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SUMMARY

This thesis presents some new aspects of alkyne

chemistry on mono- or poly- nuclear transition metal
+

complexes. "

Complexes containj-ng unsaturated carbenes, such as

vinylidene, have received considerable attention over

the past decade. Chapter One describes addition of

halogen (CIz , Brz or I, I to ruthenium or osmium

o-acetylides to give cationic halovinylidene complexes,

such as [Ru{C=Q(I)Ph} (PPh z) z (n-CsHs) ] tI,l 
* 

and [Ru{C=CBr-

(CsH+ Br-A)Ì(PPhs ) z (n-CsHs ) I [gt, ] 
*. 

Reactj-ons of the

bromo- complex with nucleophiles resulted in formal-

displacement of Br* and the formation of Ru(CrCrHuBr-4)-

(PPhá ) 2 (¡-CuH, ) .

Isomerisation of terminal alkynes to vinylidenes

on transition metal centres occurs readiJ-y. The use of
HC, SiMe, , in the presence of NHu PF, r has resul-ted in
the preparatíon of the sought-after parent vinylidene
complexes [Ru{ C=CH, } (r,¡ , (n-CsHs ) ] [pF6 ] [L= pphs rL2,=dppe, .,

L=PMesl. The complexes [RuCI, (pMer), (n-CuHr)] [pO2F2]

and [Ru{HrCu (SiMes ) 2Xeue, ) (¡-CrHs ) ] [PF6 ] have also been

isolated. The vinylidene complexes are readily depro-

tonated by either basic alumina or KOBut to give the

rather unstable ethynyl complexes Ru(CzH) (L)z (n-CsHs ) .

React j-on of the CCH, complex (L=PPh 3 ) with water or

MeOH gave [Ru (CO) (PPh3 ) z (n -Cs Hs ) ] [pFs ] and [Ru{ C (O¡,te) -
Me] (Pph,)z (n-CsHs)l [pFr]*, respectively; the Iatter
complex was also obtained from reaction of IRu (NCIfe) -
(PPh3 ) z (n -Cs Hs ) I [PFe ] with HC, SiMe, in methanol. The



analogous dppe compJ-ex was obtained from the reaction of

ethyne with RuCl (dppe)(n-CsHs) in methanol j-n the presence

of NH*PF5 r but in the presence of AgPF, a complex tentatively

formulated as IRu (n'-HCrH) (dppe) (n-CsHs ) ] [PFe ] lras obtained.

The Ru-C(sp) bond in the ethynyl complex Ru(C2H) (PPh3) 2-

(¡-C5H5 ) does not exhibit the remarkabl-e stability towards

halogens found i-n arylacetylides and is readily cleaved by

bromine giving RuBr (PPh3 ) z (n-CsHs ) . Attempts to prepare

aryldiazovinylidenes are described.

Chapter Two deals with some chemistry of the el-ectron

deficient alkyne , C2(CO2Me) z. Reactions with RuCl (PPh r) ,-
(¡-C5H5) in the presence of NHuPFu afforded

RuCl{nu-CH (COrMe) =C (CorMe) C (COrMe):CH (COrMe) } (¡-CsH, ) ,

also obtained in much higher yield from the reaction between

RuCl (nu-CrHr, ) (¡-C5H5 ) and tetramethyl (z,zl -1,3-butadiene-

I ,2,3,4-tetracarboxylate. The analogous iodo* complex

has also been obtained, from RuI (PPhs ) z (t-CsHs ) . Two

interesting cyclo-oJ-igomerization products, Ru (n-CsHu ) -

{n u-c.H (corM") , } 
* 

and Ru (n-csH, ) {n s-cBH (corM") , }*,
resulting from novel tri- and tetramerization of the

alkyne, \^rere also isolated.

A re-investigation of the reaction between C2 (CO zMel z

and RuH(PPh3) 2(¡-CrHr) is described. Other products

isolated from this reaction are the bis-insertion product,

Ru{C (Corue)=C (CorMe) C (CorMe) =CH(CorMe) } (PPhs) (n-CsHs) and

the I/Z PPh3 /cr{Cozuel , adduct. Isomerisation of
Ru{C(CO,Me)C=CH(CO,lvie) } (PPh"), (n-C.H.) from the oriqinal
cis configuration is followed by chel-ation of the ester

CO-group with concomitant displacement of one pph3 ligand.

The resulting chelate reacts with CO to give the (tl-

Ru{c (co zt',le) c=cu (cozMe) } (co) (pph3 ) (n-cuH, ) 
*. 

The complexes,



RuX (dppf) ( n-CsH5 ), {dppf=l, 1' -bis-diphenylphosphinoferrocene;
*

X=H , CI and C(CO2Me)=CH(COzMe) Ì are also described.

Chapter Three describes the reaction of AgCrph with

Rucl-(PPh3)z (n-csHs), which afforded the novel phenyl-

acetylide oligomers {Ru(PPh3 ) (n-CsHs ) }z{U-Caphu} 
* 

.rrd

{nu(pph, ) (n-crHs )}z{u-cr0Ph4 (c6Hu )} 
*; 

both contain unusual

diruthena polycyclic systems.

The synthesis and. reactivity of some bimetallic

clusters is discussed in chapter Four. Reactions between

Ir(CzPh) (CO)2 (PPh3 )2 and iron carbonyls [Fe(CO), or Fe, (CO)e ]

gave the new iron-iridium clusters Fe, Ir (u r=n 2 -Crvh¡ (CO) e -
*

(pph3 ) (A) , FêzIr(u z-t12-Czph) (co) 7 (pph3) 2 and FeIr, (ur-nr-

PhCzC2Ph) (CO) z (PPh r) r*. Formation of the FeIr, complex

involves a novel oxidative coupling of two phenylacetylide

units. The FerRh cluster analogous to (A), has also been

prepared. Complex (A) reacted with hydride or sodiurn

amalgam to form an anion which could be protonated. to give

the hydrido- alkyne cl-uster, Fêz 1¡ (U -¡t) (U s-n 2 -HCz ph) (CO) s -
(PPh3 ) and the isomeric hydrido-vinyli_dene cl-uster

Fe2 Ir (u -H) (U s -n 2 -CCupfr) (CO) a (pph3 ) . The same vinylidene

complex was obtained by addition of H, to (A) and by thermar

isomerisation of the arkyne cruster. Auration of the anion

gave AuFezIr (u3-n2-HC2ph) (Co) I (pph3), AurFerIr (u+-t2-Crph) -
*

(CO) z (PPhg) ¡ and AurFerIr (CCHph) (CO¡, (pph3) 4. The reaction

of (A) with [o{Au(Pph3)},] teFuJ/[rnnJ tco(cg¡ u1 resurted in
a much higher yield of the di-gold cluster; the anarogous

Reactions of complex (A) with tertiary phosphines or
phosphites resulted in either nucreophilic addition to the

o-carbon of the acetyride ligand to give the zwitterionic



comprex Fe rrr {ur-n2-phcc (pEt3 ) } (co} 8 (pEtr) * (e) or simpre

substitution at Ir to give the mono- or di-substituted
complexes [for PEt3, PMerPh and P (OMe),] . Complex (B)

rearranges, to form FerIr (us:n2-Creh¡ (Co) e (pEt3 ) and

FerIr (U.-n 2-Crvh¡ (CO) z (pEts ) z.

The morecurar structures of the complexes rnarked wi rh#

an asterisk have been determined by single crystar
X-ray studies.
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NUMBERING OF COMPLEXES

The numbering of complexes applies only to the

chapter being d.iscussed in the text as each chapter

is self-contained.
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INTRODUCTION

It is well known that transition metals stabilise

reactive organic species by complexation. Of these

vinylidene (:C=CH2), is the simplest unsaturated carbene

and is the tautomer of ethyne, HC2H. Recent kinetic and

trapping experimentsla with ethyne/benzene and ethyne/

tol-uene mixtures pyrolysed at > B20K have gíven evidence

for the fast ethyne/carbene equilibrium,

HC=CH æ H2C=C:

which precedes carbene additi-on to the aromatic ring. The

activation energy of this pyro]-ysis is 155 (B)t.f mol--1

while the lifetime of the free vinylidene specieslb has

been calculated at 10-11 sec. The formati-on of transition

metal complexes containing unsaturated cationic carbenes

(vinylidenes) was described many years ago.2 Rational routes

to these complexes v¡ere not found until some time f.t.tt 
t

leading to a rapid development of the area, which has been

reviewed.6

Four general methods have been employed for the pre-

paration of mononuclear vinylidene complexes, 6

(i)

(ii)

from 1-alkynes via a formal

e.g. f ac-t¡¡ (CO) s (dppe) (tnf ) +

mer-W(CCHPhXCO) s (dppe) t

by addition of electrophiles

1,2-hydrogen shift;

HC 2Ph +

to metal acetylide- complexes;

o
lRh (ccHPh) {u (cH2cr-r2PPh' )' } I 

+

+
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(iii) by deprotonation of carbyne complexes;

e. g. Mo (CCHzBut) {p (OUe) , } , (n-C sH s ) + LiBun 

-Li [Mo (CCHeut) {p (O¡re I t} z (n-C sH s ) ] e

(iv) by formal dehydration of acyl complexes;

e.g. Fe(CoCHs) (co¡ (PPhs) (n-csHs) + (cF3Soz) zo 

-lFe(CCHz) (CO) (PPhg) (n-CsHsl lCFsSOzl 10

Of relevance to the present work are routes (i) and (ii).

The L,2-hydrogen shift undergone by many 1-alkynes on

reaction with certain transiiion metal complexes has proved

a useful entry j-nto vinylidene complexes and the mechanism

for alkyne-vinylidene transformation has excited much

discussion.

Two possible pathways for this j-somerisation on metal-

centres have been considered.

(i) oxidative addition of the alkyne to the metal centre

to give a hydrido-alkyny1 complex which then isomerises by

a 1-r3-hydrog'en shift from the meta] to Cß

(ii¡ intra-molecular reaction of an initially formed

¡2-complex leading to a formal- I,2-hyd,rogen shift which

involves the prior slippage of the alkyne to an nl-mode

of co-ordination.

Silvestre and Hoffmann performed Extended Hückel

Molecular Orbital calcul-ations to define the L,2-hydrogen

shift and they concluded that the latter mechanism was most

likely as the alternative oxidative addition mechanism was

considered to require a prohibitively l-arge amount of

energy to promote the migration of the H atom from the

metal- to the ß-carbon of the acetylide. l t

The formation of the intermediate ¡2-complex, and
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its rearrangement to the corresponding nr-vinyridene, has

been observed in the ruthenium serj-es.r 2 Ethyne or propyne

reacted with RuCl(pMes) z(n-CsHs) in methanol to give

[Ru(n2-HCzR) (PMe¡) z (n-CrHr) ]+ (R=i{,Me) . In the one case

(R=Me) the propyne intermediate underwent first-order
rearrangement in MeoH or MecN to the vinyl-idene [Ru(ccHMe)-

(PMee) z (n-csHs) l+ with a half life of 5.5 min at 40oC in
MecN; at hi-gher temperatures in I{ecN the free alkyne is
regenerated in high yierd with the formation of [Ru (MecN) -
leuer)z(n-csHs)l+. The ¡2-ethyne complex is more stable,
with a half-life > 5 h at 60oC.r2

werner and co-workers have isol-ated hydrido-arkynyl
complexes which are intermediates in the conversion of Rh

and fr ¡2-arkynes to vinylidene complexes.I3 The transform-
ations observed, ho'øever, required considerabl-e lengths of
time at elevated reactj-on temperatures

Kostió and Fenskel k have explained many of the
physical, structurar and chemical properties of mononuclear

acetylide comprexes. co-ordination of acetylj-de anion to
a metal- centre has the effect of localizing the el_ectron

density j-n the Highest occupied Mol-ecul-ar orbital on the ß-

carbon. The addition of electrophiles to the electron-rich
ß-carbon of metal acetylides has been described on many

occasions6 and is perhaps the best entry into mononuclear

vinylidene complexes.

rron and ruthenium acetylide complexes are remarkabry

is protonated by MH (CO) s (n-CsHs) (M=Cr,Mo,W) to give the
salts [Ru(ccHMe) (p¡{es) z (n-csHs) ] tM(co) g (n-cuHu) l. rs
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Alkylation of iron or ruthenium acetylj-des with

alky1 halj-des has provided a powerful method for the

introduction of a wide variety of functional ntoup=. 
t '

Extension of this reaction to a variety of halogenated

organics has given many disubstituted. vinylidene complexes

containing a1kyl, alkenyl and alkynyl substituents. 17

Addition of the tropylium cation to a series of

acetylide complexes afforded orange cycloheptatrienyl-

vinylidene derivatives 18, 1t [¡l{ccR(czHt) } (L) z (n-crHu) ]+

(M=FerRurOs) . Their reactions \^/ere characterised by

ready displacement of the CzHr* group and formation of

the metal acetylide. Thus, NaOMe gave C7H7OMe, and

KIHB(CHMeEt) ] gave CzH,a as the organic products, while
3

in MeOH, the methoxy(benzyl)carbene complex was found..

Similar reaction of Fe(C2Ph) (CO) z (¡-CrHr) with CrHr* gtrr"

IFe (co) , (n-C5Hs ) ] 
* vi. the vinyl-idene complex (detected

by FAB MS) and t.hf cations.

Complexes containing azovinylidene ligands were

prepared by addition of aryldiazonium salts to iron,

ruthenium and osmium acetylides. In these complexes, the

azo group coutd be protonated and alkylated, and could enter

into cyclometallation reactions, e.g. with Mn (CH2Ph) (CO) 5.t8,20

The aryldiazovinylj-dene complexes reactivity towards nucleo-

philes was analogous to that of the cycloheptatrienyl vinyl-

idenes and was characterised by cleavage of the aryldiazo

group.

e ec c ono e -car no

Fe(CzH) (dppe) (n-cruu¡ al-Iowed the preparation of the first

unsubstituted vinylidene complex [Fe (C=CHz) (dppe) (n-CsHs) ]
+

,



6.

over a decade ago.2r This complex was also obtained from

the reaction of FeCl- (dppe) ( n-C sH s ) with C zlHz or HC 2SiMe 3

in MeOH but under similar conditions the ruthenium complex,

RuCl (PPh3) z (n-CsHs) giave 752 [RuiC (OMe)Me] (pphs) z (n-CrHr) l+

by rapid addition of MeOH to the intermediate vinylidene.t6

An extremely useful- method for generatj-ng transition

metal acetylide complexes is the deprotonation of inter-

mediate monosubstituted vinylidene complexes. 6 ,1 6

Recently pentamethylcyclopentadienyl iron and ruthenium

acetylides have been prepared by this route.22 Electro-

chemical studies on these complexes showed the ruthenium

complexes were more difficul-t to oxidize than the iron

analogues. Permethylation of the cyclopentadienyl ring

depressed Eo values and the nature of the alkynyt substituent

had little effect on Eo values, although the bulkier

substituents t e.g. But, had a pronounced effect on the

chemical reversibility of the system. The E" val_ues were

strongry dependent upon the degree of phosphine substitution

although comparison of data for Ru(Czph) (dppe) (¡-C5Hr) and

Ru(c2Ph) (PPhg) z (n-csHr) suggest l-ittte effect on exchanging

dppe for two PPh3 ligands. An adjunct to this work was the

isolation of stable radical- cations, [Mo(CzR) (dppe) (n-CzHz) ]-
[BFu],23 it is pertinent to note that the fragments Mo(n-CzHz)

and Ru(n-CsHs) are isoelectronic. Subsequently, these

radical cations were shown to undergo coupling at C6 of
the alkynyl rigand to af ford divinylidene-bridged dj:irers,

24

This chapter describes reactions of some ruthenium

and osmium o-acetylides with halogens and the reactions of
the resulting novel hal_o-vinylidenes.
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Although iron complexes contaj-ning vinylidene,

:C=CH2, have been known for some time,

the analogrous complexes of ruthenium \{ere unknown- The

reaction of some ruthenium chl-oride complexes with

terminal acetylenes and the reactions of the resulting
unsubstituted vinylidene complexes are also described

herein.
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RESULTS AND D]SCUSSION

A. Preparation of halovinylidenes

(a) Reaction of iodine - Addition of iodine to a

tetrahydrofuran solution of M(CzR) (PPh3) z (n-CsHs) resulted

in an immediate change in colour from bright yellow to

dark green. Suitable work-up procedures gave green

crystalline salts of the novel iodovinylidene complexes

lrvr{c=c(r) (R) } (pphs), (r-csHr) I Ir:].

-l 13.

+
lt 

^-lvl \-r-
Ph3P

t/
R

Ph3P

Elemental- mj-croanalysis j-ndicated the presence of iodine,

although it was not possible to obtain reliable halogen

analyses for these complexes. Their infrared spectra

contain medium to strong bands between 1690-1638 cm- 1

assigned to the y(C=Q) mode, these values being consistent

with those values found in other vinylidene complexe". "

The 1H N¡,lR spectra contain little useful structural inform-

ation; the CsHs resonances are singlets between 6 5.3-5.5

and the expected phenyl resonances are at ca ô 7.3.

Complexes (1), (3) and (4) proved to be too insoluble in

(Ð Ph

e) Me
(Ð CoFs
(Ð Ph

Ru

Ru

Ru

Os

R M

the common NMR solvents to obtain informative 1 3C{ IH}

spectra. Complex (21 , however, exhibited a characteristic

low-fiel-d triplet at ô 325.9, coupled to two 3tP nuclei

(¿ ISHz), and was assigned to Cs of the vinylidene unit.
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The spectrum also contained resonances at ô 18.6 and

I2B.l-133.9 assigned to the methyl and phenyl g.roups,

respectively; the resonances associated with the ß-carbon
probably l-ie under the phenyl resonances. The identity
of complex (1) was r.rnambiguously determined by X-ray
structure analysis and will be discussed below in
comparison with a rel_ated bromovj-nylidene.

(b) Reactions of bromine The addition of neat
bromine, in excess, to a tetrahydrofuran sol-ution of
Ru(C2Ph) (PPhs) z (n-CsHs) produced a dark green solution,
work-up affording dark green crystals of [nu{C=C (Br) _

(C5HaBr-4) Ì (pphs ) z (n-CsHs) I [Brs ] (5) in essentially
quantitative yield. fn contrast, addition of bromine
(in CClq) to Ru (CzPh) (dppe) (n-CsHs) resutted in the
immediate precipitation of the related bromo(phenyr)vinylidene
complex IRu{c=c (Br)ph} (dppe) (n-csHs) ] [Br] (6)

Br
Brs

Br
Br +

+

2

P

Phs Ph
ú)

Ph3P (Ð
Br

complexes (5) and (g) \^/ere id.entified by the usual
spectroscopic techniques and microanalyses. Thei_r

infrared spectra contained strons v(c=c) bands (ar- 16?s

and L640

observed

cm

in

-', respectively) consistent with those

the iodo analogues (1) (4). Both complexes



10.

contained molecules of Et2O of crystallisation; signals

for these were observed in the proton NMR spectra, obscuring

the methylene protons in (61, along wíth singlet resonances

atô 5.35 and 5.63, for (5) and (6) respectively, âssigned

to the cyclopentadj-enyl groups. The phenyl protons were

found in the region between ô 6.5-8.0. The relatively low

solubility of (5) in the common NMR solvents allowed the

assignment of only the CsHs (697.2) and phenyl (ô 128.0-

135.0) resonances in the proton decoupled 13C NMR spectrum

of (5). Subsequent structural analysis of (5) by a single

crystal X-ray study reveal-ed the phenyJ- group originalj-y

present on the phenylacetylide ligand had also been

brominated para to the C=C double bond (see bel-ow) . A

deficiency of bromine in its reactj-on with Ru(C2Ph) (PPh¡)z-

(n-CsHs) also resulted in the formation of the 4-bromophenyl

complex, so that the ring substitution either precedes ¡ ot

is concurrent with, the addition of bromine to the ß-carbon

of the acetylide ligand. In contrast, bromination of

Ru(C2Ph) (dppe) (n-CsHs) af forded only the bromo (phenyl-) -

vinylidene possibly due to its relative insolubiJ-ity under

the prevailing reaction conditions.

(c) Reaction of chlorine with Ru(C2Ph) (PPhs)z(n-CsHs)

Chlorine in diethyl ether reacts with Ru(C2Ph) (PPhs) z (n-CsHs)

in tetrahydrofuran to give a green solution. After meta-

thesis of the counter ion, the chloro(phenyl)vinylidene

complex (7\ was isolated, in moderate yield. The complex

: as:t:e-n€atj=v+1:y:i=Cen=t:i:f:i:ed:by:mi=eroana:l¡sj:s a.nd:i:nf:ç¿=ç6fl:
spectroscopy fut"=") 1650 and v(PF) A¿0 cm-11. The

proton NMR contained signals, assigned to the cyclopenta-

dienyl and phenyl groups, ât ô 5.63 and 7.L0-7 -73,
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+

C-

-l PFo-

ct

Ph3P

Ph3P Q)

respectj-vely. subsequentry a FAB mass spectrum confirmed
the identity of (7') and will be discussed below (see p.37)

Crystal struc-tures of- lnu{c:c ( r)PhÌ (PPh.) z (n-CsHs) I I r3l (1)

t/
Ph

and [Ru{c=c (Br) CsH,-Br-4) Ì (PPh. ) , (n -CsEs) I [Br"l (s)

rt is convenient to compare the structures of the two

cations in (1) and (5) . These are shown in Fi_gures 1 and

2, together with the numbering schemes used; Tabl_e 1

summaris es pertinent bond parameters determined for each

complex- Table 2 corlects some structural parameters
obtained for the vinylidene linkage j-n some related ruthenium-
vinylidene complexes.

The cations in (1) and (5) contain the now famil_iar
ruthenium tlr atoms coordi-nated by the csHs group and two
PPh3 ligands; nearly octahedrar geometry is achieved by co-
ordination of the halovinylidene ligand in the sixth position.
The Ru-c (c5H5) distances l-ie within the ranges 2.250 (5)-
2-284(5) and 2.226(1)-2.306(11)Å (paramerers given for (1)

and (5) , respectively) , with the longest Ru-c separation
being approximately trans to the vinylidene ligand. The

two Ru-P distances 12.337(2) and 2.356(2)¡ 2.366(5) and
o

2.366 (5)a, respectivelyl are normal- for this type of complex.
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ct21)

t(1)(1

c(1s) r(41)

Ru

t(14 t(4
1 ct2)

c (11) c(1) r(4)

cnzt P 2

t( 51

r(61) c62 r (s)

r(6)

r(71)
Cfl2T

Fisure 1:

c (7)

r(s2)

PLUTO plot of the structure of the
in lnu{c=c(r)prr} (pprrs)z(n-csHs) ] [rs]
(by B.K. Nicholson)

cation
(1)

c22t
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Bn(2)

c (6)

c(5) c(7 )

c(43) c(8)P(1

c(41)
c(3)

c(22)
c(15) c (14)

c(2 )

c(1)
c(11)

c (61) Br(1)
c(52)

PQ) c (62)

c(51)
c(71)

c(72)

Figure 2: PLUTO plot of the structure of the cation
in [Ru{C=C (Br) (C5H4Br-4) } (pprrs ) z (n-csHs ) ] _

lBral (5) (by a.r. Nicholson).

c(12)

c(21)

(31

c(32)
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Tabl-e 1

o o

Selected bond distances (A) and anqles ( ) for

complexes (1) and, (5)

X

l-¿
P\P/2/

Ph3P

+

12 c6H4Y-4

(1)

X=I

Y:H

(s)

X=Br

X=Br

Ru-c (1)

c (1) -c (2)

c (2) -x
c (2) -c (Ar)

Ru-P (1)

Ru-P (2)

Ru-C (CsHs) (Av)

1.839 (7)

1. 31 (1)

2.L24 (7)

1.4e (1)

2.337 (2)

2.3s6 (2)

2.26

1.8s (1)

1.31_ (2)

L.e3 (2)

t.4e (2)

2.366 (5)

2.366 (s)

2.26

P (l-) -Ru-P (2)

P (l-) -Ru-c (1)

p (2) -Ru-C (l-)

Ru-c (1) -c (2)

c(1)-c (2)-x

c (1) -c (2) -csH+Y

e7. o (1)

8e.6 (2)

e7 .4 (2)

171_.0 (7)

11s.7 (6)

729 .4 (7)

103.3 (2)

88.2 (s)

e3.6(5)

1,69 .4 (L4)

116.8 (13)

126.8 (1s)
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distances and les of the vi lidene link in some ruthenium c lexes

X

(1)

-c(2)

(1) -c (2)

-c (2) -R

-c (2) -x

R

R=Ph

X=CzHz

1.848 (9)

1. 32 (1)

r.74. e (6)

121 .l_ (6)

l-1_8. 1 (7)

18

R=Me

X=H

r_.84s (7)

1. 313 ( l_0)

1_80 (2)

1,25.7 (6)

51

R=Me

X=Ph

1.863 (10)

1_.293 (1s)

r72.8 (7)

117 .0 (11)

725.7 (1"2)

27

R:Ph

X=N2C 5H 3Me 2

1.823 (e)

r_.34 (1)

169.9
't 21,.4 (8)

1t-4.4 (8)

1B

R=Me

X=Me

1.8I
t.29

168.1

6

ts
u¡

c(

c(
c(
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The Ru-C (vinylidene) separations are 1.839 (7) t (1) l
o

and 1.85 (1)A t (5) l, providing evidence for considerable

multiple bond-order and, hence, back-bonding into the

unsaturated ligand Icr Ru-Co 1.86g(2)i in Ru(Co) (pph z) z-
L 26 o(n-C5Hu¡- and Ru-Cs 1.86 (1)À in Ru{c=C¡teph} (pph s\ z-

27
(n-CtUr) l. This experimental observation supports

theoretical arguments that extensive transfer of charge

onto the vinylidene rigand occurs via its p and r* orbital-s.
3This was arso supported by studies of manganese complexes

whose infrared spectra suggested that vinylidene ligands

are stronger 1I acceptors than CO.

The C(1) C(2) bonds for (l) and (1) have lengths of

1.31(1) and 1.31(2)Å, respectively, both of which are short

for C=C bonds. The Ru-C=C moiety is slightly

bent at the o,-carbon langles Ru-C (1)-C (2) I7L.O (7) and
o

169.4(]-4l l, while angles at the ß-carbon in (1) tC(1)-
c(2)-r(1) 1'Is.7 (61 , c(1)-c(2)-c(3) I29.4(7) , r(1)-c(2)-c(3)

o
114.9(5) I show bending of the C-r bond caused. by the

mutual interaction of the r and metal atoms. The c(21-r(1)
bond length t2.I24(7)Ål j-s similar to that in CHz=CHï

o 2gat2.092(s)A - l.
The geometry of the tri-iodide anion differs somewhat

from those that have been found previously, with I-I
separations of 2.896(I') (dr) , 2.g23 (1)Å (d2) , and angle

I (3) -I (21-r (Ð 17 4.7 (1) " . A recent survey "b quot"" ranges

of 2.7g4-2.850 (d1) and 3.005- 3 -12¡Å (a, ) , with angles- of
o

176.3-179.9 ; in the case of (1) the smaller difference

14

between

between

dr and d2 is no doubt a resul-t of little interaction

and the complex cation.the anion
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Reactions of [Ru{c=c(er) (coH,*Br-4) } (PPha)z (n-csHs) ] IPFo] (5)

Attempted el-aboration of the vinylj-dene moiety by the

addition of H- or OMe-, using KIBH(CHMeEt) s] or NaOMe,

respectively, was unsuccessful. Treatment of a tetra-

hydrofuran solution or CHzClz solution of (5) with the above

reagents, respectively, resulted in the formal displacement

of Br* and the formation of Ru (CzCsH+Br4)(PPhs ) z (n-CsHs ) (B) .

This compound was readily characterised by elemental micro-

analysis, and from its infrared and EI mass spectra. The

infrared spectrum was particularly informative, the st::ongt

absorption at 2076 cm-r beingassigned to v(C:Ç) of the

phenylacetylide ligand.

c- Br
Ph3P

(E)
Ph3P

The resonances at ô 4.32 and 7 .L4 in the proton NIIR spectrum

are assigned to the cyclopentadienyl and phenyl protons,

respectively, the former being at characteristically

higher field than the analogous signals in the cationic

complexes (1) - (71 . The EI mass spectrum contained a

molecul-ar i-on aL m/z 872.

The reactivity shown by complex (5) is perhaps not

surprr_sr-ng, sr_nce

complexes occurs

the formation of

formaf addition

the acetylide.

the halovinyl-idene

of the electrophile X+

In this behaviour these

by

to the g-carbon of
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18r19
complexes resemble the cycloheptatri-enyI and

20

aryldiazovinylì-dene complexes .

Svnthesis of unsubstituted vinylj-dene compÌexes

Reaction between RuCl- (L) z (t-CsHs) and HC2SiMe3

(a) L=PPha or Lz=dppe - Several years a9o, Davres

and co-work"r=t 
t 

found that treatment of FeCl (dppe) -

(n-CsHs) in methanol in the presence of NHaPF6 with

acetylene or trimethylsilylacetylene generated the

unsubstituted vinylidene complex-

Heating mixtures of RuCt (L) z (r¡-CsHu) (L=PPh3,L2:dppe) ,

HC2SiMe3 and NH4PFo in dichloromethane gave essentially

quantitative yields of the corresponding ruthenium

vinylidenes (9) and (10) .

cH2c12
-l PFo-

H
HC2SiMe3 t/ Ru-c:c

+
+

,-/^u-"'
L

NH4PF6

A
L H

L

l- = PPh3 (9),Lz= dPPe (10)

The synthesis of complex (10) requires more severe reaction

conditions (90'C, 48 h) than does (9) (oil bath at ca 60"C, 7 h)

necessitating the use of a closed vessel in the formation

of (10) to prevent the loss of HCzSiMes.

The relative stability of the two complexes is differ-

ent, complex (10) being more readily oxidized than (9) even

in the solid state. The presence of [Ru(CO¡ (dppe) (n-CsHr) ]+
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was found in solid sampl-es of (10) by infrared spectroscopy

[v (CO) 1990 cm-1] after exposure to air.

Spectral and microanalytical techniques were used to

characterise the complexes (9) and (Lq.l. Characteristic

v(C=C) bands were observed t(9) 1628; (10) 7641 cm-11 in

the infrared spectra and the strong absorption at ca 840

cm-t confj-rmed the presence of PFo- counter ion in both

complexes. Apart from the usual signals observed for the

phenyl and cyclopentadì-enyl moieties the 1H NMR spectra

of (9) and (10) contained triplets atô 4.34 and 3.I9,

respectively, assigned to the vinylidene protons, coupled

to two equivalent 31P nuclei with J 1.5 and 2.0 Hz,

respectively. The r3C{1H} NMR spectra contain CsHs

resonances at ô 95.0 and 93.4 for lZ) and (1_-0J , respectively,

which are characterístic of catj-onic complexes. Most

informative were the resonances of the cl and ß carbons;

the former appeared as triplets by coupling with the two

3 IP nuclei and their low field position is typical of

vinylidene complexes [ (9): 3 47 .2, r (PC) l5ïz; (10) : 343,

J (PC) l-BHz I . The ß-carbons of (2) and (10 ) resonate as

singlets atô 99.9 and 96.7, respectively, considerably

upfield from the analogous resonances in other substituted

vinylidene complexes. The Cß resonance in CCF.2 complexes

is assumed to lie underthephenyl region aL Ça ð 130-

'. In the monosubstituted complex [nu(C=CgMe) (PPhs)z (n-CsHs) ]-
25

ICF3COJ the B-carbon was found atô 109.0 while the analogous

:Fesoaa.nee:i:r:[:R-u=(.@:GMeP-h=):(+-P=h-+:2:Ên-ès=I{-j:]:[=P=Fsl:wa=s:obse=ved:
ôc

at 6 125.2 . These data suggest a higher electon density

at the ß-carbon j-n complexes (9) and (10) than in mono- or
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d.isubstituted vinylidenes. The ß-carbon of [Ru (C=CH2 ) -
72

(PMe3)z (n-CsHs) I [PFe] was found at 6 92.7, i.e. at hiqher
field, than (9) and (10), consistent with the presence of

the more electron donating PMe3 ligands. The solvent

signals of deuteroacetone (ca ô 30) are presumably

obscuring the expected dppe methylene resonances of (10).

L2 : PM€a

Recently, Bullockl' reported isolation of [Ru{c=cgz}-

(PMeg)z (n-csHs) I IPFe ] (11) from the reaction between

HC2SiMes and RuCf (PMeg)z (n-CsHs) G2l in the presence of

NH'+PF6 in MeOH. Independently, a study of this reaction

in dichloromethane was undertaken in conjunction with the

preceding reactions.

Heating (72) in dichloromethane containing HCzSiMee

j-n the presence of NH+PFs provided an excellent synthesis

of complex (11). The complex was readily identified -by

microanalysis and spectral data.

The infrared spectrum contained the now familiar

v (C=C) band at 1625 cm-r and a v (PF) band at ca 840 cm-I;

and the rH Ntqn spectrum contained a multiplet at ô1.62

and a singlet atô 5.42 which were assigned to the PMe3

and C5H5 protons, respectively. The vinylidene protons

appeared as a triplet [;(HPl2Hz] and ô 3.76. The identity

of this complex was confirmed from its FAB mass spectrum,

as discussed below

on one occasion a similar reaction of (I2l with-

whereupon a dark suspensioll T^/as obtained. Filtratj-on

gave an unidentified paramagnetic sol-id (13) .
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Microanalysis indicated a low carbon percentage and the

presence of nj-trogen. PresumabÌy this derives from

ammonium ion present in the reaction mixture. Qualitative

magnetic susceptibility measurements indicated that the

complex was paramagnetic but it did not prove possible

to obtain either ESR or NMR spectra

Concentration of the filtrate obtained from the experiment

above resulted- in the crystallisation of another complex

formulated as [RuClz (PIt[ee)z (n-CsHs) ] IPO2F2] (14) on the basis of

microanalytical and spectroscopic data. The presence of

the partially hydrolysed anion was confirmed by infrared

spectroscopy; there were strong bands at 1055 [v (PO) ] and 840
29

tv (PF) I cm-l. The proton NMR spectrum indicated the

presence of CsHs and PMe3 ligands with resonances atô 2.06

and 6.72, respectively. These data correspond closely with

those found for the known complex [RuClz (PMeg) z (n-CsHs) ] -
30

lPFsl obtained from the reaction of chlorine with (I21,

which gave a precipitate of the hexafluorophosphate sa1t. The

identity of the cation in (1a¡ rrras further confirmed by its

FAB mass spectrum which contained a base peak at n/z 389,

corresponding to the molecular cation which fragmented

by loss of Cl.

Preparative tlc of the supernatant liquid gave a major

mauve band which was crystallised to give [Ru(HC2SiMezl z-

(PMe3) (n-CsHs) I [PFe] (15) in low yie1d. The formulation

of this complex followed from the analytical results, and

the proton NMR spectrum, which contained two signals at

ô 0..2 7 and

groups.

0.36 assigned

The signals for

to two inequivalent

the P]tle 3 and C sH s

l3}Jz) and 5.40,

trimethylsilyl

ligands were

found at ô 1 . 38 [d, r (PH) , respectively.
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The cyclopentadienyl resonance lies over a signal which

could not be resolved. The infrared spectrum confirmed

the presence of trimethylsityl groups giving rise to a

strong absorption of 1250 cm-I assigned to the v(sicH:)

deformation. Thê expected strong v(SiCHr) stretch at
31

841 cm-I was not observed and probably l-ies under the

broad v(p¡') band. In the FAB mass spectrum the molecul_ar

cation is also the base peak fragmenting principally by

the loss of SiMer; aL n/z 272 a peak correspondì-ng to,

[MerP (HCrSiMes) ] * was found.

The structure shown below is oostulated for (15).

SiMe 3 PFo

+
Ru

Me3P

SiMe3

(15)

This metallacyclopentatriene structure has precedent in
the structurally characterised complex RuBr(C4ph zHzl-

32.
(n-CsHs) (16) formed by cyclodimerisation of two

molecules of phenylacetylene at the Ru(TT) centre in a

reaction with RuBr(nu-CsHu) (t-CsHs). An al-ternative

ruthenium (rv¡ metallacyclopentadiene structure cannot be

entirely ruled out for (15) as the two SiMe3 groups.

in (15) are found to be magnetically inequivalent while
complex (16) has crystallographic mirror symmetry and the

RuCuPhrH, ruthenacycle is essentially planar, this symmetry

being reflected in the NMR spectra ( lg and t rC) .
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The reactj-on of RuCl_ (pMee) z (n-C5Hr¡ with HCzSiMes in
dichl-oromethane in the presence of NH+pFo gave, in the
strict absence of oxygen or moisture, the expected

vinylidene complex [Ru(c=cttz) (pMe:) z (n CsHs)] [pFo] (tf ¡.
Presumably the presence of water or oxygen or both gave

rise to complexes (13), (1¿¡ and (15). rt was not
possible to determine the mechanism operating in these
l-atter reactions but it is likely that either the vinytidene
or trimethylsilylvinylidene is formed initialry. partial

hydrolysis of the pFs- ion would explain the presence of
the PozFz- counter ion present in complex (14) . This
has been found in several other cases, one example being
the reaction of the phenyldiazovinylj_dene [Ru 1q=gphN:Nph) -
(PPh3) z (n-CsHs) I lppo] with HpF6.OEt2 giving IRu 1ç=çphN:Nph) -
(PPh3) z (n-CsHs) I lpo2F2 l.to

Pos sibl-e mechanism for the formation of the unsubstituted
vinylidene complexes

As mentioned previously, the formal I,2_hyd,rog,en shift
undergone by many 1-alkynes on transition metal centres has
proved to be a usef ul- entry into vi-nylidene complexes.

The mechanism suggested for the reaction of HCzSiMe3

at the ruthenium centres studied is shown in scheme 1.
rnitially it is envisaged that the alkyne co-ordinates
in an r] 2 fashion and then rearranqes, by either of the routes
mentioned previously, to a coordinated trimethylsilylvinylidene
group - This has been shown i-n the reaction of Rucl_ (pMe: ) z-

5 5 a ynes gav ng n t l-a1ly Ru (n -alkyne) (PMe z) z-
(n-CsHs) [alkyne HC2Me or HCzHI which were found to
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_-l 
PFo

H
NH4PF6

CH,CI,, A L
Ru-c-c

L = PPh" (9).
u \-'¡

L = pMe3 (la),
Lr = dppe (10)

Ru-C-C-H

+

,-/^u-"' 
+ HC=siMes

H

L

(a)
(d)

H*

+

Mes

H
I

c
ill
C
I

S

Ru-
L t/

L

L

(b) (c)
F

F
)

L
Ru-

Scheme 1. Possibl-e mechanism of formation of the
unsubstituted vinylidene complexes.
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rearrange thermally to the corresponding vinylidene

complexes. The next step Ischeme 1 (c) ] postulates

cleavage of the C-Si bond with fluoride ion. The

affinity of the trimethylsilyr group for fr-uoride ion
is well known, and advantage of this fact is taken in
org'anic chemistry to remove the SiMe 3 moiety where it
j-s used to protect a functional n.orrn.' 

t 
Fluoride ion

required for this step is presumably present in the

hygroscopic NH,*PFo salt used in this reactj_on, ot by

partial hydrolysis of this salt despì_te precautions

taken to dry this material_ in vacuo before use.

Nucreophilic attack on halo-, cycloheptatrienyr- 
t 

u..rd.
20

aryldiazo- vinylidenes has been shown to cleanry generate

o-acetyride complexes. step (d) involves the protonation
of the parent acetylide complex at the ß-carbon; i.e.
erectrophilic addition to that electron-rich carbon.

Protonation of the related iron complex Fe (C=CH) (dppe) -
(n-CsHs) giving the spectroscopicalJ_y characterised
parent vinyridene comprex was reported over a decade ago.

2T

Preparation of ethvnvl complexes

several methods have been described for the synthesis
of transition metal acetylides; one method is deprotonation

I6t25of nono-substituted vinylidene compJ-exes . rt was this
route that led to the parent acetylide complexes described
below. Two methods of deprotonating the unsubstituted
vinylidenes (9.) , ( 10 ) and ( 1f ¡ were used .
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Elution of a dichloromethane solution of

lRu(c=cHr) (pprr3) 2 (¡-csHs) I IPF6] (9), though a column

of basic alumina gave a yellow sol-ution from which

yellow Ru (C=CH) (PPh 3 ) 2 ( ¡-C 5H 5 ) ß71 was obtained. A

more convenient preparation of the ethynyl complexes

involved treating tetrahydrofuran solutions of the

vinylidenes (9), (10) and (11) with KOBut.

PFo

+

-c + KOBut
THF

RT , /rRu-C-c-H
L

L = PPh3 (y),
Lz = dPPe (l-9)'
L = pMe3 (jg)

c
H

H
L

These reactions could be followed by j-nfrared spectro-

scopy, by disappearance of the medium intensity v (C=C) band

lat ca 7620 cm-l] with concomitant appearance of a v(C=C)

band at ca 1940 cm-1 in tetrahydrofuran.

Characterisation of the extremely air sensitive

ethynyl complexes relied principally on their spectroscopic

properties. OnIy complex (18) gave a reliable micro-

analysis. The infrared spectra of all the complexes

contained bands characteristic of the -C=CH moiety at ca

1940 cm-t; those of (77', and (18) also have

bands at 3295 and 3288 cm-l, respectively.

for v (C=C) is found in other unsubstituted

weak v (CH)

The low value

transition metal
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acetylides which generally have v(C=C) below 2000 cm-1

The alkynyl protons in the 1ir NMR of complexes (17) (1g)

were found as triplets at ô 1.95,1.13 and r.29, respect-
ively, all showing a ca 2Hz coupling to the two equivalent
3 lP nuclei. The cyclopentadienyl resonances shifted to
Iow field with respect to the corresponding resonances in
the vinylidene comprexes and v/ere found at 6 4.46, 4.74 and

4-55, respectivery. The proton NMR of comprexes (17) and

(18) contaj-ned , phenyl resonances in the usual region;
(14¡ al-so contained resonances associ-ated with the dppe

methylene protons at ô 2.33 and 2.15. The pMe3 ligands of
complex (19) gave a multipret at ô 1.41. The r3c{tu} 

N¡,rn

spectra contained si-gnals for ca and cß at ô 107.1 and

108.0 (Cs), and 96.6 and 95.2 (Cß) ltor (17) and (18),

respectivelyl. The cx-carbon resonances \^rere assigned by

virtue of the coupring they showed to the two equivalent
3IP nuclei [ca 20Hz], gi-ving ri-se to a triplet signal. The

expected cyclopentadienyl, methyrene and phenyl resonances

were found in the usual regions. The FAB mass spectra of
complexes (1¿ (19) all showed pseudo morecular ions
corresponding to tM + Hl* at n/z 7I7,591 and 345, respect-
ivery. The principar fragmentation route was l-oss of the
acetylide ligand giving the base peaks: [Ru(pphe) (CsHr) ]*,
[Ru(dppe) (csHu) ]+ and [Ru(pMeg) (crHr) ]+.

Reactions of ethynyl complexes

These ethynyl compJ_exes provided an opportunJ_ty to

l- ge ang
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advantage of the nucleophilic Cg atom (Scheme 21.

Attack of one electrophile (E) would give a mono-

substituted vinylidene, which after depronation and

reaction with a second electrophile (n or E-) would

give the disubstituted vinylidene.

I*l c-c-H +E [*l-å-c<-H

Scheme 2 [*l c-c-E
Base

E'

E, E'= electrophiles

Attempted synthesis of aryldiazovinylidenes

Dichloromethane solutions of the ethynyl

complex (17) react readily with an equivalent amount of

[ArN2] [X] [X= BF,*, PFs; Ar= ph, (c5,H3lr,1e- 3,41 , (ce Hscf z -2,31]
to give highty coloured and air sensitive solutions.
On exposure to air these solutions rapidly become

yeI1ow and infrared spectroscopy indicated the presence

of [Ru(co) (pph¡)z(rì-csns)]lpps][v(col 1.g74 cm-I] 
tu 

,

this complex is al-so formed from the reaction of (9) with
water in tetrahydrofuran.
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As this complex is the oxidation product of a large

number of vín1r1i-dene complexes' it is sugigested that

an aryldiazovinylidene is initially formed which is

extremely unstable with respect to aerial oxidation-

Some confirmation of thi-s was achieved. from the reaction

of (17) with [PhN2] [PFe ] in dichloromethane. This qave

a maroon solution which was quickly filtered into excess

stirred diethyl ether giving a red-brown solid. FAB

mass spectrometry of this solid indicated the presence

of [Ru(CO) (PPhs) z (n-CrHr]* (m/z Ti-gl and the spectrum also

contained a molecular ion aL m/z B2I corresponding to

lRu{c=c (u)-l¡=x-Ph} (PPhs) z (n-csHs)l+ which fraqmented by

the loss of Nz.

It was, however. possible to deprotonate the inter-

mediate vinylidene formed from the reaction of (17) with

[3,4-CsHgClr¡r] [BF+J at 1ow temperatures. The initially-

formed red dichloromethane sol-ution was passed through a

short column of basic alumj-na giving neutral orange

product tentatively identified as the aryldiazoacetylide

complex (20).

Ru-C:C-N:N ct
Ph3P

t/
Ph3P cl(20\

Characterisation is based on

properties. The infrared spectrum has

its spectroscopic

a characteristic
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strong v(C=C) band at 2002 cm-t and the FAB mass spectrum

contained a pseudo molecular j-on aL m/z BB9 corresponding

to [¡4 + H] + which lost PPh 3 to give [Ru (C, Nz Cs H3 C12 ) (pph 3 ) -
(CsHr)l+. Another fragment ion is formed by loss of the

aryldiazo moiety and the peak corresponding to [Ru(PPh:)-

(¡-CuHr)l+ is the base peak. The formation of this

aryldiazoacetylide represents a facile synthesis of the

C=C-N=N system and the formation of a C-N bond.

Reaction of (I7) with bromine

As was seen previously, arylacetylides react readily

with halogens to give halo-vinylidene complexes. However,

treatment of a tetrahydrofuran solution of (17) with a

solution of bromj-ne in CCI a immediately gave a red-brown

solution from which was isolated the known compound
36

RuBr(PPhs)z(n-CsHs) (2J). This implies a facile cleavageof

thenu-c(sp) bond giving the ruthenium bromide compJ-ex (2Il

and presumably bromoethyne. In this reactivity

the ethynyl complexes do not resemble the substituted

acetylides discussed previously. The reason for this is
probably steric, the smaller hydrogen atom allowing attack

on the Ru-C(sp) bond.

The reactivity of Ru(C=CH)(pphr)r(¡-C5H5) G7l also

dj-ffers from that of the substituted acetylides insofar

as solutions of (l-7) rapidly attain a green cofouration

if exposed to atmospheric oxygen. Green sol-utions are also

obtained from the reaction of (]r7) with the oxidants CrHr*

and MeI which NMR and FAB mass spectrometry indicate both

contain mixtures of products. The FAB mass spectrum,

however, contains a peak tentatively assigned to the binuclear
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ion [{nu (ppfi, ) , (n-crHs ) } zC+ Hrf'*, possi-bly with a

structure sj-milar to that of the structurally-characterised

diirondivinyl-idene, IFe2(¡r-CuMe, ) (dppe) , (n-CuHr ) , ] teF rl r,
reported recentl-y 3 7 This latter complex was formed

by oxidative coupling of the corresponding mononuclear

vj-nylidene. A mixture of products was obtained from

simifar reactions of the analogous CCH, complex. 
37

Complexes obtained from reactions in which vinvlidene

complexes are implicated

The first reactions undertaken by the author in

attempts to prepare the parent vinylidene complex (9)

invol-ved passing a stream of ethyne through refluxing

suspensions or sol-utions of RuCl- (PPh3)z (n-CsHs) in

MeOH, thf or CHTCL, in the presence of NHqPFs. This

approach g'ave mixtures of solid products (as shown by

FAB MS and NMR) which h/ere j-nseparable by chromatography.

The FAB mass spectra of these solids contained peaks at

n/z 717 assignable to [Ru(CCH2)(PPhs)z(CuHr)]+; higher

mass peaks related to the m/ z 777 peak by sequential

addition of CrH, were also found indicating the presence

of up to four mol-ecules of ethyne in the product. The

FAB MS spectrum also contained peaks related to these

ions by loss of PPhr. It was assumed that ethyne was

being oligomerised at the ruthenium centre. Similar

products were obtained from reactions between the

acetonitrile complex IRu (NCMe) (ppfrs), (n-CsIis ) ] [Bphq ] and

ethyne.

The dppe complex RuCI(dppe) (n-CsHs) reacted.

in acetonitrile in the presence of NHupF, or AgBFq to give
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the known complexes [Ru(NCMe) (dppe) (n-CsHs ) ] [X] (X:PF5 or
JA

BF4 ) . In dj-chloromethane, however, the chloro complex

reacts with AgPFu to give a red sol-ution which lightens

considerably when ethyne is passed through it. After

suitable work-up a pale lzellow precipitate of the complex

lRu(n'-HCIH) (dppe) (n-CsHs ) I [PFs J Q2) was obtained.

Tentative characterisation of this complex rests on its

spectroscopic properties. The infrared spectrum contained

a weak v(C=C) band at 1750 cm-t characteristic of a co-

ordinated acetylene together with a strong band v (PF)

band at B4I cm-1. The FAB mass spectrum contained a

molecul-ar cation at m/z 591 and. another (base) peak formed

by loss of HCzH. This fragrmentation differs from that

of the unambiguously characterised vinyli-dene, [nu(C=CUz) -
(dppe) (n-CuHs ) I [PF6 ] (10) , whose FAB mass spectrum has

the molecular cation as the base peak.

The chloro complex RuCl (dppe) (n-CsHs ) reacts with

ethyne in methanol in the presence of NH4pFs to give a

moderate yield of the methoxy(methyl)carbene complex,

lRu{c(o}ae)Me} (dppe) (n-csH5)l [pFs] e3') , identified by

microanalysis and spectral properties. The infrared

spectrum contained strong v (C-O) and v (pF) bands at L247

and 840 cm-I. A molecular cation was observed aL m/z

623 inthe FAB mass spectrum which vüas also the base peak.

