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ABSTRACT .

1 . + ‘

< v .

The éreparation amd spectroscopic properties of six poly-

cyclopéntadienyl_and -methylcyclopentadienyl derivatives of germane
. ' ! 1

.

and stannane are described. The temperature dependence of 1H and

13C NMR data are discussed, leading to conclusions regarding the

.

. _naturé of metallotropic migrations in both ring systems. Metallotropic

shifts within the methylcyclopentadienyl derivatives résult in ‘

» .
. A . +

» -
. the interconversion of different-isomers, the relatiwe concentrations
v 1]

v

of which depend onh bbth the size of the metal’atom and stééic
e ! .

q 13 N " - i

. . requirements of the sybstituents. .

The NMR propert{es of a number of polyindenyl'derivatiﬁes

of gpermahe and stannane are examined over a wide range of temperatures.
g ang 2 !

)
1 .

- . . s “’ .8 - . . N .
The relative concentrations of isomers present in solutions of

these compounds are consistent with Zero free energy differencés

.
14

between the ground states of the isomers for.any particular

.

- .

' - ) 2 ' - L
compound., Interconversion between fhese isomers occurs as a
4 : i ’ ’ ¢
’ result‘pf facile migration og the metal sub§tituent'acros§‘each .

* a

indeﬁyl ring. The solid stategtrycture of ope isomer ‘of tetra(l-

indenyi)stannéne, thg-méso-form,&haé been determined by X-ray ’

. ¢

crystallography; some commentary on the significaqce.éf this

-structuré which belongs to the symmetry'point grOup‘S4 is givens

A . i ‘
.

*  Three.analogues of cyclopenftadiene,. bearing the same asymmetrit




. <
v
» . -
’ » -~
\ - =z . N
- .

tin gubstituent have been prepared and their spectfal properties |

- . , - .
.

are discussed.‘ THe nature of the rearrangemént process in these '

compounds is 1dent1f1ed through ‘the examination of diastereotoplc .
P L ®
effects among substltuentsgon the chiral tin center. Migration.

in each case involves retention of configuration at the metal i

’ )

¢
s K]

s = Pt . ’ ) o b .
center and possessps characteristics similar to a Woodward-Hoffmann ‘..
. t Py . -

a

[1,5) shift. ‘ o . )

™ The synthesis of, bls(methylcyclopentadlenyl)germanlum(II) . Y

is degc¢ribed and itssphysical and chemlcal properties digcussed. . g
Synéhesis and spectroscopic properties of nine germylene derivatlves
of eﬁolisable diketoneS‘are deééribed. Two Ql}tinum(O) derivatives
havingléither bis@cet&lacétonau{—tinkllf_o;.rgerm;;ium(ll) o e

ligands in which the groupIVA metal (metalleoid) fung¢tions as’a .
) ' o, . -7 . .
two electron donor have been isol?ted and their spectroscopic .

S * =

pEOpertleS are described. The solid‘state‘structure of the

- .

M -

© tin complex has. been deterﬁined by X-ray crystallography and some T~

important features-are discussed. i . 2" " - " .
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PREFACE _ )

The work described in tRis yhesis deals with the synthesis

and propertiés of a variety of compounds of germanium and tin.
Chapter One outlines the scope of the thesis and provideé béckground

,information to work contained in the subsequent chapters,

»

In Chapter Two the non-rigid properties associated 6ith

metallocyclopentadienes and metallomethylcyclOpentadiénés is, . o

examined through the use ‘of variablé temperature 1H and 130 NMR

.

Related migrations in polyindenyl derivatives

spectroscopy.

of germanium and tin are reported in Chapter Three, Chapter

Four lists information derived about the rearrangement processes g-

in pentamethylcyclopeniadiene, methylcyclopentadiene and indene

ring systems bearing a chiral tin substituent.

r

Chapter Five describes both: the physical and chemical

propertjes 0f%a number of new derivatives of bivalent germanium

and tins ' . , )
L : .

A
.
A

MR s -t
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CHAPTER ONE .

INTRODUCTION

-

A. _GENERAL

\

The udiqde position of carbon among the ninety natural
elements is pri&arily the result of its ability to form stable
long-chain and .cyclic compounds having adjacent’ carbom atoms.

¥

1
qgnd@cted by single, double or triple bonds. The valence state
L
of carbon in such compounds is invariably four, a situation
& . :

paralleled by the lower group IVA elements in the majority

of their known compounds. In the latter the coordination % -

number is also often four, the central “atom assuming a geometry'

which closely approximates to tetrahedral, but the teﬂaency

towards adoping higher coordination numbers increases with

1,2,3

. , . . 2,3
increasing atomic number. - This is thought ~’~ to be

facilitated in part by utilization of vacant outer nd orbitals,
and leads to coordination numbers of five and six through both
inter- and intra-molecular coordination. Eight c¢oordinate

"species have been characterized 2,3 for both tin and lead.
. s

The multiple bonds observed in' carbon cuéﬁistry which

H

. result from overlap between singly occupied 2p orbitals on

adjacent carbon atoms are not a feature of the chemistry of the

~

other group IVA elements. Recently, however, a variety of
intermediates containing silicon-carbon double bonds have *

been postulated; b and a thermally stable example =

(Me3Si)ZSi = C(CMe3)(OSiMe3), has now been isolated. 5,6

'AE

N




L

b

.
—

r . '
Multiple-bond character of a different type, arising from

»

bverlap between vacant 3d orbitals on silicon and filled "non-

bonding" orbitals on adjacent’atoms, (Figure l.l) has been

-

* proposed 7,8 ko explafﬁ the stronger silicon-halogen bonds compared ’

to: -cortesponding carbon-halogen bonds, and the structural

. Iy

planarity and lower basicity of silylamines compared to carbon

» .

éhalogues.‘ This effect is greatest for silicon and much less

-~ s
N

apparent in the chemistry of ge}manium, tin,and lead.

v

FIGURE 1.1. Proposed dn - pm overlap in some silicon compounds.

i . ‘

-

The group IVA elements have an outer valence ghell ground-

state electronic cgnfiguration of nsznpinp;, where n changes

- w

from 2 for carbon tq 6 for lead. The bivalent state requires
only two electrons to form the two bonds in, for example,
MAZ’ while for the quadrivalent state one electron must be promoted

from the ns orbital to the np  orbital to give the outer electron
- [ ‘ :

configuration ns npinp;npi : this allows for the formation




(4

13

. ]

of four equivalent 8p3‘hybrid bonds in, for example, MA,.

The relative stabilities of these two\oxidatipn states are

thus. controlled by (i) size of promotion energy, and (i1) (bond

f .

strengths, %e, formation of four bonds in ﬁA4 as compared to

only two in ,MA Decrease in the (group IVA)-(other element)

2° '

bond strength as the group is descended allows a balance Lo be

struck whereby the energy required for electron prgpotion is

comparable to that achieved by additional bond formation @na

is the basis=of the so-called "inert pair effect”.”

Compounds having cagbon in the bivalent state (carbenes)

were first proposed10 .as intermediates about the end of the
nineteenth century. These highly reactive sﬁecieé are used
extensively as in situ reagents in organic chemistry, typically

undergoing a variety of insertion reactions and additions

to olefins giving cyclopropaiies, Carbenes can have either

a singlet (1) or triplet (2 and 3) sg;iné;‘gtat%.’ Results

from experimental observation and thereoretical calculations
indicate that most cargpnes have a noh-linear triplet ground .

state (Ze 2), however dihalogenoqarbenes and carbenes with oxygen,

nitroggﬁ or sulfur attached to the bivalent carbon may have

singlet ground states (ze 1). ‘ .

v

= 1) .T R :
ok okl e

1 2 , 3

-

.
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Carbenes arg most often prepared from.the corresponding

-

diazoalkane (eqﬁation (1) ); however thexe are a variety

.
¢

‘RIRZC = N2 __—+' :CR1R2+ Nz I.Dll.ll.t..lli....'l..'(l>

of other useful methods and -these have been discussed in detail
elsewhere.10 Transit;on metal complexes have been used

to stabilize a variety of carbgnes; the carbene functioning as
a two electron donor (Lewis base) towards the metal. These
compounds have been prepared by several different methodsl

one of the most convenient‘12 involving addition of an organo-

lithium reagent to a coordinated carbon monoxide molecule

followed by alkylation (equation (2)).

R,0"
+ /0 - 3 /OR‘
M(CO) + LiR —> Li' (M-CZ, 17 — > u<C cenn (2)

In contrast with the special character of cérbenes,thefe:'
are numerous examples13 éf'stable inorganic derivatives of
bivale;t germanium (germylenes), tin (stannylenes) and lead
(plumbyl;nes). While these compounds do not contain metal-metal

bonds, .they frequently have st¥uctures based on bridged polymeric

-arrays in the solid spaté. The gas phase structures of two exampies,

14
SiI_"2 and SnClz,

bent structure 4 consistent with stereochemical activity of . .
* X\

M: ‘ ) g
4

1 .
Shavg been determined and both have the

F———
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the non—bonding,électron pair. These compounds are significantly

less reactive than the corresponding carbene derivatives although

they undergo similar reactions: _for exatple germﬁnium(II)

and 61n£II) dihalides readily inmsert into carbon-hélogen bonds.16
Interestingly, the reaction of GeI2 with certain acetylenes had
been reported 17 to give the three membered ring (5). It

y . A8 .
has subsequently been shown ~ that the product is in fact

the six membered ring (6) containing two germanium atoms.

El 6

Germanium(II) and tin(II) dichlorides are easily converted

"to the tetrachlorides by reaction with Clz, 2 (equations (3) and (4)),

however in the case of lead ? forcing conditions are necessary,
the tetrachloride reverting explosively to the dichloride at
temperatures above ca, 20°C (equation (5) ), reflecting the

»

greater thermodynamic stability of the lower oxidation state

for lead. ’ [? .

rapid ‘ ) €
" eCl " + Cl > GeCl ...Q..‘.‘C!"’lll‘.. - 3
GeCly 2 (at 25°%C) 4 )
: lo .
l + l s gl SCl A..o.u.q..otcontooQ;.([‘
SnCl, + Cl, Gt 2550) S * ‘

v

o
PbCL, 20 €

+ Cl iitneennennnnas

> PbQ}z 2

o=
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The first authentic organometallic derivatives to be
prepared in which the metal (metalloid) is in the bivalent i .
state were the cyclopentadienyl derivatives, M(C5H5)2’ Ge,l9
'Sn,zo and Pb,zu)although oligomeric quadrivalent organometallics

had been incorrectly identified as such previqusly.?'.1 Structures
in which the metal (metalloid) is bonded to two nS—CSHS-ringsu
as shown in 7, have been eétablished.22’23 A summary of

the properties of compounds like 7 is given in Section B together
with a review of the chemistry of other derivatives in which

1

the group IVA element is in the bivalent state.

“ E
M M = Ge, Sn, and Pb. -
@g g ” '

7 \

%

By contrast with 7, cyclopentadienyl derivatives in which

the metal is in the +4 oxidation state involve bonding to the

. ) : N 4
saturated carbon atom of the Cs-rlng, as shown in 8. ’ ’

MR3 : .M = Ge, Sn, and Pb,.

8 A L

These molecules exhibit non-rigid characteristics associated

with the migration of the metal atom around the five carbon

PO

atoms of %he C -ring (equation (6))

== D
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y . w
= . . 7 t
L i x:‘ qi!
N - ) .
.

7

- g
This leads to exchange betweén the magnetic environments of the

five ring protons ggnd ring carbons), and brings about observable
13 '

effects in the 1H and ~~C MMR Spéctra of many representatives.

The nop~rigid character of metal}ocyclopentgaienyls and related

1 ~ )
cyclopolyenyl systeﬁs is reviewed in’Section C. ' l

Experimental t%chniques required by the characteristic

z

properties of group IVA-element compqQunds, together with

associated spectroscopic and synthetic methods, are discussed

in Section D. . ¢ -

S

ey
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B.1,

5 - .
Y g

STRUCTURE AND' REACTIVITY OF ORGANOMETALLIC = AND ORGANIC
=7 .

DERIVATIVES OF BIVALENT GERMANIUM, TIN, 'AND LEAD.

[

Synthesis.

Attempts to synthesize organoderivatives of bivalent tin

date back to the middle of the nineteenth centuz:y,21 when

L

reactions of organolithium or organomagnesium halides with tin(}I)

halides yielded high-melting, relativély inSOluble% tin containing.

producis. It was later shown

were in fact mixtures of compounds containing either rings,

25,26 that these materials

&

eg.9 and_ig, or*straight or branched chains, €g. 11 , of tin atems,

« thus

involving the metal in a formally quadrivalent state.

-~

\ SnRz AS[IR3 -
RySn———SnR,  R,SH \‘SnRz l
[ J | R,Sn——=8n SR,
R,Sn SnR, R,Sn nR,’ l
, S‘nR2 SnR3
9 10 u
*
Group IVA compounds' may be categorized as follows:
(l)lOrganogroup IVA compounds; compouiids which contain at
least one group IVA element - carbon bond.
(2) Organic compounds; compounds which contain one or more
organic groups, but have no group.IVA - carbon bond.
(3) Inorganic compounds; compounds yhidh do not belong to

classes (1) ands(2). '

4

-

I

¢

<r




19,20 27,28

Cyclopentadienyl- and bis(trimethylsilyl)methyl- lithium

¥ .
do however 1.:‘1:& with bivalent germanium, tin, and lead halides to _

* %

. ‘ . 8ive the cogresponding Bivélent group IVA compound, equations (7)
i - :

and (8) respectively.

o 5 ' .
] SnCl2 +‘2L1(C5H5) ‘-"—?F Sn(n -CSHS;.)2 + 2}1Cl N )

“o . ” ) - - -
Pb012 + 2L10H(Sng3)zr—f——%'-Pb[CH(SiMe3)2]2 --~¢---:-------(8)

°

e e . : et . 2
Similar reactions using the lithium or sodium salts of acetylacetone 9,30

N

(equation (9) ) or hexamethyldisilazane3r (HN(Sng3)2), (equation (10) X,

) e also afford bivalent group IVA derivatives. -
.. ’CsGeClé + 2Na(acac) ——.—--'i-—,Ge(acauc)2 .,....{w.....g..:.;%...(QY

. ’ $aCl, + 21_,1[-N<’31Me3)2]2 —>— sn[N(SiMe,),], ....:..:.......(10)

The tin cyclopentadlenyls, Sn(n -C H )Aﬁana Sn{n —GSHACHB)Z’:

have beén shown 32’33’34 to be uséful’precursors to a variety

. */ - - /
of pﬁeviousl§ unknown, or otherwise difficult to prepare derivatives
. ¥

- . . ,of bivalent tiﬁ, €g. equations (11) and (12).

.
(
" ¢

< sn(n -CH) + 2HOQN ————— TG PR PRRRREE v (11)

) Sn(n—C )+2§ -———%-' ;{:? .......’.(12)

The reaction of tin(II) halid® with compounds having an acidic

Pt

hydrogen, in thé presence of trfethylamlne glves the correspondlng

3

/ﬂ : - . .
¢ tin(I1) derivative (equation (13) ), 35,36 N
\ ‘ 'SnCL, + 2MeOH + 2NEt, ——3=Sn(OMe) , + 2NEEHCL..vvvevnnvnsn (13)

- 2




' “\\\ : 10

while’related reactions for germanium(il) halides have recently

been reported, equation (l4).

0 2NEE
csceci. + 2 . )
3 HO -ZNEt HCl
—CsCl

Alternative methods for the synthesis of these types of compound

cee(14)

2

are generally limited in scope, and have been reviewed elsewhere, 37

LS '
A number of compounds have been reported in which the

bivalent group IVA metal (metalloid) fhnctions as a neutral

: . .. ’ : 38,39
two-electron donor towards the transition metal center.

Where the bivalent group IVA derivative is stable, the transition

metal compound is easlily formed by displacement reactions
38 '
similar to those shown in equations (15)”" and (16)

’ i .
Q .
-M(CO) .THF + Sn(n -c ) ~———4>~ M(CO). Sn(n ~C. 5t ) R ) ,

M = Cr, Mo, and W)

M(CO)6 + SnfCH(SiMe )

2]2 Ay M(CO) Sn[CH(SiMe ) ]2 . (16)

(M = Cr and Mo)

)

Some -transition metal derivatives, for which the free bivalent .

metal compound.is unstable, havé been prepared by '"indirect
. N 1™

L]

methods". Thus'reaction of a coordinated germanium dihalide

[ . '

with two equivalents of an alkylmagnesigm halide gives the

4

r

Cr(C0) 5.GeCl,, THF + 2 MgBr -——>~‘Cr(co)5G ] cee  (17)
] . ' 2

organogeymanium(II) transition metaI'complex40 as shown in equation .(17).

i
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~-

Similarly the reduqtion of quadrivalent tin in suitably substituted
dialkyltin dihalides by Cr(CO)Sz—, gives the base stabilized

compounds41 RZSn(THF)Cr(CO)S'(equation (18)).

e »

cr(CO) 52‘ + SnRZClz—THF—?- Cr (C0) (SO, (THE) ... ... ... {16)

(R = Me, Bub)

B,2. Structure .

“The -true organo-tin(Il) and -lead(II) derivatives, bis(ns—
cyclopentadienyl)-tin(II) and -lead(II), were first reported20
by Fis;her and Grubert in 1956. Wilkinson'et al, subsequently
reported 42 the synthesis oé the methylcyclopentadienyl

analogues, while the germanium compounds Ge(nS—CSHS)z19 and

. 4 ;
.QGe(nS—C5H4CH3)23have'beenisolated more recently. Although it

20 -
was initially suggested that the tin and lead cyclopentadienyls

E

have the sigma-bonded structure shown in 12 , comparison of

their IR spectra with that of ferrocene led Piper and Wilkinson

to propose 24

that these compounds had the angular samrdwich

structure shown in 13.




12

Electtoﬁ difféactiOn studiés of Snin5-CSH5)2 and éb(ns—CSH5;2
have shown22 that these mo%ecules assume ,structure i3sin the gas
phase. The solid sta%é stﬁuctnre‘of Sn(ns—CSHS)zhas recent1y23
been rePorted to be monomeric, héying discrete units with the

angular sandwich structure 13 ,'howg&er the solid state structure

o . <«
‘.

-éf the. lead compound has been shown by X-ray ¢rystallography 44

to be polymeric. In this,compohnd each pair of lead atoms is bridged .

by -a cyélopéntadienyl ring, the plane of whicﬁ is at right angles
to the lead-lead axis; coordination of each metal atom is completed

by a terminal nS—CSHS-ring, as shown in Figure 1.2,

&

FIGURE 1.2. The solid state structure of bis(ns—cyclopentadienyl)lead(II)

The crystal structures of the pentamethylcyclopentadienyls, .

45 23

M [nS—CS(CHB)S} 9 M= Sn and Pb,” consist of discrete monomeric

units having the angular, sandwich structure depicted in 14.




The related compound, Sn[n -CS(CH3)5j+BFZ , formed by the reaction

of Sn[n?—CS(CH3)5]2 with HBFA, has a crystal structure 46

. - 5 - . .
having pentagonal pyramidal Sn{n 7CS(CH3)53 units 15, in which

/ -
all five tin-carbon distances are approximately equal (average

2.46 g). The tin atom of these units is further associated

- P

with’ two fluorine asoqs'qf the BF, ‘counterion,

15

4
L) ©e
" .

- The crystal structure of Sn(ns—C5H5)0147 consists of

Sn(n5~C5H5)Cl units in which the cyclopentadienyl is asymmetrically

bound to tin, with §n-C bond distances ranging from 2.45 to 2.74 8.

A

The tin atoms of alternate units are bridgga by chlorine atoms

-

of adjacent Sn(nS-CSHB)Cl‘groups, as shown in Figure 1.3.

U

»

9

‘_,—Sn_ﬁ__~__Cl_”,;,« Sn——— '

FIGURE 1.3, -The crystal structuré of
(pentahaptocyclopentadienyl)tin chloride.

. 4 [
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Apart from the cyclopentadienyl derivatives, there are
B A}
rather few examples of stable compounds which have a bivalent °
germanium,tin, or lead atom bonded directly to carbon. The

first,'and somewhat exotic examples of such compounds were
{ -

bis‘[Z—-phenyl-—l,2-dicarba—closo—dodecarboran(12)—1—y1}tin(II)_}_g48

and l-germa-, l-stanna-, and l-plumba-2,3-dicarba-clogo-dode -

QQ’SO.LZ .

caborane(II),

M = Ge,Sn, and Pb

e-c.
O=13
17
L. . 27,28 ,
Lappert et al, have reported the first stable

alkyl derivatives of bivalent germanium, tin, and lead,
biEH(SiMeé)Z]Z, M= Gé,Sn, and Pb, Although the germanium’

and tin compounds have béen shown 28 to be monomeric in thé

iiquid and vapour‘bhases, the crystal structure L oag Sn{(CH(SiMe3)2}2
consists of dimeric gnits, which have been suggested to result'

from interaction between the orbital containing the pon~bonding
eleétron pair on each tin atom,and the vacant orbital.on the

*

adjacent tin atom,as shown in 18. : /

>




]
. % * . 52
The first stable aryl stannylene (19) was prepared recently,

its stability towards” polymerization being attributed to the
presence of the trifluoromethyl substituents in the 2~ and
.’!.

6~ positions,

- CF = _— '

Sn

CFr

Amma and co-workers have reported the novel compodndé

&né-C6H6)M(A;ClQ)Z.(C6H6)L M = Sn, Pb. The crystal structure

54 .
of the lead derivative consists of a polymeric array,

in which each lead atom is bound to a terminal, symmetric,
n -benzene ring. The lead atom is further asgociated with six
chlorine atoms, two from each of the three AlCl4 units, with

two of these AlCla u;its forming bridges between adjacent

lead atoms, as shown in Figure 1.4. \
\/ - " AL
Al

A /\

. Cl Cl

/

Cl Cl \/
\c1/’Pb‘\—c1/ —a— |

L3

FIGURE l.4. Tbé crystal structure of Ené-C6H6)Pb(AlClé)2.Céﬂé} .

15
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Several other p6-aféne complexes of bivalent tin and lead

were subsequently reporteci,55 and the crystal structures of
6 6 :

(n —C6H6)SnCl(AlCla) anqk4n —p—(CH3)ZCBHA)SnCl(AlClA)&haye

55 - : -
been determined, Asymmetry in the n6-C -ring, observed

6

for both these compounds was attributed to crystal packing forces.

The’crystal structures of the tramsition metal derivatives

57

of M[CH(SiMe,) Cr(C0) MICH(SiMe M = Ge>° and Sn,

2]2’ 3)2]2’

have been determined. (Figure 1.,5). Significantly the atoms
C(l), C(2), M and Cr all lie in approxim;tely the same plane,
a result which has been interpretgd in terms of back donation
from the transition metal to the stannylene (;r germylene)

ligand.

iz

H oo
\ co
Me.Si v, C(Ll) o

3/\\ .

Cr
. MexSi ~
S e
. N : co "
Me ,Si (/1

FIGURE 1.5. The crystal structure of Cr(CO)SH[CH(SiMe3)2]2,

M = Ge and Sn.



The Erystal structure of the pyridine adduct Cr(C0)5Sn(Bu£)2—
(pyridine), {Figure 1.6), has also been determined”®
and show% the Sn atom to be out of the C(l),"C(2), Cr plane,

consistent with a.decrease in back donation from Cr to Sn

upon incorporation of the pyridine molecule.

/

: co

N co l
Me.,C(L)nivieSn cr—CO
3 [ Mo

Co
MeBC(Z)

P 7

FIGURE I.6. The crystal structure of Cr(CO)SSn(BQE)z(pyridine),

A variety of germanium(II)-, tin(II)-, and lead(II)-halides

59
( and pseudo-halides) have been structurally characterized.

These compounds are generally polymeric, having halogen atoms
- (pseudo-halogen groups) bridging adjacent metal centers.

Such structures are complex and have béen reviewed in detail
14

59 ’
elsewhere, By contrast, the gas phase structures of SiF2

and SnCl

15 . . '
9 are monomeric, having the "bent" geometry shown in 20.




" (Figure 1.7).

Bivalent tin and lead derivatives of simple oxy-acids
have been subjected to extensive structural characterization,
These compounds are again polymeric and often h;ve bridging
oxygen atoms between adjacent metal centers. The strﬁcture
of one compound of this type Sn(IV)Ph3Sn(II)NO3, 60 is of
interest, since it contains both bivalent and qu;drivalent tin
connected by a tin-tin bond. The crystal structure is polymeric, -

with bridging NO3 groups between adjacent bivalent tin atoms

4

FIGURE 1.7. The crystal structure of Sn(IV)Ph3Sn(II)NO32

18
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The 1,3-diketonato~derivatives of germanium(II) and tin(II),

which are monomeric in the vapour, liquid and golid phases,

29,30,34
have been reported, , The crystal structure of the

61 '
tin compound, di(benzoylacetonato)tin(II), consists of the
discrete monomeric units shown in 21, in which each metal

>

L 2
SR n 0

. \\\\\‘\‘ ,
| Ph e2L-

atom is four (pseudo-fiwve) coordinate. The chelating effect
of the two ketoenolate groups, apparently results in a tin
center which is coordinatively saturated, and thus prohibits
intermolecular association. The crystal structuré of a related
germanium compound, Zacetylacetonato)germanium(II) iodide has

; : 62
also been determined, and consists of the units shown in 22,

in which each germanium atom is three (pseudo-four) coordinate.

]

19
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The structures of the di-tert-butylphenoxides, 22,,M(006H2Me'
63

-

4—Bd§—2,6)2, M = Ge or Sn, have recently been determined
by X-ray crystallogfaphy. These are the first examples of

compounds to have been structurally characterized in the solid

F .

state for which the bivalent group IVA element has the low

coordination number of two (pseudo three). The structures

shown in 21 to 23 clearly demonstrated the strong stereochemical

effect of the non-bonding electron pair in edch case.

o—MN——0 )

23 '

Possibly the most interesting nitrogen derivatives of the
bivalent group IVA elements are bis[bis(trimethylsilyl)]amido
31
-germanium(II),-tin(IIl) and—-lead(II). (24). While these

compounds are mopomeric in the vapour and liquid phases, the

. 31
solid state structure

of the tin compound has been suggested

i 51
to be dimeric, paralleling exactly the situation fdund for the

isoelectronic tin alkyl, Sn[CH(SiMe3)2]2.

< /////SlgeB
M N
\\\‘~SiMe3

20
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-Sn{CH(SiMeB)

B.3. Reactivity

I3
4

<«

The reactions of inorganic tin(II) compounds with organic

~

halides, to give the correspondiné tin(IV) compounds, have

been khown since 1851 2’zl(equation (lé)').‘

Snil, + Mel —>— ﬁeSnI3....:....t...............(19)

2

- N

\
This type of reaction has been used ‘extensively in industry
for the preparation of monoorganotip(IV) trihalides, which are

important constituents of P.Y.C. stabilizers., Similar reactions

. . ) . ) 1
involving unsaturated organic compounds have also been reported, 8

N ~
Al

(equation.(ZO)).ﬂ )
Ph, - Ph ' .
H
Ph . Ph

- X
The reaction.of Sn[CH(SiMe3)2]2 with alkyl halides or halogens 39

also gives the corresponding tin(IV) product, equations (21) and (22),

Mel Sn[CH(SiMe3?2]2(Me)(I).....(21)

-

]
i 2°2 Br
%

Sn[CH(SiMe3)2]ZBr2.;.......(22)

/

21
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Tin(II) halides readily insert’into_tkansition metal-metal

64,65

bonds to give the corresponding tin(IV) derivative,

eg equation (23).

-

[Fe(n’~Coli;) (C0), ], + SnCL, ———>= Sn[Fe(n’~CJH) (G0),1CL,. .. (23)

These types of reactions are often comblicated by the further

reaction of the tin(IV) compound initially formed; thus Sn[Co(CO)a]A
was isolated 38 as one of the products from the reaction of

5

- 3 5 24 LS

Sn(n CSHACH3)2 with C02(90)8 (equation (24))

5

_ i vl (24
Sn(n”-CgH,CH,) ,- + Co,(CO) g —> Sn[Co(CO) ], +... (24)

. r 5 . 5 '
Similarly, €hefreact19n of Sn(n CSHACHB)Z with w(n-CSHS)(CO)3(B),
32 :
which had been reported . to give the bivalent tin compound

Sn[W(nS-CSHS)(CO)B]Z, has recently been shown66 to give the tin(IV)

compound Sn(H)[w(nS—CSHS)(CO) (equation (25)).

3]3

Sn(n2C,H,CH,) , * 3H(n ~Cel,) (CO) , (i) —> S0.(H) [W(n"~CgHg) (CO) 5] 50+ (25) =

Insertion into a metal-hydrogen and metal-carbon bonds ‘ Ljrﬂ\}

-

39 '
have also been reported, thus Sn[CH(SiMeB) inserts into

2]2
either a Mo-H or a Mo-C bond according to equation (26).

