) ; ' -

_—
The Nalco Chemical Company, and others in a series of
2 3-16
investigations has varied conditions like cell design, proper

concentration ratdos .of Grignard reagent and excess alkyl halide,
temperature, pPressure and electrolyte flow rate to evolve' a system N
capable of yields of alkyllead compounds up to 96%. Solvents

generally used are mixtures of ethers, tetrahydrofuran,,diethyleneglycol'

.

and butyl ether. Braithwaite et al Have glso found that replacing :
.l

the lead anode with 1anthanum thallium and- bismuth5° and zinc, cadmium

‘and aluminiuml7 yields the alkyls of these metals. In another series

% of investigations 18-19 the same author has reported. that excess
alkyl halide is not necessary for the synthesis of tetraalkyllead

compounds although the magnesium metal deposited'at the cathode must

' -

then be recovered by alternative method. Mixed tetraalkyllead ) -

compourtds have also been prepared electrochemically from Grignard

Teagents in the presence .of an excess alkyl (aryl) halide whose alkyl

(aryl) group differed from that of the original reagent.l?’go’ZI'

For example, Etsz(Me)z and tBuPbMe3 were o?zained by electrolysing



- . ] 4 . 5
Rx and RMgX in THF and diethyleneglycol dibutyl ether (DGDB) using
a lead anode. Triaklyaluminium and trialkylborons are suitable
substitutes for the alkyl halides in these syntheses. 22 Mixtures of
trimethylvinyllead dimethyldivinyllead and tetramethyllead asg well
as methyltrivinyllead have been synthesized by the electreolysis of
vinyl magnesium chloride, trimethylboron and trimethylaluminium in THF-
efthyeneglycoi monoether. Simi]ar results were obtained with’
dimethylmethoxyaluminium triphenylaluminnim and triphenoxyaluminium
employing a. steel cathode and a lead anode

Schuler and Kegelmann23 have prepared R4Pb compounds by
electrolysing RX (R = Et Me, iPr, tByu and X = Br) in acetonitrile
and water, Falling yields of RAPb in going from R = Me to-tBu are

_‘reported Species. of the type. PbZEtG were the major products when

ethyl bromide was used. _ ' »
Using a lead anode and a platinum cathode, Glraitis 24 has
reported the synthesis of tetraalkyllead by the electroly51s of metal

alkyls, eg. Et,ySn ‘and Et3Al in ether, In a solution phase.

yvields (Me)4Pb when a lead anode and a mercury cathode are employed. 25
The synthesis of ﬁerraethyllead in triethylaluminium at lead electrodes
' requires no supporting electrolyte. 26

Tin, ~antimony, mercury and lead alkyls have been Prepared by the
electrolysis of mixed alkali alkylalkoxyborates or alka11 alkoxy-
aluminates in THF at a mercury cathode and anode of the metal whose
alkyl is sought, 27 with yields' ranging from 90% for Et,Ppb to 107 for
Et4Sn. _. ‘

Yields of dibutyltin28 dibromide of up to 100/ have been attained

in a system consisting of butyl bromide, bromine or ZnBry in butyl
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Qacetéte:and employing a sécriflcial tin aﬁéde and magnésium cathode, ‘if
'the~solvén; was changed'to'metﬁanol, butyl alcqhol, ethyl acetate or
i-butyl acetate and mixtures thereof; the only tinicompound isélatéd.
was'tribufyltin. ;bromide; Other reportszg_ suggest that some

alkyltin halides are ﬁormed in the;% esters -and their alcohol mixtures
by anodic oxidation of tin in the presehée of an alkyl halide, éinc

-

bromide or bromine. -

Armenskaya30 EE_El have synthesized a varietylcf alkyltin‘
compounds by the electrolysis of alkyl halide; tin salt, zinc bromide
or bromine using a|zinc anodé and a magneéiﬁm qathodé. ﬁore

\

recently, Tuck and Habeeb3l have reported‘thé'direct electrochemical

synthesis of compounds‘bf the type‘stnxz, Ry48n, RgSng, RZSnXZZL

and RpSnXsL (R = Et, Me, Ph or NBu and X = I, Br, or Cl ana L = CHCN
or DMSO and L = 2,21bipyridy¥ (bipy), 1,10-phenanthroline (phen) or“'
1,2-bis(diphenylphosphino)ethane. The preparation of RZSnkz wasu
achieved by electrolysis of a mi#ture of the alkyl halide, methanél/
benzene_and small amounts of tetraethylammonium perchlorate using
‘a platinum cathode and a'tin anode. The adducts were prepared by
addition of'thé appropriate ligand to the elecfrolyte mixture. By
' altérnately conneéting'the tin and cadmium electrodes the electrolysis
resulted in the formation of R,Sn.
4CH3I  + Sn + 20d ——> Sno(CHy), ~+ 2cdI,
The same product &as obtained when éZSnXZ was electrolysed in
méthanol/benzené mixture, ie

2RySnIy.+ 26d ——————> | SnR;  + 2Cdl, ~ +Sn

Hexaphenyl and hexamethylditinwere synthesized by.halogen abstraction

from the compounds fﬁéSnBr énd:Me3SnCl respectively by cadmium in

™~
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\ - benzene/acetone mixture. One mechanism of the  formation of the

R,SnXp compound is believed to involve the steps:

)

Cathode: - — ."
. . /-" . . .
RX -+ e - - R + X7
Anode: \
I)lt" Ly X'+ e
X + Sn . . SnX
SnX + RX : y RSaX + X'
- and RSnX + KX : ~——3  RoySnXy ) ,

?;Rh\gurrent efficiencies measured can only be explained in. terms 4 an

—_

electrochemical-chemical process as above.
Compounds of the type RMX ( R-= alkyl or aryl; Ml= Cd,‘tn or Hg

ahd X = I, Br or Cl) are ﬁnstabie. Tuck éf al 32 have been able ﬁé

prepare these compounds and stabilize them with neutral ligands

Electrolysis of mixtures of alkyl‘&\ildes RX ligands, eg. bipy phen,

and dioxane in acetonitrile/benzene in the presence of small -amounts

of tetraetylammonium perchlorate -have yielded reasonably stable

compounds of the type RCdX 1L (R‘= Me, Ph, Et.nbu .and L = dioxan,

bipy or phen) and RZnX bipy33 (R = Et,

96F5" 3 C6H5 or C6H5CH2 and

X = Br, I or Cl1). If an equivalent amount of nPrAﬁX is added to the
32-33 '

reaction mixture, compounds of theatype hTPrJﬂ{PMXZ}' (X; =3rorl

CF

and R = Me or Et for M = Cd, and X =1 or Br and R = Et, CgHg, CE3 or

CH2= CHy; for M = Zn) are obtained. The‘N,N,N:Ni;etramethylethylene—

dismine adducts of the compounds (CcH )38nMCI33 have also.beeh

prepared by electrolysis of (C6 5)BSnCl in acetonitrile/benzene
mixtures using EtaNClOA as the supporting electrolyte, cadmium or

zinc anodes, and a platinum cathode. Thus:



(Ceﬂs)_33nc1:i- M + IMED  ——————) (CgH5) 4SnMC1 (TMED)
(M = Zn'or Cd)

"2

The anvdic oxidation of metal complexes'cohtaining carbanions an

is a widely. used ‘méthod for the preparation of organomé{allic compounds
The technique is bas on observations that solutions of-alkali metals
and dialkylzinc or trialkylaluminium produce alkyl radicals- on anodic
oxidation. These radicals dissolve the metal anode in the form of
its\alkylmetal compound With metals which do not form stable alkyl
_-compounds, disproportionation or dimerisation of products occurs, eg:
e” . +

+H—— MC,l5

M + tzﬂs ¥ CAH‘].U

—) CyHg +C2H4A

(M = Na, L.i(K)' 1/3 A1, '1'/2 Mg and M'= 1/2 zn, 1/2 Cd, 1/2 ug,
1/3 Ga, 1/3 Al, 1/3 In, 1/4 Sn, 1/4 Pb 1/3 Sb 1/3 Bi)
Dimerisation of the organometallic radicals generated
electrochemipally can lead to metal—metal bond formation. Thus:
2R %t 28" ——— 2R M _— RnMrMRn
(H Pb, R = CyHg, n = 3 and X =0H) . ';

(M =As, R = CgHcs n = 2 and X = Br) -
(M = 5n, R= a ¥yl or aryl, n.= 3 and X = halogen)

The electrolysis of 3-iodopropionitrile in 0:SM H,50

sodium sulphate with a ﬁiﬁ, lead or mercury anode leads t

of the type:
I-CH)CHy=CN  + &7 4+ y —————> M—CH,CH,CN | |
. ‘ -1 ‘

(M = 1/4 Sn, 1/4 Pb or 1/2 Hg)
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l—methyl -2,2- diphenylcyclopropane has been synthesized hy

electrolysing 1—bromo l—methyl—Z 2= diphenylcyclopropane in

-

acetonitrile with EtANBr as. supporting electrolyte between mercury’

electrodes. The dialkylmercury is the intermediate and not the

elhylmeroury halide.‘7' Thus: ' ‘ _
. Ph Et,NB i H
Br h Ety7or 1 _
CH4CN ﬁ:gﬂ\% .
Me  Ph. | Sl .
The.mechanism proposeo for this:reaction goes through the'steps:
R—Br +e SN P .
[R'" Br]™ —3 R§ + Br~
R+ e - : — 5 R .
R° + Hg ‘. ) “RHgp ' o -
RHg, * e I 3 R+ Hgn‘ .

.RH—gn + RH'gn; —-——'—-—) RHg, R — Hg' 1 + RHgR
RoHg + e” —_ R™ Hg T RHg
R-A + EtQNBr é——)n RH +-CH2 =CHs + EE3N + Br™

Hush and 01dham38 have studied the electrolysis of alkyl halides

'in Et,NI and. have reported that hydrocarbons are formed in these

reactions. However, they suggest that the proton needed to form the
[

hydrocarbon is removed from the solvent (water-alcohol).. Both
37-3

8
processes were shown to involve two electrons per molecule reacted

- from the current integration.

Methylenebis—(alumin@umdichloride) has been synthesized
7 19 : .
electrochemically although the reaction is not a straightforward

electrochemical but electrochemical-chenical. The reaction takes place

on electrolysing a dichloromethane solution containing AlCl3 or
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” | » T o
Etthl as supporting electrolyté. The aluminium anode is consumed

. during ‘the elegtrolysis. 1 mole of Al anode is copsumed per
Faraday'—’;—:Izar'inaicatigﬁ that the reaction is not purely
electrochemical. The mechaﬁism prdposéd.involves the following
sequence:
Cathode:
CHyc1, +eT  ——, c1” + clcHs

CHzClz 4+ 2"  ————3 2C1° 4+ CHZ:

The first equation however is improbable since dimérisétion to form
Cl CH,CH,Cl would be expected. -

2CHy: ———) CHy=CHp .