Other fragmentations involved loss of -OMe and C(OMe)Me

fragments. There have been many reports describing the

formation of alkoxycarbene complexes from l-afkvne= "
in which vinylidene complexes were

mediates. Subsequently, vinylì-dene

implicated as inter-
complexes were shown
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to react with arcohol-s to give alkoxycarbene .o*pr"r"" I 
o

A similar mechanism is thought to be operating in the

reacti-on cf the chloro complex with Hc2H in methanol;

Me
I

O:H/rc-c

PFo

_.- Ru-Cl
Ph2P' /

\- een,

+
Ph2P

t/^u
Veent

H

H

Scheme 3 PFo

,-Ru-
PhzP' /

\-etn,
(23 )

The anaÌogous pph: complexes, [nu{C (OMe) Me} (ppha ) z (n_CsHs ) ] _

[x] [X= PF6 Q4), cr Qell ] were obtained from the reaction
of either [Ru(NCMe) (pphs) z (n-csHs) ] tpr.l or Rucl(pph3)2-
(n-csHs) with HCzsiMeg in methanol or from the reaction of
the vinyli-dene (9) with MeoH to give (241 . complex (24)

has been obtained previousÌy t u , from the reaction of
RuCl (PPh3 )z (n -CsHs ) with HCzSiMes in Ir{eOH although no

characterisation data \,vas presented. The methoxy(methyr)-
ucr'Dene complexes l¿4) and (25) were characterised by

spectroscopic methods and microanalysis. The spectroscopic
data for the cations are essentially identical and onÌy
that found for (24) will be discussed. A strong v(C_O)band
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T¡/as found at \270 cm-I for the c-oMe group together with
the usual v (PF) band. In the 1H NMR spectrum the methoxy

and methyl protons of the carbene rigands appear as sharp

singlets at ô 3.28 and 3.03, respectively. similarry, the
13C NMR spectrum contains singJ-ets at ô 46.4 and 60.7,

assigned to Me and OMe, respectively. In the 13C NMR

spectrum of (24) th'e triplet signal at ô 309.2 is assigned to the
electron deficient carbene carbon which shows

a r2Hz coupling to the two 3rp nuclei. other resonances

in the IH and I 3c NMR spectra were consistent with the

ligands present. rnterestingly, the FAB mass spectrum did
not have the molecular cation as base peak that is generally

found j-n other cationic complexes. The molecular cation,
m/z 749, fragments by loss of Me, C(OMe)Me and pph3.

The crystal structure of (24) was determined, and is
discussed be1ow.

X-ray structure of IRu{C (Otqe) ¡,te Ì (pprra) r (n-c.H.) I [PFe ] Q4)

The cation is shown in Figure 3. The structure determination

confirms the presence of the methoxlz(methlrl)carbene ligand (Table 3

collects rerevant interatomic parameters). The coordination
about the ruthenium atom is distorted octahedral-, with
the csHs group occupying three faciat sites [Ru-c 2.232(B')-

2.292(8') , or 2.26i1 and the other three positions being

taken up by the two p atoms of the tertiary phosphines

tRu-p(1) 2.332(21 ¡ Ru-p(2) 2.336(2)Ål and rhe carbene ligand
tRu-c(6) 1.e31(e)Å1 .
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C1 CLl
C1B

C1
CB

0
c43 c36

c19

C3 c35
C6 C1

c20
C3

Ru P1 C2 c22P

c13
C2C1

C5 c25

UI CI2
c21

c11
cl0

C2B

PLUTO plot of the structure of the cation
in [nu{c(oMe)Me} (pphg) z (n-csHs) ] [pFo] (24)

C4

r-?

c42

C3
c44

c31 C32

c29

c23

c24

C

34
J

Fiqure 3:

showing the atom-numbering scheme.
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Table 3

Selected interatomic parameters for (24)

PFo

OMe

enre/¡
PPh3

Ru-
CHa

o o
Bond. distances (A) Bond angles ( )

Ru-C (CsHs) I
2

3

4

5

Ru-P (l-)

Ru-P (2)

Ru-C (6)

c (6) -c (8)

c (s) -o (l_)

2.292 (8)

2.244 (8)

2.2s7 (8)

2 -232 (8)

2.2sO (8)

2.333 (2)

2.336 (2)

1-931(9)

1. so (1)

t.44 (r)

P (1) -Ru-P (2)

P (1) -Ru-c (6)

P (2) -Ru-C (6)

Ru-c (6) -o (1)

Ru-C (6) -c (8)

o (1) -c (6) -c (8)

c (6) -o (1) -c (7)

101.3 (1)

86.6 (2)

89.8 (2)

r_20. e (6)

L24 -8 (7)

114. 3

r22.9 (7)
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These values fal-l within the range found for
several other related cyclopentadienyl ruthenium
complexes. complex (24) is isomorphous with tnu{c (or"te) trt}-
(PPh3)z (n-CsHs)l IPFo] Q6')" ånd both complexes have
similar Ru-Ccr bond lengths t1.931 (g) (24,) and 1- 959 (6)å
(26)1. These values are intermediate between the distances

for th.e sJ-nglv bonded Ru-C(sp) in Ru(CzPh) (PPhs) z (n-CrHr)'u
[Ru-c(sp) 2.016(3)Å] and Ru-C(spr) in [Ru{c=cph(r)}-
(PPh3)z(n-csHs)l [r¡] (-1-) t1.839(7)Å1 , in which appreciabre
Ru-c multiple bo.nd character is impried. fn the carbene
ligand, the a-carbon is sp2 hybridized, with angles at
C(6) of 720-9(6) and 724.8(7)" for Ru-C(6)-o(1) and
Ru-C (6) -C (B) , respectively; bend lengths frorn the a-carbon to
the methyl and methoxy groups are normal at 1.50(1) and

o
I - 44 (f ) a, respectively.

FÀB maSS Spectra of v l-n liden e complexes

The technique of fast atom bombardment (FAB) mass

spectrometry is werr- suited to the study of ionic and
high molecular weight compounds which cannot be volatilised
in a conventional erectron-impact source. since the
initiar report of the utility of FAB mass spectrometry
in organo-transition metal chemistryu 

t 
there has been

a wide variety of studies described and reviewed.t', 
u 

Lo"
MS has proved very useful for the study of cationic vinyl-
idene compounds incruding the compJ-exes in this chapter.
Also included is a discussj-on of the related cyclohepta_
trienyl and aryldiazovinylidene complexes.
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The major fragmentation route for the halo-, cyclohepta-

trienyl-, and aryldiazo-vinylidene compÌexes is loss of

the electrophile, added initially in their formation to

the corresponding cr-acetylide complex (Tabl_es 4, 6 and 71 .

The unsubstituted vinytidene complexes (9), (10) and (11)

have remarkably stable molecurar cations which are ar-so

the base peaks (Table 5). Strong peaks corresponding to
the l-oss of ethyne are also found.

The ions [Ru(C2R) (PPhe) z (CsHs) ]*i.r th. spectra of
(Ð , (6) and (L, , decompose by loss of CzR, pph3 and in

the case of (2) l-oss of CoHs was also observed. Ions

corresponding to the carbonyl cation IRu(co) (L) z (csHs) ]*,
which is the oxidation product of most vinylidene

complexes, were found in the spectra of (6) and (71.

The base peaks are either [Ru (pph ¡ ) (C sH s ) ] 
* or [Os (dppe) -

l(CsHs)l'.

The unsubstituted vinylidene complex (9) has a

particurarly simple FAB spectrum which contains a molecular
cation, and an ion related to it by loss of pphs. The

only other metal containing ion corresponds to IRu(pphs)-
+

(C sHs) I ' . The spectrum of (9) dif fers from those of (10)

and (1f¡ in not having a peak correspond,ing to loss of
ccH2. This suggests that the Ru-ccr interaction present
in (9) is stronger than in (10) or (1f¡ as a result of
back-bonding and this mirrors the relative stability of
the three complexes. The spectrum of (10) contains a

peak at higher m/z corresponding to a water adduct,

[¡4 + HrO]+ and ions reflecting the breakdown of the dppe

ligand at m/z 378 (l,tr - pphzCrlt+l+) and m/z 352 (t¡l -
c zH z PPh 2c 2H 4 ) were al-so found. unlike the disubstituted
vinylidene complexes, the spectra of (9), (10) and (11)



FAB mass spectra of halovinylidene complexes Q) ' 
(6) and (7)

Complex lu
++¿r' [Mro] ' tM-xl ' tM-x-Ll'

Table 4.

(6) b

"7

IRu (r.) z-
I

(csHs) I '

IRu (L) -
(CsHs)l

429

(100)

429

(100)

lnu 1çe¡ (L) z-
+

(CsHs ) I
+

Other ionsd

391, [Ru(CzMe) (PPhz) (Cstts) ] 
+,:O

350, IRu(PPhz) (CsHs )-2H]+ ,29

(2) 85

(5

74

730

( 37)

666

(4e)

792

(6)

468

(27)

530

(33)

69r
(23)

565

(100)

69L

(13)

t6r
(s)

843

(1)

+

(s

Q)c 82

(s

591

(32)

7 1,9

(4)

380, IRu (C2HaPPh2) (C5lt5¡ 
1 ,19

61-2, IRu(PPh2) (PPh3) (CsHs )]+,q
565, [¡4-PPh:] ,3

465, IRu (CzPh) (PPh3) ] 
+,70

453, [Ru(czptr) (pph2) (c5u5) ]+,30
352, IRu (PPh2) (CsHs ) l+ ,27
287, [Ru(enfrr¡ l+,2I
244 , IRuPh (C sH s ) ] 

+, tg

UJ
\o

(a)

(e)

X=I r

m/z (re
¡ L=PPh3 (b) X=Brr R=Ph, L2 =dppe (c) X{1, R=ph, L=pphs (d) m/2, assígnment, relative intensity
tivq intensity).
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Table 5

FAB mass spectra of the unsubstituted vlnylidene complexes (9) , (1o) and (11)

lM)
a

ÍI/-CZHù' other ionsc
+CompIex, lRu(L) -

(C5H5)l +

(9) a 7:-7d

(100)

429

( 60)

455' [M-PPh3 ] ,51

b(10) 591

(1oo)

565

(7r¡
609 ,lIt4+H2Ol ,6

5l-4, [M-Ph] ,5
488 , lM-c2H2 -Phl 

+,5

378, [M-PPh2c2Ha] 
+,11

352 , lu-c"H2-PPh2c2H4 l
+

,20

(rr¡ 345

(1oo)

319

( 3e)

243

(11)

+
167, [Ru(CsHs) ] ,0.5

(a)

(d)

L=PPh, (b) L=PMe3 (c) m,/2, assignment, relative intensity
m,/2, teLative intensity.



Ta-ble 6. FAB mass spectra of some cycloheptatrienylvi-nylidene c

Column entries in the form m/z (relative intensity)

Complex t
+ 

tø-phl 
+ lr-ctlzl+ tM (L) 2 (csHs) I 

+ 
[M (pphz) (csHs) ] 

+

Q7)a 71,
e 634

(3)

620

(100)

19
omplexes.

Other assigned ions

Lu-Crur-crHul 
+, 

5

tFe (dppe) (CsHs) -CsHs l+ , 12

lre lapn"¡ (C sH s ) -c sH s I 
+, 

8

[Fe (PPh2 ) z]+ , 50
I

ldppel ' , 7

IFe (CrH2PPh2) (C5H5) J 
+, g

lFe (cH2PPh2) (csHs) I 
+, ts

(s

b(28) 75

(1

c(2e) 97

680

(s)

666

( so)

882

(62)

519

(80)

565

(1_00)

69]-

(e)

306

(47)

350

(61)

352

(24)

trtrtr

4s4,

5]-9,

426,

398,

320,

9II,
379,

'ÞF

lM+matrix] 
*, 

1

IRu (CrH4PPh2 ) (CsHs ) ]
+

(4

L2=dppe, =Fe (b) L2=dppe, M:Rü (c) L =pph¡, M=Ru

m/2, as t, relative intensity
j-ntensity) .

989,

954,

863 ,

619,

448,

429,

287 ,

) ¿.L

767,

33

!

tMrol' 2
I

LM-FI , 4

lM-F-c7H7l+ , 6

[Ru(C2C5,Fs) (PPh3) (C5Hr¡ 1 
+

lRuF (PPhe ) (C5H, ) l+ , tl
[Ru (PPh3 ) (CsHs ) ] 

+, 
tOo

lRu (PPhz ) I 
+, t¿

lRuPh (CsHs ) I 
+, 

28

[Ru(c5H5)]+, t4

I7
(a)

(d)

(e) m/z (re1
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Ta-ble 7

Complex lMl

( 3o)
a

+

880

(1s)

1015

(3)

981

(7)

Ar{5HaNO2-

Ar=Ph, M{s
assignment

[M(PPhs) z-
+

(CsHs) l

[M (czR) -
L

(CsHs) I '

[M (PPh3 ) -
!

(csHs)l '

428d

(100)

429-427e

( r_00 )

519

(80)

h,r (PPh) -
!

(CsHs) I '

b

F mass ectra of some ldiazovin lidene c lexes

entries are in the form z relative intensi

+ + +
2l lM-NzArl lM-PPhg l other assigned ions9

r
lM-NArl ', 2

lM-NzAr-F l+ , 4

IM-PPha-NAr] 
+, 

5

[14-PPh¡-N 2url+ , 23

[¡r-PPh s-NzAr-F] 
+, 

7

lRu (CzCeFs) (PPhz) (CsHs) l+,
lRu(CzCoFs) (PPhz) (CsHs) l+,
lRu(Pth2) l+, 33

lRuPh (C sH s ) I 
+, 

1O

tRu (Pph) l+ , 2I

tRu(csHs) l+' 20

t1-4L , [ø+matrix l+ , t7

8'7g , [ (M+matrix) -PPh3 ]+ , 42

809, tos(co) (PPha)z(CsHs)l+, g

691 , [M-Nz-PPh s]] , 24

620, tos (czPh) (PPhg) (CsHs) I 
+,

730

(7)

882

( 33)

618

(8)

753

(6)

725

(32)

691-

(4)

69I
(s)

78L

(33)

358

(23)

(31) 352

(-)
896,

863,

634,

620,

601,

543,

524,

287 ,

244,

21-O,

16'7,

f

rÞ
NJ

80

10

c(321

(a)

(c)

(e)

9 442

(100)

, M=Ru, R=Me (b)

R=Ph (d)

Br=CsHgMe z-3 r4, M=Ru, R=C5F5

assignment [Ru (PPhe) (CsHs) -n] 
+

(S) m/2, assignment, relative intensity(PPhs-nH) (C5Hr¡ 1+

64
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_l 
ttu

+ R

L--)¡-C-C/
L

(27) M= Fe, Lz = dppe, R = Ph

(28) M = Ru, Lz = dppe, R = Ph

(æ) M = Ru, L = PPhg, R = CoFs

+ R

--l ttu

/.lvl-Ç:
PhsP' /

Ph3P

c<
¡:N-ar

(30) M = Ru, R = Me, Ar = CoH4NO2-4

(31) M = Ru, R = CoFs, Ar = C6H3Me2-3,4

(32) M=Os,R=Ph,Ar=Ph
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have the molecular cations as the base peaks.

The mol-ecufar cations of the cycl-oheptatrienyl

vinylidene complexes (Table 6) fragment by competítive

loss of the two vinyfidene substj-tuents; loss of CtHz is

favoured. The base peak in the spectrum of (27')

correspond.s to [Fe (CrPh) (dppe) (CsHs ) ] 
+ (n/z 620l , strong

analogous ions were found in the spectra of (2Bl and (29)

The peak at m/z 620 in the spectrum of (271 fragments

by loss of CrPh to give [Fe(dppe) (CsHs) ]+ and an unusual

l-oss of CrH, from this ion gave [Fe{CzH3 (pph2 ) , } ] 
+,

which can be formulated as containing a 5e donor

ICzH: (PPh3)]- ligand. Other breakdown routes incl-ude

elimination of CoHo or C2Hq molecules; at lower m,/z ions

containing PPh2 , CHzPPh2 and C2H2PPb2 frag.ments attached

to the Fe(CsHs) moiety were found. Fragrmentation of the

ruthenium analogrue (28) proceeds more clean1y, the base

peak being [Ru (dppe) (CsH, ) ]+ which loses pph2 and CzH.q .

The most interesting feature of the spectrum of (ël is

the peak at m/z 448 assigned to [RuF(pph:) (CrHu)]+

probably formed by transfer of fluorine to the metal with

el-imination of C2C6F,*. The molecular cation fragments

by competitive loss of Ph, CzHT and F. The latter

fragmentation gives a peak at m/z 954 which further

decomposes by l-oss of C7H7 giving an ion at n/z 863

assigned to lnu(czcsF4) (pphg) z (cuHr) ]+.
The aryldiazo-complexes (Tab1e 7') aII contain ions

corresponding to the molecular cation; the osmium complex

(lZ¡ also forms a matrix adduct

major fragmentation routes are

higher m/2. Two

PPh3 and of the

l-oss of arylnitrene

ion at

loss of
aryldiazo group. In the case of (3f¡
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occurs while with (32¡ loss of N2 gives an ion aL m/z 959.

The base peaks are centred on m/z 427 for (30) and (3f¡

while the analogous ion at m/ z 519 ( [Os (PPh: ) (CrH, ) ] 
+)

is found, the relative intensity of the phosphido ion

[Os (PPhz ) (C uH, ) ] 
+ is greater.
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CONCLUSIONS

Ruthenium and osmium o-acetylide complexes react

with halogens to give cationic halovinyÌidene derivativesi
j-n one case halogenation of the phenyl group of a phenyl-

acetylide ligand has also occurred. These can be isolated

as polyhalide (Brs-, fs-) salts and nucleophiles such as

H- or O'lte- displace X+ to give the corresponding acetylide

complex.

The reaction of ruthenium-halide complexes wi-th

HC2SiMe: in CH2CI , i-n the presence of NH4PFu represents

an exceflent synthesis of unsubstituted vinylidene complexes

[Ru(C=CHz) (f,) z (n-CrHr) ]*, (L=PPh,rPMe3i L2=dppe) . These

cations \¡/ere readily deprotonated by basic alumina or

KOBut giving the unsubstituted o-acetylide complexes

Ru(CzH) (L) z (n-CsHs) and this parallels the reactivity of

mono-substituted vinylidene complexes. These new vinylidene

complexes also react with water and alcohol-s in a similar

manner to other vinylidene complexes.

The addition of Brz Lo a solution of Ru(CzH) (PPh3) 2-

(n-CsHs) results in the cleavage of the Ru-C(sp) bond which

is in direct contrast to the reactivity of the substituted

ruthenium o-acetylides .

Complexation of the transient vinylidene moiety to

transition metal-s has afforded. the opportunity to study

reactions of this species.
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EXPERIMENTAL

General conditi_ons

Al-l- reactions \^/ere performed under nitrogen usi_ng

dried degassed solvents; no speciar precautions were

taken to exclude air during workup slnce nost complexes

proved to be stabfe in air as solids and for short times
in solution except for the syntheses and reactions of
the unsubstituted vinylidene and acetylide complexes,

when schlenk techniques \^/ere used to excl-ude oxygen.

Solvents used for Chromatrography and s,oectroscopy

were LR and spectroscopic qrade, respectively. Att
other sofvents v/ere AR grade and. were dried and

distilled under a ni_troqen atmosphere. The

light petroleum spirit used was a fraction of b.p. 62-66"c.
Melting points were measured in sealed capillaries using
a Garfenkamp merting point apparatus and are uncorrected.

corumn chromatography was performed und.er N2, using
water- jacketed col-umns (15 x 350 or 35 x 350 mm) with
silica (200-325 Mesh, AJAX), Florisil (60-100 Mesh, BDH) ,

neutral alumina (100-125 Mesh, activity:grade r, Fluka)
and basic al-umina (100-125 Mesh, activity:grade r, woel_m)

as adsorbents; preparative tlc was on 20 x 20 cm prates
coated with Kieselget 60 GFzsq (Merck, Darmstadt).

A small_ autocl_ave (Roth, 100 ml_) equipped with Teflon
gaskets and a glass riner was used for pressurised
reactions at less than B0 atm. Low pressure syntheses
were performed in thick-walled carius tubes fitted with
Rotaflo high vacuum taps.

Microanalyses h/ere performed by the canadian Microana]-ytj-cal
Service, New lVestminster, l¡ritish Col_umbia, Canada.



48-

Instrumentation

Infrared: Perkin-Elmer 683 double-beam and Perkin-

Elmer 1720 X FT spectrometers, NaCl optics, calibrated

using polystyrene absorption at 1601.4 cm-1.

NMR: Bruker CXP300 (lH NMR at 300.13 MHz, :Ip NMR

at 12I.49 MHz, 13C NMR at 75.47 MHz) and Bruker WPBO

(rH NMR at B0 MHz, 13C NMR at 20.L MHz). Chemical shifts

(300K) to low field are denoted posi-tive; internal

references \^/ere SiMe u ( t tC and IH Nl¡n) ; the external

reference for 3 tP NMR was 0.1M HCL/ 0.01M H spO,* in D zO

( 6 + 0. B ppm) . The shifts quoted for the t tp NMR spectra

are relative to 85% H3POa. With spectra recorded in non-

deuterated solvents, D 20 in a concentric tube was used

for the field lock.

Mass spectra: FAB mass spectra were obtained on a

VG ZAB zHF instrument equipped with a FAB source. Argon

or xenon were used as FAB gases, with source pressures

typically 10-6 bar; the FAB gun voltage was 7.5kV

current 1mA. The ion-accelerating potential was 7 kV.

The samples were made up as ca 0.5 M sol_ution in CHz Cl-z ¡

a drop was added to a drop of matrix (3-nitrobenzyl

arcohor) , and the mixture was appried to the FAB probe tip
Spectra reported below in the form: m/2, assignment,

rerative intensity; mul-ti-isotopic species are normalized

on the most abundant metal isotope. All metal-containing

ions with rel-ative intensitj-es greater than 1O? of the

base peak are listed as well as assigned minor ions. peaks

marked with an asterisk are the strongest of multiplets
related to the assigned formulation by addition or loss
of one or two H atoms. Most of the spectra \^/ere recorded
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within two minutes of sample introduction to avoj_d any

decomposition and/or side reacti-ons. Er mass spectra
\ivere obtained on a GEC-Kratos MS 307 4 mass spectrometer
(70ev ionizing energy, 4kv accelerating potential) .

Starting materials

Literature methods were used to prepare Rucf (L)z -
(¡-c5Hr) (L=pphr,uu pM"r; 

ut 
Lz=dppe) , " Ru(c2R) (pph tl z-

4r{ 25 25 25(¡-CrHr) (n=eh, C5F5, Me) , Ru (Czph) (dppe) (n-CrHr) I 
"

os(C2Ph) (pph.c) r(n-CrHr) " ..rd [Ru(NCMe) (pphs) z (n-CsHs)]-
46

IPF 6] . The diazonium saIt, [3 ,4-C5H3C]_2N21 IBF,+] was made

by diazotisation of the appropriate aniline with NaNo z/HBEt+¡

HCzSiMe s (Fluka) and xOBul (Fl-uka,i were obtained commercially.

Ethyne (Commonwealth Industrial Gases) \^ras

pre-purified by passage through H2SO+ (conc.).

Syntheses

A. Preparation of halovin lidenes

(a) Reaction of iodine

(i) with Ru (C ,ph) (pph ") , Addition of iodine
(160 mg, 0.603 mmor) to a stirred solution of Ru(czph) (pph s,r z-
(¡-c5H5) (200 mg,0.253 mmor) in thf (20 mI) resulted in an

immediate colour change to dark green. After 20 min and

evaporation to dryness, the residue was extracted with cH2cr2
(cu 2 mI) and the extract filtered i-nto excess stirred
diethyl ether to give green microcrystals of [Ru{c=c(r)ph}-
(PPh3 ) z (¡-c sH s) I [r s] (1) QB7 il9, B5z) . An analyrical

(dec.). [Found: C, 44.85¡ H, 3.11; I, 36.56; C+gH,*oL+pzRu

requires C, 45.29¡ H, 3.10; I, 39.06%1. Tnfrared (NujoI) :

x (c=c) 1638s; other bands at 15g0w, 1-518w, 14B0sh, 1438m,
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1435m, I4I2w, 1310w, I7B7w, 1160w, I092s, 1075w, 1040w,

1018w, 998w, 845s, 823m, 770w, 745s, 722w, 705w, 695vs,

613w cm-1. tH NMR: [ (Cor)2CO] 5.46 (s, 5H, CsHs); 7.57

(m, 35H, Ph) .

(ii) wj-th Ru (C2Me) (PPh¡ ) , (n-C.H. ) As in (i) above,

iodine (200 m9 , 0.7 BB mmol) and Ru (CzMe) (pphs ) z (n-CsHs)

(200 mg , 0.274 mmol) af forded [Ru{C=C (I)Me} (pphs) , (r-CsHs) ] -
[Ia] Ql as dark olive-green crystal_s (293 mg, 862') , m.p.

140-I42"C (dec.). [Found: C, 42.55¡ H, 3.10; I, 4O-03,

M (mass spectrometry) 857 ¡ C,*,* Ha s f ,*p 2Ru requires C , 42.68 ¡

H, 3.15; f, 41.00%; M 8571 . Infrared (Nujol): y(C=C)

1690m; other bands at t4B2m, 1438s, 1370w, 1185w, 1080m,

1035w, 1000m, 836w, 823w, 750m,j42m, 699s, 665m cm-1.
tH NMR: ô (CDCIr) 2-22 (s, 3H, Me); 5.26 (s, 5H, CsHs);

7.03-7.39 (m, 30H, ph). 13c{IH} NMR: ô(CDCIs) 15.6 (s, Me);

95.1 (s, CsHs); I27.7-133.9 (m, ph); 325-9 tt, r(pC) ISHz,

Ru=Cl .

(iii) wirh Ru (CrCaF.) (pph.) , (n-CsH.) - As in (i) above,

iodine (150 m9, 0.59 mmol) and Ru(CzCsFs) (pphs) z (n-CsHs)

(200 mg , 0.227 mmot) gave [Ru{c=c (I) C6F5 } (pphs) z (n-CsHs) ] _

lI3l (3) as dark green microcrystals (118 mg, 3gA), m.p.

724-125"C. [Found: C, 4l-.40¡ H, 2.55¡ I, 34.52¡

CqgHssFsIuPrRu requires C, 42.36: H, 2.54¡ I, 36.5321.

rnfrared (Nujot) : v (c=c) 1652m; other bands at 15BBw,

1519s, I497vs, I482m, 1439s, 1310w, 11BBw, 1159w, 113lw,

1100m, 1091m, 1012w, 1000w, 934s, 857w, 835w, g2}w, 752s,

7 45s , 739w, 705sh, 697vs, 660m cm- I . rH NMR: ô (CDCI s )

5.40 (s, 5H, CsHs); 7.27-7.36 (m, 30H, ph).
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(iv) with Os (Czph) (pph. ) , ( t-CsHs ) - As in (i) above,
iodine (73 mg, 0. 2BB mmof ) and Os (C2ph) (pph3 ) z (n_CsHs )

(80 m9, 0.091 mmof ) af forded los{c=C (])ph} (pphs )z(n-CsHs ) I _

lI: I (41 as dark green crystal_s (63 mg , 5OZ,) , m.p. 198-Lgg"C.

[Found: C, 4I.97 ¡ H, 2.93; I , 35.46¡ C+ gH,* e IaOsp2 requires
C, 42.36¡ H, 2.54i I t 36.53U I . Infrared (Nujol) : v (C=C¡

1640m; other bands at 1360w, I26Om, 1100m, 1090s, 1000w,

842m, 825m, 742s, 722m, 696s, 660m cm-l. 1H NMR: ô(CDC13)

5.44 (s, 5H, C sH s) ; 6.9-7 .4 (m, 35H, ph) .

(b) Reactions of bromine

(i) with Ru(Crph) (pprr s)z (n-CsHs) - Neat bromine (f ill,
excess) was added dropwise to a sti-rred solution of Ru(c2ph)-
(PPh3 ) z (n-CsHs) (1000 mg, I.26 mmol) in thf (10 mt) to give
immediately a dark green sorution. After 15 min, evaporation
to dryness, extraction of the residue with cHzcf z (cu 5 ml)
and filtration into excess Et2o afforded green microcrystals
of [nu1g=g (Br) lg5HaBr-4) i (ppns ) z (n-csHs) ] [Br: ] .Etro (5)

(1401 mg, B8?). [Found: C, 47.0I¡ H, 3.38; Br, 30.25;
C,*gHsgBr5P2Ru.CaH160 requires C, 46.54¡ H,3.11; Br, 31.60å1.
rnfrared (KBr) : v (c=c) 1638s; other bands at 3060w , 2930w,

2860w, 1482s, 1435s, r4r2w, r392w, 1315w, r272w, 1178w, 1160w,

I092s, I072m, 1029w, 1009w, 1000m, B4Bm, 825m, 752sh, 740s,
730m, 695vs, 6B5sh, 660w, 538s, 523vs, 574w, 498m, 490m,

465w, 44rw, 426w cm-r. lH NMR: ô(cDCt:) r.2r [t, ,¡(uu) 7Hz,

6H, (c¡r3cHz) 2oi 3.48 tq, 4H (cH¡c¡r zl zo), 5.35 (s, 5H, CsHs),
6.6-7.5 (m, 34H, ph). r3C{tHi u¡m: ô(CDCIs) 17.2 (s, CsHs);

Metathesis of the tribromide counter ion was achieved

by stirring a sol-ution of the vinylidene with a twofold excess

of NH4PF5 in CHzCLz. [Found: C,52.I2¡ H, 3.77ì Br, 15.06;
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Cq sHs gBrzFoP 3Ru requires C, 53 -12¡ H, 3.59 i Br , 14.59U I .

(ii) \,vith Ru (CzPh) (dppe) (n-CsHt) To a stirred

solution of Ru(CzPh) (dppe) (n-CsHs) (200 n9, 0.30 mmol in

thf (15 ml-) was added a bromine solutíon (20 ml of ca

0 . 0 38 mmol ml- 1 solution j-n CCl,* ; O .7 5 mmol) resulting

in formation of a g.reen precipitate of [Ru{C:C(Br)pfr} (dppe)-

(n-CsHs) I [Br] .0.5 Et2O (6) (251 mg, 100å) . Dark green

crystals, m.p. 79-80"C (dec.) were obtained from addition

of EtzO to a concentrated CHzCI z/etOn solution of (6) .

[Found: C, 55.97¡ H, 4.60i 8r,18.73; M (mass spectrometry)

745¡ C¡gHsqBrzPzRu.0.5 Et2O requires C, 51 .09¡ H, 4.56i Br,

18.53%; M 7451 . Infrared (Nujol) : v (C=C) 1640s; other

bands at 14BBsh, L445s, 1439vs, I4I9m, 1358w, I372w, 1100s,

1071w, 1045m, 1000w, BB0w, 850m, 831m, 798w, 758m, 750m,

742m, 718s, 706s, 690s, 61Bm cm-1. tH NI4R: ô(CDCI3) I.2O

lt, ; (HH) 7Hz, 3H, (C¡r3CH rl ,O) ¡ 2.5-3.8 [m, 6H, pCHz +

(CHsC¡rzlzOl¡ 5.63 (s, 5H, CsHs); 7.34 (m, 25H, ph) .

(c) Reaction of chlorine with Ru(C2Ph) (pphg) z(n-CsHs)

A stirred solution of Ru(C2ph) (pph3)z (n-CsHs) (200 mg,

0-25 mmol) in thf (20 ml) was treated with a solution of

chl-orine [6 mt of a 0.13 mmol m1-1 solution in Et2O; 0.77

mmoll immediately giving a green solution. After 20 min,

the sofution was filtered and evaporated to dryness. The

residue was extracted with CH2C1 z (20 ml_) and NH,+pFs (300 mg,

1.84 mmol) was added to the solution. After 10 min, addition

of EIOH to the filtered sol-ution and reduction in volume
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resulted in the formation of emerald green needles of

[Ru{C=C(CI)ph} (pphs) z (n-csHs) ] [pFo] Q) (70 mg, 2ïe"l ,

m.p. 139-141oC (dec.). [Found: C, 56.95¡ H, 4.07ì CI ,

B -93; u (mass spectrometry) 827; c+ gH,* ocltr6p3Ru requires

Ct 60.53; H, 4.I4r CI ,7-04%¡ M 8271 . fnfrared (Nujol_):

v(C=C) 1650s, v(PF) B4Ovs(br); other bands at 1483s,

1430s, 1416m, 13I2m, I270m, L220w, 1160m, 1092s, 1075sh,

1030w, I020w, 1000m, BB0m, B6Ovs, 790m, 745sh, 739s, 697vs,

640sh, 635w, 620w cm-r. IH NMn: ô (CDCI:) 5.63 (s, 5H,

CsHs), 7.I0-7.73 (m, 35H, ph) .

ts. Reaction of [Ru{C=c (Br) (C 5HaBr-4)} (ppfr. (n-C.H.) I [PF^l (s)

(a) with K IBH (CHMeEt) c I Treatment of a green solution

of (5) (200 19, 0.182 mmol) in thf (10 mt) with K IBH (CHMeEt) s ]

(0.4 ml of a 0.5 mol L-1 solution in thf ì 0.20 mmol) gave

a yellow sol-ution. Addition of MeoH (10 ml) and reduction

in volume (to ca 5 ml) gave a yellow precipitate of Ru-

(CzCsHqBr-4) (ppfr:) z (n-CsHs) (B) (101 mg, 64å), m.p. Lg2-Lg7"C

(dec.). [Found: C, 67.40¡ H,4.82¡ Br, 9.0I¡ n (EI mass

spectrometry) 872¡ C4gH3eBrP2Ru requires C, 67.59¡ H, 4.51-¡

Br, 9.18å; M 872) . Infrared (Nujot) : v (C=C) 2076vs¡

other bands at 1587w, 7482s, 1436s, I2I0w, 1185w, 1160w,

1095m, 1-090m, 1068m, 1005m, B2Bm, 822w, 810w, 800w, 759m,

747m, 739w , 699vs cm-1. IH NMR: 6(cDCl:) 4.32 (s, 5H,

Cs Hs); 7.L4 (m, Ht Ph * CoH,*) .

(b) with Sodium methoxide - A solution of (s) (200 me,

u - 1öz mmor) an cH2cl-z (20 ml) vùas treated with NaoMe (0.5

ml of ca 1 mol L-1 solution in MeOH; 0.5 mmol) giving a

yerlow solution. After filtering, addition of MeoH (10 mf)
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and concentration of the solution (to ca 5 ml_) a yelrow
powder of (B) was obtained (84 mg, 53u ). rdentified by

comparison of its 1H NMR and i.r. spectra with those of
an authentic sample.

C. Synthesis and reactj-vitv of vin \7 lidene complexes

(a) Reaction between RuCl (Ll z ( n -C.H") and HCrSiMe"

(i) L=PPhg - A mixture of RuCl (pph3 ) z (n-C5H5) (400 mg,

0.551 mmol), HCzSiMes (0.32 mI, 2.26 mmol) and NH4PF6

(180 fr9, 1.10 mmol) in d.y, distilled CH2C12 (40 ml)

was heated in an oi1 bath (58-65"c) for 7 h- The suspension

was filtered into excess stirred diethyl ether giving a light
yellow precipitate of IRu1g=g¡¡2)(pphs) z (n-CsHs) ] [pFs] (9)

(410 mg, 86Z), m.p. >150"C (dec.). [Found: C, 60-11; H,

4 -30¡ a (mass spectrometry) 717 ¡ cq ¡He zFop 3Ru requires
C, 59.94¡ H, 4.332¡ M 7I7) . Infrared (Nujol) : v (C=C) 16 2Bm,

v (PF) B44vs (br) ; other bands 3057w , !434s, 1092m, 1071m,

1025w, 1010w, 1000w, 935vw, 930vw, 920vw, BB0m, 750m,

748m, 741-m, 700s, 695s cm-1. 1H NtvlR: ô (CDcl_3) 4.34 [t,
;(pH) 2Hz, 2H, C=CH2l; 5.09 (s, 5H, CsHs); 7.0-7.42 (m, 36H,

Ph)- 13c{rH} N¡rn: ô[cHzcr2,cr(acac) g] 95.0 (s, csHs); gg.g

(s, CU); 128.0-l-34.0 (m, ph); 347.2 [r, r(pC) I5Hz, Co].

(ii¡ L2=dppe A mixture of RuCl_(dppe) (n{sHs) (116 mg,

0.193 mmol), HC2SiMes (0.20 ml, L-42 mmol) and NH4PF6

(121 mg, 0.7 42 mmol) in cH2cr z (r0 m1) was seal-ed in a carj_us

tube under vacuum and heated at gooc for 48 h. The turbid
sol-ution was transferred to a schr-enk tube, reduced. in
vol-ume (ca 5 mI) and filtered into excess stirred diethyl
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ether (ca 100 mr) to give a pare ye11ow precipitate of
lRu{C=Ctlr}(dppe) (n-csHs)l[pFs](l!) (100 mg, 7OZ,) m.p. >150oC

(dec.). [Found: C, 54.00; Ht 4.IB¡ u (mass spectrometry)
591 C::HsrFop3Ru requires C, 53.88; H, 4.252¡ M 5911.
rnfrared (thf ): v(c=c) 1631 cm-1; (Nujo1): v(c=Ç) 16 Arm,

v (P-F) B41vs (br); other bands I426s, L42Im, 13 O7w,

1161w, 1105m, 1068m, 1009w, 1001w, 929w, 876m, B6Ovs,

B51vs, 755m,748m,725m, 715m,706m, 700s, 691m, 680m,

653m cm-1. 1H NMR: ô(cD zCI,r¡ 2.g5 (m, 4H, pCHz); 3.19

[t, J(PH) I.SHz, 2H, C=CH2f ; 5.37 (s, 5H, CsHs); 7.16_
7 .57 (m, 20H, ph) . 13c { lH} ¡lun: ô [ (c¡ s) zco,cr (acac) g]

93.4 (s, CsHs); 96.7 (s, Cg) ; 130.0-136.0 (m, ph) ;

34 3 . 0 (t , .r (pH) IBHz, Col .

(iii) L=pMe: - As in (i) above, RuCl (pMe3) z (n_CsHs)

(207 fr9, 0.568 mmol) , HC2SiMe s (0.32 ml , 2.I2 mmol)

and NH4PFu (187 mg, 1.15 mmol) after 24 h afforded a

light ye1Iow precipitate of IRu{ç=ç¡¡r}(p¡¿es) z(n-CsHs) ]-
lPFe I (11) (242 mg, 87Z) , m.p. >1500c (dec. ) . [Found: c,
3r'70; H, 5'30?; M (mass spectrometry) 345: crsH25F6p3Ru

requires C, 31.91; H, 5.15%, M 3451 . Infrared (Nujol_):

v(C=C) 1625; v(p-F) B4O; other bands I325w, 13I2w,
1300m, !240w, 1020w, 970w, 950m, BB0w, 865w, 820m, 7AIw,
715w, 6B0w cm-1. rH NMR: ô(CDzCIù I.62 (m, 1gH, pMe) ;
3,76 [t, ;(pH) 2.4H2, C=CH2l¡ 5.42 (s, 5H, CsHs).
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Alternatively, a mixture of RuCl- (PMe, ) 2 (¡-C rH, )

(91 mg, 0.26 mmol) , HCrSiMe, (0.05 ml, 35 mg, 0.36 mmol)

and NH*PFu (110 m9, 0.68 mmol) in CH2C1, (I0 ml) was

heated at refl-ux for 3 d. Fj-ltratj-on yielded a dark

green paramagnetic powder which was not identified (71 mg).

[Found: C, 5.74¡ H, 2.89; N; 8.19%]. The green solution

v\Ias concentrated (cu 5 ml) to give crystals of a second

green complex characterised as IRuCtz (PMe:) z (n-CsHs) ]-

lPo2F2l -2cHzct-z (I4) (18 mg, I4e"l , m.p. >150"C (dec. ) .

lFound: C, 23-60¡ H, 4-70; M (mass spectrometry) 389;

CrrHr,CIzEzO2Pz-2CHrCl.z requires C, 23.63; H, 4.L2e"¡ M

3891. Infrared (Nujol) : v(PO) 1055s(br); v(PF') B40vs(br);

other bands 3125m , 1420s , 1309w , I29 5sh, I290s, 1285m , '7 ABm,

740m, 675m cm-1. 1H NMR: ô [ (c¡:) zCo] 2-06 (m, lBH, 'PMe3);

6.I2 (s, 5H, csHs) . FAB MS: 389 , lu)* , 100; 354, lu - c1l ,

19. The supernatant solution was then separated by prepar-

atj-ve tlc (acetone-Iight petroleum; 1:1) giving a major

mauve band (nr 0.75) which was crystallised from CrHr/EIOH

to give mauve crystals of [Ru(HCrSilrfe3) , (eue3) (¡-CsHs) ] lenu111t,

(12 mg, B?), m.p. 150oC (dec.). [Found: C, 36.86; 5.89;

M (mass spectrometry) 439¡ CrrHruFuPrRuSi, requires C, 37.04;

H, 5.872¡ u 4391 . Infrared (Nu jol) : y (SiMel 1-250s, v (PF)

B40vs (br) ; other bands I372w, 1304w, I297m, I250s, 1190m,

1109w, L092n, 979m, 965m, 959m, 940w, 910w, B7Bs, 762m,

740w,722w, 700w cm-1. 1H NMR: ô[(Cn3)rCO] 0.27 (s, 9H,

SiMer); 0.36 (s, 9H, siue,); 1.38 [d, r(PH) I3Hz, 9H, PMe3] t

5.40 (s, 5H, csHs). FAB MSz 439, lul!, 100; 366, Lu -
SiMer1,33; 272, [PMe,

peaks \^rere found aL m/ z

+ (Hc2SiMe, ) ,l* , 46¡ several high

495, 523, 548, 563, 577, 603.
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D. Preparati-on of ethynyl complexes

(a) Ru(C2H) (PPh.q)z(n-CsHs) (17)

(i) Method A: A sol-ution of [Ru{C=CH2} (PPhz) ,-
(n-CsHs) l[pF6] (50 mg, 0.058 mmol) in dry, degassed CH2CL2

(5 ml) was passed through a column of basic alumina

(1 x 10 cm) . Elution with CH2CI2 afforded a yellow

fraction which was evaporated to dryness to give an oì_1y

residue. Trituratj-on with dry,degassed light petroleum

afforded an air sensitive ye1low powder of Ru(CzH) (PPhz) r-
(n-CsHs) (17) (25 mg , 60e") , m.p. >150"C (dec. ) . A reliabl-e

analysis was not obtained. Infrared (Nujol) : v (CH)

3295, v (C=C) 1940m; other bands 1590w, 157Btl , 1550w,

1485w, I43Bw, I265w, 1190w, 1160w, 1090m, 1000w, 832w,

810w, 795w, 750w, 740m , 722w, TOOS cm-l. lH NMR: ô (CD zCLz)

1.95 [t, J(PH) 2.3H2, =CH]; 4.46 (s, 5H, CsHs) 7.1-7.7

(m, 30H, ph) . 13c{ ru} NMR: ô [cH zcl-z,Cr (acac) : ] 85.5

(s, CsHs); 96.6 (s, CA) ; 107.1, It, r(PH) 22H2, Co) ;

727.0-140.0 (m, Ph). FAB MS: 7I7, Lu + Hl+, 39¡ 69I ,

[¡,r - crn]+, :r4¡ 455, [u - pph3]+, 24¡ 42g, [Ru(pph¡) (crHr)]+,

100; 351, [Ru(PPh¡) (CsHs) C.Hr]*, 20. Further elution

with CH2CI z afforded trace amounts of a green fraction

which was not identified.

(ii) Method B: A sol-ution of [Ru{c=cu2 } (pph t) ,-
(n-CsHs)llPpol(50 mg, 0.058 mmol) in thf (10 m1) was treated

with KOBut (10 mg, 0.089 mmol) and stirred for 20 min, after

which time the reaction was adjudged complete Ithe disappear-

ance of the i.r. v(C=C) band of (9) was monitoredl. The

yellow solution was

extracted with Et20

evaporated to dryness and the residue

until- the extracts were colourless.
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Adclition of light petroleum to the fj-ltered extracts and

concentration resul-ted in the formation of a yellow
precipitate of Ru (CzH) (pphg ) z (n-Csus ) (17) (32 mg , 772,) ,

identified by comparison of its i.r. and FAB spectra with
those of an authentic sample.

(b) Ru (C zH) (dppe) ( n-C.H. ) Using Method B,

[Ru{C=CttzXdppe) (n-CsHs) ][pFo ] (45 mg, 0.061 mmot) , KOBut

(10 m9, 0.089 mmol) in thf (10 ml) gave a yellow powd.er

of Ru (CzH) (dppe) (n-crur¡ (14¡ (27 mg, 752), m.p. >150o

(dec. ) . [Found: C, 65 . 63; H, 5 -26>"¡ M (mass spectrometry)

591; C3 sHs rP2Ru requires C, 67 .22¡ H, 5.I22¡ M 5901 .

Infrared (thf ) : v (C=C) 194I cm- r . (Nuiof ): v (CH) 32BBw;

v(C=C) 1938s; other bands 1585w, I434s, 1100w, 1026w,

999w, 869w, 841w, 796w, 744m, 722rn, 697s, 674m cm-1.
rH NtttR: ô (cD zclz) 1.13 [t, ; (pH) 2Hz , lH, =cH] ; 2.33 , 2.75
(m, 4H, PCHzCnzPl ¡ 4.74 (s, 5H, CsHs); 7.10-7.g0 (m, 2OH,

Ph) . 13c{ 1g} NMR: ô [cH 2cl.2,cr (acac) , ] 27 .7 (m, pcH2cHzp) ;
82.7 (s, CsHs); 95.2 (s, CA) ; 108.0 [t, ¿(pH) 20H2, CoJ;

L27 .5-134.1 (m, ph) . FAB MS: 591, [ø + H] +, 43¡ 565,

îa - CzHl, 100; 513, [u - ph]+, 16.

(c) Ru(CrH) (PI.4e.), (n-C"H.) Using Method B,

lRu{c=cHr} (plr1es) z (n-CsHs)llpFsl (30 mg, 0.061 mmol), KoBut

(10 mg, 0.089 mmot) in thf (10 ml) gave a yellow precipitate
of Ru(CzH) (PMe3) z (n-csHs) (19) (18 mg, B6e.l, m.p. >15Ooc (dec.) .

rnfrared (thf ) : 1941 cm-1 . 1H NMR: ô (cD zcrzl r.2g [t, J(pH)

2Hz, lH, =CHl , I.47 (m, 1BH, ptvie3); 4.55 (s, 5H, csHs).

, f2ft

lRu(pl,tes) (crHu)l*, 10.

t
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E. Reactions of [nu (C=Clt, ) (ppn, ) , (n-C sHs)llPFol
(a) with Methanol - A solution of IRu (C=cH, ) leen t) z-

(n-CsHs) I [pF6] (50 n9, 0.058 mmot) in CH2C1 z (I0 m1) was

treated with MeOH (5 ml, excess) and stirred for 2 h.

Reduction in vol-ume af forded yellow crystals of tRu{c(oMe)Me}-
(PPh3)z(n-CsHs)llpF6l(24) (39 m9, 752'), identified by comparison

of its 1H trl¡,lR and FAB MS spectra with those of an auLhentic

sample (see below p.60).

(b) with water - A sol-ution of [Ru{ç:91¡2 } (pph g) z-
(n-CrHs) I [PFo ] (100 mg, 0.116 mmot) in thf (20 m]-) was

treated with water (¡ drops) and the mixture stirred for
16 h- Reduction in volume (to ca 10 ml) and addition of
Et2o (40 mf ) resulted in the formation of a J-ight yerÌow

precipitate of [Ru(co) (pphs) z (n-CsHs)] [enu1 (60 m9, 60%) .

Identified by comparison of its t.:.- and 'H NMR spectra
J5

with those of an authentic sample.

F. Reactions of alkynyl_ complexes

Reacti-ons of Ru (C ? H) (pph c ) z (n-C.H.)

(a) with bromine - A solution of (17) (75 mg, 0.105

mmol) in thf (10 mr) was treated dropwise with bromine

(0.6 ml of 31 mg ml--I solution in CCIa) to gì_ve an

immediate col-our chang,e f rom yerlow to red. Evaporation
and separation of the residue by preparative tlc (acetone-

light petroleurn; 1:1) gave one major band (R, O.lg, orange)

which was crystallised from cH2ctr/tueou to give orang'e

crystals of RuBr(Pph3)z(n-CsHs) l4't (47 mg, 58B). Identified by

authentic sarnple.
36
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(b) \,vith [3 '4-C6H3Cl2N2] [BF4] To a sol-ution of

Ru(C2H) (pph:) z (n-CsHs) (55 mg, 0.077 mmol) in thf (10 ml)

at -64oC was added solid 13,4-C5H3Cl2N2l IBFq] resulting

immediately in formation of a red solution. concentration

and filtration through basic alumina (f x 10 cm) gave

a dark orange solution. Addition of light petroleum

and further concentration afforded. dark orange crystals of

Ru(C2N:NC6H3Cl z-3,4) (pphs ) z (n-csHs) Qjl (B mg I I2Z) .

Infrared: (NujoJ-) v (C=C) 2002vs (br); other bands 1485m,

1440m, 1310s, I240v , 72I5w, 1095m, 1050w, 1005w, 868w,

832w, 820w, 795w, 782w, 750m, 745w, 72Iw, 697w, 66Bw cm-1.

FAB MS: BB9t, [ø + H]+, 12¡ 7I7, [ø - NzcoHrClr]*, 15;

69I, [Ru (pphs ) z (n-crHr) ] 
*, 15; 627 , [¡l - pph, ] 

+, 3¡ 467 ,

lu - pphs HNC6Hsclzl *, 15; 453, [¡r - pphs-HN zcaïrclr] *,

20¡ 429, [Ru(PPhs) (CrHr)]*, 100.

G. Reaction of [Ru (NCMe) (PPh" ) , (n-C.H. ) I [pF. with HCzSiMe

in methanol

To a suspension of [Ru(NCMe) (ppfrs) z (n-CsHs) ] [pFs]

(245 mg, 0.279 mmol) in MeOH (15 mI) was added HC2SiMe3

(0.05 mI, 0.361 mmol) and the mj-xture was refluxed for 2 h.

Filtration of the solution yierded a right yel1ow solid

lRu{C(OMe)Me} (PPha)z (n-CsHs) I [pFo] Q4') . Concentration

of the supernatant yietded a second crop of Q4l as yelrow

crystals (total yield: 166 mg, 672) , m.p. 150oC (dec. ) .

