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The compoundsf(n—CSHS)Fe(CO)ZSnCl

“

[(ﬂ—C5H5)Fe(CO)2]25nC12, [(ﬂ—CSHS)Ni(CO)]SnCl and the noveipcémpaunds )
(n-CSHS?N1(6b)§n01
. el ' - % - y a ~
”KW CSHS)Ni(FO)SnClz(CO)zfe(ﬂ CSHS)’ _em CSHS)Ni(CO)SnBr (CO) ,Fe (m=C

were prepared.

¢

“infrared,

A\

/
microanalysis.

The physical parameters of the cqmpounas afe'cqmga;ed~and the

effect of varying the‘substithents at the tin atom on these parameters

IH NMR, electronic and mass spectra and samplés were sent for
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37 (q-CSHS)fe(CO?ZSngrB, . s -

¢

e

Y (1-C.H )Ni(CO)SnBr [(n C.H 5)N1(¢0)]2553£22*

. e 2 (CO),Fe (m=CH)
,Ihe.nickel—contéining.doﬁﬁpuhds were characterised by

;
. \

-

. 1s discussed. The electron donor properties of the groups (n C )Fe(CO) o
and (n—Csﬂs)Ni(CQ) areJcompared. : ! : '_. . . _— . R
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*These ‘compounds have been synthesised independently by other * «. - B
_.workers in the interim between the. completion of the experimental work , .
of this thesis and its publication.” See references 55 and 64 'respec- e e
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o

‘ih which the oxidation number”pf an element can vary are named using ' o

.number of the .transition metal); organic radicals (ar’omatfc‘.before S !

*aliphatic); hélogen§ (in ascending order of atdnic number) .

‘transition métal based radicals and (no pi‘efix)', .c'ii-,‘t'r:L..‘, ‘ste. for
organic radicajis or halogens. {Exampkle: -bis(carbo‘nyl-n-c&glépentadiényl-

, . ]
_nickel)dibromotin(IV). ~ [('n---C5

®
4
3
b |
\
3 i aa s
L

-

NOMENCLATURE USED IN THIS THESIS,

. . ) W R o . ®
Common inorganic compounds are named as-is customary, '~Compounds.

PY
’ . T 3

Roman numerals to indicate the oxidation number of fhe:‘°eLg'ment. . B §

.

(anmple. tin(II) chloride - SnCl

S .

Organometallic compounds are named giving the rad 1calg in this
\
order: transiqion metal derived radicals.(in ascending ordey of\atqmic

N »

Prefixes

used are derived fro‘r,n the _Greek - using.(né prefix), bis-, tris.-;, for -
. Y . R . - . . . ‘ ‘

! - L. : [}

HS)N:L(CIO)]ZSnBr }

9°
The, same convention 1s used when naming dimeric transition metal

2]2 and V

[(r-cC HS)Ni((,O)]2 are, named respectively bis(dicarbonyl w—cyclopentadienyl—

v

carbonyl derivatives. Thus ,"t{;‘he compounds [(1r C H5)Fe(CO)

iron) and bis(carbonyl-ﬂ-cyclopentadienylniclcel)
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=~ . INTRODUCTION

r N B
. )

I‘he Present btate of Research in the Synthes\gs ~of Organometallic

Comp_ounds with Wetal—"Metal Bonds . - ,' ) ' °

The number of organometall:ic compounds with metal metal bonds has

increased rapidly since the pioncering studies of Hein and coworkers. h

’

In the'-late 1960" s reviews of the work in this field were

6.7.,8 __ they are now published ann'ﬁlly

under the auspices o[ The Chemical Society, London.g’10 oy

= . published at reguldr intervals

n : ~ The compounds. of intcrest to g:he present discussion are those
cont'aining a cpvalentf bond.between a tr,axisttion n)etai -(group IVa to
group Ib) and a bost-tx:‘anéisd‘g;/metal (group Tb l;o group Vb)

Table 1| shows the metal-met'z'll bondé‘ef this type'in‘"c.om)pounds

) that have be’en‘ syht’hesised to date (July 1975) . Compounds of group, . IVb

‘ N

elements predominate, probably because of the relative ease of their
. syntheses and their stabili_ty, qr_.because a wide range of start:ing

“materials is available commerciaily in the case of compounds of group 'IVb‘

i Al X . .
1 - . N *

elements. : , ' ' *

[N - . . s

’

Séme synthetic methods are widely used and tliese are reviewed

below, along with other syntlu_ses of interest to this discusaion.

o,

b

.
el S, i Lau..b—.—l—m‘ <
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General Methods for the Synthesis of Metal-Metal Bomded Complexes.

[}

1. Replacement of One or More Halogen Atom Attached to an Atom of a

, N

e am

Post -Transition Element by a Transition Metal Carbonyl and/or -,‘

'Cyclopentadienyl Group.

. ° li ° ’ '

The exchange of a halogen atom in a .compound of the type R4—nExn

by a transition metal group is the most widely used method ‘for the

1

prepatation of complexes containing bonds between transition metals jand

post—transition metals. “This type of reaction has been used to prepare = * ,.i

b

complexes of group IV metals bonded to the elements chromium, molyhdenum,

1 4
tungsten, manganese, rhenium,7 iron,7 23 21 cobalt,7 nickel, ruthenium, ‘

-~

rhodium, palladium, osmium, lridium, blatinum.27 Generally, the sqeium : |

. salt of the transition metal derivative is used, but the ‘salts of other
A 3,4 : 1

|
-alkali metalg have been used27 as well as those of calcium.

The general equation for the reactions is as follows:

. n ‘ - . D '
RyoFXy *mMQ > R, EX Q. + mMX or. |
; . , _' _\ : \ .I
R, EX +mQ * Ry _EX 0+ X o | . ;
g o . ]
" . ) . . .' i ° . N . {
e.g. H3GeBr +”NaMn(C0)5 > 'HBGeMn(CO)5‘+ NaBr . j

5 - . Ty, - )
or wherefR‘= H, aryl, alkyl; E = Si, Ge, Sn, Pb; M = alkali metal or _i

YCa; (n -C H5)Cr(C0)3, (n-C4H )Mo (CO) 5, (n C.H )W(CO) ; Mn(CO), Re(CO)S,

%FE(CO)Qj (ﬂ-CSHS)FetCO)Z, CoKCO)a, (ﬂ-CSHs_aRa)Ni(CO), (n—CSHS_aRa)Ru(CQ)Z,

R )Pd(CO),°(n-C H R )OS(CO)Z,

L(n~C. ' -
s(m c5n5_ana)nh(c0), (n-Cglls_

.l — ! — ‘. ! . -
Ya(w CSHS_aRa)Ir(CO), (m CSHS_aRa)Pt(CO), ether substituted transition -

.metal derivati&es; X = Cl, Bry, I; myn =1-4; a=1 or 2.
- Complexes can be synthesised with more than one transition metal

group attached to the same atom ‘of a group IVb element. The reaction :

V3
. . -



. ' - : .5
has been used to prepare complexes containing an, atom of a group IVb '

- element attached to atoms of two difﬁerent transition metals. For

‘ . 4 - .

example, ~ . i . : ' T
ClMe SnMn(CO)5‘+ (ﬂ C )M.o(CO)3 ) .\' T

> (nC 5)Mo(C0)3SnMe2Mh(CO)5 +c17.22 oot

.'An analogous tungsten;tih—manganese compound was, also prepared. 'Simi—
@ . . S .
larly, compounds containing Fe,SnMo,, skeletoqs,30 FeéSnMn and Fe,SnRe o

skeletons,Bl'and erSnMo skeletons30’32 have been ‘made.

’

'”This‘preparative method appeers to be limited by steric factors.
'htteﬁpts to ptepare tetrasubstituted derivatives of group IVb elements

with manganese or rhenium pentecarbonyl have not been suecessful BO

far.33’34 The smallér size of the groups (n-C HS)Fe(CO)

(n—G )Mo(CO) has enabled the existence of four su%h~groups around a

central atom of a group IVb eleﬁEnt.30’3l

This method has been extended to complexes containing transition-

-

metal atdms bonded to atoms of étoup ITIb and‘group Vb elementsl " Com~

pounds containing bonds between indium and mblyhdenum,'tungaten;

16,35 ' 18,35

‘manganese, rhenium, iron,l§ indium and cobalt, thallium' and pobalt,

22,37
I

’

thallium and mahgenése,36 a;timghy and iron, - antimony and cobalt,

bismuth and.iron, bismuth and cpbalt,37 arsenic and molybdenum, tungsten,

manganese, cobalt,.z1 arsenic“and iron,ZI’37

.,

have been synthesised.
In addition, there are 'instances where the method has been used

. . L . 38 S
to form compounds containing uranium-manganese = or gold-manganese,

~iron, orh—coba'lt39 bonds.- 4

B 2w B




s
——h

Metal-Metal, Metal~Carbon and ﬁétal*Halqggn Bonds.

v
-

2. Indertion of Germanium(II)', TiH(II) and' Indium(I) Halides-into
- : . — .

i

- and phromium;§3 molybdenum

.‘manganese, indium and iron,

"e-g,-' [(TT—CSHS).NI(CO)]Z + smsiz + ‘[(n-CSHS)Ni(CO)]lenBr

Some metal-metal bonded éomplexes have beén synthesised by \S}I

insertiaon ;eactions: which are ‘sometimes E??nﬁ to be,convenient.

Bonds have been formed betwéen.at5ﬁ§ of germanium éﬁd iron,40’41
' . \

germapihm and cobalt;42 ggrmanium and-ruthénium,A; tin,and chromium,

molybdenum or tungsten,44 tin and manganese;45 tin and iron,40’42’46749

tin and cobajlt,“’so’51 tin and nickel,az’52 tin and ruthenium,l’3 indium

15,16 or ;ungsteﬂ,15’16’53 indium and

16,45 15,45 45,54

“*nto a metal-metal.bond according to the,reac;ion

EX_ 40, -+ QEX

[ .
52,55
e

where E = Ge, Sn (m=2)orIn(n=1); X = halogen; Q_=’(1I-CSH5)M(CO)3
(M( Cr, MO W), M(CO)S (M= Cr,W), Mn(CO)S, (H‘CSHS)F%(CO)Z

| S
. fm-C.H )Ru(CO) Qo(CO)a, (nfCSHS)Ni(CO) or squzitutedqapalogues.of

these derivatives. . .

3

Ginde dbﬁpletioh of the experimental work for this éhesis.(August
1971) ,, there has been a report of an insertion of tin(II) chloride into

a heterobinuclear tTansition metal carbonyl cyclopentadienyl complex,

. -

forming a product wfth a heterotrimetallic skeleton.56

SnCl2 *+ (HC HS)Fe(CO) (CO)Ni(ﬂ C )

s (- c )Fe(CO) SnCl (CO)N:L('IT-C 5)
57 s 158,59 - L
'Tln(II) and germanium(II) ~ chlorides have successfully been

a B ' ‘ ’
inserted into complexe§ containing an iréon-carbon bond.

-

h .

.indium and cobqlt by insertion .