CHp=CHy + CHof —

<1

CHZ: + CHZCIZ ———) ClCHZCHzcl
Anode:

I e RN vy
- Al + Cl° —-—————\; AlCl
Al + CHZCl2 —_— C12AlCH2Cl | ‘ -
AIC1 + ClpAlCH,CL -—;——+‘ C12A1CH2c1
AlcL + C1,A1CH)Cl —— ClpAICHA1CIy
Anionic and neuﬁral organoindium compoﬁnds 40 hgve bgen ’ »
prepared by the eleétrolysi; of alkyl or aryl halides ir acetonitrile.
The neutral complexes Rinxz bipy (R = Et} Ph or benzyl, X= I, Br or dl)
were pfepared in theApresence.of small amounts of ﬁANX and in at least

one case, the reaction gives the same products whether indium is the s

anode or cathode. The anionic complexes [RANH[RInﬂ3], [BuﬁN][Mezlnlgj
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-.(R % Et, iB;,-R.= Me,'Et'or-gh a;d k_=3I, Br or Cl)'héve'beeﬁ : .
'synéhesized.under'essentially the same conditions as for the neutral
spe%?es‘except.in this case excess"RaNXlis presegt in thé electpolysis‘

H
mixture.

- -

1.3 Electrochemical Synthesis of Transition-metal. Compounds

Orgaaametaliic coﬁpqunds of the transition-metals are of great
v ' » -
/ﬁecpnical and preparative interest because of their ever-increasing

use as active catalysts for the conversion of unsaturated organic \

f—

compounds by hydrogenation, isomerisation, dimerisation, oligomerisatien,
polymerisation and'hydrdformylation. Some of these compounds have
the ability to'complex hydrogen,'oxygen or nitrogen and thus bring

these into an active form. This may have a special significance in

hitrogen‘fixation. Applying an electrochemical method, Manahan41

synthesized the metal-clefin complex bis(1l,5-cyclooctadiene)-copper(I) |

perchlorate: Thus:
COD + Cu(ClO4)2 C?’ y bis (1,5cyc100ctadiene)—copper(I)
_ - Cua perchlorate '

-~

Most syntheses of organotransition-metal compounds have used a

modification of \his basic procedurela

r

In general the the anode material is the metal-of the desired

organodetallic product and the solution phase cofrtains the
cycloolefins.- Thus: |

electrolysis
M(anode) + L — ~ M——L

Some of the compounds prepared by Lehmkuhl42 are shown in the foilowing

diagrams: ?
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. : +2C0D . —» Ni(COD)
RgNBr - +COT 5 NLGCOT) . s
Nfx. Al (anode) . . :
3 : .
.‘ . ’ ’ '
d:E)‘ . trans —cyclododecatrien-1,5,9-

nickel (0) -

+4 ph3€$ ‘Tetrakis[triphenyiphosphino] nicel(Q)

R4NBr

_NiX; Al (ariode) YCHg & N O
. s " - . ’

.61{5)3? HeHg O/\ : O

Th synthESis of Ni(COT) by electro%ysis of cyclooctatetraene—

(COT) iR gimethylfornanide (DMF) %r pyridine /THF at a nickel anode

43
has also been reported. The synthesis of Ni(COD) can be represented

as follows if Ni anode is used:

Ni(acaC)Z + 28 —_— Ni + 2(acac) -
r——3 Nl(La;tice) deposited at cathode

Ni(0)

2COD°

— Ni(CoD),

COD = 1,5cyclooctadiene, (acac) = acetylacetonate f

If the organometallic complexes formed by cathodic reduction

are more readily oxidizable than the metal itself then the reaction
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may be reversed by anodic oxidation., In cases llke this diaphrams have

been used to prevent mixing of the products. 'Alternativeiy one_could

use a more electropositive metal as an auxil ary anode, eg:

3Ni(acac)2 + 6COD + 2A1(anode)-—-? 3Ni(coD), + Al(acac)3

_3Ni(acao)2 + 3CDT + Al(anode) —3 3Ni(CDT) +

// +  and . L

Fe(acac) + 2C0T + Al(anode) — Fé(CO:I‘)2 + Al(acac)3

{CDT =1,5,9 —cyclododecatriene)
ST -

Al{acac) 3

.

v

Farlier attempts to prepare TT—cycloctenylcobaltcyclooptiﬂiene

electrochemically failed because the compound was readil

the aluminium anode in the presence of 1,5- cyclooct

adiene This

ethanol which stabilize the. cobalt anions shown below

2e™ ,Cathode ( )

Co(acac)2 . —3 [Co  "Jads + 2(acac]”

L7

Cay | jCo=H 3

——~>

Co e / H+ 7
— LA
- u A
Isom = Isomerisation H . H H

1[—cyclooctatrienylcobaltcyclooctateraene can alsc be synthesized

.

in a similar manner. - Thus:

y%?

isomerisatlon

y onidised at

has

'”been overcome with the use of proton donor solvents, eg. methanol and

<

- e T e b B s i )
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a3

_ : -0 - H+/THF R . ’ ' .o
) Co(acac), + 2COT + 2 € — Shgo-CoT * 2(acac), -

4

Ferrocene has been synthesized by the electrolysis of

cyclbpen;adienylthailium in DMF at an i;én anode:
11 Fe(anode) /DMF

@ .y Fe +28+7TD |

-

in general, cyclopentadiehyl compounds of alkali metals can be
’#electrolysed to form the cyclopentadienyl—transition—metal complexes.

Organometallic catalysts have been prepared in situ for the
'polymerisation of ethyleqe to form polyethylepe, butadiene to fogm
polybutadiene,47 '1,3;7—océabrienef?8 f,5;cyclooctadigne,a2 glkyneé to .
form polyalkﬁnes?g and é-hﬁst'of other reéctions. The commonesﬁ' |
s;Ivents for these eléetrochemical synﬁheses include methanol,
ééetonitrile, eéhanol,‘pyridiﬁe and THF. The suppbrtiﬂg electrolytes
are usually the tetraalkylammonium hélides. , -

Organometall1c nickel and palladium complexes50 oé the tyﬁe

RNiX.2L (R = L = Et

C6F5, 3P diphos or pyridine) have been prepared

eléctrochemically in 1:1.mikturés of ethanol/pentafluorobromopénzene
or RCN and EtaNBr;

The electrochemigai'oxidapion of the metals titanium, zirconium,
and hafniuﬁ has Béen successfully appliéd in Ehe syn;hggis'bf the

.transition-metal halides ‘and their adducts.sl With a platinum cathode /

"and an anode of the appropriate metal M the:Palides MXAL (M = Ti,

Hf or Zr, X = Br or Cl and Ly = bipy or phen) have been synthesized. In

the presence oftatraalkylammonium salts, the salts RQNMClSa (RAN)ZMBre ‘

and RANTiBra (R = Et and M = Ti, Hf or Zr) could also be prepared.
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[

"R MX,2CH

U

-The solution phase consis£;d of acetonitrile and the.halogenhfor

neutral EOmplexes or 507C13:Cly for‘anionic chlorine pomplexes or.
benzene/Br2 for the bromine complexes. - o

In another extension of their work on electrochemical oxidation
of metals, Tuck and Said“have synthesized the complexes RZMXZ.biPysz

(R benzyl or ethyl X = cl 6r Br and M = Ti Hf or Zr) and
52 (x

CN = Ph or Et and K "€l or Br) by carrying out the

27725703
electrolyses in the prégence of the alkyl or aryl halide RX.
53

Steevensz and Tuck™™ have used an electrochemical method to
generate Ti(III) speoies which ‘then reducegsuifoxides to suiphides,
oximes to ketones, maleic acid to succinic acid, fumaric acld to
succinic acid and nitrobenzene to aniline.:

Substituted cyclopentadienylmaganese tricarbonyl compounds
have been prepared by the electrolysis of a solution of a Mn(If%

salt, a cyclopentadiene hydrocarbon and a transition-metal carbonyl in

such solvents as DMF, diethyleneglycol dibutyl ether or hexamethylphos-
54-55

\phoramide‘under a pressure of tarbon monoxide. Thus, by

applying a potential of 25-30V across manganese electrodes,

methylcyclopentadienylmanganese tricarbonyl and fiuorenyimanganese

tricarbonyl were synthesized.

. ' \
L.
7" Electrolysis of the sodium alkyl (aryl) cyclopentadienide and

excess alkyl (aryl) cyclopentadiene in THF ~ or pyridine/diethylene-
glycol dimethyl ether at a manganese anode and & copper cathode under
a nitrogen atmospnere‘yields the manganese alkyl (aryl) cyclopenta-
dienides40 in 25% yields. Hanganesemethylcyclopentadienide and

oyclopentadienylmanganese tricarbonyl were'prepared this way.
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*ff Dessy et al .have investigated the polarographic beﬁgviour of

s e 8 A
.

- a large number of metal carbonyl systems and have determined the

numLef of electrons involved in various electrochemical systems, . and

»
B PRSP

other polarographic parameters. Stable radical anions and perhaps
s ‘

\h_;s}znions generally could be expected from bridged-bimetallic speciles

having 'a metal-metal bond, while radical cations inay be formed from
. : . R . ;
those not having metal-metal bonding. The electrochemihal scissibg

of metal-metal ‘bonds may proceed by two different pathways in glyme/
56

P

tet;abutylammonium perchlorate:

’ + 2e” _ ’ .

M—M

A general conclusion from the studies illuetretes‘that homodimetallics

-'acceap two electrons per molecule and form two anions while heterodimetal-

lic compounds may do the same or accept only one electron per molecule and

form a radic¢al and an aniqn;

- In systems involving compounds of the type (CO)gM - M(CO)S' N

(M = Re or Mn), [CpM(CO),], (M = Fe, Mo or W), CpM(CO),L (M = Fe,W

or Mo and Cp = cyclopentadienyl), compounds of the type [M(CO) 5] Hg ,

[CPM(CO)é]ZHS and [CPM(CO)z]ZHg were characterized. A mercury cathode
was used in these reactions. ]
Depending on the nug?eophilicity of the anion and the

respective bond strenths of the bonds that may be formed, electro-

chemically generated anions will react with organometallic halides
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. 56
.in one of the following ways:
. : . : ’
y M M +X
- \.. - .
P
> M =X + M
_ Diglyme ' ~ R
.M-+M:-X. - y M- M—X + L

BU;NC10,,

f———) M——M (redistribution.)

—H (abstraction)

N
=

Thus, [W —C5u5) Fe(CO)Z]" ion forms the diiron compound with

*

(h- CSH ) FE(CO)ZI but the - [Mn(CO)S] ion does not react with (CO)SMnCl
to. form MnZ(CO)lO because of the low nucleophilicity of the [Mn(CO)s]
ion. Addition of EiPhEnylﬁhichlorid ) the [Hp(CO)S]'ion‘yielded

a mixture of dimanganese, dit:in and i;::hese-;in compounds in
appnoxiﬁately equai proportions.56

-Cl;arly, various synthetic routes eméloying eléctrochemically
generatéd anions are possible. The aﬂion éanbbe reaeted'ﬁith a
polymetallic compound to form a new polymetallic atomlic compound and

56
the least nucleophilic or most stable anion The redistribution

‘ reaction has been used to prepare {C H5) SnFe(CO)g (W—CSHS) from-

(Ceﬂsﬁfn and [TT_CSHS)Fe(co)Z]Z, [(csusFe(CO)2)2 and [Mn(co)5]‘
from [ Gl )Fe(CO)3]™ and anCCQ)io- From a knowledge of the

nucleophilicities and bond strengths, .a qualitative prediction of the

" products'of these reactions can be made.
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CHAPTER. 11 .
NON-ELECTROCHEMICAL SYNTHESIS.AND REACTIONS OF METAL CARBONYLS:

L A LITERATURE r&U_P,&LH—(

! . /
2.1 Synthesis of M[M'(CO)n]mand L u{M(co) I Complexes:

The' synthesis of netal—metal'bonded carbonﬁls of rhegtype
M M’(co)n‘mandleMﬂgf(CO)é]m hae been a subject of censidereble,
interesﬁ in she last decade. In these cqmpounds, L can Pe a
bidendate.ligand (eg. 1,10-phenanthreline (phen), Z,iibipyridyl‘(bipy) _
and N, N'N' NLtetramethylethylenediamine’(TMED) in which case x - |
1"or a monodentate ligand eg. pyridine (py)y in which caq&bx . .- .