[Found: C., 58 . 8 7; H, 4.63 ¡ u (mass spectrometry) 7 49 ¡

Cq+H'+rF6OP3Ru requires C, 58.86; H, 4.60e"¡ M 7491 . Infrared
(Nujol) : v (C-O) I270s, v (P-F) A¿Ovs (br) ; other bands 3150w,

3070w, 1480m, I470s, 1440m, 1360m, 1350m, IIB5m, 11_60w,
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1095m, 1030w, 1020w, 1005m, 1000s , 975w, 930w, BB0s , 760s,

742s,'742s,700vs cm-l. IH NMR: ô(cDCl3) 3.03 (s, 3H, Me);

3.28 (s, 3H, OMe) ; 4.75 (s, 5H, CsHs); 7.0-7.4 (m, 30H,

ph) . 13C{1H} u¡ln: ô(cDCtg) 46.4 (s, Me) ; 60.7 (s, oMe) ;

97.4 (s, CsHs); I28.2-136.1 (m, ph) ; 309.15 [t, r(pH) I2Hz,

Ru-Col. FAB MS: 74g, lul+, 24¡ 7Ig, lu 2Me),0.75¡ 69I,

lu - c(olr{e)¡tel+, 9*r 626*, [Ru(pph3 )2, r.3¡ 486, lu pph¡]*,
*18; 47I^, lu - pph3 - Mel*, 2.4¡ 4s7, [u pph3 2Me),

3.1 ¡ 44I , ltq - pph3 oMe - Mel*, 37¡ 42g, [Ru(ppha) (cuHr)]+,

H. Reaction of RuCl(pphe) z (n-CsHs) with HCzSiMeg in Methanol

A suspension of RuCl (Pph3 ) z (n-Cstt, ) (211 mg , O -291 mmol)

and HCzSitrfes (0.05 ml_, 0.361 mmof ) was heated at ref l_ux

point for 30 min. The light yellow solution was evaporated.

to dryness, the residue extracted with CHzClz (ca 2 mI)

and fil-tered into excess stirred Etzo giving a right yelrow

precipitate of [Ru{C (ol,le)Me} (pphg) z (n-csHs) ] [Cl] (25) (187 mg,

B2Zr, m.p. >150"C (dec. ) . Infrared (Nujot_) : v (C-O) I270s¡

other bands 1470m, 1438m, 1352m, L347m, 1186m, 1160w, 1095w,

1030w, 1005m, 1000s, 974w, 930w, 760s, 742s, 70Ovs cm-1.
rH NMR: ô (CDCI3) 3.02 (s, 3H, Me); 3.26 (s, 3H, OMe) ¡ 4.75

(s, 5H, CsHs); 7.0-7.4 (m, 30H, Ph) . FAB l-{S z 749, [ul+, 76¡
*rf,135^, [ø - CH:], 3; 7Ig, [u - 2¡,le]+, :' 2¡ 69I , Lu C(oMe)Mel+,

*7¡ 625 , [Ru(PPhs)z] 1.3; 547, lu - pphs 2¡lel+, 1.3¡ 486*,

[u - pph3]+, 3; 47L*, la - pph, - Mel*, 4¡ 457, ltt - pphs

2piel+, 10; 429 [Ru(pphs) (crHr)]+, 100; 352, [Ru(pphz) (crHu) ]*,
11.

100.
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f. Reaction of RuCl (dppe) (n-CsHs ) with ethyne

(a) i-n methanol - A suspension of RuCl(dppe) (n-CsUt)

(118 mg, 0.197 mmol) and NH4PF5 (32 mg, 0.196 mmol) was

stirred in HC2H saturated MeOH (10 ml) for 40 h.

Filtration of the solution yielded light ye11ow crystals

of IRu{C(OMe)¡,le} (dppe) (n-CsHs) ] IPF6] (26) Concentration

of the supernatant yielded a second crop. (Total

yield B0 mg , 532), m.p. >200"C (dec. ) . lFound: C, 53.51;

H, 4.53¡ u (mass spectrometry) ,623; C¡qHssFsOPrRu requires

C, 53.20¡ H, 4.602¡ u 6231 - Infrared (Nujol) : v (C-O') 7247 s ,

v (P-F) B4Ovs (br) ; other bands 1438s, 1310w - 126Bw, 1180w,

1160w, 1105m, 1095w, 1030w, 1200m, 894s, B2Bs, 750m, 720w'

700s, 678m, 650w cm-1. FAB MS: 623, [ø]+, 100; 593'

l.(u - oMe) + Hl+ , r7; 565, [Ru(dppe) (csHu) ]+, 29¡ 488, [Ru-

(dppe) (C sH s ) - Phl +, 3;

(b) in the presence of AgPF^ - A sol-ution of RuCl--

(dppe) (n-CsHs ) Q24 mg, 0.37 3 mmol-) in cH2cl z (20 m1) was

treated with AgPFu (130 mg, 0.514 mmol-) giving an immediate

precipitate (AgCI) and a dark red solution. Throuqh this was

bubbled HC2H for 45 min, resulting in a lightening of the

solution colour to pale orange. The solution was concentrated

and filtered through celite j-nto excess stirred Et2O giving

a pale yeJ-Iow precipitate of IRu (n 2-HCzH) (dppe) (n-CsHs ) ] -

lPF6l l22)(111mg,40e.'), m.p. >100oC (dec.). lFound: C, 48.55¡

H, 4.I4ì M (mass spectrometry) 591 CssHsrFePrRu requires

C, 53.88; H, 4.25%¡ M 5911. Infrared (Nujol): v(CH) 32I0w,

31 5Rw - rr lC=Cl 1 750w - u lPFl 841vs lbr) ; other bands 1440s,

1300m, 1190w, 1140m, 1100m,

lul+ , 19¡ 5G5, lu - Hc2Hl +,
1075m, 1OO0 cm-1. FAB IIS: 591,

100;
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X-ray structure determination of (24)

General techniques and detai-rs given below apply to
the structure of (24) , determined by the author.

A suitable crystal (0.50 x 0.18 x 0.50 mm) of
vùas gro\iìln from CDCI, /pieOH by solvent dif fusion at ambient

temperature and was mounted. on a glass fibre using cyano-

acryrate 'super glue' . Lattice parameters v¡ere determined

from a least squares fit to the setting angles of 25 high
angle reflectj-o.råtor an Enraf-Nonj-us cAD-4F four circl-e
diffractometer using graphite monochromated Moro (¡. = 0.7r07Å).
The crystar was found to be orthorhombic with systematic
absences hoo: h=2rt; oko:k=2n and ool zr=2n uniquely defining
the space group e272y21 (o|, No.19).

Crystal data C,* qHr* 1F6OP3Ru of (24)' , M 893.8, orthorhombic, space

group e272121 (Dr, No.19), a= 11.934(4,), b = 14.B5B(4),

c = 22.287(4)Å, v - 3952(2)it, Dcalc = I.502 g cft-3,
z = 4, F(000) = L824, T:293(2)K, O range 1.5-25"¡ of 4300

measured ref lections 3219 \,vere found to be unique, with
r >2.5o'(r) , U0 .531 mm- 1 , absorption correction applied;
maximum and minimum transmi-ssion factors 0. B6o and 0.7g4.
rntensity data were measured using a o:20 scan technique

in the range -IAshSO,-17</ç<0,_23S-z<3 with the
inclusion of some high-angfe Friedef pairs. Three reference
reflections (222, 121 , o2rl \^/ere monitored every 3600 sec of
X-ray exposure time to check for crystal and machine

stability; no appreciabl-e variation in the net intensity varues
\^/as observed. Data reduction and the apprication of Lorentz
and polarization

PRIABS and PROCES

corrections were undertaken using the programs

correction for qxtinction was made.
48

NO
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An analytical absorption correcti-on was applied using the
49

SHELX 76 system of programs. Refl-ections with intensities

t<2.56(t) were rejected; while equivalent reflections vsere

averaged.

The ruthenium atom position was determined from a

Patterson map and the remaining non-hydrogen atoms were

located by means of subsequent Fourier difference maps. The

structure was refined by full matrix least squares procedures

on 247 parameters based o., F. ut Phenyl groups were refined

as hexagonal- rigid rings (C-C 1.39å) with isotropic thermal

parameters. Anisotropic thermal parameters were employed

for the remaining non-hydrogen atoms; hydrogen atoms vüere

included in their calcul-ated positions (0.97Å). fn the

final refj-nement cycles the weighting scheme t w = [o'(r)+ lgl-

F2)-1 was employed and at convergence g = 0.0006 and R = 0.046

for the preferred chirality. Bond lengths, valence angles,

non-bonding distances and their standard deviations h/ere all

calculated using SHELX 76 and diagramswere drawn using PLUTO. AII

programs were implemented on the VAX1I/785 computj-ng system

at the University of Adelaide. Neutral atom scattering

factors for C, H, F, O and P were those listed in SHELX 76

and those for Ru were corrected for f- and f".s'

The listings of observed (Fe ) , and calculated (Fc ) structure

factors along with positional and thermal parameters for the

structure are in the appendices.
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INTRODUCTfON

Acetylenes occupy a prominent place in org'anotransj-tion

metal chemistry in view of their ability, in the presence

of transition metals, to undergo an interesting and complex

range of reactions. These can be as simple as ligand sub-

stitution, to give n-acetylene complexes, and as complex as

cyclooligomerJ-sation reactions giving dimers, trj_mers and

tetramers. In many reactions it is often assumed that

simple n-acetylene complexes act as intermediates in the

formation of more complex products. 
1

Coordination of an acetylene to a transition metal via

a n-interacti-on results in two basic structural alterations

to the carbon skeleton, (i) a deviation from linearity

giving a cjs-bent structure and (ii) the acetylenic C=C

distance increases by an amount which approximately parallels

the strength of the metal acetylene bonding interaction.'

The extent to which the acetylene is modified on coordination

can be rationalised in terms of the orbital interactions

shown below.

I
t
I
I

(b)
(a)

(c)
(d)
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on the basis of overlap considerations above the major

contributions to the metal acetylene bond wil_l come

from interactions (a) and (b) . 
t, t, u 

Th. bondì_ng invol-ves
the synergic action of (a), which ari-ses from donations
from the fifled r-orbital j-n the plane of the metal
acetylene linkage (ny) to an empty o-type orbital on the
metal-, and (b), where back donation of electron density
from fil-red metal d-type orbitals to the antibonding
counterpart of ny occurs. Important in determining
the extent to which each interaction contributes, is the
metal- present, its oxidation state, other ligands attached
to the metar and the el-ectron withdrawing or donatì-ng

abì-lity of the acetylenic substj-tuents. t

rnteraction (a) predominates in the T-acetylene
complexes of the early transition elements particularly

those in high oxidation states and with electron donating
substituents on the acetyrene whi-1e interaction (b) is
favoured by the later transition metal_s and acetylenes
bearing el-ectron withdrawing substj-tuents. t

For some cases it is possible that orbital inter-
actions (c) and (d) make some contribution to metal-arkyne
bonding, involving the n, andrr* orbitals of the C=C

t3l+
bond. ' ' However, overlap considerations suggest that
back donatj_on via interaction (d) can probably be neglected
and otsuka and Nakamurat ".rgg""t that (c) can result
in a net increase in bonding if there are suitable empty

d-type orbi-tars on the metal. This is the case wi rh
earry transition metals in high oxidation states whereas

wi-th the later transition metals, with low oxidation
states and full- d-orbitals, interaction (c) would have
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3a destabilising, antibonding effect.

Otsuka and Nakamurat u.l-"o point out that the extra
stability gained from a bonding interaction of this type

t (c) I enables the isolation of n-bonded acetylene comprexes.

However, with the later transition metals, where the inter-
action becomes non-bondirg, complexes containing more than

1
one ¡-bonded acetylene are rarely isolated as the acetylenes
exhibit a greater propensity to undergo cyclisation
reactions.

The destabilising interaction (c) resul-ts in the

activation of acetylenes by complexation to transition
metals and has been discussed in terms of the n2*rì1 trans-
formation depicted in equations 1 and 2-

R

I
c

M- lll
c
\
R

R

I
c

M- lll

a

M M
ac.. .æ (1)

RRRR

M
a+
M

a

ca.

c
----+

R R

æ

R

c:c..
R

(2)

R



a1
I Jt

The cationj-c form (equation 1) is expected to contribute

significantly i-n complexes where electron donating

substituents are present on the acetylene whereas electron
withdrawing groups will stabilise the anionic form

(equation 2) - fntermediates of this latter type are

frequently invoked in reactions of cz (cF:) z and dimethyl-
acetylene dicarboxylate (DMAD) with metaf complexes.

A Ìarge number of inorganic and organometal_lic

compounds of transition metals have the ability to cyclo-
origomerise and polymerise acetylen.=.t cyclooligomeris-

ation of acetylenes in the absence of metal complexes is
subject to the conservation of orbital symmetry if the

reactions proceed in a concerted manner. conseguentJ-y,

formally forbidden thermar cyclisation reacti-ons of
acetylenes are expected to proceed stepwise rather than by

a concerted mechanism. I

An o1d but interesting example of the ability of
metars to catalyse forbidden pericycij-c reactions is the

nickel-promoted cycJ-isation of acetylenes to give cyclo-
6octatetrenes. A comprehensive summary of the work in

this area has been recently pubrished as an introduction
to an elegrant labe1ling study of ethyne tetramerisationT
in the presence of Ni catalysts. This study made it possible
to eliminate several- mechanisti-c possibir j_ties, including
those involving cyclobutadiene or benzene intermediates
and mechanisms that randomise alkyne carbons by complete

cleavage of tripre bonds. rt was concruded that cvcl-o-

octatetrene formation probably proceeds with either a step-
wise or concerted mechanism of formation. The ratter process

involves the nickel atom acting as a temprate with a1t four
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acetylene molecules simultaneously boundto the metal

prior to coupl-ing while the former involves metallacyclic

intermediates in which each acetylene unit is added in a

distinct =t"p. 
t

Acetvlene oligomerisation

Dimerisation of acetylenes on metal centres frequently

leads to metallacyclopentadiene or cyclobutadiene complexes,

which in some cases have proved to be capable of inter-
I 9conversron.

Yamazaki and co-workers reported that the metallacycle

(1), which was obtained from the reaction of a monoacetylene

precursor with PhCzPh, underwent either reductive cyclisation

to the cyclobutadiene (2) or reacted with CO to give a metalla-

P Co Ph

Ph Ph

e)

Ph3P

Ph
Ph

(1)
I

co Ph
O

o

Ph
Ph

(s)

^
PhI

Co

Ph

10
cyclopentadienone

acetylene complex

(3).

(41

They subsequently showed that the mono-

reacted with different acetylenes to
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produce isomeric metallacycles but of the three possible

i-somers only two were fot*"dtt (equation 3) .

+ MeO2C-C=C-Me

-
--C-Ð

[/e I

Co
C02f\/e

Ph3P
Ph3P

MeO2C ]i/e
/

Cq[/e
h/e

(¿

Equation 3 C02tve

Ph3P

N¡e fMe

CqMe

Two mechanisms were proposed to account for these features,

one of which involved a bis-acetylene complex intermediate

and the other involved a dipolar species (cf equation 21.

It was concluded that the former mechanism r¡üas most

probable as polar sol-vents had no effect on reaction rate. 
t t

The regio selectivity observed in such reactions is thought

to be governed by preferential_ arrang:ements, allowing for
steric effects, of the two acetylenes in the intermediate

I

I

Co

+

complex.

Dimerisation of acetylenes need not proceed. via a

metallacyclic intermediate. For the formation of substituted

cyclobutadiene complexes from disubstituted alkynes with pdcrz,
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Maj-tfis12 proposed a sequence of coordination, insertion and

ring closure reactions resulting i-n the formation of a cyclobu¡ene

intermediate which isomerises to the cycÌobutadiene product (5).

cl
I

Pd

I

1

\

+

-

R cr

c

c

R2 Pdct

R1-c=c-R2

R1

Ic-c r

1
R

Pdct2

R -C=C-R

clil-
c
I

R2

1

2

R1

Pdct2

R1
R R

R2R2

'cl
'cl

R"-cy'
I

R,,-C\

:)

R2
PdCI

R1

Scheme 1

Cyclotrimerisation to form benzene derivatives

has probably been the most studied of a1l- metal--

promoted reactions of acetyJ-enes and a number of reviews

concerned partly or whoÌIy with the subject have
5¡8¡13

appeared. Cyclobutadiene intermediates were

initially sugqested as possible intermediates in the

cyclotrimerisation reaction but this idea was soon abandoned

However, in one case Russian ro.k"r"t 
u 

obtaj-ned the

complex N b(co) (n 2-phczph) (n 4-c+ph,* ) (n-c sH s ) (6) , f rom
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the reaction of the bis-acetylene complex Nb (CO) -
(n'-phczPh)2(n-csHu) with excess Phc2Ph in benzene,

which was found to decompose by releasing ph5C6 on

heating. Although the concerted reaction is formally
allowed it has been suggested that a step-wise

oxj-dative mechanism might be operating in the formation
16

of (6).

Otsuka and Naka*rrrrt have suggested that cyclo-
trimerisation proceeds via insertion of the acetylene

into a metal carbon n-bond of an initially formed

metallacyclopentadiene leading to a metallacyclo-
heptatriene (Equation 4). Complexes of this type have

been i-solated. "

or M

Equation 4

An arternative view suggested is Diel-s-Arder addition of
an acetylene to the diene moiety of the metallacyclo-

t8pentadiene generating a bicycric intermediate (equation 5).

the arene.

FC:CH
M

M
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Equation 5

It has been assumed that n-coordination of the

acetylene precedes either of the two suggested

mechanisms and this assumption is supported by collman

and co-workers 
I s 

who observed that bÌocking the

vacant coordination site of IrCl- {C 4 (CO zMe ) q } (ppfr , ) ,

with CO, completely inhibited the cyclotrimerisation

of DMAD. More re""rt1y,'o the complexes IrMe(Co) (pph3) 2

and IrMe(CO) (PPhs) r{Cz (COzMe) z}were found to be active

cyclotrimerisation catalysts for DMAD. The mechanism

suggested requires the production of a vacant coordination
site by methyl migration leading to rr(coMe) (pprrg)z{cz-

(COrMe) , ), (a neopentyl analogue was structuralty

characterised) which then rearranges to a metalla-
cyclopentadiene comprex. ït is notable that the haride
complexes IrX (CO) (PPhs ) z are inactive for cyclotrimerisati"å:

M

l-0:cH
M

It was found that
(n-CsHs) catalyses the

the metallacycle Co (Cutvlea ) (pph3 ) -
cyclotrimerisation of 2-butyne
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according to a rate law consistent wj-th pri-or dissociation
18

of the phosphine ligand. In contrast, the pMe3 analogue

is unreactive towards 2-butyne even at elevated temper-

atures whereas DI\{AD reacted with Co (CqMe+) (pMe:) (n-C5H5)

to give dimethyl 3,4,5,6-tetramethylphthalate at room

temperature. In this latter reaction it was suggested

that a Diel-s-Al-der cycloaddition has occurred which

further ill-ustrates the importance of the nature of

Lhe a]-ky:ne in determining the mechanism which operates in
cyclotrimerisation reactions.

cyclotri-merisation in the pal-ladium systems investi-
T2

gated by Maitlis does not proceed via metal_lacyclj_c

intermediates. rnstead he again proposes a sequence of
acetylene coordinatj-on and insertion reactions leading to
intermediate (71 which undergoes ring closure via a

cyclopentadiene comprex to yield free benzenes (scheme 21.

N¡e Cl ['1e cl-
I

Pd-Pdct
t\r1e

CI

2
túe

(Ð

CIPd

fMe

lMe

N4e

+

N¡e[/e

¡/e
2

t\¡e
ct

I/e Nle túetMe

[,1e

h¡e

Scheme 2

fúe

[/e

N¡e

t\4e
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Dinuclear complexes also undergo a díverse range of

reactions with acetylenes. These include cyclooligomerisations

in which metallacyclopentadienes are again thought to be inter-

mediates. The novel metaf lacyclopentadiene (B) \^7as isolated

from the reaction of cyclooctyne with Coz (COl ," and was found

to catalytically cyclotrimerise cyclooctyne.

z)o

Hz)o
(CO)3Co Co(CO)z

(8)

Tetramerisation

The Reppe, metal catalysed assembly of acetylenes

into cyclooctatetrane has already been mentioned.

Monosubstituted alkynes are also readily cyclotetramerised,

with both simple and

using Ni catalysts.

Metal complexes

rarer. Some binucle

Stone and Knox who f

23
functj-onalised tetramers available,

containing acetylene tetramers

ar complexes have been obtained

ound that step-wise addition of

are

by

acetylenes to {M(cO) z (n-CsHs) }z (M= Cr, Mo, vü} 1ed to

binuclear complexes (9) containing carbon chains constructed
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24
of four acetylene unj-ts.

R2

R2

(n_csHs)M- :[/ (q-CuHs)

1'.R
R1

ligand.

Maitlis and co-workers ,r2 27

R2

R2

(9; R1 ,R2 = H, Ph, CO2Me)

(not all combinations)

A complex similar to (.9) was obtained from the

reduction of [Mo (MeCN) (MeCzMe) z (n-CsHs ) ] BFu with

NalFe(Co) z (n-CuHr) 1." Extention of this reaction to

[Mo(NCMe) (n2-gutczH) z (n-csHs) ] IBF,-] 
t'afforded 

two

dinuclear acetylene tetramersi [Moz {u- (o,n 3 :rì2 zn3 ,a-

csHuBrtu) Ì (n-csHu) r1 (10) and Mor{u- (o,n3:rì3,o-

H=cHButcrHrButg) Ì (n-crHu) rl (rr). Both complexes $¡ere

characterised crystallographically and (10) was found

to be structurally similar to (9) while (11) was

described as having a vj-nyl substituted Cu 'flyover'

organic tetramers (Equation 6).

found that the reaction
2-
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But

H

Mo(q-C5H5)
H

t
,

t
t
t

Ph

(n-C5H5)Mo But

But

H

But

(1 1)

sj_milar organic compounds were also obtained from

the reaction of other terminal acetylenes with the

butadienyl complex (L2l . The formation of these

organic compounds can be rationalised in terms of an

extention of Schemes 1 and 2."

Ph
Ph

Phc2H Pdcl4- +

Ph

Ph

Ph

+

-Ph Ph

Bu CI
R

R

H +
Ag

NIe

Pd

(12\

cl
But

+ RC2H

Equation 6

Bu
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Linear oIi- omerisation

The best characterised system for the di-, Lri-,
and ¡s¡ramerisation of acetylenes by transition metal-s

j-s the previously mentioned Pd (ff ¡ system of Maitl-is.t'

He suggests that the key intermediates are o -butadienyl
complexes, an example of which was obtained from the

28
reaction of PdCl2 (PhCN) 2 with gutc zMê , (13) . These

butadienyl complexes are formed by cis insertion of a

previously coordinated acetylene mofecule into a PdCl- bond.

But

CI

ct
But

But

I/e

fMe

Pd
,- Cl-.. /,Cto- 

a r- 
td- 

c

Me

fvle

But
(13)

The insertj-on of acetylenes into metal_-hydrogen bonds

represents one of the fundamental- processes of organometallic
1 29

chemistry. ' Such insertion reactions may proceed with
either cjs or trans addition of the alkyne and it has been

pointed out that determj-nation of the product stereochemistry

is not trivial .3'30" 
tÀ 

r""".rt reinwesticraf ion of l-ha

insertion of DMAD into the ReH bond of ReH.(rì-CsHs) z

the original stereochemicar assignments of Dubeck and

hlere incorrect and that the first formed vinyl comprex

found that

Schel-1
ât
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has trans or (Z) stereochemistry. A slow isomerisation to cis

stereochenistry was observed at 75"C even in the absence of the

platinum catalyst mentioned in the original l-iteratu tu.t'

The ruthenium hydride complex RuH(PPhs) z(n-CsHs)

(14) \^ias also found to insert DMAD and hexafluorobut-2-yne33'3+

affording simple mono-insertion products Ru{ (E) -C (R) =CH (R) }-
(PPh3)2 (n-CsHs) t (15) R=CF3; (16) R= COrMe, respectivelyl .

In the hexafluorobut-2-yne reaction the acetylene was

also found to oli-gomerise giving the bj-s-insertion buta-

dienyl complex, Ru ic(CF,)=C(CF3)C(CFs) CH (cF3))(PPh3)-

(n-CsHs) (17). Hexafluorobut-2-yne also reacted with

R

I
I

Ru R

Ph3P

H- Çl
I

cFg

CFs

(17)
(18)

R=CFs
R = COzMe

complex (16 ) to give a butadienyl complex (18) analogous

to ( 17) . In this reaction the second acetylene apparently

does not simply insert into the Ru-C bond but instead apparently

inserts into the CH bond of the vinyl ligand of (16,). This
35

type of insertion has also been observed by other workers.

t'o explar-n thas unexpected resul_t an l_onl_c mecrranl_sm has

been proposed in which the hydrogen is transferred back

to the metal during the reaction (Scheme 3).
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Scheme 3

Reaction between RuX(PPha)z (n-C5Hu¡ (X= H, Mê, or

CH2Ph) and HC2R 
36 

(R= CO2l"Ie, COMe, CFs or CeFs) was

al-so the source of other novel oligomerisation products

containing one, two or three alkyne molecules. Among

the products isolated from the reaction of (14 ¡ with

HCzCO2Me was the butadienyl complex Ru{ C (COzMe) =C (H) c (H) =C (H) -
(COzMe) Ì (PPhe) (n-CsHs) (19) and the pentatrienyl complex

Ru {c (H) =c (cozMe)c (cczMe) =C=C (Me) (Cozue) ] (pphr) (n-c5ttr¡ (20)

CO,N¡Et' H

I
¡

Ru \
H

I

Ru
\PhsP/

t\r-tozlve

I

I

H

"L":¿-.o,*H

G_9_)

[/e\

(æ)
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in whj-ch the acetylene h/as dimerised and trimerised,

respectively. The methyl- and benzyl complexes gave

only dimers analogous to (19 ) in their reaction with

HC2CO2Me. The reaction of HC2CF3 with the methyl compl-ex

RuMe (PPh3) z (n-CsHs) afforded a novel structurally

characterised cumulene derivative, Ru {c (cr'¡ ) =c (H) c (cF s ) -
=C:C-C(H) (CFs) Ì (pphe) (n-CsHs) (2I) in which the acetylene

was trimerised.

F3

C
\

c
I

I

Ru H
PhsP/ c

H\ r=l
/"

FsC

c:t-rr,

(L)

Reaction between alkynes and the chloride bridged

cyclopalladated dimers { d(Ce HqNHMe=Ol j z(U-CI)z and

{ Pd(C5HaNHCMe=NPh) Ìz (U-CI) z has also resulted in the

isolation of products in which one, two or three alkynes

inserted into Pd-c bond". " Earlier workers had reported

the j-nsertion of hexafl-uorobut-2-yne into the Ru-C bond

of Ru(CoH,*PPh2) (PPhs) z (n-CsHs) in which a bis-insertion
38

pro(lucË t\ras l_SoJ_ated.
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39
Spanish workers have found that RuHCI(CO) (PPh3) 3

(22) readily inserts HC2Ph, HCz (CsHz) and PhC2Ph in

cH2Cl z to give red vinyl complexes RuCl-(nC=Cuá) (CO) (PPh3) 2

Q3') (R= H, R = C:Hz, Ph; R= R = Ph) in which one phosphine
40

Iigand was eliminated. They later found that complex

(221 reacts readily with activated acetylenes RCri.

(R= CO2Me, COzEt, COMe and R: H; R=R: COzMe) giving

mixtures of products, from which complexes containing one,

two or three alkyne molecules coul-d be isolated. Two

types of bis-insertion products were isol-ated RuCl{ttC=C-

(cozR) c (H¡=s (H) (cozR) Ì (co) (pph3 ) 2 Q4l and liu{R (o) c}-

C=C(H)C(H¡:s(H) (coR) I [c=c(CoR) ] (co) (pph3) 2 Q5].
The mono-j-nsertion products were analogous to complexes (231 .

R
I

c G&
\

(PPh3)2(CO)(ROCC2)Ru

G (25)

/c:c.,
H

H c(co)R

ct H

Ht
ca.

(PPh3)2(cO)(Cl)Ru
G

(24)

R= OMe, OEt

41
Complexes (24| and (251 were believed to derive

H

formed vinyr complexes. support for this was gained from

the isolation of 'mixed' bis-insertion products

R 1{MeO (O)CC€(C OzMe) C (R') =CH 1¡¡ ] (CO) (pph 3 ) 2 (26 1 .



(R -= R=H,

from the

With DMAD

Me, Ph;

reaction
41

BB.

R-: H, R= CrH, Btt, SiMe3,

of vinyl complexes analogous

Ph)

to p3l

& CozlVe

CfVe
I

c

R

ca,
ct

R'

H\
(PPh3)2Cl(CO)Ru

(æ)

Structural studies of complexes (23) , (24) , (251 and

(261 allowed their stereochemistry to be unambiguously

determined and from these it was determined that cis addition

of acetylenes had occurred.

It is interesting to note that in the insertion
oligomerisation reaction so far discussed only acyclic
oJ-j-gomers have been found except in cases where ketonic

oxygens of ester groups also coordinate to metal atoms.

This acyclic oligomerisation of acetylenes is also

observed in the insertion reactions of terminal acetylenes
(Hc=cñ,) into the Re-c bond of Re t (r) -{cH=cHR}l (n-crHr) ,
which affords butadienyl complexes Re I (t,t)-1CU=C(R-)C(H)-

=c(R) (H) Ìl (n-cuH ul ,u '(*,*-=coMe, CorMe).

The first part of this chaptêr describes the reaction

of dimethylacetylene dicarboxylate (DMAD) with RuX(pph3) 2-
(n-CsH5 ) ()(= Cl-rI) and the second section describes the

reinvestigation of the reaction between DMAD and RuH(pph3)2-
(n-CsHs ) .
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RESULTS AND DISCUSSTON

A. Reaction of Dimethyl acetvl-enedicarboxvlate with some

Cyclopentadienyl ruthenium complexes

Heating a suspension of

RuCl (PPh3) 
2 (n-CsHs) and dimethyl acetylenedicarboxylate

(DMAD) , in the presence of NHupF6, in refluxing methanol

for ca t hour g'ave a complex mixture of products. Chroma-

tography aflowed the isolation of one major product,

identified by the usual spectroscopic and microanalytical

techniques as RuCl- { n 
u-CH (CO rttte) =C (CO 2Me) C (CO zMe) =CH (Co zMe)} -

(n-CsHs) Q7l - The infrared spectrum of complex (27)

contained strong to medium intensity bands at 1760, 1738,

1710 and 7697 cm-1, which hrere assigned to the v(C:O)

stretching vj-brations of the ester groups wj-th the correspond-

ing v(C-O) bands being found at 1,283, L228,1199 and 1163

cm-1. The proton NMR spectrum contai-ns five signals: that

at ô 5.58 (s, 5H) was readily assigned to the CsHs protons,

and the singlets at ô 3.87 (6H) and 3.73 (6H¡ \^zere assigned to

two sets of equivalent co rMe protons. The two proton singlet
at 6 2.00 was assigned to the butadiene protons. A molecul_ar

ion was observed in the FAB mass spectrum of complex (27') at
m/z 4BB. Tons related to this by the loss of Cl, COzMe

and (COrMe + 2OMe) were observed at n/z 453, 429 and 391,

respectivery. A metar-free (base) peak was observed aL m/z

284 and was assigned to [C q (COrlvte)q ] 
+.
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The preceding data are consistent with the structure

shown below.

ct----

MeO2C ,/\ C02fVe

MeO2C C02Me

(271

The only tractable product obtained from a similar reaction

carried out in ref l-uxing toluene was hexamethyl mellitate,

C 6(CO2¡le) s, identified by comparison of its spectral

properties (1H NMR, EI MS) and melting point with those

reported in the literatut". 
t t

The symmetrical nature of the i{I{R sÞectra suggests

E,E stereochemj-stry for the butadiene moiety. Unfortunately

crystals suitable for an X-ray structure determination

could not be obtained to confirm this assignment.

Complex (27) v/as obtained in higher yíeld (60%) from the

reaction of RuCl- (n u -C, u, , ) (¡ -C, H, ) and tetramethyl (z ,zl -
1-r3-butadiene-l- 12,3,4-tetracarboxylate in MeOH at 60oC.

I

Ru

l- n l_ca T.,

with the complex isolated from the reaction above.

(b) RuI (PPh3 )z (n -C, H. ) - A suspension of the iodo-
complex, NH¡+PF6 and DMAD in MeOH was refluxed for ca 10 h
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and the complex mixture obtained was separated by preparative

trc. Three major products \^/ere isolated and identified as

Rur{nq-cH (cozMe) =C (cozMe)C (cozlvle) =cH (co2Me) } (n-CsHr) (281,

Ru(n-CsHs){ns-C6H(CozMe) o } Qg) and tetramethyl (z,z) -1,3-
butadiene-1,2,3,4-tetracarboxylate (30¡ (Scheme 4 ) by

microanalytical and spectroscopic technJ_ques.

Tn a sj-milar reaction, RuI(pph3)z(n-CsHs), NHqpF5, and

DMAD in I4eOH were refl-uxed for 72 h. An appreciable

amount of solid starting material was recovered by filtration.
From the filtrate, after suitable work-up,

a complex mixture of conrpounds \das obtained. The major products
j-solated were (28) (16?) , (29) (9u ) and a product not previously

observed which was formul_ated as Ru(n-CsHs) {ns-CuH(CO2Me) s}
(3r¡.

The molecular structures of complexes

(3f¡ were determined unambiguously by X-ray

(28), (29) and

crystallography.

MolecuIar structure of Ruf { n 
u-Ctt (CO rMe ) =C CO,Me ) C (CO rMe) =CH-

(CozMe) Ì (n-CsHs) QB)

A plot of the structure of (28') is shown in Figure l-;

Tabre 1 corrects relevant bond distances and angles. The

coordination about the ruthenium atom can be considered

distorted octahedrat with the c5H5 group occupying three
positions and the other sites being taken up by the f atom

and the butadiene ligand.

The Ru-C(CsHs) distances lie in the range 2-27 (3)-
OO2.I4(3)A (2.20.A. av.) These val_ues are within the

ranges for several other related complexes.

The Ru-I distance t2.727(2)il is close to the Ru-I
length in (n)- [Rur (co) (pphs) {n- (s,R,s) - (-) -csHq neomenthyl}]

o 45
[2.708(1)A].
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+

+
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E
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Table 1. Sefected interatomic parameters for (28)

o

Bond distances (A)

Ru
c(2)
c (4)
c (6)
c (8)
c (10)
c (11)
c (12)
Ru

I
Ru
Ru
Ru
Ru
c (6)
c (7)
c (8)
C (CsHs)

2.727 (2)
2.1.ee (24)
2.L73 (24)
2.2O2 (2r)
2.14s (r_8)

1. s19 (32)
r_.511 (33)
L.472 (34)
2.2O (av .)

c (1)
c (3)
c(s)
c (7)
c (e)
c (7)
c (8)
c (e)
c (13)

Ru
Ru
Ru
Ru
Ru
c (6)

116.8 (6)
112 (3)
1r_8 (2)
r_r_8 (2)
1,28 (2)
LLs (2)
LL6 (2)
L23 (2)
r21, (2)

2.26s (33)
2.232 (34)
2.L43 (3O)
2.1,47 (22)
2.2L7 (2s)
1. 389 (32)
1,.484 (2e)
1.374 (33)
r.s28 (32)

c(7
c(8
c(e

Bond angles (")

c
c 7ì
c 8)
C 6)
c 6)
c 8)

7)
?'t

c (e)

Ru
c(6
c(e
c(7
c(t
c(1
c(8
c(8
c(8

I
c (10)
c (13)
c (8)
c (11)
c (11)
c (e)
c(].2)
c(L2)

C
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The C+-carbons tC(6) C(9)l of the butadiene moiety

lj-e j-n a plane and are essentj-a1ly equidj-stant from the

ruthenium atom; the dihedral- angle between the C+ plane

and the CsHs ring plane is 20.4o. The Ru-butadiene carbon

dj-stances are i-n the range 2.75(2) 2.22(3)Å (2.18Å av.)

and are similar to the corresponding j-nteraction in

nu{c (cozMe) =c (cozMe) c (cFs):cH (cFs) } (ppns) (n-csHs) (18)

t2.785(5), 2.I71(6)Å1. 
tt 

,n" other dj-stances in the

butadiene ligand of (28) are C(9) C(B) t1.37t:lål and C(7)

- C(6) t1.39t:lÅl which are similar to the length of the

coordj-nated doubl-e bond in(18) tI.42B(7)Å1 . The rmiddle'

bond of the butadiene ligand can be considered to be a

single bond t1.48 (:l Ål and the angles C (9) C (B) C (7) and

C (6) C (7) C (B) 1116 (21 , 118 (2) "l are consistent with sp2

hybridised carbons. Only the ester group attached to C(9)

appears to be coplanar with the butadienyl moiety. The

interatomic parameters for the four ester groups are

similar and will not be discussed further.
Spectroscopic data obtained for complex (28) was in

accord with the determined structure. The nujol infrared.

spectrum contained four strong bands corresponding to v(C=O)

stretching vibrations at 1762, IJ40, I7I2s and 1700s cm-r.

The Itt N¡tn spectrum of (?Bl was very similar of

to the

(271

and contained a singlet at ô 5.57 which was

CsHs protons. The other singlets at ô 3.85

assigned to two sets of equivalent methoxv

to that

assigned

and 3.66 v¡ere

proton resonances,

integrating as six protons each. The ester groups attached

to C(9), C(6) and C(7), C(B), respectively, in complex (28) appear

Lo have essentially the same chemical environment and this is
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reffected in the 1H NMn spectrum. The protons attached

to C(9) and C(6) are found to resonate at ô 2.02 which

is similar to the analogous butadienyl proton resonance

in (18) (O 2.78). These values suggest significant

withdrawal of electron density from the butadiene double

bonds probably coupled with a metal shielding effect.

The low field singlets at ô 171.0 and 165-4 in the
13C{1H}-NMR spectrum of complex (28) were assigned to two

sets of equivalent ester carbonyl carbons. The signal at

ô 91.1 was assigned to the CsHs carbons while the nearby

resonance at ô 92-B was assigned to the quaternary

C(B) and C(7) carbons on the basis of its much smal-l-er

relative intensity, which is consistent with the longer

refaxation time expected for these carbons. This value is

considerably up-fie1d from the Ru-C (viny1) resonances found

for some Ru{C (COzMe) =CH (COzMe) } (L)r(n-CsHs ) "o*pl.t.=u'
("u ô 175) . The =CH resonances in these l-atter complexes

wereat much lower field (ca ô 160) than the
analogous resonance in complex (2Bl (0 47.9 ) tfris is

consistent with withdrawal of el-ectron density from the

carbons. The methoxy carbons gave two equal intensity

singlets at ô 51.7 and 53.4. A molecular ion was observed

aL n/z 580 in the FAB mass spectrum of (28) - Other ions

related to this by loss of OMe, CO2Me, and I were found at

n/z 549, 52L and 453, respectively. The metal_ free ion

at n/z 286 was assigned to [C4 (COzMe)4Hr]+ and ions

rel-ated

255 and

to this by l-oss of OMe and COzMe were found aL m/z

227, respectively.
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data confirm the structure of

to thosethe spectroscopic data

suggests that (27l. has

(28) and

found

a closely related

Structures of Ru (n-C.H.) {n5-C^H (CO,Me) .} (291 and

Ru(n-C.H.){ns-C"H(COoMe) o } (31)

The mol-ecular structures of complexes (291 and (3f ¡

are shown in Fig,ures 2 and 3, respectively. Relevant

interatomic parameters for both complexes are collected in

Table 2. Complexes (291 and (31) are obviously related

and result from the tri- and tetra-rn-erj-sat-Lon cf D¡14Ð, and

differ by the replacement of the endocyclic H atom attached

to C(11) in (29) by the -C(CO2Me)=CH(COzMe) unit in (3f¡.

Coordination about the ruthenium atoms in both complexes

can be considered distorted octahedral with the ns-C6 and CsHs

Iigands j-n each complex occupyj-ng three coordination

positions, respectively.

Least squares planes through the CsHs rings in complexes

(291 and (3r¡ are 1.83 and 1.84Å distant from their respective

ruthenium atoms. The planes bonded by C(6) C(10) in the

coordj-nated portion of the ¡s-C, Iigands, in (29) and (31) ,

are found somewhat cl-oser to the ruthenium tl.66 and 1.65Å ,

respectiveryl than the cyclopentadienyl rings in each complex.

The acute dihedral angles between the planes defined by C(6)-

C(10) and C(6)C(11)C10), within the cyclohexadienyl ]igands

of (29) and (31) , are 47.6 and 55.2o . resoectivetv- tn

addition the dihedral angles between the ¡ s -Cu plane and

the C5H5 plane in (29') and (3f ¡ are 2.I and 7.2". The lar.ger

ang.les in (l]l are probably a resurt of steric interaction of
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Table 2. Selected bond distances (A) and angles (") for complexes

(2e) ( 31)(29) and (:r¡

o

2.2Or (3)
2.2O2 (3)
2.186 (3)
2 .1,7 4 (3)
2.r_8r- (3)

2.793 (2)
2.L38 (2)
2 -781 (2)
2.r48 (2)
2. 183 (3)
2.77 3 (2)

1.42e (3)
L-444 (3)
1.451, (4)
r.42s (4)
1.sr_4(3)
r_.s11(3)

Lt7 .4 (2)
rTg-2 (2)
1-r8.4 (2)
rL1 -s (2)
101.8 (2)
rre -2 (2)

2-L

Ru
Ru
Ru
Ru
Ru

Ru
Ru
Ru
Ru
Ru
Ru

C (CsHs) 1

C (CsHs) 2

C (CsHs) 3

C (CsHs) 4
C (CsHs) 5

c (6)
c (7)
c (8)
c (e)
c (10)
c (11)

2.2O7 (2)
2 -23t (3)
2.2L6 (3)
2.L83 (2)
2.r78 (2)

2.Ls4 (3)
2.L2s (3)
2. 178 ( 3)
2.746 (3)
2.1_89(3)

r .422 (4'
r.437 (4)
1.429 (4)
L.44O (4)
L.s2e (4)
I.ss2 (4)

1.333 (s)

rL7.3(2)
1l_8.4 (3)
118.3(3)
LrA.6 (2)

e7 .e (2)
Lls.7 (2)

L2s.4 (3)
132.s(3)
116.1 (3)

7-2

c
c
c
c
c
c

c (6)
c (7)
c (8)
c (e)
c (10)
c (1r_)

- c(7)
- C(B)
- c(e)
- c (10)
- c (11)
- c (r_1)

c (7)
c (8)
c (e)
c (10)
c (11)
c (6)

- c(8)
- c(e)
- c (10)
- c (11)
- c(6)
- c(7)

6)
7)
8)
e)
10)
6)

c(r.2) - c(13)

c(11) - c(L2) -c(13)
c(12) - c(13) - c(14)
c(13) - c(]-2) - c(l_6)

dihedral- angle between
C(1) - C(5) plane and
C(6) - C(10) plane
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o

the pendant bis(methoxycarbonyl)viny1 group attached to

C(11) with the rest of the mo}ecule. These latter dihedral

angles may be compared with those of ruthenocene4T (0-0")
48

and Ru (¡-CuHs) [n-Cs (COzMe) s ] (1- 5') . f n this latter

complex the Cs(COzM€s) ring is closer to the ruthenium than is

the CrH, ring, the distances from the ruthenium a,tom beÍng 7.796and
o

1.8174, respectively. This phenomenon was also observed

in the previously discussed structure of (28') , in which

the plane containingthe butadiene carbons is 0.15Å cfoser

to the ruthenium than the C5 plane of the cyclopentadienyl

ring. A possible reason for the cfoser approach of the C6

ligand in (28) and (31) is that, in the ligands containing

efectron withdrawing CO2Me groups, compensation for l-oss

of electron density is made by strong'er Ru-l-igand back

donation thereby shortening the bonds between the metal- and

the ns-C, ligands. The individual Ru-C(CsHs) and Ru-C5

distances are símiLar for (291 and (3f¡ .

The range of C-C distances found in the CsHs ring of

(4) t1.383(5) I.429(5)ål correspond with those in ruthe.ro"".r"ut

lI.42B - 1.43eå1. The C-C distances for the coptanar atomstC(6)-

c(10)l vary from 1.425(4) to 1.451 (4)Å in QBI and from I.422(41
o

to I.440(4)A in (31). The single bond distances to the

uncoordinated rinq carbons are 1.511 (3)Å tC (6) -C (11) I and
Oo

1. s14 (3)Atc (10) -C (11) I in (29) anc 1. ss2 (L-) Atc (6) -C (1r) I and

7.52e(4)åtc(10)-c(r1) I in (3r¡ .

Íc



L02.

The ester group attached t.o C(11) in (291 is exo-

cyclic with a hydrogen in the endo position which is

replaced by a bis (methoxycarbonyl)vinyl group in complex

(3f¡. The vinyl proton, attached to C(13) in (31), was

Iocated in the structure determination and is included in

a fj-xed posì-tion. The vinyl moiety carries the two CO2Me

groups in a mutually trans configuration with the C=C

distance tC(12)-C(13) 1.333(5)Ål comparable to that found
49

in Pt (H){ ( z) -C (CO, Me) =CH (Co2 Me)} (peunert, ) z ß2)

t1.37(2)Al. rhe angle c(12)- c(13)-c(14) in (31) is

132.5(3)'with the analogous angle in the platinum

compound bei-ng slightly smaller tI24-B (B) "l .

The ruthenium atoms in (2Zl and (3f¡ achj-eve an eighteen

electron config'uration by five efectron donations from the

CsHs and ¡5-cyclohexadienyl ligands.

Spectroscopic data obtained for (29') and (3f ¡ are in

good agreement with the determined structures and comparison

of the data all-ows complete assignment.

Their infrared spectra contain very strong broad

absorptions between 1730 1700 cm-l which are assigned to

the stretching vibrations of the ester groups y (C=O) with

the corresponding strong v (C-O)absorptions found between

I2I0 1270 cm-l. A weak v (C=C) band was also found at

1640 cm-r in the infrared spectrum of (¡f¡. The methoxy

groups attached to the ns-Cs ring gave signals with relative

intensities 3/9/6 in the 1lt Nun spectra of complexes (29)

respectively.

The two methoxy resonances of
group attached to C(11) are found

-C (COrMe) -CH (CorMe)

3.80 and 3.81 in the

the

atô
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proton spectrum of (31) with the endo-proton of complex

(29) giving a resonance at ô 4.54. Signals at ô 5.04

and 5.15 were assigned to the cyclopentadienyJ- protons

of (29') and (31) , respectively.

The 1t C{ttg} NMR spectrum of (29) contained resonances

for the methoxy carbons at 6 51.6, 52.I and 53.0 and the

exo-carbon C(11) resonance was found at 6 42-4. The

signal at ô g¿.5 was assigned to the CrH, carbons. Of

the remaining ring carbons only C(6), C(10) and C(7),C(B),

C(9) are tikely to be in similar chemical environments

and therefore the signals at ô B7.B and 94.9 were assigned

to these carbons, respectively. The three 1ow field

resonances at 166.5, 167.I and I7I.7 \^/ere assigned to the

carbonyl resonances of the ester groups.

The FAB mass spectra of (29') and (3f ¡ contained

molecul-ar ions at m/z 594 and 737 (lu + Hl+) respectively,

and ions related to these by loss of OMe and COrMe aL m/z

535 and 677 (Í.u cOrt"tel +) . The ion aL n/z 477 in the

FAB spectrum of (291 was assigned the formul-a [Ru (Cu H, ) -

{CeHz (COrMe)u}l from which was observed the sequential l-oss

of four "C2H2O2" groups giving an ion at m/z 244 assigned

to [Ru(CrHs) (C6He)]*.. Boththese cations can be assigned

stable 1Be configuratlons. A simil-ar effect has been

observed in the FAB mass spectrum of Ru(n-CsHs){n-Cs (COzMe)s}.

Loss of CrH, was observed from the ion aL m/z 244 giving

a peak corresponding to [Ru(CrHs)]+. The ion aL n/z 5g4

50

ion by l-oss of Cz (COzMe) z.

The butadiene (30) isolated from the reaction of

RuI (PPh3) 2 (¡-C5H5) and DMAD was identifj-ed by comparison of

its spectral data (EI MS and rU Ntr,m) with l-iterature values.
5t-
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A smal1 amount of oPPh3 was also j-solated from the reaction.

The formation of (3f¡ containing a vinyl cyclo-

hexadienyl ligand to the author's knowledge represents

an unprecedented tetramerisation of DMAD on a mononuclear

ruthenium centre.

The reaction of RuI (ppha) z (n-CsHs) ,C2 (CO z}/re) z and

HPF6'oEt2 j-n MeoH at reflux gave a complex mixture of products.
After suitable work-upr orrê of these products was readily
identified as complex (2Bl and the only other compound

isolated was the organic species C6 (COzMe) s.

The mechanism for the formation of (27) , (28,) , (29)

and (3r¡ is stil1 uncl-ear and is obviously complex judging

from the numerous trace bands obtained after thin layer
chromatographic separation of the product mixtures obtained
in these reactions.

Ic appears that complex (28) is formed lndependently

of complexes (29) and (31) , because (29) and (31) are not

forned from the reaction of (2Bl with excess DMA!.

Maitlis and co-worker= 
t' 

have previousry described
the tri- and tetramerisation of DMAD on palradium systems

such as Pdcl2 (PhcN) 2. The proposed mechanism (scheme 5 I

features step-wise addition of acetyrene mo]ecules and

provides a route for the formation of possibÌe tetramers
and acetylene cyclotrimerisation products. The first stage

[step (a) ] is the formation of a îT acetylene comprex,

followed by c-is-ligand insertion step (b). The further
reaction of these vinyl intermediates is by fast step-wise
cis-addition into pd-C bonds; oligomerisation proceeds

in this way [step (c) ]. Maitlis determined that the extent
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of this reaction was governed by the size of the acetylenic

substituents. Bu1ky substiLuents, ê.g. phenyl, cause the

reaction to cease after two acetylenes have added and lead

to processes like step (d). For smaller substituents (e.g.

methyl) three or four acetylenes can be incorporated before

rearrangement or decomposition reactions [e.9. step (e) ]

become fast with respect to further oligomerisation.

Products obtained from the reaction of PdCl2 (PhCN) 2

and DMAD in methanol include the complex

+lR E

E

Pd E

E

E
E E 2

together with HC, (CozMe) s and Cs (COrM.) ,. 
u'

rt is arso interesting to note that DMAD tetramerizes
spontaneously to give the cyclopropenyloxanorbornadíene
compound b"lor, 

u t
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ocH3

E

The reaction of Ru{C (Co zMe) =C (CO2Me) C (COzMe) =CH (CO2Me) -
(PPho) (n-csus) (33) with ÈICrBut.Ðave a structurally character-
ised product analogous to (2g).uu
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(c) RuH(PPhs)z(n-CsHs) (14) Reactions between

the hydride complex and alkynes have given a number of

interesting products, including viny1, butadienyl, and
34

cumulenyl complexes. Two complexes were reported to

have been obtained from the reaction of DMAD and RuH(PPh3) 2-
34

(¡-C5H5): the 1:1 adduct Ru{ (¿')C(CozMe)=CH(cozl"Ie) } (PPh z) z-

(n-CsHs) (16) and the chelate complex Ru{C (CozMe) =CHC (o) -

oMeÌ(PPh3)(n-CsHs) (34). For (16) the assignment of

geometry was not clear cut, but on the basis of a small

value of J (PH) (cu 7Hz) found for the vinyl proton, and

the ready conversion^to (34), the trans confiquration was
J+

originally preferred (for the following discussion, cis

and trans refer to the mutual configuration of the two

CO2Me groups). However, it was recognised that the stereo-

chemistry of the isolated complex was not necessarily the

initial stereochemistry, since a facile isomerisation might

have occurred. In this regard it is relevant to recall that

the first formed trans adduct of DMAD with ReH(r¡-CsHs) z

32
isomerises on heating in benzene.