5 Sn[CH(éiMef) ] oo 5
Mo(n ~CgH) (“CO’,)\B—R : > Sn[cu(siMeB)z‘]z[Mo(n ~C.H) (CO) 4]R
a \ -

s

R = H, CHB .,.........(26)

DG e

et
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,

3
- . . 6 7
Several tin(II) compounds have been shown

i

J

to react with'
diiron enneacarbonyl to give £our-membered FeZSp2 ring compounds,

-7 £ B!
. ’ : . . . ] /Sn. €
; —_—> -~ Fe(CO .. (27
) $nX, + Fe,(C0) 4 (0C) ,Fe ~_ e(C0), ..(27)
‘ ‘ i ~ "Sn _
X = C1, Br, C/Hy, CgH,CH,, ‘ J X, A
and 1,3-diketonéto.
) . :
: The bivalent group IVA elemen§ in these derivatives of

o

germanium, tin,and lead can also nction as é/two electron
k1 * )

donor to suitable acceptor 'site§, thus Sn(nS-CSHS)ZformS complexes
% v < :
68
. with the Lewis acids BF3 and AlCl

1]

3 4 (équation (28)21

.Sn(ns-ck) +MX‘ — (ns-—c H.).,Sn—>MX 2. (28)
552 3 552 3.0;Anttt00.vn

" MX, = BF,, ALCl,.

\ - .
Interestingly Sn[CH(SiMe

, .39
3)2]2 does not react with BFBﬁEtZO’
however with ALCl,, below -30°C, it forms a white solid, which

decomposes at more elevated temperatures, the  only isolable

—

product - being Sn[CH(giMeB)2]2C12. More straight forwardly
0 ‘ 7

Sn[CH(Siﬁe3)z]2fgnctlon§ as+a 'two eleettron donogafoaphe metal
cérbonyl;) M(CO)S, M = Cr and Mo,39 ‘and also displaces \;
. ‘ s, ' .
: 1 gthylene from Rh(CZHa)Cl(PPh3)2
T

¢
a

///; Rh(C2H4)Cl(PPh3)2>' » -
Sn[CH(SiMe3)ZJ2 .

. & RhCL(PPh ) Sn[CH(SiMe,), ],
L \RhCl(PPh3)3 o S,

S (29)

w
.
2
» ¥

and ﬁPh3from RhCl(PPh3)3 (equation (29)).

*
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in which the tin is in a formally quadrivalent state Qequation(27)).
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For most derivatives of bivalent germanium, tin and lead,-

+

the metal (metalloid) can function as a Lewis acid, accepting-

an electron pair into an unoccupi&dﬁsnpxndy-type molecular

70
2.2H20,

the oxygen of one of the water molecules can be viewed as

orbital., Thus in the crystal structure of SnCl

N

donating two electrons to tin, as shown in 25 . Germanium(II)

cl1 .

— ~ 25 -

and tin(II) halides readily accept a further halide ion to

form the complex ions Gexg 71 and SnX; 72 (equation (30)).

* 7 -
[GeCl,]” + CgCL ——> Cs" GeCliivuruivuiuiriininnnnn, ... (30)

. ) 73
Both bis(ns—cyclopentadienyl)tin(II) and bis (acetyl-
28
acetonate)tin(II) -undergo.redistribution reactions with tin(II)

halideés (equation (31)), . :

- *
<

Sn(ns—CSHS)2 + SnCl2 —_— ZSn(nS—CSHS)Cl...........(31)

¢
-

- - {

* .
Ge012 is prepared in situ from the reduction of GeClain acidic media.

-

AN
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while similar exchange reactions have also been observed with

.

) 74
tin(IV) halides, (equation (32)).

Sn(nS—CSHS)?_

(=

25

- 1 5
+ $rMe,Cl, —>= SnMe,(n"~CgHs)Cl + Sn(n"~C5H5)CL. . (32)
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C. SIGMATROPIC MIGRATIONS IN METALLO-CARBOCYCLIC SYSTEMS.

2

C.1l., Introduction.

Thefﬁiscovery o; thé phenomenon‘of stereochemical non-rigidity
added a new dimension to the concept of m;lecular structure,
The establishment of’variablé temperature NMR speétroscopy
as a routine method further facilitated the rapid development
of the study of stergoéhemically non-rigid molecules where -
the rate of re;rrangement is of the order of 10-1 - 10+9 s_l.75
This has led in particular to the identificagson of migrations
éfsigma;bonded metal atoms between some, of_all; of the’ carbon
*atoms in ;ertain cyclopolyenyl systems, Sigmatropic shifts
of this type have been thoroughly documented?é for thé cyclo-
pentadienyl-ring system, shown in éﬁéwhile more r;cently migrations
in other ring systems @é;ca,gz, C7;QEL and cg,gg, have also

been observed. This section reviews this topic, discussing

. first the theoretical aspects (C.2), secondly the methods used

to characterize these processes (C.3), and finally summarizing

-

the .experimental results availablea(c.4).

- *
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C.2. Theoretical Considerations.

—

»

'Several types of sigmatropic shifts haye been distinguiéhed
by. Woodward and Hoffmann. 76 For the purposes of this discussion;
- however, only reafrangements'of‘ogéer (L,3] will begconsidered,
corresponding to the migration of a siéma-bonded at&m'or group (R)

from one end to the other of .a polyenylic chain as shown in

equation (33). .

R

‘ R
(1,31 .
\C+C:C } - —{C:C%——-C/ ...(33)
n . n
(j =2n + 1) , .
Woodward and Hoffmann havg defined7 a sigmatropic

-7

change of order *[i,j] as the migration of a gigma bond, flanked
‘by one or more n-electron systems, to a new position whose termini
are i-l agd j-1 atoms removed from thF origin;l bonded loci, in an
uncatalyzed intramolécular reaction. Then provided the migrating
group R remains bonded to both ends of the unsaturated system
througgout (concerted reaction), orbital symmet¥y constraints

would be deri;éd from the form of(tﬁe highest occupied\molecular
orbital (HOMO) of the hydrocarbon radical corresponding to the

polyenylic chain. ,The HOMO for this system is the non—bond{ng

allylic orbital which possesses the following symmetry.

!
r




/ﬂX?%Foup R, when bound to the chain by a symmetric orbital

(eg. an 8 orbital for R = H),can migrate from one end of the chain .

\

to the other in two distinct ways;’' consider the case of a 1,5

migration for the following pentadienyl:

H —\
\\ X
A / H\ —_— “ o —
< \ ~ /B /
B Y
D C
D"«
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&
for a suprafacial process (Figure 1:8 (a)) the transferred
hydrogen atom is associated at all times with the same face - i
of the 1 system; for the antarafacial process (Figure l. 8(b))
the migrating atom passes from the t¥p face of one carbon
terminus to the bottom face of the other. The selection rules
for such a sigmatropic reaction of order [1,j]lare given in
Table 1.1(a). ’
"ﬁ
TABLE 1.1(a).
Se}ection rules for an allowed sigmatropic shift of order [1,j] .
of a hydrogen atom, . X )
; i {1,3) 6 (tnermal)
. [1,3] antara
{1,5] : supra ‘)
[1,7) antara . v

[1,9] supra .

E3

4

Where R is a group other than'a hydrogen atom (eg methyl),

the orbital by which R is bound to the polyenyl system may be
antisymmetric (¢g. possess some p character). Alternate processes

may then be envisaged proceeding with {nversion of configuration -

at the migrating center as shown' in equation (34).
A -

w -
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i

The selection rules are then precisely reversed if inversion

takes place at the migrating center (Table l.i(b))._

L3

TABLE 1.1(b).

General selection rules for thermally allowed sigmatropic shifts.

(1,3l Suprafacial Antarafacial
f1,3] inversion . retention
[1,5] retention inversion
[1,7] ~ inversion - retention
[1,9] . retention . inversion

1

Thus a [1l,3]shift may be either antarafacial with retention,
or suprafacial with inversion (Figure 1.9(a)), while a [l,5] -
Tw

shift will be suprafacial with retention, or antarafacial
v

with inversion (Figure 1.9(b)).

1,3: antarafacial: retention 1,3: suprafacial: inversion
\ .

o G0,
5

2

8*8 SN

FIGURE 1.9(a) Possible [1,3] §3gmatropic
migrations. )

1,5: antarafacial: inversion

I

FIG?RE l.?(b% Possible {1,5]sigmatropic
R ~ ». migrations,
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These rules, although originally conceived for straight
chain polyenyls, are equally applicable to the corresponding

cyclopolyenyl systems. It should be noted however, that re-

»

,arrangements going by an antarafacial process have been ruled

76

. out for small ring-systems. It follows that for a‘ring—system

having n = 1 (ze, C3H3R), the only Woodward-Hoffmann allowed

shift will be a 1,3 suprafacial shift; involving an inversion '

.

of configuration at the metal center, while for n = 2‘(CSHSR),
two rearrangements are allowed, a 1,3 shift with 4nversion of ﬁ

configuration, or a 1,5 shift with retention of configuration.

- 1 . +

The relevance of these considerations to metallotropic rearrangements

in metallocyclopentadienes has been suggest&é~elsewhere.77’78’79

C.3. The NMR Technique as Ap%lied to Stereochemically non-rigid

Molecules.

C.3.(i). Theory

Electron spin resonance and nuclear magnetic resonance spéctroscopy
owe their, existance to the fact that electrons and certain
nucleil possess magnetic moments because they have both electro-
static charge and spin angular momentum. In' the presence of
a magnet;c field, these magnetic moments become aligned either v

with or opposed to the applied magnetic field. Hence for a

nucleus of spin quantum number I =), there are two states;




s ]

no magnetic

field

During the NMR

32
&
]
: A
M_=—
- =k
/ - -
> /
l s applied
- =<

+ . ~ magnetic

N field

N .
~

experiment, nuclei aligned with the magnetic

field (the ground state, M, = Hs5), absorb energy and become aligned

against the magnetic field (the excited state, M, = ).

The energy difference, AE, between the ground and excited states

is generally small,

that any measure of

so that the uncertainty principle dictates

AE must- require a significantly long time,

ie 107%. I1f a nucleus were to change its chemical or

measurement a large

This has the effect

geometric environment during the time required to complete this

. .

uncertainty in the latter would result.

of giving a,series of energies father than

¥

a single defined band.

v

1f the nucleus

changes its place between two magnetically

different sites, e which have different Tesonance positions,

at a sdfficiently répid rate, a new band will start to appear

r -
at the median of the two former bands. This is consistent

with the rate of rearrangement becoming comparable to the

frequency separation between the two resonance positions,before

*

«/ and after the change in position. The "time requifed for




measurement" is directly related to what is commonly referred
: 5

to as the "time scale" of the experiment. A list of the

time scales for some common techniques are given in Table 1.2.

- L]

TABLE 1.2:

Approximate time scales for some different experimental techniques.

Approximate Time Scale(s)

electron diffraction ’ 10720

X-ray diffraction ) 10~18

ultraviolet 10_15
visible 107t ‘
IR, Raman 10713

electron spin resonance 10—4 - 10_8

nuclear magnetic resonance 10+l - 10'-9

Mossbauer (iron) 10-7

Molecular beam 10~6

Experimental separation of isomers ) > 102

\

The fact tﬁat the lifetime of so many stereochemically
non-rigid molecules is comparable with the time scale of the NMR
experiment has made NMR an invaluable tool, without which these‘
processes would havg remained unobserved, or at best observed only

A

with difficllty, -
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/
C.3.(ii). The use of diastereotopic groups in determining \\

the mechanism of rearrangement in metallocyclopentadienes.

Definitions. (a) Nuclei which experience equal magnetic shielding

-

have identical chemical shifts and are termed, isochronous or
homotopic. (b) Two atoms (or groups of atoms) are maénetically
equitvalent if ﬁhey are isochronous and if they are equally coupled ) X

to all other NMR active nuclei in the molecule, (g) Generally,

)

for any tetrahedral molecule of the type M , 30 where a and b are
. . 2 - -
different nondissymmetricgroipings, the two ¢ nuclei will be

enantiomeric, however they are:also magnetically equivalent and

isochronous. a

Ve

ravrisny

e(l)

The environments of ¢{(l1) and ¢(2) are mirror images of each otﬁer,

such that replacimg either of them by another different nucleus

or group d would give rise to the enantiomorphs 30(3) and 39(v).

I

a

a
3

cullllll;
et

30(a) ' 30(b)




!

("
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e

»

(d) For 30, where either g or b are dissymetric, e 31, the two
nuclei e(l) ana c(Z)‘experiencé magnetically inequivaleﬁ;

environments and are ‘diastereomeric.

Iip

»r

e(l) c(2)

Replacing either ¢(l) or ¢(2) by another nucleus, d, then results

¢ . .
.

in the diasteredisomers.él(a) and 31(b).

a

~

S -~
~
~
iy

e(l)

A group like Moo is often referred to as a diastereotopic growp.
5 -
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Application
~
One of the simplest examples of a molecule incorporating
a diastereotopic group is shown in 32
W E
o H
g \\\\\\11/’ ‘ ,
LR Y] - . .
. . ey, CH3(A) 22— - . .
2 \

" As defined above, the methyl grqppé (A) and (B) are magnetically
\ .
inequivalent, in principlé giving separate signals in the

1
130 NMR spectrum and a complex H NMR spectrum arising from
an‘égé X spin system, as opposed to the acx system occurring
"80
when (A) and (B) are magnetically equivalent (Ze, Rl = R2).
When E is a nitrogen atom, inversion at N (equation (35)).

is rapid and causes exchange between the magnetic environments

80 .
of (A) and (B). Hence the two methyl groups fre no longer

distinguishable by Nb’{R spectroscapy, an(’i 01’_}}}’ one Cmethyl

. signal is,observed in the 13C NMR -spectrum: The corresponding

resonance in the l-H NMR is a doublet via coupling to the methine

“ -~
——

proton.
2 R} //H
S inversion RZ::#;\ . \\\n\\CH3(A)
—— b
N H _— : - :

\\\\ \ / N/\ ,

RL‘“ C I|' . X CH3(B)
"“CHB(A)

- - b . 8 6 6 8 0 s 8 35
R . | (35)

1



’xa

‘*‘:’Misloﬁ et aZ]8l

, pherfomena for a related phosphine-derivative , 33.

_consistent with th

L
-

7

4y 4 ’ .

have observed temperature dependent

§

Thus spectra

. N ) -

1 -
-

E o®.n

3

* ¢ H3C Ph

‘\7 A P Y

< I ' y
f " % :.C .
z \ . © ) .
CH3(A) > CH3(B) .
1] ’ H . ::‘
- 3 Y ‘ "'/' .

_e \ Ve ’
. 33 .

v . ‘. 0
e static structure are observed at 0°C,
4 !

- showing the me&hyl groups‘(A) and (B) to be magpetically in-
' &

EY

equivalent. Inversion at the phosphorus center exchanges ‘the

0y

magnetic environments of (A) and (B) at a,rate such that,

tempefatd;es above +60°C, they are indistinguishable

4

at

#

on the NMR time scale, L
. . i

’ -

A similar method has reqehtly been used 12' to determine

if migra%ion in ﬁetallodyclopentadienes-oqcurs with retention

N .
6r inversion of cOnfiguration at the metal,center. Thus for ~

b A - .
cbﬁpouhd_égA the slow—%imit;l3c MMR spectrum, observed at -30°,

s

-

H
’C\‘\““ CH3(B)‘

—
i :\§§DQH3(A)

£
a
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g

. 8igma-bond to the saturated carbon atom of the Cs-ring, have

38

» o ..

_has two signalss for the diastereomeric methyl gfoups (A) and (B).

At higher temperatures, where thé fluxional p;ocess is sufficiently
rapid to bring about averaging of resonances for the cyclo-

pentadienyl ring carhons, mo broadening or change in chemical
v > . A
shift of the two methyl resonances was observed, showing the

rearrangement takes place with retention of configuration

at the silicon center.

G-
=
<

C.4, " Experimental Observations of Sigmatropic Shifts in

~

‘Metallomonochaptocyclopolyene-Systems.

.

Several comprehensive reviews of the fluxional processes

24,82,83
taklng place in monohaptocyc10polyenylmetal systems have appeared. :

s

v

This sectfﬁn sets out to summarize’ important, more recent

'develoggpﬁts, but some of the earlier material has also been |

P - S
included *for completeness. ¥

» -

- M +

C.h.(1). M;tallocyclopentadienes

El

‘Metal}ocyclopentadgénes, in which the metal is bonded via a .

been known since 1956, in.which year compounds35. and36 were. ' :




&

“isolated by Piper and Wilkinson?4 These species were found

=

to exhibit éurprisingly%?impke room-temperature 1H NMR spectra,
singlet resonances being observed for both n;_CSHS- and ns-CSHS—

ring nuclei. These observations were attributed to a fast

. 1 '
metal-carbon rearrangement arouq&_ﬁhe n -cyclopentadienyl ring,

-

an interprétation which has subsequently been fully borroborated.8

In a detailed re—invéstigatién of the iron complex 35, Cotton

and coworkei‘é,85 using X-ray crystallography, demonstrated

the existence of the. two different types of cyclopentadienyl

Fing. As part of the samé study, the lH NMR spectrum of 35

was a;solshogn to be temperature dependent, and at ca —80°C,

a spectrum consistent with the static*gtrycture was obtained.
Determination of the rearrangement p;thway was aléo

attempted by analysis of the differential collapse of the

aa’bb” multiplet in the slow-limit 1H NMRwspectrum. Assignment

-

of the portion of the aa”bb” multiplet which' collapses first

to HA’A based on the magnitude of the coupling constants

X ra
3J(H.-—HA) and IéJ(HlaﬁB) , and later86 by comparison of

«

chemical shifts with those of the monohaptoindenyl analogue
Fe(nf-CSHS)(ﬂ1~C9H7)(CO)Z, led to the eonclusion-that a 1,2

shift predomiqales.

-9
Further evidence for the assignment of the aa”“bb” part

\‘As * , -
of the spectrum has been arrived at for several other derivatives.

Thus for Mo(n5~0535)2(ﬁl—csﬂs)(NO),87 the slow-limit 1H NMR

LS

spectrum is consistent with '"freezing out" of the rotational

e .

39.
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»

-

configuration shown in 37.id which the two sides of the nl-C5

are magneticgé}y'inequivalent. It was assumed that the magnitude

-ring

(ns-CSHS) ——Mo ‘@ (”S'CSHS)

-NO . £
37 i

of this effect would be greatest for the A,A” protons, -an®

. 1
assignment which again supports a 1,2 shift. In two similar
experiments an asymmetric metal center is ¢-bonded to the

Cs—ring. The anticipated larger diasfereotopic splittings in the
A - . 1
\ .
13

: 2_ %5 ‘ .
C NMR spectrum of the C and C~ carbon resonances, relative to.

those for‘C3 and Ca, again led to the conclusion that a' 1,2

shift takes place in Mo(ns_csﬂg)(nl‘csﬂs)(No)(SZCNBuEZ)—88 o

and Si(H) (BuD) (nl—CSHS)Cl. 89

- L

For com?ounds of type M(X)(Y)(Z)(nl—CSHS),'along’wi;h '
diastereotopic shifts among the ps—ring huclei, anigpchromicit&
may be present within an appropriately'substituted migratory .
group, M(X)(?)(Z). The first such repbrt79 concerned .

-

*u

///
M "y

-
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13 -

Si(H)(Me)(i—Pr)(nl—CSHS) where the slow-limit ““C NMR spectrum

is consistent with structure 38 showing diastereotopic effects’

(A)CH,,, . .

A

both within the ring and for the two methyls (A) and (B) of the

+

isopropyl group. As the temperature was raised,.collapse‘
of the ring carbon resonances 'in the 13C NMR spectrum was observed,
but no broadening of resonances attributable to CA and CB

was apparent, showing the magnetic environments of the two

methyl groups remain unéhanged throughout the rearrangement *

process. Thus the Zgopropyl group can be used to probe the

®

stereochemical behaviour; of the silyl substituent, since the

above results are only consistent with retention of configuration

o~

at the gilicon center, throughout ‘the fluxional procesé.

’
1

‘-
¢

C.4.(idi). Metallomgthylcyclopentadienes.

t

Non-degenerate rearrangements in ring-suUbstituted metallo-

-

cyclopentadienes have only recently‘become well understood.

- » LI L] . . .
In the earliest report.of the synthesis of such species, Fritz

7

and Kreiter 20 incorrectly interpreted the” lH NMR spectrum

Ay

41




AY

42

forveetrakis(nl~methylcyclopentadienyl)stannane in terms of
structure\éﬂ in which the tin atom is surrounded by four ’

Cs—rings each bonded exclusively by the carbon bearing the

‘methyl group in a 'static'i(stereocﬁemically rigid)~arrangement,

-

¥* [- CH3 ) l" . ' “+
- 4. '-"

39

*

Davison and Rakita subsequently pointed out that the

“

observed data are also consistent with the .rapid mqvement of
the tin center around each of the methylcyclopentadienyl rings.

' 1
It has further been shown that the "H NMR spectrum of SnMeB(nl~C5H4CH3)

is significantly broadened at —60°C, and that both SiMe3(nl—CSH4CH5)

.

and GeMe3(nl-C5HACH3) exhibit complex slow-limit spectra at

ca 0 and‘-GOOC respectively, which show characteristic spectral

variations with increasing temperature., This evidence identifies
\ : i R,

- a Series of rearrangements which.lead to interconversion between

. .

‘e

the three isomers 40, 4%, and 42,

v

Me - Me
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This type of.rearranganent has been termed "quaai-fluiional“ 93,94

implying a close relationship with the behaviour of the corres-

N

ponding unsubstituted cyclopentadienyl.derivatives;  the
! /

difference from ehe latter is'ghet interconversion occurs bEtweenl
. C ‘ )

chemicaii& dietinguishable isomers possessing d&fferent groune
state @qerg%es. Hence, in a predictably more complicated
way, the fast-limit NMR spectra of -such compounds will resﬁlt
from the averaging of magnetic environments at fast rates
of Teversible isomerization.

Detailed investigation of rearrangements occurring in
such.molecules has been greatly assisted by .the ;se of 130 NMR
spectroscopy. ‘For:GeMeé(n1 CSHACH3)’ it has been possible

.té completely assign the slow-limit 13C NMR spectrum, using

-

of f~resonance selective proton.decoupling, in terms of isomer - -
-3

types 40 and 41 in an eca,2:l ratio. More recently analysis

of the slow-limit spectra of MRS(n -CsH%CH3), M$3 = SiH3,

. 94
GeH,, and GeMe has led to the proposal that only isomers

3 3’

40 and 41 occur in significant concentrations in solution.
\

(_For SnMe3(n C5H40H3) a rough estimate of the. relative concentrations

of ﬁgﬂedd 41 ¢[40] : [__}) at room- temperature was also made, ’

. - e 1
based on the frequency separation between the 3C resonances

L]

for each of the two pairs of ring carbon atoms in the fast-limit
spectrun, On the basis of.«this evidence, it was concluded that

the ratio [40] : [4l) was sensitive to. both the size of the metal

. *

atom, and the steric demands of substituents on the metal. v

.

[ P —
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A somewhat similar experiment on a system having:a deuterium
atom label, as opposed to a methyl group éttgched‘to the CS—r}ng,
has recently been reported,96 ' For SnHe3(n1:C'H4D), isotopic
perturbation of the strictly flux;onal rearra&g;ment in SnMe3(nl—CSH5)

was observed, the fast—limit spectrum being consistent with

an equilibrium between the three isomers 43, 44, and 4S5.

D

-

[\

H SnMe H SnMe. D SnMe

Recently, Fabian and‘Lébinger97 have shown that in ~

Fe(ns—CSHS)(nl-bSHQCH3)(CO)(PFéNMez),the metal atom moves around

used for Si(ﬁﬁ(CH3)(i- Pr)(nl-CSHS). it was algé posgible to
show that in the fast-limit by NMR spectrum, signals for the

B .
ring protons, ¥ and H® are diastereotopically shifted, see 46,

g ‘
Fe(q —CSHS)(CO)(PFZNMeZ)‘

-




pomer

. Interestingly, it has been claimed that Hg[ql~CS(CH3)512

indicating that the fluxional process must involve either

(1) suprafacial migration with retention of configuration

v

at the metal center, or (ii) antarafacial migration with inversion
of configuration. Sinc¢e migration ocgcurs with retention of
configuration at the métal center, the rearrangement was therefore

concluded to be suprafacial,’

C.4.(ii1). MetailopentamethylcyclOpentédienes.

There have been only a few reports of metallotropic shifts

in monohaptopentamethylcyclopentadienyl derivatives. Penta-

«

2 -
methylcyclopentadienyltrimethyl-germane and —stannane ? L
both show similar non-rigid characteristics which correspond

to those observed for the unsubstituted cyclopentadienyl analogues.
98

-

is a 'static' molecule, in striking contrast. to- the several

4

. . ) 84
known monchaptocyclopentadienylmercury derivatives, »99
which are fluxional with very low activation energies for -
rea?rangemgnt ( ‘ca,ZOkJmol_l).
. a .
o I .
‘ CH , ’ .
3 H o H
CH
CH 3 . BC1
2
BCl‘2 .
Cly CH,
41 : 48 -
\ ’ v

-

-
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-
[y

The first reported example 100 of a .compound having boron

_bonded vig a o-bond to the allylic carbon of a C_-ring is the

5
péntamethylcyclopen£;aienyl B[nl—CS(CH3)5]Clz, shown in 47,

The preferred vinyl isémers, é§_and 49 found exclﬁsively for -

all preyibusly known cyclopentad;enylgoranes is saidlo1 to be
-precluded here owing to the high activation energy of a 1,2 ‘_

)

methyl shift, relative to a .l,2 hydrogen shift.

C.4.(div). Metal%o(i-indeqes).

3 1

During efforts to establish the nature of the fluxional
process taking place‘in monohaptocyclopentadienyls, a number
of derivatives of the related indene ring—sys;em were preparéd.
It was hoped that a comparison of the lH NMR spectra of indenyl
derivatives with those of cyclopentadienyl analogues would
allow an unequivocal assignment of the slow-limit spectrum
for the cyclopentadienyl, facilitating distinction between
1,2 and 1,3 shifts. Further should a 1,3 ;hift be the prédominant
rearrangement pathway for metalloc&clopeﬁtadienyls, the;re;rrangement

in the indenyl analogue (30(a)—>50(b), equation(36)) might




be expected to proceed at a similar rate, while a 1,2 shift

ypuld result in intermediacy of the high energy ¢so-indenyl (51, .

significantly slowing the rate of rearrangement in 50,

M

.Cotton aqs co-worker 192 prepared Fe(ns—CSHS)(nl-—CgH7)(CO)2

12

. and found it ¢’ be non~fluxional, a result interpreted as

supporting a 1,2 pathway in Fe(ns-CSHS)(nl-CSHS)(CO)Z.

Bis(nl-indenyl)mercury,Hg(nl—C9H7)2, has been shown-to be a,

fluxjonal molecule, but the rate of rearrangement is significantly
LA

AP 1
slower than that;‘f%r Hg(n -C The NMR data are consist@
3 . .

sHs)

’

with an overall 1,3 shift of the metal allowing for interconversion

~ v
between 32 (a) and 52 (b).

H M )
. ‘ \

. 32(a) . ‘ 52(b)

. .
* -

Davison and Rakitahave shown IO; that similar rearnangements‘

¢ -

‘gul“”’

occur in some tin indenyls. Some mechanistic information

‘ \
was .also obtained from examipation of the DNMR spectrum of

L/




SnMezPh(nl—09H7),.§§. For the latter, the diastereotopic

. methyl groups (A) and(B) give rise to separate resonances in

. the sipw-lipit (-30°C) 1H NMR spectrum, while fast metallotropic

rearranﬁgﬁzﬁzilesults in averaging of the two methyl resonances,

~

+ (B)Me
(A)Me ,_ "7/, -
N’Sn/‘ Ph

=

i

which,provided oniy‘suprafacial shifts are considered, is

consistent with retention of configuration at the metal center

during the rearrangement. .

A detailed study1

l,Zbié(trimethylsilxl)indene, has provided some evidence for
the pathway of the rearrangement. At elevated temperaturesr
site-exchange between the two SiMe3 groups occurs, such that

only one' coalesced SiMe3resonance is observed in the fast-limit

1H‘NMR spectrum, equation*€(37).

2

El

SiMeB(A)

SiMeB(B) -~

)

—_—

+

48

04,¢ the DNMR spectrum of the di-metallo-indene,

|
/
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&

These observations are consistent with the intermediacy of the

4”‘4”*

i

igo-indene, 54, but do not rule out the possibility o,ﬁla pair '

A . . SiMe3(A) ‘ 7 P

J)SiMeS(B)

. of simultaneous, concerted 1,2 shifts, as shown in 33.

™~ SiMe3(A)

)% .S?'.Me3(B)

The possible intermediate (the iso-indene5l) has also
105,106

been idéntified by trapping experiments using the Diels-Alder
reaction with dienophiles, to give adducts having the migratory . ,

group, MR3, at the 2-position (eziuation (38)).