Y




“ tin(II) bromide was used, 57

4

' where E =

_traneit1on metal—halogen bonds has aISO‘been reported.

has been inserted into iréﬁ\chlorine,46

ruthenium—chlorine,

‘ e.é: (- C

'where Q=

ECl + QR —>ﬂQECl R

[

.g. SnCl + (n c5 5)Fe(co) Me - (n—CSHs)Fe(CO)ZaniZMe !

J [

Sn (R = Me; Et), Ge (R ‘Me, Et, n-Pr, is0-Pr, benzyl):

- Q= (n—oj\;}if(co) . -Insertion was not observed'at'the tungsten—carhon

-/
bond, 46 or at the molybdenum—carbon or manganese—carbon &onds or Ue

Instead, the product was a metal-metal

A ]

bodged complex with three halogen atoms ttaoheo to the group IVb metal
f - ' !

atom, i.e. of the type QEX

Insertion of t1n(II), germanium(II) and indium(I) halides into

Germanium(II)

A -

chlorlde has been inserted Into iron~halogen bonds,e‘0 tin(II) chloride

iron—iodine,6

43,64

and palladium—chlorine bonds and indium(I)

o
[N

nickel-chlorine,62’63

halides have been inserted into molybdenum—, tungsten—, rhenium-, ironf,"

cobait-, rhodium—, platinum- and gold—chlorine bonds.15

! - ‘ ' ‘

3. - Reaction™of Group IVb Anions with Transition Metal Carbonyl

Comglexes )

Some metal—metalfbonds have been synthesised by the reaction-of

: halide derivatives of . transition metal carbonyl and/or cyclopentadienyl

complexes with group IVb metal anions.

QK + MER, > QER, + 1% . o

Cor QX +'ER3‘ > QERy + X ® " - .

)Ni(PPh ycl + LisnPh, ' ' | ‘
(1= HM(PPh ) SuPh + LACL L eg

(n1-CgHg)ZrCl or (1-CoH,)HECL; X = C1; M ='Li, Na; E = S, Ge;




66

‘R = Ph; " or’ (1r C )Mo(CO) X= Br; M= ’Li_'; E = Sn; R = Ph;67 or
L o _ AN

Q= (ijSHS)Fe(CO)Z, x :.01, I; M= (Me,NH); E = Ge; R = (L} or

.Q = (n—CSHS)Ni(L). (L' = trldrganpphosphine or —arsine or C6 llNC), L

X mCL, B M= Cs; & = Ge 80069 g _ ' 5
X =Cl, Br; M= Cs; E = Ge R =Cl, Br; or ¢ = (TT—CSHS)Ni(PPh3)_; :

n v
o

X _=/c1; M= Li; E = Ge', Sn, Pb; R = alkyl, aryl 0 or Q = Pd(L)(L")CL
(L, L'f = alkyl or aryl 1sonitr11e) X C;, =(Cs; E = Gé; R = Cl..65'

b

" In the presence of certain group Vb anions, some transition

metal ca'rbonyl'con'\plexes lose one or more carbonyl.group to form 2

me tal-,metal’ bond. ’

s

! - - s N ) _) - .o
J(CO)  + mER,” > J(ERY ™ 4 nco-

3, v

f.ﬁﬂ . s s .

or where J(CO)lnﬂ = '(1r-C )V(CO)A, various chromium molybdenum, tungsten “
Y

or'manganése carbonyl derivatives, Fe(CO)j, or CO’Z(C'O)B; = GeCl- .

g, g Ni (CO), + GeCl, - [Nl(CO) GeCl ] +co’t

_ 3 3
Snc13 , SiPh3-; n -1, 2. B R
By this type of reaction, complexes containinbg bonds between

68,71

‘silicon and nicl‘cel,.72 germanium and mélybdenum, germanium and iron

or cobalt:\,e'8 gérmaniqm and n:Lckel,T1 'ger'mani‘uu‘l' or tin and manganease,7
tin and vanadium, chromium, molybdenum o'r._ tungstenm have been form'ed.A
Group IVb anions may also displace. m-bonded benzene or,mes.it:ylene_‘

" in' chromium or molybdenum COmpleies.
)

. (CO).3M0(C H. Me3) + 3(}eC13 ;- _ o B
3 " 13- o
- [(C0)3.Mo(GeC1_3)3] + Gl Me, T

3.

. - 6_ “ +
. or M(_C'G'H())z + 6ER;- + M(ER) .~ + 2CH,
o - PSR I 71
e.g. Cr(CBHG)Z + GGeCl3 S+ Cr(GeCl3)6 + 2C6H6
- o A o R v
(”'L i 't . . .' N r,. . N

. .
Yot .
{ "
. : . ‘.

“ +,




metal-metal bonded skeletons have been prepared. C . . RPN

been ’prepared from the reaction of triphenylgermyllithium with the anion

. HF%(CO)l.l
Derivatives.‘ ‘ . : ' \ o L : ‘ ]
. rhenium, iron, or nickel, cobalt, ]

g 2Cl3SlH+ [(w-csu_,))m(co)]2

. or where Q = (u—CSHS-)Mo(CO)B, Mn(CO)S, ReI(CO')S,- (w-QSES)Fe(QODZ,.(.Jo(CO)l’,

' (ﬂ7C5H5)Ru(CO)2; R ='alkyl, aryl, halogen. B L g

or where M = Cr or-Mo; E = Sn.74 - Thus, complex anions with ‘polynoclé_ar

\ , . .
Besides the above reactions, a germanium-iron bonded complex has ’ . )

R S
\

: A .8 TN \' ' ' o
4, Reactions of Group IVb Hyglrides with Transition Metal Carbonyl ) ‘ : .

* Silanes react with homobinuclear transitdion metal carbonyls to
u

produce compounds with bonds between silicon and ‘molybdenum, manganese,

76 . 77-79

e
. and rut_hénium.“

‘

2_R3Si}-l + 'Q2 -+ 2Q§1R3 +‘ H2 .

JNL(COYSicl. 4w, 8 ‘

> 2(rC 3ty

jS

Complexes containing silicon-iridium and germanium-iridium bonds .
have ¢een synthesised by reacting an iridium carbonyl complex with

trichlorosilane, trimethylsilane, or trichl‘orogemane.gol ' S \. T . P
Trichlorogermané has been found to react with halogen derivatives’

H

of metal carbonyls: . S . . i

| C1,Geli + QCL ~ chc13 + HCL o ‘ o
g Cl3GeH + (11 CH )Fe(CO) c1 e , S |
+ (n-C_H ')Fe(CO) cec1, + nc1 60 | - ' |
| 5°s 283 . ‘ , ' "

or where Q = ("’CSHS).”"(C_O,)y (rr—CSHS),W(CO)3, or Mn(CO)’S, or

¢



' L

L S . 0

1’- (ijSHS)Ni(L) (L = trialkyl- o?rtriaryiphqephine;or -arsine or-C6BllNc;6z . -i‘
“The reaetion mechénien isie“nateer of debare.z iljj ) , 3 °
| Trra;kylgernanesrand stannanes have,been.used to prepare compoundgy C i
with bonds Between,co?alt and germanium~or tin,77'probably in en analo- )

gous way to the réactions of thefsilanes.

"Group IVb hydrides alsofreact with metal carbonyls to produée ) &
% : - - C ' ,
metal-metal bonds. ,Iron'--silicor’17-6 and iron—ting,1 bonds have been prepared.

»

fgon iron penkecarbonYl or tri-iron dodececarbonyl, and complexes con~

taining ruthenium—tin bonds have been prepared from triruthenium

o

dodecacarbonyl..82 Complexes cgntaining silicon—-or%{in—osmium bonds

~t

have been synthesised from trimethylsilane or trimethylstannane and

.triogmium'dodecacarbonyl.83 L . @y,

-~ . . R 1, 4

5. , Reaction of Homobinuelear Trensiﬁion Metal C rbonyl or.Carbonyl - C o !

rl

Cyclopentadienyl Derivatives with Germanium(fV), Tin(IV), Arsenic(III),

e . . \

Antimony(III1), Bismuth(IIL).Halides..

C Y

These reactions may result in the replacement .of one or more

' halogen atom-by a transition metal carbonyl or tarbonyl cyclopentadien&l

. group, producing complexes with one or more metal-metal bond.

Before the work of this thesis, this meth d had not enjoyed wide

\applicatlon.. Iron—t:m,84 cobalt—tin,85 »86 iron—arsenic, -antimony,

-bismuth,37’87 cobalt—bishuth37 bonded complexes had been syntHesised by

thie method.

Since'then;lcompiexee containing iron—germaniUm nickel-germanium

and ‘nickel-tin bonds have also been synthesised by this method. 52,88

The simplest reactlons of this. type are; thought to proceed thus'

n ‘ . . }




1
-
]
—
’
s

- . . ;1' ) .‘.;

=+ g, - oty | S g : 5

e.gﬁf' SnClé + Lkﬂ;CSHS)Fe(FO)z]é,. "‘ _ ' ‘.~ o L i'
"o (}-CSHSSFe(co)ZSnCigl+ (w c )Fe(CO) cl 8? "%* '{" o ' X

where Q = (n—CgHS)Fe(CO)zg'Co(CO)A,.(n-ngs)Ni(CO); E.= qe,'Sn ‘nff 45
) : S :

or As, Sb 'Bi (n=3); X = halogen.

ENCTVRDT - TEERDARNPIUL NP ¥ ™ NP SO s Vo

P

Novel trimetallic complexes have been prepared by reacting the ' T

\'binuclear nickel derivative with monosubstituted germanium and tin(IV)

halides where the subspltuent is the iron group.sg The tin derivatives
were prepared as part of the'work of this thesis:

kel
.

6. Reacfions where Mercury is Displaced from a Mercury-Transition

Metal Bond by a Post—Transition Metal ' . .7 - r'

Tin(II) halides,s‘ and germanium(II) iodide9 have displeced'
. mercury from some of its transition metal derivatives of the type QHgR

(where Q=R = (1-C4Hg)Ho(CO) 5, (1-CgH )W(CO)B, (- c )Fe(CO)z,

tin(II) er gefmanium(II)‘J— or vhere Q=5R = Co(CQ)4, Co(CO)3PBu

3°F

= halogen, for tin(fI) halides oﬁly).

. Ex;-+ QHgR > QEX,R + Hg . ’ o o S .
e.g. Gel, +-[(n-c H )Pq(CO)z]?Hg . ‘

. > [(n CcH )Fe(CO)z]ZGeIZ + Hg o , 5
J | ) P

Mercury in bis(tetracarbonylcobalt)mercury has also .been dis-
. . ~~‘ .

placed by indium(i) halides,15’16'elemental zine or cadmium,91 or
elemental e;‘bium.92 Indium(I) halides have also ﬁispléceﬂ mercuryﬁfrom ;

bie(diéarbonyl—n:cyc16peﬁtadienyliron)mencury and bie(trigprbonyl—ﬂ—

cyelopentadienylmolybdenum)mercury.15



,_,\\hEE::j Metal Bond by. a Transitioh Metal Carbonyl and/or Cyclecpentadienyl ' ' H

° ‘ ‘ Y

Tin(IV) chloride has displaced merhury.from various mercury'iron

[

nitrosyl carbonyl compl xes, probably as mercuric chloride, producing

complexes with tin-iron bonds. 24, 93 These reactions may be considered °

b e

to be formally similar t the reactions described in section 1\5\

. 77 Reactions where Mechry is Displaced from a Mercury-Post~Trénsition'L

‘\ - ‘ : ’ ’

T . . \ ‘
- Derived Group., ! } ‘ ' Co

E Bis(triorganogerm#l)melcury compounds ﬂabé been treated with'

homebinuclear, transition metal carbonyl and/or cyclopentadienyl com- -
. 1 > . ‘

plexe594 % or.transitibn Fptal carbonyl and/or cyclopentadienyl derived.