One of the earlier preparations to be reported was that of
M[@o(CO)é]Z '~ (M = Cdyor Zn) by Hieb®r and Teller?q Their metnOd
involved the reaction of the merals eedminm and zine with dicobalt g .
octacgibonyl at high carbon momoxide pressnre.end high temperature.

Using a very similar procedure but under milder conditions,

58
compounds M[ﬁn(CO\SJZ (M = Zn or Cd) ‘have been prepared _via the B ’

reaetion of the finely powdered main group metal with dimanganese .
decacarbonyl in diglyme et.lZch in an argon atnnsphere. Reasonabﬁe
yields wére obteined for the -Cd and' Zn complexes by subliming tne
compounde at 130°/0.0dlnm and 1205/0.001mm resrectively: Carez end
Noltes59 have reported,tne synthesis of rhe complenes oflzinc and
cadmiium with dimanganese decacarbonyl. In generai; their.scheme involves
.the reaction of the manganeee pentacarbonyl hydride with the dialkyl-

zinc or dialkylcadmium to form the compounds Zn[Mn(CO)éIiand Cd[Mn(CO)f 2

respectively. Thus:

17



18
ZMn(GO)_,;H + RM ————» M[#n(CO)5}, + 2RH.
(R = Et 61 Me)
- . ' | L 59
The adducts LM[Mn(C0)5]2 (L,= bipy) have also been reported.
Thus by the reattion of bipyridyl'derivatives-of RoM  for zinc and -

cadmium with the manganese pentacarbonylhydride in THF media, the

' nitrogen donor adducts can be prepared in satisfactory yvields under

nitrogen.

Complexes in -which’ group I1IB metals are inserted into the Re-Re
. . 60 ‘ :
bond hayve been reported. Following the procedure of Carey and
Noltes;sg Hsieh and'Mayaﬁo have synthesized the_ complexes M[Re(CO)Sl2

(H = Zn or Cd) from pentacarbonylrhenium hydride. and the dialkylainc

'or dialkylcadmium. Using an entirely different procedure, the

-

author560 have reported the synthesis of Hg[Re(CO)5]2 from the

reaction of mercuric cyanide and the sodium salt of rhenium

»

pentacarbonyl. Thus:

| Hg(CN)z(aq)' + 2NaRe(CO)5 ~— Hg[iie(CO)slz + 2NaCN

The corresponding zinc and cadmium compounds can.also be obtained b&

]

‘metal exchange reactions between the Hg complex or direct reaction
of Rep(C0)1g with the metals in refluxing bia (2—methoxyethyl) ether-
M+ Hg[Re(CO)S]z —— M[Re(CO)5], + Hg

Oxygen and'nitrogen donor adducts of these compounds can then be

-

obtained by direct reaction of the complex and the ligand.
~

‘The substitution of some of the carbon monoxide ligands in any

’

metal carbonyl by non—n—acceptor 1igands such as tertiary phosphines,

- bonded aryl rings and cyclopentadienyl makes it considerably more

61
difficult to remove-the remaining CO ligands. . Since these

-«

derivatives are usually quite stable, it is not difficult to see why

\ R e R ik il
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" Ni-Ni bond in [(TT-CSHS)Ni(C0)2]2 and insertion of indium into thé'

l
they have heen used so extensively in the synthesis-of compounds of

Y

the type [(-CqH, )M(CO) o [(TT—CSHS)M(CO) 1 ML and [ (T -csus)ucco) 1M,

(L = unidentate amines, L ! = bidentate amines, M = Cd, Hg or Sn (L =

L}

halogen or alkyl group) and M = Fe, Ni, W or Mo). . /
. 62 ,
Bonati and Wilkinson have reported the synthesis of complexes

of the tYPe [(“'—CSH5)M(CO) SnCl2 (M =Fe, Mo of W) by the reaction.
of the tin(II)chloride and carbonyllﬁ—cyclopentadienyl complexes of
iroh and molybdenum. Thus - 4/?

[(T ~CHIM(CO) 1, + SnCl, —3 [{1-CgHg)M(CO)],8nC1,

-

(M’= Fe, n= 2, M= Mo and n = 3)
Similar systems have been used for the’insertion of Sn into the

.

Fe-Fe bond in [(TT—C H )Ni(CO)Z]Z to form BrIn[ﬂ'—CsH )Fe(CO)Z]2

63

Tin(II)chloride reacts in a similar manner with 60 (CO) and

an(co)lo, although severe conditions 180-190° C in a sealed tube

for 22 hours) are required for Mnékco)lo. Hsieh and May566 have since

.shown that oxidative insertion of Sn and In into the metal-metal bond
takes place readily in refluxing dioxané.(b.p 100—102°C) for
- . / ‘ . ) :
fn)(C0) 1> [(M-C5H5IM(CO)3], (M'= W or Mo) using the halides SnCl,
and InBr. ' )
67 ' ' ‘

Mays and Robb reported the cadmium compounds of the type

'[(TF—CSHS)M(CO)élzcd and the amine adducts from cadmium cyanide and the

L N .
appropriate sodium salt of the cyclopentadienyl metal carbonyl. Thus

S ’ o :
Cd(CN),(aq) + 2(7 -C5HIM(CO) sNa —~——p [T —-CSHSM’(CO)3]2Cd +2NaCN
Using unidentate ligands, they were also ahle tp prepare the adducts
: ’, ’ ’ :
[(W'_CSHS)MQCO)3]ZCd12 or [(1r_c5H5)M(C0)3]2CdL (M=Wor Mo, L = umidtntate

~
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amine and L = bidentate amine ) Although a metal exchange reaction

is possible for the preparation of Cd[Co(CO)&]zv from Hg[Co(CO)a]é;
the workers67 found that the same reaction does not ocecur for the

[ (- C H )M(CO)B]ZHg complex which is quite unreactive towards

cadmium. In fact, Hg replaces Cd in the complex [ (11— C )M(C0)3]é
Cornwell et al68 have reported the synthe51s of the tin- cobalt

bonded complex Sn[Co(CO)&]4 from bis (methylcycloPentadiene)tin and

d1coba1t octacarbonyl in cyclohexane and they suggest a mechanism of

the type.
(MeC5H4)ZSn + Coz(CO)8 A-_—______-* (MeC )ZSn[Co(CO) ]2

»

/ - o . | - -MeC_H

54
+Co(CO)z
-MeC_.H
.54
g Sn[Co(CO)a]zi &~ _ - (MeC5H4)Sn[Co(C0)4]3
' " +Co(C0);,
4

- Using (C5 5)ZSn and (r- -C H )WECO) H, the same workers were ablefto
prepare the-dlvalent tin derivatlve Sn[W(CO) (CSHS)] Hore recently,
both Sn[Co(CO)A]A and Pb[Co(CO)4]4 have been prepared 69 by the ’
reaction of the metals with dicobaltqctacarbonyl in ether.-

Other complexes involving group IV metals and Mn and Re have
also been reported.70 -Thus, treatment‘of'ﬁr3§nRe(CO)5 with NaRe(CO)5
'yields the ditin compound{[Ré(CO)s]3qu and'che“reaction of
d;phemyltin‘dbrdmide'and NaRe(CO)syields the compound BréSn[Re(CO)S]2

5Re(CO) RN BFBSnR_e(CO)S—»'{Sn[Re(c0)5]332 - 3Br~

and

2NaRe(CO);  + Ph,.SnBy — > Ph, Sn[Re(CO).]. + 2 NaBr -
TS 270 T 2 52

. dj
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71’

-

The Mn analogues of ﬁrSn[Re(CO)S]2 have recentl& been reported
Their preparation involves reaction of SnX2 and Mn (CO) " in -2 bomb
tube.. The synthesis of cobalt carbonyl complexes of In,T1, Zn Cd and Sn .
by a method involving the use of cobalt CoBrz, carbon monoxide and' the
metal (M = In, Tl Zn, Cd or Sn) has been reported 72 Thus,'the conplexes
In[Co(CO)4]3 . Zn[Co(CO)a]z, Cd[Co(CO) ]2, Tl[Co(CO) ] or Tl[Co(CO\ ]
and Sn[Co(CO)4]2 have .been prepared at elevated temperatures and
high carbon monoxide pressures., |

Hieber and Schropo73 have synthesized the complex Hg[Mn(CO) ]
using the alkylmercuryhydroxide and the sodium salt of Mn (CO)

51y *R,Hg,

2Mn(C0) + 2 RHGOH ~——) 20H + Hg[Mn(CO)
in which the unstable thermedlate RHgMn(CO\ is believed to be fotmed

Carbon monoxide and mitric oxide are known to behave‘in a similar
"manner when bonded ‘to transition metals, Indeed, metel complexes in
which NO repleces some carbon monoxide-groups are known, and~these
behave in a manner very similar to the unsubstituted Cco complexes The

synthesis of the mixed CO -~ NO complexes has been carried out by Hieber and

Beutner.72 Thus, the reaction of [Fe(CO) NO]' and ammonium hexachlorostan-

‘.

nate (IV) in methanol ylelds Sn[Fe(CO)B]4 ie:
2= T
4Fe(C0) NO] + [SnCl ] -————————+ Sn[Fe(CO) NO] .+ 6C1™

MeOH

L

‘The reactiqns:

' 3[Fe(CO) NOI™  + Sn (IT) or Bn (Iv) — C1n[Fe(C0) ;0]

-and
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1‘.

is typical for Cd complexes.

. : 22

[Fe(CO) NO]™. + '.Hg(CN)z —;———> Hg[Fe(CO) JNOI, +2eN”

" have been carried out, giving good yilelds of the: products indicated

2.2 Properties of Polynuclear Metal Complexes:

- - The compounds of the type M[Co(C0)4]2 (M = Hg, 7Zn or Cd) are
usually yellow, air sensifive crystailine compounds which are easily .
oxidised in air over short periods of time. The an(CO)10 ”‘.

‘derivatives are usually red to bronze and are also:air sensitive.

{i) Reactions with Lewis Bases:

For most compounds of géneral formula MTM?CQ)A]Z nitrogen donor-
L : ‘ " 74
and okygen.donor adducts have been ieported. Hsieh and Mays were

. able to isolate the 1 10—bhenanthroline, 2 ZIbipyridyl, pyridine and

iT’plcoline adducts of M[Mn(CO) ] 9 (M = Zn or Cd but not Hg.) Thus:

-
.

M[Mn(CO) + L, —— M[Mn(CO)

5]2 2
(L = phen, bipy, 2 py or 2 (r- pic)

5151

Not only is it possible to form 1:1 adducts with N-donor

.