SiMe

e oy
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N oo .
-~ [}

Thermolysis of trimethylsilyl(qLindené)’56106»107

results in

an equilibrium mixture of starting material (36) along with

two other products(57 and 58) each of which is the result of .,
a prototropic shift(s). The presence of isomer 57 mdy be interpreted .

_as further evidence for a-rearrangement via the iso-igdene

s1.

C.b4.(v). Metalléc&cloheptatrienes.

The observed pathway for migration in metallocyclopentadienes . ' v
provides no evidence to distinguish between a 1,2, "least motion", :

shift and a 1,5 pathway topologically identical with a Woodward-
+ Hoffmann symmetry-controlled [1,5] thermal rearrangement.

’ . , 3

In a C7—fing system, 1,2 and 1,5 migratjions yill be differentiable,

resulting in either a "least motion" shift or a "molecular
>

broad jump” respectively, ig,

\ H M
M’ 7
. ) (1,2) (1,5) )
~— —_—
’ ) . M

Thus the C,-ring system provides a suitable model from which

~_ the rearrangement patﬁday’éstabiished expefimentally will dis-

~—

A\l

tinguish between the two alternmatives. - é§r~

(]
Yy
~

-

o,
\

a

The firsf such molecule té be prepaﬂ‘ﬁ was SnPhs(nl-C7H7),lé§;;,

which exhibited a DNMR spectrum consistent with a 1,5 shift
J ¢

~
y

o




+

¢
.
e

(équivalentﬂ

investlgated.by Mannvand co-workers .

7—ring (equatlon (39)).

al 4 shlft), of the PhBSn*subsgituent about the

<

- 109

‘confirmed «the earlier conclusions.
W

&

. .
~
M ¢
s 1
AN
13 ¥
.

»

" H

~

SnPh

%
.
‘ |
.
=
. v

-

3 .

—
\,
f. ’

-t
.

- ' SnPh

-

- = ~ N

~8

These observations have been re~’

who have essentially

,

More recently, she first transition metal szgma—bonded

cycloheptatriene ¢Re(n -07 7)(CO)5 has been reported.

A,

Hoffmann épin saturation e§p§r1ments'to undergo a least motioms

.

%

4

llO

.

Interestingly, Yhe molecule is alleged on the basis of Forsen—

51

7

T___.......(39)

1,2 (or 1,7).s§iftﬂ“nob;rhlateg to a Woodward-Hoffmann symmetry-

allowed [1, 5] ‘shift, »

- - -

The related cycloheptadiene system has.also been investlgated.

Thus- SnMe (n. 07 93

.

L4
tn which the tin mbiety migrates via a-l 5 Shlft at a rate

similar to that observed-for ' 'SnPh (n -C7H7) (equatien (40)).
A

W

"

has been shown to be a fluxional molecule,

-

[N

-

.

™

"..0l0.1¢<40) =

o

e
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C.4.(vi). Metallocyclononatetraénes. . . NS

Vs . :
- Metallqtropism in metallo(nl—C H,) systems have recently

979
r2,113 A detailed ihvestiéétion of the silyl, - .

o~

. been reported.

* germyl and stannyl systems was compléeted in these laboratories

.

The rate of ‘rearrangement appears to be -

+ -

by Dr.’ A. Bonny. 113

comparable Eb that observed for the corresponding cyclopentadienyl

- > .

derivatives, and sigr%ficantly faster than those for related e

4
cycloheptatrienyl derivatives. This led to thz conclusion that <J‘
al,2 (or 1,9) "least motion" shift as opposed to the higher

«

" energy 1,5 (or 1,4) "molecular broad jump" was the loweét—energy

e et

pathway for rearrangement, (equation (41)). b

N

l M H ! M a . % s |
. - . ) N X }I 3 -
. B — — .. (1) '
, i ; - "(f‘__‘“' . - ) )

-

’

. v ,
C.4.(vii). Metallocyclopropenes.

- Only a few reports of sigmatropic shifts in cyclopropenes
. . § A

114 P
have appeared. .The first such okservation involved the

o thermal isomerfzation of 59 —> 60 (equation (42)), presumably




.
[y

£z

o via a 1,2A(or.l,3) sigmatropic shift; however the reaction

is irreversible and no mechanistic information was obtained.

Kécently, an equilibrium between 61 and 62 has been observed

115

(equation (%3)) . The derived activation energy, Ea =-134kJmol-l,'

is significantly higher than that for SiMe (nl—C H ), E, = 54@Jmol_l,

implying that the rearrangement between- 61 and 62 takes place
w1th inversion of conflguration at the sillcon center. The
rearrangement was shown to be intramorécular, but no direct

) .
evidenck was obtained to identify the stereochemistry of the

reaction. . . b N .
F3 .
. Ph
! ‘ ! . 8 & 0 8 9 (43)
. ﬁ . N
. eh BiMe, SiMe,
6L : 2 .
. F
¢ >
) ;
-\
. a .
% .

@

53




- D, GENERAL EXPERIMENTAL

{
D.1. Spectroscoﬁic Methods for Characterization Based on the

Nuclear Properties of Isotopes of the Group IVA Elements.

~

D.1.(i). Nuclear Magnetic Resonance .

\ S

Silicon, tin, and lead each have at least one isotope

A N .
with the nuelear spin I =% (Table 1.3), in a sufficiently high
concentration to bring about observable effects in the lH and

130 NMR spectra of many of their compounds. Thus spin-coupling,

between the NﬁR nuclei undeg investigation and the group ILVA
NMR-active isotope, resultsin spectra containing satellite
lines which arf symmetgicaliy disposed about each central
absorption. The technique of heteronucléar'mhgnetic déuble

resonance uses this magnetic relationship to determine indirectly

th;hZ;;Qical shift for the particular NMR-active isotope.

TABLE 1.3
> : 116 Lo
Percentage natural abundance of NMR active isotopes of the

group‘IVA elements having I = k.

Element . ' Isotope % Natural Abundance
c - 13 - i
si | 29 4,70 B
Sn 115 - " 0.35
‘ ' 117 © 7.6l
119 '8.58

Pb 207 22.60 ¥




I‘
R . TABLE 1.4, *
o .29 11
_ Representative examples of (a) Si and (b)
(a) 2%si¢

Compound - Chemical Shift 627°

SiMe4 0.0

SiMe,Cl : . 30.2

SiMe,, (OMe) 17.2 -

SiPh, -15.2 -

sicl, <19.9

'@ Values of

(b)

29

positive values to higher frequencies.

.55

98n chemical shifts.

Si chemical shifts in ppm. relative to tetramethylsilane,’

Measurement at room-temperature on neat or d6—benzene‘solutions

)

of samples.

¢ Values obtained from references 117 and. 118,

r%gsn .
Compound Chemical Shift‘Ga’
SnMe4 0c

Snie ,C1 ’ 171
SnMéB(OMe) 121

SnPh ' ~137

.. 4 1

SnMe. (n -C.H_) 26.0

31 575
Sanln —CSHS)AE ~24.4
Sn(n -CSHQCH3)2 -=2171,1 i

2 Values of 115

positive values to higher frequency.

Solvent

neat -

7
?0013 ,
Cefe
CHC1
cc:L4
ccl

4

CDC1
3

2,63201(110°c)

Sn chemical shifts in.ppm relative to tetramethyltin,

Measurement at room-temperature unless otherwise stated.

€ Values obtained from reference 119,

[y

4




. o »
r, N ‘e
¥ 7 .
I

"In the specific case of tin, where this technique has been

/
used extensively, _ the ¥l9

Sn satellite line in the lu NMR -

spectrum of the compound is observed, while the sample is

irradiated with an r.f. field which sweeps. through-the llgén

« «

e

s resonant frequency. The frequency:at which the satellite

line in the proton spectrum is most perturbed gives.the 119Sn

ad
. -~

¢ chemical shift. L

Y -

-

’

x

- The advent of the -Fourier trghsform NMR technique ds a
N - 4 .

commonly available analytical tool has facilitated convenient

- ., s .
observation of 2951, 119Sn and 207Pb chemical shifts. Values

i " of 2951 and 119Sn chemical shifts for some typical silicon and

.

‘. fin compounds are given.in Tables l.4(a) and 1.4(b), respectively.
£ 5 n.

- v ’
-

- T - W

L -
D.l.(ii). Mass §pectroqetfy.120.' T

» -

> - o~
v The polyisotopic nature of all of the group IVA elements

# —

. o e s L& .
(Table 1.5, givesrise to cﬁaracteris;ic fragmentation families

in the mass spectra of their volatile compounds. Spectra of

- - R4

Eelated volatile derivative§iof the group IVA elements have

many features in common, observed differences being attribztable

a .

to a decrease in ‘iomization potentials (Table 1.6), or a decrease

in the b9hd strengths of bofids’ between the group IVA elements

and other elements., on descerding the group.
- o . &

The spectra are dominated by even-electron ions, the relative
. L3

-

concentration of old-electron ions being characteristically .

a
~

small. Radical elimination from odd-electron ions is common,

N



Si

Ge

Sn

" Pb

Isotope

% Hatural Abundance

Isotope

% Natural Abundance.

Isotope -« v

% Natural Abundance

Isotope

% Natural Abundance

I *
Isotope

% Natural Abundance

12
198,89

" 28

92.21

70
20.53
112

0.96

204

1.48

13 .
1.11

29 30
4.70  3.09
72 73
27.43 7.76
114 115
0.66 0.35
206 207
23.6. 22.6

" TABLE 1.

74

36.54 .

116

14.30. -

208 *

52.3

5.

76

7.76

117

7.61

-~

res
118 119

24.03 8.58

Percéntage natural abuhdance of isotopes of the group IVA elements.

120 - 122
WY
32.85 4.92

116

124

5.94

LS



~--Jonization Potentials for

.

Element
‘ lst 2nd 3rd C4th
\ . e

C 11.264 24,376 47,864 64,476

31 - 8.149 16.34 33.46 45.13

Ge . 7.809 15.86 34,07 © 45.5

Sn 7.332 14,63 - 30.6 . . 39.6

Pb 7.415 15,03 32,0 42,3

TABLE 1.7 | i
Typical values of the isomer shift and quadrupole splitfiq; for some.
tin-containing compounds.121 )
e a,b,c ; a
Compound Isomer Shift 8 Quadrupole Splitting
SnMe, - +1,29 . 0.0
SdMeSCF3 +1,31 1:38
SnMe3Ph +1.,16 . 0.0
SnPh, +1.21 0.0
SnMe3Cl : +1.43 . 3.41 )
sn( n'-C.H) +1.56 0.0
5 554 .

Sn( n -Csﬁs)z +3,76 ' O.Q
Sn012 +4,07 " 0.0
8yalues given in Gmd . ’
relative to 0 for Sn0,. .
€A1l spectra were recorded at -78°%C.

TABLE\1.6. 4

the group elements.9 . -

. Tonization Potentials (eV) -

58

s
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and usually the dominant mode for decomposition of the molecular
_ ijon (eguation(44)), with the-radical lost commonly being that ’ ‘

-
.~

MR[‘-*-., ‘—_"> MR3++R'.|G...QO...QIIDDQOGQCI‘(44) ’ . ot

-

most weakly bound to the metal in the neut¥al molecule®’ The
most familiar mode for decomposition of even—electron ions

having alkyl substituents is alkene eliminatlon (equation(45)),

-

: -C,H, ) -C,H, +=CH,
MEt3 __._—>1{Et2 ___——>-ME:tH2——:——->-MH3 ve o (45)°

~

whlle elimination of neutral species becomes increasingly

common among the heavier group IVA elements (equation(46)) .

+

et ——> MPET £ PRoPhe.evenenevesannnnnsnses (46)

M = Sn, Pt. ) 7 ' .

|\
\ ‘ - .
oy 1,122 R
D.1.(iii). Mossbauer Specb;oscopylz ! .
: — \

Mossbauer Spectroscopy, Or Y—ray resonance spectroscopy,

. ! .
useg a source of y-rays-to excite a nueleus from ite ground-state

—

o

to the first nuclear excited-state, The radiation source for *
A ‘
119, .. Tee L, 119m
Sn Mossbauer spectroscopy is’the Bsn isotope which has
a half life.of 250 days,emmittinga ydray of energy 23,8KeV.
When the nuclear environment of the tin atoms in the source
and absorber are.differert, absorption can occur only when

*the energy of the source is modulated. This is done through

making ‘'use_ofthe Doppler effect by moving the source relative




to the absorber. The velocity at which maximum absorption )
occurs is called the isomer shift, § (also known as the chemical

shift, or chemical isomer shift) and is given by

S L LR T LR EE .

=

where K is a constant, AR/R is the fractional change in the
nuclear charge radius of excitation and l?s (o) l?a and !Ws (o) Lzs

are the total s-electron densities at the nuclei of the absorber

‘and source respectively.

119

The- first excitation state of Sn has a nuclear spin

I = 3/2, such 'that deviations .of the nuclear ‘charge distribution
from spherical symmetry can lead to a splitting of the energy

levels, the quadrupole spliﬁting, A,

The value of the isomer shift &, is a measure of the s-electron

-

density at the nucleus, and is therefore sensitive to changes

’ - : ) 121
in the oxidation state of the metal. Several workers have

proposea the isomer shift for a-tin as a dividing line

between quadrivalent and bivalent tin, while others have used
the value obtained for B-tin. Figure l1.10shows the scale for .
this parameter relative to SnO2 = 0, and some typical values

for the isomer shift & and for quadrﬁpole.splitting A, are given .-
» ) * ’ -

in Table l.z‘ T

| ostannic compound stannous compound -
i = .\ 5
; - - =C SnCl
Srrao2 a_ig» B ?n ‘Sn(n 5H§)2 ? 2
o.\)o . 2.06 2.56 T3.76 4,07 @m.s))
FIGURE 1.10. %The 1-]'g-Sn Mossbauer Ysomer §hift scale.

| | |
Co
| : |
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D.2: General Experimental Procedures and Instrumentation.

H
t

Due to air (oxygen) and water sensitiviti; preparation of
the majority of the compounds described in this thesis required
thé use of Schlenk-type apparatus inconjunctionfvith a double
manifold-type nitrogen atmosphere/vacuum system, Glassware
was oven-dried at 110°C with flasks and Schlenk t&bes being
evacuaéed and purgéd with dinitrogen gas several tiﬁes before
use, All solvents were manipulated using syringés which were

4 .

previously flushed with dinitrogen.

Pentane, hexane, toluene , diethyl ether and tetrahydrofuran

were dried over potassium/benzophenone, presence of the characteristic

. L4
£ L3

blue color of the benzophenone ketylrradical indicating the
solvent was sufficiently dry to be used immediately after
" distillation under an atmosphere.of dinitrogen.

The instrumentation which &%s used 1is listed in Table 1.8,
and commercially available starting maEerials are listed in
Table 1.9; references fof preparation ;f readi;y availableg
stérti;g’compounds are also prbvided. Microanglyéis was perfprmed

in this Department or by Canadian Microanalytical Service Ltd.

(Vancouver, B.C.).



Technique

}Infrared

LYo

13C NMR

\
19F NMR

Mass Spechra

TABLE 1.8,

Instrumentation

Spectrometer

Perkin-Elmer 283 -

Perkin- Elmer R12A and R12B(60MHz)
ferkin;Elmer R32 (90MHz)

Nicolet TT-14 (15.1MHz)
Perkin-Elmexr R32 (84,6MHz)

Hitachi Perkin-Elmer RMU~17

Finnigan 3300

S
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TABLE 1.9,

GeC,. dioxan <

CsGeCl

a—
»

3 \"\ *

SnBu® c1,

SnPhCl3
,SnPh2012

Cl
SnPh3

» "cycloﬁeukadiene dimer“a
"methylcyclopentadiene dimer"
indene .
pentamethylcyclcpentadiene
acetylacetone
benzoylacetone
dibenzoylmethane .
tropolone
thujaplicine
8-hydroxyquinoline
diplvéloylpethane

boron cfifluoridé etherate

i

"123

& .
Starting Materials ‘

’

Supplier’ (Refgrence) ‘

Aldrich

-

Alfa ,

124

*

125

M_& T Chemicals Inc. *

"Alfa "

M & T Chemicals Inc.
M & T Chemicals Inc.
Aldrich i |
Aldrich
Eastman
Aldrich
Aldrichr
Aldrich
Aldr;ch
A%drich

»!

Aldrich — .

% . Fisher

Aldrich

Eastman
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A. . INBRODUCTION : . -

.

.dynamic process giving rise to stereochemical non-rigidity g

s molec‘.ule.'?t> any corresponding rearrangement must necessarily .

. CHAPTER TWO . .o
” \

‘IN?RAMOLE€UEAR REARRANGEME&T BEHAVIOUR OF.

TETRAKIS(CYCLOPENTADIENYL) AND TETRAKIS(METHYLCYCLOPENTADIENYL)

¢

DERIVATIVES OF GERMAﬁ}UM(IV) AND TIN(iV).l26

-

' . .

From its origins, based on a suggestion by Piper and

Wilkinson in 1.956,84 the concept of fluxional character

-4 -

L

of nl- cyclopentadienyl metal derivatives has received continuing

e g .
attention, Recent results 79589 obtained in these laboratories

have established conclusively the nature and'meghaniéﬁjéiaghé

#

in this class of compounds. By contrast, the non-rigid properties

LAY ' - > -

of related ring-substituted cyclopentadienyl derivatives hawve; ~

until recentlyi gq‘ﬁoy received close scrutiny. In such
- . .

<
.

- -

-4

e e T

B4

involve facilé interconversion between isomers of the type 1, 2,~dnd 3,
. . .- . P N
. - " N == . ”(.f .
(see also Chapter One), . R

. CH, - .M )

CH, cH, o M

M.
- H -
M ¥
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Davison and Rgkita, concluded that -the\temperature .
"+ dependent -1H .I(IMR spectra of MMe (n"l-CSH CH3) M= Si Ge, and Sn,
- ) are consistent with interconversion of these three isomers
. [ ’ and that the rearrangement rates are similar to those found

for the eyclopentadienyl analogues. The -30° ¢ 3C NMR' spéctrum, ?

A

‘of GeMe3(nl 5HZ’GH3) has been assigned 95 ég existgnace of a ' -

mixture of isomer types 1 and 2 following a.comparison with . A
T 13C NMR data“ ﬁor cyclopentadiene and methylcyclopentadiene.

* - oy

9% -
. “a Stabart anc‘i. Holmes-Smith reached similar conclusions for

and' also

-

» ‘ 3m3(n .csn4cu3), MR, = SiH,, ‘CeH3, GeMe, and SnMe,,

e
estimated the relative congentr'ations of the two isomers (Tabie

.

) 2.1). It was assumed that, isomer l was the” configuration { S
- . .

havi'ng’lowest free energy on the basis of steric considerations.

[ - P
N R “ ’ . . .
¢

e TABLE 2.1, . .~ "

. . , -
94
. . Estimated concentrations of isomers 1 and 2 in MR (,nj;C H CHS)'-type systems,

ol - ! ‘ Compound’ R | . U_-_]' : [21 . s o
C e P 12318 T )
AP o | §1H3(n CSH4CH3) . ‘1.2 : 1 o o
K ,. [} ’ ’ - ¢G€H3(n -C H CH3) - 1 : La [ ) a

- - - ks

a - ) - ac .‘ .:b’ " N ¢
‘ "-‘GeI:Ie3(n .CSH‘&CHB) 32t w0t T
C SnMe3(nl~C H,CH) o I S LN g
, » - ’ . § . L. . « ° .
7 .'ﬂ . . - 2 b 2 : K T " ". ! ‘. AN . -
- N - » - . Q ﬁa‘ ) $ *
& aObtair;Ed from slow- limiti §C NMR data at -30505 i @ v L
o . [ fagh >+ s YN LY
LT bObtain d from %ast limiting 130 NMR d‘ata. - b - - ‘

At +95 C..

o ,crAt +30%. |

R s o
S h = S
Do SRR~ o
g I [ s
f5 e, P i
@ - N e ¥ 0.
- L Y
N . v,
¥ -~ . . -
. he B Za . hEN
. - n ’ . B3 13
—. P ] B
sy v foow . ;
& 2 e r
=AY e roe



] ' . . “ -
- .+ ' As part of the same study, the separation of the two resonances

BsB" 13‘

- due to €*Y% . and C (sge 4) in the fast-limiting ~~C NMR .

of these compounds was shown to be a funétion of the relative
- ; - ’

. isomer concentrations. Thus for SnMe3(n1—C5H4CH3), where the

- - .

s

. - X > . K S
. ‘ conceptrdtion of-isomers 1 and Z2sare-similar, there is only ‘7

I-4

. ' ' ® -
a small seé%%htion between the two resonances (ca,5.8 ppm),
e

while forEéMéé(nl—CéHACﬁ3),the'iSOmer ratio le : 2] =271,
' - . ° ) ? I 4
xes&its in,a decrease in the olefinic éhgracter of c® |

»

R

) . /
a,a ané,CB,ﬁ

and leads to a larger separatkon between C of
’ 12,2 ppm. ' o ’
- . 90 L3 .
/ o In 19655 Fritz apnd Kreiter reported the synthesiz ° ”

L)

of Sn(nl-qéﬂécﬂb)q,;codéluding from lH NMR data that tHis compound

- " had the static structure 5; however Davison and Rakita subsequently pointled

- g o N
. ) °
>
v - . )
) ¢
P
b-J -
” ¥
¢ ¢
' 15
/] =t
2 - .l '
. hd \
L * ¢
. . . .
% : .t
“ s A
0-7 = ‘W M L
‘
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—
7

'

91

out that the observed spectrum is preéisely that ex%ecééd

5H,Z*CH3 system, noting that cooling'to rBOOCk

y led to significant broadening 6f resonandes in the lH NMﬁlspectrum.

for. a dynamic nl—C

Campbell and Gréen :127 conf%%med'the non~rigid character

of Sn(nl—C H CH3)4 from an observation of the température

. 54
dependence of both (1H - 1H) and (117’ 119Sn

v
1 '3
- "H) coupling

constants, and further concluded that it exists glmost entirel»
' -~

as one isomer form, 4e-either 6 or 7. \ . .-
% ) - - : ’

T e maarm L} Seh e e m——— sy — ———— ———— b e sw—————

- T T == Me  __ o . —_—
‘ rd r s 5 Sn .
Sn . 4

'\
jon
[~
>
»

-

- »

" A more thorough inviiiigation'of this gituation has been
% completed as part of the present w%tk and in this chapter

“ * . . -
the effect of total substitution of germanium andftie by both | - ( -
) Ny .

’

manohaptocyclopentadienyl and monohaptomethylcyclopeﬂtadienyl }
rings is discussed, giving compounds of the type MR&’ R = nl—CSH5

1 . 1 .
or n -CiﬂécHS' ?or R = —CSHﬁCH3, the interchange betweén |
. t & [ .
isomers with metal-ring bonding, as shown in 1, 2, and 3.is

N

inveétigated, and changes effected by replacement of Sp by Ge ~
“ - . ¢

.1 . ) ’ ) .
iq!M(n —CSH4CH3)4 ate examined. )

.

' d



B. RESULTS AND DISCUSSION

' I .
\
<

§- Tetrakiégnl-cyclopentadienyl)gergane (2.1, tetrakis(n¥-

cyclopentadien&l)sEannaﬂe(g;é), chlorotris(nl-gyclopentadiényl)germané
(2.3), and thlorqtridn}-cyclopentadiéﬁyl)staﬁnéne (gﬂﬁ),,were '
prepared in high yiéld (ea757%) as light yeilow M= Ge), or -
bright ygllgw‘(M= Sn) solids, from'?%e reaction of potassium

cyclopentadienide with MCla (M = Ge, or Sn). Exactly analogous -

reactions ysing potassium methylcyclopentadienide gave tetrakis-

1

(nl—methyléyclopentadienyl)gérmane (gté),.and tetrakis(nl—metﬁyl-

cyclopentadienyl)stannane (2.6), again in high yield, as viscous

t

yellow oils. Compounds gﬂi and 2.6 are air-sensitive and the

P

germanium compound is'thefﬁally unstable: over a period of
several days\at room-temperature it forms a hard non-melting
-glass, insoluble in common organic solvents. Physgcal and

analytical data for compounds 2.1'~ 2.6 are given i Table 2.2. *

™

1)

-

B,1, " Mass Spectral Data.

Mass spectral data for compounds 2.1 - 2.6 are given'in
. o ‘

. Table 2.3 aﬁd provide definitivé’characterizatiqn for each of

‘8,

Ry

the six compounds. While the molecular ion for thehthree.
\_‘ - - - .

germanium compoundé is clearly discernible, th se for the tin dérivativ%s

were .not observed, reflecting a decrease in the metal-carbon . *

-

bond étrengyh. Subsequent fragmentation is dominated by the

formation of even electron ions, via radical elimination,

.

»



ShY Ge(nl~C

o re

" TABLE 2.2,

5

ﬁhysical and analytical data .for compounds 2.1 - 2.6.

Compound ’

ce(nl—c.H,)4 2.1)

§h(n =C HS) -(2.2)

. o
Ge(n —CSHS) cl (2.3)

Sn(ni- C.H )3c1 (2.4)

A~

§2(n ~C.H cu3)4 (2 6)

[ ’cétour

155ht yellow -116°

yellow

light yellow 145°

yellow

4

amber

orange

(o}

-

M.p. (°C) . Analysis
' Thgorgtical Actual
Zc l%H .%c ZH

(dec)  72.16 6.0l _71.90' 5.83
73-74° 63.37 5.32 63.19 5.51

(dec) 59.39  4.99 59.09 4.99.
165° (dec)  51.55 4.30 51.31 4.13

_ otl 76,09 7.26 73.71 6.98

oll 66.24 6.48  66.51 6.57

yield

91z

~797%

747

82%

Y 469
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¢ TABLE 2.3, ) 2 -
. , . /
Mass spectral data® for (a) 'MRab’c and "(b) MR3Cl'b’d. ’
‘ (a) '
ion family » ion abundance
R I
Ge(n ~C4H ) Snén -CSHS)4 Ge(n C H CH3)4 Sn(n CSH4CH3)4
MR, 0.5 ot 1.1 a.0.
MR, 6.9 4.8 . 1.2 7.1
m2+' 1.9 7 0.7 0.2 1.4
R T 77.0 " 74.6 - 97.5 66.8
mc.u b 8:0 3.0 . n.o. n.o.
- - }n+ gy =T - i .. -
MCZH 3.4 _, LT 2.1 n.o. n.o, -
428 o= - . £ .
. M7 . 1.0 14,7 n.o. @ 13.2
(b) . ' - l
1 . 1. ’
ion family Ge(n' -CSH5)3Cl Sp(p -CSH$)3Cl
MR,C17 * 4.8 ‘.o f
MR, 2.3 16.2
MR’ZCI 11.1 . n_.o.f
- MR 9.9 . 7.8
. MRCl+' 'n;o.f\ - 1,6
MR 48.8 49.8 ]
MCZH - . 3.2 n.o.f, )
.7 'Mc1 -19.3 . 20.9 -
. é(f:. - o ba6- 3.6
2 70ev iontzing voltage.
T b M-Ge,‘or\Sn ' )
c 1. 1 .
g\s\rfsf or n c:51140t13 ) -
L3
R, . -
2= metal .containing ions, summed within each family resulting from . X
isoCOpe d‘ism.’ibution and’ hydrogen loss. e ~. °‘ S
tiot: observed. : ¢ ~ . “fn ;’ et “;,"' s o,
. . ‘ . ’ ‘ T, M, o
.,- % . . . 4 . .,: 'y .
: — 7 ) At nE T S0 e
. B T " s R - : w T
Sl T % - ‘ i ! ) .. 4 -
. s , | NELAN B o <
. . £ B = _’:'\ ;a;-‘ ';‘ . A i'. E y B t.-' R - S : ] ..
- Vv x i . .{"‘ - .'f\' - !'}\wi. ';g'. V!j‘ . ':
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giving principally ﬁR%? a result similar to that observed
1,120

for many other group IVA organometallics. ‘The ion Hg%

-ring or by carbon-carbon

decomposes ejther by loss of the C5
bond éléavage~within the’ring, giving MC3HD+ and MCZHn+ fragments
» (Figure 2.1). These fragments have a relatively low abundance,
128

consistent with the recent conclusion that while ns—cyclp-

pentadienyls characteristically fragment via carbon-carbon bond

- [ 3
fission, the main pathway for decomposition of nllcyclopentadienyl

analogues is by breaklng ; of the metal-carbon ‘linkage.”