(X

W - ’ % _..,
halidesgs’97 to produce complexes with bonds between germanium and’ - .

95 1 94~ -96 96 95-97.
ron,

molybdenum or tungsten, cobalt”™ "~ .or- nickel

| : . . : ‘ .
(R3E?2Hg,+ Q > Q'ER3 S . '~ . L
Lo c . 't 8 \ R I
. or (R4E) Hg + QX' > QER +'»?V‘L : o n o0

where R ='phenyi,?6 ethyl 94 95 97 ée Q = (n C )bio(CO)

<

Y

(- ~C4H IW(E0) 5, (1<C 5Hs)Fe(00) c°(co)4, (ﬂ ~CH )Ni(PPh )y (1-C §H)NL(CO) .

1 R

With the iridium coﬁplex; Iﬁ(PEt

bkt i L

3)2(CO),C1,' only one_mercdry—

silicon'or-germanimn bond is broken in the reaction of'bis(triorganosilylf

mercury or bis(triorganogermyl)mercury. Oxidative addition to the T ' 4
N -

iridium atom occ¢urs, orodueing both -an iridium-mercury and an iridium-
. . . o ) . : - L
silieon or —germanium bodﬂ.83 . . ' ) . ' :‘

+ 8
. ?

With iron- pentacarbonyl and bis(trimethylsilyl)mercury, one ’
carbonyl group is broken off in the formation of 1ron—silicon bonded - ' ' .

98
“ complexeg.

+




8. Amine Elimination Reaéhions.i

9. Cleavage of Homobinuclear Organo—Group"iVb‘Compounds.

- e.g., " (PhyPb), + [z(ﬂ-CSHSV)Fr.(C'O)B]Z - .%(H-QSBS)FI(QO)BPbP}b. )

© . n

- Metal-metal bonds can be formed by the reaction

t - - T .
RyENR) +HQ > R4EQ + HNR) g
€eBe FieBSnNMe2 + (H—CSHS)ZTaH3 o ;-
' ' ' 4
+ (M S)(n-c“ﬁ) Ta, + H\Me, 0% \ R -
NI ECTD S 2 . L

or where R, R' = alkyl, -aryl' E = Ge,'Sn; Q= (n-C )M(CO)3 M= Cr, .o

Mo, W)?9~m° (Ph. P) PECL, (11-C Hg) MH (M 102,

Mo, W), %Os(COTQ.

This;as}hod has not enjoyed much use, possibly because the

starting materials are not generally commercially, available

\‘ﬁ

0y

Homobinuélear organo-stannanes or -plumbanes may react with = .-
-'. 1 .. ; . ' v .
homobinuclear trardsition’ metal carbonyl cyclopentadienyl complexes with .

¢leavage of the metal-metal bond in' each compound and foiming a new

,hetérqbiﬁuclear metal-metal bond.
- ce T
| g - -

(R,EY, +Q, > 2QER,
103

'a
ta

or where Q =‘(n—CSH5)’M(CO)n M= '

oy W, n=3; M= Fe, n=2;M=Ni,

Q

D3 R= Cligs & = sn. 0%

y

3’ .
Reaction’of the group IVb compohﬁds with‘ot%;r transition metal

L3

carbonyl complexeé aliso giveg rise to metalémetal‘bo ded produots.

o - »

Hexaorganodistanﬁanes have produced tin-iron, ~ruthenium, —cobélt and

—rhodium bonded complexes by reaction with triruthenium dodecacarbonyl

iron pgntacarbonyl,

! M- cyclopentadienylcobalt dicarbonyl«or n—cyclo-

_ pentadiénylrﬁodium dibarbonyl.loi . ) e A

RN TIPSR S

a

L N




QU

‘e.g. [(r-Ch )Fe(CO) 1, +Hg = ,[’(n-c H )Fe(CO)z]zﬂg

_ e.g.__ (3/25Mn2(C0)10 + ;ﬁ. + In[Mn(CO)

e.g. (w—CSHS)gg(CO)aBr + Hg -~ ("—CSHS)MOSCO)3HgBr

. o R RN
' ] | h

10."Direct‘Combinatidn of Elementdf Post-Transition Metais with

Transition Metal Carbonyl,or Carbonyl-w~cycl¥pentadiényl Complexes or

Their Derlvatives.’ '

- (In the.case of meréury, this reaction can. be %onsidered formally',

similar to the insertion reactions discussed earlier.)’ " - °

o

: _ . , - \
:
4o

- Metallic zinc, cadmium or mercury can interact with metal-metal

bonds*gy binuclear transition metal carbonyl orx%arbonyl—ﬂ—cyclopenta— .

dienyﬁ;hpmplexes to form zinc-iron or cadmium-—iron,106 mercury-iron,106 107
mercu;&—chromium,loa ,106,108 mercury-molybdenum or —tungstenlo8 bonds.
Q2+M_."* QZM'._ - ' ) e

7 : \

or where Q = Fe(CO):~, M -Zn, Cd, Hgy Q = Cr(CO).»,-M = Hg; or
4 . 5 o

(W]

Q = (1-CJHZ(C0) y (2 = Cr, Mo, W), M = Hg.

Elements of gfqup IIIb feact'in a somewhat ‘similar fashion, -
109

Gallium-manganese or iﬂdium—mangagése, thallium~chromium or -molybdenum17

and théllium—cobalt%lo bonds have beed formed 1n‘thesé reactions.
(0/2)Q +mit » M Q

sl

_or where Q = Mn(CO)., M= Ga, m= 2, n = 4; Q.= (7=C.H_) Cr (CO).., M = T,
‘ s E _ 755 3 .

m=1,n=1, 3; Q ='(n—C5H55Mo(CO)3, M=Tl, m=1, n = 1 pf Q =~¢o(CO)43

"M=Tl,m=1,n=1.

.._ ’ : 4 .
+ Metallic mercury has been found to react with halide derivatives

of transltion metal carbonyl-n~cyclopentadienyl complexes., S .

QX + Hg > QHgX )
!

108 s

E

-
RN W
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. l ' ’ ‘ v ’ rl 'J- . ('/ . : . . . i fl A . "'l
"’ . _ o . . . Co 15' .

A - " . ' lOé B L i
or where Q = (m- C )Mo(CO)3, (n C )W(COQa, X = I;% oy Q= (n—CSHS)- .
Lo . . ' Pl ! '
. 107
¥e(C0),, X = Cl,. I ." , )

i

. P . -
Iﬁ»tbis way, bg;ZSubetween mercury and iron, molybdenum or

~

tungsten have been.synt sised. .“ - . - ' o

1l. Oxidative Elimination Reactilons. -~,,\\
Organometallic Halides qf group IVb elements or tin(II), ti\(IV)

or.germanium(IV) halides react with transition metal carbonyl moieties

) with loss of one carbonyl group and formation ‘of metal-metal bonds.’

germanium— and tin-cobalt,111

Silicon-, germaniuma and tin—rhodium,

T énd tin—itonl%z’IIB bonds have been made this way.
. . . . 1 . N - .
J(co) + XEY; > WEY, # €O ,
‘ i SR ‘ i - ;
\\f_: . e.g. ”gnyggg)gh(co)2;+ Sngl4 ; Cl(.‘?r—CSHS)(CO)RhSnC]_.3 +‘CO
or where J = (n-C.H )Rh(CO), ="Ge, Sn, X = Y = haloden or’E.% s1,
we .
X = H, Y = aryl' or J = (nfc )00(00) E = . Ge, Sn X = Y = halogen

. '3 . . . " . ) ‘. )
.* ‘(except GeClA); or J = Fe(CO)3L,112 (L = PPh3, AsPh3! SbPhB), E = Sn,
-y = cl, Br,' or J = Fc(CO)A,.IB E = Ge, Sn, X = Y = halogen.

- Products of thL form J(LY ) are found where J = (n—CSHS)Rh(CO)J

-

i E { XEY3 HSiCl3 or where J = (w—C )Co(GO),except XEY3 = SmIA.
I ais
0 A trimeric complex with tin—rhodium bcﬁas is: formed when tin(II)
R chloride displaces one carbonyl group from (n-C5 5)Rh(CO)2. - i
12. Miscellaneous Mefhods. o T SRS T 2,

- f . 4

-

Besldes those reactions already mentioned, others, much less

*where X = ‘C1, the product is'QZHg.




v o 4 - . , s

' widely used, have also resulted in the formation of’metal-metal bond;.‘

It is beyond the ycope of this dlscussion to consider them all. in detail Vo ?
4 -t 1

[ .
However, those of especial interest here will-be outlined below" f?.
Some complexes containing bonds between tin and molybdenum, B ,. : -

,menganese, iron, cobalt, ckeijhave been sygthesised using tris- . (

(trimethylstannyl)amine wnffyl)oxide and the appropri&te
‘/; Y - : . . ) « O
homobinuclear tranéitlog_metal o1 deriVative.llé‘ It was not .

possible to account for the fate of the nitrogen or the oxygen.,‘Fbr‘

!

exdmple, the compound (n—C )Ni(CO)SnMe was prepared from (Me Sn) N ‘and ' . r

' -C.H:)N1(CO) ],. - e, . N e R
[-cgnoniceoy ], | | ' PR

°

A complex containing indium-cobnlt bonds has been prepared from

. . . v

trlmethylindium and tetracarbonyicobalt hydride with elimination of .

3 . . . ) 5 1
‘ methane.léi ' ] l

Thalliumllq 119 and magneéium11 deriyativeelyf-transition metal®

- carbonyl complekes have been used'to synthesise other compounds containing
.. . ,. Ld .; .‘ 0 ‘ - * . Al
new’metal-metal bonds. The reactions of these substances are in some

- .

ways analogoué to the, reactions described in section 1 -and the-last ones

of section 6 or those, ot section 7. . x ' .
o .

) - . . . X
.. . . . \ -

" Assorted addition reactions have produced complexes with ;ridiqu

silicon ‘and -germanium,116 iridium-gold, -copper and rhoddum-coppetll?

and nickel—tin“8 bonds." o ¢ , E '.‘. .
{éy vardons other reactioné, complexes.oonthining Londs betweenl Y
tin and the metals chromlum,119 1120 molybdenum and tnngsten,l?q.iron,lg{: : S iﬂ
- futhendum 22,123 are reported to have been'prgpared. ._
’ s, ’ c . N . . L]

"




o

has organic suhstltuents.

- studied,

RS

\

Cgmpleies éodtainingfhonds between~Nickel ann'a Group IVb Flement. A -
t,'Cio.r'np:-l,rexes°cc‘>‘nt:;aini'ng a metallmetal bond between niokel and a
posqitfansition element heve réceived less'&ttention than those of other
. .. -z J
transition metals. ‘The only ones known are those where the post—

-

transitlon metal is a member Qf group IVb ‘

.