'liggnds, but dxyéen:donor ligands eg. diglyme have also been found to R

form complexes of the samg type for Cd but not Zn.. The colour

changes observed in the case of zinc however,do suggest adduct

~ formation although noné has been isolated. Thesé adducts are formed :

'by reaction of the:M[Mn(COJS]2 in methanol or ethanol and a solution

of‘the_ligand in acetone, THF-qr alcohol. If the reaction is carried
out in- diglyme however, there is initial formation of the diglyme
adducts which is then replaced by the N- donor ligand This-béhaviour
"~ . The Hg complex on prolonged heating under reflux in THF solution’
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glves-the substitotion product. Thus: | ’ | B ..t .
ug?;in‘(cms']z + L ———=p Hg + Mny(CO)glL | ’ '.

(L = phen or’ bipy)

If a. 3 Eold excess of N-donor is. reacted with Zn[Mn(CO)S, the'

extremely air sensitive, red-orange adduct(L )Zn[Mn(CO)5]2 is formed

"(Lz bipy, phen or terpyridine)

The bidentate 1igands phen and bipy replace the unidentate

1igands py,}Lpic‘in Léca[Mn§C0)5]2 to yield free .base and the phen
‘ - 75
or bipy adduct. Cd{Co(CO), 1, and’Zn[-Co(CO)a]2 * form adducts with

pyridine, pheh or NHj. « Thus:

MiCo(C0)4), +L ————* M[Co(CO) ,]oL7
. or L 0rM[Co(C0) 41 oL

{L = py or NH3, 1f= phen and M =.Cd or Zn)

|

The corresponding me:curf adducts have not been'reported.

'Hg[Co(CO)4]2 will disproportionate in basic media and thus it is

difficult to study the acceptoer propertles of this complex
| . 76
Mays and Robb have reported that the complexes [ @r-C HSM(CO)3]2M

do not disproportionhte in basic media. ThQS'adducts of the type

1 W-CSHS)M(CO)3]2M1.2 or [ csﬂs)y{(co)3] ML (M = Cd. and M = Mo or w) are

formed by direct reaction of the unldentate amine L or bidentate amine

T with the complexes ['T'CSHS)H'(COM]ZM- The reaction with L =

' ethylenediamine is unique as, the reaction is of the type:

[(ﬂ_CSHS)M(C0)3]2Cd + 3én —_—me> [Cden3] (- CSHS)M(C0)3]2

Unlike ‘ the case of Hg[Co(CO) 15, the [T\’--C5 5)M(CO)3] Hp

complexes do form adducts with bidentate ligands b1py and phen “These

adducts however disproportionate completely on attempting to

recrystallize them from ethanol. From these observaﬁions it is clear

et e
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that the Hg complexes of [(ﬂ-CSHS)MO(¢O)3]ZJ [GFCSHS)y(CO) ]2

and Coz'(CO)8 are weaker Lewils acids than the corresponding Cd aﬁd

-

4

Zn complexes. - : ‘ -

KTL\\ With trialkyl bhosphiée and pyridine, Hg[Co(CO) reacts fo

4]2

‘form free mercury, carbon monoxide and the cobalt complex. Thus:

3Hg[Co(CO), 1, . + l2py ——— 3Mg  + 2[Co(Py,)[Co(CO), 1 + 80.

and

~

Hg[Co(CO_)A[Czl *P(OCH,), ——» Hg 4200 + [Co(c0)3‘P(ocn3)3]2_

(ii)} Reactions involving Carbon Monoxide Substitution:

Although it may be expected that tertiary phosphines,‘arsines,
stib;nes and phpsbhites will react in a manner similar to the_ﬁfdonor
ligénds, a completgly diffe?ent t&pe of béhevioﬁr is obsefved. It

‘turns out that thesé ligands will in general not form the 2:1 adducts ) '
but %ather the compiexes M[M?QO)n_lL] and [ﬂ—CSHSﬁ?COE;I;L}Mﬁ .Thus..the
reac%ion of HgﬁCo(CO)Q]Z_ with- -trialkyl phdsph@ne has béen rebofted75

to occur at room temperature according to the equation:

Hg[Co(CO),], +RjP ——> Hg[Co(CO)4(PR,) 1, + 2O

W

(R phenyi, cyclohexyl ‘or ethyl)
The Cd, Zn and Sn derivatives of'M[Co(CO)Ahj.react similarly "to
form M[Co(C0)3Ph3P]2. In a typical reaction,75 triphenylphosphine
{ ] .,'PI":
reacts with .RzSn[Co(CO)A]2 to form the product stn[Co(CO)BPhSP]2 "

R Sn[Co(CO)a] " 4Ph P ~——% R Sn[Co(CO) Ph' P. °2CO
2 3 3 3 3 :

(R = methyl or n-butyl)

- C R ‘ 3 .
- _ Hieber and Schropp? reported a very similar reaction for
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Thus:
Hg[Mn(CO)gl, "+ R,P —————) Hghn (CO) 4R3P], . * 2¢0.
(R = alkyl or aryl) |
The reactions of PhqP, (PhO),P and (Me0)3P with theTT—cyclopents—
dienyl complexes [TT-CSHS)M(CO)S] Hg have been re.ported77 and these -
behave in an analogous manner to those previously discussed eg:
. [-CHOM(COY L g + Ry — (- ~CSH5)M(CO) 2PR3 ] pHg + €O
(Mf= Mo, Cr or ﬁ) The Cr complexes are less stable than their Mo snd
W analogues. . | '
(111) Reactions with Halogens, Hydrogen Halides, Aryl Chlorides, Acid
Anhydrides, Alkyl Halides and Tetraalkylammonlum Salts

74
Hsieh and Mays. have carried out the reactions between

M{Mn(CO)5lp and HX (X = Br, ¢l or 1), Mel, RCOC1 and (CH3C0) 50

for the Zn and Cd complexes. The M[Mn(CO} 512 complexes are cleaved by

" hydrogen halides.in CCl, solution at room temperature:

MMO(CO) 5l + HK— MK+ Win(CO)s 3

The other reactions studied can be summarized as:

room temp.

H[MI‘I(CO)5]2 'ﬂ"l-x va M.Xz +H-MII(C0)5

{15 min.)
| M[Mn(cO) ] + Mel L (eMn(CO)S + MK,
M[Mn(CO)5ly + 2cu3c:<° S5 2RCOMR(CO)5 + MKy
, c1 B
Qar
CHB—-C\O | L o
CH3 _— 2RCOMn: (CO) s 1 _M(sﬁc)z.

The rgaction with methyl iodide is observed for Zn,Cd and Hg,

e
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although the mercury reaction is very slow.
b

In a reaction employing Cd[OT—CSHS)MkCO) ‘ (M'= W or Mo) .

3]2
tetramethylammonium iodide forms the 1:1 adduct formulated as
(meaN)z(ﬂ -C_H )M(CO)

3]20d12). 4

The effgct of halogens on the complexes M[(W—CSHSMQCO) (M = Hg,

_ '3]2
Cd or Zn, and M’= W, Mo or Cr) has been studied.?ﬁ Bromine and iodine

react to form the compounds (F-C )M(CO) X (X = Br or 1) and ng2'
Chlorine reacts vigorously with [ﬂﬂsHs)Cr(CO) ] Hg to form a product
. ) Coe .

which shows no C—0 stretch.

(iv) Exchange reactions:-

Mays and.Robb67’76 have investigated the reactions of various

K

‘ compleres with'HgX2 and Cdx2 (X = Br, Cl or I). These reactions

ar® equilibria which favour the exchange products. - Thus in -

-

[ (T-C HS)M'(CO)3]2M + MKy ‘___,' 2 (11-C JH )M(CO) JMX .

M = Mo or W), M = Cd or Hg)

The equilibria favours the right—hand side of the equation .in methanol
solution at room temperature. The same type of reaction has been
~ observed for cases in which‘M’= Fe or Cr.and X ='Br, Cl, I or $CN in

acetone solution at room temperature.

= Employing the methylmercury iodide for reaction -with [(ﬁ C )M(CO)3]2Hg,

-

the equilibrium

2MeHgl  + [(T~C.H 5Mo(C0)3]2HgV == (CHy),Hg +2 (I-CgH )Mo(CO),Hgl '

is EStablished. Hg[Co(CO)l‘]2 reacts with Cd and Zn metal ro form the.

metal exchange product M[Co(C0)4]2 (M = Zn or 'Cd.) [(ﬂ=C5H5)y?CO) Hg -.

3]2
will readily displace Cd in [Cﬂ-CSHS)MtCO)B]ZCd (Mf= W, Mo or Fe.) !

-

Cd[Mn(CO)S]Z‘ comploxes will react-with cadmium‘halideé in a manner

entirely analogous to the cobalt carbonyl complexes.18

A — .



. ; CHAPTER IIT -
* EXPERIMENTAL METHODS , RESULTS AND DISCUSSION . .

3.1 Objective of Work:

In prineiple,.the electrochemical.technique represents the
simplest ano most direct method of carrying out oxidation or reduction
reactions, since the removal or addition of electrons can be aohieved
without the complications otherwise associated with the addition of
. redox reagents. ,pther work56 has concentreted on the determination
of fundamental parameters like E,, oumber.of electrons involved in a
reduction or oxidation and the eutrent/volpage relationships. The

-

present investigations do not concern these fun@smehtal vatiables, B
rather they set out‘to show that the‘general'spplicability of anodic
oxidation of metal M (M = Zn, Cd, In or Sn) in the pteseoce of |
. ’,

dinuelear metal-cerbonyls in nonaqueous solution can lead‘to the
formation of species of the type M[M(CO)-] .

Although the gumber of systems studied is relatlvely small, it is

conceivable that the method can be of general applicability for a

wide variety of main group metals M and metal carbonyls M (CO)

' Tor a few of the systems'studied, measurements of current
effioiencies (EF)' have been made and they provide considerable

information on the nature of the mechanism of the process

27
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Figure 1: -Elect‘rochemical_ Cell.
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3.2 Experimental:

The general experimental get~up is shown in the diagram (Figure 1)

Cadmium {Alfa Inorganics) and zinc were used in the form of

rods (10cm long and 1cm diameter) The part—immersed in the solution

was flattened out to increase the surface area of the electrode. Tin

metal (Alfa Inorganics)‘was used in thé form of a sheet (5cm by Sem

by 0.127mm) supported by ‘a platinum wire lead. Indium electrode was T
made from In Shot (Alfa Inorganics)by hammering it into a thin sheet
- (2¢m x 2¢m). The purities of the zine, cadmium and tin metal used were

M4N+ and M5N respectively. ?letinum wire (10cm long end 1lmm diameter)

was used as the cathode in all experiments. It‘was sometimes essential to

spiral thellower e:d‘of ‘the wire for'greater'electrode surface area.

~ 'The'applied voltage was 20 -SOY, as dictated by the solution

conditions, éiven that a current 20-50 mA produced a reesonable

rate of reaction without oyerheating the solution. A Coutant S50/50

- [

power supply was used in all experiments but one - could use any source
of D.C. power.
The temperature was ambient.(A-QO' C) and all experiments reported

were carried out under an atmosphere of dry nitrogen. Isolation of

products was carried out in glove box.