A reinvestigation of the reaction between DMAD and

RuH(PPhs)z(n-CsHs) (14) was undertaken. The original

preparation of Ru{C (COrl,te)=CH (COr¡le) i (ppfrr) , (¡-C5H5) (16)

\^/as carried out in diethyl ether for 5 h and gave over

902 isolated yields. In contrast, reaction in refluxing

benzene for 40 min afforded four products (Scheme 6):

complex (16), the cyclic vinyl complex (34') , yel-low

Ru{C (CozMe) =C (CozMe)C (Co2Me) =CH (CozMe) } (ppns) (n-CsHs) (33)

and the PPhr/ouao adduct (35) . The new complex (33) \^Ias

identified by elemental microanalysis and spectroscopic data.

Ful1 stereochemical characterisation was achieved by a

single crystal X-ray study.
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RuH(PPhs)z(n-CsHs) + C2(C02Me)2

benzene Â, 40 min

Ru
,z\c-m
\azC-- (34)

Ph3P H

E

+

(16)

H

C:

E

E

+

(m)

Ph3P C:Ca

Ph

c\
E

Ph

Ph

Ru

E H

+

P

E (3E-)

EE

Scheme 6 E = COzMe
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Structure of Ru{C (CO^Me) =C (CO.Me) C (CO"Me) =ç¡1(CO"Me) -

(PPh.) (n-C.H.) (33)

The structural study confirmed the 7,3,4-¡3-butadienyl

structure, a diagram of which j-s given in Figure 4

(see also Table 3) .

The ruthenium atom is coordinated by the C sH s group

lRu-c(csHs) 2.207(6) - 2.247(i);., âv- 2-22eÅl , the PPh3

ligand. [Ru-P 2-346 (2)Å] , and the butadì-enyl group, which

is attached by the o-bonded carbon tRu-c(6) 2.060(6)Ål and

the 'outer' C=C double bond of the butadi-ene [Ru-C(B)

2.r|g(6), Ru-c(9) 2-rg4(6)Å1. These distances may be compared

with those found. in (I1l , nu{c(cozMe)=c(cozMe)c(cFa)=cH(cFs) }-

(PPhg) (n-csHr) (18) and Ru{c(prr)=c(Ph)c(Ph)=cH(Ph) }-

{p (O¡re) s } (rì-CsHs) (36) (Table 4) . No significant dif fer-

ences were found-

Spectroscopic data obtained for complex (33) were j-n

accord. with the determined structure. Strong v (C:O) bands

\,vere found at 7716 and 7699 cm-l in the infrared spectrum,

with a weak band assigned to a v(C=C) vibration at 1585 cm-I.

The r¡¡ and 13C{lH} spectra were readily assigned, the former

containing three sharp singlet resonances between 6 3.13 -

3.80 with relative intensities 3/6/3, assigned to the oMe

groups, together with a vinyl proton resonance at 6 2.22,

which is coupled to a single 3tP nucleus. The 13c{1H}

NMR spectrum shows four resonances between ô 50.7 52.L

which were assigned to the methoxycarbons with the

resonances at ô 45.4 and 62-8 assigned to C(B) and C(9),

respectively. A singlet was found for the cyclopenta-

dienyl carbons at ô 89.5 with the Ru-C(6) signal being

found, characteristically,at ô 162.5 [d, J(PC) 76Hz].

The methoxycarbonyl resonances were found at ô 172.6,
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Bond distances (A)

IL2.

Selected bond lengths and valence angles

for nu{c (cozMe) =c (cozMe) c (cozMe) =cH (cozMe) }-

(PPh3) (n-csHs) (33)

Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru

Ru (L
Ru (1

(1)
(2)
(3)
(4)
(s)
(cp) (av)

2.2O1 (6)
2 - 21"9 (6)
2.247 (1)
2.225 (7)
2.243 (7)
2.224
2.346 (2)
2.060 (6)
2.663 (6)
2 -1,89 (6)
2.1,94 (6)

P (1)
P (1)
P (1)
c (6)
c (6)
c (7)
c (7)
c (8)
c (8)
c (e)

nu (1)
Ru(L)
c (6)
c (6)
c (7)
c (7)
c (8)

c (18)
c(2e)
c (3s)
c (7)
c (10)
c (8)
c (t2)
c (e)
c (14)
c (16)

c (6)
c (6)
c (7)
c (7)
c (8)
c (8)
c (e)

1 .833 (4)
1.83e (4)
1.83s (4)
1.36 (1_)

1.48 (1)
r.52 (1)
l_.43 (1)
1.42 (L)
l_ . s0 (1)
1.50 (1)

l-
l_

1
1
l_

1
l_

l_

1

-c
-c
-c
-c
-c
-P
-(-
-c
-c
-c

1
6
1

8
9

Bond angles (')

P (1)
P (1)
P (1)
c (6)
c (6)
nu (1
Ru (1
Ru (1

- nu (1)
- Ru (1)
- nu (1)
- nu (1)
- nu (1)
- P(1)
- P(1)
- P(1)

c (6)
c (8)
c (e)
c (8)
c (e)
c (18)
c(2e)
c (3s)

88.9(2)
t1"7 .7 (2)

88.r_ (2)
64.6 (2)
84.7 (2)

119. O (r-)
117.0 (1)
11_1. s (2)

c (7)
c (10)
c (8)
c (12)
c (e)
c (14)
c (16)

100.4 (4)
L32 .2 (s)
l_04.7 (s)
131 .6 (6)
Lt7 .7 (6)
]-L4.4(6)
1.22.3 (6)



Ta-ble 4

Some structural parameters for ¡3-butadienylruthenium compl-exes

R1

I

I

R2

R1

R2

Complex

RT
2

R

Bond disÈances tål
Ru-C (1)
Ru-C (3)
Ru-C (4)
c (l_)-c (2)
c (2) -c (3)
c (3) -c (4)

Bond, angles (deg)
Ru-C (1) -c (2)
c (1) -c (2) -c (3)
c (2) -c (3) -c (4)
Reference

( 33)

CO zMe
CO zMe

2 .060 (6)
2.1,8e (6)
2.L94 (6)
1.3ss (9)
1. srs (8)
1.427 (e)

100.4 (4)
104. 7 ( 5)
r77.7 (6)
This work

(l_7) (18)

CO zl4e
cFs

2.O82 (r)
2. t_8s (s)
2 .1,1t (6)
1.348(7)
1.50e(8)
r.428 (7)

9e.4
105. s (4)
777 -2 (4)

t ssl

2.O70 (7)
2.248 (7)
2.253 (7)
r_ . 330 (9)
l-. s09 (e)
1.41_8 (10)

(36)

cFs
CF¡

Ph
PN

2.O5
2.L6
2.19
1.33
1. 5t-
L-42

a
a
a

ts 7

a
a

t33l

F
ts(,

a Not availabl-e.
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173.0 and 114.4. The FAB mass spectra of (33) gave a

molecular ion aL n/z 7I4 and j-ons rel-ated to this by

loss of MeOH and COrMe were afso found at m/z 682 and-

655, respectivelY.

Conpound (35) \^/as identified as the yellow 722

adduct of PPh, with DMAD by comparison with an authentic

sample prepared as described by Johnson and Tebby'tu

The formal insertion of two alkyne molecules into

Ru-H or Ru-C bonds was first observed in the previously

mentioned reaction between RuH (PPh3 ) , (n-CsHs ) and C, (CF3 ) 2

and subsequently in the addition of DMAD to RuMe (PPh rl "-
(¡-cuHu) generating the butadienyl complexes (17) and

(31) , respectively.

c
ll

E

I
Ru4
\

PhsP a\ E
/

E E

GZ; E = COzMe)

complex (33) was not observed in the initial studj-es

of the reactj-on between the hydride and DMAD, although,

as we have no\^/ shown, it can be isolated as a stable

yellow crystalline solid if the reactj-on conditions
34

are modified. It has been shown previously that the

vinyl complex (16) reacts with C, (CF") 2 to give the mixed

34

Me

insertion product (18), where the entering alkyne has

apparently inserted into the vinylic C-H bond of (16)
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in contrast to the Ru-H or Ru-c i-nsertions discussed earlier.
The rel-ated tetraphenylbutadienyl complex (36) was obtained

f rom the reaction of the Õ, rì3 ( 5e) -butadienyl [Ru=C (pfr) -n 3 -
{c (p¡r) c (ph).cH (ph) } (n-csHs) I (38) with rhe two etectron donor

P (Ol,le) ,. 
t t

I

Ru

(@)

Ph

P(OMe)3

HP(OMe)3 Ru

Ph Ph
Ph

Ph

Ph Ph

H

r3 6)

Stereochemistrv and isomerisation of the MC ( COu Me) -

Ph

=CH co Me

The chief j-nterest in these reactions was the confignrÈ-

ation of the attached 1,2-bis (methoxycarbonyl) ethenyl group

of (16) and methods for the determination of stereochemistry
of these groups were sought, without recourse to X-ray
structural studies.

Complexes related to (16) had been prepared previously
by the reaction of RuH (L-t) (n-C sHs ) [L-1,:dppm,dppe] with

t+6

DMAD which afforded the yellow complexes Ru{ (c (co2Me) -
-CT{lr'ô MoììrT-Tl /-^-r' rr r rr r - J-^--- /.^\ r - /,^rl

SJ-milarly, the osmium anaÌogue

The molecular structure of (40¡

46of (1€)was prepared.

was determined and it was
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clear that the two COrMe groups vüere in a mutual cis

configuration.

Conversion of complex (16) into complex (34) was

originally achieved by therrnolysis, with concomitant loss
3l+

of PPh:. It was found that addition of MeI to a

solution of (16) in refluxing toluene rapidly gave a

white precipitate of [PMePh¡]I; the resulting red

solution gave (34) in > B0% yield, after chromatography'

This represented a considerable improvement in the yield'

The carbonylation of (34) under mild conditions

(12.5 atm, 100"C, 2 h) gave a yellow solution from which

\,vas obtained., af ter suitable work-up,

a complex readily formulated as nu{C(COzMe)=CH(COzMe) }-

(co) (PPhs) (n-csHs) (4Il , from its spectroscopic properties'

An isomeric yellow compound (42) was obtained from the

carbonylation (40 atm, Ll0oC, 2L h) of (16) in a MeOH/CHzCLz

mixture. (42¡ \^Ias found to have different spectroscopic

properties (cf v (C=O) 1954 cm-1 (41) ; v (C=O) 1'g40 cm-1

(42) l. .

I

,Ru./tPh-.P I
PhgP

H
I

-l\cq¡,þ
co
PPh3 Co2rvþ

H
I

C----

I

cqtuþ
I

Co2fvþ

Ge)

- l-{u- t\

cqtub
I

Ru
CO2[/þ

Ph3P

(34)

Scheme 7

\c_H Ph3P' /
oc

(4a) /
f,/eOp

ll

c
l
Chfe

\
H
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The monocarbonyl complexes (41) and (+Z¡ provided the

opportunity to see whether spectroscopic differention could

be rnade between cis and trans isomers (Scheme 7) as the

stereochemlstry of complex (4f ¡ \^/as unambi-guously determined

by X-ray crystaÌlography.

Mol-ecular structure of Ru {(z) -c (Coz¡te)=CH (cozMe) } (co) (PPha )-
(n -C' H' ) (-4,L)

A molecule of (4f¡ is shown in Figure 5 (see also Table

5). The vinyl group has mutually trans - CO2Me groups

and thj-s was expected as (41) \^/as obtained from the opening

of the chelate ring in complex (:a¡. Coordinatj-on of the

ruthenium atom to the vinyl group [Ru-C 2.080(B)å], a CO

ligand [Ru-c 1.847 (7)Å] , the PPh3 ligand [Ru-P 2.3I0 (2)å]

and the rl-CsHs group [Ru-C(CsHsl 2.250 2.264(71 or 2.258i]

is unexceptional and as found in previously discussed

structures, the ruthenium coordination is distorted octahedral.

Comparing the structure of (4f¡ with the structures of

some related molecules such as (40i: pd{ (¿') -c (cozMe)=g¡1-

(corMe) ] (c2ph) (pEr3 ) 2 (43i: pr (c6H,+pphz ) { (E)-c (cozMe)=cH- -
59

(cortce) ] (pph3 ) (44) , Rucl { (zl -c (corMe)=cc1 (corr're) } (co) z-
60

(PPh3 ) , (45i ) truns PtH{ (z) -C(CorMe)=Cu (Co2Me) } (PBunBut, ) ,
'+9 61

(32) , or [N (pph: ) z ] lpt{ (r)-c (co2Er) =ccl (co2prr) }cIz (co) ] (46)

(Table 6) it is evident that there are no significant

differences in the C (C OrMe) =CH (COrMe) groups.

The structure determination unequivocally established

the configurations of the vinyl ligand in complex (4f¡ .

-FurEnermore, s.l_nce t'ne carbonylatl-on ot (f b) r ano fne
62

reaction between RuH (CO) (ppfr, ) (¡-C 5IJ 5 ) and DMAD both

afforded (421 , it is likeIy that cis addition of the metal
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t-19.

Selected bond. lengths and bond angles for

Ru{ (z) -c (co2Me) {H(cozMe) } (co) (PPh3) (n-csHs)

o

2.2s6 (s)
2.250 (1)
2.2s5 (6)
2.263 (7)
2.264 (8)
2.258
r.847 (7)
2.3tO (2)

nu(1)
P (1)
P (1)
P (1)
o (1)
ç (25)
q (25)
c (28)

c(2s)
c (6)
c (12)
c (18)
c (24)
ç(26)
s (28)
c(2e)

2.080 (8)
L.822 (4)
1.837 (4)
1.829(s)
1.1s1 (8)
a.49(r)
1_.37(1)
1 .46 (1)

(41)

L74.6 (7)
1L4.7 (6)
t-33.2(s)
111.5 (7)
724.6 (7)

Bond lensths (A)

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)

Ru
Ru
Ru
Ru
RU

Ru
Ru
Ru

_ s (1e)
_ ç (20)
- c (21)
- c(22)
_ ç (23)
- C (cp) (av. )

- c (24)
- P(1)

Bond angles (')

P (1)
P (1)
s (24)
nu (1)
nu (1)
Ru (1)

Ru (1)
nu (1)
Ru (1)
P (r_)

P (1)
P (1)

c (24)
ç(25)
c (2s)
c (6)
C (L2)
s (18)

nu (1)
nu (1)
nu (1)
c(26)
c (2s)

8s.0 (2)
e4.7 (2)
e3.1 (3)

1l-e.8 (2)
1t_3 .9 (2)
113. s (1)

- c(24) - o(l-)
- c(25) - c(26)
- c(2s) - ç(28)
- s(2s) - c(28)
- c(28) - c(2e)
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Stereochemi try of some M{c (cozMe) {X (cozMe) }groups

3 4
cqMþ1 2/

X

[/eO2C X\1 2/
t--U/\

M Cql\iþ
4

(B) trans

(4¡)a (44)

M

) cis

Complex

M

X
Configurat

Bond
M-c (1)
c (1) -c (2)
c (1) -c (3)
c (2) -c (4)

Bond angles
M-c (1) -c (2)
M-c (1) -c (3)
c(3)-c(1)-c
c (1) -c (2) -c
c (1) -c (2) -x
c (4) -c (2) -x

( 40)

1_26. 1 (10)
113.7 (10)
r-20.1 (1r.)
r24.3 (L3)

(4s) (4r)

2 - 080 (8)
1.373 (10)
r.494 (9)
L -462 (1O)

(32) (46)

n

Ru
H

B

Pt
H

A

Pd
H

â

Ru
H

A

Ru
c1
A

Pt
H

B

Pt
c1
B

o

(A)

(des)

2.O7 (r)
1.43 (2)
L.47 (2)
1. s3 (2)

2.O5 (2)
1.38(2)
L.48 (2)
1.48 (3)

2.L6 (2)
1.41_(3)
1.4e(3)
1.49(3)

2.086 (12)
r.37 (2)
1.s0(2)
r.49 (2)

L.91 (2)
1.31 (2)
1.56(3)
1. s1 (3)

2.026 (8)
1.337 (12)
1. 508 (13)
r_.480 (r_3)

2)
4)

Reference (46)

e4. s (s)
e1,.7 (4)
1,23 (2)
r2r (2)

L26.7 (1)
L22.8 (6)
l_20. s (8)
1,26.4 (9)

1,2e.e (r4)
r_14. 7 (1s)
l-14. s (18)
r22.r (74)
r22 .4 (]-6)
r7s.4 (1.7)

133.2 (5)
1L4.1 (6)
111.s(7)
r24.6 (1)

r29.e (s)
1_t_7. e (s)
11_1.8 (8)
124.8 (8)

I29.9 (r7)
].12.6 (9)
tL7 .4 (9)
124.4 (8)
12s.8 (r_0)

1_09.8(8)

ts
N)
O

Average o two values

(sB) ( se) (60 ) this work (49) (61)
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hydride occurred and that (42) is indeed the cjs-isomer

of (4f¡ . Although the synthesis of (42¡ had been
õ/

reported previously only the 1H NMR data was published.

Therefore a full characterisation was undertaken including

obtaining IH NMR and 13c { ltt } NMR data for comparison with

tJrose obtained for the new complex (41 ) . Tables 7 and B

contain 1H and 13C{lll}-N¡ln data for complexes (41) and

(42¡ refevant to the following discussion in comparison

to data obtained for similar complexes. Other resonances

and assignments for (41) and (42¡ are in the experimental

sections of this chapter.

The rH NMR spectra for complexes (41) and (42¡

show simj-larities. In the cis-isomer, the vinyJ- CH

resonance is at higher field than in the trans-j-somer

because of the shiel-ding effect of metal electron density;

the observed val-ues are ô 5.33 and 6.60, respectively.

The magnitude of the ,r(PH) coupling is also different,

having values of 2 and I Hz, in (41) and (42) , respectively;

the trans coupling in other compounds containing the
63

PC=CH moiety is usually twice the cis-coupJ-ing. The

chemical shifts of the two OMe resonances are found to

differ by only ca 0.02 ppm in the cjs-isomer, compared

with ca 0.8 ppm in the trans-isomer; this is consistent

with the CO2Me g'roups being in more similar environments

in the former complex. There is also observed a separation

of the two OMe resonances of ca 0.3 ppm in the chelate

complex (:a¡ .

The

complexes also

t'C{tH} NMR spectra of the isomeric

show differences ín the CO2Me resonances.



Table 7

lH Nl,lR spectra (CDCI¡) of some MLL'{C(Co2ue)=CH(COzMe) } (n-Cs¡ls) complexes

MLL.

b*rr(n"nr), (16)
oo= (nnn, ) ,

Configu-
ration

c¿s

c J_s

Ërans

(chelate)

ttans
(chelate)

Chemical shifts (pp*)'

COzMe

3.27s,3.96s

3. 25s,3. 95s

CH=

4. 55s

4.75|L

(1.0)

5.00s

(-)

4.29s
(-)

6.60d

(2.0)

5.33d

(1.0)

5.60d

(2.o)

6.20ð,

(2.5)

5.90d

(1.0)

csHs

4.15s

4.30s

4.80s

4 .44s

4. 98s

4.98s

4.80s

4.41,s

H
N)
N

bnr, (app*) (39) c)_s 3.15s ,3.25s

bRu(appe) (40) ci.s 3 . 1-9s ,3 . 52s

cnu (Co) (PPhs ¡ ( 41) trans 2 .88s ,3 .66s

"Ro (co) (PPhg) (42) cLs 3.55s,3.57s

b*o("*",rt) (PPh3) crs 3 .55s,3. 58s

b
Ru (PPhe ) (34) 3 . 21s ,3 .49s

bo= (nnh, ) 3 . 30s ,3.45s

-.2(np) (¡lr) in parentheses Ref . 49 cThis work

4. 65s



Table I
13c 

N¡,rR spectra (CDCI3) of some Ruf,L-{C (COzMe) =CH(COzMe) } (n-CsHs) complexes

LL Config-
uration

Chemical shifts (ppm)

cozlule CsH s

b (een, ¡ ( 16) cLs

b
dppm

c (co) (P s ) (41)

c (co) hs ) (42)

b
(CNBuu (PPhg)

b
PPh3

c_ls

trans

c_ls

c_¿s

trans
(chelate)

49. 51s,

50. 3l-s

50.05s

49.9s

50. 25s

50. 5s

50 .0s

50. 3s

50. 55s ,

50.6s

86.25s

85.6s

87.45s

87.95s

84.95s

77 .25s

CH=

163.0s

762.45s

168.65s

L62.3s

L62.45s

116.25s

RuCa

]-82.2t

( 16)

191. 9r
(o. s)

1,72.7ð,

( 11)

L76.6d

(13)

137 .05d

(44)

L79.Ið.
(71)

COzMe

'l Q? (c

181 .45s

L78.25s

1-78.4s

179.65s

180.4s ,

186 .7 s

I'16.4s

H
N)
(¡)

bt,r (cp) ) in parentheses. Ref.46 c This work
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In the cis isomer (42') , both groups are accidentally

equivalent, with OMe and CO resonances at 50.5 and

I79.6, respectively, whereas in the trans isomer (4f¡

two sets of resonances are found, ât ô 49.9 and 50-2,

and ô 178.3 and I78.4, respectively. Other resonances

are readil-y assigned to CsHs (ô BB.0 and 87.5 PPmr

respectively), CH (ô L62.3 and 168.7l , RuC(ô 176-6

and \12.7) and Ru-CO carbons (204-7 and 205-0) - The

metal-bonded carbons show l-1-l-3 (Ru-C) or 2I Hz (Ru-Co)

coupli-ng to phosphorus.

It is evident that the effects of differing geometry

of the vinyl ligand on the NMR spectra are subtle, and

of limited use in assigning the stereochemistry unless

both isomers are avail-able for study.

The isomerisation reaction. Conversion of (16) to (34)

It was previously suggested that the initial cis

adduct might transform into the trans isomer by virtue

of a partial- withdrawal of electron density from the C=C

double bond on to the ß-ester carbonyl group (Scheme B) -

cqtuþ

R¡- Cfvb
+

Ph:P

-[PMePh3]l

uY
Cnb

Scheme B One PPh3 and CsHs ligands omitted for clarity.
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The reduction in c:c bond order would alfow rotation of

the CH(COrMe) group about this bond, a possible driving

force being the extra stability derived from chel-ation

of the ester carbonYl group-

The isomerisation proceeds quite slow1y on heating'

but the reaction is accelerated by addition of Mef to

the solution of complex (16) - In this wâY, the displaced

pph3 ligand is removed as [PMePh3]I, which separates from

the solution, and the possibility of a competing reaction

involving recoordination of the phosphine ligand is

l-essened.

Preparation of some complexes containing 1 ,1'-bis (diphenYl-

phosphino ) ferrocene (dpPf)

The ready exchange of the two PPh3 ligands in Rucl(PPh3)2-

(n-CsHs) for dppf occurred' in refì-uxing benzene, (16 h);

orange crystals of RuCl (dppf) (n-CsHs) (471 were formed'

which were characterised by elemental microanalyses and

conventional spectroscopic methods. In particular, the 1H

NI{R spectrum contained five resonances between ô 4-03 and-

5.18 of relative intensities 2/5/2/2/2 assigned to ring

protons of the three cyclopentadienyl groups ' The EI mass

spectrum contained a parent ion at m/z 756, which fragmented

by loss of HCI and C5,H5, while the relatively strong

doubly charged [M]'+ and tM - CI1z+ ions \^/ere also present.

Conversion of the chloro complex (471 into the

hydrido complex RuH(dppf) (n-CsHs) (48) was achieved by

6l+

route into hydride complexes. This complex was fuI1y

characterised by an X-ray diffraction study-
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Structure of RuH (dppf ) (¡ -C, H, ) (48)

The unit cell- of (48) consists of two discrete molecules;

no intermolecular contacts are shorter than normal van der Waal-s

separations. Figure 6 (see also Table 9) shows a plot of

one of the two independent molecules, which differ from one

another only in the orientation of the phenyl rings. The

ruthenium is in a distorted octahedral environment, being

coordlnated by the cyclopentadienyl group [Ru-C(CsHs)

1.198(20) - 2.242(Ig), av. 2-2úÅ, (molecul-e 1); 2.226(I4) -

2.215(16), av. 2.242Å, (molecule 2)1, the dppf ligand [Ru-P

2.263(4) , 2.246 (3)Å (molecule 1); 2.258 (3) , 2.265 (3)Å

(mol-ecule 2ll and the hydride ligand. The hydride ligand
r,l'las not located unambiguously, although two residual electron

density peaks rdere located in positions approximately cis

to the chelating phosphorus atoms.

The geometry of the dppf ligand is of interest, and may

be compared with those found in ÈIo (CO) + (dppf ') (4g) ltliie.r-
65 65 66

(dppf ) (50) , PdClz (dppf ) (51) , NicIz (dppf ) (SZ¡ and the

uncoordinated Iigand, dppf (53):u ,h.=" previous studies 
.'

have noted that the steric requirements of the various metal

atoms l-ead to differences in the ring til-t, phosphorus atom

separatj-on and conformation. In (49¡, the angle between

the ring plane normal-s is 4.9o (6. 3' in molecule 2) t ( 49 ) 2.2 ,

(50) 6.2, (51) 4.5, (52¡ 6.2o, (.53)0.0"1 , while the P....P

distances in the two molecules of (48) are 3.43 and 3.55Å

t(49) 3.78, (50) 3.57, (51) 3.45Å1, wirh rhe p-Rup angles

99.1 (1) and 95.5 (1) ' (49') 95.3, (50) 10 2.5, (521 l_05.0,

(5r¡ 98.0o). rn (481, as expected, the distortions more

nearry approach those found in the octahedral molybdenum

complex, rather than those found for tetrahedral nickel
complexes or square-planar palladium; in all cases, the
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Tab1e 9

Sefected. interatomic parameters for one molecule of RuH(dppf)-

(n-csss) (48)

o

Bond lensths (A)

nu (1)
Ru (2)
Ru (1)
Ru (1)
nu(1)
nu (1)
nu (1)
Fe (1)
Fe (l-)
re (1)
re (1)
re (L)

(8)
(e)

_ q (10)

.263 (4\

.246 (3)
-24 (2)
.2L (L)
.22 (L)
.22 (2)
.20 (2)
.o1(l_)
.02 (2)
.o4 (2)
.04 (1)
.06 (e)

P (2)
P (2)

- c (11)
- c (L2)
_ c (13)
- c (1-4)
_ c (1s)
_ s (10)
- s (l_6)
_ ç (22)
- c (11)
_ ç (28)
- c (34)

2.O3 (2)
2.01 (1-)

2.os(1)
2.06 (1-)

2.O2(2)
r_.80 (1)
1.873 (8)
t_.875 (9)
1.81-(1)
1 .86s (8)
1.87 (1)

c (10)
c (10)
c (34)
c (11)
c (11)
Fe (1)
Fe (1)
c (11)

-P
-P
-c
-c
-c
-c
-c
-c
-c

Fe
Fe
Fe
Fe
Fe
P

P

P

P

4)
s)
6)
'7)

1
2

l-
2

3

(

(

(

(

(

(

(

(

(

2
)
2

2

2
2
2

2
2
2
2
a

(r_

(1
(1
(1
(r_

1)
1)
1)
2)

Bond angles (")

p (1) - nu (1) ee.l_ (1)
L24.4 (4)
1-r_3.4 (3)
1t-5.e(3)
118. e (4)
118.7 (2)
l_11_.s(3)
e8.3 (3)

nu (1)
nu (1)
nu (1)
nu (1)
nu (1)
Ru (1)
c (16)

-P
-P
-P
-P
-P
-P
-P

(1)
(1)
1)

P (2)
ç (10)
c (16)
c (22)
c (11)
c (28)
c (34)
c(22)

ç (16)
c (22)
c (28)
c (28)
c (34)
P (1)
P (2)
c (Lo)

- P(1)
- P(1)
- P(2)
- P(2)
- P(2)
- c (10)
_ c (1j_)

- re (1)

1_01_.7(s)
ee. o (s)
ee.6 (4)

r_03. I (s)
10r_.4(s)
r24.7 (g',)

t22.e (s)
1_07. s (s)

2

2

2

1
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the geometrie,s are more or less distorted from ideal to

accommodate the steric requirements of the various

ligands -

The spectroscopic data obtained for (48) were

consistent with the determined structure' The infrared

spectrum of (48) contained a broad weak band at Ig75 cm-1

whj-ch was assigned to v (nu-H) - The lH NMn spectrum

confirmed the formation of the metal bonded hydride,

ahigh-fieldtripletatô-ll.5beingobserved.The

cyclopentadienyl protons resonated between ô 3'89 and

4.49 giving three peaks of relative intensity 4:5:4'

A pseudo molecular ion was found at m/z 722 wlních,

consisted of overlapping multiplets assigned to tMl +

and t¡l - Hl + in the Er mass spectrum' rons related to

the molecular ion by the loss of csHo and further loss

of C5H5 v¡ere found at n/z 644 and 578, respectively'

while a relatj-vely strong doubly charged ion was found

at 361 (tMl 2+) .

Theinsertionreactionof(48)withDMADwasalso

examined. The vinyl complex nu{ C (COzlr{e) =CH (COzUe) } -

(dppf) (n-CsHs) (5¿¡ was obtained from the hydride and

DMAD in refluxing benzene. There was no evidence for the

presence of a bis-insertion product analogous to (33) .

Complex (54) \^/as characterised on the basis of micro-

analytical and spectroscopic data. The infrared

spectrum contained familiar v (c=Q) vibrations at 1709 and

1698 cm-l while a v (C:C) band was found at 1540 cm-I '

The proton NMR contained singlet resonances at ô 3.31

and 3.45 assigned to the oMe signals while the signal

at 6 6.36 [s, lH] was assigned to the vinyl proton'

comparison of these values with those in Table 7 suggest
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the assignment of the configuration of the vinyl group as

cjs on the basis of lack of coupling of the =CH proton to
the 3 1P nuclei and favourable comparison of the OMe

resonances of (5a¡ with those found for complex (40).

The multiplet between ô 3.06 - 4.Bl- was assigned to

the dppf cyclopentadienyl protons while the Ru-CsHs protons

gave a singlet at ô 4.33 and the multiplet between ô 7.1

7.6 was assigned to the phenyl protons.

A molecular ion aL m/z 864 was observed in the EI

mass spectrum of complex (54) and ions related to it by

the loss Me, OMe, COzMe and Fe(CsHs) z were found at m/z

849, 833, 805 and 678, respectively. The ion aL m/z 721

\^ras assigned to [Ru(dppf ) (CsHr)]+ and doubly charged ions

at n/z 432, 402.5, 360.5, 327.5 and 332 were assigned

to [M]'+, [M - co Me] 2*, [Ru(dppf) (csHr) ],+, [Ru(dppf)-
ul+ and Ru(dppf) (CuHu¡ - ph1 z+.
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EXPERIMENTAL

Generaf conditions and instrumentation used \^7ere aS

described in Chapter 1.

Starting materials

Literature method.s were used to prepare RuCl (PPh z) z-
67 68 64

(n-csHs) , Rur(PPhe)r(n-CsHs) , RuH(PPhr)z(n-csHs) and
69

RuCI (nu-CsHr z ) (n-CsHs ) . Commercial C2 (co2Me) z (Ftuka)

\^/as routinely distilled before use and commercial l{H4PF5

(Aldrich) was used as received.

Syntheses

A. Reaction between C, (Co,Me) , and RuX (PPhq ) , (n-CsHs )

(a) X=CI - A mixture of RuCl (PPh3 ) z (n-CsHs ) (200 mg,

0.284 mmol) , NH4PF." (46 mg , 0.284 mmol) and C2 (Co2Me) z

(0.05 ml, 0.408 mmol) in MeOH (25 mI) was heated at reflux

point until a clear dark brown solution was obtained, ca th.

Evaporation and separation of the residue by preparative

tIc (acetone-1ight petroleum¡ IzI) gave eleven bands-

Band L, (nr 0.51, yellow) was crystallised from Et2o/pentane

to give orange microcrystals of RuCI Inu-CH(Corlvle)=C (CozMe)c-

(CO2ì4e)=CH(COzMe)l (n-CsH5) Qll (13 mg, 9Z) , m.p. 154-155oC.

[Found: C, 4I.86¡ Hr 3.93; ø(mass spectrometry) 4BB¡

CrzHreClOrRu requires C, 41.80; H,3.932¡ m 4881. Infrared

(NujoI) : y (C=o') I7 60s, 1738m, I7]-Ovs, 1697s¡ v (co) 1283s,

L22Bvs, 1199s, 1163s cm-1; other bands at 3107m, L343m,

1180m, 1016w, 989m, 968m, 84lm,763w cm-1. 1H NMR: ô(CDCI3)

2.OO (s, 2H, 2x =CH) ; 3.73 (s, 6H, 2x CozMe); 3.87 (s, 6H,

2x COzMe); 5.58 (s, 5H, CsHs). FAB MSz 4BE,

[ø - cl1+, '15¡ 42g, lu - côzMe]*, 6; 3gL, lt't

L7¡ 2B4t [c4 (CorMe) u]*, 100.

+lul , 26¡ 453,

2 OMelCO 2Me
+
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The only product isol-ated from a simifar reaction

carried out in refl-uxing tol-uene was Cu (COrMe)u (32 mg,

5U. The remaining bands were present in trace amounts

or intractable (baseline), and were not identified.
(b) X=I

(i) A mixture of RuI (pph3 ) z (n-CsHs ) (694 mg,

0. 85 mmoÌ) , NH4PF' (144 mg, 0. BB mmol) and C2 (CO rMe) ,

(1.05 mI, 8.54 mmol-) in MeOH (200 mI) was heated at ref 1ux

point for 10.5 h. Evaporation and separation of the

residue by preparative tlc (acetone-cyclohexane-CH rCl_2;

1:4:5) gave ten bands. Band 1, (Rf 0.69, red) was further

separated by preparative tlc (as above, double development)

to give two bands. Band I, (nr 0.73, red) \^/as crystallised

from CH2C12lueoH to give red crystals of RuI[nu-CH(COzMe)-

:C (COrMe) C (COrUe)=CH (CO2Me) I (n-CsHs ) (28) (72 mg, I5Z) ,

m.p. 161-163"C. lFound: C, 35.0 4,ì H, 3.26¡ u (mass spectro-

metry) 580; CrzHrgIOBRu requires C, 35.24¡ H; 3.31?; M 580l;

Infrared (Nujol) : y (C=O) L7 62s , t7 40m, 77I2s, 1700s, v (CO)

1350m, 1285m, 1230s; other bands at 1200m, 1160m,

1020w, 990m, 970w, 930w, 843w, 835w, B01w , 775w, 76Iw,

720w cm-l. rH NMR: ô(cDC13) 2.07 (s, 2H, 2x :cH) ; 3.66

(s, 6H, 2x OMe) ; 3. 85 (s, 6H, 2x CO2Me) ; 5.57 (s, 5H, Cs Hs ) .

t'c{tu} NMR: ô(CDCI3) 47.9 (s, =cH); 5I.i (s, oMe) ¡ 53.4

(s, oMe) ; 91.1 (s, CsHs); 92.8 (s, -C=); 765.4 (s, C=o);

171.0 (s, C=o). FAB MS: 5BO, luf*, 16¡ 54g, lu - oMel*, 19¡

52r, ltq - co2Mel+, 2¡ 453, lu - rl+, 39¡ 394, Lu - r - corMel+'

32¡ 286, [c4 (cozMe) q Hr]+ , 3; 255, [c4 (corMe) aH, - oMe] 
+, 

27 ¡

227 , [C,- (CO2Me) 4H2 - CO2Me ]+ , 32¡ I54, ? , 100. Band 2,

(nr 0.77, colourl-ess) was crystallised from MeOH to give

white crystals of tetramethyl (z,z)-1,3-butadiene-l,2,3,4-
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tetracarboxylate (30) (59 mg, 22) m.p. 90oC.

[Found: ø (EI mass spectrometry) 286 ¡ C:- zH r +O + requires

M 286l . IH NMR: ô(CDCI3) 3.73 (s, 6H, 2x OMe); 3.87 (s'

6H, 2x OMe) , 6-00 (s, 2H, 2x =CH) [Lit. 
tt 

m.p. 90oC.

1H NMR: 6 (cDcI 3) 3.75, 3. BB and 6.09 respectivelyl .

Band 2, (nr 0.54, yellow) was further separated by

preparative tl-c (acetone-cyclohexane-CHzCLz¡ 1:4:5) to

give two bands. The major band (ar 0.57, yellow) was

crystallised from CH2CI 2/cycl-oi;.exane to give yeIlow

prisms of Ru (n-csH, ) [n 
t-coH 

(cozMe) o ] Q9l (100 mg , 2oeo) ,

m.p. 165-166"C. lFound: C,46-47; H,4.07¡ a (mass

spectrometry) 594¡ Cz sH z+O1zRu requires C, 46 -62¡ H,

3.9I2¡ pt 5941 . Infrared (KBr) : v (C=O) 1750vs , 17 30vs (br) ,

1700s; v(C-O) I225vs(br); other bands at 2960m, !43Bvs,

1420m, 1395m, 1350m, 1330m, 1325m, 1115s, 1100w, 1002s,

992s, 822s, BOOm , 791m cm- r. 1H NMR: ô (cDCl 3) 3.55 (s,

3H, OMe) ; 3.76 (s, 6H, 2x Ol4e) t 3.84 (s, 9H, 3x OMe) ¡ 4.54

(s, 1H, cH); 5.04 (s, 5H, csHs). 13c{iH} Nun: 6(cDCIg)

42.4 (s, CH); 51.6 (s, OMe) ; 52.I (s, 2x OMe); 53.0 (s,

3x OMe); 84.5 (s, CsHr); 87.B [s, C(6)' C(10)]; 94.9 [s,-

C(71 , C(B) , C(9) l; 166.5 (s, 2x cOrMe); 167.1 (s, cOrMe);

171.7 (s, 3x corMe) . FAB MS: 594, Lul*, 3; 563, [u oMe]

29¡ 535, ltt corMel+, 100; 477, [Ru(CsHs){c6H2 (corMe) u}]+

65¡ 4rg, [Ru(CsHs) iC6H3 (COrMe) ,]l+, 4r¡ 36L' [Ru(CsHs)-

{csH4(co zçe)z} l+, 47¡ 303, [Ru(CsHs){CsHs (COzMe) }]+, s;

244, [Ru(CsHs)(CrH.)1+, 7¡ 167t [Ru(CrHr)]f, B. Band 3,

(n¡ 0.I7, orange) was crystallised from MeOH/EtOAc to give

+

white crysLals of PhrPO (66 mg, I4Zl .

of its m.p. and infrared spectrum with

sample. The remaining bands vlere

Identified by comparison

those of an authentic

present in
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trace amounts, or intractable (baseline), and were not

identified.

(ii) A similar reaction between RuI(PPh, )z (n-CsHs )

(1030 mg, I.26 mmol), NH*PF6 (205 mg, 1.26 mmol) and

C2(CO2¡4e)z (0.6 mI , 4.BB mmol-) in I{eOH (75m1) was continued

for 72 h. Fil-tration of the resulting orange suspension

gave an orange powder of unreacted RuI (PPh, ) z (n-CsHs )

(460 mg, 372) - The orange fil-trate was evaporated to

dryness and the residue separated by preparative tlc

(acetone-cyclohexane-CH2 CIz i 1 : 4 : 5) to give eleven bands.

Band I, (nr 0.69, red) was crystallised to give red crystals

of (28) (16 mg, 4%) , identified by comparison of its infrared

and FAB spectra with those of the sample prepared as above.

Band 2, (nr 0.60, yellow) was further separated by preparative

t1c (acetone-cyclohexane-CHrCl-rl i 1:10:9) into two bands.

Band I, (nr 0.90 yellow) \^,ras crystallised from CH2C1 ,/cycl-o-

hexane to give yeIlow prisms of (29) (37 mg , 9%l . Band 2,

(nr 0.88, yeIlow) was crystallised from CH2CI-2/cycl-ol,:exane

to give yellow prisms of Ru (n-CsHs ) {n s-CeH (cozMe) e } (¡f )

(32 mg, 6%l , m.p. 24O-247"C. [Found: C, 47.28; H, 4.]-3;{ø + U]

(mass spectrometry) 737¡ CzglHsoOrs Ru requires C, 47.35¡

H, 4.l]-à¡ M 7361 . Infrared (Xer ) : v (C=O) 174Ovs (br) ;

y (C=C) 1640w; v (C-O) I270vs, 1255vs , I230vs, l-21Ovs;

other bands at l-365s, 1355m, 134Ovs, 1320m, 1175s, 1142s,

1130s, 1110m, LO25m, 1010m, 1000s, 995s,918w, B2Os cm-1.

IH NMF.: 5(CDCI3) 3.52 (s, 3H, OMe); 3.59 (s, 9H, 3x OMe);

3.76 (s, 6H, 2x OMe); 3.80 (s, 3H, OIt{e) ; 3.81 (s, 3H, OMe);

5.15 (s, 5H, CuHu); 6.63 (s, 1H, =CH) . FAB MS:

3; 706, t(M + H) oMel*, 50; 677, Íu co2Mel+,

I (ø - 2COrMe) + Hl+, 3; 604, [u - CO2Me - Me]*,

[u - c2(corM.)r]l l-; 559, ltt - 3corMel+; 2¡ 167,

737, lu + Hl

100; 6L9,

594,

lRu (C uH.) I 
+

6

+
,
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(iii) A mi-xture of RuI(PPhs)z(n-CsHs) Q00 fr9, 0.339

mmol-) and C2(COzMe)z (0.33 rnl, 2.68 mmol) in MeOH was treated

with HPF6.OEt2(ca 1 drop) and refl-uxed for 16 h. The clear

orang,e solution was evaporated to dryness and the residue

separated by preparative tlc (acetone-light petroleum; 1:4)

to give eleven bands. Band 1 (Rf 0.80, orange) gave solid

RUI(PPhs)z(n-C5H5) (20 m9, 10%). Band Z (at 0.40, red) was

crystallised from CH2C12/MeOH to give red crystals of (28)

(11 mg, 11%). Identified by comparison of its i.r. and FAB

mass spectrum with those of an authentic sample. Band 3

(nr 0.14, orange) was crystallised from MeOH to give white

prisms of Cs (COzMe) s (90 mg, 24Zl , identified by comparison

of its i.r. and 1H N¡l-n spectra with those of an authentic
l9

sample.

ìc) X=H - A mixture of RuH(pph3)2 (¡-C5H5) (502 mg,

0.73 mmol) and C2 (COrMe), (0.25 mI, 2-03 mmol-) in benzene (50 mf )

\,ùas heated (82-B6oC) for 45 min. The resulting red solution

\^Ias evaporated and the residue was chromatographed (Florisil,

3 x 20 cm) . Elution with light petro]-eum removed traces

of unreacted C, (COrMe) ,. Further elution with acetone-light

petroleum (1:10) gave an orange fraction which was crystal-

lised from EtrO/Iío,ht petroleum to give red crystals of

Ru[c(CozMe)=CHC(o)oMe] (ppfrs) (n-CsHs) (34) (26 mg, 6%1 ,

identified by comparison of its m.p. and i.r. spectrum with
those of an authentic =*p1". 

t u 
Further elution with

acetone-light petroleum (1:4) gave a yellow product which

was crystallised from I'tzO/J-i-ght petroleum to gj_ve yellow

microcrystals

(308 mg, 5IZl ,

of nu[ (r)-c(cozMe)=g¡¡(corr're) ] (pph¡)z (n-csHs) (to)

identified by comparison of its m.p. and i.r.
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spectrum with those of an authentic sample. A second

yelIow band was eluted with acetone-light petroleum

(1:3) and crystallised from Et2O/pentane to give yeJ-low

crystals of Ru [C (CO zMe)=C (CO 2Me)C (CO2Ivte (Co zMe) I (PPh3 )-
(n-CsHs )(33) (106 mq | 20z) t m.p. 180-181"C. [Found: C, 58. 81;

H, 4.64¡ t't (mass spectrometry) 714¡ Cs sH3 3OspRu requires

C, 58.90; H, 4-66ep¡ M 714') . Tnfrared (Nujol) : y (C=O)

1716vs, I699s; y(C=C) 1585w; Other bands at 1310m, 1250 (sh),

L2I2s, II92m, 1150m, 1140m, 1093m, 1012w, 895w, 785w, 758w,

745w, 697m cm-l. rH NMR: ô(CDC13) 2.22 [d, r(pH) l6Hz, lH,

=CHl; 3.13 (s, 3H, OMe) ì 3.60 (s, 6H, 2x OMe); 3.80 (s,

3H, OIle)i 4.89 (s,5H, CsHs); 7-2-7.4 (m, 15H, Ph).
13c{lH} NMR: 5(GDCI3) 45.4 [s, c(B)] ¡ 5o-7 (s, oMe); 51.0

(s, OMe); 51.1 (s, OMe) ; 52.7 (s, OMe); 159.0 [s, C(7)];

762.8 [s, C(9)], 89.5 (s, C5H5), 128.3-I34.6 (m, ph); 62.5

ld, J(PCl I6Hz, Ru-C (6)l ; 172-6 (s, COrMe); L73.0 (s,

2x COzMe); 174.4 (s, COzMe) . FAB MS z 7L4, [iu¡]+, 29¡

682 , [ø - MeoH] +, 12; 655 , [u - co rMe] 
+, 15; 42g , [Ru (pph, ) -

(crttr)l+, 100; 262, lpph3]+, 31; 167, [Ru(cuHu)]+, 18.

Further erution with the same sol-vent gave a second ye11ow

fraction. This was further separated by preparative tlc
(acetone-light petroleum; 1:1) to give one major band, (Rt

0.36, yellow) which was crystallised from CH2CI z/Ii.ghL
petroleum to give PhrP=C ( COrMe) C (COrMe) -C (COrMe) C (Ph) (CO2Me) (:S)

(60 mg ¡ I2Z) , m.p. 248-249oC. lFound: M (mass spectrometry)

546¡ c s oH zzo ap requires tr 5461 (Lit. 
t' 

248-250"c) .
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B. Reaction between C,,H, (COrUe) u and RuCl (nu-CoH.', ,) -
(n-c rH r ¡

RuCl-(nu-csHrz) (n-CsHs) (54 mg, 0.175 mmol) was added

to a solution of tetramethyl (z , r) -1 ,3-butadiene-I ,2 ,3 ,4-

tetracarboxylate in MeOH (17 ml) and the mixture heated

at 60"C for 3.5 h. The resulting yelIow-orange solution

was filtered through alumina, evaporated to dryness and

the resj-due crystallised from Et2O/Iight petroleum to gì-ve

orange crystals of (27) (51 mg, 60eol , shown to be identical

(i.r., NMR) with the complex isolated from reaction A(a)

above.

C. action of Ru -C CC) Me =CH CO [.ie PPh -Cl H

(i) with IfeI A mixture of (16) (400 mg, 0.48 mmol)

and MeI (2280 flg, 16.1 mmol) in toluene (25 ml) was refluxed

for 45 min resulting in the precipitation of a white powder

of [PMePh¡ ] I (198 mg, B8t3) . Identif ied by comparison of

its m.p. and lH NMR with those of an authentic sample. The

fil-trate was evaporated and the resulting red oil chromato-

graphed (siIica, 3 x 20) - Elution with Et2O afforded a

red-orange band which was collected, evaporated to dryness

and the residue crystallised from EtzO/1ight petroleum to

give red crystals of (34) (219 mg, B0å) , identifj-ed by

comparj-son of its m.p. and i.r. spectrum with those of an

authentic =r*pI".'u
(ii) with carbon monoxide - A sol-ution of (16) (300 m9,

0.36 mrnol) in MeOH-CH2C12 (1:5, 60 ml) was carbonylated in

an autoclave (40 atry 110"C, 21 h) giving a pale yeIlow

sol-ution which was evaporated to dryness. Separation of

the residue by preparative tl-c (acetone-Iight petroleum;

1:1) gave seven bands of which only the major band (nr 0.6,

yellow) h/as isolated. Crystallisation from EUO/ 1i9ht
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6(CDC13) 49.9 (s, OMe); 50.3 (s, OMe); 87.5 (s, CsHs);

127 -l-736.6 (m, Ph) ; 168.7 (s, =CH) ; 172.7 [d, .z(PC) lIHz,

RuCl 178.3 (s, Òori'le); 178.4 (s, cozMe) ¡ 205.0 [d, ¿(pC) 2LHz,

RuCOI .

E. Pre aration of RuX d f -C H ldppf = I,I -bis
( diph enylpho sphino ) ferrocene l

(f) X=CI - A solution of RuCI(PPh3)z(n-CsHs) (178 ñ9,

0.245 mmol) and dppf (135 mg , 0.244 mmol) in benzene (25 ml)

\^/as heated at refl-ux for 76 h. The orange soluti-on was

evaporated to dryness and the residue crystallised from

CH2Clr/ntOU to give orange crystals of RuCt(dppf) (n-CsHs)(¿7)

(128 mg, 692') , m.p. 203-204"C (dec.) . [Found: C, 61.10;

H, 4.50¡ u (mass spectrometry) 756¡ CsgH33ClFeP2Ru requires

C, 62.00 ¡ H, 4.AOe"¡ 14 7561 . Inf rared (Nujol) : 1-437 s , 1315w,

1115w, 1110m, 1091s, 1070w, 1060w, 1044m, 1038m, 820m, B0Bs,

761w, 742m, 738m, 695s, 631m, 625m cm-r. 1H NMR: ô(CDC13)

4.03, 4.24, 4.31, 5.18 [m, BH, (CsHq)'zFe]; 4.11- (s, 5H, CsHs);

7.2-B.O (m, 2OH, ph). Er MSz 756, Lu)+, B0; 720, lru HCtl+,

64¡ 654, tu - HcI CrHu I 
*, 3; 642, lu - Cl C.H.l*, L6¡

576, lu - HCr csHs crH,I *, 6¡ 554, ldppf ]+, 48¡ 507 ,

lu - csH+pph2I +, 28¡ 476, [dppf-crHu ] + , 24ì 4'/2, [FeRu-

(csH4pphz) (crHr) I *, 4¡ 416, [Ru(csH,*pphz) (crHr) ]*, 5B;

3'lB, [¡l]2+, 10; 360, lu - Hcl-l 2+, 6¡ 339, [Ru(csH4pph)-

(cuHr)l+, 100; 305, [Fe(c5Happh rl]+, g¡ 262, [pph3]+, 13.

(ii) X=H - A suspension of RuCl (dppf ) (n-Css, ) (108 mg,

0.143 mmol) in methanol (25 mt) containing NaOMe (f ml- of a

_-1ca l- moI.L solution in MeOH) was heated at reflux for 15 min.