- o

1 L N ¢

3

72
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Lo T TABEE 2; 4
1198nnﬁassbauer data fbr.compqdhdg 2 2 and 2.4.
fj?bhpqgﬁa - -7i Isomef.Shift?&; | a\,dﬁadrppple Splitting A
T . . Ed N . %“\ -
/."‘ s e / < " o .
- JORAS oV O 2 .o
1 .;_‘.. sO" v e B ’
sn(n.l-csg oaer, " wL bse T i s
+ p e . ‘

< aMeasureﬁ at 77K by u51ng a Harwell constant—acceleration

[

o,,.’ Sl !,.4 . PO 4

%pectromgter. 'Iscmer &pift inmm 5 1 relative to 0 for SnO2
. Y ' L] &l I's ) ; =t - ) N
and qua&rupolenspir:tlng 1nmm'sx .
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3 2 Hossbauex Spec:rai Data.ﬁz_ﬁ- '
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The Mossbauanf.data obﬁalned for eompounds 2”3 d 2.4 are

¥ ,'&.

given.in TablefZ;k @he ;somer shifts detéermined for*both

ﬂ"\lu*

;N . ”l

H,compounas‘are iaentiéal wichin experimental error, 6 =1, 56mm.5

AL !

é

ﬁnd in thg %egion expectad for qyadrivakent tin,:being similar
. ) .
i.to isomer shlfté obtained fof @ther tetraorganotin(lv) compqﬂﬁﬁs,‘

..
o . . o

I




but significantly lower than the value reborted for

Sn(ns—C,H

5 5)

@

T

9 (Table 2.5).

L3

131 C

»

TABLE 2.5.:" .

Isomer shift.values for some SnR, - type compourds.

Compound

SnMe

sn(C

SnPh

4

6114

Sn(n ~C.H

. Sn(ns—CSH

sHs),
502

5 —

Isomér’Shift‘;‘@m.é-l) . Reference
1.29 129(
1.52 130
B B} G ‘ 130
1.56 this work
3.76 ' 131

-
[

The’ spectrum for compound 2.4 consists of a doublet with

quadrupéle splitting Q.S.

= l.ésmm.§¥, consigtent with .

non-spherical symmetry about the tin center, The value obtained

is substantially smaller than those for some related triorganotin

halides, as‘indicéted@ in'Table 2.6.

TABLE2 6 v

Quadrupals Splittlng v%ues ‘for some SnR3Cl - type compounds

Cqmpoun@

N

SnMe.Cl
s

SnPh,C1

3

Sn Bul.C1

3

Sn(p-ClC H4) Cl

Sn(n1 C

) Gl

Quadrupole Splittiﬁg@m-s ) Reference

#

.41 . . 139
2.5 v 130

3.40 . i3 |
249 ipe
1.%5 ‘ . this work

.

I

-
h *
- ,,Jf"‘
o
- Sy
. ~
e
e o g
- ﬁiﬁs,‘ ~ e
. 7‘*'&.—_'— ' ‘;:‘ =




Infrared spectraa,

%

2842 (ww)

Ge(n -C H5>

3100 (w)

3081 (w)

3042 (mw)

2904 (w)

1

2800-3200 cm™ -

sn(n’ -C HS)

3100 (vw)
3060 (w)
3040 (wvw)
2950 (w)
2920 (mw)

2850 (w)

Values given'in o l;

As KB::peIlets.

\

TABLE 2.7.

&

region for compounds 23172,ﬁP.

v

'Ge(ﬂ -C HS) Ccl

3095 (vw)
3070 (w)

3048 (vw)
2954 (vw)

2910 (w)

L2845 (w)

Sn(n —C

3%01 (wf//

3093 (w)
3073 (w)
2959 (w)

2915 (vw)‘

/

74

5)4CL //
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B.3., Vibrational Spectral Data,

-

The inffared spectra of compoun&s 2.1 - 2.4 each have at
least five absorptions between 2800 and 3200 c:m'_l (Table 2.75,
due to ring v(CH). Usiné group theoretical considerations

. \

2

it is possible to predict134 that for a nS-Cgﬁs-ring (local

DSh symmetry), there should be two IR - active fundamentals

due to the ring v(CH), (2800 - 3200 c:m'-l range). In contrast a

nl_CSHS-fing (C3 symmetry), should give rise to five stretching

modes, one aliphatic ~ type (2800 - 3200 cm_l) and four olefinic

C-H stretches (5000 ~ 3200 cm-l). Hence the presence of three

or more bands in this region is positive evidence for ménohapto—
cyclopentadienyl bondiné, and the observed spectra clearly point

to the existence of such an arrangement in each of the four’

compounds, R

B.4, NMR Data. \\\\\ -- ' i

B.4, (1), ‘\Monohaptocyclopentadienyl Derivatives,

€

The‘lH NMR spectra of Sn(n%-CSH5)4 (2.2) and Sn(nl-C5H553Cl,(g,jQ
are éuperficially very similar (Table 2.8), each consisting of
a single sharp lin; with symmetrically disposed satellite lines .
due to coupliné between IB an- ll?’ ll?Sn(l = %), The éiﬁgle ,
line indicates magnetic equivalence between the five ring’

protons of each of the CSHS—ring53 with the coupling constants,

23(117Sn—1H) and ZJ(llgsn-IH), belng.sigﬁzgzgfﬁgﬁﬂhdifferent for the



. .
: ’ | m’ ) *—--~M;/ ' TABLE 2.8, .
1y or data® for ~c‘ompoun_ds~_2_._}_ - _._2__{&_ | x .
\ , ) Compound ) Temperature °c’ 'G(HA’A') G(HB’B') G(Eff) 2J(117$n-'ﬂ)f 2J<119$n-—'H)f
. Ge(n -CeHg),, 2.1 . -65° - 6.63 6.28 3.26 , -
- - / 27° - ° o6t - .
‘ .Ge(n -C HS)3C1, g;;. ~60 °© 6t62 S 6.29 3.24 B ‘ -
L L . 270 | 5.83 . '
A y : sa(nl-c “5)4’.Z.E,Q o 27° £ 5,924 7 25.4 '2§.é
- a ;Sn(n ~C.Hy) CL, ‘2.4, 27° 5.81°°¢ 29.9 31.1

s

~ ‘ '

in 5% CDCl, solution.

'*,ﬂ, o aChemiczﬂ. shifts in ppm measu‘red positive downfield from SiMelk 3

AR PMeasureg at 60.0 and 90.0 MHz. . ‘

n

| L rﬁixch»ange-tbroaden&d* averaged chemical shift.ﬂ * .
| IR N
- . dSee alse reference 90 6( C) = 114,5ppm, J(Sn-—C) = 17.74z ( 1lgSn,_ components not resolved) at 27°C.
R S . . N N
| IR Ixj{ 6 Gsolution : - Y
. o, £ - i R . R
2. Values given ih Hz. . "
' ,..u‘”‘ o "
I ' - 4 e / L2 ! .
A . i N -
- ‘ . " .: ) , i \ -
’ ~J
‘ N m
. Eh . ) . 3
., L. . .
-~ - , 1 . "t he » 2
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two compounds, increasing upon intr ion of the electron

withdrawing Cl substituent, ‘
The variable temperature lH NMR spectra of Ge(nl—CSHS)4 (2,1)
“and Ge(n C ) Cl (2.3), are also similar (Table 2.8). The

H NMR gpectrum of compound 2.1 a t -60°C, Figure 2.2(a), is

.assigned to an incompletely resolved aa”’bb”x pattern, consistent

.pentadienyl rings ("ring whizzing"),

-

with the presence of four magnetically equivalent nl-CSH5 rings

attached to germanium. On raising thé temperature abqve -60°C

kY

the spectrun broadens, the upfiéld portion of the’aa”bb” pattern .’

’

)
collapsing more rapidly than the low-field part. At 0,
Figure 2,2(d), the spectrum consists of a single broad absorption

which shows a, continuiné decrease in half-hejght 1ine-width ) ;;

H

with increasing temperature, eventually giving (above 100 C)

-
€

a single sharp line similar to the room- temperatufe 1H NMR

-

spectrum of the two tin compounds. € - T e

. 1 - ]
The spectral broadening of the "H NMR spectra of the ger-

- . -

anium compounds at temperatures above —6009, ieﬂthe,result'f5

pa 5 -
;1

of a migration of the geimaniumgcencer around the nl~cyc10~
20 ultimately bringing

s -

bout equlvalence of the,five':ing protons of eaeh of the

-
* L

CS- rings on the NMR timescale when t%is process becomes sufflciéﬁt

fagt. The unsymmetrical collapse of _the aa’bb‘ pattern for’

£
the gcur olefinic protons eliminates any pathway in-which site {

' exchange occurs either randomly, otr:via any configuratipn in
. . - T e -

which all sites become eguivalent, (zg dissociative)’ Further

el Sy . >
) N % - - 4
4 . > -
N =z T »
R -
- 2 - B B - - _ - - - -
B B - . - .
. . -
s
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-,

an assignment of the 1,2 pathway for thg;migfation is also

»

possible,‘if the upfield portion of the aa”bb” multiplet is

assigned to the HAA , see 8, Such conclusions have previous}y

-

been reached for GeMe3(n17C5H5)}35’136 following a complete

analysis of the variable temperature ly r spectrum, and for

.

P

89
?i(H)(Buﬂ)(nl~CSH3)Cl, chirality at the silicon center

leading to the expected larger diastereotopic splitting between

-

., between signals for HA and HA , than for HBkénd HB , in the
o, 1 . : '
-60"C "H NMR spectrum, . "
1 i 91
The "H NMR spectra of the tin cyclopentadienyls

. also indicate that fast metallotropic rearrangement is taking

place, however thegrearréhgement rates are gignificantly faster

than those observed for the germanium analogues. A similar

. ) 136
conclusion has been reached for SnMe3(nl—C5H5), . for

. S - : .
which at very low temperature (—lSOOQ) a spectrum consistent

with a static nl—CSH5 configuration was oﬁserved. Further,

the solid state séructure of Sn(nl.-CSHS)4 (2.2) has been‘shown 137

by xaray‘crystallégraphy.to contain four equivalent nl—Csﬂg— rings.

PR
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117, 119Sn satellite lines in the fast-limit spectra

.

+ Presence of

of the tin compounds Provides conclusive evidence for identification

of the rearrangement process as non-dissociative (Ze, intramolecular).
"4,B.(ii). Monohaptomethylcyclopentadienyl Derivatives

5%

(Figure 2,3), consists of three absorptions at 62.05, 4.95,
' . : CH
and 5.97 in an intensity ratio of 3 : 2 : 2, assigned to H 3,

B,B”

At room-temperature, the by owr spectrum of Sn(nl—C H CH3)4 (2.6)

ﬁﬁ,a and H respectively, see 4, while the 130 NMR dpectrum

(Figure 2.4), .has four signals at 15.4, 96.5, 123.6 and 139.§\ppm

- CH3 a,¢”  _B,B”
forc °, ¢’ ., C? and pY respectively.

7

The deceptively simple appearance of both these spectra
érises from an intramolecular rearrﬁngement_Which must involve
facile isomerization between the three possible configurations,

94
A, B, and C. Work in these laboratories has established

CH
3 , M CH, M

i
|

g
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FIGURE 2.3. ) Room-temperature 90MHz lH NMR spectru'm of Sn(nl'-‘—‘CSI[AC[[:S)a.
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that rearrangement in these types of ring Systelm resultsin
fast-limiting 13C NMR spectra, having thrée resonances with

frequencies VL; v, and Vg for the five ring carbons (equations (1)-(3)),

* in which Vor Voo g=? and vY are the resonant frequencies

B’
at the {slow-limit for isomer A and a'isiits equilibrium molar

fraction at TK; v, v ., V . ant v are the corresponding
oy’ cai’ By’ 31 Yyr - p

frequencies for,and b the molar fraction of, isome¥r B...

oy

vi = slav + v )+ b(vOll + vaf)]:.......;..“..(l)
vy = %[8(28 + VB,) + b(\)81 + VBI)]""”'° ..... .. (2)

vy = av_ + bv ............L.......:..........:. 3
3TN T Py : )

It was also shown 94 that for GeMe3(gl,C5H40H3), where sz,é vy) =

12.2 ppm, the ratio of concentrations of isomers A and B is

sty

(vp = v}) = 5.8 ppm indicates ‘that the two isomers are present

approximately 2:1, while for SnMe3(n -C_H,CH ), the separation

in approximately equal concentrationss~ Thus for-én(nl*CS 4CH3)
: A

where the separation betwéen v; (96.5 pp&)land §2 (125.6 p

g}s large, Z¢ 29.1 ppm, isomer A must be presentliﬁ a sigmificantly
hrgher concentration then isomper B. Significantly, Caﬁpbell'

and Green have -also concluded 127 that Sn(n -CcH, CH3) exists

almost exclu91ve1y as one isomer , based on the temperature

. - .
. dependence of (117 119Sn - 'HY coupliﬂg cqnstants.
. ?

The most dist;kctibe feature of the room-temperature
¢~ . . - .

Y

.
L N '

-
7w

The relative concentration of isomer ( was assumed to be

5,127
negligible, 94’9/’ ,

¢



TABLE 2.9: ' -

-«
Y -t
’

NMR data® for tetrakis(nl—methylcyclopentadienyl) - germane and - stanﬂane, compounds 2.5 and 2.6 respectively.

* Compound Temperat&re(OC) T {:ﬁ L yb
- - ) ' ' - - CH
d - s By sy sm™ s O .
c X :
“Ge(n'=CgH, CHy) ., 2.5 ~50° - 6.25, 5.9D 6.40 3.12 2.08
27° ¢ 6.10 4.75 2.06 )
sn(nl-c.n, i), 2.6 ‘ 27° 5 97 4.95 | : "2.05
54 '3 4, —.‘_\ L * .
. o - 13 : )
Compound Temperature ( C) , “ C
. N . - [] " - 1 CH +
: I s - s@®BhH @) s s )
Ge(n'~C,H,CH,) ,, 2.5 -50° © 141.2 * 134.0, 128.0 134.0.. 49.0  15.5
27°.8 141.0 131.2 a.o. 15.3
‘Sq(nl-cngCRB)a, 2.6 AR 139.5 123.6 96.5 15.4

aGhemical‘shif.ts,‘ppm, measured positive—dowﬁfield from'SiMQa in lOZ(IH) oxr 50% (136) CDCl3 solutions. ‘
bMeasureq at 90 MHz. . ”

v
-
2

Csee also f;gurg~2.5.
dFor 117, 1198n’~ }

N eﬁ;e also figuré 2.6.

H coupling- ¢onstants see;:ffi?ence 127.

¥8

-
- .

See also figure 2.4, : 1 . .

h

> . . - - -
- ~ . % . N

v
LI 4
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1H NMR spectrum of the germanium compound 2.5, (Figure 2.5)

is the unsymmetrical collapse of the two olefinic reséna&ces

N

of 66,10 and 4.75. As the temperature is Jowered to ca.OOC,i
% * L]

. %he signal centered at 84.75 becomes extremely broad and at —600

Q

a new broad absorption is apparent at §3.12 (Table 2.9), while
the methyl resonance at 62,08 shows.little variation in either

chemical shift or line width. .6 R

. The 13C NMR spectrum of 2.5 (Figure 2.6), shows extensive

v

changes bet;eeﬁ'-so and . +50°C (see also Table 2.9) : thus
signals at 49.0 128.0 and 134.0 ppm in#the -50°C spectrum

become broad at-ca.OOC, the low frequency signal having completely

<

collapsed at ca‘+5000. - By contrast, signals at-ea. 15,5 and
141.2 ppm, assigned to M®and ¢’ , show little variation .in
frequency or line width throughout the temperature rangé'studied.

. e o0
These spectra differ from comparable data for GeMe3(n1-C5HACH3),94:95

in that: ™
.Q

(1) the -50°¢ épectrum for 2.5 has only one ring-methyl signal

574

*

(at 15.3 ppm), while for GeMe3(n15C H CH3) at -30°C ‘there are

‘two ring-methyl signals,’

t

. . . , )
.+ (ii) there is only one resonance due to a ring carbon bearing

a methyl subséituent; CY, (at 141.0 ppm) in the -50°C spectrum

1
’ -

\ 2 . l =
of 2.5, while two such' absorptions are present “for GeMeB(n —CSH4CH3),

o
in the -30 C spectrum,

-
- .

(iii) nedither of the two signals due to ¢’ and CMe in the
¢ _

] 13C'NMRmépectrum of 2.5 show any variation in frequency or
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line width during coalescence of. the remaining portions. of the spectrum

-y

while for GeMe3(nl-C5H4CH3), signélé'for CY and Cﬁe in the —3600

130 NMR spectrum broadeﬁ, eventually giving,.at more elévated

-

temwpgratures, a single line for each of CY~an& CMe.
These results show that while both isomer types A and B

are present in significant (observable) concentrations for

'

1 1 ‘ . "
GeMe3(n -CSHQCH3), for Ge(n —C5H4CH3)4, 2.3, there is only.one |

major isomer present. This indicates that decreasing the size

of the metal atom in M(nl-CSH4CH3)4 results in only one ring

.
o

constraints having increased

A

configuration'being detectable, steric
the [A] : [B] ratio to a point where [B] can be neglected.
The rearrangément process taking place can then be formulated

as the degenerate (7g, fluxional) rearrangement shown in equation

(4). This results in.averaging of signals in the 13C NMR

‘ . GeR3

-

o -
gpectrum due to C , (va); and ¢” , (va,) and also. LT

\
CB, (vB) and Cﬁ R (VB,), while having no effect on resonances

due to CY, (vy) and CMe. In fact the avéraging process between

v, and Vg (to give v;) and Vg and vB, (to give vy) oeeuras 7'
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at very different rates (bécause of the much larger frequency
sepa;ati;d between the firét pair), thus while vo is obvious :
at +40°C, v is not apparent éven at -+65°C.

The 1H NMRs spectrum can be ;nalyzed in an exactly similar
way . Thus the differential gute of collapse of rgéonances -
for the two pairs of ring protons results from the much larger
frequenby separation‘between the Hl and H5 resonances (assigned
to lines at §3.12 and 6.40 reépectively in the -50°C spectrum),
than for the H2 and H4 resonances (assigned to lines at’ §6.25.
and 5.90). This clearly identifies the low—fieid component

of thé fast-limiting spectrum with HB’B , a conclusion which

127

1

for Sn(nl—C H,CH from

57 3)4’
1 1. 1 .
~ "H) and ("H - "H) coupling constants.

has previously been reached
117, 119Sn

"manipulation of (

~ These results also confif%)conclusions reached by Stobart

and Holmes-Smith 94 thatﬁa decrease in size of M in MR3(nl—CSH4CH3)

or an increase in the steric requirements of the substituents
R, will result—in an increase on the relative concentrations

of isomer A.

The above discussion has treated the rearrangement behaviour

of systems, }epresented by compounds ‘2.5 and.2.6, in terms of

€

an approximate model 4e that of a single ring attached to a
methl center. Although this approach fully accounts for the
experimental NMR data, it should be noted that if configuration

B enters into the equilibrium, it would be present as-part of

a Gqé3§,molecule, and not, as may have been implied, a Ge@_4



[l

il

il

molecule, Also a Geé4 molecule represents a more complex _

s

. ' ' a
situation than has been assumed, in that the carbon atom C :
kA .

.is asymmetric; thus GeA, in fact exists as a stereoisomeric

24

mixture, a complication which gives rise to observable effects

in several related systems as described in Chapters Three and

Four, Possibly the fact that signals in a slow-limit }30 NMR
: o: R - R R
spectrum of compound 2.5 at -50"C, assigned to C°, C° , C and |

B* 1 s HB and HB s

td

o

0 . ‘
C” , and in the -60 C "H NMR spectrum for Ha, H

are noticeably broad, may be due to unresolved chemical shift

differences between resonances due to these nuclei in each

of the different isomers. s '

ad
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C. EXPERIMENTAL
General experimental ‘information is contained in Chaptet

One,
Preparations of

il

Potéssium-cyclopentadienide and -methylcyclopentadienide

were prepared by literature methods.
tetrakis(nl—cyclopentadienyl)— and tetrakis(methylcyclopentadienyl)-

9og'however both were prepared

stannane have been published,
e germanium analogue,

7
-

by the méthod described below for th
the properties of the products obtained corresponding exactly

to those given in the literature preparations,
. 2 ”

i) Tetrakis(n1~cyclopentad£eny1)germane,
Germanium tetrachloride (3.56g., 16.5mmoi) in benzene’
(éOmL) was added slowly to a vigorously stirred s;spension of
potassium cyclqpentad;enide (8.6g, excgsf) in benzene (SOQL), ‘
After stitring for a furthe? 24h,

over a period of 0.5h,
the mixture was filtﬁfsgfénd the filtrate concentrated

. ¢
in vaeuo,.leaving a yellow solid which was crystallized from
4 (4.72¢,i14,2mmo1,

5)

L3
-

diethyl ether (50mL) affording pure Ge(nl-CSH

86%) .
(i1) Chlordtris(nl—cyclopéhtadienyl)germané.
LA éolution of germanium tetrachloride (3.56g, 16.5mmal)

L J
in benzene (20mL) was added‘slowly to a stirring slurry of gotassium

A3

cyclopentadienide (5.21g, 49.5mmol) in benzene (lOOmlb. The

.
-]

reaction mixture was stirred for 24h, the mixture filtered and
the filtrate concentrated in vacuo to give a light yellow-solid

[



which.wascrystallfzed from diethyl ether (50mL) to give pure
Ge(n -C HS) cl (3.6g, 15.0mmol, 91/)

V4

(111) Tetrakls(n -methylcyclopentadienyl)germane.

Germanium tetrachlorlde (5 40g, Ommol) in benzene (SOmL)

\
L7

was added slowly to a vigorously stirreq suspension of potassium
B ‘

cyclopentadienide (12g, excess) in benzene (100mL) during lh

3

The reag¢tion mixture was stirred for 48h at room-temperature,

\

. - L4 B
giying a yellow gelatinous mixture., Hexane (25mL) was added and -
the mixtuxe stirred for 0.5h

and then filtered, the filtrate

being concgnqrated-in vgeuo leaving a viscous yellow oil,
. N .

-

This was then dissolved vin dry hexane, and the mixture filtered

and pumpeé.to remgve the solvent.

Repetition of this procedure
N =2 T

followed by. prolonged pumping (48h, 10 mﬁﬁé) finally yielded
14 € .

Ge(n -CS l‘CH3) as a viscous, air-sensitive, amber oil (7.2g,
, X L
18.5mmol, 74%) .

-

I

Yy
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‘first to be studied in detail.
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\CHAPTER THREE

METALLOTROPISM AND STEREOMUTATION

IN POLY(INDENYL),DERIVATIVES OF GERMANIUM AND TIN.

&

A. INTRODUCTION. -

*

The nature of the facile non-degenerate rearrangement occurring
in metallocyclopentadienes is now believed to be weil underséood.79-
Examination 'of the non-rigid propérties of rglated ring systems

has resulted in the identification of rearrangement processes

which have.similar characteristics to those observed for theicyélo—‘
24

pentadienyl derivatives. In this context, the metallotropic

properties of l—metallo-indéne-ring systems (1), were among:ﬁhe

102,103

103,104

Davigon and Rakita have shown that the 1H NMR data

obkained for MMeB(nl;C9H7), M = Si, Ge,and Sn, are consistent

with facile, 1,3 migration of the MMe3 moiety across -the indenyl

« s

ring (equation (1)). Cotton and Marks reached a similar eonclusion

i M

102

vy
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for_Hg(nlﬁcgﬂé)z’ baseé orf a compléte-analysis of thb;variable .
temper;ture }H NMR spectrum. These shifts have a substantially
higher activation energy than related rearrangements observed
f<;r the cycglope;mtadienyl analoghes?'4 (cza,.3'0'—401<Jmol:“1 higher).
‘Based on this observatién ani a variety of other experimental

evidence105’106’107 the 1so-indene 2 has been proposed as an intermediate

Q9

in the rearrangement process.

Analysis of the 1H DNMR spectrum of SnMezPh(n1-09H7),‘g,

has Providedlo3 some evidence for the effect of”the rearrangement ,

on the stereochemistry at the migrating center in such systéms.

¢

|wo

X ’
in 3 the two methyl groups (A) and (B) are magnetically in;quivalent' _
(diastereotopic) as a result of attachment of\}he MezPhSn moiety | @
fg the chiral C* carbon atom of the indenyl~riﬁé. Migration ,Q

of. thexMeZ?hSn group from C1 to C3 was observed Eo be accomp%nied

by averaging of resonances due to methyls (A) and (B). This

indicates that the overall rearrangement process takes, place
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with retention of‘copfiguration at the tin center, provided only

- .
suprafacigl shifts are’considered.

L -t

‘' This chapter investigates the effects of degenerate and non-
. > ' . L .
deggngrate'féarrqngements in mono- and poly-indenyl derivatives -

- 5 - 4. B ,
“of germanium and tin. The results of:the solid state structure

determination by.x—ray-crystqllograﬁh§ of Sn(nl—09H7)4}carried

out Qy"Pygfesgofl.L. Atwood and R.D. Rogers at the University

of Alébama; are also discussed.

 B. RESULTS TSCUSSTON. R

’

- Reactions. of. 1ndeny111th1um=w1tﬂ germanium tetrad‘lorlde

or sultahly substituted tin(IV) halides, provide a convenient _

N 139
routetto the compounds tetta(l—lndenyl)germane (3.1), ’\\

140 ) .
trighenyl(l-indenyl)stannane (g.g)g diphenyldi(l-ifidenyl)stannane

o1 '
(é,é),jo phenyltii(l-indenyl)stannane (3.4), n-butyltri(l-indenyl)-
— ' .
stannane (3.5), and tetra(l-indenyl)stannane (3.6); +all

~f

are‘white,pfystalliné materials which are air- and water-stable, compound

r_g.éjréportedlylal'béing unchanged after refluxing in concentrated

aquéous hydrochloric acid. Physical and analytical data for
- . * i
compounds 3.1 - 3.6 are given in Table 3.1,

‘B.I. " Mass Spectral Data.

« The mass.spectral data for compounds 3.1 - 3.6 are tabulated

in Table 3.2.. Molecular ions were observed for only two compounds ,

3.2 and §,6,'both'bging of low abundance, The most abundant*

.

s et el
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) ‘ﬂ i TABLE 3.’..
“ g Physical and analytical data for compounds 3.1 - 3.6.
Compound %yield M.Ptt(ogs ‘ Analysis
. T, Actual

%ZC " W ZH

be(nl-c H.), ) 84 196-198 §0.89  5.14

saPh (n'-CgH;) 3. 2 os | 129-130  69.78  4.87 .-

“SuPh, (n'-Cgt )2 R 116~11§"“ 72.13 4.87 "

SnPh(n’ —c )5 3 .51, 153-154 ° 73.91  4.98 |

sn(Bu?) (n'-c 37)3___._5_ 62 - 58 71.06  5.79

sa(n'-Cgi;), 3.6 87 . .215 74,43 5.06 ‘
‘ :

Theoretical



S ' ‘ ‘ .
* .\ TABLE. 3020“

' " Mass spectral dataa’b’ obtained for compounds 3.1 - 3.6.

. 1 - 1 1 h 1
Ion Family .Ge(ﬂ -C9H7)4 SnPh (n c ) Snth(n —ng7)2 SnPh (17 —Cgﬂ7)3 Sn(Bu=) (n ~ch7)3 Sn(n ~CgH

y 3.1 22 3.3 3.4 3.5 3.6
- b | ’ ‘
parent ion n.o.¢ » 2.9~ ' n.o. n.o. -~ n-o._ 0.1
ment-cu) T 5.0 ' ; , n.o. 0.5 ° 0.6
1 7 3+ _— _ . o , :
MRCn Cq 7)2 . n.o. 5.0 C 10.7
MRﬁ(n YT 1.0 1947, g - AP
-+ . .
biR% '+V.n - 35.1 . 2
M(n —CoH)S" . Ll.4 : 2.2, 1.9 0.7 0.6
l-9 7 2+ hd . . " , - -
. MR(n -Cg 7)-', . 0.4 1.1 - . 3.0 : " ‘n.o. ) ’
MR£+' . 0.6 2.9° - o Voo
M(n' ~CgH " 90.4 3.2, 2.2 65:2 88.1 " 83.2
MR - : 28.9 14,2 - ® . 2210' * n.o. - _
Mt 3.6 29.5 . n.o. . n.o. % a.o. .. 15.5

-3
-

8 70ev ionizing voltage. J®

v Y s .
b Ymetal containing ions summed within each family resulting from isotope distribution or ‘hydrogen loss.