Solution compositions and analytical data for the experiments

are given in Tables 1 and 2, respectively. In all experiments, -

’ Et4N0104 or Et4NBr (~10-15 mg) were used to enhance the conductivity
of the solution. 1In cases in which more methanol than benzene was
used, it was found that sufficient current could flow without any

tetraethylammonium salt in solution. Because of possible side reactions
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itﬁat cap-ocgur‘with‘EtaNBr,lEtANCloa' is a better elecﬁrolyté.

_ ‘2,2:bipyridyi was used without furthei’£>rification and N,N;Ni

-

!

N;tetrameﬁ?&lethylenediamine: (TMED) was dried in KOH and then distilled in -

nitrogen atmosphere. Methanol (Aﬁalytipal grade) was dried ovet\Linda

-

‘ molecular sieves. Benzene,.diethyl ether and petroleum'ethgr \

(36-55?0 b.p.) were dried over sodium strips. Dicobalt octacarboﬁyl and

.

'dimanganeée decacarbonyl were used witﬁout further purification and

' wefe-éupplied by Alfa.

Infra-red spectra were recorded with'Beckman IR *-12, and
. : <
"NMR spectra ith a Varian EM - 360 operating at 60MH2;. Mass

.spectra were qbtained on a Varian CH-5 spectrometer. Metal analyses

(1) Electrochemjcal Preparation of'Cd(Co(C0)4]2

A cadmium npd ‘was ‘made the anode of the cell and a platinum

« wire (~1lmm diam.) w ‘t£e cathade; The composition of the solutién

is given in Table 4. U ;ng an inditial voltage of 8 volts and a

current of AdmA,‘apgﬁlutioq of 0.4é COZ(CO)B ~in SQ mls of methanol-
‘was_glectrolyséda§§3%6'hours., After thefpeiioa of 6 hours, the brown
solution haq changed to a pale yellow coiéur and some‘ﬁink mgterial»was
‘deppsitgd on the cathode; The mix;ure was filtered under dry nitrogenf

The-resultingéfiltrate was evaporated to erneés in vacuo and the pale

yeflpw crystais were obtained. This cfude'proﬁuct was sublimed at

80°C in vacuo yielding 0.35g of product (65% yeila on the basis of

cd dissolved.) 0.3g of Cd were dissolved from the andde.

/



. The other perameters'of the cell were exacEly the same as in (i) above.

product was 1.0g (74% based on Cd dissolved).

31

’ - . .

The pink residue obtained was found to contain 25.2% cobalt

"

‘and 6.92% cadmium. It was not possible to establish the identiry of

this compodnd because of its insolubility in organic solvents.. The

i.r. data for the C—0 stretching frequencies are given in Table
3 and the mass spectral and analytical data in Tables 4- 10 and 2

respectively.

(11) Electrochemical Preparacion of (TMED)Cd] Co(CO ]

-

" A mixture consisting of 20mg E;4N0104, 30mls of methanol, 30mls
of benzene, 0.3g of TMED and 0.6g of COE(QO)S-WaS electrolysed for
13 hours using a current of 25mA and an initial voltage of 10 volts.
The voltage was raised as’appropriate to maintain a current of 25mA.
At the end of the period of time, 0.25g of cadmium had Been "

dissolved from‘tﬁe anode. The mixture of products was then,fi}tered.

The pink residue (0.3g) was dried and on analysis found to contain

‘52.12 cobalt. Insolubllity of this product made characterisation
- impossible. The resulting orange-yellow filtrate was reduced in

. wolume in wacuo at ambient temperature. Yellow crystals were filtered

off and dried in .vacus for 3 hours. The total yield of the yellow

(1ii) Electrochemical Preparation of BipyCd[Co(CO),], . .

_ 4

A mixture consisting of 0.56 bipyridyl, 1.2g Co2(CO)g , 20mg Et,NC10,
60mis methanol and 2Q0mls benzene was eiectrolysed for 6 hours using an
initial voltage of 3 volts and a current of 50mA. -

The reaction mixture was then filtered 1eav1ng a brown residue-

and an orange-yellow filtrate. $he filtrate was then reduced in-
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volume and the’precipiﬁaﬁe formed filte;ed off_undef nitrogen. This

proéess was repeated until most of the liquid bad been removed. The

colour of precipitate collected in these stéhes ranged from orangé to
pale }ellow.- All the fractions were Ehen-dissolﬁed in benzene énd'. . .
any residue resulting was filtered off (brown-orange). The filtrate

was then evaporated to dryness'and the yellow crystals dried and °

-

analysed.
The orange—brdwn residue (0.3g) was found to contain 2.5% Cd and
23.5% cobalt. - This Was.brobably the unreacted 002(C0)8- The yleld T

of product (yellow crysﬁals) was l.4g (64% based on Cd dissolwved).

(iv).'Electrochemicél Preparation of BipyCd[Mh(CO)5]2

L3 o

0.9g an(co)lo’ 0.4g 2,2-bipyridyl and730mg of tetraéthyl— v .
ammoni'um ﬁrOmide were dissolved in a mixturé of 40mls benzene and
30mls metﬁanol and eleétrolysed‘for 12 hours using a voltage of
-30 - 30 volts and maintaining é current of 20mA. ' | +

The yellow solution changed to a progressively deeper orange-

red colour as electrolysis was continued. The reaction mixture was

then filtered and the filtrate evaporated to dryness. The orange-red *

oy

solid was then sublimed. On raising the temperature tp 150 C, yellow '
crystals were deposited on the ”¢§ld fihger" of the sublimer. These

- yellow cfystals were removed and the temperature raised further to

'180°¢C at which point orange-red crystals stérted-to sublime., The

yield of sublimate was lg (61% based on cd dissmlved).l

1
.
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I(v) Electrochemical,Synthesis of BipyZB[Co((‘:O)a]7

A mixture consisting of 0. 253 bipyridyl 20mg Et,NCLOQ,; O. bg

4 4?
Coz(CO)S, 40mls methanol and 25mle benzene was electrolysed for 9
hours using an initial voltage of 6V and 30mA current.

' The solution»gradually changed' colour from brown to a pale
yellow as electrolysis was continued. The mixture of products was
then filtered and the filtrate reduced in volume in vacuo. A yellow'

precipitate which formed as the volume was reduced was then filtered

off and driedlin vacuo.
" 0.25g of zinc metal had been dissolved at the end .of the reaction

and the yield of product 'was 0.6g (33% based on Zn dissolved).

(vi) Electrochemical Preparation of BipyZn[Mn(qgl5]2

ig Mn (CO)IO’ 0.5g bipyridyl and 20mg of Et4NClO4 were dissolved
-in a mixture of 40mls benzene and 30mis methanol. The mixture was
“then electrolysed for 26 hours at 20 -50 volts and a current of ZSmA.

The yellow solution pProgressively became red-orange as
electrolysis proceeded and a solid precipitated at thehbottom of the
cell. On filtering the cell contents and reducing the volume of the
filtrate, large orange-red crystals were obtained, These were then v

filtered off and a total Yield,of 1g was obtained (55% on basis of

Zn dissolved). The yellow-white residue from the first filtration

did not contain any zinc.

(vii) ,ﬁlectrochemical Preparation of‘In[Co(CO)4]3

& mixture consisting of 0.7g of Coz(CO)B, 20mg EtaNC104s 30mls

of methanol and 10mls of benzene was electrolysed between a platinum
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'cathodeland an indium anode. The solution turned from hrowm to a

34 ‘h | | . : ‘.-.‘1

- deep red as the electrolysis progreseed A yellow solid was deposited.

at the bottom of the cell during electrolysis although on filtering,

r
the amount of the product was found to be too small to enable

characterization.

The filtrate was then treated with a mixture of petroleﬁm'ether ,

(b.p. 35 - 65C) and benzene, A small amount of the yellow product

precipitated and the mixture was then filtered The'red filtrate was

then evaporated to. dryness and the red solid analysed for In and Co.
The yellow product was discarded because the quantities were too
gmall for characterization. - . . c

0.67g of product (82% on basis of Coz(tojg was dsolated.) -

. ' . . '
(viii) Electro'chemical—-Preparation_of‘BipyIn[Co(CO)A]3

- A mixture consisting of 1g Cop(CO)g? 20mg'Et¢N01044 0.17g -
bipyridyl, 40mls methanol and lOmls benzene was- electrolysed using

a current.of 60mA (5V) for 4 hours. After this period of time, the,

reaction mixture was filtered off to remove metallic indium: which

was deposited in the'cell. r‘ e red filtrate was treated with pet.
ether/benzene and the small amount of yellow precipitate filtered off.

‘The filtrate wag then evaporated to dryness in vacueo and the

‘resulting red solid washed thoroughly with pet ether/benzene mixture

to remove any unreacted bipyridyl. The yield of product was l.Og

(66% yield on basis of Coz(CO)S )

(ix) - Electrochemical Preparation of RipyIn{Mn(CO) ]3

A solution containing 0.9g an(CO)lo, 0.24g bipyridyl and 20mg
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EtANClOA, was électrbl&Sed for 16 hﬁﬁrs. An initial curnént of 30mA
(40 volts) was employed. -

. The yellow soiution.gfaduglly turiied yialet‘as electrolysisu
was continue&. On filtefing‘qhe mixtufg, a violet filtrate was
‘obtained. The vd;ume of the solution wés fhén reduced and some

an(CO)lO' which formed in the flask also removed. The remainder of

the filtrate was then evaporated to dryness and the violet solid

-

washed thoroughly with petroleum ether and pen;ghe; The product

(0.7g) was dried in vacuo for 2 hours-and then analysed for Mn and In.

{x) Electrolysis of'an(CO)lOISn/Bipyridyl | _ :

A soiutioﬁ oflO.Sg an(CO)10 and 6.33 bipy ip 30mls'methanol;
and 35 mls benzene was.electréiysed fo;'15_houts at a current of 30mA
(30 volqé).

| .A deep red-colour developed as the elegtrolysis p:ogréssed. The

coh;ents of the cell were then filtered and the volume of the filtrate

reduced in vacuo. n—Pentang.was then added to the solution and the
prownfyellow precipitate filtefedroff. 'The red filtrate was*;hen
evgporated to dryness and the'solid_dﬂséolved‘in THF/pet. ether
mixturé and the whole left‘in the freezer fo; 2‘dayé; Large red

crystals were obtained on filtering. '
’ 7 ‘ .
- The yield of residue from n-pentate precipitate was 0.3g and

-

that from pet. ether was 0.3g 0.14g of tin was dissolved from the

anode. Metal analyses were 30.9% Sn and 14.4% Mn for brown-yellow

solid and 30.2% Sn and 10.85% Mn for the red crystalé.'