The yellow powder which precipitated was collected, washed

with MeOH (2 x 5 ml) and light petroleum (Z x 10 ml) , and

dried under vacuum to give RuH(dppf) (n-CsHs) (48) (78 il9, 75Zl,
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m.p. 198-200" (dec.). [Found: C, 64.70¡ H, 5.I0¡ u (mass

spectrometry) 722¡ CrrH,uFePrRu requires C,64.90¡ H, 4-9Oto;

M 7221 . Infrared (Nujol) : v(RuH) I975w (br) ; Other bands at

1590w, 1435s, 1310w, 1180w, 1160m, 11-05w, 1090s, 1070w,

1041m, t029w, 850w, 835w, 825w, 800m, 755w, 745m, 720w,

708m, 697s cm-1. lH NMR: ô(caDo) -11.5[t, J(PH) 35 Hz, lH,

RuHl; 3.89 (s, 4H, CsH,*); 4.38 (s, 5H, CsHs); 4.49 (s, 4H,

CsH+); 1-16 (m, 13H, Ph); 7.95 (m, 7H, Ph). EI MSz 722,

[ø] 
+ + lu - Hl +, 100; G44, l¡,,r - csHu I 

*, 36¡ 578, Íu csHe-

cuHul*, 1B; 566, Í¡,r- 2(cul¡r)l+, r'. ¡ 536, [FeRu(csH+)2 (pph2)-

(crHr) l+, 24¡ 47r, [FeRu(csH4pphz) (crHr) ]*, 52; 395, IFeRu-

(csH4pph) (csHr)l+, t7¡ 36!, lult+, 36; 339, [Ru(CsH,,pph)-
I(CrHr)l ', 67.

(iii) x= [C (CorMe) =CH (CozMe)] - A mixture of RuH (dppf )-

(n-CsHs) (78 19, 0.108 mmol) and c2(CozMe)z (63 mg, 0.44

mmol-) in benzene was heated at refl-ux for 4 h. The resulting

yellow solution was evaporated to dryness and the residue

was crystallised. from CH2C1 2/ELOH to give a light yellow

cotton-Iike mass of RutC (COzMe) -Ctt(COrMe) I (dppf ) (n-CsHs) (5=1)

(72 mg, 77e"1 , m.p. 269-270oC (dec.). lFound: C, 62.40¡

4.90¡ u (mass spectrometry) 864; C+ sHu oFeOuP rRu requires C,

62.60¡ H, 4.702¡ M 8641 . Infrared (Nujo1): v(C=O) 1708s,

1698s; v(C=C)tS4Os; Other bands at 1435s, 1328w, 1190s,

1178m, 1160m, 1742s, 1090s, 1040w, 1035w, 1005m, 832w, B2Bw,

752m,723w,701s cm-r. 1H N¡ln: ô(CDCI3) 3.31 (s, 3H,OMe) ;

3.45 (s, 3H,OMe); 3.06,4.25,4.38,4.81 [m, BH, (C5Ha)2FeJ;

4.33 (s, 5H, CrH5); 6.36 (s, lH, =CH); 7.1,-7.6 (m, 20H, Ph) .

Er MSz 864, lu)r, 56¡ B4g, [ø - ¡,te]+, 0.5; 833,

0.3; 818, [ø - Me oMe]*, 0.7¡ 805, lu - cozMel

[Ru(dppf) (cuHu)]+, 33¡ 678, lu - Fe(crHu)rl*, 8;

tnu (dppf ) - Hl +, 12¡ 644 , [Ru (dppf ].(c sH 5) -phl +,

+Iu OMel

+ 6¡ 72I ,

6s5,

t0t 554,
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[dppf ] +, 100; 535, 172l - Fe (c sH ,) ,l* , 2¡ 4g7 , [Ru{cru-

(cozMe) 2Ì (pph2) (csHr) l+, B; 476, tdppf c.Hul*, 43¡ 47!,

lFeRu(C5H3pphz) (CrHu)l +, 25¡ 432. [u]'+ , g¡ 4L6 | [Ru-

(csH4PPhz) (cuHu) l*, 5¡ 402.5, lu - cozMef '*, 3; 3Bl-, tdppf-

c5Hspphl+, B; 360.5, 172rl2+, 7¡ 339, [Ru(c5H4pph) (csHr) ]+,5 ;

327 .5, [65 5j'* , 3¡ 322 , [644]2 + , 32¡ 310, [Ru{COzMe) z }-
(cuHu) l+, 2.



742.

1 J.L. Davidson, in 'Reactions of Cootdinated Ligands',

1986, Ed- P.S. Braterman, Plenum, Nehr York, VoI. I,

P825.

S.D. Tttel and J.A. Ibers , Adv- otganomet- Chem-, L976

74, 33.

S. Otsuka and A. Nakamura, Adv. organomet- chem', I976

74, 245.

(a) J.L. Templeton, P-8. Vüinston and B-C- Ward,

J. Am. Chem. Soc. , 1981, 103 ' 7713 -

(b) K. Tatsumi, R. Hof fmann and J-L- Templeton,

rnorg. Chem., L982, 2!' 466.

5. L.P. Yur-eva, Russ. chem. Revs- / I974, 43, 48.

ToepeI,6. Vü. Reppe, O. Schlichtitg, K- Klager and T

REFERENCES

7

8.

9.

10.

11.

L2.

2

3

4

Liebigs Ann. Chem. , 1948, 1', 560.

R.E. Colborn and K.P.C. Vollhardt, J- Am- chem- soc-'

1986, S, 5470.

K.M. Nicho1as, M.O. Nest1e and D. Seyferth, in

'Transition metal organometallics in Organic synthesls

1978, Ed. H. Alper, Academic Press, London, P1-

A. Efraty, chem. Rev., L977, 77, 692.

H. Yamazaki and N. Hagihara, J. organomet. chem-,

1970, 2r, 431.

H. Yamazaki and Y. Wakatsuki, J. organomet- chem.

1977 , 739, 157 .

P.M. Maitlis, Pure Appl. Chem-, 1'973, 33 ' 4B9t P.lvI.

,

Maitlis, Acc. Chem. Res., 1-976, 9, 93¡ P.M. Maitlis,

J. organomet. Chem., 1980, 200, 161-.

F. Hartley, Chem. Rev., L969, 69, 799.1_3.



t4.

15.

16.

L7.

18.

19.

20.

2I.

22.

23.

24.

r43.

G.M. Whitesides and W.J. Ehmann, J. Am. Chem. soc. ,

1969, 97, 3800.

A.N. Nesmeyanov, A.I. Gusev, A.A. Pasynskii,

K.N. Anisimov, N.E. Kolobova and Yu. T. Struchkov

Chem. Commun - , 1969 , 739 -

A. Bond, M. Bottrill, M. Green and A.J. V'Ielch,

J . Chem- Soc - , Dafton Trans. , 1971 , 2372.

J. Browning, M. Green, J.L. Spencer and F.G.A. Stone,

J . Chem. Soc - , DaLton Trans - , I97 4, 97 .

D.R. McAlister, J.E. Bercaw and R.G. Bergman,

J . Am. Chem - Soc - , 1977 , 99 , l-666 -

J.P. Col-lman, J.W. Kang, W.F. Little and M.F. SulÌivan,

Inorg. Chem-, 1965,7, L298.

B.J. Rappoli, M.R. Churchill-, T.S. Janík, W.M. Rees

and J.D. Atwood, J. Am. Chem. Soc., 1987, I09,

51 45.

R.S. Dickson and P.J. Fraser, Adv. Organomet. Chem-,

I97 4, 12, 323.

M.A. Bennett and P.B. Donaldson, Inorg. Chem., I978,

r7, 1995.

N.E. Schore, Chem. Rev., 1988, BB, 1081.

S.A.R. Knox, R.F.D. Stansfield, F.G.A. Stone, M.J.

Winter and P. Woodward, J- Chem. Soc. Chem. Commun-,

7978, 22I¡ S.A.R. Knox, R.F.D. Stansfield, F.c-4. Stone,

M.J. Winter and P. Woodward. J. Chem. Soc., Dafton

Trans. , 1-982, L73¡ A.M. Boileau, A.G. Orpen, R.F.D.

Stansfield and P. Woodward, J. Chem. Soc., DaLton

Trans. , 1982, IB7 .

M. Green, N.C. Norman and A.G. Orpen, J. Am. Chem. Soc.,

1981, 103, L269.

25.



26.

27.

28.

29.

30.

31.

32-

33.

34.

3s.

36.

I44.

M. Green, N.K. Jetha, R-J. Mercer, N.C. Norman and

A.G. Orpen, J - Chem. Soc - , Dal_ton Trans. , 19BB ,

P.M. Bailey, B.E. Mann, D.I. Brown and p.M. Maitlis,
J - Chem. Soc . , Chem. Commun. , 797 6 , 238 .

E.A. Ke1ley, P.M. BaiÌey and p.M. Maitlis, ,_r. Chem -

Soc-, Chem. Commun., 1971 , 289¡ E.A. Ke1ley and

P.M- Maitlis, ,r. Chem. Soc . , DaLton Trans - , lgTg ,

t67 -

J.P. Coll-man, L-S. Hegedps, J.R. Norton and R.G.

Finke , 'PrincipTes and Applications of Organotransition
'Metal chemistrg', 1987, 2nd, Edition, university science
Books, Mi11 Va11ey, California, Chapter 6.

J.J. Alexander, in 'The Chem'istrg of the MetaL Carbon

Bend' , 1985, F.R. Hartley and S. patai, Eds., Wiley,
New York, VoI. 2, Chapter 5

G.E. Herberich and W. Barlage, organometaLLics, IgB7,

6, 1924.

M. Dubeck and R.A. Schell , Inorg. Chem., 1963, 4, 1757.

T. Blackmore, M.I. Bruce, F.G.A. Stone, R.E. Davis

and A. Garza, J. Chem. Soc., Chem. Commun., Lg7I, 852.

T. Blackmore, M.I. Bruce and F.G.A. Stone, J. Chem.

Soc., DaJton Trans., I974, 106.

H. Eshtiagh-Hosseini, J. F. Nixon and J. S. Rol_and,

J . Organomet. Chem - , I979 , 164, 107.

M.I. Bruce, R.C.F- Gardner, J.A.K. Howard, F.G.A. Stone,
M. Welling and p. Woodward, J. Chem- soc., Dafton
Trans., L977, 62I.

37. J. Dupont, M. J-C. Daran and J. Gouteron,Pfeffer,

Dal-tonJ. Chem. Soc. , Trans., 1988, 242I.



38.

39.

40.

4r.

¿.)

43.

44.

45.

46.

47.

48.

49.

r45.

M.I. Bruce, R.C.F- Gardner and F.G.A. Stone, J. Chem.

Soc. , DaTton Trans - r I976, 81.

M.R. Torres, A. Vegas, A. Santos and J- Ros,

J. organomet- Chem., 1986, 309, 169.

M.R. Torres, A. Santos, J. Ros and X. Solans,

Otganometaffics, L987, 6 1091.

M.R. Torres, A. Vegas, A Santos and J. Ros, J. organomet.

Chem. , 1-987 , 326 , 41-3 -

G.E. Herberich and W. Barlag,e, J. organomet- Chem.,

1987, 331, 63.

M.f. Bruce, M.G. Humphrey, M.R. Snow and E.R.T. Tiekink,

J - organomet. Chem-, 1986, 3I4, 2I3.

J. Wisner, T.J. Bartczak and J.A. Ibers , rnorg. Chin.

Acta., 1985, 100, 115.

E. Cesarotti, A. Chiesa, G.F. Ci-ani, A- Sj_roni, R. Vefghi

and C. White, J. Chem. Soc., DaLton Trans-, 1984, 653.

I{.I. Bruce, A. Catlow, M.G. Humphrey, G.A. Koutsantonis,

M.R. Snow and E.R.T. Tiekink, J. organomex- Chem.,

1988, 339, 59.

P. Seiler and J.D. Dunitz , Acta CrgstaLLogr ., Sect. -8,

1980 , 36, 2946.

M.I. Bruce, R.C. Wallis, M.L. lrlilliams, B.W. Skelton
and A.H. Whj-te, ;. Chem. Soc., Dal_ton Trans.,1983,
2189.

H.C. Clark, G. Ferguson, A.B. GoeI, E.G. Janzen,

H. Ruegger, P.Y. Siew and C.S. Wong., J. Am- Chem. Soc

1986, l_08, 696L.

50.

51 .

M.I. Bruce and M.J. Lidde1l, unpublished results.
H. Neunhoeffer, B. Lehmann and H. Ewald, Liebigs Ann-

Chem., 1977, L42I.



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62-

63.

64.

65.

\46.

A. Konj-etzny, p.M- Bai1ey and p.M. Maitlis, ,-2. chem.

Soc. , Chem. Commun. I I975, 79.

J.C. Kauer and H.E. Simmons, ,t. org. Chem. , 1968,
33, 2720.

M.r- Bruce and M-p- cifuentes, unpublished resurts.
L.E. Smart, J. Chem- Soc., Dalton Trans., Ig76, 390.
A.W. Johnson and J.C. Tebby, ,_2. chem. Soc., 196I ,

2726.

L. Brammer, M. Crocker, B.J. Dunne, M. Green,

C.E. Morton, K.R. Nagle and A.G. Orpen, J. Chem. soc

Chem. Commun., 1986, 1226-

T. Yasida, y. Kai, N. yasuoka and N. Kasai , BuJJ.

Chem. Soc. Jpn-, 1977, 50, 2BBB.

N.C. Rice and J.D. Oliver, ;. organomet. Chem. , Ig7B,
1,45 , 72I -

P.R. Holland, B. Howard and R.J. Mawby, ,_2. Chem.

Soc., DaJton Trans., 1983, 23I.
F- canziani, A- Albanati, L. Garrascherri and M.c.
Malatesta, J. organomet. Chem., 1978, I46, Ig7.
¡4.f. Bruce, R.C.F. Gardner and F.G.A. Stone, J. chem.

Soc., DaTton Trans.. I979, 906.

C.A. Tol-man , chem. Rev . , Ig77 , 77, 313.

M.I. Bruce, A.G. Swincer and R.C. Wallis , Aust. J.
Chem. , 1984, 57 , 17 47 .

I.R. Butler, W.R. Cullen, T.J. Kim, S.J. Rettig and

J. Trotter , OrganometaLl_ics , IgB5, 4, 972.
66. U. Casellato

and R- Graziani, ,t. Crgst. Spect. Res., 1988, 18,
583.



61 .

68.

69.

'J,47 .

M.I. Bruce, C. Hameister, A.G. Swincer and R.C.

Wal-lis , rnotg. Sgnth. , 1982, 2I , 7B -

T. Blackmore, M.I. Bruce and F.G.A. Stone, J. Chem.

Soc., DaLton Trans-. I977r 2376.

M.O. Albers, D.J. Robinson, A. Shaver and E. Singleton,

Organometaf l- ics , 19B6 , 5 , 2I99 .



148.

CHAPTER THREE

OLIGOMERISATION REACTIONS OF AgC2ph

INTRODUCTION

RESULTS AND DISCUSSION

EXPERTMENTAL

REFERENCES

Page

I49

159

17B

181



L49.

INTRODUCTION

Reactions between group 11 metal acetylides

and transition metal halides have proved to be a fruitful-

source of unusual types of mixed-metal complexes.

Some tj-me â9o, the novel- hexanuclear iridium-copper

cluster Cu+Ir2 (C2Ph) r (PPh3 ) z (1) \^ras obtained from the

reaction of IrCl- (CO) (PPh3 ) 2 and copper phenylacetylide 1

in refluxing benzene. Each acetylenic fragment is o-bonded

Ph- -c\- c/ Ph

/c= c-_
Ph Ph

h

(1)

to iridium and participates in a r- j-nteraction with a

copper atom. Extension of this reaction to other Ir and

Rh chlorides and selected copper arylacetytides gave a

series of analogrous mixed metal clusters MzCu,* (CzAr)B (PPh2R)2

[M= Ir, Rh; Ar= Ph, Ce HqMe-4, CsHqF-4 , CoFs; R= ph, Me;

not aII combinationsl.

Similarly the reactions between the silver arylacetylides
AgCrAr (Ar= Ph or CeFs ) and RhCl (pph3 ) 3 or TrCl (CO) (pph3 ) 2

in refluxing toluene have given the analogous hexanucrear

compounds MrAg4 (C2Ar) I (pph3) 2 (M= Rh, Ir) as well as the



zwitterionic complexes IAg (PPh3 ) ] 
+ 

t¡,r(CzCoFu ) u (PPh3 I ,l- and

lAg (PPhr) I 
*, tRh(crcuFu) . (pphr) l'- (2) . This latter complex

h/as structurally characterised - 'u't

F5C5-

FsCo

c\

150.

C--
cl

cl

C-

CoFs

CoFs

Ph3P PPh3

c/

c4
ll
ll\
Ao---

e)

Also isolated from these reactions were small amounts of

PhC 
=C-C =CPh , OPPh g and [AgC I (PPh 3 ) ] ,, .

These studies hrere even further extended to the Group

VII elements, in which it was found that the reaction between

cis-[ReC1 (CO)3(PPh3)2] and Cu(C2C6Fs) yielded ICuCI (PPh3)],*,

the cr-acetylide complex Re(C zCoE s) (CO) 3 (PPh3) 2 and the

crystallographically characterised complex [CuRe (C2C5F 5) 2-

(co) ¡ (PPh3) 2l 4(3) .

FsCe

PPh"l"
.Cu,. CeFs

ë
Re

(PPh3)

(3.)



The reaction between CuCrAr (Ar= Ph ¡ C5Ha-4¡ C6H4F-4

or CrF5) and Pt(CzH4) (PPh3) 2 afforded the bis(acetylide)

complexes Pt (CrAr) , (pph ) ,: which were also obtained from

the reactj-on of cjs-PtCl-2 (PPh3) 2 and CuCrAr.

151.

Ph

e(co)2F
t

(CO)2Fe Cu-C I

Ph

(5)

The iron and ruthenium halide complexes FeX(CO)z-

(n-CsHs ) (X= CI, Br) and RuCl (PPh3 ) z (n-CrH, ) ( 4) also

react readily with CuC2Ar. The iron "o*ple*t 
()(= CI;

Ar= Ph) afforded the dimeric compound (5) while the
7

ruthenium complex gave the monomeric compound (6).

Complexes (5) and (6) are better prepared from the reaction

7of Fe (c2ph) (Co) z (n-CsHs ) or Ru (c2ph) (pph3 ), (n-csHs ) ( )



with CuCI, rêspectiveur.u " The r-complexed copper (r)

chloride was removed from (6) using the tridentate phosphine

MeC(CHzPPhz)¡.

Ph3P
t/ Ru-C:C-Ph

I

CuCl

r52.

Ph3P

(0-)

Spanish workerst forr.rd that manganese complexes,

lMn(CzR) (co) g (dppe) I (u-CuCl) (8) t (a) R= CH2oMe,

(b) R= But, (c) R= phl, similar to (6) were obtained.

from the reaction of the corresponding acetylides with
CuCl. They vrere also able to obtain the cationic
complexes { [¡,tn(crgut) (co) . (dppe) ] tu-Mp (c^HuMe-2) "l ]+ (9)

l'(a) M= Cu; (b) M= Ag; (c) ¡,I= Aul from the reaction
of one equivalent of the acetylide with
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a 1:1 ratio of AgBFu and P (C6HuMe-2) , . Complexes (Ba)

and (Bb) react readily with TIPF. i. the presence of

the corresponding acetylide to give the dimeric complexes

(10).

lMnl-C . C-R
I

Cu

I
^-v-lMnl c-R

[Mn] = Mn(CO)3(dppe)
t

R = CHzOMe, Bu

(1_0_)

The analogous silver (11) and gold (12) complexes (for

R= But) \^/ere prepared directly from the acetylide complex

Mn(Creut) (co) g (dppe) in a reaction with AgBFu and AuCI(tht)-
(tht = tetrahydrothiophene), respectively. Complexes (10)

(121 reacted with excess chloride ion in CHrCI, giving-

differenÈ results depending on the n-complexed metal. Thus,

the copper complex (R= e¡t) gave ¡¡n(Czgut) (CO)s (dppe) and

(Bb) while the gold complex (LZl reacted sJ-owly giving a

1:1 mixture of acetyÌide and MnCl(CO)3dppe. However,

complex (11) reacted instantly giving t"tn (Cz eut) (CO). (dnne)

and AgC1.

Copper-acetylide complexes are implicated in the

termj-nal alkynes.
9

It is more than a hundred years since

that phenylacetylene underwent smooth aerialGlaser observed
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oxidative coupli-ng to 1,4-diphenyl-1,3-butadiyne when cuprous
chloride in ammonia was used as a catalyst. The Graser
copper-amine system has been used in various modificati_ons
for many years and the o r/cul /amine oxi-dation system has
been extended to c-c coupring of a variety of 

"o*po.rrrcr=1 
o

oxidative coupring of acetyride g,roups has also been
observed more recentry. The reaction of Nac2ph with Ti_c12-
(nt-CrHuMe), resulted in the oxidative couplÍng of two

phenylacetylide anions which gave a complex containing a

1,4-dipheny]--1,3-butadiyne rigand complexed to two Ti ( n s-

c'H'*M"), moietles' 11

A complex (13) containing this ligand was ar_so obtained
from the thermal decomposition, ì-n the sorid state or in
octane at 110-115"C, of Mo (C2ph) (CO) s (n_CrHr) . 

t, 
Complex

(13) and the anarogous csHqF-4 compJ-ex were unstable with

Ph
c

Ph

C

(q-CsHs)(CO)2Mo Mo(CO)2(t-CsHs)

(]_ÍL)

respect to thermolysis.

rt is of interest that no free phenylacetylene or 1 r 4-diphenyr-
n e react on ture.

The product of the reaction between cjs_ tOs (C zphl 2(pMe s) ,+l

and A9PFr, [os 1n 3-phcr=cgph) (pMe r) uJ ler rrt',rn, , contains a
novel cu ligand produced by oxidative coupling of the two
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acetylide ligands. X-ray structural- characterisation showed

that the unsaturated hydrocarbon unit forms a strictly planar
ligand system which occupies two cis-positions in the
octahedral complex cation.

(Me3P)aOs* c
GrL)

A radical mechani-.åt i= proposed for the oxi-dative
coupling reaction leading to (1¿¡ (Scheme 1). Silver ion
acts to oxidize one of the acetyì-ide ligands causing the

Ph Ph

Ph

losl

->

Ph

"1"'
t\

c

losl

¿./
Ph

Ph

los*lI + Ag*

Ag

^lcHPh
los*l <'-c\

c\\c-..,

hP

+H*

los*l

CHPhcl
c
ttt

(14)

Schemel [Os]=Os(PMe3)a

\
Ph

ilt
cPh
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deposition of solid silver. Hydrogen atom abstraction from

the solvent followed by addition of the remaining phenyl-

acetylide ligand to the o-carbon of the intermediate

vinylidene ligand, then coordination to the osmium atom

of the -C=CPh unit gave complex (14). It is believed that

this reaction sheds some light on the mechanism of dimerisation

of alkynes by transition metal- .o*porr..l=. 
t '

The mono acetylide nickel compounds NiX (C, SiMe, ) (p¡{e3 ) 2

(X= CI, Br) \^/ere obtained by an oxj-dative addition of

CIC2SiMes to the nickel (O) complexes Ni (pMe3 ),+ or Ni (CO) (pMe, ). ;

the bromo complex was obtained followj-ng halide exchange.tul.,

exchanging for iodide an oxidative trimerisation of acetylide

groups occurred in solution. The chloro- and bromo- complexes

above undergo a similar thermal-ly induced rearrangement in

the crystalline state giving Nix{c(crsiMe, )=c(siMe, ) (czsi¡ter) }

(PMer), t(15)-(17); X= CJ-, Br, Il as weII as Ni, Ni(pMeg),+

and NiX, (pl,ter)z(¡)

Me3SiC2 SiMe3

Me3P-

C/
llc\

C2SiMe3N

PMe3
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A series of reactions discounted the possibilì-ty of 1,3-

butadlyne intermediates in the preceding reactions and therefore

a mechanism involving vj-nyl-idene intermediates was proposed.la

Ruthenium and osmium complexes containing similar
vinylacetylide ligands \^rere prepared from the reaction of
either MH(OzCFs) (CO) (pph3) 2 or M(OzCCFs) z (CO) (pph3) 2

(M= Ru, os) with phenylacetytenelu ,h. initial- prod,ucts

are assumed to be the acetylide complexes M(czR) (o2ccF3)-

(co¡ 1pp63), which react further with phcrH to give bright
yellow complexes, Ru{C (Czph) =CHph} (O2CCF¡) (CO) (pph3) 2 (For

M= Ru, R= Ph), presumably via a vinylidene intermediate.

cPh

ill

î
(PPh3)2(F3CCO2)Ru-C.

\ Phc-
I

H

When M= Os a brown hydrocarbon polymer is obtained,
production of which appears to be catarytic. The ruthenium
complex and its osmium analog'ue Os{ C (C 2ph) =CHph } (O zCCf g ) _

(co) (PPh3) 2 are better obtained by the addition of r,4-
diphenyl-1,3-butadiyne to the hydrides MH(O2CCF3) (CO) (pph3) 2.

substitution of the halide in complex (r7l by Lic2But
ave t

which under an atmosphere of co reductivery eliminates (18) t
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Me3Si C2SiMe3

¡r¡esS¡C1 C2But

(1_s_)

i.e. coupling of the sp' carbon of the vinyl ligand in
(17) to the sp carbon of the CrBut ligand.tu

ft has been briefly shown that the reaction of
metal acetylide complexes with metal halide complexes or

themselves gives a variety of interesting products.

As mentioned previously, [Ru (C, ph) (pph3 ) 2 (¡ -Cu Hs) ] -
(p-CuCl) (6) \^ras obtained from the reaction of RuCl(pph3 )2-
(n-CsHs ) (4) and Cu(C2Ph) . It was reasoned that the use

of Ag (C2 Ph) woul-d be expected to af ford a less stable

n-adduct and therefore provide a better synthesis of
Ru (C, Ph) (PPh3 ) (¡ -C, H, ) . Interestingly, the reaction
proceeded in a totally unexpected manner.
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RESULTS AND DISCUSSION

Reaction of RuCl (PPha) z (n-CsHs) (41 with AqC zPh

A mixture of the two compounds in refluxing toluene

rapidly darkens and deposits metallic silver. From the

cooled reaction mixture two intensely coloured binuclear
products were isolated, {Ru(pphs) (n-CsHs)}z (u-Ceph,*) (12l

and {nu(ppfr:) (n-CsHs)}z{U-CroPhq (CsH,-)} (20) by column

chromatography.

PhsP

PPh3 -Ru

Ph
Ph

Ph Ph

Ph
Ph

PhsP Ph Ph

(19.)

Ph3P

(2.0.)

The best yields of complex (19) (15 24Zl r¡rere obtained

by quenching the reactj-on when spot tl-c of the reaction
mixture showed that al-I of (4) had been consumed. continued

reaction results in decomposition of (19) as was shown in
a separate reaction where pyrolysis of (19) in toluene reads

Ru

Ru

Ru
\

obtained as a minor product.
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The binucl-ear compounds do not have any distinguishing

spectroscopic features except for their FAB mass spectra;
(19) contains cyclopentadienyl resonances at 6 4.69 and

87.0 in its 1H and 13c{ltt} NMR spectra, respectively.

The instability of (19) in solution precluded the observation

of the expected lowfiel-d carbene resonances. The FAB mass

spectra, however, showed parent ions at n/z 1262 and at

1363 for (19) and QQ) respectively, suggesti-ng that (20)

was rerated to (19) by the addition of a phenylacetylide.rnit.

These ions fragment principally by the l_oss of ph, pphs and.

Ru (PPhs ) (n-C sHs ) groups.

Single crystal X-ray studies establ_j_shed the molecular

structures of both complexes unambiguously.

X-ray crystal structures of (19) and (20)

The structure of (19) (Figure 1) shows that the comprex

consists of a CsPha ligand bridging two Ru(pphs)(n-CsHs)

moieties and can be considered to be a diruthena 41614

tricyclic system. (Relevant bond distances and angles are

collected in Table 1). Each metal atom has approxj-mate

octahedral co-ordination, with Ru (1) -CsHs (av) 2.26;,, Ru (2) -
oo

CrH5(av) 2.25A, Ru(1)-P(1) 2.308(21 , and Ru(21-p(2) 2.310A ,

and achieves an 1B electron configuration by virtue of
Ru-C ( o) and Ru-C (Carbene) interactions with C (11 I 12.062 0)Ãl
and c(1a¡¡2.051 (7)Å1 , and wirh c(r7) 11.982(7)Ål and c(24)

o

[1.997(7)A], respectively. The central RurC, fragrment,

defined by Ru(1)-C(11)-C(17)-C (24)-Ru(2) , is planar wirhin
experimentar error. The smalr bite of the ligand resul-ts

in severe distortions within the four membered RuC s rings
as shown by the angles at carbon [C(11)C(12)C(L7) 99.I(61 ,
c(14)c(13)c(24) e9.s(6) "l and at Rutc(11)Ru(1)c(17) 64.8(3) ;
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Table 1. Sefected interatomic Parameters for (19)

o

Bond dj-stances (A)

P (1) -Ru (1)

c (11) -Ru (1)

c (17) -Ru (1)

c (14) -Ru (2)

c (r-6) -c (11)

ç (17) -c (L2)

c(24) -c (13)

c (16) -C (1s)

ç (37) -c (16)

c (2s) -c(24)
c (12) -nu (1)

2.3O8 (2)

2 .062 (7t

r.e82 (7)

2.O51" (7)

1.398 (10)

1.436 (10)

L.432 (e)

r_ .434 (r-o)

1 . soo (9)

1.47s (8)

2.630 (t)

p(2)-Ru(2)

c (13) -Ru(2)

c(24)-Ru(2)

c(12) -c (r_1)

c (13) -c(a2)
c (14) -c (13)

ç (15) -c (14)

c (31) -c (1s)

ç (18) -c (r-7)

nu(1)-C(CsHs)

nu (2) -C (CsHs)

c (14) -Ru ( 2) -c (13)

c(24) -nu (2) -c (6)

c(24) -Ru(2) -c (8)

C(24) -Ru (2) -c (10)

cQ4) -nu (2) -c (14)

Ru(1) -c (11) -c(I2)
Ru(2) -c (14) -c (13)

c (11) -c (r2) -s (17)

c (14) -c (13) -c(24)
c (]-2) -c (17) -nu (1)

c(13) -c(24) -nu(2)

2.3tO (2)

2.627 (71

a.ee7 (7)

1.41.L (e)

1_.437 (10)

1 .41r_ (10)

1.419 (e)

t_.491 (8)

L.472 (8)

2.26 av.

2-25 av-

32 -2 (2)

1os .4 ( 3)

r_s2.8(3)

e3.7 (3)

64.8(3)

e6.6 (s)_

e7.0-(s)

ee. I (6)

ee. s (6)

ee.4(s)
e8.7 (4)

o

Bond angles ( )

c (17) -nu (1) -P (1)

c (17) -Ru (l-) -c (11-)

çQa) -nu (2) -P (2)

c(24) -nu (2) -c (7)

c (24) -Ru (2) -c (9)

c(24)-nu(2)-c(13)
c (11) -Ru (1) -P (1)

c (\2) -Ru (1) -P (1)

c (12) -Ru (1) -c (11)

c (17) -Ru (1) -c (12)

c (13) -nu (2) -P (2)

e2.2 (2)

64.8 (3)

93.1(2)

1_4r..0 (3)

t_16. 8 ( 3)

32.6 (2)

eo.t (2)

e0.1 (2)

32.2 (2)

32.6 (2)

91..9 (21
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c(14)Ru(2)c(24) 64.8 (3)"1. The cross-ring Ru....c separations

lnu(r)-c(12) 2.630(7) and Ru(2)-C(13) 2.627(Å) ] are roo long

for there to be any sj-gnJ-ficant bonding interaction.

Complex (19) may be formally represented as a diruthena-

dicyclobutadieno Ir,"] benzene, although the e.s.d.'s in

c-c bond lengths do not allow a determination of the degree

of bond focal-isation in the six membered ring.

The structure of the purple complex (20) (Figure 2,

bond J-engths and angles in Tabl_e 2) contains two Ru (pph3 ) --
(n-CsHs) moities joined by a poJ-ycyclj-c system formed from

five C2Ph units, one of which has been cyclometallated.

Each metal atom exists in a distorted octahedral environment

with Ru (1)-CsHs (av) 2.29Ã, Ru (2) -c.H, (av) 2.28;,, Ru (1) -p (1)
OO2.3I0(5)a and Ru(2')-P(2) 2.321 (5)4. As was found in (19)

the ruthenium atoms in (20) are bonded to the polycyclic
ligand via Ru-C(o) [Ru(1)-c(14) 2.036(I41 , Ru(2)-c(ZZ)

o
2.059 (16)Al and Ru-C(Carbene) interactions IRu(1)-C(11)

1.963(15); Ru(2)-C(20) 1.91Otf SlÅl . The planar, penracyclì-c

14-atom Ru2C12 system contains several unusual features
The nine central- carbon atoms c (L2't - c (20 ) form a methy-lene-

pentalene nucleus fused to a metallocyclopentadiene Iinvolving
Ru(2)1. The maximum deviation from the mean plane through

atoms Ru(1)Ru(2) , C(111-c(26) is 0.18 (2)Å for C(23) and rhe

maximum deviation from the plane defined by C(11ll-C(26) is
oo

0.16 (2) a for c (20) with Ru (1) and Ru (2) 0.016 (2) and o.Lr2 (1) A

out of the plane, respecti-veIy. The dihedraf angre between

the plane boundedby c(16)-c(20) (p1) and the prane throush
c(72)c(13)C(15)C(16)c (771 @2) is I.4". pl-ane p1 has a dihedral
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Tabfe 2. Sefected interatomic parameters for (20)

o

Bond distances (A)

P (1) -Ru(1)

c (11-) -nu(1) ,

P (2) -Ru (2)

c (20) -Ru(2)

c (L2) -c (11)

c (13)-c(r2)

c (14) -c (r-3)

ç (33) -c (14)

c ( 3e) -c (1s)

c (20) -c (16)

c (1e) -c (18)

c (20) -c (1e)

c (22) -C (21)

c (23) -c(22)
c (25) -c (24)

Bond angles ( )

c (11) -Ru(L) -P (1)

c (14) -Ru (1) -P (1)

c(20)-nu(2) -p(2)
c(22)-Ru(2)-c(20)
c (12) -C (11) -Ru (1)

c (17) -c (l-2) -c (11)

c (r-4) -c (13) -c (12)

c (1s) -c (13) -c (14)

c (1_6) -c (1s) -c (13)

c (20) -c (16) -c (t_s)

c (16) -c (l_7) -c(L2)
c (18)-c (17) -c (16)

c (20) -c (1e) -c (18)

2.310(s)

1.963 (15)

2.32r (5)

1. er-O (1s)

L .44O (2O)

r .47O (L9)

1 . 374 (r-8)

1..4e6 (re)

1 .488 (1_e)

t .492 (2O)

1.4r_s(20)

1_.5r7 (20)

1 .411 (20)

1.41s(20)

a.367 (22)

2.036

2.O59

L-487

t_ .413

1 .438

1 . 381_

1- .454

I .431

L -482

L.457

L.423

\ -422

L -4r4
2.27

2.24

c (14) -Ru (1)

c(22)-Ru(2)

c(27) -c (11)

c (17) -c(r2)
c (1s) -c (13)

c (16) -c (r_s)

c (17) -c (16)

c (18) -ç (17)

c (4s) -c (18)

c (2r) -c ( 1e)

c(26)-C(21)

c(24) -c (23)

c(26) -c (2s)

Ru(1) -C (CsHs)

Ru (2) -C (CsHs)

c(24) -c(23) -c(22)
c (26) -c (2s) -c (24)

c (13) -c(L2) -c (11)

c (17) -c(12) -c (13)

c (1s)-c (13) -c(t2)
c (13) -c (14) -Ru (l-)

c (17) -c (16) -c (1s)

c (20) -c (16) -ç (17)

c (18) -c (r-7) -c (r2)

c ( 1e) -c (18) -c (17)

c (2r) -c (r_e) -c (18)

c (16) -c(2o) -nu (2)

c (1e) -c (20) -c (16)

1r_e.6 (16)

1,2]-.7 (L6)

110.6 (13)

106.2(13)

108.7(l-3)

114. 7 (10)

1r-0.2 (13)

108. 9 (13)

L42.s (1.s)

L01 .4 (t4)

136.1 (1s)

1-39 .4 (r2)

LO2.7 (12)

(14)

(l-6)

(1,7 )

(1e)

( 1e)

(20 )

(1_e)

(20)

(1e)

(t_e)

(2L)

(22)

(20)

(av. )

(av. )

es.8 ( s)

eo.3 (4)

100.4 (s)

80.8 (6)

r_17. s (l_1)

143. 1 (r_s)

116. 2 (l_3)

13s. 2 (1s)

107. r_ (r_4)

141.0 (1s)

107.8 (13)

1_09. s (r_3)

1r_1.0 (13)

u)

c (1e) -c (20) -Ru (2)

c(22) -c(2r) -c (1e)

c (26) -c (2L) -c (22)

c(23) -c(22) -Ru(2)

Lr¿.9 lr4)
1r_7.3 (10)

l-11.8 (1_s)

t23.2 (1.3)

125. r_ (L3)

c (26) -c (21,) -c (l_e)

c (2I) -c (22) -nu (2)

c (23) -c(22)-c(2t)
c (2s) -c(24) -c (23)

c (2s) -c(26)-c(21)

r_2s.0 (r_s)

1r_7. r_ (r.r-)

]-L7 .7 (1.5)

r2r.2 (76)

Lr.6.6 (14)
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angle of 3.0o to the plane through Ru(2)c(20)c(19)c (2r)c(22)

while the simj-lar angJ-e between plane p2 and Ru (1)c (11) c (14)

is 6.2". rhis ring system is the first example of a

pentarene-metal- complex which does not involve the metal
stabilising this system by r-complexation. The short
Ru(1)-c(11) and Ru (2)-c(20) distances and longer Ru(1)-
C(14) and Ru(2)-C(12) single bonds, effectively focalise
the conjugated doubl-e bonds in the molecule (e.s.d.'s in
individual c-c distances preclude further confirmation of
this feature) .

Although the portion C(I9)-C(22) attached to Ru(2) can

be formally related to Ru(C2ph)precursors, both C(11) and

C(14) bear phenyl groups and cannot be so related.
The Ru=c interactions found in (19) and (20) are further

examples of the growing number of complexes contai_ning this
bonding feature j-n the chemistry of ruthenium carbon-bonded
ligands; other exampres include the "aIlyIic" complex

Ru{n 3-c (cN) 2c (ph)c=c (cN) 2 } (pph¡ ) (n-csHs ) {zr¡ ] 
u¡¡" 

(5e) -
butadienyt derivative Ru{ n 

u -c (err¡ g (err¡ g (ph) cH (err¡ 1 (n-c sH ,)(221u
and the metal-locyclopentatriene, RuBr (CphCHCHCph) (n-CsH, )t 

t-

(22¡ - Table 3 co]lects some rerevant bond angres and

distances and al-lows comparison with (19) and (20¡ . It is
obvious that all the complexes contaj-n Ru-c bonds of some

multipJ-e character. The rel-atively long distances found
in (19) may be a result of steric strain in the four membered.

rlngs.

Some related reactions

The formation of such extended polycyclic systems is
18unprecedented, arthough Maitlis found that tetramerisation
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of phenylacetylene by pal-ladium salts gave dihydropentalene

compounds (Equation 1) not incorporating the metal atoms.

Table 3

o

Some bond distances (A) and angles ( ) for complexes

Qrl, (221 and, Q3l..........-...:-

o

(2rl (22¡ (23)

Ru-C ( 1)

Ru-c(2)

Ru-C ( 3)

angle at Ru

1.91e (s)

2 -L35 (4',1

2 -23r (41

1. Be6 (s)

2 .20 4 (s',)

2 -rs2 (4)

32.0(3)

Ruc(1)c(2)

r.e42(61

78.7 (41

c(1)RuC(c1-)

Ref. 15 I6 L7

NC CN

Ru-
Ph

Ru

H

Ph
l

Ru
Ph Ph

P hsP
Ph

Ph

NC CN
H H
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2-

Ph Ph

Ph

Ph
Ph

Ph

But

Phc2H + Pdct4

Bu

+

Ph Ph

Equation 1

The silver ion mediated reaction of phenylacetylene

with a palladium butadienyl complex also gave a dihydropenta-

lene compound (Equation 21.

cr

Ph
Ph

Ag*H

H

Me

f\¡e

S

S

+ Phc2H But

Pd But

cr

Equation 2

Several reactions were undertaken in an attempt to determine

the mechanism operating in the reaction of (4 ) with AgC2Ph.

Although (20) is formally rel-ated to (19) by the addítion

of one more phenylacetylide unit, there is apparently an

alternative pathway operating in the formation of Q0|,
insofar as (20) cannot be obtained from the reaction of (1_9)

with excess AgC2Ph in toluene. Complex (19) is also not
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+obtained from any combination of [Ru(S) (ppfrs) z (l-CsHs)]

(S = Solvent), AgC2Ph and/or PhC2C2Ph. However, the

reaction of Ru (C2Ph) (PPh: ) z (n-CsHs) Ol and AgC2Ph gives

(19) (in 92 yield) only after the addition of one equivalent

of AgCI. This suggests that silver ion mediates the

olÉg.s¡nstisation of the phenylacetyl j-de units.

(i) Reaction of (71 with AgPF a (2zI) Addition of a

toluene suspensi-on of AgPFs to a solution of (7), also in

toluene, at 0oCcauses the precipitation of the yellow

complex [{Ru(C2Ph) (PPhg)z(n-CsHs)}rAg] IPF51 (24) in

essentially quantitative yie1d. Complex (24)ís an air-stable

sol-id that decomposes on silica tlc plates to give (71

and Ag. Characterisation of (24) rests on its spectroscopic

properties,supported by elemental microanalysis. The

infrared spectrum is distinguished by the shift of the v (C=C)

stretching mode to lower wavenumber than that found for

(f) [1984m,7943s¡ c.f.206Bm cm-1 in (24) and (7¡ttr"spect-

ivelyl and by the presence of a strong, ¡ro.a ¡""a at

839 cm-l assigned to v(P-F) of a PFr- counter ion. The

proton NMR spectrum contains a multiplet at 6 7.25 and a

singlet at ô 4.41 assigned to the phenyl and cyclopenta-

dienyl groups, respectively. The ttC{tu} NMR spectrum

similarly shows a multiplet at ô 128.3-138.1 and a singlet

at ô 86.15, also assigned to the phenyl and cyclopenta-

dienyl carbons, respectively. A signal at 6 91.1 is

assigned to Ca of the acetylide ligands; the Co resonance-l)

of the sample.
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Asslgnment was confirmed by FAB MS, the spectrum

showing a parent jion at n/z 1692 [M + H]+ which fragments

with competitive loss of Ru(C2ph) (pph3) z (n-CsHs), Ag and

PPh3 groups. The i.on at n/z 529 assigned to [Ru(CzCsH,*)-

(PPh3) (CsHu)l+ loses CsH,* to give an ion containing a

C2 fragrment; which is lost to give the base peak [Ru(ppha)-
(n-CsH,)I+. The preceding data suggest the structure

shown below:

+
PFe-

I

enre/¡Ru-cTC-Ph
PhsP 4g -pphg

Ph- clc 
-l:-PPhgI

(24)

This structure is consistent with the lowering of bond

order of the C=C moieties by r complexation to Ag+.

An unsymmetrical co-ordination is most ]ike1y, because

of steric factors. gimilar j-.r. spectra to that of '(24) were

given by the closely related t {Ru (Czph) {p (OMe) : } z-
(n-CsHs) ÌrCul IPF r] (25)'o obtained from the reaction of
Ru(c2Ph) {P(oMe) ,}, (rì-CsHs) Q6) and [Cu(NCMe) q] [pFe ]

l(251v (C=C) I992m, I94Bs; (?6) v (C=C) 2OB5 cm- t l , and the
structurally characterised complex Ru{c2ph (cuct) } (pprr: ) z-
(n-CsHs) (6) t (6) v (C=C) 1979m, 1_934m; (7 ) v (C=Cl 2O76 cm-11

obtained both from the reaction of RuCl(pphe)z(n-CsHs)

(!l with CuCrpht .rrd from the reaction of (7) with cucl.7



17I.

This tendency of phenylacetyJ-ide units to act as

n2-Iigands for the coinage metal-s is al-so shown by Mn(C2Ph)-

(Co) s (dppe) (R=CH2oMe,Btt or Ph) , 
I 

which coordinate Cu,

Ag and Au in a similar manner to ( 6 ) and in the case of

Cu a structurally characterised 2zI adduct was obtained,

viz. t{Mn(creut) (co): (dppe) }zcul IPFo] (10b ì, (Figure 3)'

c(104)
c(106) c(211)

c(105)
c(206)

c(103) c(2s1)
c(204)

203)
P(22

c(205) cQT2)
P(11) az)

2)
c(211)c(121) Cu /cc(1/-1) (201)

c(101) cQo2)
c(112) o(21)

P(12) P(21

111) 1) c(13)
o('13

c(23)

c(12) c(221)
o(12)

23) c(231)
c(131)

c(1s1) c(11)

o(11)

Figure 3

There is pseudotetrahedral coordination around the copper

with Cu-C(acetylide) bonds averaging 2.081(1)Å. 
t

Mean planes bonded by the respective acetylide carbons,

manganese and copper atom have a dihedral angle of 71 (1)'.

This accommodates the steri-c bulk of both the But and

Mn(CO) ¡ (dppe) groups, although steric interaction between

the bulkier manganese moieties probably cause the angle

c(101)cuc,2oI) t158.4(5).1 to be larger than c(202)cuc(102)

t145.6(5)"l. The characteristic "bending back" of the

acetylide substituents suggests that some r-back bonding



t72.

is occurring even allowing for

lMn(1)c(101)C(102) 170.s (10)'

764.0 (14) "1.
(ii) the Reaction of (7.1

steric effects

and C (103) c (102) c (101)

with AgPF. (1:1) Reaction of

equimolar amounts of A9PFo and (7') resulted in the immediate

precipitation of yellow Q4l - Upon dissolution of this precipitate

in dichloromethane the solution rapidly darkens to a red/pì-nk

solution from which was isolated the divinylidene [{nu(PPh3) 2-

(n-Crt¡s)]z(n-CqPhz)lIPFo]z t?ll as a pale apricot powder,

characterised by elemental mj-croanalysis and its spectral

properties. Broad medium intensity bands at 1626 and 1587

cm-1, in the infrared spectrum, are assigned to v(C=C) of

the vinylidene ligand and the strong broad absorption at

841 cm-r to v(rF) of the counter ions. Two equal intensity

resonances werefound in the rH NMR spectrum at 6 5.42, 5-59

and were assigned to two inequivalent CsHs groups; the phenyl

resonances were found in the usual region. The 13C{1u1 nun

spectrum contained two peaks at ô 91.1 and 95.5 and were

assigned to the C ,H 5 moieties. An unresol-ved peak found -at

low field at ô 347.6 is only tentatively assigned to the

o,-carbon as no coupling to phosphorus !üas observed. A

signal for the g-carbons was not observed and probably Ij-es

under the phenyl signals. It should be noted that in the
13C{lH} spectrum of the phenylvinylidene complex [Ru{C=CHph}-

(PPh3)z(n-CsHs)lPFu, the cl-carbon shows a 24 Hz coupling

to the two equivalent 31p .r,r"l"i.tt The tH NMR spectrum

of the analogous iron complex,
2I

[{Fe(dppe) (n-csHs) }z (u-C4Ph2) ]-
[PFs] contains two peaks at ô 5.1 and 5.7, the former

assigned to C5H5 rings and the latter to the phenyl groups

of the divinylidene ligand. The reliability of the 13C NMR
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data obtained for comprex (211 must be questioned because

of decomposition of the complex during accumulation. The

NMR data for (27) seems to be inconsistent with a divinylidene

structure therefore characterisation is tentative

and requires an X-ray structure determination to

unambiguously characterise G7 ) , when suitable single

crystals become avail_ab1e.

The FAB mass spectrum of (27 I was much more informative

with the highest peak being found at m/z I12g [M + pFr]+;-

an ion aL m/z 1583 corresponds to I¡l - Hl+. Experimentally,

ions generated by the FAB process are generally found to be

univarent asmulticharged ions are relativery rare in the gas

phase, having high enthal_pies of formation. In the case

of complexes [X'+] [y-] z the lower aggregate tx + yl+ is
22

usually found as the highest monopositive ion. In this
context the ion corresponding to tM - Hl + is unusual.

competitive loss of PPhs and Ru(pph¡) (csHs) from this ion
is observed. Interestingly, a peak corresponding to

[Ru(C,,Ph2) (PPh3) (CsHr)]* is also observed at m/z 631.

Loss of the C,, ligand gives the usual base peak [Ru(pphr)-
_+(csHs)l '- complex e7.l has precedent in the crystallograph-
ica1ly characterised complex, [{¡'e(dppe) (n-CsHs) }z (U-C,*Mez) ]-
[Brq] z QBl, obtained by oxidation e.f the mononucl-ear vinylidene
complex Ire (c=cttMe) (dppe) (n-csHs) ] [BFq] with iodosoberrr"rr". "
A radical mechanism has been posited for the formation of
(28 ) (scheme 2 ), but the possibility of other pathways has

directly from Fe (CzMe) (dppe) (n-CsHs) using Cu2*,Ag+ or anodic

oxidation and it was concluded that an acidic proton was
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probably necessary forthe formation of (28') .

More r"""rrtf y, ' 
u 

the radical cations [Mo (C=CR) -
(dppe) (n-CrHr)l+ (R=ph, Bun), prepared from the neutral
acetylide complexes by oxidation with IFe(n-CrHr) r]*,
vvere found to undergo coupling at the ß-carbon of the
acetylide rigand to afford the divinylidene-bridged,
products t{ruro ldppe) (n-c zïzl } z (u-CuR, ) I ,+. The phenyl
derivative vúas crystallographically characterised.

The reaction of complex (261 with [Cu (NCMe) + ] -
lppo] also yieldedr ds a byproduct, the p(OMe) , complex

analogous to ( 27') .'o

Postulated reaction mechanism for the formation of (19 )

and (20)

The cyclic ligand in (19) contai-ns a cq backbone

[c (11)c (16)c (15) c (14) ] which can be formalJ-y ref ared to
the divinylidene linkage in (27). Therefore, a complex

similar to (27) is thought to be a possible intermediate
in the formation of (1S¡ lScheme 3).

The initial step probabry invorves the formation of
the o-acetyfide complex Ru(C2ph)(pphs)z(n-CsHs) e) and

Agcl. The silver ion then oxidatively coupres the
acetyride ligands, probabry through the intermediacy of
(24') , giving (27) . Nucleophil_ic attack at both o-carbons
by phenylacetyl-ide anions follows, possi-bly with l_oss of
PPh 3 to accommodate the steric requirements of the bulky
acetylide qroups at ca and alrowing interaction of these
groups with the metal atoms, which are then coupled with
the assistance of Ag+. The coupling of unsubstituted

9

alkyne carbons by copper iorr is well known.
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RuCl(PPhs)z(n-CsHs) * AgCrph 

- 

(pphr)[Ru]_C=C_pn G)
+ AgCl

(PPh.)[Ruj-c7c- en

pn-Jc-[Ru](pph.)