. The earliest report of complexes with bonds between nickel and
,\‘.' . . i 27 ' ’ \.J . .
group IVb elements is dated 1961, ‘\where thesé wére prePared using-the

‘ N

‘anion (m-C Hs)Ni(to) ‘or similar anions where the cyclopentadienyl ring

. [ B .
' . ) . N

Slnce then, these complexes have been synthesised by most of the '

‘other methods descrlbed earlier, with the exception of those in section

6 —- since no complex plth a’ mercury—nickel‘hond has yet been.reported
\t\ ‘ The eprrimental work of this thesis was doneewith a view towards

applying some‘of‘the’commonl§ used synthétic methods to the preparation

of complexes containlng a nlckel'tln bond. An §Bea of'especial concen-

tratlon was the reaction of tin(IV) halides or substituted halides with

bis(carbonyl—n—cyclopentadienylnickel), which where successful, yielded

r\-“

" some novel compounds with relative ease. Insertion reactions were also
. i . . . . f

. . ¢ )
. E

[}

\.(5'
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".used as ‘the sol_Vent for these spectra, and tetramethy,lsilane'w_as,sused' as -

%

4 s N . -
’ . ,:
» - »
/ ) .

. . EXPERIMENTAL WORK e

t kP \ !

9 . \ -

1 ) Starting ma;xterials were generally obtained commercially. Of those.
‘that ‘were mot, the preparations are described belox{r,. 'l‘ne compounds,
bis(dicarbonyl—n-—cyclopentadienyllron) and l;is(carbonyl—ﬂcyclopentadienyl-
nickel) were obtained from Alfa Inorganic,s Inc. , Beverly, Massachusetts,
‘U.S.A. A

| ' Prepara‘titma were carried out under an atmosphere of dry nitrogen.

¢ B PR

Solvents were kept over sodium —- diethyl ether and tetréhydrofuran were

kept over sodium benzophenone ketyl, -~ and all were distilled under -
vacuum before ‘use. ° B -
. 13

Infrared sp'gactra‘ were run as Nujol or hé;‘tachlorobutadiene mulls,. )

betwe'en sodium chloride plates. on a Perkin-Elner model 457 infrared

1

spé'ctrophotome'ter, or as chloroform solutions in 0.5mm KBr cellslon"a"

Perkin-Elmer model 225 infrared spectrophotometer Calibration standards

N

of DCl and polystyrene were employed in the range 2200 1900cm
Ultraviolet spectra were run,as CHCl3, solutions in quartz cells -
on a Unicam SP800 spectrophotometer.

: 3 S .
MMR. spectra were recorded on a Varian.A60 instrtment. CDCl, was

.

'
\

a reference.

Ay

Mass sf)ectra were obtained using a Perkin-Elmer~Hitachi RMU-6E .o

instrument with the direct insertion probe. . = .

Elemental analys.és"were c?arried out by the Alfred Bernhardt -

?

Microanalytical Laboratorieé, West Germany.

F
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Prepardtion of tin(IV) iodide.

' Powdered tin (2.4g, 20mmcle) and solid iodine (10.lg, 40mmole) -

°

. Ve
were mixed in carbon tetrachloride (50ml). The mixture was refluxed

until no Ffurther colour change (from purple to orange~red) was noted.°

Solvent was removed and the residue was extracted with carbon tetra-.
chloride; filtered and cooled. Crystals of tin(IV) iodide (10.4g,

17mmole, 85%) were obtained, m.p. 142-3° (1it. 143. 5°124)

g :
Preparation of tin(IV) bromide.

:

Small pieces of metallic tin (2 4g, 20mmole) were placed in a
three-necked flask, through which dry nitrogen gas was continuoualy
-passed. A reflux condenSEI was fitted to the middle'neck. Bromine

- (7.0g, 44mmole) was added dropwise down the reflux condenser. Vigorous

reaction ‘was observed during which a colourless liquid, tin(IV) bromide

v

formed. - Excess bromine was~distilled off and then the remaining liquid

t

was distilled‘into‘another containen The product was purified by
cooling it until most oﬁ it solidified, and- the remaining‘/liquid was’

decanted. The solid was remelted and'cobled to solidify most of'it and
’ ' lJ

again the excess liqpid was decanted to, leave purified.tin(IV) bromide

Q1240 1 T

(4.8g, llmmole, S55%), m.p. 32-3° (1it. '33 ).

’

Preparatidn of (dicarbonyl-n—cyclopentadienyliron)trichlorotin(IV).
Tin(IV) chloride (9.7ml, ZZg; 85mmole5 was added to dr&;'oxygen-
" free benzene (500ml) in a 1000ml round-battomed flash Fitted with a
reflux”condeneer and a Sonhlet extractor. Bls(dicarbonyl—n—cyclopenta-
dienyliron) (30.g, BSmmole) was placed in the thimble inside the -
extractor. The solution was refluxed until all.the solid in the thimble:

was extracted. "The solution was filtered and its volyme was reduced by

k]
.

N

Sefmpn
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. N\ ' \ - . ‘ ‘ : : "
evaporation under vacuum until a solid began "to separate out. [Recrystal~

isation in dichloromethane yielded orange crystals of (dicarbonyl-m— .

cyclopentadienyliron) tricthrotin'(‘fV) (21g, Slmmplé, 607}, mp 156-7°;

27,1 - 46,84,
dec. (1it. 150°,27125 155 g0 126 55040,80y

v

Preparaticn of (&icarbonyl—n.-cyclopentadienyliron)—tribromotid(IV').'

Similar method to that used above, using tin(IV) bromide (6.6g,
15mmole) , bis(dicarbonyl—n—cyclbpentadienyliron)'(5.3g, 15mmol§a) in

benzene (150ml), yielded” (dicarbonyl—vr—'cyclopentadiepylir_on) ;ribrpmqtin(l-‘})

(2.4g; _4.6mmole,] 30%) , m.p. 170° (1lit. 169-170°;126 170—1°84).

-'Reaction .of; bis(diearbonyi—n-cyclopentadienyliron) with tin(II) chloride
- . . ' ‘ [ 4

e

dihydrate.

- " Tin{II) chloride dihydrate (4.1g, '18mmole)u and bis (&icatbohyl«-ﬂ—-
é:y,clopentadienylii'on) (5.33,'l15mmole) .were’mixed in methanol (250ml) and
ethyl acetate(50ml) and the solution -was ref:luxed in an.atmosphere of
dry nitrogen for, 6 .hours.‘ The coiour of the solutio.n haq ._change.d‘ from
wine-red to orange ‘iln this time. Or; cooliné, orange c'rbystéa.ls of ,bié-

: (dic‘arbonyl-n-cyclopentadienyliron)dichlorotin('IV') s.eparz'zt'ed .fr;ml the

solution. Removal of some solvent under vacuum left 50ml of confentrated

solution which, on cooling, S'ielded ‘a further quantity of the same
. N - .{
material. . : e

)

The orange crystals were washed with hexane and recrystallised'
from lhet:h-anol. to give fine orange needles of bis(diéarbonyl—m~cyclopen-

'tadienylifon)dichlorotin(IV) (5.4g, 10mmole, 67%), m.p. 167-8° (lit;_..
go 46,89 go 126 8031,84).'

166- 167~ 16
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Reaction of bis(carbonyl—n—cyclopentadlenylnickel) with anhygrous

A

tln(II) chloride. .

.

, Anhydrous tin(IT) chlordide (0. 64g, 3. Ammole) and bis(carbonyl-—n-—~

cyclopentadlenylnickel) (1.0g, 3. 3mmole) were mixed and dry oxygen-free

tetrahydrofuran was condensed onto the solids to dissolve them. The

I3

o, .
solution was stirred under reflux until there was no evidence of bridging

carbonyl b-ands (1800-1900cm-1), in the infrared. spectra .of the solution

(2 hours) Solvent- was removed under vacimrn, and the remaining solid

was extracted with chloroform. The product was recrystallised from 1'1’

CHC1. /hexane glvn.ng dark green plates of b:Ls(carbonyl-n-cyclopenta—

dlenylnlckel)dlchlorotin(IV) (0 68g, L. Armnole, 42/), m, p. 93 -94° (1it.

-

(dec:) )
Analysis: Cale'd: C 29 22/,, H, 204/ Cl 14.38%.

Found : C, 29.27%: H, 2.12%; 01 14.54%.

Reaction of bls(carbonyl—n—cyLlopentadienylnickel) with anhyrlrous

tin(II) bromide. ' ' " ,

Dry tetrahydrofuran (50ml) was condensed into a 100m1 round-

boftomed f£lask containing bis(carbonylen-:cyclopentadienylnick_el) (1.0g,

N

3.3minole) ‘and tin(II) bromide (1.0g, 3.5mmole5 . The solution was stirred

under reflux until there ‘was no trace of bridg:l.ng carbonyl bands ,
(1800~ 1900cm ) in infrared spectra of samples of the mixture’ (2 hours)
Solvent was remOVed,qnder vacuum and ‘the solid was extracted with

chloroform which, o'n cooling to‘ ~63° and, removal of some solvent under

vacuun,. gave a dark green crystalline solid, ) ' I |

The solid was recrystallised from 1 1 CHCL /hexane to give dark

green, plates. of bis(carbonyl-r-cyclopen tadienylnickel Ydibromotin(IV)

A




R

(0.66g, 1.1mole, 34%), mp. 107-108°.

Analysis: Requited) €, 24.76%; H, 1.73%; 0, 5.50%; Br, 27.45%.

Found = ¢ C, 24.76%; H, 1.88%; 0, 5.66%; Br, 27.37%.

, Reaction of bis(carbon l—n-cyclopentadienylnickel) with tin(IIlg;odide.

Tln(II) iodide (1 3g, 3, 5mmole) and bis(carbonyl n-cyc10penta—-f

dienylnickel) (l Og, 3. 3mmole) vere dissolved in dry, oxygen—free

PN

tetrahydrofuran'(SOml).: The mixture was stirred for two hourg, after
_which a change of colour, from cherry-red to dark brown was noted.

Redovel of the solvent left a tafry résidoe. This wae extraoeed into -
benzéne, and-Femovel of.the sdl§en£ 1eft‘another tarry residue; epparently
onchanged: - |
.The pFooess was repeated, this nime extraceing.the regidué iotg

dichloromethane, with the same result. It proved:impossible to obtain:a

pure -product. '

‘Infrared spectra of the tarry residue.sﬂowed a Qery strong band
at 2070cm” L. . - o S -

y- -
- s ' .

Reaction of bis(carbogyl-n-cyclqggptadienylnickel) with tin(IV) chloride._

Ve
: Tin(IV) chloride (0.4nk, O. 903, 3 Smmole) and bls(carbonyl =

»

cyclopentadienylnickel) (1.0g,.3.3mmole).were nixed in dry, oxygen-free

. \ . ’ .
benzene (30ml) and stirred at room temperature under pitrogen for 40

i

ninutes, ;The resulting green solution wag filtered, benzene was removed

v ,

under vacuum upntil the volume of the qolution was redueed to 10ml and.an
équal ioiume_gf hexane was added dropwise; DaFk'green needleg were
obteined thcd were‘recrystaliised bjidissolving in benzene (fﬁml) and.j
depositiog with hexene added‘dropwise; + The product was iiipe;ed and

[

dried to give (carbon&l-nfcyclopentadienylnickelLtrichlorotin(IV) (0:46g;

Lud
N )

Y

22.
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" L.2dmole, 37%), m.p. 42-43°(dec.).