N
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(xi) Electrolysis of Snlﬂh (CO)

rOng Mn (CO)lo was dissolVed in’ 40mls benzene ‘and 10 mls
methanol and the mixture electrolysed for 16 hours ~An orange-red
colour developed ag the electr%?ysis progressed The mixture was then
- ffltéred and the filtrate treated with n-pentane, A dark red oil
which formed at the ottom of the reaction vessel was removed and ‘
evaporated to drynesg\ The remainder of the solution was Yellow and
- on evaporation showed only an(CO)lo was present. The solid from the
oil (0.4g) was analysed for Sn and Mn., o0, 6J’3f product was isolated,

23, 6,4Sn and 26.2% Mn were present in the sample. g

(xii) Electrolysis of Sn/Coo(CO)R/bipyridyl

‘ A solution containing 0.5g Co (CO) and 0. 243 bipyridyl in SOmls
of methanol wag electrolysed for 8 hours at a current of 30mA (6 volts).
An’ orange-red solid wag formed as the mixture was electrolysed

g The solid was then filtered off and treated with THF, n-pentare
-benzene and cyclohexane in anp attempt to recrystallize it. The solid

was found to be insoluble in all these solvents The filtrate

The -yield of product was 0.5g and 0. 4g of tin dissolved The
b .
tin and cobalg_analyses gave 33.97 and 11:8% respectively.‘

e

-

(x1ii) Electrolysis of Su/Co, (€0

0.3g Coz(CO)8 was dissolved in 30mls methanol and 15mls benzene
and the solution electrolysed for 8 hours, The‘deep Orange coloured

: mixture‘was then filtered and the filtrate.treated with the same

i

{
. \
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solvents aS‘for_(xii) above. ﬁo-prgcip;t;te Qas formed with any ofrh'
the 361vept5;' The pfoduct was evaporated to dfynéss in vacuo. A
.fbléck solid wé;,déPOSiteé in the flask.l 0.3g of product was ilsolated
and 0.lg of tin dissolved. The product was found to contain 38.4%

Co and.}10.1% Snps
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‘Measurement of Current Efficiencies:
S - -
Using exactly the same conditions as in the actyal experiment
in wﬁich the products_wsre 1gsolated and characterised,-feadings_of'

L 4

current and time were taken for periods of time_ranging from 1 hour
to 3 hours. The amouht of time.dspeﬁded upon the possibility of
'maintaining @ constant current without going over the maximum output

voltage of the power supply

‘From a knowledge of the amount of metal dissolved, the current

and the time, one can calculate the total electrice charge that flowed

through the solution:

Q@ = It (I = current in Amperes, t = time .in seconds, Q-='charge -
in Coulombs)

=Tt e

986500
Number of molesfof metal dissolved = @ ‘
. . H
Current efficiency = m.96500 moles/Faraday = E.

M. It

m = mass of metal dissolved in time (t).
M = atomic weight of the metal N _ ' -
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Table 4 Hass‘SﬁEctfpm§ Cd[Co(CD)é]zi

‘m/e
59.15

142.87
170.87

280.93

1281.99

282.8L

283.87

'284.87

447.96
449.90

451.96

452,99

453.99

455.03

455,99

456.99

458.03

Z%RA

12,

3.

6

£ 40.63
.60°

45

84.

52

1100.

25.

60

00

82

.68
-41
.80

.96
.89

:33

.39

63

06
.07
00
.18

52°

- 114

Assignment

Cd+

Co((C0) 4+
go(co);

10 ;
CdCo(co)4+H

- 111

CdCo(COY,
112 :
T77edco(co) .t
113
CdCo(C0)4+'

114CdCo(CO)4+

106 .
Cd[Ca(C0) 4]+

108 ‘

— €dCo[ColCO) ;] ,+

110
cd[Co{(C0)

111

112 -
©ed[Co(Co), 1.+
113 - 4'2°

+
. 412
Cd[Co(CO)419*

Cd[CO(C0)4]2+

CdlCo(c0), T

My
_€d[Co(CO) 4] ,* -

‘116
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Table 5: Mass Spectral Data: Bipycd[co(cd):i7'-

Peak no. .m/e %RA Assignmemt )
1 156.09 © 4177 Blpy"
170295 - 27.85 Co(co) 4t
173.00 9.68 cd-cc*
: o .. 106
b ' 433.00 - 2.53 Bipy CdCo(CO)4+
- . 119 '
"5 436.97 27.85 Bipy -CdCo(CO)
- . oo A
6 437.94 53.16 Bipy €dCo(CO) +
- . Lo 112 4
7 438.94  100.00 Bipy  CdCo(CO) ,+
: : : : 113 . +
8 ‘ 439 .87 51.90 Bipy CdCo(CO)a
: 114 .
9 440.91 93.67 Bipy CdCo(CO) +
- arin 4 .
.10 .. 441,91 13.92 Bipycd  Co(CO),+
S . 116 '
S 11 . 442.94 26.58 Bipy  CdCo(CO) 4+
12 . 443,97 7.59 BipyCd  Co(co),T
. R m-'-n .
13 444,94 2.53 BipyCd  Co(CO) 4t -
| 111 : e
14 452,69 2.53 © cd[Co(Co) 412t
’ M 112 ’
15 453.75  10.13 Cd[Co(C0) 1 +
| _ 114 22
16 . 455.79  22.78 cd[co(C0) , 1 ,+
. | 116
17 . 457.78  10.13 Cd[Co(CO) 419+
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Table 6: Mass Spectral Data: (TMED)CdLEo(CO)éll '

A

Peak no. - * "+ mfe ZRA , Assignménf
. | Lo -+
1 58.04 . 10.83 - Co
2 -t _ 116.16 . 50.83 - TMED
x . ' | +
3 kf 117.12 4.17 . Co~Co
4N 142,82 8.33  Co(co) 4+
5. 170092 ‘4417 Co(cO) 4"
. L , "
6 - 174.08 . . 6.67 Cd-Co
, 110 .
7 - 397.00 46.67  TMED  cdCo(CO),
' B!
8 - 397.97 © ° 28.33 TMED CdCo(CO)Z
S , | ' 112
9 398.97  °  65.83 TMED  CdCo(cC0)*
| L : 113 - 4
10 o« 399.97 65.83 . TMED . CdCo(CO)"
. : w4
11 . 401.00 "100.00 -+ TMED"  CdCo(CO);
12 402.00 . 16.67 mED" € caco (co) 4+
: . o . . 116 -
13 . . 403.03 ' 20.00 TMED CdCo(CO) 4+
.14 | 404.96. " 2.50 MED ¥ cdco (coy i -
C . 110 L,
15 : 451.75 - 12,50 | 1i10d[Co(CO)4]2
16 | 452.87 14.17 © €d[Co(C0)4]pF
.- ‘ - 112 -
17 453.78 16.67 " cd[Co(C0) 4] 4+
L i 113 T
18 454 .69 - 9.17 Cd[Co(CO),]F
o 114 2
19 . . 455.78 35.00 cd[Co(c0), 15
. | . 1146+ ;
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1

Table 7: Mass Spectral Data: BipyZn[Co(CO) 415

.
PO S

Peak mo. mle . %RA | Assignment
i
. : ok + !
1 58.07 35.56 - Co or (CO) o i
. ' + . L
2 170.92 10.00 Co(CO),
3 - 1377.72 66.67 - (C0),Co-Zn-Co(CO)
. ' I 64
b ~390.69 100.00 , BipyZn Co(CO) +
5 392. 56 22.22. '“BipyZnGGCO(c0)4¥.
6  394.59 3333 Bipyzn®Cco(co)4t
< : .o _ : - 70 B
7 -, 396.66 33.33 BipyZn Co(CO),+
8 - 520.25 - 5.00 Bipy(C0),CoCT zn®4co(co);,
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Table 8: Mass Spectral Data: BipyCd[Mn(CO)5]2‘

Peak no.

10

11

12

13

14

15
16

17

18 -

19

20

21

22

23

24

" m/e -

155,84

194.65

' 308.46

391.31

421.21

422.28

540,40

460.68

461.68

462.68

463.71 °

464.71

© 465.78

466.68

467.84

468.75

499,49

500,53

501.49

503.56

503.56

651.65

656.28

657.62

#RA

12,02

1.55

[

.94
.10

B

20.54

29.46

65,50 - .

46.90
74.03

3.49

22,48 -

2.33

1.55

3.49
5.81 -

. 17.05

20.54

T 12.44

3.49
74.42

79.07

Assignment

.
Bipy

. '.+.

Mn(CO) 5

ca M (coyh
(CO)Mn-Cd-Mn(CO);

114 +
Bi CdMn(CO) .C™
PY ¢ (CO) 4

Bipy  CaMn(CO)4CT

BipyCdHn(CO)4+ o

+
Bipy%d-mn(co)

Bipy tlca-mn(co)’

120amn(coy st

113 :
Bipyl, CdMn(CO)5+

Bi§y114CdMn(00)s+

" Bipy™ "Mn (CO) g+

116

.Bipy

Bipy CdHn(CO)5+
. o
- BipycdT " Mn(CO) +
mHn 5
Bipycd  Ma(CO)u
110 . '
Cd[Mn(CO) ] +
111 A2
Ccd[#n(co) ];
.llsz[Mn(CO)5]2+
113 ;
cala(co) 17
14 N
Cd[Mn(Co)s]z
110 .
Bipy  Cd[Mn(CO) ] +
e sl

113 .
Bipy  ~Cd[Mn(CO) ]+
112 - 23

 Bipy  €d[Ma(CO) 5]+
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Peak no.

25

26

27 -

28 -

47 .

Table 8 con't

n/e

658,71

659.71

661.31

662.78

ZRA

90.31.

©100.00

13.18

10.08

~Assignment

113

: " +
Bipy _ Cd[Mn(CO)5],
114

“Bipy" Cd[Mn(CO)S];

114

14+ L
Bipy . +Cd[Mn(CO)s]y

1 .
Bipy " C.MA(CO) 513
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Tablé 9: Mass Spectral Data:BipyZn[Mn(CO)5]2

Peak no. | m/e %RA .-_Assigémeng
1 58.12 1.09 - (c052+
2 o156.14 2823 - Bipy"
3 17098 2,55
b 194.94  13.66 Mn(cQ)?
5 295.12 5.83 86znin () o+
6 . 414,87 100.00 -Bipy64+12nﬂncco%;+
7 © 415.87 ° 10.20 Bipy§§ZnMn(CO)5+_
8 | 416.87 - 43.35 . Bipy*zam(coy} -
¢ . 417.84 - 10.56 BipYGSZnMn(CO)s+
0. 418.87  32.60 Bipy672nmn(c0)s+
11 49.91 546 B1py**lzam(co) ]
12 420,91 510 Bipy 7°ZnMn(COj;'
13 453.69 37,70 *zalmn(coyg)*
o | . . 66 2
4 _ 455,69 19.85 Zp[Mn(cb)5]2+
15 456.72 5.10 ':ZZn[Mn(CO)S]é*

16 \ 457.69 17.49 " * 2 Ma(cO) )7

e dfoma e o e onnemn -

DR
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Table 10: Mass Spectral Data: ‘In[Co(C0),]3 .',_

Peak no. _ - n/e - ZRA . Assignment
1 114,91 0.03 In”
2 17097 5.77 LZICOMN
o ;113 +
3 456.6 14.23 1 Co(CO
. 9 1510 (0, 13
4 - 457.69 0.73 . In [Co(C0),T,
. - 113, .
5 625.31 4,52 ©In +[Co(CO),],
6 i 627.31  100.00 L iqicé(c0)4]3*
7 628.31 13.38 In[Co(CO), ] +
| | 7 43
8 - 629.31 2.56 In[Co(C0)4]$+
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Table 11: Current Efficienﬁies

=1

‘ System Current\éfficiencieé,( moles F ) -
'Sn/an(CO)lolﬁipy 0.5 )
cd/an(cg) lofbipy, o '. " 0.5-
Zn/an(QQ)lo/bipy - 0.5
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‘3.4 Discuégion; '-'-_k\\\- . .- . . '

| The variety of_e¥périmental systems successfﬁlly investigated and
the range of products obtained in the direct electrotheﬁical Synéhesisl.'
-desﬁribe¢ sﬁggeSts'tha£ sﬁﬁh methods héve-definite advantages'over the
~other meéhods described‘earlier.