+
CI

tol

Ph

(24)

lRul

(PPh.)[Rut-ð:c( Ph

-2 PPh3 2 AgCrPh

C:Ç-[Ru](PPhr)

(27 )

Ph

Ph

lRul
./

tc
lt
C

++ (1 e)

Ao*

,NY

AgCrPh

(æ_)

Scheme 3: lnul = Ru(pph3) (n-C.Uu)
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The formation of complex (20) can also be rationalised

by the intermediacy of Q7l. Here a further phenylacetylide

moiety is coupled and subsequent rearrangement gives Q)l.
This latter process requires l-itt1e of the bond rupture

and reformation required if (20) resulted from the addition

of AgC2Ph to (10¡. However, the true mechanism operating

in the reaction of RuCl-(PPhs)z (n-CsHs) with AgC2Ph must

be more complicated than that shown in Scheme 3, as the

reaction of either Q4) or (271 with AgCzph does not give

any (19) or (20) . This suggests that the chloride ion mi-ght

play an important but as yet undetermined role.
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trXPERÏMENTAL

General- conditions and instrumentation used \^/ere as

described in Chapter 1

Starting materials

Lj-terature methods were used to prepare RuCl (PPh3) 2-
2s 19

(¡-C5H5 ) and Ru (C2Ph) (PPhg ) z (n-CsHs) . Sil-ver phenylacetylide

was obtained from the addition of PhCrH in ethanol- to

aqueous ammoniacal- sol-utions of AgNO,; AgPFu is commerciã1ly

available and was used as received (Pennwal-t Chemicals,

Tu1sa, Oklahoma).

Syntheses

A. (i) Reaction of RuCl (PPhr), (n-CrHu) with AgCrph

A suspension of RuCI (PPh¡ ) z (n-CsHs ) Q27 mg, 0.175 mmol)

and AgC2Ph (130 mg,0.622 mmol) was heated in refluxingtoluene
(30 ml) for t hr. The resulting mixture was filtered and the

filtrate was evaporated to dryness and the residue was

chromatographed (F1orisil; 3 x 20 cm). Elution with acetone-

light petroleum (1:9) gave a blue-green band which was

crystallised from CHzCI z/ntOU to give dark blue crystals of

{nu(ppfrs) (n-csHs) }z (u-CaPhq) (19) (27 mg, 242) , m.p.

>239"C (dec. ) . IFound: C, 70.50; 4.64; ø (mass spectrometry)

1262ì CtaHsoPzRür.CH2CI, reguires C, 70.48; H, 4.63eai M1262l .

Infrared (Nujol) : 1438m, 1089w, 790w, 7 40w, 720w, 645m cm-1 .

ru NMR: ô (CDCI,) 4.69 (s, l-0H, CrHr); 6.40-7.30 (m, 5OH, ph) .

raglr¡¡] NMR: 6(CDCIs) 87.0 (s, CsHs); 724.9-134.6 (m, ph) ;

138.3 [d, J (PC) 37 Hz, Ru-C] ; Ru=C, not detected. FAB

1262, lufr , 65¡ l-185 , lu - phl + , 0.7; 1-000, lu pph3l

833, [u- Ru(pphs)(cuHu)]+, 4¡ 738, [u- 2pph3]+, 100;

lRu(PPhs)(c5H5)l+, 70. Further elution of the column

MS

+
t L Jt

429,

afforded
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a purple fraction which was crystallj-sed from CH2CI 2/EbOH

to give purple crystals of {Ru(PPhs) (n-CtHs) }r{U-Cr oPh,*-

(ceH+)Ì (20) (3 mg, 0.5%), m.p. >250oC (dec.). [Found:

M (mass spectrometry) 1363i Ce uHu uPrRu2 reguires ø 13631 .

FAB MS: 1363, lu)+, I¡ 1101 , Lu - PPh3l+, 0.5; 839, [u -
++

2PPh3l ', 3¡ 429, [Ru(PPha) (n-CsHr) ] ' , 5¡ 397, [C7Ph: (CoH+)

100.

l*,

(ii ) Reaction of Ru (c,Ph) (PPh q ) , ( n-c .H. ) (7') with

AqC,Ph/AgCI by M.L. Williams

A suspension of Ru(C2Ph) (PPh:) z (n-CsHs) (l) (500 m9, 0 .632

mmof) and AgC2Ph (140 19, 0.498 mmol-) in toluene (50 mt)

was treated with AgCl (90 mg, 0.627 mmol) 5 min after

reaching reflux. After 15 min the dark blue suspension

was cool_ed. V,iork up as (1) above gave (19) (35 m9, 9e"l ,

identified by comparison of j-ts spot tlc behaviour and

FAB mass spectrum with those of an authentic sample

prepared as above.

(iii) Reaction of Ru (C ?Ph) (PPh ?) , (n-c¡Hs)(7) with AgPF5

(a) in ratio 2zI - A solution of (71 (500 m9, 0.632

mmol) in toluene (50 mt) was treated with a suspension

of AgPF, (80 mg, 0.32 mmol) in tofuene (10 mI) giving

immedlately a yellow precipitate of [ {Ru (PPh s) z (n-C sH s) -

(C2Ph) ÌzAgl [PFs] Q4) (436 mg, 75Zl , m.p. >190oC (dec.) .

IFound: Cr 63.32¡ H, 4.64¡ u (mass spectrometryl 1692¡

Cg aHs oA9F6P,Ru, requires C, 64.II¡ H, 4.392¡ M + H L6921 .

rnfrared (Nujo1) : v (C=C) 1984m, 1943s, v (PF) B39s (br) ;

other bands L593m, 1570m, 1495w, 1481s, 1433s, I3I2w,

1L87w, 11-6lw, L089s, 1028w, 1000w, 913w, 874w, 813w,

785w, 752s,'737s, 696vs, 557vs. tH NMR: ô[(CD3)2CO]

4.4L (s, 10H, CsHs) r 7.25 (m, 70H, Ph). I 3C{1H} NMR:
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ô[(CDs)rCOl 86.2 (s, CsHs)r 91.1

(m, Ph). FAB MS: 1692, [u + H]+

(s, cu); 1.28 - 3-138.1

2 901 , l_M - Ru (C2Ph) -
(pph3)2(crHr)l+, 23¡ 792, [u Ru(czph)(pphs)z(csHs) - Ag]+,

L6¡ [Ru (pph: ) z (crH, ) ] +, 11; 639* , lu Ru (c2ph) (pph z) z-

(crHu¡ - pph3l+, 24¡ 52g, [Ru(czcsH+) (pphs) (crHr)]*, 31;

453, [Ru(C2) (pphs) (crHr) ]*, 6r¡ 42g, [Ru(pphs) (crHr) ]*,
100.

(b) in ratio 1:1 - A sol-ution of (7) (100 n9, 0.126

mmol) in toluene (12 ml) was treated with a suspension of-
AgPFs (33 mg, 0.130 mmol-) in toluene (10 mI) giving
immediately a yellow suspension. After stirring for 10

min, CH2C1 z (I0 mI) was added. The colour of the sol-ution

gradually changed to red pink with deposition of solid Ag.

After 30 min, the solution was filtered through celite and

the filtrate evaporated to dryness. Extraction of the

residue with CH2C1 z (ca 5 ml) and filtration into excess

stirred Et2O gave a pale apricot precipitate of [{nu(ppht)z-
(n-CsHs) )z (u-CqPhz) I [PFs] z (27) (93 mg, B2Z) , m.p. 150"C (dec.) .

lFound: C, 62.55; H, 4.34¡ u (mass spectrometry) 1538 -, _,
CgaHroF12P5,Ru2 requires C, 62.82¡ H, 4.30?; rr (M - H) 15831 .

Infrared (Nujo1) : v (C=C¡ I626m, 1587m; v (pF) B4lvs (br) ;

other bands I437s, 131lm, 1187m, 1160m, 1091s, 1028w, 1000w,

144s , 723s, 696s , 667w cm-1 . 1H NIrfR: ô t (cDs ) zcol 5.42 (s,

5H, CsHs); 5.59 (s, 5H, CsHs); 7.2L (m, 7OH, Ph). 13C{lH}

NMR: 6 ICH zCLz, Cr (acac) g ] 91 .1 , 95.5 (2 x s, CsHs ) I29.0-
134.0 (m, Ph); 347.6 (s, Ca?). FAB MS: 1729, lu * PFsl*,

t¡ 1583 , Lu - Hl+, 23¡ 1,32I, [ (ø - ä) - pph3]+, I¡ 1059,

l(u

796,

631,

100.

H) 2pph3l+, 2; 892, l,(¡,t - H) - Ru(pphs) (CuHr) l*, 7¡

l(u - H) 3pph3l+, 6¡ 69r, [Ru(pphe)z(n-crHu)]*, 20¡

lRu(Cqphz) (pphs) (cuHu)l*, L2; 42g, [Ru(pphs) (crHu)]*,
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TNTRODUCTTON

The reactivity exhibited by mixed-metal clusters as

a result of the presence of dissimilar metal_s within the
morecules has seen interest in their chemistry blossom
over recent years; especially in the fiel_d. of alkyne
substituted metal clusters.t-t o fruitfur source of novel_

and interesting structures in the early years of organo-
metallic chemistry $¡as the addition of metal substrates
to acetylen"=.t ' 

t 
,i*il.t reactions with metal- acetylides

and iron or cobalt carbonyrs often result in heterometalric
compounds, e.g. s'10'

Fe (c2Ph) (co) z (n-c5Hu¡ + coz'(co) e -.!cor{u-n2-phczFe (co) z-
(u-csHs)Ì (co) s (1) .

Ph

(co)s Fe Fe(CO)3

oc-

(21

The analogous reaction with Fe2 (CO) e gave the cluster
complex, Fee (us-n2-c2ph) (CO) z (n-Csus) e) which can also
be obtained from the reaction of the CuCl adduct of

Fe (C2Ph) fCO) z (n-CsHs ) and Fe, (CO¡ , It
Russian workers have reported the j-solation of trinuclear

c
c

clusters,
reaction

Fez (CO) g.

FerM(ur-n2-c2Ph) (co) a (n-crH, ) ,

of M(c2Ph) (Co) s (n-CsHu) (M= cr,
I2

from the

withMo, fÍ)
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A more recent example is the cobalt-manganese complex,

co¿[u -n2-pfrc zMn(Co) u {p (c oH r r )s}] (co) e (3) which was obtained

from the reaction of Co2 (CO) e and the appropriate o-acetylide
13

complex.

{(CoHr 1)3P}(CO)aMn Ph

c c

(CO)3Co Co(CO)3

(3_)

Complex (1) and the analogous ruthenium complex

undergo a non-destructive reaction with oxygen which

results in the net loss of one acetylide carbon and the

formation of the alkylidyne-bridged clust.."t 
u

Co2M(us-CPh) (CO)z (n-CsHs) (4) I( a)M= Fe; (4ÐM= Rul

(n-CsHs)(CO)n Co(CO)3

\

Ph
I

c

Co
(Co)s

(4)
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Vahrenkamp and co-workers have provid.ed other examples

of hetero- or mixed metal clusters from the reaction of

alkyne-bridged dicobalt complexes with Fe z (CO) g or

Fe.(CO) 12, affording the bimetallic U¡-t2-alkyne clusters (5)

H R

c

(CO)3Co Co(CO)3 (CO)3Co Co(Co)3

Fe Fe

/R
c/R

cc

(Co)s

(5)

^-^L,-L,

(Co)g

(0.)

(R = H, Me, Et, Ph, But)

and (6) in which the formal n bond is directed towards the

less electron rich metal-.

The homologous CozRu (7) and (B) clusters were

obtained fromthe reaction of alkynes HCzR or RCzR with
16

RuCoz (CO) rr in boiling hexane.

H RR /R
cc

(CO)3Co

o- co
(Co)z

(7)

(R = H, Me, Ph, Bul)

Ru(co)s (CO)3Co Ru (Co)s

(Co)z
co

(Ð

(R = Me, Et, Ph)
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Complexes (7) and (8) do not conform to the generally

observed trend' ,n us-rì t 12orn¡ alkyne, mixed, metal

clusters in that the r-bond is not directed towards the

least electron rich metal present in the complex.

Subjection of complexes (6) , (71 and (B) to metal

exchange reactions 1 7 with sources of the fragments

'Ni (n-csHs)','lto(co) z (n-csHs)' and'w(co) z (n-csHs)' lead to

the formation of chiral trimetal-li-c "f 
,l=t".=, 

t t 
in which

one of the Co(CO)3 groups originally present in

(6), (71 and (B) have been preferentially exchanged-

^-^L,-L, ^-^L,-L,

M Ru (Co)s M Ru (co)s

Co co Co

RHR

(Co)z

(e)

Fe
(Co)z

(1 1)

Co(Co)3

R

(Co)z co

(-1q)

M : Ni(q-CsHs), Mo(CO)z(n-CsHs),

W(CO)2(q-CsHs)

R = H, Me, Et, Ph, Bu

C c

M

(not all combinations)
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In boi-l-ing hexane, the terminal alkyne clusters

(5) , (1) and (10) \^/ere found to rearrange by H migration

into vinylidene bridged clusters (I2) , (13) and (14).

The nature of the mechanism for this 1-alkyne+Vinylideñe

transformation has been the subject of considerable

discussion in which Si-lvestre and Hoffmann have made
18

an j-mportant contrj-butj-on. They believe that the isomeri-

satj-on proceeds via a hydrido acetylide intermediate,

formed by oxidative addition to the cluster

The diastereoselectivity of the alkyne-vinylidene

transformation varied between 0 and 100%, depending

on R and M; the geometry is not determined by

steric considerations. Only one isomer was found for all

the CoMoW and CoRuW complexes, and for the CoFeM (M= Mo, W)

complexes with R= But. The 'Ui (n-C sH s ) ' containing cl-usters

showed no stereoselectivity, with equal proportion of

isomers being found, êS observed by twnlt.

The best route to chiral U:-vinylidene FeCoM clusters
(fS¡ was through metal exchange reactions on the corresponding

FeCo z vinylidene cl-usters.

It is interesting to note that in the alkyne+vinylj-dene

rearrangement I(5)*(12) and (7)*(13)l the vinyridene rigand

is bound in an n2-fashion to the l-east electron-rich metal

even though in clusters (7) the n2-alkyne interaction is

directed towards the Co atom. This apparent anomaly in

complex (7) is thought not to be the result of any particular

erectronic requirement but simply emphasises the facire

fruxional motion in the comprex frozen out at low temperature.ls
Dynamic Ìu NuR spectroscopy showed the activation barriers
for fluctuation of the alkyns ligand to be 63-66 kJ mol-I.
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H
R

^-^(/- (/

(CO)3Co Co(CO)3

Fe
(Co)s

(5)

c_ c/
\

(CO)rCo Ru(CO)3

/\<
(co).."\}Fe(co)3

A

Co
(Co)s

(12)

R
H

^

.4c-R
/Î'\

(co)scolVRu(co)3

Co
(Co)s

G3)

H R

^-^u-u

^

c

Co
(Co)e

(Co)z

(10)

Ru(CO)3

(14)

Ru(CO)3
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H
\

Me-

(CO)3Ru i(n-C5H5)

Co
(Co)e

ls,s/

NIe

H

Co
(Co)s

(R,R)

tMe

H-c\
,/-fr

{co)enuffnt
/\<
\tRu(co)3

i(n-C5H5) (q-C5H5)N

H
/

R

Co
(Co)e

(S,R)

Co
(Co)g

(R,S)

Co
(Co)s

(1-5.)

Fe(CO)3
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The alkyne complex (7) (R: But) and the vinyfidene

complex (13) (R= Bst) were both crystallographically

characte.i""d,tu from which it could be seen that the

conversion is associated with a gradual- inclination of

the C=C bond with respect to the metal triangf..t'

When these structures are compared to U¡-rì2-acetylide
r I9

clusters, such as HRu, (CO) g (CrBuL) , it is obvj-ous that

the angles associated with this inclj-nation define a

significant erection of the C=C unit above the Co2Ru

triangle with ang'les increasing from ca 2o + ca 20" ->

ca 50o, for HCCR+H/CCR+CCHR, respectively. There is a

slight extension of the C-C bond from 1.34 -+ 1.37Å.

These observations support the theoretical- conclusions

of Silvestre and Hoffmann that the alkyne+vinyJ-idene

isomeri-sation probably proceeds via H migration to and

from the metal core.

The CO substj-tution chemistry for CozFe (U,-¡2-MeCzMe)-

(CO) g and for alkyne and vinyl-ídene clusters containing
20

Co2Fe triangles was investigated. In the case of Co2Fe-

clusters, substitution at cobalt was observed excl-usiveIy.

For the Co2Ru cl-usters Co- as well as Ru-substituted

products \¡/ere j-solated , of which in aIl- cases Co-substj-tution

is kinetically favoured and Ru-substitution is thermo-

dynamically favoured. The thermal-l-y induced Co-Ru migration

of the phosphine ligands was realised in several casesi

the migratory aptitude decreases in the sequence pMe3,

PMe2Ph, PMePh2, PPh3" Competitive experiments with Co2Fe-

(us-n2-Mec2Me) (co) e, co2Ru(us-n'-MeczMe) (co) g and pph3
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demonstrated the higher substitutional lability of the

CorFe cluster with phosphine transfer from the CorFe

to the CorRu cluster being observed. Disubstituted
clusters were arso obtained. The disubstituted vinylidene
clusters had one phosphine attached to Ru and one to
cobalt with the C=C unit n2-bonded to ruthenium. The

similar alkyne clusters each had phosphines distributed
to Ru and co with the c=c unit formally o-bonded to these_

metars and the ¡2-interaction directed towards the other
Co (CO), ,rrrit. ' 

o

smal1 amounts of vinylidene substituted crusters (1e¡

R
\

,\

1e rrr¡1co) fe(co)(q-c5H5)
I

æ-(E"o;@

(16) R = H, Me, Ph

were obtained from the reaction of the mononuclear vinylidene
complex Rh (=Q=ç¡12 ) (Perir¡ (n-Cs¡ts ) with Fez (CO) s in thf . "

rnterestingly there was a transfer of the cycropentadienyl
ligand ffom rhodium to iron to give the isol-ated product.

The alkyne-bridged clusters CozRu(ug-n2-RC=Clt) (Co) g (7,t

can be deprotonated, ât low temperature, with a variety of
bases generating an anionic species which when protonated
regenerated the starting cluster.l
t !V. Bernhardt and H.
1989, 355, 427.

Vahrenkamp, J. Organomet.' Chem- ,
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_l
P

CO)g

c

Ru(

3co)

c

Co

h -l
R

^-^u- L,

I \
(CO)3Co Ru(CO)3 o r

Co
(Co)g

Îf the deprotonation is performed in triethylamine in the

presence of catalytic amounts of CuI, the complexes

FeCl(CO) z (n-CsHs), RuCt(CO) z (n-CsHs), NiCl(PPht) (n-C5uu¡

and MoCl(CO)a(n-CsHs) can be incorporated into the clusters

generating novel RuCozM (17) metal frameworks with Uq-n2-

acetylide ligands. f

(CO)sco

\

Ph

)
l-

Co

\
(Co)z

Ru(CO)3

M c

æ

Co 3co)

GZ)

lMl = Fe(COXq-CsHs), Ru(CO)2(q-CsHs),

Ni(n-C5H 5), Mo(CO)z(q-CsHs)

+
'I,r¡. 3ern.rarit ani. ä. VahrenkamP, J. Otganomet' Chem't
1988, 355, 427 -
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The reaction of CoFez (us-n2-CcHz) (co) e with PMe3

below OoC gave the black zwitterionic complex (.19), which

is isosteric with Cos (Ur-n1-CCH2SiMes) (CO) g. The outer

carbon is completely removed from bonding with the metals,

the C-C bond. being incl-ined at B2o to-the Co2Fe pIr.r"."
Addition of PMes to the hydrocarbyl rigand competes with
CO-substitution at the Co atoms which predominates at
higher temperatures so that on heating, (14¡ rearranges

to (19). Increasing the bulk of the tertiary phosphine

CHz

(Me3P)(CO Fe(CO)3

Co
(co)"

CHrPt- Mes

Fe(CO)3(CO)3Co

Co
(Co)s

(19_)

(1 9)
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has the same effect, the adduct being increasingly labil-e

with PMe2Ph and PMePh2, and not being formed at al_l_ with

PPh 3.

Thj-s pattern of reactivity is not restricted to

vinylidene complexes. The trinuclear osrnium and ruthenium

compounds Oss(us-n2-C2ph) (CO) e(pph2) eTl and Rus(u-H)-
( u s- n 

2-c ,ph) (Co) s (pph 2 ) QI| readily undergo attack by

phosphites and amines with additions to the acetylide

carbon rto*" . ' 
t 

SimiIarIy, the u z- rì2-acetyl j-de complexes

Mz (c2Ph) (co) 6 (PPh2) (M= Fe, Ru) react smoothly with isonitriles

at 0o giving excell-ent yields of adducts Mz{C(CNR) Cph} (Co) o-

(PPh2) together with small- amounts of the substitution products.

The group R on the acetylide appears to play a significant
role in the reactj-vity of the tripJ-e bond towards nucleophiles.
For Rua (U-H) (U:-n'-CrBut¡ (CO) g reactj_on with phosphites,

phosphines and isonitriresyields onJ-y substitution products

of the type Rus (U-H) (Us-rì2-CrBut¡ (Co) I (L). Carbonyl substit-
ution on the hydride cluster occurs regi-ospecifically for

phosphorus liqands with the ligand occupying an eguatoriàl_ _site.
The p3-acet1zlide complexes Oss (U-H) s (us-nr-CrR) (CO) 

s

(22') (R= H, Me, Ph or CMezOH) and Os: (U-H) (Uz-n2CrPh) (CO) ro

form 1:1 adducts with pMerph giving zwitterionic complexes

containing phosphonium centres with negative chatges formally
on the metal -to*s1u ,hi= phosphine ar-so adds to bridging
vinyl ligands in triosmium 

"1rr"t.r"."
Nucleophilj-c addition at U3-alkyne triosmium clusters

has been described recently.'u The Ua-acetylide complex

23

os, (u-H) (u e-n'crH) (co) g (22a1 reacts

(23a) and

smoothly with ethanol

(23b) into give two isomeric adducts
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oEt oEt

(co)sors Os(CO)3

^-/^u-vH

(CO)3Os (Co)s

Os

(23a)

(Co)s

(23b)

zTarb
2I andTB? yieId, respectivelY, Complexes (23a) and

(23b) are derived by ethoxy group addition at the ß- and

0- carbons respectively. similarly the reaction of Hzo

with [os g (u-H) z (u s-n'-crH) (co) g ] 
+ leads to os s (u-H) ¡-

(us-CH) (co) g, after CO l-oss, and os, (U-H) s (ug-CCHo) (co) g

also by nucleophilic attack at the 0,- and ß- carbon atoms,
27a

respectively

complex (22a1 also forms adducts with pyridine (241 ,

ammonia (25) and diethylamine (261.

\

(Co)s

Q
R

R
H

/
^- t^
(/- \J

Os Os(CO)3

-/
Os

(Co)g

(24\

Os
(co)g

(25\
r26)

R=H
R=Et

(Co)s Os(CO)3
H
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The zwitterionic pyridine add.uct readily loses

pyridine in the- absence of free pyridine to regenerate

(22a) but complexes (25) and (26') do not lose R2NH even

under acidic conditior=. "t Complexes (251 and (26')

do not adopt- l-he normal Us-rì2 paralle1 sl-ructure found

for Os, clusters and the C-C axis of the organic ligand

is perpendi-cul-ar to an os-os bond ." " Proton NMR

experiments determined that the attachment of the

EI2NC2H ligand i-n (26) as a whole to the Os, triangle

is rigid. These observations were rationalised in terms

of the r-donor abilityof the NR, substituent being strong

enough to rotate the R,NC=CH ligand from a paraÌ1e1 to

perpendicular orj-entation.

rt i-s of note that the adducts (24) , (251 and (261

are the products of exclusive nucleophilic addition to

the s-carbon which is in contrast to the reactì-vity of HzO and

EIOH towards (22a1, in which appreciable amounts of ß-

carbon attack products are formed.

Clusters containing U3-acetylide ligands show

considerable nucleophilic reactivity at the acetylide o-

carbon; this feature being confirmed by ultraviol-et-

photoelectron spectroscopy. Carbon-13 NMR data for a

range of iron group polynuclear acetylide complexes with

Uz-rì 2, Vz-12 and pq-n2 alkynyl groups has been pr"se.rt.d."

For doubly bridging Uz-t2-acetylides of Fe, Rü and Os,

the c-carbon resonance lies in the range ô 65 110

,

6 90 - 110. In Us -t2-complexes the o-carbon

region ô 115 - 220 and is always downfield

lies in the

of the g-carbon
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resonance ( ô 43 153) . For ¡ra -¡ 2 -acetylides, the cx-carbon

is al-so downfj-eId of ß-carbon resonances with values lying
in the rang.es ô 185 - 230 and ô 91 165, respectively.
The cr-carbon resonance generally moves to lower field in
the sequence U z-l'.U r-rì2<U,*-12 aS the number of metaf s inter-
acting with the acetylide unit increases- This obvious

deshj-elding of the cr-carbon is attributed to the development

of a positive change density on this atom due to coordination
to electrophilic M(co) 2 fragment=. " A ,,metal effect,, on

the co, shifts is also observed with a shift to low fiel-d
in the sequence F"-R,r-O=. "

The C2 hydrocarbyJ_ moiety shows varying degrees of
saturation on trinucl-ear cl-usters. rn acetone, alkynes

reacted with [Fer(y-H) (Co) 11]- to give [Fe:(u-H) (Us-n2-cctrR¡-

(co)sl- (R= Ph, Pr; CQzMe, CoMe) as dark brown or dark red

sol-ids. Initial formation of [Fe e ( p 3-CCH 2R) (CO) r o] -
probably occurs; heating the vinylidene under co (20 atm)

gave the alkyridyne complex, which on refluxing in acetone,

reformed the vinyfidene At higher temperatures
(refluxi-ng 2-methoxyethanor), the acetyride anions IFe s-
( u s- n'-C ,*) (Co) 

e I - (R= pr, ph) ü/ere formed, thus completi_ng

the transformation RC=CH -+ CCHzC * RCH=C= -' RC=C- on the Fes

cluster.

This chapter describes the preparation of some bimetaÌl-ic
clusters of iron and iridium, examples of which are rare.
The reactivity of a us-rì2-acetyride cruster is also examined.
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RESULTS AND DISCUSSION

Reaction of Ir (C 2Ph) (CO) 2 (PPh 3) 2 with Fe 2 (CO)e

A suspension of Ir(CzPh) (CO) z(PPh3) 2 and f'ez(CO) g

was found to react readily j-n refluxing tetrahydrofuran

to give a mixture of four products (Equation 1). Initial-

chromatographic separation afforded pure fractions

containing Fe(CO)4(PPh3) and the expected trinuclear

cluster Fe 2rr (u a-n'-C rPh) (co)s(Pph 3) (2'7) in 333 yield

Fractional crystalJ-j-sation of the band eluted l-ast gave

poor yields of the di-iridium cluster , FeIr , ( u s -n 2-PhC 
2C 2Ph) -

(CO) z (PPh 3) , (28) and secondly, Fe zlr (u:-n2-C zPh) (co)z -

(PPh3) 2 Q9').

Complexes (27), (281,. and (29) were formulated by the usual

microanalytical and spectroscopic techniques. The molecular

structures of complexes (27) and (28) were determined by X-ray

crystallography.

Structure of Fe 2Ir (u, -n 2-c reh¡ (Co) a (PPh q ) (21)

The molecular structure of (271 ís shown in Figure It-'

while Table 1 collects the bond distances and angles. The

iridium and iron atoms adopt a triangular arrangement with

the two iridium-iron distances being essentially equal

llr-Fe (1) 2 .7 OI (71 and Ir-Fe ( 2 ) 2 .693 (1) Ål . These val-ues

are simil-ar to the value found for the non-CO bridged

vector in the only other structurally characterised Ir-Fe
3t o

cluster, (nu-CsMes) rrFez (Co) g (30) [Tr-Fe (2) 2.69S (7)A]

hortepJhan:Lh

in FeIr (U-PPhz)(CO) s (PPh3 ) 2 (31) the only other structurally

characterised iron-iridium metal complex.
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Fe2(CO)e + lr(C2Ph)(CO)2(PPh3)2

thf, 
^

Ph

c
C

(27)

(PPh3)(CO)2r

Ph

(PPh3)(CO)2t

Fe(CO)3

\

/Ph

(co)gFe

+

/"
^-^L,-L,

I \
lr(CO)2(PPh3)

Ph

Fe(Co)3 eg)

Fe(CO)2(PPh3)

Fe(CO)a(PPh3)

Fe
(Co)e (æ)

+

c
c

(PPh3)(CO)2t

+

Equation 1
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PLUTO plot of the molecular structure of
Fezrr(us-n'-crPh) (co) s (PPh3 ¡ Q7)
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c20
cl3

c10

cl9

cr{
c16
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cl5

c1
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c3{c21

c30
03

c33

Figure 1.

(By E.R.T. Tiekink)
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Selected interatomic parameters for

Fe-2rr (us-rì"-czph) (co) e (pphs ¡ (21)

Table l-.

Bond Lengths

Fe (1)
P (1)
re (2)
c (e)
c (8)
c (10)

Bond. Angles

2 -7Ot (t)
2 -351 (2)
2-483 (2)
2.0s0 (8)
1. 761 (10)
2.Oeg (7)

Ir
Ir
Fe (1)
Fe (1)
pe (2)
Fe (2)

c (r_0)

¡'e (2)
c (e)
c (10)
c (e)

c (e)
Ir
Ir
Fe (1)
¡'e (2)

t-2e4(LO)
2 -693 (t)
L.e34 (7)
2.l_33 (8)
2.Oe7 (7)

re (2)
c (10)
c (10)
c (e)
c (11)
Fe (2)
P (1)
c (1)
c (e)
c (e)
c (e)
c (10)
re (1)

c (e)
c (e)'
c (e)
c (r_o)

c (10)
Ir
Ir
fr
Ir
Tr
Fe (1)
Fe (1)
Fe (2)

Ir
Ir
Fe (2)
Fe (l-)
c (e)
Fe (1)
Fe (2)
re (2)
Fe (l-)
P (1)
re (2)
Ir
Ir

84.0(3)
r-52 .9 (6)
72.s (51

68. s (s)
L43.7 (7)
s4.8 (1_)

r_s3. 6 ( r-)
96.1 (3)
4e.2 (2)

104. 3 (2)
s3.8 (2)
80.1 (2)
62.7 (L)

c (9)
c (10)
c (10)
¡'e (2)
c (10)
pe (2)
c (e)
P (1)
c (e)
re (2)
c (e)
c (10)
c (r-0)
Fe (1)

¡'e (2)
re (2)
Fe (2)
c (e)
c (e)
c (10)
c (10)
Ir
Ir
re (1)
re (1)
Fe (l-)
Fe (2)
c (e)

Ir
re (1)
c (e)
Fe (1)
Fe (1)
re (1)
re (2)
re (1)
re (2)
Ir
Ir
c (e)
Ir
Ir

45.6 (2)
s4.7 (2)
36. O (3)
13.7 (3)
7s. s (s)
7r.8 (2)
7r.s (4)

ro4 -7 (r)
so.4 (2)
62.4 ('t_)

4s.s (2)
36.0 (3)
80.9 (2)
8s.3(3)-



204.

æ F Co)s

æ'

2
Fe(CO)3

(30)

The Fe-Fe separation in complex (27.) t2.483(2)Al is shorter
than the analogous distances in (30) as expected from the
presence of a bridging acetylide group in the former

complex. The rr-p1 distance t2.351(2)Ål implies that a

conventional 2e-donor interaction of a tertiary phosphine

with a metal- atom is present and this val-ue is close to
that observed in (31) t2.349(2)ål for the terminal ïr-pph,
bond. The bridging acetylide ligand adopts the famili-ar

us-rì2-(o+2r¡ or n'-ll bondi-ng mode with the c=c and tr-ia
distances ÍI.2g4 (10) and 1. 934 (7)Å, respectivelyl consistent
with those found in other homo- and heterometallic ue-t2-
acetyride clusters. 3 

The symmetric disposition of the
bridging acetylì-de ligand is evj-denced by its distance from

the two iron atoms tI-e(1) -c (9),c (10) 2.050 (8), 2.233 (e)å;

Fe(2)-c(9),c(10)2 -087 (71 , 2.098 (7) l. coordination at rhe
metal atom is compreted by carbonyl ligands [rr-co 1.89¿Å av.;

r

o o o

An el-ectron count shows that the c2ph ligand functions as

a Se-donor to the cluster which is el-ectron precise (4ge)
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and gives rise to a cfoso, trigonal bipyramidal, 6 skeletal

efectron pair (SEP), 5 vertex structure.

Spectroscopic data obtained for complex (27.) are i-n

accord with the crystallographically determined structure.

Its sol-ution j-nfrared spectrum showed only terminal v (CO)

bands, which gave a seven-band pattern. Resonances found

at 6 174.5 and 2I2-l in the 13C{1H} NMR spectrum were

assi-gned to carbonyl ligands on the iridium and iron atoms,

respectively, by comparj-son with similar resonances in the

rel-ated complexes, FeRh(u-PPhz) (CO) 4 (PEt rl "" 
and Irq (CO) z-

(u-CO)s (1,5-Cycfooctadi..r"¡ .t' The observation of only two

signals suggests that the carbonyls on both metal-s are

fluxi-onal- at ambient temperature or are accidentally

equivalent. The Cs(6 165.5, s) and Cg(ô 99-6, s') signals

were in environments similar to those of other p3r12-acetylide
29

clusters. A resonance at ô 14.9 in the tlp{lH} NMR spectrum

v/as assigned to PPhz Lcf ô 14.0 for Ir-PPh, in the rel-ated
32

complex, FeIr(U-PPhz) (CO) s (PPh,) rl. The FAB mass spectrum

showed a mol-ecular ion aL m/z 892 which fragmented by stqp=

wise loss of eight carbonyl Iigands.

Structure of Ferr2 (u3-n2-phc^C^phl (Co), (pph3) z eB)

The molecular structure of (28) is shown in Figure 2.

Relevant bond distances and angles are listed in Tabl-e 2.

Although the accuracy of the determination only allows the

molecular connectivities to be seen, some discussion -of

the structure will be given.

The three metal atoms

which the Ir-Fe distances

similar to those found in

bond distance [rr (2) -rr (1)

form a triangular arrangrement in

t2.61-3(B) and 2.617(B)Ål are

(27) and (30). The homometallic
o

2.743(4)Al is comparable to
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c30

C4 o4

c36
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P1

03

C5

c42

c19

c20

Figure 2.

t/
C1 01

CI6

05

C3 IR

C1

I cl5

C C5

CI4
07

c11
C6

c23

06
c22

PLUTO plot of the molecular structure of
Ferrz(u¡-¡2-ehc2c2ph) (co) z(pphs) z QBI
(by n.R.T. Tiekink) only ipsocarbons

C

C2I

of phosphine bound phenyl groups are shown
for clarity.
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the averag'e fr-fr bond length [2.734 av.] in the Ir4

cluster; IIr,* (Co) r s (1,S-cyclooctadiene)] . 
t t 

The two

phosphorus atoms are disposed essentially trans to each

other with respect to the Ir-Ir vector and with bond

lensths IIr (1) -P (1) 2.33 (2) and Ir (2) -P (2) 2.36 tzl ål

similar to those found j-n the previously mentioned

complexes. The most interesting feature of complex (2gl

is the presence of the diphenyl diacetylene ligand.

The crystallographic data suggests the ligand adopts the
l+

familiar us-rl'-(l I ) bonding mode designating a parallel

arrangement of the coordinated alkyne carbons with respect

to the Ir-Ir vector. The two formal o-bonds are Ir(1)-C(B)

1.92(51 and ]-:r(2)-C(9) 2.LB(5)Å while the r-bond lengths

are C (9) -Fe 2 -I7 (5) and C (B) -Fe 2.IB (5) Å. The coordinated

C2 moiety shows the expected lengtheni.rgt u tC (B) -C (9)

7.40 (2') compared with the uncoordinated tri-ple bond.

tC(10)-C(11) I.22tZlÅl . The pendant phenyJ- acetylene

moiety is essentially linear tC(9)C(10)C(11) 774(5)";

C (10)C (11) C (l-B) 772 (6) "l . The alkyne ligand adopts a

distorted parallel coordination but does not approach

perpendicular coordination; the Ir (2) -C (B) 12.7Bil dj-stance

is non bonding. This distortion suggests a bonding mode in

between n'- I I and ¡z- l-. This is possibly due to a solid

state freezing out of oscillatory motion that has been noted
35 36

for other n'-l I complexes in solution. ' The carbonyl

li-gands are unexceptional-. A formal ef ectron count shows

- 
- tha-L none ofJhe me=tal-s:are-elee=tron defielien=t and:tha.t:the:

U¡-rl2-alkyne ligand acts as a 4e-donor to the electron

precise (4Be) cluster. Spectroscopic datawerein accord

with the structure of complex (281.
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Table 2. Selected interatomic parameters for the structure of (28)

rr (2)
P (1)
Fe
c (e)
c (8)
c (10)
c (18)

Ir (1)
Ir (1)
Ir (2)
Ir (2)
Fe
c (e)
c (11)

2.7 43 (4)
2 .333 (1"7 )

2.627 (8)
2.1,76 (5r)
2.778 (48)
7 - 436 (7O)
r_. 3s0 (70)

Fe
P (2)
c (4)
c (e)
c (e)
c (11)
c (8)

1r (1)
Ir (2)
rr (2)
Fe
c (B)
c (r-0)
Ir (1)

2.61-3 (8)
2 .356 (r7)
1.8e9 (s0)
2.]-68 (52)
1.400 (17)
1 .2r-6 (68)
1. e17 (sl_)

100.6 (

54.9 (

s8.2 (

107.6 (

70.3(
e7.o(

4)
r4)
2)
4)
11)
a2)

Fe
P (1)
C (B)

c (8)
P (2)
c (e)
rr (2) -
C (B)

c (e)
Fe
c (e)
c (8)
c (10)-
c (10) -

Ir (1)
Ir (1)
Ir (1)
rr (1)
Ir (2)
Ir (2)
Fe
Fe
Fe
C (B)
c (8)
c (e)
c (e)
c (e)

- Ir (2)
-Fe
- 1r (2)
- P(1)
- rr (1)
-Fe
- rr (1)
- Ir (1)
- rr (2)
- Tr (1)
-Fe
- Ir (2)
- rr (2)
- c(8)

s8.7 (2)
14e.0 (s)

70 -8 (r2)
e8. 3 (14)

a64.7 (4)
s2:6 (1,3)
63.L (2)
46.1(13)
s2. e (13)
7e.0 (l_e)
70 -8 (27)
ee.e(3s)

126.6 (31-)
732.4 (47)

P (1)
c (B)
Fe
P (2)
c (e)
c (e)
c (8)
c (e)
c (e)
Fe
c (8)
c (10)
c (11)

- rr (1)
- Ir (1)
- rr (2)
- 1r (2)
- Ir (2)
- Ir (2)
-Fe
-Fe
- c(8)
- c(e)
- c(e)
- c(e)
- c (10)

- Ir (2)
-Fe
- rr (1)
-Fe
- rr (1)
- P(2)
- Ir (2)
- Ir (1)
- rr (1)
- rr (2)
-Fe
-Fe
- c(e)

7O .1. (L2)
73.O (L2)

118. 6 ( 38)
7 4.4 (17)
71 .6 ( 30)

12s. 6 ( 33)
L73.9 (s2)

The FAB mass spectrum of (28) contained a mol_ecul_ar

ion at n/z 1362 which decomposed by stepwise foss of

sj-x CO gtroups and C2Ph-

The phosphorus atoms in (28)p(1) and p(2), attached
to Ir(1) and Ir(21 , respectively, (cf. Fi_gure 2) , are in
different'rel-ative chemical environments and this is
refl-ected in the 3Ip{lH} NMR spectrum of (28) which contained
two singrets at ô 8.5 and -r5.2 and were assì-gned to the two

PPh3 ligands.
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The other trinuclear diiron-iridium cluster isol-ated

from the reacti-on of Ir(CzPh) (CO) z(PPhg)z and Fez(CO) g

\^/as FezTr (us-n2-czph) (co) z (pph3:)2 (29) . rts sol-ution i.r.

spectrum comprised a six-band pattern showing only terminal

v (CO) bands. The 1H N¡tR spectrum contained a multiplet

resonating between 6 7.I-7.7 for the phenyl protons.

Singlet resonances at ô 180.1 and 243.8 in the 13C{Iu} NMR

spectrum are assiqned to iridium-carbonyl and iron-

carbonyl signals, respectively. The signal at 6 80.0 v,/as

assigned to Cß and the signal for Co was not observed. The

phenyl resonances were found in the usual region. The

'rP{tH} u¡tn was particularly informatj-ve and contained two

resonances at ô -8.1 and 76.4. The former was assigned to

IrPPh3 and the latter was assigned to FePPhz l"f 6 74.2 in

Ferr(u-PPhz) (Co) s(pphs) z (31) l1' The FAB mass spectrum of

(28) showed a mol-ecul-ar ion at m/z 1126 which fragmented by

consecutive loss of seven CO groups.

Reaction between Ir(CzPh) (CO) z and Fe(CO) s

It was of interest to study the chemistry of compound

(27) and a higher yielding synthesis \^ras sought. However,

stirring a tetrahydrofuran solution of Ir(C2ph) (CO) 2 (pph3) 2

and Fe (CO) s at ambient temperature for 4 days resulted in a

much l-ower yield of (27') (I2Zl , after thin layer chromoto-

graphic separation. The only other major tractabre product

was (28) (3u ) .
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(PPh3XCO)2t

thf, RT, 4 days

(27. r20/o\

Fe(CO)3

Ph
c

c

Fe(CO)3

lr(C2Ph)(CO)2(PPh3)2 + Fe(CO)5

Ph

+

c c

I \
(PPh3)(CO)2r lr(CO)2(PPh3)

(28¡ 3%)Fe
(Co)s

fn a simil_ar reaction, a refluxing thf solution of

Ir(C2Ph) (CO) z(PPhs) z and Fe(CO) s afforded a higher yield

of Q7l (25e") than the previously mentioned room temperature

reaction. complex (29) was afso obtained in 158 yield.

Ph

(27; 25 %)

(PPh3xco)21 Fe(CO)3

c
c

co 3eF

r(C2Ph)(CO)z(PPhs)2 + Fe(CO)5 +

thf, A, 90 min Ph
c

Fe(CO)3 (29; 15 %)(PPh3)(CO)2lr

Fe(CO)2(PPh.)
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B. Preparatj-on of Fe zRh(u"- n2-crPh) (co) 
^ 

(PPh" ) (41

A suspension of Rh(C2ph) (CO) (pph3) 2 and Fez (CO) g in
tetrahydrofuran rapidly darkens to red when heated at 6ooc
for a short time- preparative trc enab]ed the isorati_on
of two major products. One \,úas the we]l_known Fe3 (CO) 12.
The other product was identified as Fe2Rh(us_n2_Crph) (CO¡ r_
(PPh3) (32) on the basis of microanarytical and spectro-
scopi-c data- The i-nfrared spectrum of (32) was simirar to
that of complex (27) and contained only terminal v(co) bands.
The IH NMR spectrum contai-ned a multipret at ô 7.32 which
was assigned to the phenyl proton resonances. The phenyl
carbon resonances of (32) were found between ô 128-134 in
the ttc{tH} Nt4n spectrum. The only other sj-gnal in this spectrum
was found at 6 2r2.r and as no 

t o t*n 
coupring was observed

it was assigned to carbonyl groups on the Fe. The rtp{rg}
NMR spectrum contained a doubl-et signal at ô 15.6 with ¿

(RhP) 722H2; thì-s val-ue is comparable to that observed in
RhRu3 (p3-pph) (Uz-co) (co) I (pph3 ) [ô (Rhpphg ) 30.9 and ,-z (Rhp)

37
r29Vzl - A weak molecular ion was found aL m/z Bo2 in the
FAB MS of comprex (32) which decomposed by consecutive r_oss

of eight CO groups.

A possible mechanism for the formati_on of complexes (27),
(28') and (29) is pictured in Scheme 1. When Ir(Czph) (CO) z_
(PPh3)2 is dissolved in solvents such as cHcrs or cH2cr2
carbon monoxide is rapidly riberated giving the four co-
ordinate square planar complex, f r (C2ph) (CO¡ 1pp¡, ) ,.t 

t

This

at the metal centre and in some cases at the triple bond of
the acetylid" *oi"ty.tt rt is possibÌe that this mono-
carbonyr acetylide complex may react with a coordinatively



Fe(CO)a(thf) + lr(C2Ph)(CO)2(PPh3)2

Fe(CO)4(PPh3)

-PPh s

(P Ph3XCO)2t

(a)

thf, 
^

Fe(CO)3

Fe(Co)4(thf )

-PPh s

C

Ph

Ph

c
o

lr(CzPh)(CO)z(PPh3)2

- 2 PPhg

Ph

N)+
N)

C c
Ph /

(PPh3)( o Fe(CO)3

(2e_)

2

Fe(CO)2(PPh3)
\

I

I
^-^t/- t/

\

(PPh3)(CO)2r

./Ph (PPh3)(CO)2lr lr(CO)2( P P h3)

Fe(Co)s (28)

Fe(CO)3

+ PPh3

Fe(CO)3

Q7\

Scheme 1
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unsaturated iron fragment to form the binuclear intermediate

(A). It has been known for some time that the reaction of

Fez (CO) g with tetrahydrofuran produces a tetracarbonyl iron

fragment stabilized by a solvent *ol".,rl-. 
t t 

(Equation 2) .

Fez (CO) s (thf ) 
---+Fe 

(CO) ,- (thf ) + Fe (CO¡ ,. (equation 2)

Carty and. co-workers have reported the isol-ation of binuclear

complexes simil-ar to the postul-ated intermediate (A) from

the reaction of phosphinoacetylenes with Fe, (CO) e i_n benzene

(Equation 3) .

l+0

/R

Fe2(CO)e + Ph2PC=CR

(R= Ph, But, Pri, Cy¡

+ other iron
products

P
Phe

(Equation 3)

These complexes readily undergo phosphine substitution at the

iron centre which has the acetylide ligand o-bonded to it.
Reaction of an intermediate of type (A) r,ùith a further

tl
Fe(CO) q unj-t followed by loss of pph3 would give complex Q7).

This probably proceeds by initial coordination of the 'F"(co)u'

unit to the acetylide triple bond giving adduct (B) which then

condenses by virtue of the presence of the late transition

( P P h3) (co)2l t\,^_,^,/Ph

(co)rF"ä\Fe(co)3
(B)
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metal being of sufficient size to form metal-metal bonds

with iron. Simil-ar M, { U-n 2 -acetylide } (CO)o complexes

are known [t,] : CorFel and were described in the introduction

to this chapter.

The formation of complex (29) could be easiJ-y explained

by employing a similar reaction pathway to that postulated

for the formation of complex (27) i.e. intermediate (A) and

a Fe(Co)q (PPh3) fragment. This, however, ignores the well-
41

known substitution inertness of Fe (CO)4 (PPh3 ) , (obtai-ned

as a product j-n the reaction of Ir(CrPh) (CO)2 (PPh3 )2 with

Fe, (Co)g ) . Another possi-ble route to complex (28) is co-

substitution of intermediate (A) with PPh3 lj-berated in

the formation of complex (27)-, this new intermediate would

then react with an "¡-e(Co)u'-fragment in a simil-ar manner

to that postulated for the formation of complex (271- A

pathway whj-ch al-so cannot be discounted is simple CO-

substitution of complex (27), although the Fe atoms are not

the preferred site of phosphine attack (see later).

Similarly, the reaction of intermediate (A) with onè

equivalent of Ir(C, Ph) (CO)2 (PPh! )2 , probably proceeds with

initial coordination of the carbon-carbon triple bond of

the incoming acetylide to the Fe (CO)s moiety of intermediate

(A) . Subsequent rearrangement invol-ves an acetytide-

acetylide coupling reactj-on of which there are few examples

in the literatu t"l' 
" 

t

Several compl-exes containing the ligand 1,4-diphenyl-

1r3-butadiyne have been reported. Some involve addition of
42 144 r47the diyne as a ligand or oxidative coupling
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of phenyl acetylide groups on metal centres ."' "

A mixed metal- analogue of complex (28) has been described,

although not structurally characterised; FeNi z (u¡-n2-phc2C2Ph)-

(Co) a(n-CsHs) z (33) was obtained from the reaction of
I

lNi (n-C sH s) I 2 {p-PhC 2C 2P};r } and iron carbonyl. Complex

(33) was also obtained from the reaction of Ni(C2Ph) (PPh3)-

(n-CsHs) with Fer(CO) e along with the binuclear complex
48

FeNi{C2Ph) (CO) 3 (pph ¡) (n-CsHs) (34) , this latter complex could

be important in regard to the validity of (A) as a reactio¡r

intermediate (Scheme 1) .

-/Ph
c4cPh:._

(n-C5H5)Ni Ni(n-C5H5)

Fe(co)s (æ)

Thermal- decomposition of Mo (C 2PhXCO) s ( n-C sH s) at ca. 110:C

in octane results in the coupling of phenylacetylide units
to give the structurally characterised, [Mo (CO) 2 ( n-C sH s ) ] z-

(u-n2-phc2c2Ph) (3s) . 
u'

"/
""nPh

o(n-CsHs)(CO)2M

(Lã)

Mo (CO)2(rt-CsHs)
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Reactivit of Fe Ir 2^ Ph co PPh

Treatment of (21) with sodium amalgam in tetrahydrofuran

at low temperature followed by protonation (H3PO+ ) , and

subsequent work-up afforded the hydrido vinylidene complex

Ferrr(u-H) (ur-n2-ccnPh) (co) e (PPh3) (39) ' in low yield Qz) and

the hydrido alkyne cluster FerIr(u-H) (u.-n'-HCzPh) (co) 8-

(pph3) (37) in 472 yield. The complexes were id'entified by

the standard spectroscopic and microanalytical techniques;

the structure of (36) was determined unambiguousry by X-ray--

diffraction methods -

Structure of Fe Ir -H 2 -ccHPh CO (PPh

The structure of (36) is shown in Figure 3 (see also

Table3).Thereisafamiliartrj-angulararrangementof
the metaf atoms with the two rr-Fe distances in (36) [Fe(1)-rr

2-705(1); Fe(2)-rr 2.656(1)Ål being comparabre ro the two

Ir-Fe distances in the starting acetylide cluster (27)

[Fe(1)-rr 2.701 (1); Fe(2)-rr 2'693(1)å] and to

the other Ir-Fe distances mentioned previously. The Fe-Fe

separation shows a significant lengthening compared to Ùftt--

analogous distance in (271(ca. 0.11å) and suggests that the

hydride present in the complex bridges this bond and this

is supported by the 'splayed-out' nature of c(5)o(5) and

c(6)o(6) . The rr-p (1) distance 12.362 (1)ål is unexceptional

and simirar to the anarogous interaction i¡v(27) 12-351(2)Ål

and (28) t2.33(21 and 2.36lzlÅi. The hydrocarbon moiety

interacts in a distorted n2-fashion with Fe(2) tC(9)-Fe(2) '
ros ectivel while c (9) is

wirhin bonding distance of Fe (1) t1.900 (s)Ål , and Tr12" 034 (5)Àl .