€ Not observed. ’ ’ Lo ‘
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ion in the mass spectra of compounds 3.1, 3,4, 3.5, and.3.6

is M(CgHi)+,.whdle for compounds 3.2 andcéng , the major series of

3

»

peaks correspond td “the loss of one indenyl ring, ie,SnPﬁg and

SnPh2(09H7)+‘respectively; For the phen&l éerivativeé,'ggg,jing
and 3.4, the second most abundant i;ﬁ corresponﬁs.to SnPH+;
however no obvious correlati;n between structure and relative\_
intensity is apparent. Significantiy:, no carbon-éarbon ‘bond’ .
cleavage of the indenyl ring, was obsefved, consistent with results ' .
obtained by 6avison and RakitalO3 for the indenyls,ﬁMMe3(nl—C9H7),
) Y

M = Si, C;, and Sn, Thus the main pathway for decompositi

1
of n -indenyls’'is by breaking of the metal-carbon linkage, ’}

analogues,

13

B.2. C NMR Data. ‘ o

/

B.2.(1). SnPhB(nl.‘-c9H7), (3.2).
A

The -3¢ NMR spectrum of Snéh3(n1-cgn7) 2 3.2, at -30%

(Figure 3.1(a)), is consistent with the "rigid" structure 4,
having a single resonance at 44,6ppm due to Cl, with further

signals to higher frequency, the assigmments for which are given

N

&~

.
T—
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. in Tables 3i3 -3.5. As the temperature is raised to ca.OOC, _
signals at 142.8 and 144.3ppm, h;signed to 08’9, broaden,

givirg at ca.+60°C (Figure 3.1(c)), a single resonance at 143.6ppm.
Simil;rly reson;nces in the -30°C spectrum at 121.5, 122.4;123:6

4,5,6,7

and 124.5ppm, assigned to C are broad at ca10°c, giving

at +60°C two lines at 122.2 and 124,2ppm. Resonances for C1

(44.6ppm)‘and[C3(126.9ppm) in the -30°C spectrun have completely

/

collapsed at ca.0°C, howevér no absorptionat the average of these
) ¢ .
two resonance positions is observidd at ;6000 (Figure 3.1(c)).
By contrast, the 02 resonance (at 134.4ppm) shows no variation
{
in chemical shift or line;width'throughout the temperature range

studied. Similarly resonances due to the phenyl groups, at

137.0 (02’6), 129.5 (CA) and 128; 7ppm (C3’5)‘(a re;onance attributable

- N “

Y

. 1 . .
to G wag not observed), are temperature independant, - N

These observations are consistent with a facile 1,3 migration = ™

=

103
of the metal substituent across the Jdndenyl ring, as shown

iﬁgequation (2). Thus the pairs of resonances in the -30°%

.

SnPh

. T H '3
~ .
.' P H SnPh3 . Q .- -

spectrum, assignéd to each of the pairs @f carbon-atoms, 04’7,

Cs’6 or 08’9, aQerége to give single resonances af, Qa,+60°C.

Resonances for C} and C3 are averaged much more slowdy because

<

of the larger frequency separation between them, 4nd hence a

~
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TABLE, 3.3.

e

130 NMRa resonances assigned to Cl, Cz, and C3of the indenyl rings

~

in compounds 3.1 - 3.6.

- Compound le . C2 _ 03
Ge(n® ~CgH ) s 3.1 42,5, 43,2, 44.5,  134.8 - 130.0, 129.4,
44,7 : 129.1
R SnPh, (n “Cqi), 3.2 44,6 134.4 126.9
SnPh (n ~CgH)ys 3.3 43.8 ' 134.0 127.0
SnPh(nl-CgH7)3, 3.4 43,5, 44.6, 45.1 133.4, 133.7, 127.3
- 13,0 =

Sn(Buﬁ)(ﬂ —C H )3, 3.5 44,0, 44.6, 44.9, 134,2, 133,8, 126.7, 126.2
45,5 133.4

Sn(n'-Cgl.) ., 3.6 46.2, Gh.6, 45.7 133.2 127.5, 127.1

4

S

a CDCl3 was used as solvent and internal reference; chemical

i shift values in ppm downfield from tetramethylsilane.




TABLE 3.4.

13C NMR? resonances assigned to Ctl 3,6, 7 CB’9 of thie indenyl rings in compounds 3.1 -’3.6.
»
Compbund . 04’5’6’7 CB’
R Slow limit Fast limit 'Slow limit Fast limit
Ge(n'-C gHy) 4> 3oL 121.9, 123.7, 123.9; u.0. 144.8, 144.6, n.0.2 -
124.4, 126,0 144 .2
SnPh3(n1—C9H7), 3.2 121.5, 122.4, 123.,6, 122.2, 124,2 144,3, 142.8 143.6
124.5 - '
Snth(n1 7)2,‘2 121.3, 122,3, 123,5, 122.1, 124,2 144,0, 142.5 143.7
124.5 -
SnPhgn -C H7)3,_§2ﬁ 121.7, 122.5, 123.9, 122,0, 124.3 143.9, 143.6, 143.0
’ 124.9 142,7
Sn(Bud) (n ~eCgHz) 4, 3.5 121.7, 122.1, 123.8, ~ 122.1, 124.3 i44.3, 143.9 143.7
) 124.6 142.4
i
Sn{n -C917‘4, 3.6 121.9, 122,6, 124.0, 122.4, 124,.7 143.7, 143.4, 143.8
125.2, . 143.1

"

7

siland.

b‘Not»obeervéd. @

’

~—,

CDCl3 was uagd as solvent and internal reference; chemical shift values in gaﬁxgcwnflgid

from tetramethyl-

*

¢01

il
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TABLE 3.5.

130 WR%resonances for the phenyl groups of SnPha_n(nlL09H7)n, ’

. n=0,,1, 2, 3; and the n-butyl group of SnéBuE)(nl—09H7)3.

Compound Cl' C2’6 C3’5 04 )
SnPh4 138.0*  137.3 129.1 128.6
SnPh3(nl-Cgﬂ7) n.0.% 437.0 128.7 129,5° . )
' 1 ‘ c
Snth(n -C9H7)2 n.o. 136.4 128.3 129.3
. SnPh(nl—09H7)3 n.0.%  136.2 128.2 129.4
sn(Bu®) (n'-Col,) 12,3, 13.5, 27.1, 28.1
!
Coe CDCl3 was used as solvent.and internal reference; chemical '
shift values in ppm downfield from tetramethylsilane. .
b Assignment of 02’6 and C3’5, see reference 142,
€ Not observed. -

BRI
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magnetic environment of Czis not-affected by the rearrangepent

process indicated by equation(3); consequehtly the $; resonance

LY

ig temperiature independent,

W v

¢' I N 4
O‘ =X | =) -
H M " )

13

The -40°C "°c MMR spectrum of compound 3.3 (Figure 3.2(a)),

s
S -

is consistent with the 'static" structure shown in 5, As

£3 4
T. .,

the temperature is gaiéed many of the signals begin to broaden,

with resonances at 43.8 and 127.0ppm, assigned to C1 and C3
respectively, doing so most rapidly. Signals at 142.5 and 144.0ppm,

assigned to C8’9 also broaden, giving at ca,+40°C, a singlé resonance

iy
- at 143.7ppm., Simglarly resonances at 121.3, 122.3, 123.5 and

4,5,6,7

124 . 5ppm assigned to C coaleste to two lines centered

N .- - -

"f



ly

gy

(e) +55%

ST
-

o

\
. i N
AL AP oy a3 WA PP '\-.'-’,‘.‘*.k.p_

.
RCYDLE Y

l ‘ () +30°C

e

5 Y
Wt 47 _AE e fts e A Ny By o o SR Rt

1
y Hif
& .m,x,./'\—.‘v‘ :" !

(a) -40°C

|

o
‘
i1
!
'

e
4
T ———

J - . |
A J
ArpAbatre atmpl o wieTra vx,,...-% A d B L

l | ] . {

1o
L]

105

(4l

150 125 - 100 - 75 50

130 NMR spectrum Of

Variable temperature
1
Snth(n —09}17)2, éfé'

FIGURE 3.2,

i . | ¢

25 ppm



a

a
<

1

. physical and chemical properties (gg. NHMR spectrum) from the
]

Iy
. -,
~ - . - hd

t 121.1 ‘and’ 124.2ppm.at ca,+40°C. The sigral at 134.0ppm,
. 2 L e
ssigned to C7, is temperature invariant, as are resaondnces at

i

-3,5’ C4 02’6

28.3, 129.3, and 136.4ppm, assigned to , respectively

‘

of the phenyl groups (no signal due-to Cl was observed). .

13 : N
Thus the wariable temperature. ~C NMR spectrum of compound
~ . .
3.2 is similar in many respects to that obtained for compound

3.2, and is consistent with a facile 1,3 migration of Fhe tin

moicty across each of the {%denyl rings. RSignificdntly, the

e

. - . T 1, .
indenyl carbon atom to wnlch the metal is bound, C", is a chiral
center, so that compound 3.3 exists as both enantloﬂorgnlc ,

represe.tuu as {++,~--) or (LR,SS) 6, and neso(R,S), 7 fowus,
(Tige»=> 3.0), Bhile the Sonennnllonors which ssastitvi e

air 6 will have identical NMR properties, the ricgso form, 7
p s sy L

7

-

is a differené, compound (diastercoicomer), and will hiave different
& ’ (
. ¢ v A

: &
enantdomeric pair 6. * The slow-limit (—QOOC) 13C NMR spectrum

.

. . ¥
of 3.3 might be expected to consist of a superimposition of .

o

the spectra of two similar,.though distinct compounds (Ze,

diastereoisomgfs)u That this does not appear to be observed

, 13
indicates that either the "~“C NMR spectra of pair 6 and isomer 7 :
are ingufficiently diastereotopically shifted to be resolved,
R .
or that one isomer is gverwhelmingly preferred with ca. 1007 equilibriw

conccntration. A corresponding absence of: dlastelcotoplc effects:

-

‘

1
in tg; H RMR spechum of the di-indenyl Hb(n —‘9H7)2 has - been

reportedlo2 by CoLton et al.,

~
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' (+-) isomer, 7 (meso-): point group (.

Iy

. ‘ . .
FIGURE 3.3. The possible isomers present in MRz(n:—C
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. . , )
B.2.(110). SuPh(n'-Cgl,); (3.4) and suBu(n'~c i), (3.5).

The slow-limit 13C spectra of SnPh(nl—Cgﬁ 3.4,

7)3’

at -ZSOC,‘and SnBuE(nl-Cgﬂ 3.5, at -6OOC,4Figure 3.4(a)),

7)3’

are complex; however a omplete assignment for each is possible

on the basis of temperature~dependent behaviour,(Tables 3.3 - 3.5).

. O, ., . .
Raising the temperature above ca.0 C in either case results in. averaging

7 .
of resonances for C4 and C , Cb and C6, and C8 and Cg, such that single

s

"lines aré observed fo£ each of these pairs of nuclei at.ca,+60°C. Resonances
due to Cl and C3 also grbaden on raising the teﬁperature to ca,OOC,
such that at +40°C these signals have completely collapsed;

a co&legced peak is not-observable at +60°C. Résonances for
the phenyl group in cbmpound_gti are temperature invariant,

while in the spectrum of the butyl coﬁpound,_gté, one of the four
signals for the butyl group (ét 12, 3ppm) is broad at —6000, and
'only becomes sharp above ca.0°c. A

The complex, slow-limit spectra fo£ Both these compounds *
result from the existence .for each of two diastereotopic pairs,

8 and 9, of enanFiomorphs (Figure 3.5), In terms of stereochemical
eharacteristics, these compounds are analogous to the isomers
of tris-1-(2-methylnaphthyl)borane(Figure 3.6), which have been
Subjegted to cdmplége conformatibnal.aﬁaiysisby Mislow et aZ.143

In pair 8 repré;ented by (++,---) or (RRR,SSS 5 all .asymmetric

C1 centers have the same relative configuratibn and are homotopic.

‘The molecules in.pgir 9 (++-,~—t) which comtain one Cl having

the opposite configuration to that of the other two, belong to
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Pair B
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FIGURE:3.6. The possible isomers present in

tris-l-(z-methylnaphthyl)borane; .




112

ctheppoint group C, so that all three Cl nuclei are magnetically

1
inequivelent. Thus, in principle 8 and 9 together account for

four anisochronous C1 nuclei and in fact each appears to give

Tise to a separate resonance in the gobserved 130 NMR spectrum

of 3.5 at ~60°C. The slow-limit spectrum of coépound 3.4 at

-25°C is also consistent'with this interpretation if coincidence
" of two éut’of the four C1 resonances is assumed. -The near;equality
in signal heights for the four components in the spectrum of
compo;ndlé.i, indicates that ;he equilibrium [8]:[9] ratio

s approximately 1:3, ie the statistical déistribution, implying
neaglzero fFee energy:diffgrence in s;lution between the diastereo-
isomefs. Diastereotopic splitting of resonances attributable to |
C2, CB, and C8 incompo#nds_gtg and 3.5 (by comparison with daéa

for compound 3.2 and SnMe3(nl-C9H7b)E44add to the n-butyl carbon
bound to tin inléﬁ%, is also apparent in the slow-limit spectra.

On raising the temperature, collapse of these anisochronous

effects accompanies coalescence behaviour characteristic of the
non-degenérate rearrargement of compound 3.2, ideﬁtifying the’

1atter'as the\mechanism for interconversion between all thé-

possible stereoisomers,.

B.2. (iv). Sn(n1-09H7)4 (3.6) and Ge(nl'-09H7)4 3.1

An assignment of the complex slow-limit spectra obtained

9 24 3.8, at -35°C (Figure 3.7(a)) and Ge(n ~Cy 7)4, 3.1,

at_25°C, is given in Tables 3.3 and 3.4. Raising the temperatare

for Sn(nl—C H
{
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for the tin compound 3.6 causes averaging between resonances for

7 (and 56 89

(an and C1’3) while the Czresonance‘at 133, 2ppm

is unchanged. GCollapse of aniéqphrbnous effects present in the

slow-limit spectrum occurs with the concomitant coalescent

>

behavxour, in a way which parallels exactly that observed for

the other tin indenyls studied (Sections B. 2.(i)-(4ii)). No.

-

114

corresponding changes in the appearance of the.spectrum of the germane

: o '
3.1 was observed even at +90 C, a result consistent with the much

higher activation energies for rearrangement ¢f both indenyl-

.

and cyclopentadienyl-germanium compounéf compared with their
tin analogues. \ |

The complex slow-limit spectra of both these compounds are
ghe result of each existing as two diastereomeric paire 1Qand 11
of enantiomorphs, along with a third ster;oisomer,'the meso-form
lg_(Figure 3.8). In pairlg, which caﬁ be represented as (4 ,-—=-)
or (RRRR,SSSS), in every molecule all four asymmetric C1 centers
have the same relative configuration ard are homotopic. PairAll,
fepresented by (+H=-,~+t+) or (RRRS,SSSR), consists of molecules
fn which ohe Cl has the opposite configuration from the other thxee

and helongs to the p01nt group 01’ however the unique C1 center

lies on ? 3 axis 359um1ng free rotation about “the Sn-Cl bond and

A
.’

will contain only two distinct (diastereotoplgl types of Cl

nuclei having a 3:1 distribution. The heso-iébmer,;lg (++--)

or (RRSS) belongs to the point group S4 and contains four magnetically

>
S

equivalent indenyl rings (homotopic Cl nuclei).
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. -
R=CqH, (++) pair, 100 8-CoHy
point group D,

54 \ ,s '

- \\\\ M A bi '

R=Cglz W B ' ,”"'s C.H
d 71977

R-C,H
97 S-C,H

97

R—09H7 S—C9H7 o
(+H+-=) pair,‘llz .

point group Cl <

R(;_:H \\\‘\M ’ M""l
gfi7 ! \ . / S=CoHly
. / 7 et
S“09,37

S-C9H7 R—C9H
] R-C_H .
97 S—C9H7
Jprrt oM
o
R—C9H7 >
S—C9H7
R—C9H7 =

(++--) isomer 12 (meso): point group Sy

FIGURE 3.8. The possible isomers present in
. . 1
. M(n —CQH7)4, M = Ge, Sn.

oy
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' Compounds 3.1 and éxg,as equilibfium diastereoisomeric
mixtures’will ipcorporate four anisochronous C% nuclei.(see Table
3.6). In a situation where there is no free energy difference
between the ground states of these isomers, their equiliﬁrium

concentrations will beflgjz (117 : [12] = 1:4:3 : since ispmef

, 1 - .
1 has two anisochronous C” nuclei in a 3:1 ratio, resonant

signals due to‘Cl carbon nuclei in the 13C NMR spectrum will

therefore ideallyappear as four lines of relative intensity

1:1:3:3. This is clearly tﬂe case for compound 3.1 (Figure 3.9),
and is closely approximated to for 3.6 (Figuré 3.7). It can
thereby be concluded that the grognd-state free energies of the
three possible isomers are close to one another.

. 1 . ..
Resonances attributable to C° carbon nuclei in the slow-limit

130 NMR spectra of compounds 3.1 - 3.6 are shown’'in Figure 3.9.

The predicted number of such resonances for each possible isomer
is given in Table 3.6 together with relative populations for
each of the isomers assuming zero ground state free energy differences.

The slow-limit spectra obtained for all the indenyl compohnds

investigated allow for the conclusion that the difference in

4

ground stéte energy for the isomers of each of the polyindenyls

studied is small.

*B.3. 1H NMR Data.

The 1H DNMR spectra of compounds 3.2 - 3.6 (Table 3.7, see

¢

also Figures 3.10 5 3.11), are similar in many respects to those




. " TABLE 3.6. )

Stereoisomerism in polyindenyl derivatives.

Compound Isomer™ ' Sb ‘Point Growp _ Mag.C ) Nd ‘
e .
E’han(ind)2 (++)f 1 02 H 2
=) 1 Cy H 2
n-BuSn(ind)3 ’ (4+4++) Tl Cl H 3 =
(=) 3 ¢, D (1,1,1)
Ge(ind)4 (++++) 1 DZ H 4
(+++-) 4 ¢ D (3,18
(=) £21 3 S, H 4

i . -
aEacn possible isomer for a given type is symbolized in terms of relative configuration + or -~ at an
indenyl Cl carbon center, bS represen£s the‘stétistical nistribution of the stereoisomers as listed °
in the preceding column, Relationship between chemically equivalent nuclei in terms of _magnetic properties
H - homotOpic, D = Diastereotopic. dN is the number of chemically equivalent nuclei per molecule
sharing an identical magnetic enviionment ie which can be interchanged by some symmetry operation.:
Racemic form. %Meso—isomer. EReduces from(l,1,1,1) see text hThis notation (rather then(+~+—)f
implies that the first two descriptions are related by an S (=’eC ) rotation.

L11




23

vt

FIGURE 3.9,
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13C NMR signals attributable to

indenyl—Cl nuclei%in compounds 3.7 -3,6.
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TABLE 3.7.

l .
H NMR data® for compounds 3.1 - 3.6.

&b ’ L d d '
Compound 1°¢ Hﬁ . #? i3 g4»3,6,7 R
Slow-limit Fast+limit
Ge(n1409H7)4 +25  3.71(3), 3.48(1) 5.04-5.22, n.o.™  6.58-6.92  6.98-7.62-
5.83-5.93 - '

1 : N " g h.. f,e £ £
SuPh,(n'~CH.) -60.  4.62, (l02:6) 6.89-7.09 6.938 (3.5)%'7.12-7.80%:¢ 7.12-7.80 7.12-7.80
SnPEitll—09H7)2 . =50 4.29, (101.7)¢  6.38-6.48 6.58" (3.5)" 6.67-6.95°  6.92-7.65°7  6.92-7,65
SnPh(nl~09H7)3 ~50 . 3.89(1l),:4.08(2) v 6.04-6.36 6.575 (3.6)® 6.43-7.05° .6.82-7.80F  6.82-7.80f

' 4.16(1) ' '
Sn(Bu5)(n1~cgu7)3 ~60  3.51(1), 3.62(1), 5.78-6.32 6.16° (3.4 6.52-6.91  6.91-7.90 . 0.31-1.35
3.72(1), 3.97(1) : ‘
Sn(nl-c937)4 ~60  3.46(3), 3.61(3), 4.81-5.11 5.79" (3.7 6.69-6.93  7.03-7.71 °

-

3.71(1), 3.78(l) 5.58-5.97 -

.

a;CDCl3 was. used as eolvent,mﬂMg'as internal reference, chemical shift values given in ppm downfield fromTMS.

Values in brackets represent relative intensities. ¢ 2J(1l7'1198 !

4,3,6,7 and phenyl protons overlap

l o Ly y
+60°C., ot observed, I
T, » o

determined. eCente;;a below phenyl resonances. fResonénces assigned to H

and were not resolved. ' SAt +60°C. h ?J(ll7’ll?8n-lﬂ). i+60°C. I+58°¢. k+60°C.

$

n-"H) in Hz, dMultiplets, J wvalues not uct. °

-

-
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reported ﬁor SnMes(nl-C9H7)103vand Hg(nl-CQH7)2102. Thﬁs
absorptions due to Hl and H3 in the slow-limit lH NMR spectrum
(at ca.—3OOC) broaden on inc;easing the temperature to caJOOC,'
eventually giving, at temperatures above ca.lZOOC, a broad peak
mi@Way between thevslow—limit Hl and 33 resonances. Resonances
assiéned to H2 become broad at ca.OoC, giving a well défined
triplet above ca.BOOC, the coupling constants of which are given

in Table 3.7. Resonances due to H4’5’6’7

show some degree of
broadening and spectral change throughout the temperature
range studied (ca;-ﬁo to +120°C).
"The above data are consistent with an overall 1,3 migration
of the metal across the indgnjl ring, resulting in averaging of
-th® resonances due to Hoand H°. Further H2, which is str;pgly
coupled to Ha,(3J(H2—H3) = pq,7Hz), and only weakly coupled to
Hl;(3J(H2-Hl) = ca,OHz) ,becomes broadened due to averaging “

I'd

L4
between the two coupling constants 3J(HZ—H3) and 3J(H2-H1), - ¥

!
*

‘eventually becomirg a triplet -having

3yalen?y + Y@l

2

The 1H NMR specgrum of compound 3.1 is slowtlimiging, even at -
+100°C, further confirming Fhac activaﬁio; energies for rearrangement

in indenylgermanes are significantly higherlthan those for tin

P

analogues. o

are complex, not unexpectedly im the light of the foregoing e '




-

KA

_an analysis of which was not attempted. Since the Hl nucleus

- 123
o

13 WS

discussion of the "“C NMR.data, For all four compounds the

T,
absorptions due to H2 and H3 appear as 6verlapping multiplets,

-

.

for any particular indenyl ring is expected to give rise to a single

although broadenéd absorpt;on (through unresolved goupling to

quand to H3), analysis of the appropriate spectral range (between

§3.0 and 4,0) should be péssible. %4
In fact four distinct Hl resonances of appfoximately equal

inéensity are observed for the butyl compound 3.5 (Figure 3.10), '
while, three, in an caq,1:2:1 ratio, are discernible for compound 3.4.
x4 y Al

The overall similarity of this portion of the spectrum to

*

patternsiencountered for C1 nuclei in the slow-limit 130 NMR

spectra of these compounds is striking. This again indicates

[y

the presence of four magnetically inequivalent indenyl rings in

apprqgimately équal ratio, and confirms that the relative
con;entrations of isomers. 6 and 7 in both 3.4 amd 3.5, are close
to those calculated statistically,

:'Whi&e the region between 63.0 and 3.5'is broad for the
germane 3.1, four distinct absorptions are present for the tin
coméoundjg.g_(Figure.3.11(a)) in an ‘approximately 1:1:3:3 raéio,
ipd%&ating the presence of fourodiﬁferent Hl sites and confirming
éﬁ%épresqqce of the three possible isomers 8, 9 and 10 in close
to ggatistical concentrations. Thus results derived from lH |
NMR data are entirely consistent with conclu;ions r;gched on the
basis f '°C NMR dava’ |

-

: Overall, these results establish that non-degenerate rearrangements

H
-]

un
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occurringin mono-indenyl derivatives (equation (1)) are paralleled

b

by the metallotropic shifts in poly-indényl dexrivatives; and

that in these latter this process also results in interconversion

.

between all possible stereoisomers in each case, g provides a

facile mechanism for stereomutation.

ooooo

G. THE CRYSTAL AND MOLECULAR STRUCTURE OF

-

R,R,S,S-TETRAT1-INDENYL) STANNANE.

The. X-ray crystal and molecular sfr?cture'of R,R,S,S-Sn(nl—C9H7)4,
(3.6), was determined by Prof. J.L. Aéwood and R.D, Rogers at
. the University of Alabama, using a sample provided by the author.
The molecular structure is shown in Figuré73.12; pertinent bond

lengths and angles are given in Tables 3.8 and 3.9 respectively.

-

The geometry about the tin center isiapproximately tetrahedral,

although there is some variation among the four (Sn-C) bond

distances [2.202(8), 2.169(11), 2.182(10) and 2.202(9)81. These
“ r- 4

3

bond distances (mean 2.19 X) are gignificantly shorter than the

or

. 1 ,
tin-carbon bond lengths determined 37 for Sn(nl—CsH5)4, mean
(sn=-C) = 2,27 %. Related bond distances within each of the four

indenyl rings are similar, being close to those expecteé for a

-
-

Va

4
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TABLE 3.8,

»

Bond distances determined for R,R,S,S8~tetfa(l-indenyl)tin

(a)Tip-carbqn Eond'distances.

bond  length R

Sn-C(1) 2,202(8)

Sn~C(10)> 2.169(11)

Sn-C{19)  2,182(10)

Sn~-C(28)  2,202(9)
(biCarbon—carbon bond distances, ]
" ) ~

bond length § bond 1lemgth & - bond —Iength & bond length &

.45 C(28)-C(29) 1.51

C(1)=C(2) 1,51 ¢(10)-C(11) 1.47-.C(19)-C(20) 1

C(2)-C(3) 134 C(11)-C(12) 1.33 c(20)-C(21) 1.36. C(29)-C(30) 1.33
C(3)-C(4) , 1.46 C(12)-C(13) 1.44 C(21)-C(22) 1.43 C(30)=C(31) 1.33
C(4)-C(5)  1.36 C(13)-C(14) 1.36 C(22)-C(23) 1.40 C(31)-C(32) 1.40
C(5)-C(6) 1,39 C(14)-C(15) 1.36 C€(23)-C(24)- 1.37 C(32)-C(33) 1,37.
C(6)-C(7)  1.40, C(15)-C(16) 1.37 C(24)=C(25) 1.39 C(33)-C(34) 1[40
C(7)-C(8)  1.35 C(16)-C(17) 1.42 C(25)-C(26) 1.39 C(34)-C(35) 1.39
C(8)-C(9)  1.40 C(17)-C(18) 1.38 C(26)-C(27) 1.40 C(35)-C(36) [1.37
C(9)-C(1) 1.48 C(18)-C(10) 1.51 C(27)-C(19) 1.51 C(36)-C(28) |1.48
C(4)-C(9)  1.41 C(13)-C(18) 1.41 C(22)-C(27) 1.39 C(31)-C(36)/ 1.40

- s




Bonds

C(9)-C(1)-C(2)
C(9)-C(2) C£3)
C(2)-C(3)-G(4)
C(3)-C¢4)~-C(9).
C(4)-C(9)-C(L)
C(9)=C(4)-C¢5)
C(4)-C(5)=C(6)
¢(5)-C(6)~C(7)
C(6)-C(7)~C(8)
C(7)-C(8)-C{9)
C(8)~C(9)~C(4)
C(27)-C(19)-C(20)
C(19)-C(20)-C(21)
C(29)-C(21)-C(22)
C(21)-C(22)-C(27)
C(22)-C(27)-C(19)
C(27)-C(22)~C(23)
C(22)-C(23)-C(24)
C(23)-C(24)~C(25)
C(24)-C(25)-C(26)
C(25)~C(26)-C(27)
C(26)-C(27)-C(22)

TABLE 3.9.
Bond angles determined for R,k,S,S-tetra(l-indenyl)tin.

Angle(deg) . -

102
110
111
16§

‘u 111

121

119
119

123°

119

119

103

1

109
109

107

120 - -
118

122 -

120

118

121

Bonds

C(18)~-Cc(10)-C(1})
C(10)~C(11)-C(12)
C(11)~C$12)~C(13)
c(12)-c(13)~C(18)
C(13)-C(18)-C(10)
C(18)-C(13)-C(14)
C(13)-C{14)~C(15)
C(14)=C(15)~C(16)
C(15)-C{16)~C(17)
C(16)~C(17)-C(18)
C(17)-C(18)-C(13)
C436)-C(28)-C(29)
C(28)~C(29)-C(30)
c(29)-C(30)-C(31)

C(30)-C(31)-C{36) °

C(31)-C(36)~C(28)
C(36)~C(31)-C(32)
C(31)-C(32)-C(33)

C(32)-C(33)-C(34)

C(33)-C(34)-C(35)
C(34)-C(35)-C(36)
C(35)-C(36)-C(31)

Angle(deg) -

104
110
110
108
107
121

118
123
121
I16
121
104
109
110
110
107
117
123
118
122
118
123
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nl-indenyl group.145’146 -

For each molecule there are two distinct types of ‘indenyl

* . .

substituent: two pairs of ring-systems each @ave opposite relative

configurations at.the C1 carbon centers. Thus the, crystal structure

detemined for Sn(nl—CgH7)4 contains only one of the five possiéle

molecular units depicted in Figure 3.9 (ie structure 12). This

'is the R,R,S,S -(++-) or meso-fom, which is opticaliy inactive,

and belongs to the péint group-84‘
Molecu;.es poésessirig’&is kind .of symmetry ha{ré be'en'of

interest since'they whére first discussed 147 in the literature

148,149

by Mohr in 1903. McCasland and coworkers reported the

synthesis of the first two examples of suchimo;ecules ({3 and 14),

and both were indeed shown to have no obseﬁvable optical rotation.