1

Analysis: Required: C, 19,12%; H, 1.34%; Cl, 28.22%.

Found : C, 18.91%; H, 1.43%;.ClL, 28.341.

© . (dec.).

v

Reaction of bis(carbonyl-n-C)"clopeﬁtadienylnickel) with tin(IV) Eromide'.
Tin(IV) bromide (1.7g, 4.0Ommole) and'bis(carbonyl-n—cyclo.penta—

dienylnickel) (1.0g, 3.3mmole) were mixed in dry, ‘oxygen-free benzene

»
4

* (40ml) and stirred at room. temperature under nitrogen for one hour.  The

' , . ‘ . ' i .
" resulting green solution was filtered and concentrated to 5ml by removing

benzene under vae_uum. Hexane (20ml) was added dropwise until fine, dark

' g'reen needles were obtained. ‘The product was recrystallised by dissoclving

in benzene and adding hexane dropwise to the solutlon, ‘which was then

filtered and the solid was dried to give, crystals of’ (carbqnyl-"n-cyclo—

pe_nt:adlenylnickel)tribromotin(IV) (0.52g, 1.2mole, 36%), m.p. 56-58°

» . ) T

(o

Analysis: Required: C, 14.12%; H, 0.99%; Br, 46.98%. o

. )

“Found : G, 13.97%; H, 1.06%; Br, 47.08%,

. Reaction of bis (carbonyl—n—éyclbpentadieryl;ni'ckell with tin(lV) iodide. -

Tin(IV) iodide (2.0g, 3 2mmole) and bis(carbonyl-'n cyclopenta—-' o \

dienylnickel) (0. 913, 3. Ommole) were mixed in dry, oxygen-free benzene
(50m1) The solution was stirred at room temperature for two hours,
during which the solution had changed colour from wine-red: to bxjown.‘

Removal of solvent under vacuum left a brown tarry residue. The residue
LU N » .

was extracted into benzene and filtered. . The benzene was removed under ,
: bt ' ; _

"vacuum, and'a similar tarry residue was left. Extraction with other

- solvents gave g),o pure product. The material '_decomposed before i't. could

be purified. (According to infrared spec,tra', no absorptions could be

<
’

14
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:sc'>lid was washed with hexane and extracted into~a 1:1 mixture of

' seen. in the carbonyl stretching region - 1700 -2100cm 1.)

" Infrared'’ spectra of the tarry residues showed a very strong band -

at about 2070cm 1. b . . " ) ,. S

¥

Reaction of bis(_carbonyl~1r-c'yclopentadienylnickel) with (dic'arbonwlﬂr—

cyclopentadienyliron‘) trichlorotin(IV).

. (Dicarbonyl-1-cyclopentadienyliron)ttichlorotin(IV) (1.5g,

-3.7mole) and bis(carbonyl-m-tyclopentadienylnickel) (1.2g, 3.9mole) .

i

* R '
" were mixed together in dry, oxygen-free benzene (50ml) and the mixture -

was refluxed unde‘r nitrogen for 12 hours. -During this time, the progress

'of the reaction was monitored by infrared spectroscopy, watching for the
-dlsappearance of the bridging carbonyl bands in the 1800~ 1900cm range.

The solvent was removed under vacuum, leaving a(zrrk brown -solid. The.

”

' dichlor?methane/hexane' and filtered under nitrogen. : Concentrati’on of

“ the' 901ut:ion with coollng yielded brown—green crystals which were - washed

-

filtered and dried under a stream of dry nitrogen. Recrystallisation with -
the same solvent mixture gave (dicarbonyl—rr—cyclopentadienyliron)— .
(carbonyl - cyclopentadlenylnickel) dichlorocin(IV) (1.0g, 1. 9mmole,
52%), m.p. 113-114°, ‘ ' . ' )
Analysis: Required: C, 3'0.;122; H:,"1.94%; C1, 13.68%.

‘Found : C, 30.20%; H, 2.08%; C1, 13.48%.

4

) It was noted that.under vatuum, a green volatile solid, which oroved ‘to

v

be fnickelocene, was given off in observable quantities in this prepar-

ation.




’

Reaction of bis (carbonyl—n-cyc1opentadienylnicke1) with (dicarbonyl-

H

Ti— cyclopen tadienyliron) tribromo t:in(I\D

)
(Dicarbonyl n—cyclopentadienyllron)tribromotin(IV) (2. Og,

v

2. 6mmole) and bis (carbonyl n—cyclopentadienylnlckel) (0.85g, 2.8mmole)

{

were mixed together in dry, oxygen-free benzene'(SOml) and the mixture

was re.flux'ed:under nitrogén fc\)r 12 hours$ until there was no carbonyl
bridging band in the rang'e!1800—19004;m_1 in inffated spectra of the
mixtire. °The solvent was - removed under vacuum, 1eav1ng a dark brown
solid. ' This was washed ‘with hexane to remove traces of unreacted bis-
'(carbonyl-ﬂ cycloplentadlenylnlckel) and then extracted into a 1!l mixture
’of dichloromethéne/hexane' and filtered under nitrogen. The solution was
‘.concentrated and cooled giving orown-greon orystaln.. ’fhese 'wero washed
. with hexane, filtered dnd dried under a strea;x:l .of dry nitrogen.
‘Recrystallisation with the samé solvent mixture gave (dicarbonyl-'n-
| cyclopentadienyllron) ( carbonyl-n-cyclopentadienylnlckel)d1bromot1n(IV)
'(1 0g, 1.7rimole; 65%), m.p. 148 1492~ -

It yas no ted that nickelocene was, given off in observable amounts .
in this preparatlon, especially where there was a vacuum; .
' Analysis: Fequired. C, 25.71%; H, 1~.66A, Br 26. 324-.; '

Found : C, 25.56%; H, 1.80%; Br, 26.34%.

' . I1 . .
: Reaction of bis(carbonyl—n cyclopentadienylnickel) with tin (1) fluoride. .

This vas done under similar reqction conditions to- reactions with'

other tin(II)’halicfes._ Infrared spectroscopy - -of the reaction niixture at
regular intervals showed bridglng carbonyl bands in the region 1800 1900cm 1,"..

"

indicating that the int:ended reaction had not taken place (:msertion)

The .reaction mixture was‘_ refluxed for longer periods, eventually yielding

. 3

TN
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materials thai: gave no evidence of having carbonyl bands at "all in their .

infrared ‘spéctr“a. " Mo crystalline products were obtained. ,

Reaction of bis(carbonyl—m-cyclopentadienylnickel) with potassium

27,127 -, ' . \
o : . TR ~

Several attempts were made to prepare the anion, [ (ﬂT~C5H5)Ni(,CO) 1,

by the reactlon of these two materials using e‘quimoiér quantitdies in

metal,

)

tetrahydrofuran solutions. At room temperature, there was no apparent

reaction. No colour change was observed and infrared spectra of the

')\‘jutlions at regular intervals showed no ghange in the bridging carbonyl P
C ion at 1809—1900cm_1. At elevate& temperatures, t;he_"solution"changed .

from wine-red to.green and infrared spectra of the resulting tﬂixturg

.showed a band at .about \1740~1745cn'1_1, char-a'c:teristic" of the corﬁpouhéi
N 128

[(n CSHS)NiJS(CO)z..

" \

<

Reaction of bis(car'bony\l‘—'n-cyclopentadienylnickel) with sodium metal.

These materials were taken in equimolar quantities in tetra-
hydrofuran’solution under the same conditioné‘ as the reaction 'with.
-potagsium metal. At room‘femperature, tﬁe solution weﬁt greeﬁ, and
in,frared spectra 'pf- thé resulting mixture showed a ngnd at abt.m't 1740- o
'l745cm;1\ as before. 12.8 ' { ' '

Reacti‘on of bis(carbony1—'rr-gc1og.entadi'enylrllickgl) with phenvlein
trichloride. ‘ h

. This réactiorg'was done uﬁdér_ the same conditions as for reacéioﬂé '
with i:in(IV) halides. The réaction mixture aft‘:er one hour géve infraxl‘.gd
spectra ‘with a strong sharp band at about; 2020cm-1_. ’R:emoval of Sjol\{ét}t

gave a greenish-brown oil from wi1j.ch it was not poss'ibl‘e to obtain a
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pure 'prpduct‘ before decomposition set in.
‘ ' ’ . ’
-Reaction of bis ('carbo:iyl—-'n—cyclopentadienylnickel) with diphenyltin -
T . L A ' ‘ oot
. dichloride. = ' . : ‘ . Co e

" This reaction was done using equimolar quantities of the

.
.

reactants. -The materials were refluxed in benzene for 19 hours. The

.
T

crude product gave a Band at about- 2000—2005cm—1.h 'This also was impos-_

. .
K

sible to purify, ' C "

Reaction. of bis(carbonyl-n—cxclggentadienylnickel)dibr'omd tin(IV) with

v

" ‘shehyllithium.

- crystalline product. }

region, l800—1900cm l‘, as well as oneyrgt '1750cm 1, and one at 2060cm .

-

i

.These materials were taken in:>blar ratio of '1:2 and added’
together in tetrahydrofuran at -78°. e mixture was stirred’at that

- temperature for 20 hours. Infrared spectra of the resulting mixture

showed only a weak broad band at about 1950cm l{." Removal of solvent

q

under vacuum left an oil from'yhic_h it was not possible‘ to.obtain a pure

‘o

Reaction of bis(carbonyl-n-cycloyenta ienylnickel)dibromo tin(IV) with

. 8 : .
‘@
These mate‘rials were taken in a molar ratio of 1:2- and added

r

methylmagnes ium iodide.

together in diethyl ether at room temperature. The mixture was stirred

for 24 hours. -, An infrared spectrum of the mixture immediately after the

-]

reactants were added together showed bands in the bridging carbonyl .
-1

After "24 hours, an infrared spect sl owed a band at 2000cm -l together

with the bridging-carbonyl bands. Att pts to isolate a pure product

¥

‘were unsuccessful,

P RSO SV WT AP

PO TR W W TR IR

ANz
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“Reaction of bis (carbonyl-m=cyclopentadienylnickel)diohlorotin(IV) with

thiophenol in presencé of a base.

~to purify the material were uhsuccessful,

- The reactants were taken in the molar ratio 1:1.1 with 'a slight

excess of triethylamine in tetrghydrofuran at room temperature. After-

. one hour, an infrared épectrum of the mixture showed a band at about
. [ . r .

1995(‘:m~1 together with one at about 19§0cﬁ1—1 and. at’ about 1810cm—1.

After a furt:h,er hour, solvent was removed under vacuum, leawving an oil,

N

Infrgted spectra,of this oil showed a band at about 1995cm._l. Attempts

19 ’

!