Althoggh the amounts used-are suitable for normal laﬁdratdry
. L . | - .
working, the scale of production can no doubt be increased if necessary

to the 10-100g scale.

Characterisation of the products were established by elemental'

- analyses, infra-red and mass spectroscopy.

‘It is quite clear from the results that compounds of the type e

M[MtCO)n]m‘and_the adducts of bidentate ligands TMED and bipyridyl
A{m = Cd, Zn or In and M= Mn or'Co) can effectively be prepared in

satisfactbry-quantities by ‘a direct electrochemical method. The
: ; _ . -t
system involving tin and both metal carbonyls fail to give the

.

expected products'éq[Co(pOi&]a or Sn[Mn(CO)4]4 fornreaéons which are

: not clear a;lthis point. Measurements of current efficieﬁcy;(O.S moi

F-l) for the Sn/MﬁZ(CO)lOIbipy system suggest, as in the other systems
iﬁvestigated, that the inftial formation of divalent_tin species

presumab;y would then teactlwith two more. units of Mh(CO)S. Thus_

‘ . 9
Bn — Sn + 28”7

(QO)SMn - Mn(CO)5 + 2e —) ZMn(CQ)g'

Mn,(CO)yg ™ ‘
—_—y Sn[Mn(CO)

sn? + 2Mn(CO) ' Sn[Mn(CO)

512 534

The elemental énalyées for the Sn/an(CO)lolbipy system
indicate a.ratio of (1: 1.2) for Sn: Mn while the Coz(CO)BISn bipy

.system consistently gives a (1: 1.6) ratio for Co: Sn. It is possible
A > P
that the products consists of mixtures of divalent and fetravalent tin

complexes.
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(i) Vibrational Spectra:

" The vibrational spectta of polynucleér metal cafbonyls in the

' . -1 .
carbonyl stretching region (2150-1800cm ) havée been studied and °

are well documented.:

In view of this, it will suffice to gtate -that the

stretching frequencies agree closely with those in the literature

except for bipyZn[Mn(CO)Sl2 Both bipyZn[Mn(CO) ]2 and bipyCd[Mn(CO) sly

would, oh the basis of group theory considerations, be expected to have the
same number (seven) of i.r active bands Hsieh and Mays e however

found only three bands in nujol for the zinc complex, although they did
observe seven bandsfor the cadmiu@ cqmplex. In this work seven bands

are observed for both combiexes'as is indeed‘égpected.

(ii) Mass Spectraf .

In studying inorganic or ofganqmetallic systems, masé spectrometry
is a useful tool in three main areas. Molecular welght can be détermiﬁed
anﬁ from the.isotopic patterns,'the:detailed compositian of the molecule
cén be established. 'ﬂass épectral'data can also help in'the determination
of structure if a c#reful analysi§ of the fragméntation patte;n is
made. The tﬁird and.equally imp?rtant aspecthf mass spectfoscopy is
the‘determination of appearance and lonisation potentials and the
relative boﬁd epergies of similar moleculea, Three main’ﬁechniques :

.have bgeﬁ developed, namely electron impact (EI) mass épeétrometry,
field iohisagién (FI), mass spectrometry and field .deso;étiqn.

{FD) mass spectrometry" With an electron impact source, fraémenta— ’
tion of the molecules under investigationoccurs-only if the ionising

electrons have energy in excess of ionisation PotEntlal of the molecules

*
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The resulting mass spectra are complicated. This‘however, is not
the case with the two "softer' techniques which will normally
"exhibit ‘a strong parent ion peak.

If a very high electric-field acts on & molecule, the

potential energy of the molecule is‘changed in such a‘way that an

.
-

electron in the ground state of the molecule is removed. During

this type of lonisation process, the molecules do not acquire

energy to lead to extensive fragmentation., The resulfs are

simple to interpret and more information can be compiled.. For_molecules

which are so unstable that the major part is deS;nposed thermally B

during the sample evaporation prior'to’ionisati process both FI and EI

are virtually useless. FD on the: other hand has the advantage that the

molecules in question are not decomposed by the dissolvéd process. A
furthér advantage is the part that FD- requires much smaller amounts ‘
of'sample." ' . _. // ‘ .

Important a5 mass spectrometry is, .any results obtained must emphasize
some of the main dangers that may be'encountered in mass spectral
studies of inorganic and organometallic systems. In the determination" '
.of molecular weight data, it 1is generally true that the highest m/e peak
is the parent ion in FD and FI studies’ although this is hardly the
case in electron impact studies. As pointed out earlier a careful :
correlation 9of the various fragments will give a reasonable estimate
of the molecular weight of the compound in question in the event that the
parent peak is missing The probe temperature may rise to 300°C and most

»

inorganic Or organometallic molecules start to decompese thermally or

polymerise at such temperatures.

¢

A look at the tables of mass spectral data will show that the

molecular ion peak (M+) was observed for the compocnds bipyCd[Mn(C0)5]2,
- ) , .
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Cd[Co(C0)4]2 énd In [Co(CO)4]3. it 1s gignificant in all three cases

‘that_these‘are also the base peaks. BipyZn{Mn'(CO) bipyZn[Co(CO)

5193 41

bipyCd[€0),], and TMEDZa[Co(CO),], on the other hand havethe
fragments [bipyZnMn(CO) ]t _ [bipyCdCo(CO) ]T and [TMEDZnCo(CO,]*
s 3 b Sy
corresponding to the loss of a Co(CO)aor Mn(CO)5 group as the base
peaks. This could be an indication-of the greater bdnd strength
between Cd - Mn as Compared,tb Zn - Co or Zn - Mn. This qbéervatiop
is in complete égreement with the fact that M - M,is stronger the
larger the metal atoms, eg. Re — Re bond is strongeg_tﬁan Mn - Mn
bond in (OC)SM—M(CO)S.
" Other common fragments‘of‘high relative abundance are M[M?CO)H];
. - ] .
+ ‘ : .
MtCO)n; and bipy(COJAZnCo(CO)ZC* . The presence.of fragments
. + ¥ . ' %
1ike bipyM-M(CO) , M[M(CO) i , and M-M clearly shows that a M =M’
bound is present in these compounds. Ions of‘the tyﬁe [M2C0g+1]T
or [M‘(CO)n)]+ are consprruous by theirlabsence. This suggests that even
in the high ;nergy conditions operative in the mass spectrometer, no
. tendency to bond M t6 carbon monoxide through the oxygen atom occurs
and that rearrangements caused by migration of carbon monoxide groups.
Mecoy .1 4 ' |
to [M( a1 de not oceur. .
Lewis and Johnson78' and Hsieh and Mays60 have reported that the
relative abundance of the ions M;(CO)fo (M’= Mn or Re and n = 0 tb
8 or 9) for the cpmpounds Rez(CO)lo, an(CO)lO(for M = Zn or Cd)
increases as x décreases. They also report successive loss of CO

groups from the compounds. Although this work does not show this tréﬁd

or for that matter the successive loss of CO groups, the solution

probably lies in the fact that electron impact and not field ionisation or

field desorption was uspd in their studies.

S

pask -

e -7
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(i1i) Current Efficiencies In Electrochemical Synthesis ' : ]
It has been suggested that a knohledge of the number of - ’

-electrons involved in the electrochemical process can give some

i O . : C C : ,
insight into the mechanism of the electrochemical reaction.  Thus in

-

e I

- +
" the electrochemical oxidation of a metal M to M* s according to
- Paraday's Lads, n Faradays of electricity would oxidise 1 mole of
the metal if the process was a purely electrochemical one.

Dessy56‘ et al have showed that in the reduction of . metal-metal -

-

bonded dimetallics, the electrochemical process ceould either be a two

electron transfer process or a one electron transfer process. From

-

the regults of a wide range of homodimetallics it has- been found that . -g
homogtaliics tend to ptefer the former pathway. : ' "‘J ’
_The current efficiencies measured in this work, ( page 50 )

show that for reactions involﬁihg Zn, Cd or Sn, two electrons are in- :

volved. The reactions could thus be envisaged to go through the steps‘n

Cathode:
y B ST
(o<:)nM-1~1’(co)rl 2g7 —————» 2[M'(CQ)n]
Anode:
ot - ‘ o v - - .
2(M(CO) T™ + M ) MIM(CO)_ 1, + 2e
Ovetallg
T (0C) MM(CO) M ———y MM(CO) 1,
The reactibhs can be summarized as-follows
' CHBOH/CGHG
M+ Mn,(CO)., + bipy —— M[Mn(CO)5]3bipy , i
: . ‘Et NClO :
4 ,
(M = Zn or Cd) MQQH/CGHG . . )

M +Co,(CO)g +L, ——> M[Co(CO)

EtaNCIOA

(M = Zn or Cd and L2 = TMED or bipy).

alols




- . s
. : CeH, /CH ;0H. ‘ o
2In +3Mn_(CO) + bipy > .2In[Mn(CO) ] bipy
_ 2277010 : N . -3
: . Et,NClO, "

(iv)~ Advantages of the Electrochemical'ﬁethod;

The methods hitherto applied in the synthesis of the complexes
of the type M[M(CO) ] R M[M(CO) ] L and M[CSH§KCO) ] involve the
use of metal carbonyl hydrides, godium salts of the dimeric species
(synthesized from the dimeric species), the dimeric metal carbonyls

and some alkylmetal species. Further, the methods discussed. earlier
—

require severe conditions (high temperatures and pressure, low

temperatures) and-sometimesflong periods for work up.

In general, the final product is‘synthesized'in more than one
step and even then, the separation of reactants fron products can
become quite intricate in cases where the solubility properties of
the products are the same as those of the reactants. The severe
conditions of reaction employed in the other methods usually dictate
the use of reasonably sophisticated apparatus.

Electrochemical synthesis of metal—metal bonded polynuclear
carbonyls elimates most of the above problems One employs simple

apparatus, readily available, starting materials which require only

minimal care in handling (cf use of R2M in synthesis of Mn carbonyls),

and the reactions are one step processes carried out at room
 temperature and atmospheric‘pressure. It is conceivable that if
larger reaction cells and larger surface area electrodes were used
- the process could indeed find a wider application than is presently

apparent. | - i ‘ )

e
-



CHAPTER W

ElectrochemicalqReactions of Halopyridines aud Halop&ridinium Sslts:

4.1 Introduction:

A relatively large_amount'of work‘has.been‘done on the electro-
chemical reactions of alkyl and aryl haiides. 'In‘comparison,;the
electrochemical reactions of unsubstituted and substituted aromatic

'heterocyclic compounds such as pyridine, substituted pyridines, and '

pyridinium salts has received little attenﬁion. In some of the earlier

work the cathodidyreduction of the pyridine complex of diethylaluminium

+
cation [R-M-X = Et AlPyr] give rise to organoalpminium radicals

2
which dimefised_to tetrahydropyridyl derivatives.79

’

e
[Et Ay’ >] ' > E:t “H{ >J
| 2[}~.t2Al— \>]—>E'::'2'A1'--NC>—CN ~AlEt,

The beryllium analogues behave in a_similar manner.