¥
i
i

i

H
‘ ROCH, CO, CH
2 2 2 = -
Me e ) s CHZCOCH,0,R
. ct’
ROCH,CO,,CH \\§§Q:3
2772772 .
CH,COCH .0, R

14 .
= (+) menthyl
R‘= (-) menthyl

-y
*
=, ” T

e i

These systems lack either a plane or centér of symmetry, but do
possess a fourfold alternating (improper) axis of rotation: any
molecule containing this symmetry element (whether of not it

contains other symmetry elements) is necessarily superimposable

-




129

2

on its mirror image and is thus optically inactive.130

, Although a variety of such molecules have now been prepared,
there has been only one report in the literature of a structurally
characterized example, the.bis(N,N N N —tetrapropyl—trans 1,2-

cyclohexylenedioxydlacetamldo)manganese(II) cation.151 The

X-ray crystal structure of the bromide salt was publlshed in 1977 151

and was subsequently recognized as a system for which the highest
possible syﬁm?try belongs to Ehe poi;t group 54 by Professor
Kurt Mislow, yho kindly brought the paper to our attention. All |
other related structures result from conformational distortion
of a higher symmetry configuration%szThe mego-isomer, (RRSS)-form
(isomer 11) of tetraﬁn —1ndenyl)t1n(IV) thus repr;sents only
the second (flrst recogglzed ‘as such1 ) example of this type of
molecule for which X-ray data confirm the structure.

Becauée;of the low barrier to stereomutaéion, a-solution
of tetr;(nl—indenyl)tin(lv) represents ‘a complex mixture of
different molecules (diastereoisomers)‘whose relative-concentratidns
are under thérmodynamic control, (ﬁa.the concentrations of’each
of’the diastereoisomers is dete;mined by the relative values_pf¢ )
their ground state free energies, difgerénces in which have been

€

. % . - .
shown to be . negligibly small). Isolation in the crystalline

Y

state of only one of the five possible isomers can be interpreted

in terms oféCrystél-lattice energy differenées or lower solubility

.

for the meso—form. The rapid equilibration between all of the

isomers in solution provides a pathway for® each of the moLecules

© '
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\

\

\.
Y

to convert to and crystallize as the meso diastereoisomer,
Interestingly every metallotropic shift of the metal-containing

. . . . 1
group across an indenyl ring effects inversion of the C~ center

-
E ]

of that ring and thus represents an extremely facile example of

. . . 154 . .
an epimerization process. This process is also intramolecular
while other, more familiar examples of epimerization processes

are intermolecular eg. the base-catalysed epimerization of menthone

: 5/
and isomenthone.lb* (equation (4)).

base -

————

-

.(=)-menthone (+)-Zgomenthone

D. EXPERIMENTAL.

-

Indenyllithium was prepared by the literature method.

Tetra(nl-iqdenyl)germane,_22£,139 triphenyl(nl-indenyl)stannane y 3425,

-+

A ;oL - '

diphenyldi(n —indenyl)scannane,1323140 and tetra(nl-indenyl)stannane,
g,g,141 have been synthesized previously. ?
fPhenyltri(nl-ind?nyl)tin(IV) (3.4). :

A solution of PhSn013 (2.26g, 7.5mmol) in hexane (20mL) -

" was added dropwise over ca,0.5h to a stirring suspension of

140 :

4
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indenjllithigm(%.Og, ZSﬁmollggn hexane (50mL), the reaction
mixture being maintained at Ooé thrdughout. Afger addition was
complete, thé mixture was allowed to warm to room-temperature, =
after which stirring was continued-for\an additional 24h. The
mixtufé was filtered, the filtrate concentrated in vacuo,
eventually giving a light yellow solid which was récrystallized

from EtZO/hexane (95/5) to give é.ig of white cr&stall@né_gti.g

1 ' L

+

§78utyitri(nl1indenlestannane (3.5) was prepared by an_exactly

- analogous procedure.

il
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¢ e CHAPTER FOUR a ‘ -

CONSEQUENCES OF CHIRALITY AT TIN

¥
r'f‘

'

IN SOME STANNYLCYCLOPENTADIENE ANALOGUES, -

% 4 A

. A. Introduction

: - =
The effect of stereoisomerism in non-rigid methylcyclopentadienyl £

2

-germanes and -stannanes was referred to very briefly in Chapter
Two, and in Chapter Three the related stereochemical effects
resulting from ¢hirality within the n -indenyl framework were

discussed at some length. Concurrently, chirality in the migratory
. - 4 v i

group has been used by other'workers in these laboratories (see

¥
Chapter One) to derive mechanistic information regarding fluxional

- ~

rearrangements in cyclopentadienylsilanes and related compounds. y

Developing this approach -into the context of relaied ring—syétems

(see Chapter One), three methyi(isopropyl )phenylstannyl derivatives,
(the pentamethylcyclopentadiene; the methylcyclopéntadiene;

and thé\indené'have‘peen prepared as part of the present work

and have been examined in detail using variable-temperature

1H,and 13C NMR spectroscopy.

B. Results - -

Mathyl(iSOpropyl)phenyl(nl-pentamethylcyclopentadienyl)stannane

(4.2), methyl(iSOpropyl)pheny;(nl-methyldycloggntadiényl)stannane

[l

(4.3) and méthyl(iSOpropyl)phenyl(nl-indenyl)stanhane—(iﬂﬁy, ) .
o ) 4 i ;
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none of which have been isolated previously, were‘prepared in

high yield as yellow, volatile, air-and water-sensitive liquids,

> »

from the reaction 6ﬁ methyl(Zsopropyl)phenyltin bromide (4.1)

_with lithium pentamethylcyclopentadienide, pétassium methyleyclopenta-

1

dienide and indenyllithium respectively. Physical and

analytical data for the new compounds, 4.2 - 4.4, are given

in Table 4.1.

Sn(Me) (Z-Pr) (Ph) (Br), 4.1, was prepared by the literature

155 .
method (Figure 4.1). This involved successive reactions of

" a triorganotin halide with the appropriate alkylmagnesium

halide followed by either bromodemetallatibn (with Brz) or
protodemetallation (with HC1) of the tetraorganotin compound
formed. Compounds isolated during the synthesis of compound 4.1

1 ) :
were characterized by IR, H NMR, M §, and B.Pt., the observed

’ . 155~
properties agreeing exactly with these given in the literature.

- ’

7 . MeMgBr HC1 / MeOH ,
SnPh,C1 Bt —>  Sn(Me)Ph, >~ Si(Me) (Ph),(C1)
Mg (1-P1)Br
Y
Br2 -

§n(Me)(irPr)(PhI(Br)' ;< . Sn(Me)(i;Pr)(Ph)2 ’
: EtOH ~

FIGURE 4.1, Synthetic scheme used to prepare

Sn(Me) (£-Br) (Ph) (Bx), 4.1.
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- L Compound, B.Pt. (OC/mmH*go)\ . AnaJ'g}rs:Ls‘fs . - . % ¥ield
! . ) ’ ) Theoretiéal Actual )
- . Y ) ‘' - & 3 e i o
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Sn(Me )g Zpr) (ph)[n -C (ca3)5] " 125-130°/1072 61.73 ° 7.77 62.27 8,30 . . 95
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o ? -
Sn&) (Z-Br). (Ph) (n -Cq H CH ) 115--'1250/10“2 58.98 6.87 57.72 6.66 .. 55
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B.l. Mass Spectral Data, °

Mass spectral data for eompounds4.2 - ﬁ, are listed in

#

Table 4;2, and consist of a considerable range of ion families

due. to tin-containing fragments resulting from decomposition

' . S, I

pathyays.involving the four different substituents on the metal.

Molécular ions were observed for each compound, with the majority

- -

of the metal—coni&ining fon~currentbeing carried by the even

&

. ' Y < k
electron iomns (Ze. SanRZRSf and San). No prominent peaks were
p . .
# ‘ . &% o .
éttributed to fragmentation within the Cp”  substituent, indicgtive

, : - . 1 .
~ —~0f monohapto-bonding between the metal and the Cp“~ring. 28

B.2. NMR Data t ) _: !

v

Compounds 4.2 - 4.4 are optically inactive, existing as

racemic mixtures (equal proportion of the two enantiomorpks).
. . S

Although. such racemic mixtures differ from each of the optically
pure eﬁantiomeré in their interaction with (a) polarized light,
" or (b) chiral subégrafea, they will possess NMR spectra (anﬁ!?

IR, M S , eta) which are identical, and hence poqclusions concerning

4

the stereochemistry of the rearrangement behdviour may be addqced

directly from the MMR data observed. <

13

The 1H and “~“C NMR spectra of the pentamethy;cy§lopentadiedg,

ﬁ,g_(F;gures 4,2 and 4.3), and the ﬁethylcyclopentadiene, 4.3

-

~

\

r%x Cp” = cs'(cn C.H,CH

3050 Gl CHys CoHy o
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-

TABLE 4.2.

" IS

=

Mass spectral data® for compodnds 4.2 - 4.4 -(Sn(Me) (¢-Pr) (Ph)Cp~).

-

) . Ion Abundaﬂce?
Ton Family/ cp” : CS(CH-3)5 05H40H3 C9H7
Sn(Me) (Ph) (i-Pr)Cp~T* ‘, 4 5 -2 )
' 5n(£-Pr) (Ph)Cp~" R S
Sn(Me) (Ph).Cp~T | 6 5 C12°
Sn(Me) (i-Pr)Cp~" o 7 7
7 Sa(Me) (4-Pr) (n) T 8 3¢ 11
saue) em)T .1 15 12
saMe) eyt 6 12 " 8
SnCp_'-*: . 13 31¢ ‘14
SnPh! - ) A 2 13 27
SnMe' * ‘. - ) ' | 8 3
, T
sn’t 7 .2 T3
- ]

2 70ev ionizing voltage.

b % mgtal-containing ions, sumed within each family resulting °

from isotope distribution and hydrogen loss.

€ Peaks between m/e = 249 and 259 are assigned to both Sn[CS(CH3)5]'+

and Sn(Me)(i-Pr)kPh)+. Py ' ¥

’

L]
.
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(Figures 4.4 and 4.5), are temperature invariant, while corresponding
spectra for the indene, 4.4 (Figures-4:6 and 4.7) are temperature -
dependent over the range studied (ca.-ég;ito +60°C), ( see also

Tables 4:3 - 4.5). . . \5\;\

-

- )
B.2.(1). Protion NMR:data.: *" P SRR |
\

The Ly NMR spectra of compounds 4.2 and ﬁ,g_eaéh contain a
single resonance (§ = 0.20, -0.16 respectively) due to the methyl
group bound directly to tin, while the corresponding spectrum

~

of compounaiitﬁ has two such_ signals at -60°C (6=-0.01, 0.05) which

. , ) o . o, -
broaden on increasing the temperature through 0 C, -giving at ca,+60 C .

a single resonance {5 = 0.04). Signals for the five phenyl protons

~-appear as single absorptions .at ca.§7.7 for compounds 4.2 and-4+4

and as a broad multiplet centered at 67.5 for compound 4.3.. The methyl
- ~ l
groups of the isopropyl substituent give rise. to two broad signals

at.6%;22 and 1.30 for compound 4.2 while for compounds 4.3 and 4.4

(at —60°C) multiplets centered at 61.2 are observed. For compound

S

4.4 these signals become Broad:at ea.OOC, sharpeniﬁg‘agaiq at
ca.+69°C. ’ ‘ . o

The pentamethylcyclopentadiene (4.2) has a'single resonance at
61.78 for the five methyl groups of the C'sMe5 group., For the methyl-
cyclopentadiene, (ﬁng there is a singlé ring-methyl rgqsomance at 62.06,

while three signals at 65.52, 5.72 and 5.92 of relative intensity
B”

B

2:1:1 are assigned to H*’®,.H" and H

-

réSpectiﬁély (cf?igure 2.3),

L]
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Chemical shifts, ppm, measured positive downfield from SiMe

117,%19

recorded at 60 C. J( -

TABLE 4. 3.

-

Sn),

in Hz. “Relative intensity. Not observed.

A(BH(IH—lH) = 3,6Hz)

4inh @Cl

8 3yrqut/u3 ) o

2

bSpectrum recorded at -60°G. Spectrum

‘NMR data® for the methylcyclopentadienyl, pentaxnethylcyclopentaéienyl and indenyl groups of compounds 4.2-4.4.
bompound 13C NMR
_ -—1— - Y (!,a’ B,B’
| Cs-CH Coii Cg=CH, c c c
4.2 '“ o q ’ c 100.6 115.4
Snihe?(t—Pr)(Phl(n ~C5(CHy ) 1.78(19) & 15.4 n. 0. 101.1 118.8
C4.3 roog S 52(2)2
Sn (Me) (-Pr) (Ph) (n ~C_H, CH ). 2.06(11) 5472(1)° 12.1 119.3
5747374
: 5.96(1)°
! 2 _ o3 4955657 89
i
13¢ mr 43.9°  134.7°  134.9% 125.2° 121.2P . 142, 2°
44 46.4 - 135.4°  (7.1HZ)® 121.9 M7 145.2  °144,1€
Sn(Me) (2-Pr) (Ph) (n*=C_H.) 123.1 145.5 .
97 b | 123.7
123.8 :
_ . " 42 i3 425,67
Ly o 4.41° 6.8-7.1P 6.1-6.8° 6.1-6.8° -
4.46 6.91(t) ¢ '
[ 4



1

Compound

4.2

—— ——

Sn (Me) (£ =Pr) (Ph){n'~Cq (CH

i.3

~

s;(ue)(i-Pé)(pn)(n1~c

4.4

ey e

»

Sn(Me)(i—Pr)(Ph)(nl—C

aMChemical.Ehifts, ppm, measuyed positive downfield from SiMe

-~

b Measured at 90MHz,

¢ Spectrum recoxded at -30%.

e

Multiplet.

£ Broad.

b

574

9

H

1)

H MMR data®’P

3) 5l

H CH

)

TABLE 4.4.-

»

o

for the methyl, Zgopropyl and phenyi groups of compounds 4.2 - 4.4.

3)

ddSpectrum recorded at +60°C.

Sn-CH,

0.20

~0.16

-0.01°

0.05".

0.04

2J(

117,119 1 :
Sn-"H), (Hz) ~Q§(CH3)2 —CH(CEB)2 C6§5
i N
45.0 1.4 - 1.9 1.22, 1.30 L
1.20, 1.23,
50.4 1.4 - 1.9° . 7.8 - 7.2°
1.26, 1.30 -
M
4 8 . 7 ¢ d‘ e g f B
49.1 1.4 - 1.9 1.0 = 1.4 ‘7.7
49,1¢ ' o
: 1.20, 1.23, 1.28,
1.3192¢

4

in 107 CDCl3 solutions.

1A



TABLE 4. 5.

130 ¥MR d4dta® for the methyl,“ 1sopropyl éndlphenyl groups of compounds 4.2 - 4.4.
¥ . = P ¢
. Compound ) ; Sé;gﬂ%' 1 Sn--Pr- ¢ zmmgﬁﬂs R
1 117,119\ £ 1 2,6 5,3
J C— 2 S .
CH4 ( | ) n) . CH(CH,), CH(CHp, C c™? c?
'Sn(Me) (£~Pr) (Ph) (n ~CS(CH3)5) -12.9 129.9 . 16.9 ©21.7 14,4 136.8 127.9
' “ o 22.0 '
_4..'.§_ 1 . ’ . -‘" b -
Sn(Me)(iIPr)(Ph)v(n ~CsH,CH ) -13.4 130.4 - 17.7 21,70 141.4 136.4 128.4
b e e . b
Sn(Me) (Z~Pr) (Ph) (n —C9H7) -13.9 “13 2d n.o. 16,5 21.6 140.3 -"136.5 128.4 .
c T . »
-13.,2 o

4Chemical shifts,ﬁppm, measured ﬁositive downfield from SiMe4 in CDClB.(~ .
bBroad.
Cspectrun recorded at ~30°C. _— , 5 ‘ e
dSpectrum recorded at +60°C.' - T, ;\
eAssignment as-in reference 142, - '
£

Values given in Hz.

4

-

128.4

N

128,8

128.9

A

P e w—
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At 7600C, the lH NMR spectrum ofcompduhd.ﬁni contains‘indenyl-H1

resonances at 84.41 and 4.46, a multiplet centered at §6.95\-_—

-due to Hz, with the other indenyl proton resonances forming a

-

broad multiplet ceﬁtered\at §6.5 which overlaps with resonances

for the phenyl protons. Raising-the temperature to ca.—lOOC

results in broadening of the H1 and Hz resonances’, and at +60°C

the leeSOnances have complétely-collapsed while the H2 resonance

appears as a triplet. Signals due to H4’5’6’7

show some spectral

changes with temperature, but no detailed assignment was attempted.
) L] ‘

B.2.(ii). Carbon-13 NMR data. 1y t}

The 3¢ NMR ‘spectrum of compounds 4.2 and 4.3 “have

methyl signals at -12.9 and -13.4ppm respectively d&F to. the .

methyl group bound directly to tin. In contrast the —-60°C spectrum

of 4.4 contains two CMe résonances‘at -13.9 and -13.2ppm which

S . , o
broaden on increasing the temperature, giving at ca.+60 C a

.
1

single resonance at -13.2ppm. Resonances at 127.9, 128.4, 136.8

and 141.4ppm for compoind 4.2, at 128.4, 128.8, 136.4 and 141.4ppm

for compound 4.3 and at 128.4, 128.9, 136.5 and 140.3ppm for

3,5 4; c2,6

compound_éﬂi are attributed to C ,» C »and‘Cl respectively

of the suhstituent phenyl groups. The’ieOpropyi group gives'

three signals at 16.9, 21.7 and.22.0ppm for compound 4.2, but
only €§o signals For both compounds 4.3 (at 17.7 and 21.7ppm)
and compounds 4.4 (at 16.5 and 21.6ppm), the high.frequency

sigpM for comipounds 4.3 and 4.4 being broad. '

¢ . - ~
- Q.

3 . —_
£

(‘f‘\—’—“v s R
»
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L om For compaund 4.2 the remaining Tesonances at ;2.1 and5119.§ppm

4

- - .

‘afe dué to the five methyl- and five ring-carbon atoms respectively
. of the pehtamethylc?clopentadiepyl Fing. For‘ébe methylcyclopentddienyl

"7 compound é;g; resonances d£‘1514, 100.6, lbl.l, 115;4 and‘IlQ.Bppm )

Me. Ca , Ca; . GB

. result from C-7, Sapd Q? iespectively of the

T methylcyciopentadienyl—ring (a signal corresponding to cY was - . .
v ) ’ N ! * -
‘ ~ not observed). ﬁv
. " In-the indenyl, 4.4 -the 73000 ‘spectrum contains two Cl—indenyl

. 4
. Y
resonances-at 43.9 and 44.4ppm, the assignment of the remaining

[ "

: . N '
re§onéhgg§, ascribed to the carbons of the indenyl ting are given

in Table 4.3:“»At cd.10°c; all the indenyl carbon reSonances
~ oo have brvadened significantly and at ca,+600C resonances due to
C} (at 43.9 and 44.4ppm) and C3 (125.2ppm) have completely collapsed,

- P ' whdle slow-limit resonances ‘at 121.2, 1&1.9, 123.1 and 123.8ppm_

. dué to C4’5’6’7 have averaged to give two signals at 121.7-and 123.@ppm‘
- - < 4"7 5,6 * = o i
. L for C and C in the +60 C spectrum. Similarly resonances
- 4o - ’ .
» AR . at 142.2, 145.2 and 145.5ppm assigned to C8’9,broaden, giving
-, . b o T
’ at pa,+60°C a single absorption at 144.lppm, while 02 signals .

-at 134.7 and 135:ﬁppm are broad at ea,d’C and at +60°C=givefa

e
[

‘ ’ ) sharparesoﬁaﬁce,at 134.9ppm,  * ) Y

-~
Al

<
-

-

*
o,
BENE o ]
[N
o)
2
<
o
‘(D
3
<
o
"
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C.: DISCUSSION. . o . .

3

The NMR data obtained for the pentamethylcyblopgntédieng
SnMe(@gPr)(th[nl—CS(CH3)5] (4.2) are consistent with-rapid

~migration of the tin moiety around the five carbon atopls of the

L4

[

1
* n -CS

and ‘also the fiwe ring methyl groups on the NMR timescale, exactly

-ring,bringing about equivalence of the five ring carbons

sy

. paralleling the situation obéerved92 for¢SnMe3[n1—CS(CH3)5].
-
Thus only one signal is appareént in the 1H EyR spectrum for the

five methyl groups (Figure 4.2), while in the 130 NMR spectrum

’

the CSMQ5 ring 'system gives rise to two singlets (Figure 4.3),

. one due to the five ring carbon atoms and the other to the five °*

méfhyl groups. Although the rearranéement process has no effect 4

-

on the resonances for the methyl, iSOpggpyl or phenyl substituents,

3 -

analysis of signals Tes ng f;ém‘the igopropyl group ¥ .-

e i 1 3 A
is informative. In the \3C NMR spectrum there are thred distinct

. 0 §
signals for the three carbgn atoms of

e igopropyl substituent,

. . (-
confirming magnetic non-equivalence o

a .
the two me;hy%fé?ﬁﬁps. '

This observation at fast rates of intr?mqlecular exchange establishes

that the rearrangetient process does no;} ead to averaging of'the_
. L 4

‘ magnetic environments of the two methyl groups, and must therefore .
[y A . . > - ;
o’ ~

take place'with retention of configuration at the tin center.

. ' By contrast, at 90 MHz the 1H signai§ due to the B-protons of the
 £8opropyl group show no resolvable splitting due to'diastereotopfc

- effects, appearing as a doublet thréugﬁ coupling to the single .,

\.~ methine proton.
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. The appearance of the "H and ~~C NMR spectra (Figures 4.4

\ ’ v
\ ) e

and 4.5 respectively) for the methylcyclopen’tadiene‘,

SnMe(i—Ifr)(Ph)(n1 CSHACH3)(é&§)iS the result’ of facile sigmatropic

'ﬁigration of the tin-containing group around the methylcyclopen&adienyl

rlng at a rate whlch is fast relative to the NMR timescale (see

.also Chapter Two) . Thus'the methyl group bound to the Cs—rlng ,

gives a single absorption in both the lH and 130 NMR spectra,

)
oY

Diastereotopic splitting of resonances for the ring niclei (see

Cﬁapter One, references 79 and 89) is also apparent, so that

in the 13C NMR spectrum a signal arises for each of the ring

carbons ¢, ¢ , cf

AN

are three broad lines at 65.52(8%), 5.72(® ) and 5.96(a%’% ), - ‘

and CB , while in the 1H NMR spectrum there’

in ea 151:2 intensity ratio.

*

In the 1H.NMR spectrum the complexity of the multiplet
~ centered at §1.25 Qttributable to the B-protons of the Zsopropyl

substituent establishes magnetic non~equivalence between the two

methyl groups to givefa pattern resembling that e};ﬁéctqd for an

33§3§ spin system. By contrast, at 15.1 MHz the 13C NMR spectrum \

shows am unsplit signal for the two B-carbon atoms. Thus identification
/,~\of magnetic non-équivalence of the two methyl groups ‘at fast rates of
rearrangeﬁeht (1H'NMR data) leads to the conclusion that the

sigmatropic’migration oécurs with retention of config%fatip@;at

the migrating center. As Fabian and Labinger have noted97

4 .
for a related iron system, the observation of diastereotopically

. ' 1 _ 1
shifted ‘resonances for the carbons ( 3C NMR) of protons (“H NMR)

of the methylcyclobentadieﬁyl ring at ‘fast rates of sigmatropic _

-
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ot ’ - T ' . ’

migr&fién, is eﬁidence for either (i) retention of configuration in

-

- -

a suprafaciai process, or, (ii) ‘inveréion of configuration during

an antarafacial process.

4 .
. »

. Thus the observed diastereotopic splittipg of resonances for

- -

the methylcyclopentadienyl-ring nuclei, in conjunction with the
above proof that rearrangement occurs with retention of confiéuration

at the migrating center,leads to the conclusion that the rearrangement

is suprafacial as anticipated. The rearrangement taking place can

then be visualised as a rapid interconversion of the four isomers :

(1 - 4, Figure 4.8. : x

-

> - . . : -

P

. .FIGURE 4,8. Isomers present in significant concentration in

Sn(Me) (3-Pr) (Bh) (n'~C,H,CH,), 4.3.
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The complex slow-limit IH 4:5:4 !—30°C) and 130 (at -60°¢
NMR spectra observed for the indenyl 4.4 are the result of the

presence in 4.4 of the @iastereomeric pair, 5 and 6, of enantiomorphs

(Figure 4.9).

FIGURE 4.9. The diastereoisomers 5 and 6 present in

$n(ie) (G+8r) (PH) (a' =Cgh,) , 4.4

4
N -

. v
4
N

A
The=enantiomeric pair 5 (and @lso the pair 6) have identital NMR

£

spgctra;§but' these two pairs are significantly different from or;e'

‘another and will give rise to different NMR spectra. Thus the

S

3
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methyl group bound directly to tin in each enantiomeric pair-

giveé one gignal in the 130 NMR spectrum and in the }H NMR spectrum.

Similarly there are two indenyl 91 resonances in the 130 NMR . '

»

- i1 . 1
spectrum and two H¢ resonances in the "H NMR spectrum.

- Raising' the temperature results in an averaging of resonant-

positions for tbe indenyl ring nuclei, which is consistent with_;

an overall 1,3 iearraggement of the fin moiety across the five

. " ~
I3

-  membered ring of the indene framework (equation (1)).

v
- —

! B
. { - .

i H  Sn(Me) (4-Pr) (Ph)

’ veen (1)

-

. JH Sn(Me) (Z~Pr) (Ph)

Thus resonances assigned to C1 and ¢3 broaden at ca.0°C- and are .
& -

.. compiletely céllapsed at 20%. " Resonances for C°’° also broaden

A\

-

A tagt ca.OOC, giving a coalesced signal at ca.+60°C, as do resonances

4,7 6

for C’°, and also for CS’ . In the lH NMRispectrum Hi add H3 resonances -

¢

broaden at ca,OOC and completely collapse at ca,+30°C, while

signals for Hz brpaden, giving a tfiple; at ca.+30°C, fésultipg
: - c 3.,,1 .2 3.,.372
from the averaging of the coupling constants “J(H -H") and “J(H -H").
{The rearrangement process also averages resonances for the

Ay

" indenyl Ci2 nuclei, and the tin-methyl groups in isomers 3 and 6,
consistent with the metallotrpic rearrangement bringing about ’

- 1interconversion between the two different isomer typeé 5 and 6.

2 .
i ¢

°
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necessariiy involve a change in the ¢ nfiéurétion at Cl of the

indenyl ring; it follows that the obkerved interconversion between.

’ ve s (2)

c 1H NMR spectrum due to the methyl

»

ygesonances in the -

. r
groupst of the 1sopropyl substituent appear as a complex mu}tipl%t.

— . ..
This results/from overlap of signals for the isopropyl group in diaster-

&

eoisomers 5 and 6. Interconversion between 5 and 6 results in aye;aging'

. o 1 . = .
of these resonances, so that the +60 C "H NMR spectrum is consistent with

the methyl groups of the 7sopropyl substituent maintaining magnetically

distinguishable enviromments throughout the rearrangement process

>

(iq“}esﬁlting from an_§323§ spin system). This is confirmatary evidence
for ‘'retention of canfigurétion at the migrating'metal center,

These obServations can be gummarized as follows: Rearrangement
of the iqdenyliédiastereoisdmeric mixtﬁre‘g;é) involves an overall

1,3 suprafacial migration of the metal, the configuration at.[

which is unchqngedrbﬁ the metallotropié shift, SimultaREOUSly

i

2
this process interconverts the diastereoisomeric pairs 5 and 6

as.shown in Figure 4.9.

»

. . . 1
Similarly the fH NMR data obt:ainedm*3 for SnMezPh(n —09 7)
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are consistent with exchange between the magnetic environmerts
- .
g

of the two methyl groups and support’ retention of configﬁration .

at the tin center in a suprafacial process (Chapter One and

reference 103).