Reaction of bis (carbofxyl-ﬂ-.cyc1open‘tadiepyln:‘!:ckel)dichloro.tin(-IV) with - -

results. ., No consistent spectra were recorded.

ethanethiol in presence of a base. . ' ' ' e

'-‘Th'is was done in the same manner-as above, with ‘equally, negative

. . -
\ - . . .

- 18,
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DISCUSSION

I. The Reactions. - . /

The insertion of tin(II) chloride or

-nickel bond of [(n—C )Ni CO)] takes place

hydrofuran is used as a solvent, the prodgcts being [(n-c )Ni(CO)] SnX

(X _=’ Cl or Br respec;:iv_ely). The insertion of tin(II) chloride takes

“-previously reported ."46

7

carbonyl complexes has been reported by some’

Insertion of ti’n(II). halides into binucléar transition meta~l-

L
Y

e .
bromide into tbe nickel—

l . L
a .

quit:e readily when tetra—

-

2

. place readily into [(11—'(35}15)Fe(CO)2]2 with metnanol as the \s_o‘lvent,..as o

c

=

researchers to’ take place

most read 1ly when the transition metal complex contains bridging carbonyl

groups.az’%_ ’I‘here are Teports, however, of

insertion into chromium—- ° N

chromium, molybdenum~molyhdenum tungsten- tungsten,44~ manganése—manga—‘

nese,l'5 and cobalt- c:obalt:50 21,129

bonded complexes where the 'meta.l-"

5

metal bond is unsupported by bridging carbonyl gfoups.- It 1is repon':"ec.l :

‘that, in‘.xzhe case of t:he'c:obalt:—c':obalt42 and

conditions must be more r'igp_roos in order to

*"is no bridging carbonyl group present :in the

ot

compl"ex.
Infrared spectra of solutions of the
-y 131=135 o

and Co (CO)8 77 show mixtures’of bridged

where bi:idged-nonbridged isomerism occurs.

29

3

manganese7ménganese45 bonds, -
effect insertion where there
original transition metal

130

complexés [(n- Cq )FE(CO)Z]Z

and unbri.dged forms in

'varying proportions, depending on the temperature. Itb‘mey be 'that inser-

tion- intermediates réq'uiring lower activation energies are possible

.

[



. ‘metal—metal bond of the binuclear compleXes [("—CSH,S)Fe(CO)Z]Z’ f

‘ dimeric species, for ‘example, [ (v~ CSHS)MO(CO) ]2 or [(Bu P)Co(CO) ]2,

o 30
Q. o . . . e . )' © - .
* . - \

A steric fac'tor, may ‘also.'be responsible for the ‘differences’ ir}

reactivity of the binuclear transition metal complexes:. Becaiise of the
‘e . i LY

;o i . . o o
larger pumber\of carbonyl groups around the transition metal atoms,

-

Mh (C(J) w0u1d be expected to be less readtive tﬁan Go (CO)8 aqd"
[(n‘ (} )M(CO) ]2 (M= Cr, Mo, W) would be exp'ected to be less réactive |

than [(n-—C H )Fe(CO}] and even less reactive than [(TT-'C 5)N:L(CO)]2‘

where insertion of «a tin(II) halide is concerned ’

& »

Kinetic studies of the in’sertion éf tin(II) halides 1nto the
136

) [(Bu P)Co(CO) ] 137 [(11 C_H )Ni(CO)] o3 have beenr orted The tesults' . £
P o> 0 S

L]

suggest a bimolecular mechanism in which the dimer 1s subjected to a -

direct attack by the tinCII) . halide species. A postulated intermediate ,

7

{s shown belew (M = Fe,'Co), . “ . S S ) '~.

Tt

v - .
- : ¢ . Lo

"In the case-qof insertion of tin(II) halides into nonbridged
29
it is’ suggested that t‘here are two possible mecharisms -~ direct and
indirect. In the latter, there is first formed a migtu:’ie of QX and

QSnXB;_ after which the excess dimex reacts.with the QSn_i( to form QZSn}{2 :

5
Q =. Qﬂ—CgHSjbio(CO)3, (Bu31’3Co(GO)3, or' other\ gimilar tr'ansitio_n metal | '

Ader,ived group; X = halogen). The presence of QX, QSnX SnX among the

e

3>
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Q

reaction mixtures is.taken as evidence in support of the suggested
reaction scheme. The relative importance of the two pathways depends on

v, . e ‘ 8
the nature of the transition metal group, the halogen; the solvent used,

- S e . 0

the mole ratio of the reactants, the temperature, and the presence -or
absence of light.‘ ‘ o
_%In the light of some of these considerations, the_ease of °

" redction of tin(ILI) chloride and bromide.with the nickel dimer seems’,

n

' reasonable. . v
" Apparently, tin(II) fluoride does not insert into the nickel-

v : Lol . ’
nickel bond when tetrahydrofuran.is used as the solvent, as infrared

spectra'of the reaction mixtures taken at intervals show bridging

cathonyl'groups to be present at all times. However, the lack of
~ - , . .

° . “' . : Lt . = . . A ,
reaction mdy.be due to the two species not being:in the same phase, as
* " -

tin(IL) fluoride isipracticaily,insoluble‘in tetrah&drofuran, or indeed
most solvents. . : . . -
v D {> 3. . LR 1

2 , e S . . roN

' Tin(II),iDJide gives a brown tarry brodubt when reacted with the

’

: nickél dimer. This product is“NolEtile, having an extremely disagreeable-

“ . . P . S . \

odour. It decomposes too rapidly for it to be isolated, and no other

‘a N e

materials could be isolated for. identification The product may be the

A L S N . . 5

: unstable compound (ﬂ—C )Ni(CO)I 138 )

-

Tln(IV) chloride and ‘bromide react readily with [(n-C )Ni(CO)]

4

,.ﬁn benzene tOfgive (n-CSH )Ni(CO)SnX (X = Cl or'Br resp2ctively) In

: ne1ther case was it possible to isolate the other expected product,
RN Y i L
carbonyl—nrcyclopentadienyl<halide,.presumabiy because of decompositioﬁ
. . n . . p T Gl N ]
due to tﬁermal J.nstability.f . o i A

ol ‘ -
~ ¥

Carbonyl—n—cyclopentadienylnickel iodide has been identified and

138

found to pe unstable above 0°. Among.other transition metal carbonyl

o
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_halides, the stabilites tend to fall in the order Cl < Br < I with very

feéw - fluoro- derivatives known. 139 Assuming that, as with other netal

° 4 2

cerbonyl halides, the iodide is the least electron-attradting, with‘the'

-bromide more so,.and the chloride most attracting, the electron density

at the metal atom would be expected to be least in the chloride.’ Thus, -

the extent of backbonding from the metal dn to the carbon pw orbitals

.would be reduced, weakening the metal—carbon bond, making decomposition

- 4 ’

easier. ,

For example%.of.the compounds.(n—CSHS)Fe(CO)ZX; the chloride

70140

decomposes at'8\ without melting, wherees the iodide only'deconposes

at 117-118° as it melts.141 Aléo,'expériments on the rate;of CO exchange
in the compounds “HJCsﬂs)Fe(CO)ZX show- that the rate is greatest when

142 -

X = Cl, ‘less when X = Br, ana least when X = 1T —-— enidence for the °

difference in bond strengths between the metal and the carbon atoms and
also suggestive of the ease with which a‘hO group may leave a chloride

- derivative compared to the corresponding iodide derivative. Thejauthors

also studied the‘exchange réte in the compounds ‘Mn(CO) Xlwith similar .

results Observations of the étabilities of the compounds Co(CO) X show
LRV k

that they decrease in the oxder X ‘=1 s'Br > Cl. 143

Reaction of tin(IV) iodide with the bihuclear nickel complex
‘ o . . (
apparently gives products.similar to those when tin(II) iEHTEE%E:i::ed.

Although organotin(IV) halides appear to react with the hinuclear

nickel complex in a similar fashion to the reaction of tin(IV) halides,

. producing similar colour changes and changes in the infrared spectra of

_the mixtures, no products could be isolated to confirm this.

The compounds (m- C )Fe(CO) SnX = El Br) react with the

| 3 &
nickel complex in much the same way as. tin(IV) chloride and bromide, the *

!
.
- ' N I »
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products being novel heterotrimetallic compounds containing a tin atom

8

bonded to.an iron atom and -a nickel atom, (n—CSHS)Fg(CO)zsﬁXZ(w—C )

Ni(CO) (X = Cl Br). - o

v ’ ) .

Attempts tQ\Prepare the anion, (n C )Ni(CO) » were. not

'succéssfpl.\ It had been hoped that some novel metal-metal bonded com- -

v

plexes could have been made using the anion to displace halogen atoms

[N

attached to tin atoms in tin(IV) compounds. - ‘ - |

Attempts to produce novel'compounds by reblacement’of the halogen
4

)
atoms in. [(n -C HS)Nl(CO)]zsnX by other groups were likewise unsuccessful,

In the reaction of methylmagnesium iodide with [(n—C )Ni(CO)] SnBrZ,Vit

J B '

-aépeared that the tin—nickel‘bond was Qroken,,with the formation of

[(n c; )Ni(CO)] and [(n C )Ni] (CO)2 (Infrared spectra of the
reaction nixture showed abgorptions at.about 1740-1745cm-% and in the

range 1800—1900cm_1, characteristic of these compounqs.)'

2. Physical Properties of the Products.

.were orange in colour.

-ag solids under dry nitrogeh in absénce of light, the product of decom-

The products that were successfully isolated from reactious were
- ' »' ' ' ‘i

S

all crystalline materials. The nickel~tin complexes were green, the

nickel-tin-iron complexés were brown-green and the.iron~tin complexes
i . . . -
. ) .

| The stability of the products varied consiaerably. The mono-

substituted nickel-tin complexes decomposed rapidly on éxposure to the
L ) - P | '
atmosphere both as solids apd in solution. They decomposed slowly even

t

‘positioﬁ being a black or grey-black powdery solid. The disubstituted

\

nickel-tin complexeé in the solid state were'relatively stable on exposure

’ Lo v

" to air, but sqlutions deqomposed/giowly. The coﬁpoun&s containing the

]
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iron group were. stable as solids and decomposéd'only very slowly as

'eolutions when exposed to the atmoaphere; Interestingly, the mixed metal

' 3. Suggested Structures for the Products. .. |

- 1 1
-+ (1=Cglg)Ni (PPh ;) GeCl ¢ .

"bond lengths and angles are mot to ascale.

compounds gave off some nickelocene when subJected to low pressures

The metal-metal bonded compleres were soluble in most organic
solvents, although less so in saturated hydrocarbons., This property was
made use of in_isolating and purifying them. _ ' ,.

Table 2.summarises some of the phpsical and spectroscoPic proper~

ties of 'the nickel complexes syntheaised,here.

At present; the only c&clopentadienylnickel compound'containing

.. a nickelJmetal bond for which a crystal structure has_been:determined'is

69 .