The C(9)-C(10) distance t1.406(7)Ål has appreciably lengthened
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Selected interatomic parameters for Fe2Ir(U-H) -
(Us-n2-ccHph) (co) a (pphs ) (36)

Table 3.

o
Bond distances (A)

Fe (1)
P (1)
Fe (2)
c (e)
c (e)
c (2e)
c (23)

TT
Ir
Fe (1)
Fe (1)
Fe (2)
P (1)
P (1)

o (8)
Fe (2)
c (e)
c (10)
c (17)
c (10)

c (8)
Ir
lr
Fe (2)
P (1)
c (e)

4.t45 (7)
2.656 (7)
2.O34 (s)
2.282 (s)
1.830 (3)
1,.406 (7)

Bond anqles (")

2 -7Os (1.)

2 .362 (L)
2. se1(l_)
1. eoo (5)
2.006 (4)
1-.832 (4)
r -826 (4)

Fe (l-) s7.8 (1)
Fe (2) 148.9 (1)
Fe (1) 44.s (t)
Fe (2) s0.2 (1)
ïr 62.0 (L)
Ir 49.3 (1)
Fe (1) 78.6 (1)

Fe (2)
P (1)
c (e)
c (e)
Fe (1)
c (e)
c (10)
c (10)
Fe (2)
c (r_0)

c (10)

Ir
Ir
Ir
Fe (1)
Fe (2)
Fe (2)
Fe (2)
Fe (2)
c (e)
c (e)
c (e)

37.6 (

82.2 (

r28-7 (

8r_.9 (

P (1)
c (e)
Fe (2)
c (e)
c (e)
c (10)
Fe (1)
Fe (2)
c (10)
c (e)
c (1)

Ir
Ir
Fe (1)
Fe (1)
Fe (2)
Fe (2)
c (e)
c (e)
c (e)
c (10)
Ir

re (1)
Fe (2)
Ir
Ir
Fe (1)
Ir
Ir
Fe (1)
Fe (1)
Fe (2)
Fe (l-)

106.4 (1)
48.4 (t)
60.2 (L)
48.7 (2)
46.7 (t)
77 .7 (!)--
86.8(2)
83.0 (2) -

138. s (4)
60.s(3)

139.8 (2)

c (e)
Ir
Ir
Fe(2)

2

2
4
3
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f rom the corresponding value j-n (21) lI .2g4 (10 ) ål . These

data are consistent with the presence ofa Us-n2 vinylidene

ligand and the distorted side-on coordination of the liqand

to Ee(2) is also shown by the mixed-metal vinylidene
l-6r49

clusters, co2Ru(us-nt-ccHn¡ (Co) g (R=Ph,But) , in which the
vinylidene ligands are n 

2 bound to the ruthenium atom with
o

ca - 0.34.A difference in Ru-C distances.

The precise position of the bridging hydride ligand was

not found from the structure determination. A formal

electron count shows that Fe(1) is el-ectron deficient,

suggesting that the hydride'ligand bridges Fe (1) -Fe (2) .

The spectroscopic data agree with this formul-ation-

The i-nfrared spectrum contains only terminal v (CO) absorptions

giving an eight band pattern. The ltl N¡lR spectrum contains

signals at ô 7.35, which were assigned to the phenyl groups

and ô 6.93, which was assigned to the CH proton of the vinylidene

unit although it shows no coupling to phosphorus Lcf - similar

values in Co2Ru (u s-n'-ccuph) (co)g at ô 6 - 8916 and RusAuz-

(us-n2-ccHgut) (co)s(PPh¡) z at ô 6.30t0 l. There are two

doublets of equal intensity which integrate as 0.5H each

showing a I3Hz coupling to 3 tP. This suggests that (36)

exists as a mixture of isomers in sol-ution possibly resulting

from the vinylidene fragment switching from an n2-bondj-ng

mode from Fe(2) to Fe(1) (Scheme 2l -

The signal for the vinylidene proton is rel-atively broad

and couId, in fact, be the product of two overlapping -

doublets which are not resolved as a result of the vinylidene

pro nex

bound hydride.

The r 3c{ rH} NMR has

ng a sma er coup ng o an me a

I26-L30 assigned

ô 101.7 and 145.5 are

signals at ô

Two peaks atto the phenyl carbons.



H\
Ph

/
C

Fe

H

C

Fe C/
Ph

\

I \
r lr Fe
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N)
NJ
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assigned to cs and cg of the vinyfidene moiety, respectively.

The former resonance was assigned with the aid of an off-
resonance decoupling experiment. A sharp singlet at ô S.t
in the 31P{1H} NMR spectrum was assigned to pphs bound to
the rr above. The FAB MS showed a mol-ecul-ar ion at n/z 894

together with a fragmentation pattern due to successive ross

of eight CO ligands.

spectroscopic data confirmed that complex (37) was al-so

rel-ated to (27) by the additj-on of two hydrogens. The tH

NMR spectrum contained a high fiefd doublet at ô -23.48

lJ(PH) r2ízl and was assigned to a bridging hydride J-igand.

A characteristic low-field doubl-et signal at ô Z. gf

[d, .z(PH) 5Hz, 1H] was found for the cH proton of the arkynyl
unit. The singlet at ð 112.5 in the t tc{tH} ¡¡¡,ln spectrum was

assigned to the alkynyr carbons with the aid of an off-
resonance decoupling experiment. The resonances at ô r52.8

and 77r.2 were assigned to carbonyJ- ligands on rr whj_re the
peaks at ca. ô 210 were assigned to the analogous Fe sig¡als.
The FAB mass spectrum contained a molecular ion at n/z .894

and fragmentation ions formed by stepwise loss of eight co

ligands.

The preceding data suggest that complex (37) has the
structure shown in Figure 4.

Ph

^-^(/- (/,

Fe(CO)3

Fe-H(co)s (il)
Figure 4

(P Ph3)(CO)2r

Fiqure 4
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The u:-n'z-l I alkyne bonding mode i-s one of the most common
3found in either homo- or hetero-metallic alkyne clusters.

The structure poctulatedfor (37) is consistent with the
observation of the trend shown by (us-nr- I ll-bonded alkyne
clusters, in which the formal Fr-bond i_s directed towards the

least electron ri-ch metal.

Complexes (36) and (37) appear to be the resul_t of
hydride addition to the acetylide ligand and protonation
at the cluster core of complex Q7l . This was confj-rmed by

the reaction of (27'), in tetrahydrofuran, with r-serectride

lK{BH(cHMeEt) s}; a source of H-l foll-owed by protonation
(H3,Po4)- This reaction g.ave a similar distributi-on of
products as the reaction of (27) with sodium amalgam/Hspo4

and suggests this latter reaction proceeds by simple hydride
abstraction from the sol-vent folrowed by protonation at the
cluster core. These resul-ts are consistent with the
electrophilic nature of ccr of us-rì2-acetyride cl-usters

Ieading to the formation of alkynes, parallel to or:
edge of the cluster, and hence to structures comparabró
to (37) .

These H- /g+ reactions correspond, at least formalry,
to the addition of hydrogen to the acetylide cl-uster e7) -

Indeed, the hydrogenation of Q7) in cyclohexane,
resulted in the isoÌation, after suitabre work-up, of the
hydrido-vinylidene cluster (36) which was identified b1¿

comparison with an authentic sample. The major product

complex, (38) ..Its infrared
(1855m, L820m cm-1) as wel1

spectrum contained two bridging
as six terminal_ v(CO) bands.
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The only distinguishing features of its tH NitlR spectrum

\^zere a broad singlet at ô -23 assigned to a metal bridging

hydride ligand and the ubiquitous phenyl resonances at

ð 7.47. It was not possible to obtain a FAB mass spectrum

of (38) using any of the estabrished solvent matrices.. rt was

al-so not possible to obtain crystals sui-tab1e for X-ray

structurar analysis. There is no evid.ence for the identity

of (38) at this time due to the obvi-ous complexity of the

reaction; there were at least eleven compounds observed

after thin-1ayer chromatographic separation. However, in

several cases the hydrogenation of hydrocarbyÌ containi_ng
52 53clusters results in reduction of the hydrocarbyJ- Iigand '

e.g. hydrogenation of Ru: (u-H) (us-n'-CrBrrt¡ (Co) g gives

alkylidyne complex Rus (U-H) a (u¡-CCHrBut) (co) ,t.' It is
interesting to note that hydrogenation of (36) r urider the

same conditions as (27 ) resurts onry in decomposition whil_e

similar hydrogenation of (37) gave a mul-titude of products,

one of which was identified as (fS¡.

Pyrolysis of FezIr(u-H) (u.-n2-HCrph ) (co) n (3J.)

Heating a toluene sorution of (37) at refrux for 90 min

results in almost quantitative conversion to the vinyl-idene cl-uster

(36). This represents a formal Lr2-hydrogen shift, a

subject which has aroused much recent interest, in mono-
54155 15arr6r49r56nuc'l-ear as wel_I as cluster chemistry.

The transformation of complex (4) nV successive addition
of H-/u+ into a hydrido arkyne cluster followed by thermar

rearrangemenr Ëo a vl_nyt_r_d.ene cluster (36) is depicted in
scheme 3. Although (36) is obtained from the reaction of
H-/¡7+ with the acetylide cl-uster it is, in fact, a minor
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product (<5U ) while the aÌkyne cluster (37) is by far the

major product. A theoretical- strrayt on the acetylide

cluster, Rus (u-H) (Us-n2-C2Me) (CO) e indicated that the most

likeIy site of nucleophific attack was at Co. Experimentally,
27

Deeming has shown that nucleophiljc attack on Os(U-H)-

(us-n'-CrH) (Co) g is predominateJ-y at Co while attack at

Cß is also possibte. We bel-ieve initial H- attack at Co

of (211 gives the anionic alkyne intermediate (37a) (Scheme 3 )

and protonatj-on at the metal core gives the alkyne cluster

(37) . It is not possible to say conclusively at this time

whether H- attack at C U affords an analogous anionic

vinylidene intermediate, which after protonation gives (36)

because of the facil-e nature of the thermal rearrangement

of ('37) to (36) . This rearrangement was found to occur in

solution even at room temperature, albeit slowly. An

al-ternative explanation for the formation of (36) is initiat

H- attack at the metal- core giving an anionic hydrido-

acetylide cluster which then rearranges to an anionic

vinylidene intermediate giving (36) after protonation.

The addition of H- /H* corresponds to the formal-

addition of H z to the cluster and it is probab-1-e that the

initially forined product in the hydrogenation of (271 ts

:ompJ-ex (37) which then under the prevailing reaction

:onditions rearranges to (36). As mentioned previously

. alkyne-vinylidene interconversion on metal clusters has
18

been the subject of a theoretical study in which Silvestre

: and Ho-f=fmann concl-uded tha.Lin:bi-andlr.i-:nuef:ea=+sy-s=t:em-s

the isomerisation proceeded via a hydrido acetylide inter-

mediate, f ormed by oxidatj-ve addition of the CH bond of
the alkyne to the cluster. (Scheme 4').
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In mononuclear complexes the analogous process was calculated

to be of higher energy than a situation involving ¡1-alkyne
t8

slippage and consequent 1r2-hydrogen shift. Reactions

between Co2Ru(CO) r1 and. HC2R gave p3-alkyne complexes wh--ich
16 rq'9

rearranged in boiling hexane to y3-vinylidene complexes.,

Both complexes for R=But were characterised crystallographic-

ally from which it could be seen that the conversion is

associated with a gradual inclination of C=C bond with respect

to the M3 plane. The extremely facile interconversion of

the hydrido acetylide cluster RusPt(u-H) (u+-n2-C=CBut) (co) e-

(dppe) to the tautomeric vinylidene cluster Ru3Pt(uu-n-t-
56

C=CHBut) (CO) g (dppe) occurs at ambient temperatures and lends

support to the mechanism proposed by Silvestre and Hoffmann

(Scheme 4 ) .
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Synthesis of trimetallic clusters by incorporation of
gold fragments

Adclition of [o{au(pphs) ig] IBF,*] / tppnl [Co(Co),_] to (

resulted in the formatj-on of the pentanuclear cl-uster
AurFerr. (u+-rì2-c2Ph) (co) z (pph3 ) 3 (39) . This complex was

characterised unambiguously by X-ray structural analysis
as well as spectroscopic and microanalytical techniques.

21)

Structure of Au 2I'e zIr (u u- n 
2-C 2Ph) (CO) 7 (PPh3)3

The mofecul-ar structure of (39) is shown in Figure 5.

Table 4 collects si-gnificant bond distances and varence
angles fcr (39) - The structure of (39) is closery related
to the structure of (27) , the major difference being the co-
ordination of a Au2 (pph3) 2 unit to the rr atom with an

additional interaction between Au(2) and C(B) of the
acetylide ligand. The cluster metal core comprises a
rbow-tie' arrangement of the five metal_ atoms with the two

halves of the tie defined by the rr(1)Fe(1)Fe(2) and

rr(1)Au(1)Au(2) triangres. The dihedral angle between the
planes is 86 . 0 " . The rr-Fe 12 .7 09 (3 )å , 2 .7 4a (t) Å1, pe-re

oo
Í2'501(5)Al and rr-P(1) t2.287(6)Àl distances are all comparable
to those found in complex el¡ - The Àu-Ir dj-stances [Ir_Au(1)
2-633r¡ rr-Au(2) 2.726(1)Ål are ctose to that expected from
the sum of the metallic radii (2.7g4i,) 

tt 
-.,d the ïr-Au(1)

interaction fall-s within the range found for the analogous
distance in other mixed-metal- cl-usters (2 .593-2 .67 5Ãl

be described

the C=C axis
as distorted U q -r¡ '- (f ) with the
and the bridged Fe(1)-Fe(2) vector

can

angle between

being ca 1030.
o oThe Ir-C,o distance [1.957 (231A] and C=C distance [1.340(31)A]



c15

228.

o7

C1

Lr) C3

03 c21
o1

o5

c1

o6
2 t-1

c9

c63

c5

c11

c1

P3

o4

P1

C2

AU2

P2

U1

c51

P

c57

c69

c11

cL2

c13

c4

L C8

c74

IR

R P1

o2 AU2

P2
c4

c39

FE2

c10

AU c1

C1

c1

Fiqure 5 PLUTO plot of the molecular structure of
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Table 4. Selected interatomic parameters for (39)

o
Bond distances (A)

Au (2)
P (3)
eu (1)
Au (1)
Fe (1)
Ir (1)
Fe (2)
¡'e (1)
rr (1)
rr (1)

Au (1)
Au (l-)
Au (2)
Ir (l-)
rr (1)
c (8)
c (8)
c (e)
Au(2)
P (1)

2.847 (r)
2 -26e (6)
2-e47 (L)
2.633 (1)
2.709 (3)
L-9s7 (23)
2.O7e (23)
2 -1.41. (22)
2.726 (1)
2.281 (6)

c (8)
au(2)
Fe (2)
Fe (2)
au (2)
Au (1)
Fe (l-)
c (e)
re (2)

Au (2)
Ir (1)
rr (1)
pe (1)
P (2)
P(3)
c (8)
c (8)
c (e)

2-387 (22)
2 -726 (L)
2.7 44 (4)
2. s01 (s)
2-26e (6)
2.26e (6)
2.O7 4 (23)
1.340(3r_)
2.063 (23)

Bond angles (")

Ir (1)
P (3)
rr (1)
P (2)
c (B)
Au (2)
Fe (1)
Fe (2)
Fe (2)
Fe (1)
c (8)
Ir (1)
pe (1)
Fe (2)
c (e)
c (e)

Fe (2)
c (8)
c (8)
c (8)
c (8)
c (8)

au(2)
Ir (1)
Au (1)
Ir (1)
Ir (1)
Au (1)
Au (2)
Au (2)
Ir (1)
Ir (1)
rr (1)
au (2)
Ir (l-)
Ir (L)
Au (2)
Fe (1)

59.5
L66-O (2)

56. 3

L70.O (2)
44.4 (6)
64.I
86. s (1)

107. r_ (1_)

63.4 (1)
62.0 (r_)

4s.3 (6)
77 .O (7)
84.4 (10)
8s.6 (e)

L28.7 (L7)
7 4 .2 (t3)

Fe (2)
c (8)
P (3)
P (2)
c (8)
c (8)
¡'e (2)
Fe (2)
c (8)
Fe (1)
Fe (2)
re (2)
c (e)
c (e)
c (8)
Fe (1)

c (e)
c (e)
Au (1)
Au (2)
Au (2)
Au (2)
Ir (1)
Ir (1)
re (2)
c (8)
c (8)
c (8)
c (8)
c (8)
c (e)
Ir (1)

re (1)
Fe (2)
Au (2)
Au (1)
eu (1)
P (2)
au (1)
Fe (1)
pe (1)
Au (2)
Au (2)
re (1)
Ir (1)
pe (2)
re (1)
Au (1)

73.0(8)
71.8 (14)

r32.7 (2)
r22.4 (2)
et.2 (6)

L42.6 (6)
144. I (1)
s4.6 (1)
s2.e (6)

r_13.0 (10)
160.2 (10)

74. r_ (8)
1s1.4{1e)
7O.s(l-3)
68 -7 (L4)
e0.3(l_)

Au
Au
Au
Au
Au
ïr
Ir
Ir
Fe

(r
(1
(2
(2
(2
(r_

(r
(r
(r

)

)

)

)

)

)

)

)

)

)Fe (2
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found for y,--n2 (l) acetylide ligands

those in Q7l . An interesting

âo

feature of the structure of (39) is the Au(2)-C(B)

interaction t2. 387 (22) 

^l 
. Gol-d-carbon interactions

have been noted previously in the complexes [ (rl-CsHr)Fe-

(n-csH4)Au2 (pph3)zl IBFu];t [Auw, (u-ccuHuMe-4)2 (co) u (n-crHr)r]-

IPFe ] , and [ (n s-c5H5) MoMn(u-PPhr) {u-o: n4-cH (Me) -

CHCHAu (PMez Ph) Ì (Co) ,- 1 
t trh"t" 

Au-C contacts of 2 -i_6 (3) ,

2.72(21 and 2.Ig(1)Å, respectively, were found. The longer

distance in (39) might be a result of steric interaction

between the PPh3 ligand on Ir, which is bonded cjs to Co

of the acetylide tigand, and the AuPPh, group interacting

with C¡¡.

In (39) the seven CO groups are distributed three to

each iron and one to the iridium. Although the least

hindered síte of attack on the iridium atom in (271 is the

position occupied by C(2lO(21 (see Figure 1), which is trans

to Ca of the acetylide ligand, comparison of the two

structures suggests that C(1)O(1) has been substituted by

Aur(P?h,), which allows interaction of the digold unit with

Ca.

Spectroscopic data obtained for (39) were in accord

with the determined structure and will be discussed in

conjunction with the characterisation data obtained for

the analogous rhodium compound Au, Fe, *¡ (u + -rtz -CzPh) (Co) z -

(PPhs ) g (40) . Complexes (39) and (40) were obtained from the

60

addition of [ppn] [Co(CO),, ] and [O{Au(PPh3 )}, ] [er,, ] to thf

solutions of (27) and (gZ¡ respectively, êt room temperature.

For both cases thin layer chromatographj-c separation gave

good yields of (27)an¿ (32¡ as well as the binuclear complex
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AuCo (Co),* (PPh3 ) . The infrared spectra of (39) and (40)

vùere similar and contained only terminal v (CO) bands -

Multiplets, assigned to phenyl group resonances, were

the only signals observed in the IH N¡'ln spectra of (30¡

and (40); the compounds proved too insoluble to obtain

r3C spectra. The 31p{lH} NMR spectrum of (40) contained

two broad singlets at ô 40. B and 47 .B which were assigned

to Aupph3 a]_so a sharp doublet at ô 52.6 was assigned to

Rhpph: on the basis of the observed r4r Hz coupling to 
to'hn.

By analogy the broad singlets at ô 42-B and 47-6 and the

sharp singJ-et at ô 30.6 !\7ere assj-gned to AuPPh3 and IrPPh3,

respectì-ve1y, in the 3lp{ tU} NMR spectrum of (39) . The FAB

mass spectra of (39) and (40) contained weak pseudomolecular

ions aL n/z I7B4 and m/z 1694, respectively, corresponding

to [ø + H] and Íu + 2Hl, respectively. These ions decomposed

by successive }oss of seven CO groups and AuPPh¡ Both

the spectra of (39) and(40)contained strong ions at m/z 72I

anð. n/z 45g assigned to [Au(PPhg) z]+ and [Au(PPh,) ]+,

respectively. An ion corresponding to [{au, (PPhs ) , }H] 
*--t1"

also found aL m/z 979 j-n the FAB spectrum of (39).

Various routes to (39) were investigated. For preparative

purposes it was found that treatment of the acetylide cluster

(211 with [ppn] lco(co)q]/ [o{eu(PPh:)}g] [BF,-] was the best

synthesis (83å), however, the reacticn of (27)with IO{au-

(pph3 ¡],I [BF+ ] al-one also g,ave (39) but the yield was consider-

ably lower (24e"1. The orange solution obtained from the

reaction of the gotd oxonium salt with [ppn] [Co (CO) u ] in thf

dicl not react with Q7'l to for:m (39¡ . Thi-s suggests that the

cl-uster may have been reacting with an unstabl-e intermediate
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'{Au(PPhs) }zO' formed by removal of Au(pph3) from the

oxoníum salt as AuCo(CO) +(PPh3). Recently it has been

found that [ppn] tcll or [ppn] [oAc] / lo { Au(pphs) }¡l IBF,_]

achieves the same results giving in the former case

AuCl(PPh3) as a side product which can be t""y"I"d.u'

Thj-s gold oxonium/anion reagrent appears to be useful
in introducing digold 'Au2 (pph3) 2 ' units into cl_usters which

have the facility to lose co readily, obviating the require-
ment that the cÌuster be a dianion or multihydride complex-.

Various methods of introducing one, two or three Auph3 units
have been developeu,to's8'6s-67 but no rationar route to
digold substj-tution of neutral clusters has appeared.

Evans and Mingo= 
t u 

have examined the bonding tendencies

of Au(PPh3) fragments and have shown that these groups have

a single sp-hybridised orbital which makes them isolobal
with H,CH g ,Co (CO) ,* . Lauher and l{al-d 

t t 
narr. argued that the

isorobal- relationship between H and Aupph3 ma! be used to
provide evidence for hydrido-ligand positions in transition
metal complexes.

rt is thought that the isolobar relationship betweeñ

Au(PPh¡) and H is of limited use in predicting structures
6 5b r 6I , 7 o

when more than one gold atom is present. This is because

of the propensity of gold to form Au-Au bonds. However, the
digold unj-t 'Au2 (pph3) 2 ' j-s isorobar wj-th H2 and comprex (39)

might model the way hydrogen reacts with complex e7l. The

formal addition of Hz (= U-lU+) to (27) was demonstrated
previousry giving initial-ly the hydrido-alkyne cl_uster (37)

which was shown to

vinylidene cluster
gave (36) which we

rearrang'e thermally to the hydrido-

(36) . Similarl-y, hydrogenation of Q7l

bel-ieve derives from initially formed (37)
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(see Scheme 3) .

Formal substitution of a co group by Auz (PPhg) z results

in the formatioh of (39) (Scheme 5 ) . A situation can be

envisaged in which cleavage of the Au-Au bond and one of

the Ir-Au bonds could give rise to structures (C) and (D)

which are isolobal- with(36) and (371, respectively- However,

no evidence was found for the formation of complexes of this

type in the pyrolysis or hydrogenation of complex (39¡ ' A

simple electron count requj-res the acetylide ligand to

contribute 5e, the digold unit contributes 2e to gj-ve an

electron preci-se count of 48 el-ectrons. The conversion of

the acetylide ligand into the 4e donor depicted in (C) or

(D) requires the addition of two electrons; and this might

be achieved by the addition of CO.

Although on the surface it seems that 'Au2(PPh3) 2'

might be used to model the reaction of Hz orl clusters this

analogy must be treated with caution. The reaction of

'Au2 (PPh3) 2' with the pentanuclear cluster Rus (U s-l2-
?r

P-CzPPhz) (U-pphz) (CO) r ¡ v¿as found not to parallel the ---

53

reaction of H 2 with thj-s cluster.

Reactions of an iron-iridium cl-uster anion with aurating

reagents

The trigold-oxonium reagent [O {eu (PPh: ) i s ] [BF,- ] was
72

first reported by Nesmeyanov et aI and has since been

shown to introduce up to three Au(PPhs) moieties onto cluster
5 0 6 s-6 7

anions. '

ac r^r:c Ài c¡rrcco¿:l o:rl 'i ar J-ho raenl-i nn nf (27) wi l_h Ne /FIo

or K [eH (CH¡4eEt) g ] is bel-ievecl to

Tetrahydrofuran solutlons of the

generate a hydrido-anion.

anion, generated using
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sodium amalgam, reacted readily with the gold-oxonj-um

reagent. The dark red solutions which were obtained

afforded numerous bands after thì-n-Iayer chromatographic

separation. The major band was crystallised and identified

as AuFezIr(us-n2-HC2Ph) (Co) 8(PPh3) 2 (4f l by microanalytical

and spectroscopic data. A small amount of (3-2) (15%) was

also j-solated and identified by comparison of its spectral data

to an authentic sample prepared as described previ-ous1y-

The sol-ution infrared spectrum of complex (4f¡ contained

only six terminal- v(CO) bands. The lH NMR spectrum contained

resonances at ô 7.1 4-7 - 62 which rdere assigned to the phenyl

groups. A characteristic low field signal was found at ô 9-18

[d, .z(pH) 13H2, 1H] and was assigned to the CH proton of an

alkyne unit lcf similar values in CozRu(ua-n2-Hcz Ph) (Co) g

t6
at ô 9.53 l. The multiplet between ð 126.0-135-0 in the

13c{1H} nun spectrum, assigned to the phenyl groups, and the

signal at ô 102.5, assigned to the alkyne carbons, \^/ere the

only resonances observed. The FAB mass spectrum contained

a weak pseudomolecular ron at m/z 1353 (tø + Hl+) which :-

decomposed by the step-wise loss of eight CO groups and an

Au(PPh3) fragment. The gold containing ions at n/z 72I and

n/ z 459 were assigned to [Au (PPhg ) z ] 
+ and [Au (PPh g )J 

+,

respectively.



236.

Although the isol-obal analogy between AuPPh3 and H

has been demonstrated in cases where the hydride J-igand

has been located in the molecular structure of a complex,

as in, for example, NiOss (u-H) ¡ (Co) g (n-csHs), and the

corresponding AuNiOs: cl-uster has been shown to have the

Au (PPh s ) .unit occupying the posi-tion of the H atom which
73

it replaces. Unfortunately, crystals suitabl-e for an

X-ray structure determination of ej-ther (37) or (41) could

not be obtained therefore the precise position of the

Au(PPh:) group cannot be stated. In most examples of

mixed metal clusters, however, AuPR: units are usually

found in a Uz-edge brì-dging or Us-face capping situation
58

but Uq- and Us- modes are afso encountered.

Complex (41) is also obtained from the reactj-on of

the anion of Q7l generated using eitherNa/Hg or K[BH-

(CHMeEt) :J i-n thf , and AuCI(ePhs); small amounts of (39)

were al-so obtained. This observation supports the premise

that initial nucleophilic attack of H- occurs at Ccr of
74

the acetylide ligand in (271 . Bruce and Nichol-son observed

a similar reaction with Fe¡ (CO) g (us-n2-CNBr-rt) . The cfuster

band isocyanide was found to add H- to give [Fe3 (CO) e-

(u¡-n'-HCNB,rt) l-, which could be protonated or aurated to

give Fe: (u-H) (u s -n 3 -HcNeut))(co) g and AuFe ¡ (u s -n'-HcNBut) (co) spph 3 ,

respectively (Scheme 6) .

The reaction of (27) with KIHB(CHMeEt) s] followed by

the oxonium reagent gave a number of compounds, after suj-table

work-up, one of which was iclenti f i ed as A¡ "F'c "Tr (a "TlÞh I -
(CO) z (PPh3)4 (421 - A small- amount of (39) was also identified

by comparison of its spectral data with a sampJ_e prepared
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previousty. Complex (42¡ gave microanalytj-cal data

which were consistent with the presence of two CHzCLz

molecul-es of crystallisation. This was confirmed by

the observation of a peak at ô 5.3 in the 1H NMR

spectrum of (42). The broad unresolved peak at 6 7.05

is barely separate from the phenyl resonances but

might be assigned to the -CCHR of a vinylidene ligand

although it seems to be of too fow field for such an

assignment when compared with the resonances of the

anaì-ogous protons in the extensive series of Us-vinylidenc
15r16

compounds reported by Vahrenkamp et af. Si-mple electronic

book-keeping reguires a 4e donor ligand to be present in
(421 rather than the 5e acetyJ-ide lì-gand. The FAB mass

spectrum of complex (42¡ contained a molecular ion aL n/z

2242 and ions rel-ated to this by successive loss of six

CO groups and foss of PPh,. Gold containing ions were

found at n/z 1377, 1115 and 727 and were assigned to

lAus (PPhe) el+, [Au2 (PPh,) r]+ and [Au(PPhs) r]+, respect-

ively. lt is not surprising that a tris-go1d adduct hâè .-

been found given the nature of the aurating reagent used.

What is unclear at this time is the disposition of the

three Au (PPh s ) units in the structure of (42¡ .

No reaction was found between complex (39) and gold

oxonj-um therefore stepwise addition of three Au(pphs)

groups giving (42) can probably be ruled out. It has been

stated that the prlnciple which seems to govern construction

of multi-Au(PR3) containins clusters is that the first unit

occupies

cluster,
the position of H

if steric effects

corresponding hydride

The successj-ve gol-d atoms

i-n the

alIow.
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add to the least hindered triangular faces next to existing
gold atoms. This leads to a compact arrangement of face-

sharing tetrahedra with as many adjacent gold atoms as

possible. s s ; e sb Thus, it is likeIy that complex (42¡

contains a Au3(PPhs) 3 ligand attached to the iron-iridium

triangle on the opposite face to that occupied by the

hydrocarbyl Iigand.

Scheme 7 summarises the auration of iron-iridium
clusters discussed in this work.
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4 "/"

({1)

24%

(¡v)

Scheme 7(b) (¡) Na/Hg, thf; (ii) KIHB(CHMeEt)31;
(iii) [O{Au(PPha)s][BFa]; (iv) AuCl(PPh3)

Scheme 7
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PhgP

Au

Ph3P- Au

(Ph3P)(CO)2lr

Fe(CO)3

M = lr (æ), Rh (48.)

Ph

c

Ph

c

Fe(CO)3

Fe(CO)3

Fe({r) (Co)g AuPPh3

Au3 Fe2lr(C2H Ph) (CO)7(PPh3)4

(42)



242 -

Reactions of Fe zrr ( u s- n 
2-C 2ph) (co) s (pph 

3 ) (2J )

with some tertiary phosphines and phosphites

(a) Reaction of (1) with pEta

Treatment of a solution of (27) in thf at room

temperature with a twofold excess of pEt¡ gave three

compounds: the zwitterionic, Fê rIr ( 
U r-¡ 2-phC 2pEt 3 ) -

(CO) a (PEt3) (43) and substitution products, Fe ,Ir-
(ur-n2-C2Ph) (CO)z(PEt3) (pph3) (44) and Fe zT.r (Us-12-C2ph)-

(CO)z(PEt3)2 (45) (Scheme B ). Complexes (43¡, (44')

and (45 ) were identified by the usual spectroscopic

and microanalytical techniques and in the case of
(43), by X-ray structure analysis.

Structure of Fe ,f r (u ¡ -rì 2 -phC 2PEt3) (CO) s (Pet,¡ (43)

The mol-ecular structure of (43) is shown in Figure
6 and Table 5 corrects relevant bond distances and angles.
The Ir-Fe and Fe-Fe distances in (43) are comparable tò :-

the analogous distances i-n the other structuralry
characterised rr-Fe clusters prepared in this work,
which are collected in Table 6.
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(27\ + 2 PEt"

thf

I
(PEt3)(CO)2r

(PEt3)(Ph3PXCO)r

+
PEt3

^-^Lr-L,

\
Fe(CO)3

Fe(Co)s (€)

+

(44) Fe

+

Ph

Ph

c

)sco

c

Fe

3co)

Ph
c

Fe(CO)3

c

)gFe(CO(PEt3)2(CO)r

(4s)

Scheme I
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C2

VL

C2T

C2

cl9
01

P1
03

04

C4

C5

05 c23

C2

c2

Figure 6.

CI
CIB

C3

FE

IR1

cl2
cl0

FB

cl3

cl6

CIl

c14

C6 6

c15

c21

OB

c2B

PLUTO plot of the molecular structure of

Fe2rr(us-n2-PhczpEts) (co) 7 (PEt.3) (43)

(by E.R.T. Tiekink)
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Selected bond lengths and angles for the molecular structure

of (43)

o

Bond lengths (A)

Angles (")

Ir
Ir
re (l-)
Fe (l-)
re (2)

2.662 (2)
2.37r (4)
2.538 (3)
1.8s8(20)
2.07s (20)

51 -2
LL0.4

71-.2
6l_.8
7r_.0
73.5

l-l-3.0
l_1

10
L6

re (2) ---
c (10) ---
c (10) ---
c (e)
c (10) ---

Tr
ïr
re (2)
P (2)
c (e)

2 -642 (2)
2.0s6 (15)
2.086 (1,4)

1.861 (18)
1, .478 (1.4)

Fe (2)
P (1)
c (10)
re (1)
c (e)
c (10)
c (10)
c(10)
c (e)
P (1)

Ir
Ir
Ir
Fe (2)
Fe (2)
Fe (2)
c (e)
c (e)
c (10)
Ir

Fe (1)
re (2)
re (1)
Ir
Ir
re (1)
re (1)
P (2)
Ir
Fe (l-)

Ir
Ir
re (1)
Fe (2)
Fe (2)
c (e)
c (e)
c (10)
c (10)
re (1)

re (1)
re (2)
Tr
Fe (1)
Ir
re (1)
re (2)
Ir
re (2)
Fe (2)

e3. s (6)
s0.9 (4)
61 .0 (1)
46 .2 (a)
4e.e (4)
80- 2 (l-)
69.6 (6)
7e.2 (5)
68.8(s)
53.7 (1)

7.1
2.3
7.5

1
1
4
1
1
4
6
6
7
1



TabLe 6

Selected metal and metal ligand distances (n) in new structurally characterised iron-iridium complexes obtained from this work.

Complex Ir (L e(1) ir(r)-Fe(z) Fe(r)-Fe(2) rr(l)-rr(2) rr(2)-Feo) Ir(t)-Au Au-Au I r-P Au-P

(27) 2 (1) ?.6eJ(t) z.4BJ(2)

(28) z.6t (8)

(36) 2 L)

(3e) 2.7

2.656(r)

2.744(4)

2.5er(r)

2.50t ( 5 ) 2.847 (r)

2.35r(2)

2.33(2)

2.J6(2)

2.36 2(r)

2.?87 (6)

2.J7 r(4)

2.74t(4) 2.627 (8)

Ir-CO av. Fe-CO av.

1. 894 7.77 r

1.90 r.17

I.904 1.788

r.. 85 r,75

I.89 1.77

t\.)
Þ
Ol

2.6Ji(r)

2.726(r)

2.26e (6)

2.26e (6)

(43) 2 ?\ 2,642(2) 2.5J8(t)

(a) Numbering s used in this table are as per the corresponding figures in the text
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The alkyne ligand is bonded to f'e (1) and Ir (1) via
o-interactions and to Fe (2) in a n-fashion. The acetyÌene-
metal bonding can be considered Ur-nr-l I with the Fe-C

(n-alkyne) bond dj-stances [Fe (2) -C (10) 2.09 (I) ; Fe (2) -c (q)
o

2.08 (2)Al lying within the range of val_ues normally
4associated with trinuclear alkyne complexes.

The formal o-bond fr(1)-c(10) t2.o6tzlÅl is comparable to
the anaì-ogous interactions in comprex (28) t2.rB(5),1.92(5)Ål
white the other o-interaction in (43) [Fe(1)-c(9) r.BgtzlÅl does not

dif f er f rom the simil-ar distance in [Fe ,Ni ( U r- n 
2-C 

2pn ) -
(co) o(n-csHs)l- t1.902(s)Ål 

u.

Attachment of the pEt 3 moiety to Cq results in the
formation of a phosphonium centre on p (2) . The zwitterionic
complex,

simifar

O= , ( u-H) ( U:-rì2-HC 2pMe 2ph) (CO) e contains
phosphonium centre I.76(2)Å distant from

a

the alkyne

carbon to which it is attached.'*rnu analogous interaction
in comptex (43) Lp(21-c(g) 1.BøtZlål is slighrly Ìonger
but comparable ro the p-c(sp2) distances Lr-7gB-1.BootzJÅl.
in related phosphonium =.1t=.'u The C-c 1engths tC(9)-C(10)

o
1-48(1)A I is similar to the analogous interaction in (2Bl

11.40(2)Ål and is within the range found for Us-n2-alkyne ligands.
The bonding ís best described as a zwitterionic contribution
from the alkyne ligand with the positive charge on the
phosphorus and the negative charge on Fe (1) . A formal
erectron count indicated that Fe(1) is electron deficient,
thus formul

its el-ectronic requirements. rt is obvious from the
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position of the phenyl ring on the alkyne ligand that

initial attack of the phosphine was at Co of the

acetylide ligand and subsequent to that a rotation of

the ligand has occurred reflecting the previously

menti-oned flexibil-ity of parallel-coordinated alkyne

ligands.

Recent literatur. 
u t 

" 
uhu.= 

discussed the transform-

ation of us-n'-_L acetylide or alkyne clusters which have

cLoso, trigonal bipyramì-dal, 6 skeletal electron pair

(SEP), 5 vertex structures to Ua-n2-l I atkyne clusters

with nido , 7 SEP, 5 vertex structures, by the addition

of two electrons, either electrochemicall-y or by the

addition of a 2e donor. Opinion differs as to whether

the alkyne lj-gand is viewed simply as a 4e-donor, which is

generally accepted for njdo Us-n2-l I clusters,or alternat-

ively as six- or five-electron donors and are considered

to be a part of the cluster skeleton, âs espoused by
77

Wade. The Latter theory a1lows the cl-oso-Us-n2-l

cluster to attain a 4Be count and the former theory

suggests that these cl-usters are electronically unsaturated

46e clusters. Support for this former hypothesis was

gai-ned in the electrochemical reduction of cl-oso-

F", (us-rì'-I-*c2R) (Co) s which gives the spectroscopically
76

characterised [Fe s (u s-rìt- I l-nc 2R) (co) g],- . However,
51

Sappa found that addition of a 2e donor ligand, pph3¡

to FezNi (u:-n2-_[-crgut) (Co) o (n-CsHs) gave the Co-substitution

et:rat-her:t=han-d*ifiorrSroduet:re'su:Ft-i:ng:Èn:aa:k1¡ne::

re-orientation.
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This transformati-on is probably best viewed as the simple
addition of one skeletal electron pair to the cr-oso

5 vertex trigonar bipyramidal cr-uster giving a nido
5 vertex octahedral- cruster. This behaviour was predicted
by theoretical considerations 

7 e

obviously, the major product (43) obtained from the
reaction of pEt3 with (27) supports the 46e hypothesis
although phosphine substitution products were also observed.

The spectroscopic data obtained for complex (43) were"
in accord with the determined structure.

only terminar v(co) bands were found in the soluti_on
i-nfrared spectrum of (4:¡ giving a four-band pattern in
cH 2cf 2. From the 1H N¡lR spectrum i-t was obvious that
substituti-on of the pph3 ligand by pEt, had occurred. The

multiplets centered on ô 0.91 and 1.13 v/ere assigned to
the cH3 resonances of the pEt, moieties while the methylene
groups gave multiplets centered on ô 1.43 and r.70. The

remaining muJ-tiplet at 6 7.15 was assì-gned to the phenyl
protons of the alkyne ligand. Two resonances were obseìve_d
in the ttp{tH} ¡lun spectrum at ô -10.2 and ô 38.3. The

latter signal was assigned to the phosphonium centre on
80the basis of its low field position {cf free pEt 3 ( O _20)

on forming the phosphonium salt [Et3pcl]Cf(ô 11 4)" ]
while the former signal (O -IO-2) is assigned to the lr-pEts
resonance [c't ô (rrpEtr) -B-5 in (dppe)nn1u-H) srr(pEtr) r] . "
The FAB m.ass spectrum of (43 ) contained a molecurar ion
at m/z 866 which fragmented with the step-wise loss of eight
co groups. The strong metal free ion at n/z 2rg \,üas assigned

to [pEt3crph] +.

The minor products from the
were isolated by crystallisation

reaction of (27) wÍth pEt3

after thin-layer chroma-
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tographic separation. Complexes (44 ) and. (4_5_) had very

similar but distinguishable sol-ution infrared v (CO)

spectra contai-ning four terminaf bands. The 1g NMR

spectrum of (441 contained multiplets at ô 0.91 and 1.58

which were assigned to the methyl and methylene protons, respect-

ively, of the coordinated phosphi-ne ligands and a multiplet at

ô 7.42 which was assigned to phenyl protons of the acetylide

group . The ' tP { tH } u¡ln spectrum of (4+ ¡ contained two

resonances at 6 5.8 and 22.3; the lower field resonance

was assigned to Ir-PPhs and the hj-gher fi-eld resonance

was assi-gned to fr-PEte. A similar trend in 3Ip{rH}

chemical- shifts was observed in complexes FeRh(U-PPhz)-

(CO) q (PR3) (R= Ph, Et) where assiqnment was aided by the

observation of 
t o'*h 

coupling. The rH NMR spectrum of

complex (45) contained multiplets at 6 1.16 and 2.L0 which

were assigned to the PEt3 groups and the phenyl protons

resonated in the usual region. A singlet at ô 7.6 was

observed in the 3lP{lH} NI{R spectrum of (45) and was

assigned to two equivalent IrPEt3 r€sonânces. Complexes 
:-

(441 and (45) g'ave molecular ions in their FAB mass spectra

aL n/z 982 and B3B, respectively, both fragmenting through

successive loss of seven CO groupg.

The reaction of (271 with two equi-valents of PEt3

\^Ias performed under several different reaction conditions

in an attempt to determine the mechanism operating in this

system (see Scheme 9 ) .

The best yield of comp lex (45) was obtained from

extended

of (a{l ¡

reacti-on times

no evidence of

but was

compJ-ex

accompanied by a poor yield

(4:¡ being present was found.
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\
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similarly, complex (43 l was not present after work-up of
the analog,ous reaction at 1ow temperature although a

reasonable yield of (44) and a small amount of (45 ) were
isol-ated.

rt was observed in the "p{rH} NMR spectrum of (43)

that, wi-th ti-me, the signals attributabr_e to (43) decreased
with concomitant increase in size of a ne\^/ resonance at
ô 7.6 which was readily assigned to complex (45). This
suggested that ( 43) underwent thermal conversion to ( 45)

and this was confirmed by the pyrolysis reaction of (43)
in dichloromethane which gave ( 45) in B0g yie1d, after
suitable work-up. A minor product of the pyrolysis
reaction was identified as the pEts analogue of (27),
Fezrr(us-nt-czph) (co¡ u (pEt3) (¿o). This compÌex is better
prepared (ca 504 yield) from direct carbonyl_ation of (45)
(25 atm, 80"C, 3h). Complex (46) was identified spectro_
scopicalJ-y, having a very simj_1ar j_nfrared v(CO) spectrum
to that of complex (27) andcontainingsix terminar v(co)_
bands. A high fiel-d resonance at ô -12.5 in the ,rp{rH} -

NMR spectrum of (461 vùas assigned to rrpEt3. character_
isation was supported by observation of a molecur-ar ion
aL n/z 748 in the FAB mass spectrum of (46) and ions
rel-ated to trtrr 

+ by step-wise loss of eight co groups
\^/as al_so observed.

The conversion of the zwitterion (43) to (45) h.g
precedent in the previously mentioned. conversion of (1e¡

substitution had occurred at the metal to which the
vinyli-dene ligand was o-bonded in the starting 

"r,,=t"r. 
"

This phenomenon was not observed with the zwitterionic arkyne
'Lcluster, os: (p-H) (ue-n2-HCrpMe2ph) (co) s.



253.

The regiospecific substitution of a phosphine on the

metal o-boundtoan acetylide ligand has been observed for
g2

Rus (u-H) (us-n2-Czgut) (CO)g and was confirmed by subsequent

structural studies. These data support the formulation of

(45 ) as a bis-Ir substituted acetylide cluster.

The reaction of complex (27) with only one equivalent

of PEtr in CH2C12 resulted in complexes (43), (44) and (45)

being isolated in 20, 17 and Aeo yields, respectively, also

5BU of Q7) was recovered. This resul-t suggests that

competitive reaction between phosphine addition at C

of (27) and CO-substitution at the Ir atom occurs. Complex

(45) is probably formed by thermal- conversion of (43),

although bis-substitution at the irídium cannot be ruled

out. The addition reaction, however, is further complicated

by PPhr-substitution and rotation of the al-kyne ligand.

Variable-Temperature t tp{ tH} NMR experiment

The reaction of two equivalents of PEt: with complex

(27) was monitored by 3 le{lH } NMR over a 205 293K temper-

ature range in a further effort to elucidate the mechanfsm

operating in this reaction. The spectra obtained are gÍven

in Figure 7 - The two most intense signals in the low

temperature spectrum (205K) were readiJ-y assigned to the

coordinated PPh, ligand in Q7l (ca ô 15.0) and free PEtg

("a ô -20). However, the appearance of two 1ow intensity

sì-gnals at ca 6 -5 and 40 demonstrated that the reaction

of (271 with PEt3 begins below 205K. These latter signals

qraduallv increase in size with increase in temperature

with concomitant decrease

the starting materials.

suggest the formation of

in size of the signals due to

The position of the

a complex simil-ar to

ne\^/ signals

(43) lcf



254.

Figure 7. variable temperature 31p{1¡l} NMR experiment.

Reaction of Fe2Ir (U:-nt-crph) (co) e (prnr¡ (27) with pEt3

(E)

PEt3

(27)

(E)
PPh3

263K
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40 30 10
PPM

-10 0
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0



Figwe 7 (continued)
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ô (czpEts ) 38 ' 3; ô (rrpEts ) -70 -2r but the abundant presence
of free p't3 and the lack of a signal attributable to free
PPh3 suggest that the new signars arise from a similar
zwitterionic intermediate, denoted. (E). The structure
shown below is postulated for (E).

+
Et3P

(PPh3)(CO)2tr Fe

Fe

c

\
Co)s

Ph

(

(Co)s

G)

Ït was establ-ished previously that nucleophil_ic attack on
complex (27) occurs at c s of the acetylide ligand. The
signal at ca' ô 40 i-s assigned to a phosphonium centre 

---in (E) and the signar at ca - 6 -5 i-s assigned to ïr-pph3 .
This latter signal broadens considerably with increasing
temperature- This is probably due to a fr_uxional process
invol-ving the coordinated pph: ligand undergoing local_ised
site exchange as a result of steric interaction wi_th the
relatively bulky pEts moiety ber-ieved to be attached to
Co in (E).

A signa] attributable to free pphs (ca. ô _7) is
r_ncrease in size

with concomitant decrease in signal due to free pEt3,.
accompanied with the appearance of signals attributabre

,
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to complex (43) , (only vj-sible in expanded spectra) which

are more pronoùnced at 273K. Further increase in temper-

ature results in the signals due to (43 ) and free pph3

increasing while the resonances of (E ) diminish in size.

This suggests that dissociation of Pph, from iridium is

concomitant with the formation of (43 ) .

A separate 3IP{IH} NMR study of a preparative scale

reaction mixture of (27) with two equivalents of pEt3 at

room temperature showed negligible amounts of (E ) remained

after two hours. Smal-l intensity signals attributable to

complexes (44¡ and (45) are observed at 283K. The

mechanism believed to be operating j-n this reaction is

shown in Scheme 10.

Initial nucleophilfic attack of pEt, on Ccr gives

intermediate (E_) and as a result of steric interaction the

PPh3 ligand attached to Ir becomes Ìabi1e allowing

substitution by a second PEt3 group. It is unclear at

this time whether substitution precedes or is concomitaot

with alkyne rotation.

It is possible to postufate several mechanisms for

the formation of (.A41; either intramolecular co-substitution

by PEt3 attached to Ccr of intermediate (g), or possibly
j-ntermolecular CO-substitutlon at fr of (271 by pEt3.

Although, the formation of (41) can be rationalized by

thermal conversion of (43), an arternatj-ve mechanism is'

initial CO-substitution of (E) by pEts at Ir, followed by

intramolecular

bound to Ccx in

judging by the

substj-tution of PPh3

(E). The reaction is

numerous uni-dentified

by the PEt3 group

obviously complex

Iow-intensity signals



258.

+
Et3P

(PhsP)(CO)2lr

(E)

^-^tr-u

Fe
(Co)s

Fe(CO)3

Ph

Fe(CO)3

Ph /PhEt3P l c

(Ph3P)(CO)2t Fe(CO)3

(P Ets)(CO)2lr

Fe(CO)3

+
PEt3

^-^u-u

Fe(CO)3

Fe(co)s (43)

Ph
+

Et3P

(Co)z

^-(/-

Fe
(Co)s

Ph3P--'

Et3P

Scheme 10
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present j-n the spectra.
83

Recently, -Carty and Fogg have reported the reaction

of PIrÍeg with Ruz (u-n2-c"gut) (u-PhrP=o) (co) 5 which gives

a ca 1:1 ratio of the bis- and unsubstituted compounds.

They suggest that the mono-substituted product is more

rapidly substituted than the unsubstituted complex.
31P{1H} nun evidence is consistent wj"th initial nucleophilic

attack at Ccr of the acetytide which produces a zwitterioni,c

two carbon bridge in which flipping of the acetylide has

occurred.

^'zBtllzv
./c- \(CO)qRu- Ru(CO)3\,9\ 

/

Ph2P=O

+ Plvle3 

-

Br\ ,Ër".\/
C:C

/\
(CO)¡Ru- Ru(CO)3\ rv\ 

/

Ph2P=O

B,\

(co)3R
ht...
,\ 

/*u(Co)2(PMer)
PhrP=O

The reaction of (27) with other phosphines and phosphites

It proved impossible to grow suitable crystals of

ej-ther (41 or (45 ) in order to confirm their formulation

by X-ray crystallographic methods. Therefore some

other group 15 bases were tried.
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(a) PMe Treatment of a solution of Q7)

in thf with ca two equivalents of PMe2 Ph resulted in

an immediate darkening in colour. Suitable work-up

gave Fer rr (u, -n'-CrPh) (CO) z (pMezph) z V7 ) in 652 yield

readily identified by the usual sp.ectroscopic and

microanalytical techniques. The solution infrared

spectrum of (411 was sj-mil-ar to those of complexes (44)

and (45) and contained only four terminal v(CO) bands.