Rearrangement-via an 18o-indenyl intermediate is indicated

A

by several compelling }et inconclusi?e experimental observat ns
(see Chapter Orie) » Thus in_a number oﬁ instances 105,106 S
products have been isolated from the Diels-Alder reaction of
metallo-l-indenes with dienophiles in which the migratory
group is‘located at the.2-position. Thermolysis of tr%methle

silyl(nl-indene),_l yiéld8106’107

an équilibrium‘mixture of three
compounds (7, 8, and 9.), the presence of one of which (8) is

consistent with the igo-indenyl intermediate, Site exchange

between the .two trimethylsiiyl groups ofl,2&&5(trimethylsilyl)indene,

10, leads to only one methyl'signél in the fast-limit 1H NMR

sp'ectrum.m4 This observation rules out the possibility of a

-

v

concerted 1,3 migration; while it is consistent with the 7gso-indenyl
injermediate aﬂ*&?térnate pxoceés involving a pair of simultaneous,

T 7 C .
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) e ) 104 . -
concerted 1,2 shifts (ll)+has also been proposed.
¢ N "‘
® &
2 - o,
~ SJ.Me3
. ey O ]
- 7 SiMeé
H SiMe3
0 . u
The design of suitable experiments which will unambiguously ‘assign (i\\\

this inheféntly-iikely pathway (Ze, overall 1,3 migration via

successive 1,2 shifts) has not yet been achieved.

D, EXPERIMENTAL.

. Lithium pentamethylcyclopentadienidefgg potassium methyl-
. 138 | s 104 ,
cyclopentedienide,’ indenyllithium and .methylisopropyl-

phenyltin bromide155 were prepared by the literature methods.

S

Methylisopropylphenyl(nl-methylcyclopentadienyl)stannane

A ;olution of methylisopropylphenyltin bromide (2,00g, ‘ '
5.§9mm01),in toluene (20mL) was' added dropwise to a suspension
of potassium cyclopentadienide (0.5g, é.3§mol) in toluene (30mlL)
which was maintained at -78°C throughout the addition.. The
mixture was warmed to room-temperature and stirring continued
for a further 12h. The mixture was then filtered, and the filtrate
concentrated in vacuo leaving a light yellow oil. Sublimation
in.vacuo onto a -78°C (dry ice/acetone) probe gave pure liquid

Sn(Me) (4-Fr) (2h) (n'~C_l1,CH,) (1.10g, 3.3lmmol, 55%).

ol
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| 1 — .
Methylisopropylphenyl(n -pé%%%aethylcyqlopentadienyl)stannane .

. 1 ’ !
and.methyligsopropylphenyl(n -indenyl)stannane were prepared

in ansimilar manner. . . -

e
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. CHAPTER FIVE e :

s

SYNTHESIS AND PROPERTIES OF

SOME BIVALENT DERIVATIVES OF GERMANIUM AﬁD TIN.43

N +

A, INTRODUCTION,

Eald

While the organometallic chemistry bf quadrivalent germanium,
éin,and lead has‘been intensively inyestigahed, related compounds
' :
E\%n which the metal is-in the bivalent state are much rarer and
, belong to a small number of speciélized categories, Bis(ns—
cyclopegtadienyl) derivatives ofutin(IE) and legd(II),zo \are -
representative examples of one of those classes of accessible .
L-cc:rxnpounds in which a bivalent tin or lead atom is bound to
carbon;d these molecules have also been of interest because
of the nature of the metal-to-ring interaction.
Wﬁile it was initially as;umedzo that.these compounds
possessed the sigma-bonded structure shown in 1, Wilkinson et al,

subsequently concluded 42 that in fact an angular n-bonded

sandwich structure 2mas adopted on the basis of IR and dipole

r'd

b

[ra

)

v
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@

moment measurements, The existence .of "sideways" rather than
"endZon" bonding between the metal and the ring-system in these

and related cyclopentadienyl derivatives has since been substartiated

by electron diffraction [Sn(n C )2, Pb(ns-—/5 5)222] and

23 5

Pb(n°-CgHy) ,,*" Sn(n’~Cy(CH,) b

46

X—ray .erystallographic [Sn(n _CSHS)Z’

47

Pb(nS—CS(CH ) 3 Sn’(ns-csus) cl1, SnQﬁS—CS(CH

3 5)2’

studies. -
4
F

Bis (ns-cyclopentadienyl)— and Bis(ns—meﬁhylcyclopentadienyl)-

tin(II} have been shown32’33’34 to be useful synthetic precursors °*

to a variety of previously unknown Or otherwise difficultly
accessible derivatives of tin(II). Thus, in geneg;l, reactions

Ll

with sources of acidic hydrogen é%va the corrésponding tin(II)

products (equations (1) and (2)). . -
, . \
i M | //’ A
Sn(n -CSHACH3) — Sn\’ T e (1)
- N0
ZCSHSCH3 :
¥
B 4,
2RSH
Sn(n -C5H4CH3)2 - S Sn[SR]z ........‘...-(2)
-2C5H50H3

¥
»

A more limited range of related reactions of bis(ns—cyclopentadienyl):

lead(I1) have been reported 156by Bu&dephatt et al(equation (3)).

Pb(n —C ) +2M—+ PbA +2C H6 .......-..-;....-o(?‘)

2

A=0R, Ochu— s RCOCHCOR

The corresponding germanium chemistry has, until recently, been
. ) I )
neglected due to a lack of convenient synthetic precursors.

-n

ERR
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Thus ‘although biainS—cyclogéntadienyl)gerpaniuﬁ(ll)%9 would appear ’

to be a logical starting material, it has been geporiéd to undergo

rapid polymerizaéion at roofi-Yemperature (95%, 3h)19,and, in fact,

&

. no detailed dgscffgtion of its reactions has appeared ih the

.

diterature,

%

Organo-derivatives of bivalent germanium, tin,and lead
e e ’ )
'havg been shown to function as formal two-electron donors to

*  low-valent transitiion metal centers. These types of complex

have been referred to in Chapter One and their formation has
. , ;

N o 157 .
been reviewed in the literature. :

This chgpéér reports the synthesié of the relatively themmally
stable dompound Bis(ns-methylcyclopantadiényl)german;um(Ii)
énd deécribes its physical and chemical properties., Reactions
/fwith suitable protic reagents (é;rticulérly those of the general

~ type 3) which might provide access to monomeric, intramolecularly

associated;germaniuﬁ(ll) containing products have been examined

in some detai}, An alternate synthétic route to some of these y

£

» B
3

X OH

. ’ _3— . | . i
germylenes, igvolning the reéction of a germanium(II) dihalide
with the appp?priate 1,3 ketoenolate and triethy%gmine has

" "also been investigated. The reaction of bié(acetylécetonaéo)- .

germqnium(IIirand -tin(II) with tetrakis(triphenylphOSphiﬁe)—

i

-

o
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','platinum(O) or bia(triﬁﬁéﬁ%lpﬁbsphine)(etﬁyléne)platihum(O)

. .is observed to-.give Pt(PPh3)2[M(acac)2]2, M = Ge, Sn. ' The

crystal and.molecular structure of the ti ompound hgs been
* 3 "o

determiﬁed.by Professor T.S. Cameron and Ms. E,T. Bremban aft

-

B.

Dalhougie University and their results are commented

RESULTS AND.DISCUSSION. B

. *\\\

-
-
L5

:llp n.

- -

.
\
'

-

#

B.1l, Synthesis and Prbpérties of’ : : S
Lt ‘

-~

bis(ns-methylgyclOpentadienyl)gefmanium(il). .
. * + .

//
Bis(ns-methylbyCIOpentadienyl)germanium(II), é,l_waszconveniently

prepared in high yield ¥>90%) as a light yellow oil by the reaction

of germanium(II) diiodide with potassium methylcyclopentadienide
1

in téluené at ca,S?C. Reaction at temperatures above 10°%

gave only low yields (ﬁiOZ) of compound 5.1 together with a

1
red insoluble gum. - Attempts to prepare 5:1 from either CsGe013

or GeClz.dioxan and potassium methylcycloPen;aQienide were not

=

’

successful.,

’ Coppoundygtl is a yellow liquid wﬁiéh‘is markedly air- and

water-sensitive. It is soluble in most organic solvents (gg hexane,

benzene,gethef,THE), but reacts rapidly with solvents conﬁaining
protic hydrogen (ég MeOH, EtOH) ﬁo give white insoluble solids
(these reactions will be discgssed'later.in this section). *

Attempts to crystallize or sublime the material in vacuo were

unsuccessful; the yellow oil darkened in color after a few

«
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: ) FABLE 5,15 ) ' )
Physical and’ analytical data 5f'6r compounds 5.1 and 5.3 -~ 5.12. )
- : Het:hod a M.Bt(oc)
- Compound * of prep.- Zyield » Analysis + /B.PE£(omhg)
N . " cacc T M
) . Actual Theor. Actual Theor.
- 5 . . - ) . [ — -
Ge(n"-CAil,CH,),, 5.1 ~ A ‘.85 62,45 .61.92  5.92 6,07 oil
Ge(trbpfz, _f_».._é T B \ 84 - R 0
.' 5 © 52,75 53.42,° 3.37 3,18 178°(dec) .
76 . > . :
Ge(thuj),; 5.4 B 86 T o
. X ¢ 79 60.61 60,23  5.82 5.52 137-139°(dec)
Ge(oxine),, 3.5 . ‘B 96 ) b, ‘o "
99 60.26 ~ 59.92 3,72 3.35" 174
* Ge(hyap)y, 5.6 ’ 73 . o
L ' 56.56 .56.05  4.04 4.12 250°(dec) -’
.C T 55 i , A
Ge(acac)z, 2 . A ' 55 - 0 3
‘ c \;g go | %379 4h.35 5.49 5.21 257(10° mmHg) ©
\ . ' - R ) ’
. Gelptv), _.__ 5. "59.76 60,17 8.9 8,72 110°(10 mutig)
G (be‘hzac)cl, 75 gs}38.11 39.72 219 2,97 ', 173%(dec)
ce(benzac3 5. 1'1 . 4.79 4.59 1371°
_Ge(dibenz)Cl, 5.10 , d .3.36 194°(dec)
Ge(dihenz),; 5:12  C (43 Q.52 4.27° 153-150°

.

C3

A(R H d— GeX -r—?"GeRz,
B((csuacu_,’)zce +- gx r-ayc |
Analysis for N, actual 7

M=

Li

, ilé*: or K+.; X, = halogen),

y C(Gex, + nHA + BNEC,—> GeAngz

', “found 7, 7~7%‘.

-

—r

ey
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minutes at +75°C, _evenf:uall& giving a viscous, insoluble red gum,

. . N
v - . - ‘=

" The undiluted liquid comf:ound is also thermally unstable at room-

P

‘temperature, forming over a period of. several weeks, a clear

yellow glass, insoluble in common organlc solvents. The./ rate

_ of polymerization is significantly reduced if compound é_._l_.is

stored as an eq,5% solution-in either hexane or toluene, but ,

a

Buch solutions are gignificantly more air—-sensitivthhat neat_S._l_ .
~ [ 4

Some physica.l and analytical data for compound 5 1 are given in

s

Table 5.1. T,

~ B - .. . -

. TABLE .5.2.
'S * i a ’
Mass gpectral data 'f,or
bis (ns—methylcyclopentadienxl)—germanium('II) and tin(II).

17

bSee reference 158, . S

A -5 . ’ 5.
-Assignment Qe(r} '05H4CH3>% r Sn(n "05H4CH3)2
M(C.H >+‘ . 0.5 ' ' 1.9
5403 ' 2 -7 )
M(CH CH3) . 74,1 _ - . 84.0
, .- ' 3 c
MC H l306 '. - > n.O.
4'n ~ o o : -
. MC H-*: e 7.7 - n.o.”
2'n .
W 133 14.1
— LT e '

v [ . B
470ev ionizing voltage; %metel—gontaining ions, summed within each

»

family resuﬁ:ing from, 7isot‘:ope distribution and hydrogen loss.

J

- - . - %

“Not observed. - : e e e

yo
»
.
&
L
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. - L® Mass spectral 'data for é,l_together with those repo—rted158
- N .\\ N .

for the tin analogue, Sn(n 5 4 3)z,are given in Table 5.2.

Reé\Its for both compounds are similar with major metal—containing

pgaksxcorrésponding to the parent ion and sequentia% loss of the two

methylcyélopenbadieny% rings. For compound. 5.1 decomposition of

thé most abﬁndantgprmanium containipgjmn,Ge(C5H40H3)+, also occurs by

carbon~carbon bond fissiop within the Cs—ring, resulting in significant

abundances of the ions GeC4§f+ and GeCZHf Fragmentation of the

— — —. cyclopeptadienyl ring has also beén E_ported for Ge(n quq)zfg

and Sn(n ~C HS) but significantly it is not generally observed

. in the mass spectra of related monohaptocyclopentadienyls.,

1 .
, = 3
,

- TABLE 5.3
% ‘v -t . . '
NMR data” for compounds 5.1 and 5.2.
i ~ -
1Hb . 19Fc :
e
ﬁM_ B, (CoH,CHy)
Y Ge(n’=C,H,CH,),, 5.1 2,08 - 5.72
Ge(n>-CH, CH_) Bf 5.2 1.88 5.86 ~134.6
. 54 372 22 ( p
P ; e .
| | , ‘ : 13.b
. . . , cY CB;& Ca,q ‘ \ CMe
e . .
5.1 126.2 113.0 .~ 110.5 , l4.l
’ 3a11 spectra were recorded iS'CD013.
bppm downfield from TMS. - ‘ oo
. cpp;n upfield- from CFCl3. o '
- ”‘ 3
. s J
1 ;
- . * . " f
’ \' . - € —

-

-~
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FIGURE 5.1. 13C NMR spectrum of bis(n5-—methy1cyclbpent:adienyl)germ’anipm(II) at 35°%. =
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1 . . -
. " The lH and 3C NMR' spectra of compound 5.1 (see Table 5.3)

L

are similar to those re‘ported“Bfor the tin and lead analogues.

.

-, . _ . .
The I‘H NMR spectrum of compound 5.1 consists of a methyl signal at

§2.08 and a multiplet centered at 85.72 for the four ring protons,

4

while in the 13C NMR spectrum (Figure 5.1) there is a methyl signal

at l'4,lppm, with & further three absorptions at 110.5, 113.0 and 126.2ppm-

L]

due to c*® - 'CB 8 and CY regpectively,

These spectra are significantly different from\,the NMR- spectra
{described in Chapter Two) for tetrakis(nl-methylcyclopentadienyl)-'-'
germane (2.5) which are- temperature dependq;xt‘ over‘the range studied

(ca.-60°C to -3-60?0).' The sharplch‘ontra's't:ing gpectra are the result of

the different mode of bonding between the CSH4CH3-.-ring and the "

germanium atom in 5.1 (4) and 2.5(5). ) . ‘ .
. F) é -
: CH3
. B .
. Ge
@ h CH '
: ooy . § ——
) , ‘ e o .
W & .
oY . l’ . y !‘"~ [y b
P ] ’«r -
Y L Z .
* . . In ?



the reaction of Sn(n -C
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Thus in the’ germane g.g, the germanium atom is bound to a single - !
aliphatic carbon atom of ’each of the four monchaptomethylcyclopenta- * !

Hién§l—rings. ‘Migration of the germanium atom about the (n —C5 40H3)

ringg results in a\}eraging of the signals‘present in the slow-limit
spectrum, however the rate is not sufficiently rapid for the spectrum

to be fast-limiting at room temperature: thus broad absorptions

are obsefved in both the ll-l and 130 NMR spectra for the ring protons
al B BI

and the ring carbons, Ca, ¢, C, C° respectively.

- By compar_ison,s,igrfals in the- reom—temper&t-are-—l-ﬁ and 13C NMR -~ —r v © e e

spectra of com 5.1 are sharp, the germanium atom being bound to

/

two equivalent (n CSHACHB)-ringg to ‘form the angular sandwich shown

N 0 +
4, - . ,
in A ‘ ' ¢

Reaction of compound 5.1 with Mel over a period of lh at

room-temperature y;i.elds a viscous yellow oil the IH NMR and mass

£

spectrum of which are indicative of t:'hé presence of a mixture of-
: ]

com_pounds of the type Ge(Me)m(n »CSHACHB) I . ﬁy contrast,

n 4-m-n

5 5) with Mel has been reported to give the

sing.le‘product Sn(Me) (n -C HS) 1; this reaction is thought to .
proceed via a radical pathway, the following scheme having been

I

proposed (equation (4))

. . )S % .
Hel ' 1 Sa(n"7CH 5) 5. e
Sn(n -C5H5)2 ————> Sa(Me) (n -C.H) I —= Sn(ne.) (n c 5 A
. ) Y ’ A B . « ! r‘j‘
& “-e, . ‘;“ +. :"/ K
° 1 X g S I
Sn(Me) (n"~CcHg )iy Sl gl -.,,,1;:
. - -: Snﬁ(ﬂ ~~C.H )I—x o,o (4) S
v : - S Tem T s '.‘Q5 In
: e PRI . s
J" ¢ ~ . . . - s
. - . A - - . - Ar \.
oo . ) : X
. . ‘. ' - - s
e ' - f_ - G ’ -
= ..' L ¥ ¢ ‘. .
3 ; 4 * ?% - . =0t
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%

Similarly, Sn(n —-C H ) reacts smoothly wit‘h%an excess of CH212
to gdve Sn(CH I) (nl-—C ) I Aas the main product, while reaction

WM

using an exces's of Sn(ns—c

I

~—r
(3]

gives a series of products including

4

I'IJUI

w
W
~ W
[ 3]

Sn(n C ) (I)CH Sn{*i ~-C_ ,;Sn(n ~C H )

- 5 74 :
, Sn(n -CSHS)I. *

. f ¢
- The .presence of. a non—Bﬁgéﬁng electron pair on the germanium

atom allows compound 5.1

Sn(n‘-CH)Iand

function as a Lewis base; accordingly

»

it reacts rapidly with boron trifluoride etherate at room-temperature

- to_give_the. viscous red o0il 53.2. Compound.5.2 is significantly
more air-sensitive that 5.1, how 1 and 2

F NMR spectral data
were obtained (Table 5.3) jand

Te consistent with the formulation
- 5
Ge(n CSH4CH3)ZBF3.

Sn(n ~CSH4CH3) ‘has beén shown32 33,34 to react with a wide
variety- of protic reagents to give the cerresponding tin(I1) derivative

in high yield- (¢g. equations (5) - (8)).

4

-

- e . 2ROH

-

> Sn(0R), ..w(5)
R-Me, Et, Ph. - ‘ .

-

" 2RSH -

) .R=Me,‘!Et, Ph >- Sn(sR) LR (6)

A *  2HCN
:,“‘ -

Tl
B

> Sn(CN) ...(7) -

B cqntrast éi

though Ge(n C H, 3)2, (5 1) did yieid white sokid

-

preci;;itates with aicohols and azoles, analytical data supporting

fomulation as GeY derivatives could not be o!{tained and the

X

168"
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insolubility of these materials précludgd convenient identification.
Surprisingly no reaction was ébserved between Ge(nséCSH4m3)2 and f
the B-diketones shown in 6 even afﬁtéar refluxing in toluene solution
for several hours , the B-diketorre being recoverable to ca, 90% ,
y Y ' '
a ?
- 0 0 "R M Ph | £
e 1| e}MeI hIMeICF:SIBu—
)U\ R, | Me| Ph ‘ Ph,‘ CFB’ cF, | Bub
R R, - ' 3
1 . 2,y s '
) .6 . - *
T ez s T e e -—- o -!a—: —._-_.._' - a—— *;L.— . - *
. ' While the known chelated ketoenolat:e._derivativgs of Ge(IIW)
., were not produced-from th¥ reaction of Ge(n545EZEH3)2and the
correspondingrBidi}cetoﬁe,’ rapid reaction wasfgbs,erved wit;h some
* phenolié‘, and- related compound's', capable of bidentate coordination
" ‘ A
at a germanium(II) centdr (equation (9)).
5 v y HA - ‘ .
" Ge(n -CgH,CH,)" - GeA iervrrnnniiannanaa(9)
L AT & o cHy) - 2
~ 553 :
* Compound 5 . - 7 .
R o 0 .
. .3 HA = tropolone (tropH) ) 3 ‘
Tt (Z—hydi'oxycyclohepca-z,ﬁ,6_-triénone) HO .
£ -
i . . - ' .0
o S5.4:HA = thujaplicin (thujH)
(2-hydroxy-4-~isopropylcyclohep ta,-_2 y 4, 6-—t'r’i:anone? ;
. ’ b

f,

HO
HO :
5.5 HA = 8-hydroxyquinoline :(qxin'e’H“) 4
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TABLE 5.4. J" : .

-

Mass spectral datga for coﬁpounds 5.3 ~ _S_E

5.3°

Ge(trop)z, Ge(thuj)z,? 5.4
Assignment Relative Intensity Assignment Relative Intensity
‘ +. +, — :
Ge(C7H502)2 8.3 Ge(CloHnQZ)2 2.7
. + +
Ge(C7H502) _ ?1 .7 Ge(CmHl l02) 84,0
B +. ' +o
Ge .- 0.0 Ge(C9H802) 8.3
‘ . t ) :*-
Qe(C7H502) _ 5.0
'Ge+' : 0.0
* Ge(oxine),, 5.5 - Ge(hyap),, 5.6
Assignment [ Relative Inﬁénsity\\ Assignmént Relative Intensity
"9 3T S . . +. .
Ge(CQH6NO)2, ] 6.7 Ge(C8§7Q2?2 0.2‘
+ \ +
Ge(CgﬁsNO) \ 93.3 Ge(CBH792) 99.8
Ge' 0.0g Ge' 0.0
. .

* -
*

3 x‘ . . —— =
2 70eV ionizing voltage; Jametal-containing ions, summed within

s

> — -

each family res?‘x'i_ng from isotope distribution and hy&%:ogen loss.

~

~
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. -
were sjmilar,involving addition at room—temperatdre of a toluene

solution of the corresponding free hydroxi//ébmpound to a stirred

toluene solution ofAGe(nS-CSHZCH3)2. ,Afger ca.0.5h a precipitatg

- gtarted to form (see e#perimental) which\gave, after work up; N
the pure Ge(II) derivative. ége compounds are THF and chloroform

soluble solids which are sﬁ;;fiientlﬁ volatile-to allow for

characterization by mass spectroscopy (see Table 5.4). Typically

*

the most prominant peak in the mass spectra corresponds to loss

-

of one chelate with the current carried by the molecular ion and

Gé+’ being small, For the'thujaplicinato’derivative cleavage

3

of the isoPrdbyl group was also observed to give relatively

intense germanium-containing ions. . ! ’
TABLE 5.5. ‘

Infrared carbonyl stretching frequencies for compounds 5.3, 5.5 and 5.6,

Compound . v(C=0)

5.3 1590(v.s), 1570(m)
Ge(thuj),, 5.4 1583(m), 1569(s)-
5,6

Ge(hyap22, 1580(m), 1635(m)

«

|
The I R spectra ofq‘cémpounds 5.3, 5.4 and 5.6 show a significant

reduction in frequency for bands due to v(C=0) (Table §:§) when

compared to corresponding absorptibnq for the uncombinedegfganic

=7 B . [
molecule, consistent with coordination of the oxygen atom of tbe
re . . -

i
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NMR data obtained for compounds 5.3 - 5.6 are given in

Tables 5.6 and 5.7, The 1H and l3C‘NMR spectra of compounds

5.4 - 5.6 are temperature invariant and confirm the proposed

structure for each of the compounds., Surprisingly the %ggNMR

spectrum of bis(tropolonato)gemmanium(II) is temperaéhre dependent,

the 'room-temperature spectrum consisting of two sharp lines g
centered at ea.87.55 and a multiplet at cag,$67.00 in an intensity

ratio of 4:1 respectively, while at lower temperatures the spectrum

1,

bec}mes significantly broadened. Analogous spectral changes

'haée beén reported for bis(tropolomato)tin(Il), however these °
H . 159
‘were not analyzed in detail. I

Ay
T ’I‘he13

C NMR spectra of these compounds are however less

complex, each having four signals due ‘to CA, CB’B’; CC’C’, and

CD’D’. Further, spectra for both the germanium and tin compounds

are temperature.invariant, a result which‘would appeérgfo

.preclude both inter- and iﬂéra;moleculat rearrangeméﬂk. Thus

the spectral changes observed in the 4 ew ségctrum of both

bis(trOpolonaéo).:ggéménium(ll) and -tin(II) ﬁdst probably result
fom 11 changes in the chemical shifts of resonances for the

L}



A
T , . ' TABLE 5.6.
» - I_ ' . ) V, .
T , o “ , MR data 'for compounds 5.3 and 5.4.
FeR ' 3 4 L ) ~
N . » " \ - N . .
. o0 . ‘ . 1 C b
» . . N H NMR Data
Y- A,B,B,C,C” .
R | Gomp?und §CH .‘,B »C,C ) - s(ca G(CH(CHB)Z)
43 .
; _H Ge(trop) , 6.70-8.00°
o '// F. ' d d
. Pr Ge(t:ht,.l_-i)-‘2 6.70-7.70 2.83(septet) 1.22 (d)
' e ‘ 13¢ WK Data
. "‘ \ | Pr
” “ ) D,D . C,Cl A B B’
. Sl C8(CT ), 8(c”" ) §(C) §(C") s(C ).i §(C~-H)
U ome L3 we(trop); 176.6 '139.6 129.0- 126.8
- Pr, Ge(thuj), 172.9° 120.9, 122.2, 123.6, 157.8 39.6
.. “ o ) 135.1 )
Chemical sh:l.fts, ppm, measured positi% downfield from S:{Me4 of C‘DC]_3 solutions.
ﬁeasured at 90MHz. .4,, K —
BrOad multiplet lnot,fesolved.
i
d 3.1, : .
J(C H"" H) = 6.4 -Hz, \
- o
‘$ignals due tq C1 and C? wére‘not resolved. '
% ~ — =%
“ - .

§ (CH (CH.,)

«

3 2)

23.6

€LT
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. )
five rting protons and their respective coup115§\constants. ’
’ ’ hY ’
. # TABLE 5.7.
3 . - . ¢
- MMR data® for compounds”5.5 and 5.6, .
Lh NMRb N - 13C,NMR
Compound - é(ring-protons) —e<6§;S ‘ 6 (ring- carboris)
5.5 8.81°, 8.30% - 113.6,7113,9, 1.6,
‘ ' 129.9, 137.9, 142.,9 °
' . i c . ) d
3.6 7.10 _ 2,57 n.o. N
3Chemical shifts, ppm measured positive downfield from SiMe4 on - !
CDCl3 solutions. : T <o ‘
bMeasured at 90MHZ, . ,
cCentex_: of multiplet., §$ - X /{,_\\
Mot observed. . . L ] ! /
-. 74 ‘ | ; .

Noltes et al, have investigated the reaction of bis~
(ns-c§clopentadienyl)tin(fii with pfotic reagents ’ ‘ .
and- concluded that the ;eaciion rate is esgentially

o ey e ) . . ) Ve
independent” of ‘the QK,:Qf the proton source, but depends on the
ability of the atom to which Ehefacidic hydrogen is bound to ) . 7

donate an elect;on pailr to the tin centexr., Thus while ;eactiong

S

wgth ethanol (pKa =,§%;13) aqg pﬁenol (pKa = cq,10) are both fast, ’ -

geaction with HCN (pKa = caf;.S) is slow and no reaction takes

’ - §- &+ T '
- . o, CH W ~ o " ‘
y T * . . o
3, : ——e-(cn JJc‘)R Lo .
~ (n7-CHg) ,Sn + -ROH a ;} R o ST
) . ’ [y A i f" i’j“)‘f “tg; .
o L CSHSSnOR-i— CSH6.....,..(10) SN
‘1/ ’ 1 L : ] h . P ) 2. ) : o L NN ;: LS ] -1
.“ ut tsf: 3 .:l o :
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place wibhnmlononitrile(NCCHZCNL;PKa

for the reaction of Sn(n C

was- also propoged.

Hy), with alcohols (equation (10)),

A mechanism
2

.
= ca. 11Ty

Thus nucleophilic attack by the oxygen atom

at the tin center results in weakening of the tin-cyclopentadienyl
! s

linkage caugin a significant negative charge to develop on the

ring, whiYe simultaneously the hydrogen atom on the oxygen becomes

more ac-dic facilitating fast reaction,

ased on this mechanism, the difference in reactivity of

bié(ns-methylcyclOpentadienyl)—tin(II) and —germaniumkll) with

1,3 -diketoenolates of type 6' can be interpreted -in terms of either

the germmylene being a poorerieléctron acceptor (Ze, the germahium «

¥

atom to function as a Lewis acid) than the tin compound or the '

~

significantly higher germanium—carbon bond strength relative to

that for the corresponding tin-carbon bopd may makexthg,activation

-

175

energy for cleavage oF the germanium-carbon linkage prohibitively high,

" B.2.

The first ketoenolato derivatives of bivalent gérman

Synthesis and Properties of 1,3-Diketonato and Related-

PY

Derjvati

v?i og;germanium(l;).

weré reported30

-

by‘Rodgers and Stobart in 1976+

-

+ %
B o r
.

s

dompounds

were prepared in cq,50% yield from reaction of Gel, or CsGeCl

@

with the sodium salt of the corresponding B-diketone, Related

2 3

@

tin compounds have been synthésized by a wariety of methods:

for eXample Sn(acac) has been prepared by (i) reaction of Na(acac)

_with SnCl2 ) &ii) reaction of acacH with Sn(n ng

7

[

29 34 and

o,
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-~

3

.
>

. (i) refluxing acagﬁ with Sn(OMe)z.
. ¢ -
N A

Alternatively we have found that reaction of CsGeCl3 or SnCl2

with two equivalents of Hacac and NEt3 at room-temperature
- .