In this compound, the cyclopentadienyl ring is distorted. The’

i

nickel, germanium and phosphorus atoms lie in a plane perpendicular to. |

the mean’ plane of the. cyclopentadienyl ring. One of the chlorine atoms

lies almost in plane with the nickel germanium:and phosphorus atoms. A

diagram of the molecule is shown in Figure 1, following Table 2, The

\

In the absence.of other x-ray structural determinations, it 1s

assumed that the geometry-around the nickél atom in the carbonyl—n—
'cyclopentadienylnickel compounds reported in this thesis is similar,

‘foldowing a distorted trigonal bipyramidal configuration around the

‘nickel atom, .in which two equatorial and one axial position are occupied;

| . . v

by the cyclopentadienyl ring, as shown in Eigurelz. In this way; the

centre of the ring and the nickel, the group IVb metal atom and tﬁe-\/

v »

ligand can.all lie in one plane. v
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TABLE 2

,PhyéicaliParameterslof-thg Nickel Compounds Prepared.

:Compound
[(ﬂ CH )Ni(CO)] Sn'Cl, green
)
[(ﬂ-CSHS)Ni(CO)]ZSnBril ' gréen

.
b

(7-CHINL(CO)$nClL -

2 brown-"
) ‘ green
.(CO)ZFE(H~C5§5) .
!
(7-C4H ) N4 (CO) SnBr ,~ ' brown-
' : : _green

(C0) ,Fe(m-CoHc)

?

(ﬂ—C H )Nf‘(CO)SnCl3

hi(ﬂjC5H5)Ni(CO)Snéf3 . green
[ B ' )

As Nujol mull between NaCl' plates

bAs‘CHCI

3 solution in 0.5mm KBr cell

" Colour

green _

m. p.

" 93-94°

107-8°

42-43%dec

56°dec

113-4°

148-9°

+“As gDC1,
|
As CHCLy

d

i LI

-1
Ve-o (E® )

2088w, 2045s,
20288d

20308, 2019m°

2071s, 2021w**

20726

N

2065s, 2016w+

2069sd.

2028s, 2007ms,

1994ms; 1960ms® -

'2034s, 2008s,

19685°

2031m5, 2003s,
19645 .

-20355,‘20065,'
© 1968ms

b

.solution;\IMS

solutidén in ©

)
P r‘?"‘“’:}\”w\-w [T,

CsHts

442

443

4.18".
- 4,23,

‘p.ba
oy 4092

4.45
4.96

‘reference -

.lmm NaCl cell
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repared. -
m.p. Vo ((T.m‘ ) ‘ TCSHSC B )\max (1}m) .+ Ions in mass spec.trum‘
i-94° 2088w, 20455, 442 - 238sh, 261ims, P-C0, P-2C0, P-SnCl,,
3 ‘ . , .
2028s , 7 296m oy .
. | “ (CHG) NE, 00, (CHC) N,
sncl,, (CJHNL, ‘Sn(':l, ete. -
)7-8° ¢ 2030s, 2019m . 4437 ' 244s, 275vs,. . P-CO, P-2C0, P-SnBi,, |
LT T 308sh, ki - o fou
e L o o o fcsﬂs)zmzc‘?’ (ngs)zmz.’ |
, '., . C . S (C5H5)2Ni,y S“Br.,z’ ;(CSHSI)Ni’. :
’ SnBr, etc. ‘
-43%dec ~ 2071s, 4021u*" - (4180 73250, 302m, - P, P-00, (Cog),Ni, SACL,,
@ L d- o ~ 446m o ‘ ‘ .
o 20725 .‘ . (csg5)§1c1, (CH )M B
°dec 20655, 2016w* . 4.23°. . 235m, 280m, . (AN, ('05115)1\11e '
20695d - " S 36l L . | e Do
13~4° 2028s; 2007ms, 4,43 © 240s, 288ms P, P-C0, P-200, P-3(0:
1994ms, 1960ms” (- 4.92 0 A ' ;
. 2034s, 2008s,
19685 ,,
18-9° '2031ms, 2003s, ' 4.45 0 ' 242m, 270vs, P, P=CO, P<200 . . o+
N Cow9e4st L 4,96 . 306sh, 412w i
2035s, 2006s, -~ o o , ,. .
1968ms° o R
as CDCl3 solution; TMS geférence-l ; ' 'eNo better mass -Speétr\xin available @
dAs C}{C13'splution in-0.lmm NaCl cell ’ *Attributed to lBC—O.’sEretcﬁ, )
L . l.\ . N . N ' . . ¢
-
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The téﬁgonal o%pyraoidalsafrongemeﬁt }o‘in aCCoroaoce with'd%p3‘ll
.:hybrid’o;bitals°ailoweo b; the electroo‘arrapgeﬁent about the nickel

aton. R L - . | i

Probable structures of the complexes'(n-C )Ni(CO)SnX

[(H—CSHS)Ni(CO)]zsnng (n—CSHS)Ni(QO)SnXZ(CO)zFe(w C ) X = Ql,'Br)
are shown in Figures 3, 4, and 5 respe;tiVely, following Table 2.

B ’,
£

4, Infrared Spectra. _ .

Inkraroo.spectra'of the compioxeo'in'so}ut;oﬁ'show,irespectively,
- one,-two, or throe sErOng or modérotely sttong_absorptiooé io‘the”ter— o
" minal oarbonyl stxetchi?g range (1900-2100cm-;). Lo L?
For the compounds (T‘r-CSHS)Ni(ClO)'SnX& (X = CL, Br), th‘o single
.absofption~bénd in the terminal stretchiog range is in accordance with,
the expected strocture, e
The‘presencé of two'terminai carbonyl stfepchingjbao&s for toe'
comooundo [(ﬁLCSﬁsti(CQ)jZSnX2 X =01, Br)‘can be attribptoo to_two'

.

‘vibrational modes: symmetric and antisymmetric (Figs. 4a, 4c) -= or

éimply:'in phase, out of phase.’ Here, as in the case of the corresponding o

. drdn combounds,126 the higher wavenumber is -assumed to correspond to, thé
symetrical vibration. | ’ v

. In.the heterotrimetallic derivatives, the, bands can be a391gned

N

on the basis of local symmetry provided no appreciable coupling between
‘the carbonyl groups on the iron atom and the carbonyl group on the

- mnickel.atom 1s assumed. One band can be assigned to the C - 0 stretch

at the nickel atom; the other two to symmetric and antisymmetric c - 0

"

‘'stretches at the iron atom. (The group,. (m— CSH5)Fe(CO) bas a plane.-

m

of symmetry bisecting the angle between the two Fe,— c ‘O.bonds.)

K
B

ey
ba
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H,Sincelche average C - 0 stretch in a cpmpound_cf the type

~(ﬂ-C )Fe(CO) SnX3

occurs at.a lower enefgy than the C - 0 strecch ih a
corresponding nickel compound, we may assign the highest energy c - 0

stretch to that of the gr0up attached to the nickel atom, the next

‘highest to the symmetric C-0 stretch at the iron atom, and the ‘lowest

€

to the'antisymmetric stretch at the' iron atom.

. The effect of the various substituents at the tin atom on the o

1

.enexrgy of .the C - 0 stretching ahsorption‘in these compounds will be -

- 1

discussed later. .

5. 1H NMR Spectra.:

‘a

.The }H NMR spectra of the compleyes’show an interesting trénd,

.

Those.compiexes containing only one nickel groué atpeched to the tin.
atom show'a resonance of'the'cyclopentadienyl hydrogens in the region of

T 4.2, whereas'fhose containing two transition hetal groups show a
. ' . ,

resonance for the cyclopentadienylnickel hydrogetis in the region of

1 4.4. (Since in the iron-tin compounds the resonances generally oceur .

at higher T values fhan‘those of the cdrresponding‘nickel—tin compounds,

the resonance at the higher T .value in the heterotrlmetallic compounds
is ass1gned to the cyclopentadienyliron hydrogens while that ‘at the lower
T value is ass1gned to the cyclbpentadlenylnickel hydrogens )
“A comparlson of the NMR spectra of ‘the compounds (ﬂ C 55Fe(00)2i '
o 84
SnC1, and.[(nfCSHS)Fe(CO)z]iSnClZ

.compounds containing one or two transition metal groups attached to the

shows the same cdntrast between

- same tin atom.

e ‘ «
. '
. ® . . .

The effects of various substituents at the tin atom on the

cyclopentadienyl'hydrogen resonance in these ccmpounds will be discussed

’

R
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later in more detail when they wi11 be considered ﬁ%ong with effects on

other physical parameters, notably the ¢ - 0 stretching absorptions in

-

the 1nfrared spectra of the complexes.. ' : ,

6. Electronic Spedtra.: R - ‘ ot
. : N o /

e

Véry little study has been done on the electronic spectroscopy

of'organometallic compounds with metal-metal bondg. To aséign the

-absorption max1ma of these compounds to particular electronic transitions

would be beyond the scope: of this work However, some of the regulari—'

~

ties observedjin the.electronic spectra‘of the compounds- prepared here

are worth noting..

All the complexes show an absorption at about 240nm and most

AN R '

show one at about 260 -290nm. *Most of the complexes also show a third
absorption at'about-BOOnm, and absorptions at longér wavelengths were
noted 'in four of thefcomplexes.‘ For most of the complexes, three absorp-

tion maxima were observed, of which the peak at about 260—2§0nm was the

~
[y

most intense.

' . - . © ’
The number of transition metal groups, or the-number or kind of

‘halogen atoms attached to the tin atom did not affect the Qalues‘of Amax
:in any -regular tashion except in the case of the compoundat[(v—CSH5)Ni-

".(co)].snX,. In this case,'nhere X = Br, the values of A’ .were all
2772 , ' S , max

!

shifted to a longet waoelength‘compared to where X = Cl. ) !

' Valuep of € ax were not calculatéd, as the solutions decompesed

‘,rapidly, making the calcnlated-valueg unroliable., However, the relative

intensities-of the. absorptions in each spectrum are noted, using the

same notation as is common in infrared spectra. .

”

Curiocusly, the colour of the hétetotrimetallic complexes appeared -

S PR S

-

A AR A b Ml St S T T T
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}

- to be.something between the colours of the iron-tin cohblexes'and-the‘._
.nickel-tin complexes, although no such regularity was oBservedlin the

electronic spectra of tHese substances. o

7. Mass Sgeetra.

Because of the large number of stable niuclides of nickel, and
- ;.]‘ N
especially of tin, mass spectra of the complexes, which were difficult

to obtain in good’ quality in any case, were in. addition, difficult .to

-

."interbret.
Figures 6, 7, 8 9, everleaf, show, respectively, tHe patterns

© expected for ions containing Sn s SnNi , SnNi2 , and SnNiFe only.

B
Since, in these compounds, chlorine or bromine is always present, many

of ‘the ‘fons in the mass speqtrometer,éontained atoms of these elements,

s

thus making the patterns even more'compliaateq.

Where iron was present in the compound, the patterns were not
quite so complex, since dver 90%Z of natural iron 1s 6Fe. .

The parent ion, if its pre;ence could be observed at' all, was

generally not very abundant (< 1%).. Pfogreésive loss of carbonyl groups
could' be seen in the-speetfa of all the'compounds;'except for (n-CSHS)—

\) o

Ni(CO)SnBr for which no spectrum contalning fragments above m/e 200

3)
could be obtained of good ‘enough quality. - ; i _ :

The most abundant ion had m/e values corresponding to the ilon
(C5H5)2Ni+} and_tﬁis was present even'where there was only one cyclo-
pentadienyl group per molecule;, This ion may be the result of ion-

~molecule collision inside the mass spedtrometer. The next most abundant
ion wa (C H )Ni* | |
A. 8 (C5Hg .