-

nium and quinolinium salts have

The electrolyses of pyrid
L ' - 80,81,

been carried out, producing dilfydropyridines and quinolines.
In these reactions two ions a'cept two electrons at the'cathode to

form radicals which then couplle. The reaction can be summarised as

follows . ) . .
* ' o :
[cﬁuscuz-_N\’/ \>Jc1 — > CH O Q_CN—CHZ%HSBO
| s 50%
+
T )

CH,—N

/
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+ - alkyl halides and aryl halides, _
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50
. 4 " 81
\ - 82,83 . ., - ' .
Tuck' and. ﬁﬂﬂ!ﬂb  have shiown that anodic cadmium. is an effective

halogen abstracting reagent and that n-PrBr and n-BuBr will undergo

.a reaction'involving electroehenical halide abstraction to form the’

32

coupling products n- C6 14 and n- C8H18 respectively. The same authors

have s%so reported the synthesis of “cadmium compounds of the type

o Reax (R = Me‘or Et; X = Ifor_hr.The present work was intended to

.inﬁestigate the reaction of bromopyridines and pyridinium salts under °

conditions very similar to those in which coupling is observed for

3.2 Experimental

General. The experimental arrangement is shown in Flgure l

Cadmium metal, methanol and benzene were treated in the manner specified

in Chapter II,

2- and 3-Bromopyridine.(Aldrich) were-dried over Lirnde -Moiecuier sieves.

. A—bromopyridine hydrochloride and'évchloropyridine hydroehloride'(Aidrich)

were dried for 3 hours at 100°c. All‘reattiqns were carried out at.ambilent

temperature and in nitrogen atmosphere.

‘Current efficiencies were determined in the same manner as in the

84
previous chapter. Halogen analyses were done by. the Volhard method

85
_and an adaptation of the Oakdale-Thompson method. = Cadmium analysis

were done both by atomic absorption and by EDTA titration using solochrome

o
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(i) Electrolysis of 4-bromopyridine hydrochloride in methanol and benzene

1.0g of A—bromopyridine hydrochloride was dissolved in 20mls of

methanol-and 15mls benzene added to ‘the ;olution. -The mixture was
‘elsctrolysed for 3 hours using an initial current of SOmA. The

colour of the solution changgd progressively from colourless to yellow and
‘ then brown. Filtration of the ccll contents left a light brown solid(I)

. ‘The filtrate was then pumped off and light yellow crystals
wsre lefr behind. The yellow product (Il) was then recrystallized

from methanol and 0.54g of the product isolated (93% on the basis of |

0. ISg csdginmcﬁ’bde dissolved)- later shown to be 4 4-bipyridy1 dihydrobro-
™ nide (11). o

(ib) ' Electrolysis of 4- Chloropyridine hydrochloride in Methanol and
Benzene

1.0g of 4—chloropyridine hydrochloride wss dissolved in 1l0mls
of methanol and.30mls benzene and the mixture olectrolysed for 3 hours .-.
empleoying an ihitial current of 60mA. Ao offiyﬂite solid w formed in
the cell as the slectrolysis was contioued. |
‘ The mixture was.filrered off and ths solid wa th
ether/methanol oixture. d.Zg of this product (III) was isolated
- (79% on ths basis of Cd dissolved). " The compound was 1atsr-shown to be

’ ) :
4,4~bipyridyl dihydrochloride (I11). 0.13g of Cd was dissolved from the

anode.

o ™

o L n i iSE
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The filtrate was reduced in volume'and then kept at 0°C

.for. 2 days after which 0 3g of a light. yellon solid(IV) was isolated.

g?
This contained 20. 0% chloride and 26.72% Cd.h

(iii) -~ Electrolysis of 2- bromOpyridine in ' methanol and benzene,-

A solution consisting ‘of 2g bromopyridine, 20mg EtaNCIOA, 15mls
methanol_and-lOmls benzene was electrolysed for 3 hours. The initial
current was SOmA. . o fj '

The white solid formed as the electroiysis progressed was
filtered off" and washed thoroughly with methanol and benzene. .0.2é of
this solid (V) was isolated.. The solid was not suluble in methanol )
benzene, acetone, acetonitrile, pet. ether, diethyl ether or THF. After
stirring the residue with 2, 2-bipyridy1 in Et20 or pet. ether the

starting material was found to be unchanged.

A small amounr of the residue was dissolved in concentrated

HNO /CF 00D mixture and a NMR, spectrum obtained

An aliquot of the filtrate was then taken and run on a S.E. 30
column toO determine the composition of the filtrate. However the only

aks observed were for 2- bromopyridine and the solvents.'
In a geparate electrochemical experiment employing 100mg EtaNBr

as the supporting electrolyte the precipitate was found to contain 27.9%°

Ccd and 39.)% Br.

(iv) -Electrolysis of 2-bromopyridine in Acetonitrile and Benzene
A solution of 15mg Et,NC1O0, and 2mls of 2-bromopyridine in 20mls

acetonitrile and lOmls benzene was electrolysed at a current of

'SOmA for 4 hours. After a few minutes a brown colour began to form

1 the cell and a brown solid was deposited at the bottom of the cell.

0.lg of Cd was dissolved.
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The mixture was then filtered leaving a brown solid behind

6'1“

' Washing with pet. ether and then with benzene gave an of,—whitr celdld

\VII) 0 lBg of the product was isolated.

The filgrate was pumped off and the remaining o0il was found to -

contain nnreacted 2—bromopyridine by gas chromatography and small

amounts of benzene and acetonitrile

(V) Electrolysis of 3-bromopyridine in’ Acetonitrile and Benzene

2mls of 3—bromopyridine were added to a mlxture of 10mls benzene
and 20mls acetonitrile. 15mg: Et4N0104 was then dissolved in the
solution. The soluLion was e]ectro’ysed for 6 hUL*' employing an

initiel current of 50mA. The white solid that was formed dnring the

 electrolysis was filtered off and washed with methanol/benzene

dmixture and then with pet. ether. 0.1g of product (VIII) was isoléred;

0.056g of cadmium dissolved.

-

‘The filtrate wag reduced in volume and a sample run on an S.E. 30

chromatographic "column. The onl& peaks formed were those belonging to

. unreacted 3-bromopyridine and the solvents,

3.3. Results and Discussion

The electrolysis of 4-chloropyridine hydrochloride
and 4-bromopyridine hydrochloride yields the expected products
4 4—bipyridy1 dihydrobromndde- resprectively. These procucts were identd-

fied by comparison of the NMR and IR data with authentic samples

" and elemental analyses. (Table 12)_

The reactions of Z~and. 3-bromopyridine in acetonitrile/benzene v

did not give the coupling produets 2 Z’bipyridyl and 3 SLbipyridyl as

”
LY
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had been expected. Although it is not possible to characterise

the products with the information available, one can draw a few

. conclusions from the i.r, NMR and masg spectra of these compounds.

The product (V) from the electrolysis of 2- bromopyridine in’
methanol/benzene has the empirical formula Cd Br2C4 12 4 "The 1,r

spectrum (Table 13) .of this compound shows strong bands at 1045cm,l’
1105cm 1, 1385072, 1450cm ~, and 2930cn L, (See Table 13). This is
evidence that there is no pyridine type unit in the compound.

When the product is ‘dissolved in HNC /CF COOD the NMR spectrum

exhibits two peaks at § = 3.3. and 5.~ 4.1 which is in agreement with the
NMR peaks of authentic methanol The data’ therefore Suggests the presence

of a methoxy group. Thus the product can - be envisaged as a’ mixture of

Cd(OMe)Br and Gd(OMe) thus

Z'QBr +30d——— 5y + 2Cd(0Me)Br + Cd(oMe),
Bradley87 has reported that the alkoxides of low valence metals
are generally insoluble in organic solvents. The reason advanced for
thls is that they tend to form polymers. Another feature of metal alkoxides
is that they form very few coordination compounds with donor
molecules. That the reaction of the Product in this case did not react
with 2 2 bipyridyl is therefore not’ surprising,
) The compound (V1) has an j.r Spectrum that indicates: the Presence of
a pyridine nucleus, It is insoluble in methanol, acetone,.acetonitrile,
benzene, THF and dichloromethane.
Although the compounds from the electrolysis of 2-and 3—bromopyridine'
in acetonitrile/benzene have not been characterised, it is obvious as‘ |

in the case of 2- bromopyridine in MeOH/C 6 that scission of the C—Br

'bond occurs. The masg spectra of both products show the presence of a

[
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base, peak at m/e = 79. The product (VIII) from the 3-bromo isomer exhibits .

peaks of much'lowerfrélative abundance at m/e = 80(Z§A = 10.98%Z), m/e =

(%RA = 4.02), ;/é =.157 (%RA = 2.57), ﬁ/e =.158 (%RA =‘3.6§) and m/e

3 159 (‘Z‘R.A = 2,38). Since the probe temperature was s‘ét at 205°¢C, 'it.is

- poasibie that the péaks'at m/3 = 156,'i57, 158, and 159 are a'reguit ﬁf-
| reéombination of ﬁyridine radiqaié, ' -

' The preserice of a pyridine‘skeletoh in compounds VI ‘and VIII and t
ratio of atomsISuggesE§uthat insertion compounds of the type RCdBr
(R = Pyridine) may be formed in these reactions. The existence of
mixtures of these coﬁpoupdé with Cdsz'is Aoﬁ ﬁnlikeiy.

The reactivity of the 2-and &4-sites is very similar alchough
the h-bositiopﬂis slightly more ;eacﬁive towards nucleopﬁiles. It
lwéuld therefggg bé expécted that if cogpling_occurs iﬁ‘the case of tﬁe
4—bromopyriﬁiniuﬁ hydrﬁhalide;'the same réaction would occur for
‘the 2-br0mobyriainium hydrohalide. In ;he:lightléf'the present

" results it would be worthwhile to investigate these reactions further,

employing the pyridinium salts instead of the halopyridines.

L ————
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Tahle 13: I.R. DATA

. -1
Compound Frequencies {cm )

v | 635(sbs 1045(m), 1105(s); 1385(sh)

1450(sb); 2930(s); 3580(vs)

Vi ‘ 663(w); 690)s); 780(s); 1000(vs}; 1033(s)

1365(s); 1400(vs); 1390(vs); 1455(vs), 1465(sh) 14808) ;
1602(s); 29750); 3080(w) - - '

VII _ 640(5); 695(vs); 750(s); 900(vs); 1012(s); 1040(vs)
. o 1070(8); 1160(s); 1220(va); 1445(vs); 1485 (m); 1505 (w);

1602(vs); 2920(ww); 3140(w)

VIIL . 638(ve)y 696(vs); 710(s); 730(w); 800(vs); 948(m)§
992(m); 1030(vs); 1042 (s sh); 1088(s); 1100(vs) .
1118(s); 1322(s); 1420 (vs); 1468(vs); 1560(s); 1590(vs);
: F90(s) o . o

©u

b - broad, s - strong, sh - shoulder, v - very, m - medium, w - weak
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