~

’

(see experimental) gives a convenient, high yield (eca.90%) route

to Ge(acac)2; é,zjfand Sn(acac)z. Analogously, gtirTing solutions ’
: . . ] ‘
of GeI2 with dipivaloylmethane or o-hydroxyacetophenone and .NEt3 at room-

temperature for ca.léh gives good yields of the gernanium(II)
containing products bis(dipivaloylmethanato)germaniuwm(II), 5.8

and bis(b-acetylphenoxy)germénium(II), 5.6 respectively.

t

Reactions at room—-temperature of toluene solution of eitheér

benzoyiﬁcetone or dibenzoyImethane with germanium dijiodide and &

- ’ 4

trienhylaﬁihe'gave a mi#éure of i,3-diketone,(153-diketonato)germénium(II)
iodide and bis(l,3—dike£onat6)germanium(II), with the corresponding
reactions using cesium trichlorogerminate also yielding a similar
mixtgre,of producks. Attempts to improve the selectivity by"
varying the solvené, temperature and time of reaction were not
9uccessf&l, nor were attempts to purify the products by re-

+ crystallization or column. chromatography. Rgéftion of'gébeCl3
with one equivalent ofAB—diketone and a two-fold excess of
NEt3 does however give the pure (L,3-diketo?ato)gérmanium(II) chloride,
[(benzoylacetonato)gerﬁanium chloride (5.9) and (dibenzoylmethana;o)—
germanium chloride ké,lg)] in cq.90% yield. The éubsequent
reaction of the (l,3;diketon§to)germanium(II) chlo;ide.with exaetly

d
one equivalent of the corresponding B-diketone and triethylamine

gives the pure bis(l,3-diketonato)germanium(II) derivatives bis(benioyl—

»




R4

»

Ge(acac),, 5.7 .
Assigntent Ion Abundance
+. ’
Ge(95h702)2+ 12.2
Ge(C731004i . v 1.3
Ge(C.HS0,) 82.5
57772 +
Ge(C,H.0,) 4,0
N 27372 :
Ge ° 7 0.0

Ge(benaac)z, o.11
4

Assignmént Relative Intensity
+l

Ge(ClOHQOZ)g ) 1.2

Ge(qloﬁgoz) 98.8

Ge(benzac)Cl, 5.9

Al

Assignment Relative Intensity
3 S +.

Gelclohgoz)fl | 1.3

Ge(CiOH902) 93.1

GeCl 5.6

A

& 70ev ionizing Qoitage.

Ge(piv),, 5.8 .

Assignment Relative Intensity
+. .
Ge(c11H19°2)g . 0.2
Ge(018H2902)+ 1.8
Ge(C11H190 ) 94,0
+
Ge(ClOHlsozl 0.3
Ge£C9H1302) ' ‘3.7
Ge °* . 0.0

Ge(dibernz),, 5.12

Relative Intensity

. Aésignment
+.
Ge(CygH110y), 2.3
.'r-
Ge(C&SHIIOZ) 97.2
Ge(dibenz)Cl, 5.10
Assignment Relétive Intensity.
+, .
Ge(ClSHlloz)gl 2,1
‘Ge(9$SH1102) 94,7
GeCl . T3.2
-
0‘\

b L p : . . : . - . ’
% -metal-containing ions, summed within each family resulting

)

from isotope distribution and hydrogen 1loss,

~
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. ) ) 178,

v

) * ‘
acetonato)germanium(II), 5. 11l and bls(dlbenzoylmethanato)‘germanium(II),

v -

5.1 1n ca 95% yield (equation (11)). ‘ .

B

- ' - ' . Compound -
0 S ] 3. 2_R1 Ph,R2=Me
: NEt 4 5.10 R,=R,=Ph
CsceCl, *+ 0901 F22 B
S ¥ R, -NEt HCl ~— ,
(benzacH) R]E = Me," R2 ="Ph
(dibenzH)R, = R, = Ph Co. - "
'—NEt3HCl f‘NEt3
- 0 .
( Rz v “w )
) © Compound Rl ’
. 5.11 R, = Me, R, = Ph 0 ,
. . =— 1 g ~ S~
- 5.12 R, = R, = Ph !\L Ge ‘ \ "
. 5 g
' ' S 2 11
. e _ (1)

Prepa.rationﬁof related germani{m}('I’I) 'derivatfives of 1,1,1-tri-
fluoroacetylacetone or 1',1,1,5;5: S':ohexaf]'.uo'roaéetylacetone was
not attempted by this method since theseﬁ ,B—diketones are knowanO .
to form relatively stable con‘lple_xes w;.th bases such as triethylamine.

., 2

Compounds ég 5,4 and 5.5 are appatrently air-stable although

contact with either air or watef was avoided whenever possible,

t

while compounds 5.6 - 5.12 are both, air- and water-sensitive. \

‘Some physical and analytical data foi:“compounds 6 5.12 a

- ‘ s - -

given in Table 5.1, ‘ . f

1
.

The mass spectral data for compounds él'— 5.12 are tabulated

’ - ”

*in Table 5.8,” These data are g@xilar to those ,reported for the *®
i 34,159 - '

corresponding tin derivatives, showing a- weak molecylar ion,

[ . = . i
with, the most abundant metal cohta;,nin ion corresponding to the * -

{




1

-

loss of one chelate. Fragmentation within the 6rgapic portion

of the molecule was observed for some compounds, thus bis(acetyl-.

3

'
oo

acetqpato)germanium(ll) formally;losgs the acetylene‘CHBCECH

(equation (12)),

.

Ge(CSH7Og)

'(82.5)

-

~CH.,C=CH 0
3 -+
> (CSH702)Ge//‘ ;;:c-cn3 .
0
(1.3)-
—CH..C=CH 0
l - +G '/// f\\‘c CH
) > © 7 3 .
g .0 e (1)

:

(4.0)

while bis(dipivaloylmethanato)germanium(II) has low abundance ions

L]

-

resulting from loss of a méthyl radical and complete.loss(SE a

* ~ tertbutyl éroup.

show'a sighificant reduction in v(C=0)

- i
i
-

:éjﬁgfbund C
G;%aéac)z, 5.7
: Gg(piv)z, 5.8
Gé(benzac)Cl, 5.9
Ge(dibenz) Cl, 5.10
| 5.1
5.12

'Ge(benzac)z;
Ge(dibenz)z,

—
a

TABLE 5.9.

[y

- v(C=O)'

15?0(5),
1570(s),
1592 (n),

©1585(w) ;

1590 (m) ,
1585(w),

1540 (m)
15391m)
1525(s)
1520(s)

1530 (vs)

1523(s)

compared

The I R spectra 6f compounds 5.7 - 5.12 (Table 5. 9)

S

Infrared carbonyl stretching frequencies for compounds 5,7 - 5.12,
) : ¢

179
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. N 1 ) . .
to corresponding. dbsorptions for the free diketone indicative of

intramolecular coordination involving the carbonyl oxygen atom. .

These spectra are also similar to those reported34’159for‘the .

0

corresponding tin compounds, consistent with germanium and ‘tin

analogues being isostructural.

The 1H and 13C NMR spectral data for coqgounds‘énzl- 2.12 -

2

are tabulated in Tables 5.10 gnd 5.11 (see also Figure 5.2 ).

The results are consistent with both chelating ketoenolate substituents

being &quivalent (compounds 5.3 - 5.8, 5.11 and 5.1 ), and ‘further

when Rl = R2 (see 8), Ri and R2 being magnetically equivalent.

- - -

This is good evidence for coordination of- the carbonyl group tg

germanium (fe, intramolecular associationm). iEQL/compouhds éﬁ%,
S5.11 and 2,22, stepwise replacement, of methyl b§ phenyl.groups °

P

result§ in the deshielding of resonances for the’methiq% proton * °

" [5(CH):_ 5.10 Gefacac),,, 6.01 Ge(benzac),, 6.76 Ge(dibgnz),] with -
H) : G ' > Ge :

2. 2

.

‘ ; 13 2 .
corresponding resonances in the C NMR spectrum for the C° carbons -

having much smaller shift differenées. i
‘ C ) X » N

. . -




. .
\
L
- «? N
- M -
hd ~ -
~
N .
.
N .
-
L]
. -
B . .
. 1
b -
’
.
r '
-
> . : . ' .
4
I3
~
. - «
> -
~
- .
.
h
.
A M .
» - .
.
. . -
. "
)
.
.
.
-
*
B % -
>
@ N
- -
- 4
.
. .
~
. -
<
.
( .
Ay
. B
.
»
s
a B
.
. ' -
- "» -
. B . - .

1

"FIGURE 5.2. at 27°c.

H NMR spectrum of bis(acetylacetonato)germanium(II) in CDCl3
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1

b Multiplet.

shift values

3

" TABLE 5:10.

I

H NMR® data for compounds 5.7 - 5.12.

. ,
, < W )
Compound Ry R, +C- H (\\\ \
R, R, X
Me © Ph  Cl 2.30. 7.22-8.07°  6.52
Me Ph ~ "2,08 7.08-7.93%  6.01
1
Ph Ph Cl 7.30-8.21° 7.18
. @ -t
Ph "~ Ph 7.12-8.10° 6.76
- Me Me , 1.70 ,) 5.10
t-Bu  t-Bu 1.13 5.76
‘d
a CDCl3 was used as solvent, TMS as internal reference,, chemical

in ppm downfield from TMS.

e ;
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« i TABLE 5.11. .
| SRR a .
. JC NMR © spectral data for compounds 5.8 - 5.12. m y
v L] ¢ ‘\\
Ry /R.z XK ¢ C; G, . R=Cil L t-Bu )
: , €L G- G330 G LMe, C-(CHy) 3 o,

Me ., Ph*- Cl1 191.4 179.1 100.1 28.3.,135.6 129.0 128.5 132.5

Me ' Ph 192.2 1I8l.1 98.3 28.6 137.7 128.5 -127.7 131.8
PR * ) o
"Ph Ph - €L 183.0  ° 96.9 136.3 129.1. 128.6 134.0
Ph.  Ph. ., 183.7 95.3 135.9 128.7 _127.5 1{33.2 ; ,
) . .o v /:\ . '.
BuE  But 201.5 90.8 o , , | 41.0 . 27,6

*
Al

»

2 (DCl, was used as solvent and internal reference, chemical shift values <dn ppm downfield from TMS. |,

a3 . N . "

» - .

’ _-‘/'; ‘ . . . M

€81
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.+~ B.3. Synthesis and Structure of Bis(triphenylphosphine)bis[bis(acetyl-"

* . .acetonato)germylene]- and Bis(triphenylpﬁosphine)bis[b;s(acetle

acetonato)stannylene]+platinum(0).

e

Bis(triphenylphosphine)bis[bis(acetylacetonatogermylene)]platinum(O)
(énié) and bis(triphenylphosphine)bis[bis(acetylacetonato)stannylene)]-
platinum(0) (5.l4)were preparéd in almost quanti;ative yield from
the room-temperature reaction of Pt(PPh3)4 with two eéu;valents
of bis(acetylacetonato)-germanium(II) and -tin(II) respectively.

Reactign of two equivalents of bis(acetylacefbnatojéin(l}) with

% Pt(PPh3)2(n—C2H4) in toluene and subsequent addition of hexane

4
afforded orange crystals of é,l4 suitable for X-ray diffraction.

-

' Significantly,no reaction takes place on stirring a toluene

solution of Pﬁ(PPh3)4 and Sn(nS-CSHQCH3)2at room-temperature over °

6h, Related reactions of other organic germanium(II) apd tin(II)
derivatives with Pt(PPf13)4 and Pd(PPh3)4’are currently underway
in these- laboratories,

Reaction of the tin derivative 5,14 with an excess (>3 equi-

4 2
valents) of 12 results in cleavage of the tin-platinum linkage and

" formation of the corresponding tin(IV) and platinum(Il) diiodides.

A similar cleavage of the platinum-tin bond was observed in reactions

of 5.14 with anhydrous HCl or Mel. ~

The IR .spectra of compounds 5.13 and 5.14 " (Table 5.12) both
show bands near‘1600cm»l due to v(C=0) in almost ‘identical positions

a H

to those reported for the corresponding free germanium(If) (Table

- .
5.9 ) and tin(II) derivatives. This indicates that coordination
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onto the Pt center -does not affect the intramolecular coordination '
. \ .

of the ketoenolate at the Ge or $n center and thus these centers

A

are probably five coordinate, -

~

" -

. b r

TABLE 5.12,

Infrared carbonyl stretching fre%ﬁencies for compounds 5.13 and 5.14.

Compound v (C=0)
Pt(PPh3)2[Sn(ac9c)2]2 E 1575, 1530
Pt (PPh,), [Ge(acac),], 1570, 1532

;he 1H NMR spec?ra (Table.5.13)contain signals centered
at cq,87.5 (15,m), 4,2 (2,s) and 1.3(12,s) aftTibutable to‘é6gsz
CH, and CéB protons geSpectifjfy, cgnsisFent with the presence
of two M(écac)z, M = Ge or $n groups and two triphenylphosphine

groups of Pt,

TABLE 5.13. .
s NMR data® for compounds 5.13 and 5.14.
' erP ,
Compound CEB CH Céﬂs s
5.13 1.30 4,26 7.52°
5.14 1.31 4.23 7.48¢
Np i \
Compound * 31? lJ(Pt—P)(Hz)‘ 2J(l”’ugSn—P)(Hz)
. .
5.13 ' 110.1 5252 . 445 '
5.14 116.0 n.0.°

L

? All spectra recorded in C6D6' bppm doﬁnfield from TMS. “Broad multiplet.
. ‘ L4

' e
Relative to TMP. Not observed.




TABLE 5.14.

Structural data for some platinum(0) complexes.

Compound ) (Pt - P) X (p - Pt - P)° Reference
Pt (PEtPh,),(CO), 2.360 (4) ' 97.6 (2) . 161
Pt (PPh,) ,(CO) ©2.340 (2) 111.4 (1) - 162
Pt(PPh,) 50, ) 2.348 (3) . 118.4 : 163,164
(5:14) 2.261 (4) 120.1 (2) this work
* Pt(PPh,), . 2.265 ' 122 165
Pt (PBu;Ph) ) 2.25% . 177 166
-
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31 '
P NMR data (Table 5.13) for the platinum gompounds 5.13°and 5.1

cons%g; of singlet resonances at 110.l and 116.0 with tﬁat for thé

tin compound having satellité lines due to coupling to both
ez =1, My = 52522) and 1M1 -y, (%3, = 44siz).

The large value for lJ(Pt—P) is indiqative of a platithum(0) c;mpound,
being. in fact somewhat larger than ;hose £eport:d for other

zerovalent platinum‘complexeé including Pt(PPh3) (n =2,3 or 4)..
n

.The crystal and molecular structure of bis(triphenylphos-—

) phine)bis[bis(acetylacetonato)stannylene]platinum(O); 5.14 was

-~

determined by Ms, E.T. Brennan and Professor T.$. Cameron at
, :

Dalhousie University using X-ray crystallography. The molecular
¢

structure of compound 5.14 is shown in Figure 5.§i The two Pi’ﬁ3

. 4
and .the two Sn(acac)2 units are disposed about the platinum center

in a distorted tetrahedral arrangement with a wide (P-Pt-P)

angle (120.10), this deSpite the presence of the bulky tin containing

ligands.

The Pt~P bond distance, 2.261(4) X, is close to Pt-P bond

165

distances which have been determined for PE(PPh3)3 and Pt(PBu%Ph)2166

(Table 5.14); however it is significantly shorter than those observed
for some. four-coordinate platinum(0) compounds. This is consistent
with poo} m-acceptor capability of the tin ligands resulting in

enhanced n-donation of P. The short Pt-P, bond lengths in Pt(PPh3)3

t

**and Pt(PBu2

Ph)2 have however been rationilized in terms of

changes in hybridization at Pt rather than m-effects.

‘

Both tin centers have a distorted trigonal bipyramidal

“\_, g
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geomeﬁry with the platinum occupying one position in the equatorial ‘
. 61
plane (Figure 5. 4). This geometry is similar to that reported

* .
for the uncomplexed Sn(benzac)2 with values for corresponding bond

distances and bond angles being almost identical.

MW

Several structurally unrelated transition metal compounds
in which a germanium(II) or tin(II) center functions as a t;o
electron donor to:the metal have previously been characterized,
Thus the crystal structures of Cr(CO)SM[CH(SiMe )2]2, = Ge and Sn56 57
contain three coordinate germanium and tin atoms respectively (2_), )
with the atoms C(l),_C(Z), M and Cr lying in approxﬁmatel§ thé
same piane, a result attributed to back donation from Cr to M.
Interestingly .the cj;stal structure of Cr(CO) Sn(Bu—) (pyridlne) (10)58
has the tin atom out of the C(l), C(?), Cr plane reflecting a
decrease in back donation -from Cr to Sn upon incorporation of’

K
Y

the pyridine molecule,

ZMe331) CH(1)

Loy,

M——-Cr Cco ) n Cr—-—CO
(bieBSi),)CH(Z) co Me C(l) § o
: co . (2) &y
M = Ge, Sn El 10 -
* ‘ 1
Benzac = benzoylacetonato. ' . ] .

e
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*YFIGURE 5.3. The molecular structure of 5.14, .
bis(triphenylphosphine)bis[bis(acetylacetonato)stannylene]platinum(0)
. !
\ ~ 4 . .
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FIGURE 5.4, The local geometry about tin in 5.14,

bis(tripheny}phosphine)ﬁis[big(acetylacetonato)stannylene]platinum(O).




C. . EXPERIMENTAL,

- #
/e -

yoo. 5o
5@

Bls(n smethylcyc10pentad1enyl)germanlum(El) 3.1,

L d

A solution of GeI2 (1.5g, 4.60mmol) in toluene (50mL) was . .

‘added to a stirred slurry of KCSH4CH3 (1.19g, 10mmol) in toluene (50mL)

held at .cq, 5%. . The temperature og the reaction mlxture was

.

maintalned at ca5°C and stirring contlnued for 3h, and the solvent

was then removed in vacuo, Addition of hexane (SOmL) followed

- - ‘ <

by filtration and concentration of the filtrate gave the product
as a, light yellow oil (0.92g, 3.91mmol, 85%) . Anal. Caled. for

12 l[‘Ge (cale. C 61,92, H 6. 09 found C62,45, H5,92%). ¢

Reaction of bis(n -methylcyclopeﬁtadienyl)gqrmanium(II) with

~

methyl iodide.

To a stirring solution of Ge(C H,CH (0.116g, 0.50mmol)

3)2
in toluene (ﬁL) was added dropwise Mel (0.0715, O.SQm'mol) in

»
-

toluene (10mL) and stirring continued for a further lh. Solvent was

then removed by *pumping in vacuo to give a viscous ielléw oil (1.8g).

Bis(methylcyélopentadienyl)(borontrifluoride)germhnium(II), 5.2,

BF,.Et,0 (0.15g, 1.0mmol) in toluene (20mL) wag added L
dropwise to a stirred solution of Ge(C H CH3> (0.20g, 0.86mmol) -
in toluene (20mL). After ca.5 min a yellow oil sepé?ated at
the_ bottom of the flask, The upper iayer was syringed off and
the yellow 0il washed w1th hexane (3 x 20mL) to leave the yellow

vigcous air-sen51t1ve product 5.2 (0. 23g, 0, 78mmof? 91/)

N

i<
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_added ‘to a stirring. solution of Ge(C ‘H CH

- BT ‘ S 192

Attemptéd reaction of bi%gns—methflcyclopentadienyl)germanium(II)

with bépzoylaéétone.f &
A solution of benzoylacetone (0.174g., 1.00mmol) in toluene, (40mL)
- - e .

was addegd to ‘a ééirring solution of Ge(C H CH3) (0.116g, 0.50mmol.)
- Y ‘ N -
in toluene QZOmL) and the solution refluxed for 6h. Removal of solvent

&

in- vacuo and additlon of hexane (ZOmL) prec1p1tated a whlte

3

w

ASOlld .168) identlfled as benzoylacetone by lH NMR I.R. and M.S.

* i s

—Reaction.@f bis(ns-methy¥cyclopentadienyl)germanium(II) with

tropblon;: synthesis of bis(tropolbnato)germanium(gl).

ra

”A‘solution of tropolone(l.2lg, lOmmolS in Etzo (25mL) was
3) (1.16g, 5.0mmol) =
in hexgne (ZO@H#. The pale yellow solutlon slowly darkened, and

-

' £ ’ .
after -0.5h,%a yellow precipitate started to form. The reaction

. mixture was stirred for a further lh, the precipitate allowed to

settle, and .fhe supérnatant removed. The remaining solid was

P
’ ¥ A
“

washed with Etzp (2 x FEQL), and dried in vacuo giving ‘the
‘product. 11.233,'&f&mm01,84%)'as a bright yellow solid.

Anal, Calcd for Cl4H10GeO (calc. C53.42, H3.18; found C52.75,

H3.37% ),

»

_Reaction of bis(ns-methylcyclopentadienyl)germanium(II) with

8-hydr§§§quinoline(oxineﬂ); synthesis of bis(oxine)germanium(II).
N y »

3

Agsolutionrof 8-hydroquﬁinoline (1. 45g, 10.0mmol) in EtZO (15mL)
was added to a stirring solution of Ge(CcH,CHy), (1.16g, 5.0mmol)

in hexane, The solution Harkened, and after lh a yellow precipitate

.
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L. N
¢ v

N
s

The mixture was stirred for a further 3h
. The

¢
*

. startedico:foﬁm.
the prec1pitaté allowed to setdle:andrthe supernatant removed
tehainiﬁg solid was washed with Etza .(; X lOmL) and dried- in vacuo
glving‘the product (1.73g, 4 &mn3§ 96%). as a yellow solid Anal.
H3.72%). ‘ -

-found C60. 26,
. ,

I

forClaleGeN 0 (calc. €59.92, H3.35;
Reaction of bls(n —methylcyclopentadlenyl)germanlum(II) with
»
synthe31s of bls(hyap)germanium(II)

o~hydrokyacetophenone (hyapH)
‘A’ solution of, o—hydroxyacetoﬁhenone (1, 36g, 10 Ommol) in

hexane (25mL) was added to Ge(C H CH3):Z (l.l6g 5. Ommol) in hexane

b
(3 x 30mL) and dried in vacuo giving the product (1.25g, 3.65mmol
Anal. for C16H14Ge0h (calc. C56.05, H4.12 )

73%) as a white solid
/

found €56.56, H4.04%)
Reaction of bis(n”-methylcyclopentadienyl)germanium(II) with methanol

A

. A solutlon of MeOH (O Oﬁég, 2,0mmol) in toluene (20mL)
was added dropwise tdu; stlrrlng solution of Ge(C_H,CH

~

1,0mmol) in toluene, giving an immediate white precipitate.

The solid was washed w1th toluene (3 x 25mlL) to leave a white
Similar reactions were observed on mixing toluene

solid (Q¢3g)
), with EtOH and PhOH.

solutaons of Qe(CSH4CH3 ;
. L. ¢
Reaction Sf bis(n -methylcyclopentadienyl)germanium(II) with pyrazole,

&
.
t

N

1
re

Pyrazole (0.14g, 2.0mmol) in toluene (30mL) was added
. 'y .

"dropwise to a stlrring solution of Ge(C5 4CH3)2 (0.23g, 1.0mmol)

S

After 3h the light yellow precipitate which had formed was allowed

to settle and was washed with toluene (3 x.25mL) to give a light

L]
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yelléw solid (0.52g). Similar reactions were observed’ on mixing

toluene solutions of Ge(CSHQCH3)2 withl,2,4-triazole and pyr:oie.

Syntﬁesﬁs'of bis(acetylacetomrato)germanium(II),

N ; =
.NE%3(2.02g, 2.78mL

el

4

*

. .-

, 20.0mmol) in hexane (20mL) was added

T, .

‘dropwise to a stirred mixture of CsGeCl, ¢3.12¢g, 10.0mmol)

and acéiyl§cetone (2400g, 20mmol) in hexane .(30mL). _The mixture

-

-

was stirred for 24h, then filtered, and the filtrate scQncentrated

)

in vacuo giving a light yellow oil,

a water cooled proEp, maintaining the temperature of the sample

1.
Sublimation 7, vacuo . onto —~

Eod

¥

at ca.20007gave the pure product as a light yellow liquid (5.13g,

9.0m?ol, 90%) . AnaZ.‘Calcdv for %}LOHI'Z‘GeO4 (calc.044.3§:‘H5.21;

found C43.79, H5,49%).

]

’

Synthesis of.bis(dipivaloylmethanato)germanium(II).

NMe3\(I.01g, 1,3%mL, 10.0mmol) in hexane (20mL) was added

dropwise to a stirred mixture of CsGeCl3 (3.12g, 10,0mmol) and

dipivaloylmethane (3.68g, 4.18mL, 20.0mmol) in'héxane'C30mL).
i Pl

-

The mixture was stirred for a\further 18h, then filteredL and

the resudting filtrate concentrated in vacuo giving a light.

.

yellow oil. Sublimation in vacq0<§ at  110°C onto a -78°C

. 1
(dry ice/acetone) probe gollowed by. recrystallization from hexane

y .

at -30°C gave the pure product as a white crystalline solid

(3.8g, 8.6mmol, 86%). Anal. calcd. for C

H8.72; found 'C59.76, H8.94%).

GeO, (calc.<C60.17,

~

Caatlsg
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Synthesis of bis(benzoylacetonato)germaniuﬁ(II).

N - ';‘r' J ' 1
'Attempted synthesis .of bis(benzoylacetonato)germanium(II). -

1A

NEt (1.0lg, 1.39mL,10.0mmol)in toluene (20mL) was added’

dropwise to a stirred mixture of'CsGeCl3 (1.56g35.0mmol) and

benZolece;one (1:62g, 10mmol) ig toluene (SOmLS. The mixture
~was stirred for 24h, then filtéred, and the filtrate concentrated
'fin vacuo giving a yellow oil. Dropwise addition of hexane (25mL) N
. yielded a yellow solid which wag’éashed with hexane (3 x 20mL)

and dried i@'vacuo . The resultim yellow ébligg(l.Bg) was shown

by ly NMR,” IR and M.S. to be a mixture of three compounds,

benzoylacetone, (benzoylacetonato)germanium(II)chloride’ and

bis(benzoylacetonato)éermanium(II). . B
. .

o

Synthesis of (benzoylacetonatdgermanium(II) chloride.

NEt, (1.09g, 1.39nL,10mmol) in toluene (20mL) was added’ .
dropwise to a stirred mixture of CsGeCl, (3,12g,, 10mmol) and .
benzoylacetone (l.64g, l0mmol) in toluene (50mL). The mixture was
;tirred for 24h, then filtered, and the filtrate concentrated in
vacuo ‘giving a yellow solid which was washed wéth hexane (3 x 20mL)
to give the pure product (2.27g, 7.5m;ol, 75%) . Anal. Caicd.

° .
for 0103901Ge02 (cacl.:CQQ.ZZ, H2,97; found C38.11, H3.39%).

-

¢ . ’ :
NEt, (0.25g, 0.35uL, 2.5mol) in toluene (20mL) was added

dropwise to a stirred mixture of (bénzoylaceton;to)germanium chloride

(0.76g, 2.5mmol) and benzoylacetoné (0.4lg, 2.5mmol) in toluene (50mL) .

The mixture was stirred for 24h, then filtered, and the filtrate




9

L
bl

concentrated in vgcuo giving a bright yellow solid which was washed

with hexane (3 x 20mL). to give the pure product (0.97g, 2.45mmol,

98%) . Anal, calgd for C. .H Geo4 (calc. €60.82, H 4,59; found

20718
€60.45, H4,79%). Exactly analogous reactions to the two described

above using dibenzoylmethane in place of benzoylacetone gave

N

pure (dibenzoylmethanato)germanium(II) chloride and bis(dibenzoyl-

methanato)germanium(II).

¥

®

Synthesis of bis(triphenylphosphine)bis[bis(acetylacetonatg)stannw

ylene]platinum(0).

" A solution of Sn(acac), (0.105g, 0.33mmol) in toluene (15mL)
2

-

“ was added dropwise 'to a stirred solution of Pt(PPhB)4 (0.20g,

0.16mmol) in’toluene (25mL). The mixture was stirred for a
further 3h, the volume reduced to_ca, 5mL by pumping in vacuo
and hexané (30mL) added., The resulting yellow solid was washed

with hexane (3-x 30mL) and dried by pumping in vacuo - ‘to give c‘e

pure complex as a bright yellow solid (0.20g, 0.15mmol, 94%).

- 1
h) «

196
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