~

The m/e values-of the most abundan ions suggest fragments in

! ' S 42 . -
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. order,. thus requiring higher enérgy for viﬁration.. The}éame argument

: —SnBrz— { . ' N

accordance with the proposed structures shown in Figures 3 4 and 5.
‘What appeared to be metastable peaks were observed in the mass

spectra of the compounds [(n—c )Ni(CO)] SnBr, and (7- -CH )Ni(CO)SnCla

ot m/e 188 and 123.in each case., Closer investlgatioﬁ revealed that

these peaks did not ‘correspond to any of the possible fragmentations for

T ' N . . <
these compounds. Since there are a large number of very strong peaks at

' these m/e values, corresponding to (05 5)2Ni and C HsNi , noise might

well account for the observation.

'

Ny

General Trends in the Spectra.

’ fhg carbonyl stretching frequenoies 1n'thg ingrared opecﬁra of
the compounds synthesised oere, tdégpher with the cyclopentadienyl
hydrogen resonances in thé‘PH NMR Spéctr;,-sﬁow some.interestiﬁg tr;nést

' If a chloride compound is compared with the'oorrespondiﬁg bromioe,
derxvative, it is observed that, with ‘the exception of the symmetric
stretch in the heterotrimetallic oompounds, the C - Q stretch is at»a .
higher,energy io'the chioride derivative. This suggests that —Sogl3 is
a better electron withdrawing.groiz than —SnBrgﬁ . The yithdrayal of,

electron density.from the transition -metal atom weakens dm — pm bonding

\

¢

between the transition metal and carbon atoms, and raises ‘the C - 0 bond

o

'épplies where —SnClz— is a better electron withdrawing group than .

" The 1H NMR spectra of the compounds also supp6rt this argument.

Comp;rlson of corresponding chloro— and bromo- derivatives shows' that . s

resonances occur at lower T values in the chloro- derivatives. The better

«lectron withdrawing ability of -SnC13‘(compared to -San3) or —SnClz—

Y

. .
¥ .. . ,
- \ . A

. te
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N,

(compared to -SnBr -) 1eads to decreased electron density at the transi—
.tion metal atom, weakening bonding between the transition metal and the
' cyclopentadlenyl ring and decrea51ng the shielding of the ring protons.

Similar findings have been made i% the series-of compounds
[(ﬂ—CSHS)M(CO) ] snX, (M =Mo, Wy n=1,2; X= c1w Br, I, alkyl, Ph,
. . .

N02, SC HS, SCN), % the series [(H—CSHS)FE(CO) ] SnX, (n =1, 23

2 4-n

- cl, Br. I, alkyl, aryl, ONO, ococu3, SCZHS, scu)126 with some ano-
i ‘ .

' malies, and“the séries (n- C )Fe(CO) SnX X = Cl Br, I)

e , If the compounds containing one nickel group are compared Qith

those coritaining’ twa nickel groups attached to the tin atom, it is

observed that the carbonyl stretching absorptions in the infrared spectra

i

are at lower energy in the latter group, with a difference in wavenumber
of about 30-35cm -1 etween the absorption in the monosubstituted com-

pounds and the symmetric stretch in the-disubstitutedscompgﬁnds.‘ Also,

'

the cyclopentadienyl hydrogen resonances in the 1H NMR spectra are at

lower T values in the monosubstltuted compounds, the difference being of

A
the order of 0.Zppm.

« . . The differences can be attributed to the need for the electron °

)

withdrawing effect of the tin—halogen group to be shared between the two .
' nickel groups’ in ‘the disubstituted compounds, and also 'to the presence -

‘of two,.rather than three halogen atoms attached to ‘the tin atom,
! : .~ : ' . iR ' v, .
A comparison of the carbonyl stretching absoxptions in the infra-
red spectra and the cyclopentadienyl hydrogen~resonanees in the 'H NMR

spectra of the heterotrimetallic compounds with those of either the mono-

substituted nickel-tin or iron-tin compounds shows the same effect of .
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0 and 'TC H for t‘he.'

sharin:g ‘the tin-halogen .group. The’values of"dc;
. : 55

compquhds (‘n-CSHS) Fe(CO)ZSn'lX3 (X.= C1, Br) are showd in Table 3,lover.lgaf.

‘

. compounds synthesised-in this work appear to be related to the electron’

withdrawing ability of the tin-halogen group in each case. The least

. . q
stable is (@~C.H.)Ni(CO)SnCl,,

. 55 3
‘Wwithdrawing, The next less stable 4s (ﬁhCSHS)Ni(CO)SnBr

o

31 in which the -
‘ - ' S
-SnBr3 group is only slightly less electron—wiyhdrawing. Somewhat obre

\

stéb.l‘e is [(u-CSHS)Ni(CO)]ZSnMZ, in which the elect b_n;w

ability,of'thei-SnC12- group must be shared‘By the two
foilo&ed b& [ZU-CSHS)Ni(C0;JZSnBr2: in wﬂich-the'—SnBrz- group is only
slightly less eleétrcn-withréwing:tha£ —SnClzf. The iron-tinrnlckel
compounds are the most gtﬁble; for reaéons not ésliét élear;

Since electron withdrawal of the tin—halogen.g;bup-lowersi;he
electron:dengity around Fhé transitibﬁ met;l atom;.the metal-carbpn'bonds
ére‘weakened"alloding cleayaée of ghe; —bpnded digands. This is mpph
the same as in the case of the.transition meéai,carbonfl hélides alreadj

discussed.
Because of tughgifferent number of carbonyl stretching bands in

]

the infrared spectra of the compounds [angsﬂs)Ni(COJIZSnxz, [kn-CSHS)-

Fe(c0)£]2§nx2, and (n—CSHS)Ni(CO)Snxz(co)zFe(n=csyS) (X = Cl, Br) --

two; four, and three respectively.---a direct comparison 1s not easy.

’

\‘If;,asfprevidus}y stated, the.highest energy carbonyl stretchiné
 @bsorption -in an infrared spectrum of a heterotrimetallic compound is °

#

attributed to the nickel’C = 0 stretch, then its eﬁefgy is in much the same - -

. range as the carbonyl stretches in the dinickel-tin compodndé, while the '

It is of interest to note here that the stabilities of the nickel .

in whigh the -SquB group is mo§; electroq;£?
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TABLE 3

Physical ﬁeasurementsron Pre#ioﬁsly:Published Compounds.

2As Nujol mull; NaCl plates -

’ bAs'CHCl3 solution. in 0.5mm KBr cell -

. ’ '. —1 - .‘. . ‘:' ) .. -
Compound | vC-O (em ) . C T Ty d
. . : . 755,
[(foSH5)Fe(C6)2]25nblz . 2014s(sh), 2000s - .- - 4,93
-7 & | 1960s,  1934m(sh) 2 |
2027s, 20093, S
L 1970s; 1958m(sh)® . .
[ (m-E Hy) Fe(CO) ;],Snbr, . 2004s, 1998s(sh), 1964m, - - .
C LA 1948s, 1932s(sh), 1920m(sh)® . 4.94 °
- : - " 2022s, 1998s -
e T o 1971s, 1957m(sh)P-
(1-CgHg) Fe (60) ySnCl 2055, 2000 -t bl
) 2062vs, 1980vs® .
2041, 2002°° -
o ' 4.82
(1-CgH ) Fe(CO),Snbr, 2045, 1996 A
s~ - - 2038, 1999°%
' - 4.83 -

c
As C§2 solution -
d solution; Tys rgférence

As CDC1
s PB4

-
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absorptions due to the iron C .- 0 stretches: fall in much the same range

a's'th;a ‘more symmetfic carbonyl stretches in 'the 'di—iron-t.:in‘lcomp'ounds'.

Ti\is é\_yidence suggests that substitufing an iron.gréup for a i
nickel group or vice versa has little. or to .'affect on the bbnd‘energﬂies'
in l;l';e remaining transition me.;taJ. group. Looked ;at another- way; the

? , . . A

elet‘:tro.n donor .propert:i_es ‘of the groups (‘lr--CSHS)Fe(CO)2 and'(ﬂ—CSi-ls)Ni(Cb).
seem to be m'uch the_safne. . . o .

The . 1H .NMR spectra of the compo:upds"ai:e slightly easier to inter—:
pret in this light. The cyclopenktadienylnickel- hyd.'roge;n resonance in

the heterotrimetallic compounds®is at a vefy slightly highér T value (by

'0,.01 or 0.02ppim) than in the dinickel-tin compour{ds. The cyclopenta-

dienyliron hyéh:o‘gen résdnance;s in the heterotrimetallic f:gmpounds_ are
either up by 0.OClppm (in the - _caéé 6f, the chioride) or dowm by 0.0lppm
(in the case of the bromide). qomﬁareﬂ to the di-?.ro'xl-ttin.cqmpour{ds. _.
Lo This suggests the;t_ the nj.ckei groﬁp }s maréinaily more electron-:
attracting thaq the iron grqup, ‘j_.f there is.any di‘fférence at ‘all, since

an increase In.T value. suggests ie'ss- electron donation by the transition

metal atom, g : ’ R

'9. "Possible Future Dévelopments

In the field of organometallic compounds with metal-metal bonds,

so much work has been done on the synthetic aspects that it seems there

. 1s not mpch' more to be done in producing novel compounds except by using

well-tried methods. However, some of the synthetic methods’ referred to

in the Introduction to this thesis may enjoy wider use in’future where

. .

1f'is desired to prepare compounds that have so far defied 'attempts at

synthesis by other, better-known means.
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There is Ia gréat nteed_ for 'glbétt‘gr understanlding of the nature
. ‘of_ the ulle'tal'-n;etal bond. This may be achieved by fL;r;ther, research into
| spectroscopic propert'ies of 'n.:etal-me.tal bonded comp]..e;,c_es. For 'example,
very -]\.itt_le ‘work has been done on th.e electronic spectra ‘of these éom—
' pounds. Alsa, phpt:o_électron spectr.;)scopy would be a useful 'tqol i_n
elucida;igg the nature of the boﬁding involved in..the.se compound.s.
; Studies of .the reactions of ._t:_.hese cb‘n;pound.s would also be useful in

" shedding some light on the nature’ of the metal-metal bonds.

In some _gr'oups of these compdunds there is a dearth of'. re-';s'earcﬁ'

.o . :_'l ’ into ’the c.r'yst'al st‘ru‘ctures‘ To date y there have beeﬁ 1"10. studieé done

‘ on‘carbonyl—ﬂ-cyélppentadienylnickel derivatives, for‘ exé@b\lé. .
& Some compounds similar to those p‘repared as part..of the work of

» 1 this thesis Bave been tested’ as ant%i—knock additives to hjdrocai‘boq-fuélé

’ " . .
or as additives to reduce wear in lu‘bricamts_.27 It is to_be hoped that. -

‘h

. . [

. ‘wider -use mdy be found for these compo’uhds; .
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