The multiplets at ô 1.97 and 7-68 in the IH NMR spectrum

of (41) vr'ere assigned to the methyl resonances of the

PMe2Phligandsand the phenyl groups of PMe2Ph and CrPh,

respectively. The ttp{1u} NMR spectrum of (471 contained

a singlet at ô 16.0 which was assigned to two equival_ent

fr-PMe2Ph resonances. The FAB mass spectrum contained

a mol-ecul-ar ion at m/z B7B which fragmented by the usual

loss of CO-groups.

(b) with P (oMe) The reaction of Q7l with two ._-

equivalents of P(OMe), ir thf at 45oC gave, after thin-

Iayer chromatographic separation, two major products.

These \^rere i-dentified by the usual spectroscopic and

microanalytical techniques as Fe2Ir (us-n'-Crph) (CO) z{p-
(ol,te¡, Ì(pph 3) (48) and Ferrr (u z-\2-Czph) (co) ,{p (oMe) , } z

(491. The sol-ution infrared spectra of (48) and (491 were

similar to the spectra of (45) and (471 and contained-only

terminar v(co) bands. The doubl_et signars at ô 3.47

Ph

[,¡ (pH) BHz] and 3. 65 [J (pHl L3Hz] in the 'H NMn spectra

of (¿g) and (49), respectively, were assigned to the

methyl groups of the P (OMe) 3 ligands. Both complexes

gave tMl+ ions in their FAB mass spectra aL m/z 9BB t(48)l
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and 850 [ (49) ] , each frag'menting with consecutive loss of

seven CO groups.

The 31p{1H} NMR spectrum of

at ð 112.2 wìnich was assigned to

(49 ) contained

two equivalent

a singlet

Ir-P (OMe)g

resonances.

Crystals of complex (41¡ were obtained but they

decomposed i-n the X-ray beam and, therefore, !,/ere not

suitable for a structural study. Wel-1-formed single

crystals of (48) or (49) could not be obtained.

There was no evidence for the formation of complexes

analogous to (4 3) which j-s readily identified by its

characteristic infrared v (CO) spectrum.

The reaction of (27) with PMe2Ph and P (OMe): rêsul-ted

in the bis-substitution products and for P(OMes) the mono-

substitution product. For P (OMe) s this is readily explained

in the decreased basicity with respect to PEt3, even though

P(OMe) s has a sma1l-er cone angle than PEt3. Dimethylphenyl-

phosphine on the other hand has both smaller coRe angle- 
.

and is relatively more basic than PEt3, but g'ave the bis:

substitution product. Perhaps in this case nucleophilic

attack at Co and subsequent conversion to the bis-substitution

product Ianalogous to the (43) -+ (45¡ conversion] is too

rapid to isolate a zwitterionic intermediate.

31P NIttR studies on some iron-iridium clusters

The 3 tP NMR data gathered in the course of this work

(Tab1e 1 I proved invaluable in formulating the

compJ-exes obtained. The presence of dissimi-lar

allowed conclusive assi-gnments to be made as to

cluster

metal-s

which metal



31p{1g} NMR daÈa for mixed metal clusters obtained in this work.

ô(rr-pph:) ô(Rh-pphg) ô(re-pph¡) ô(eu-pptrs) ô(rr-pnte) ô(rr-pMezph) ô(rr-p(oMe)g)

Fe2Ir (Us-n2 2Ph)(co) 3 (PPh3) (zl)

Table 7

Complex arb

Ferrz (Us-n2- zCzPh) (co) z (PPh3) z(28)

Fe2rr (us-n2 2Ph) (co) z (erh,¡ , (29)

L4.9

8.5
-1-5.2

-8.1

5.1

30.6

76 .4

Fe2lr (U-H) (U

Au2Fe2Ir (U4-

n2-c=cnph) (co) e (PPh¡) ( 36)
2-crph) (co) z(pphg)¡ (¡s) 42.9e

47 .6

40.8e

47.8

(b) solvent QH2CI2 (c) d.ou.blet, J(RhP) L22Hz

f

t\)
Or
N

Fe2Ir (Us-n2-

Fe2rr (U.-n'-
Fe2T.r (u e-n 

2-

Fe2rr (Us-n2-

Fe2rr (ug-n2-

Fe2rr (u¡-n2-

Fe2Rh (us-n2-

Au2Fe2Rh (¡t4

2PEt3¡ (co) s (PEt3) (43)

zPh) (co) 7 (PEt3) (eetr,) (44)

2Ph) (co) z (PEtg) z (45)

zPh) (co) 7 (PMe2Ph) z (47)

zPh) (co) z{e {olae¡ 3}, (4Ð

2Ph) (co) s (PEt¡) (46)

zPh) (co) s (PPh¡) (!2)
2-creh¡ (co) z (eenr¡ , (40)

22.3
-1,O.2

5.8

7.6

16. 0

TL2.2

-1-2 -5

15.6c

52.6d

(a) External- reference 0.1 M HCI/0.01 M H3ÞOa 
/i., 

OrO

(d) doublet, J(RhP) L4LHz

( ô0. 8)

(e) 'broad signals (f) (c*p¡ts) 3g.3
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the PR3 ligand was attached. A metar effect was observed

in M-PPh3 resorânces in which the general trend. was the
shift to l-ower field j_n the sequence Ir>Rh>Fe. The Rh

resonances were easily assigned on the basis of observed
103

Rh coupling. rridium-pEt: shifts ranged in value from
ô -12.5 7 -46 whj_le Ir-pph¡ shifts \^/ere found in the
range ô -B-0 30.6. These ranges show considerable
overlap but the Fe-pph3 resonance of (29) was at si_gnificantly
l-ower field (ô 76.4). Complexes (¿l) and (49) had signals
at ô 16.0 and 712.2, respectively¡ which hrere assigned to

Ir-PMerPh and fr-P(Oue¡ , respectively, and refl-ected the differinc
basicity of the coordinated phosphines.

Replacement of CO in complexes(27) and (32¡5O Au2 (pph3) 
2

resulted in downfield shifts of their respective M-pph,

resonances.

The phosphonium centre in (43) resonated at ô 38.3,
considerably downfield from free pEt3.

The chemical- shift data obtained for the mixed-mela1

crusters described in this work allowed the assignment of
M-PR3 resonances. However, the utility of 3lp NMR studies
in characterising clusters relies on havi-ng a large body

of data for comparison.
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CONCLUSIONS

The reaction of lr (CzPh) (CO)2 (pph3 ) 2 and iron

carbonyls has afforded new iron-iridium trinuclear

clusters. In one of these cfusters FeIr, (Ur-nr-

PhC2C2Ph) (CO) z (PPh3 ) 2 , an oxidative coupling of two

phenyJ-acetylide moieties has occurred.

It has been established that Fe2Ir(Ur-C2ph) (CO) s-
(PPh3l Q7l undergoes nucleophilic attack at Ccr by H-

and PEt3 and is substitutionally fabile at the Ir

towards rel-atively basic phosphines.

Reduction of the bridging acetylide ligand was

achieved by the step-wj-se addition of H- /n+ and the

products isolated were the hydrido-alkyne and hydrido-

vinylidene clusters Fe2fr (U-H) (U 3-HC2ph) (CO) I (pph3 )

and Fe zIr (U-H) (Ur-C=CHph) (CO) I (pph3) , respectively.

The reduction is also achieved by direct hydrogenation

of the acetylide cluster which gives the hydrido-

vinylidene cl-uster in comparable yiej_d. This Iatter

complex is also the thermal isomerj-satj-on product of

the alkyne cluster which is another example of the

facile alkyne vinylidene transformation on a cluster

framework. The vinylidene cluster was found to be

structurally similar to the congeneric co2Fe and co2Ru

Ua-vinylidene cluster prepared by Vahrenkamp and co-

workers with the hydrocarbon moiety interacting in-

a distorted n2-fashion with one of the less electron
rich metals present in the complex.

The acetylide cluster Fe2Tr (u s-n 2-C"ph) (CO) e (pph3 )

reacted with hydride or sodium amalqam to form an anion
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which was aurated using AuCl(PPh3) or [O{Au(pph3)},]-

IBF,-] to give-mono-, di- or tri-go1d adducts. The Au-C

interaction present in the structure of the digold

cluster Au2FezIr (Uq-n2-Czph) (CO) z (pphs) z l-eads us to

believe that the 'Au, (PPhr) 2' unit nay model arr inter-

mediate stage of addition of dihydrogen to the acetylide

cluster.

The digold cluster was best prepared from the

reaction of the neutral acetylide cruster with Io{Au(pph3) }¡]-
[Br' ,-]/ [ppn] [Co (CO) ,-] . This reagent is believed to be a

source of 'Au2(PPh3) 2' units, which are capable of replacing

labile CO groups, and provides a ratj-onal route to the

preparation of digold clusters.

Reactions of (271 with PEt3 resufted in nucleophitic

addition to the s-carbon of the acetylide ligand affording

the zwitterionic complex Fe2Ir(us-n2-phc2pEts) (CO) I (pEt3)

in which an apparent reorientation of alkyne ligand has

occurred, presumably for steric reasons. A variable

temperature 3rp{lH} NMR experiment suggested that this '

comprex is formed via simil-ar zwitterion.ic complex which

has not yet been isolated. The addition reaction competes

with co- and PPhs- substitution, which occur exclusively

at the rr atom to give the mono- or di- substituted clusters,
Fe2rr (us-n2-creh¡ (Co) z (pEt3 ) (een, ¡ and Fezrr (u z-rt2-Czph) -
(CO) z (PEt3 ) 2 . This latter complex was found to be the

thermal rearrangement product of (1.31 suggesting that

Reaction of (27) with pMe2ph

di-substituted clusters. fn

and

i-ts

P (OlAe) s also gave analogous

reactions with tertiary
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Phosphines Fe2rr (u e-n'-crph) (co) a (pph 3 ) resembles the
previously mentioned FeCo2 complex where substitution
\^/as observed exclusivery at the Group 9 metar (27) was

stable towards thermarry induced phosphine migration
unl-ike the phosphine substituted Co2Ru clusters-

The reactions of (21¡ crearly demonstrate the
readiness of this cfoso formalì-y 46e acetylide cluster
to enter into reactions with nucleophiles to give
electronicatly more saturated clusters.



EXPERIMENTAL

General

described in

261 -

conditions and instrumentation used \^/ere as

Chapter 1.

Startinq materials

Literature methods were used to prepare Ir (Czph) (CO)z -
38 84 85

(PPh3) 2, Rh(C2Ph) (CO) (pph3)2, AuCl(pph3), [OiAu-
72 86

(PPh3) Ìrì[sn,*i, and tppn] [Co(Co) +]. fron carbonyls

[Fe(CO) , and Fe2 (CO) e] and phosphines (pEt3 and pMerph)

were purchased from strem chemicafs and used as received;
P(oMe) , (strem) \,ras distil-Ied from 4å morecular sieves
before use. Hydrogen (commonwealth rndustrj_al Gases) and

carbon monoxi-de (Matheson Gas products) were commercial

products. Orthophosphoric acid (H3poq,Sp.Gr .I.75) was

obtained from B.D.H. Chemicals.

Synlheses

A. Reaction of Ir (C,ph) (CO) , (PPh" ) ,

(a) with Fe, (CO) 
" A mixture of tr (CzPh) (co) z (PPh_3 ) 2

(2140 fr9, 2.45 mmol_) and Fe, (CO) , (1068 ñ9, 2.g4 mmol) in '

thf (60 mf) was refluxed for 50 min. After filtration, the
resulting red solution was evaporated to dryness and the
residue chromatographed (Alumina, 3 x 20 cm) . Elution wj-th

cH2crr-light petroleum (1:10) gave a light ye11ow fractj_on
whi-ch was evaporated to dryness in vacuo and the residue
crystallised from acetone/light petroleum to give light-
yellow crystals of Fe(CO) 4 (pph3) (390 mg, 3le;l , m.p.

exane :V

1950vs cm-1 tlits.t*.n. 2OI-203oC. fnfrared (CClu) : v (co)

2059m, 1984m, 1946vs cm-11. Further elution with cï2cr2-
light petroleum (1:4) , forlowed by removar of sor-vent
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in vacuo and crystallisation from CH 2Cl ,/ueoH giave dark

red crystals of FerIr (u,-n 2-C2Pin) (Co) s (PPh3 | Q7) (127 fr9 '

33%) , m.p. >150oC (dec. ) - [Found: C, 45'82¡ H' 2'26¡

M (mass spectrometry) 892¡ C, uH, oFê2IrO8P requires C '

45. B1; H, 2.26çè¡ M Bg2l . Infrared (cyclohexane) : v (co)

2072m, 2035s, 2022s, 2008s, 1981m , I969m, 1952w; (thf ) :

v (CO \ 2066m, 2O29vs, 2OI5s, 1999vs , I967m' 1957m cm-1'

lH NMR: 5 (CDCIr) 7 -44 (m, Ph) ' 13C{ ÌH} NMR: ô [CDCIs rCr-

(acac),I gg.6 (s, Cß) ; I2B-2-134'2 (m, Ph) ; 165'5 (s'

Co) ; 17 4.5 (s, 2x Co, IrCo) ; 2l_2 'I (s, 6x Co ' FeCo) '

3lp{iH} NMR: ô(CH2CL2\ :-4.9 (s, PPh3). FAB MS: 892,

lul+, 24¡ 864, lu - col+, 100 ¡ 7BO, lu - 4col+ , 17, 752,

ln - 5col , 7¡ 724, lu - 6col+ , 68; 696, lt"t - TCol+ , 54¡

667, lu - Bco], B. Elution with CH2C12-light petroleum

(10:1) gave an orange fraction which was evaporated to

dryness and the residue crystallised from CH zCI z/MeOH

to give an orange powder of FeIr z ( u ,- ¡ 
2-ehc 

zC zPh) (Co )z -

(PPh 3) z QAI (341 R9, 2OZ) m.p. 190" (dec- ) . [Found: C,

50.93; H' 2.93¡ u (mass spectrometry) 1363i C s eH a sFeIrìO rP=

'O.5CH2CI2 requires C, 50.84; H, 2-94%¡ M 13631. Infrared

(CH, Cl, ) : v(Col 2055s, 2024s, 2006s, 1996m , I97Bw, 1956w

cm-1. 1H NMR: 6(CDCIT) 5.31 (s, 1H, CHrCL2l; 7-4I (m, Ph) '

3lp{rH} NMR: ô(CHzCI2,205K) 8.46 (s, Ir-PPh3); 'L5.24 (s,

Ir-PPh3). FAB MS: 1362*, lul*, 22; 1334, Îu - COI+, 7¡

1306 , lu - 2col+, 3¡ r26rx, lu - c2Phl+, 4; L278, Lu - 3col+,

100; 1250, lu - 4COl+, 22i 1222, lu - 5COl+, 60¡ rL94,

1 4 - Reclrr r:t'i on i n wol rrme of the supernatant

and cooling ("u 10'C) resulted in
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red crystal_s of Ferrr(u:-n2-czp}rl (co)z (pph3 )2Qg) (64 mg'

2%l , m.p. >I73" (dec.). [Found: C, 55.01; H, 3.73¡ u (mass

spectrometry) II26i Cs r H., FerIrOrp, requires C, 54. 4I¡ H,

3.13%; M 17261. Infrared (CHrC1, ): v (CO) 2042s, 2OIAsh,

1997vs, 1965m, 1941m, 1920sh cm-1 . I H NMR: g(CDCl, )

7.I-7.7 (m, Ph) - r3C{IH} NMR: 6[CDC1r, Cr(acac) r] B0.C (s,

ca); I27.3-137.4 (m, Ph) ; 180.1 (s, Ir-Co) ¡ 2I3.8 (s, 6x Co,

Fe-Co) r cc¡¿ - not observed. ttp{tu} NMR: ô(CHzCIz) -g.r
(s, Ir-PPh:); 76.4 (s, Fe-PPh3). FAB MS z 1126, [u]+, 2¡

1098, Lu - col+, 3; 1042, lu - 3col+, 68ì 1014, [m 4co]+,

5; 986, [u 5co]+, 89¡ 958, lu - 6col+, 100; 930, lu Tcol+,

34. Evaporation of the supernatant and separation of the

residue by preparative tlc (acetone-1ight petroleum; Lz4)

afforded a major dark red band (nr 0.68), after triple

deveÌopment, crystallisation from CH2Cf z/MeOH gave red

crystals of Q9l (17 mg, <1å) .

(b) with Fe(CO)s at ambient temperature A solution

of rr(C2ph) (Co) 2 (pph3) 2 (101 mg, 0.116 mmot) and Fe(CO)s

(o-05 mr, 0.380 mmol) in thf (10 ml) was stirred at ambìent

temperature for 4 d, after which time the reaction was

adjudged complete (t]c) . The resulting dark orange solution
was evaporated to dryness and the residue separated by

preparati-ve tlc (acetone-light petroleum, L z 4 , doubl y

developed) to give four bands. Band I, (ar 0.66, yellow,
trace) not identified. Band Z (nt 0.62, red-brown) was

crystallised from cï2cr2/MeoH to gíve dark red crystars of

ed==============_

from cH2cr2/ligtrt pel,roleurn to give orange crystals of (28)

(9 mg, L22l . Band 4 (BaseJ-ine, brown) intractable. Bands

2 and 3 were identified by comparison of their i.r. v (CO)
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FAB mass and 3lP{IH}NMR spectra with those of authentj-c

samples prepared above.

(c) with Fe (CO) s ât elevated temperature - A solution

of Ir(C2Ph) (CO), (PPh3) 2 (100 mg, 0.1-I4 mmol) and Fs (CO)s

(0.05 m1, 0.380 mmol) in thf (10 ml) was heated at 100"C

for 30 min. Analysis of the reaction mixture (tlc) indicated

that all the Fe(CO), had been consumed leaving unreacted

Ir(C2Ph) (CO) 2 (PPh3) 2. A further portion of Fe (CO) s (0.05 mI,

0.380 mmol-) was added and the reaction continued for a

further t h. Evaporation and preparative tlc (acetone-

light petroleum; 1:3) reveal-ed seven bands. Band 1 (nr 0.86,

colourless) not identified. Band 2, (nr 0.74, brown) Fe.(CO),

(identified by comparj-son of its i.r. v(CO) spectrum with

that of an authentic sample) . Band 3, (nr 0.62, red-brown)

\^/as crystallised from CH2CI ,/trle]tt to give dark red crystals

of (27) (25 mg , 252) . Band 4, (nr 0.52, dark red) \¿ras

crystallised from CH2Clr/ttteOH to give dark red crystals of Q9)

(19 mg, 15U ). Bands 5 and 6 (R¡,s 0.49 and 0.46, respect-

ively) were present in trace amounts and not identified.

Bands 3 and 4 were identified by comparison of their i.r.

v(Co) , FAB mass and "p{tHi N}{R spectra with those of

authentic samples prepared above.

B. Reaction of Rh(CrPh) (CO) (PPh.) , with Fe, (CO)
9

A suspension of Rh(C2Ph) (CO)(PPhg)z (380 ft9, 0.502

mmol) and Fs2 (CO)e (734 mg , 2.02 mmol) in thf (15 mI) was

heated at 60oC for 15 min, after which time the reaction

\^7as acljudged complete (tlc). The dark red reaction mixture

was cooled and filtered to remove unreactecl Fe z (CO)g (90 *g,

I2e"l. The filtrate was evaporated to dryness and the

residue separated by preparative tlc (acetone-1ight petroleum;
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1: 4) giving ten bands. Band 7 , (nr 0.85, g'reen) Fe, (CO) , ,

(2 mg, O.2Z). Identified by comparison of its i.r. v (CO)

spectrum with that of an authentic =.*pl-". 
tu 

Band 2, (nr

0.62, colourl-ess) trace, not identif ied- Band 3, (nr 0. 53,

dark red-brown) h/as crystallised from CHzCI2/ttleOU to give

dark red crystals of Fe2Rh(ue-rì2-Czph) (co) I (pph3) ßZ¡

(105 mg, 26e"), m.p. 155-156"C. [Found: C, 50.59; H, 2-59¡

M (mass spectrometry) 802¡ C, uH, oF'erOBPRh requires C | 50.91;

H, 2.5I%; M 8021. Tnfrared (cyclohexane): v(CO) 2068m,

2037s, 2019vs, 2O11sh, 1983m, 1963sh, 1968m cm-1. 1H NMR:

6(CDCI3) 7.32 (m, ph) . ttc{tH} NMR: 6[(cDClz,Cr(acac) ,]
I2B.I-133.7 (m, Ph); 2I2.7 (s, Fe-CO); the remaining carbons

were not observed. 31p{rH} Nun: ô(cHzcrz) 15.6 [d, J(Rhp)

r22 Hz). FAB MS z BO2, lul+, 2¡ 774, [u - co]+, 3; 690,

lu - 4col+, 100¡ 662, lu - 5col+, 2¡ 634, [u 6co]+, 322

606 lu - Tcol+ , 26¡ 579, Ítq - BCol+, B. The remaining bands

'\^/ere present in trace amounts and were not identified.

C. Reaction of Fe zrr (p: -n 2-C2ph) (CO) I (pph3 ) with

(a) Sodium amalgam - A solution of (27), (163 mg, 0.183

mmol) in thf (15 mI) was added to a freshly prepared sample

of sodium amalgam (ca 100 mg Na in 1.0 mI Hg) at -64"C

and stirred for 15 min. The dark red reaction mixture was

warmed to 0"C and stirred for a further t h. After standing

f or a period to allow the amalgam to settl-e, the sol-ution

was transferred via syringe to a schlenk flask and fil-tered

through cel-ite. The solution was then treated with

HrPOu (\ clrons- ex.:essì and s{"i rred aJ- OoC for 1O nri¡r- Thr.

dark red solution was evaporated to dryness, the residue

extracted with CHzCIz/water (25:10) and filtered through

phase separating paper. The organic layer was evaporated. to
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dryness and the residue was separated by preparative tlc

(acetone-CHzCl2-light petroleumi 7 :IzI2) giving ten bands.

Band 1 (nr 0.61, red-pink) \^/as crystallised from Et20/light

petroleum to gì-ve red crystals of Fe 2Ir (p-H) ( u ¡ -n '-CCHptr) -

(Co) e (PPh3) (3q) (: m9, 2z') . rdenti-fied by comparison of

its spot tl-c behaviour and i.r. v(CO) spectrum with those

of a sample prepared bel-ow (p.27 4) Band Z (nr 0.61, orange-

brown) crystallised from Et2O/Iight petroleum to give dark

red crystals of Fez Tr (u-H) (ue-n2-Hc2ph) (Co) I (pph3) (37)

(77 mg, 472) , m.p. >150oC (dec. ) . lFound: C, 45.4I¡ H,

2.56¡ u (mass spectrometry) 894¡ C¡ +H r¡Re zIrOsP requires

C, 45.1I¡ H, 2.48%¡ M 8941. Infrared (cyclohexane): v(CO)

2016w, 2047s, 2023m, 2009vs, 1986m, !970m, 1955w cm-I.
IH NMR: ô (CDCIs ) 7. 81 [d, .z (pH) 5Hz , lH, CH] ; 7 .I-7 .5 (m,

20H, Ph) ; -23.48 [d, r(pHl I2Hz, lH, Fe-H]. 11C{1 H} Nr',rR:

ôICDCI srCr(acac) s] II2.5 (s, HcCPh) ì 126.5-133.4 (m, Ph);

I52.8 (s, Ir-CO) ¡ 17L.2 (m, Ir-CO); 2I0.4, 2L2-I, 2I3.0

Fe-cc). FAB MS: 894, lm)+, :19¡ B3B, [u - 2co]+, 3¡ 810,

Ín - 3col +, 
100 ; 782, [u 4co] + , 33¡ 754, lu - 5col +, -r9;

726, lu 6col+, 83ì 698, lu Tcol+, !3¡ 670 [u - Bco]+,

4. The remaining eight bands l^/ere present in trace amounts

and were not identified.

(b) with K-Sel-ectride, K [BH (CHMeEt) r I

(271 (103 mg, 0.116 mmol) in thf (20

with KIBH (CHMeEt) : l

thf, 0.16. mmol) , and

solution was warmed

(0.16 m] of a 1

ml) at

.0 mol-

min.stirred for 60

to ambient temoeratrlre

- A solution of

0oC was treated

L-r solution in

The now darkened

and H"PO,. f ?

drops, excess) was added. After stirring for a further
10 min, the solution was evaporated to dryness and the

residue extracted with equal volumes of CH zCLz/HzO (10 m1) .
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The organic layer was separated by fiftration through phase

separating paper and then evaporated to dryness. The

residue was separated by preparative tlc (acetone-1ight

petroleum; Lz4) giving twelve bands. Band 1 (nr 0.92, red-
pink) gave solid Ferrr (u-H) (ur-n2-ccupfr) (Co) a (pph3) (36)

(3 mg, 32) and was identified by comparison of its spot tlc
behaviour and i.r. v(co) spectrum with that of an authenti_c

sample (see p.214). Band 2 (nt 0.86, red.-brown) was crystal-
lised from F-L2C /tight petroreum giving d.ark red crystals of
(37) (20 mg, r9z), identified by comparison of its i.r. v(co),
tH NMR and FAB mass spectra with those of an authentic
sample. Band 3 (Rf 0.42, orange) was crystallised from

cH2cl2/riglnL petroleum (2 mg) but was not identified.
fnfrared (cyclohexane) : v(CO) 2084m, 2052s, 2020m, 2010s,

1994m, 1981m, 1964w cm-1.

(c) with dihydrosen A solution of (27) (48 m9, 0.054

mmol) in cyclohexane (20 ml-) was hydrogenated in an auto-
clave (30 atm., B0oc, 7 h). The resulting brown suspension

was filtered, the filtrate evaporated to dryness and thè
residue separated by preparatj-ve tlc (acetone-l_ight petrol-
eum; 1:4) to give eleven bands. Band t (nr 0.87, red) gave

solid Fezrr (u-H) (us-nr-ccuprr) (co¡ , (pph3) (36) (r mg,2z) ,
identified by comparison of its spot ttc behaviour and i.r.
v(co) spectrum with those of an authentic sample (seep.2i4l
Bands 3 and 4 (ar's 0.75 and 0.68, respectivery) contained
trace amounts and were not identified. Band 5t (nr 0.61,
brown) was crystallj-sed from cH2c1z/pentane to give brown

needles of (38) (12 mg) , m.p. >150"C (dec.). [Found: C,

42.08¡ H, 2.461 . Infrared (cyclohexane): v(CO) 2064m,

2043m, 2029s, 2009s, 7997m, I97Om, 1855m, 1820m cm-1.
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1H NtqR: ô(CD2Cl_2) -23.0 [s(br), 1H, MH]; 7.47 (m, 20Ht ph).

Not identified. Band 7, (nr 0.50, yellow) (1 mg). fnfrared

(cyclohexane) : v (CO) 2053m, 200 sh, 1999s, 1981w, 1802m,

1791m cm-r. Not identified.

The remaining bands \^rere present in tr:ace amounts anrl

were not identified.

D. H ro nation of Fe fr -H 2-CCHPh CO PPh (36)

an4 Fe2rr(p-H) (ur-nz-HCrPh) (Co) s (pph.) (37)

Hydrogenation of (3e¡ , under the same condi-tions as

above resulted only in decomposition, while the hydrogenation

of (37) (20 mg, 0.022 mmol) as above resulted in many

bands (after preparative tl-c). One of these was identified

as (3e¡ 15 *g), by spot tlc analysis and i.r. v(CO) spectroscopy.

E. P rol sis of Fe Ir _H 2_HC Ph CO PPh 371

A soLution of (37) (42 mg, 0.047 mmol) in toluene (15

mI) \^ras heated at refl-ux for 1.5 h, after which time the

reaction was adjudged complete (tlc) - The burgundy coloured

solution was evaporated to dryness and the residue ="p.i.t"d
by preparative tl-c (acetone-1ight petroleum; I:4) to give

one major band (nr 0.78, red) . Crystal_lisation from hexane

gave dark red crystals of FerIr(u-H) (ur-n2-CCHph) (CO) a (pph3)

(30¡ 135 mg, B3%), m.p. >2O0oC (dec. ) . [Found: C, 44.99¡ H,

2.53; M (mass spectrometry) 894¡ CsuHrrF€rIrOrP requires C,

45.7I¡ H, 2.ABe"i M 8941. Infrared (cyclohexane): v(CO)

2072m, 2045vs, 2022s, 2009vs, 1986s, 1971m, 1961w, 1954w

11

-L7.962 [d, ; (pH) 73H2, 0.5H, FeH] ì 6.93 (s, 1H, CCaPh) ¡ 7 -35

(m, 2OH, ph) . t'c{tu} NMR: O [CDcl z tCr (acac) ,] 101.7 (s, CcHph);

126.0-134.0 (m, Ph) ; L45.5 (s, cCHPh) i I70.2, 1.76.1- (s, 2xIr-CO) ¡
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209 -B , 272 -7 , 2I4.0 , 247 .8 (m, Fe-co) . 3]p{ 1H} NMR

ô(CH2CI2) 5.1 (s, Ir-PPhr). FAB MS: 894, Lul*, 5;

ltt - col+, 5; 810, [n - 3co]+, 89; 782, lu 4col+,
'154, [u 5co] + , 22¡ 726, lu 6col +, 

100 ; 698, [a
70¡ 670, [u - BCO]+, 9.

866,

33;

7coÉ

F. Incorporation of gold into some mixed metal clusters

(a) the reaction of [O{Au(PPhl)}.] [BFu]/[ppn] [Co(CO)u] with

(i) Ferrr (u.-n2-crrh¡ (co) * (pph? ¡ (271 A solution

of (211 (54 mg, 0-061 mmol) in thf (20 mf) at ambient temper-

ature wastreated successively with IO{Au (PPh3 ) } s ] [BF+ ]

(90m9,0.061 mmol) and [ppn] [Co(CO)u] (45m9,0.063mmoJ-) .

After ca 1 mj-n the red-brown mixture cleared to an orange

solution. Evaporation and preparative tfc (acetone-light

petroleum; 3.5:10) afforded two bands. Band 1 (Rf 0.53,

coÌourless) gave solid AuCo(CO)q(PPh3) (35 *g), identified

by comparison of j-ts i.r. v(CO) spectrum with that of an
96

authentic sample- Band Z (nr 0.1,1, orange) was crystallised
from CH2C\r/l,teOH to give orange crystals of Au2Fe2Il-

(uq-n2-Crph) (Co) z (pph3)3 (39) (90 mg , B3e") , m.p. >150oC (dec.).

IFound:, C , 45.97 ¡ H, 2.7 4¡ n (mass spectrometry) 7784¡

CsgHsoAu2Fe2IrOTP3 requires C, 46.5I¡ H, 2.832¡ M 17831 .

Infrared (CH2Clr): v(CO) 2018m, L97Bm, 1962m, 1BB5w, 1B76sh cm-1.

rH n¡lR: 6 (cDcl-3) 7.33 (m, ph) . ttc{tH} NMR: ô [cDCl3, cr(acac) g]

126.0-134.0 (m, ph) ¡ 2I5.2 (m, Fe-Co) . t tp{ tu} NMR: ô (cH2cl-2 )

30.6 (s, Ir-PPha); 42.8 [s(br), AuPPh3]; 47.6 [s(br) , AuPPh3].

FAB MS 1,.784, lu + Hl+, 6; 1699, lu - 3COl+, 50; 767r, Lu

,
+

3 ; 1324, [rv-AuPPh s ]
+ , 5i 9I9, [{au, (PPhs) r} + H]

[Au (PPh, ) ] 
+, 53.

[a - 7co]

L2; 72I, lAu(PPhs)zl + 100; 459,

+
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(ii) Fe2Rh(us-n'-crph) (co)A (PPhr) (!2) A solution

of (321 (40 fr9, 0.050 mmol) in thf (10 mI) at 20"C was treated

successively with Io{Au(PPh:) }s] IBF,-] (75 mg, 0.051 mmol) and

[ppn] [co (Co) ,-] (36 mg, 0.051 mmol-) - The initial dark red

suspension cleared to a dark brown-black solutj-on. Evaporation

and preparative tlc (acetone-light petroleum; 722-5) afforded

one major band (nr 0.30, bl-ack) whi-ch was crystallised from

CHzClz/t'leoH to give black crystals of Au2tre2Rh (u,*-nt-Crph)-

(co) ; (PPh3) 3 (40¡ (68 m9' B0%) ' m.p. >200oc (dec- ) - [Foundr-'

C,48.B4¡ H, 2.94¡ u (mass spectrometry) I694i CsgH5eAu2tre2O7P3Rh

requires C, 48.16¡ H, 2.98%¡ M L6921 . Infrared (CHzClz):

v(Col 2O0Bs, 19Blm, I97Os, 1954s, 1904w cm-1. lH NMR:

ô(cDCl3) 7.32 (m, Ph) . atp{lH} NMR: ô(CHzCrzl 40.8 [s(br) '
AuPPh¡l; 47.8 [s (br) , AuPPhs]; 52.6 [d, r(RhP) IAIHz, RhPPh3] .

FAB MSz 7694, lu + 2Hl+, 4¡ 1609, Îu - 3COl+, \J; 1524,

lu - 6col+ , 28¡ L4g6, l¡q - Tcol+, 13 ¡- 1234, [u - Au(PPhr) ]+,

12; 721 [Au(pph,)r]+, l-00¡ 459, [Au(PPhr)]+,9r.

(b) React j-ons of F êz.rt (u ¡-n 2-crph) (co) s (PPh ,¡ Q7l

(i) with [o{Au(PPh.)}.] [BF,-] - A solution of -(271

(31 mg, 0.035 mmol) in thf (10 ml) was treated with [O{Au-

(PPh3 ) Ì:llef u 1 (51 ß9, 0.035 mmol) and the resuJ-ting suspension

stirred for 24 h. The dark orange solution was evaporated to

dryness and the residue separated by preparative tlc (acetone-

light petroleum;3.5:10) to give five bands. Bands 1 and 2

(ar 0.BB and 0.85, respectively ) contained trace amounts and

were not identified. Band 3, (nr 0.45, orange) was crystal-

Iised from CH2CI-z/l,teog to give orange crystals of (39) (15 mg,

24Zl . Identified by comparison of its i.r. v (Co) and FAB

mass spectra with those of an authentic sample- The remaining

bands \^rere present in trace amounts and were not identified.
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(ii) \,vith K IBH (CHMeEt). ] and [O{Au (p!¡;D¡] [BF+ ]

A solution of Q7l (50 mg, 0.056 mmol) in thf (10 ml) at -64"C

was treated with K IBH (CHl.leEt) 31 (0 .1 mI of a 1 . 0 mof L- r solution

in thf ; 0.10 mmol) . After 5 min the red-brown sol-ution was

warmed to ambient temperature and stirred for 35 min, after

which the darkened sofution was cooled to -64"C. After 15

min, [O {Au (PPh s) } s ] IBF,*] (95 mg, 0.064 mmol) was added and

the mixture warmed to ambient temperature. After stirring

for 30 min the sofution was evaporated to dryness and the -

residue separated by preparative tlc (CH2Clr-acetone-cyclo-

hexane¡ 6zlz4l to give eight bands. Bands I, 2 and. 3 (Rr's

0.96 , 0 -93 and 0.90 respectivefy) contained only trace amounts

and were not identified. Band q @r 0.86, black-brown) \,vas

further separated by preparative tlc (CH2C1r-acetone-

cyclohexane 6 zI:4) to gj-ve two bands. Band 1 (Rf 0.72, orange)

was crystallised from CH2C1r/t'leOH to gi-ve orange crystal-s of

(39) (4 mg, 4%) which was identified by comparison of its

i.r. v(Co) and FAB mass spectra with those of an authentic

sample. Band Z (nt 0.67, black) \^ras crystallised from -

CH2CI ,/ttle)tl to give black needl-es of a compound formulated

as AurFerIr(C2HPh) (CO) z (PPh3),* (42¡ 124 mg, 792) , m.p. >200"C

(dec. ) . lFound: C, 45 -43¡ H, 2.82; ø (mass spectrometry)

2242; Ca zHo oAu3Fe2IrO zP+ -CHzCl-z reguì-res C, 45.40; H, 2.902;

tt 22421 . Infrared (CHzCIz ) : v (COl ZO24w , 19BBs, 7962m,

1933m, 1918w, 1893w cm-1 . 1H NMR: ô (CDC]3 ) 5.31 (s, CH2CI2 ) ;

7.00-7.54 (m, ph). FAB MS z 2242, [u]+, 0.4; 2214, [u'- Co]+,

0.5; 2186 La - 2col+, 0-9¡ 21,58, [a - 3co]+, 0.9¡ 2L30,
+ , I6;2L02

f

TCO] ' , 0.6
I

PPhq]', 5;

Lu scol +

1896, ln -
1840 , lu -

+
207 4 , lt; 6co l 2Itt -

2048 |

Itt

6CO

L4¡

4COl

Ly

4CO

10;

3CO

5CO

- PPh3J+, 18; L377, [Au3 (PPhr)r]*,

72!, [Au(PPh"),] *. 100-

PPh3 I 
+, 6¡ 1868,

PPh3l+, 2L¡ LBr2, Íu
62¡ 1115, [Au3 (PPh ,) ,l] ,
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(iii) \^/ith sodium amalgam and [o{Au (pph3 ) } s ] tBF,-l

A solution of (27) (55 mg, 0.062 mmol) in thf (10 mI) !úas added

to a freshly prepared sample of sodium amalqam (cu 100 mg

Na in 1.0 mI Hg) and. the míxture was stirred at ambient temp-

erature for t h. The dark red sol-ution was filtered through

cel-ite, cooled to 0"C and [O{Au(pph3)}3] [BFq] (92 mg, 0.062

mmol) was added. The mixture was warmed to ambient temperature

and stj-rred for t h. Evaporation and preparative tlc (CH2CI2-

acetone-cyclohexane; 4:1-z5) gave ten bands. Band 1 (Rf 0.16,

red) lvas crystarrised from cH2cf z/ríghL petroleum to give

dark red rosettes of AuFezf r (u 3 -n 2-HCZph) (co) 8 (pph3 ) 2 (4r¡

(20 m9, 242), m.p. >I76"C (dec.). [I'ound: C, 45.82¡ H, 2.89¡

M (mass spectrometry) 1353, CszH, uAuFerIrOrp requires C, 46.24;

H, 2.612¡ M 13521 . Infrared (CHrC1, ) : v (CO) ZO40m, 200Bsh,

1999vs, 1985s, 1959m, Ig23m cm-1. 1H NMR: ô(CDC1S ) 7.I4-7 -62

(m, 35H, ph) ; 9.18 [d, .7(pH) I3Hz, 1H, HC2ph]. r3C{1H} NMR:

ô (CDC13 ) 702.5 (s, HcCPh) i 126.0-135.0 (m, ph) ; other carbon

resonances v/ere not observed. FAB MS: 1353 , lu + Hl+, 2¡

1296, lu 2col+,9¡ 1268, lu 3col+,4r¡ 1240, lu acìll,
39; L2r2, lu - 5col+, 33; rrg4, [u - 6co]+, 81; 1156, [u -
Tcol+, 100¡ rr2}, lu - Bcol+, 7; Lolg, Lu - Au(crHr)l*, 14¡

Bg4, [ (ø + H¡ Au(pphr) ]+, 15; 72r, [Au(pph,) z , 60¡ 459,

[Au(PPhsll+, 46. Band 5, (nt 0.62, orange) was crystallised from

cH2c1 r/L:-ghL petroleum to give orange crystals of (39) (14 mg,

15%). Identified by comparison of its i.r. v(CO) and FAB

mass spectra with those of an authentic sampJ-e. The remaining

bancls \^tere r-rreslenl- ì n .|- rer'p nmnrrnf s:and:w-ere:no=t id en=LiËied_-:
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(iv) with sodium amalgam and AuCl(PPh3) To a

freshly prepared sample of sodium amalgam (ca 180 mg Na j-n

1.0 ml of Hg) v\zas added a solution of (271 (82 mg, 0.092 mmol)

in thf (10 mt) and the mixture stirred for 20 mj-n. The

dark red solution was transferred via syringe to a schl-enk

flask and filtered through celite into a solution of AuCl--

(PPhs) (50 mg, 0.101mmol) in thf (10 ml) and stj-rred for

t h. Evaporation and preparative tÌc (acetone-Iight

petroleum; I:4) afforded eight bands. The major band (nr O-69,

red-pink) was further separated by preparative tlc (CHzClz-

acetone-cyclohexane; 6:Lz4) to give a major band (nr 0.J2,

red-pink) which was crystallised from CHzCIz/heptane to afford

red crystals of (41) (30 m9, 242\. Identified by comparison of

i.r. v(CO) and lH N¡,tR spectra with those of an authentic

sample. The remaining bands \,vere present in trace amounts

and were not identified.

(v) with K IBH (CHMeEt) , ] and AUCI (PPh3 ) - A solution

of (271 (50 fr9, 0.056 mmol-) in thf (10 mÌ) was treated with

KIBH(CHMeEt) ,l (0.08 mI of lmol L-I solution in thf, 0.08

mmol) and stirred for t h at ambient temperature. The -

solution was cooled to 0"C and AuCI(PPh3) (40 mg, 0.081 mmol)

\,vas added followed by a gradual warming to ambient temperature.

After stirring for t h, the mixture was evaporated to dryness

and the residue separated by preparative tlc (acetone-light

petroleum, 1:3) to gJ-ve eleven bands. tsand I, (nr 0.064, red-

brown) gave sotid (27) (10 mg, 20ea). Band 3, (nr 0.53, red-

pink) gave solid (41) (9 m9, 15%). Band 7 | (nr 0.38, orange)

gave solid (39) (15 mg, ]-9Z) and Band B, (nr 0.32, dark red-

black) gave solid (42) (4 mg, Aeal . These bands r,^rere identif ied

by comparison of their i.r. v(CO) spectra and spot tlc
behaviour with those of authentic samples. The remaining

bands were present j-n trace amounts and were not identified.
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c. Reaction of Fe, Ir(u ,-rt2 -Czph) (Co)B (pph" ) 27 ) with some

tertiary phosphines and phosphítes

(a) Reaction o¡ Q7\ with PEt

(i) in thf at ambient temperature A solut j-on of (21I

(102 mg, 0.114 mmot) in thf (20 m1) was treated with pEt3

(0.05 mI, 0.34 mmol) and stirred at ambient temperature for

2 h, after which time the reaction was adjudged complete

lthe disappearance of the i.r. v (CO) bands of (271 at 2066,

2029 and 1999cm-r were monitoredl. Evaporation of the dark

red solution to dryness and fractional- crystallisation of

the residue from CH2Cl ,/tvte)tl gave dark red crystals of

Ferrr(ur-nt-phc2pEts) (co) I (pEta)(4:¡ (40 mg, 4!z), m.p. 195-

I97"C. lFound: C, 38.68, H, 4.06¡ u (mass spectrometry)

866¡ CreH:sFe2IrOsP2 requires Ct 38.86; H, 4.082¡ M 8661 .

Infrared (CHrCI2): v(COl 2038s, 19B5vs, I952s, 1915s cm-1.

rg N¡lR: g (CDCI3) 0.91 (m, 9H, IrpCHrCfls); 1.13 (m, 9H,

C-PCH2CH3), 7.43 (m, 6H, ITPCH2CH:); 1.70 (m, 6H, CPCH zCHz) ¡

7.I5 (m, 5H, ph). 3Ip{rH} NMR: ô(CHzCl-z) -10.2 (s, rr-pEt3);

38.3 (s, C2PEI3). FAB MS: 866, lul+, 6; 839, l!,r - CO) {-t Hl*,
L5; 810, lu - 2col+, 12¡ 782, ln 3co+, 100; 754, [u 4co]+,

66¡ 726, [u - 5co]+, 12¡ 698, lu - 6col+, 25¡ 770, Ln - Tcol+,

27¡ 742, lu - Bcol+, 26¡ 2r9, [pEt3c2ph]+, 81. The super-

natant was evaporated to dryness and the residue separated

by preparative tlc (acetone-1ight petroleum,- 1:3) to give

nine bands . Band I , (nr 0 .9 4, colourl_ess) gave solid pph 3 .

Identified by t1c and mixed melting point. Band 2, (irr 0.58,

red-pink) was crystallised from CH2CI_z/tuteoU to give dark red

crystals of (43) (7 mg, 7Z) . Identified by comparison of its
i.r. v(CO) and FAB mass spectra with those of an authentic
sample. Band 3, (nr 0.55, red-brown) was crystallised from
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CH2C1r/l,teoH to give dark red crystals of Fe zT'r (Us-n2-

C2Ph) (Co)z(PEt3) (PPh3) (4+¡ (12 mg, IIZ) , m.p. 194-195"C.

fFound: C, 47 .4I¡ H, 3.64¡ u (mass spectrometry) 982¡

Ce sHe sFezIrOzP2 requires C, 47.72¡ H, 3.59?"¡ 14 9B2l .

Infrared (CHzCIz) : v (CO) 2030s, 19B3vs (br) , 1945sh,

I932n cm-1. lH NMR: ô(cDcl3) 0.91 (m, 9H, pCHzC¡rs);

1.58 (m, 6H PCi{zCHs) i 7.42 (mt 2OH, Ph) . 3IP{lu} NMR:

ô(CHzClzl 5.8 (s, Ir-pEt3)ì 22.3 (s, rr-pph3) . FAB MS:

982, laf+ , 6¡ g54, lu - col +, 3; BgB, [tt - 3co] +, 100;

870, lru -  col+, 4¡ 842, [u - 5co]+, 6; Br4, lu - 6col+,

90¡ 786 , [tt - 7co] + , ]r]-; 758 , [u Bco] +, 7. Band 4 ,

(nr 0.49, brown-red) was crystallj-sed from CH2Clz/PteOll

to give dark-red crystals of FezIr (u s-n'-Crplnl (CO) z (PEt3 ) 2

(45) (e m9, B%) , m.p. >150oC (dec. ) . lFound: C, 38.67 ¡

H, 4 -77 ¡ u (mass spectrometry) B3B; CztlHs sFe zIrOzP z

requires C,38.72¡ H, 4.2I%¡ I'I B3Bl. Infrared (CHzClz):

v(COl 2027s, 197Bvs(br), 1939sh, I922m cm-r. 1H NMR:

ô (CDCI3) 1.16 (m, 1BH, PCHzC¡r¡); 2.I0 (m, I2H, PC¡/2CH3);

7.50 (m, 5H, ph) . 31p{1H} NMR: ô(cttzc:-z) 7.6 (s, rï-pgù3)-

FAB MS: B3B, lu)*, 22¡ 810, lu - col+, 45¡ 782, [u 2co]+.

40; 754, [n - 3co]+, 30¡ 726, lu - 4col+, 100; 69g,

[u - 5co] + , 3r¡ 670, [u 6co]+ , 35¡ 642, [u 7co]+, 81.

The remaining bands $/ere present in trace amounts and

\iùere not identified-

( ii)

of (27) (40 m9,

in CH cl_ at ambient erature

0.045 mmol) in CH2C1, (5 ml) was

A solution

treated

CH2CI-2,

stirred
0.09 mmol) and the resulting dark red solution was

for 59 h. Evaporation and preparative tlc



282.

(acetone-fight petroleum; Lz4l afforded eight bands.

Band I, (¡r 0.42, red-brown) was crystallised from

CH2CI-r/pteoll to give dark red crystals of (4q¡ (6 mg,

I4Z) . Band 2 , (Rr 0.36 , brown-red) v/as crystallised

from CH2C1 z/Mle}n to give dark red crystals of (45)

(11 mg, 292) . Bands 1 and 2 were identified by

comparison of their i.r. v(CO) and IH NÞtn spectra with

those of authentic samples. The remai-nJ-ng bands r,¡/ere

present in trace amounts and were not identified.

(iii) in CHzCIz at 0"C - A solution of
(30 mg, 0.034 mmol) in CH2CIz (5 mI) at OoC was

treated with PEt3 (0.75 mI of ca 0.1 mmol ml--l solution

in CHzCIz,0.075 mmol-) and stirred for 9 h. The dark

red solution was evaporated to dryness (at 0oC) and

the mixture separated by preparative _tlc (acetone-

light petroleum; 1:4) to give six bands after doubl_e

deveÌopment. Band 1 (Rf 0.60, red-brown) was crystal-
lised from CH2CI-2/MeOH to give dark red crystals of
(44) (15 mg, 452l-. Band 2, (nr 0.54, brown-red)

was crystallised from CH2C1r/MeOH to give dark rcd

crystals of (45) (3 mg, 114) . Bands 1 and 2 were

identified by comparison of their i.r. v(CO) spectra
and spot tlc behaviorir with those of authentic
samples - The remaining bands were present in trace
amounts and were not identified.
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(iv) in CH2CJ-2 at OoC under a carbon monoxide

atmosphere A solution of (27) (26 mg, 0.029 mmol) in

CH 2Cl- z (20 mI) saturated wj-th CO was treated with PEt g

(0. 65 m1 of ca 0 .1 mmol- ml-l solution j-n CH zC)- z, 0.065

mmol) and stirred Lrrider a CO atmosphere for t h.

The solution was warmed to ambient temperature and

stirred for 48 h. Evaporation and preparative tlc

(acetone-1iqht petroleum; 1:3) gave two bands. Band 1

(ar 0.55, brown-red) gave soli-d (27) (18 mg, 692).

Band 2, (n r 0.41, brown-red) was crystallised frcm

CH2Clz/luteOH to give dark-red crystals of (44) (6 mg,

2Ie") . Bands 1 and 2 were identified by comparison of

their i.r. v(CO) and FAB mass spectra with those of

authentic samples.

(v) in CH zCI z with one equivalent of PEt s - A

solution of (271 (60 mg, 0.067 mmol) in CHzCI z (10 mI)

was treated with PEts (0.01 flI, 0.068 mmol) and

stj-rred for 2 h. Evaporation and preparative tl-c

(acetone-light petroleum¡ Lz4) gave three bands.

Band 1 (Rf 0.67, red) \^ras crystallised from CHzCIzl¡,leoH

to give dark-red crystals of Qll (35 mg, 5BU ) . Band 2

(rr 0.53, red) was further separated by preparative tlc

(CH2CI2-acetone-cyclohexane î 40:15: 65) giving three bands.

Band t (nr 0.79, brown-red) gave solid (44) (11 mg, 77Zl .

Band 2 (nr 0.72, red) qave solid (41) (12 mq, 2OZ). Band

3 (Rf 0.66, red) gave solid (4S¡12mg, Ae¿l . Bands 1, 2 and 3were
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identified by comparison of their ttp{rH} NMR and i.r. v(co)
spectra with those of authentic samples.

(b) Reaction of Q7l with PMezPh -Asofutionof
(50 mg, 0.056 mmol) in thf (20 ml) wastreated with pMe2ph

(0-12 ml of ca f mmof ml--t solution in thf , 0.12 mmoì_). An

immediate darkening in colour to deep red was observed. After 40

the solution was evaporated to dryness and the residue
chromatographed (F1orj_si1, 1 x 10 cm) . El_ution with light_
petroreum removed traces of unreacted pMe2ph. Further
elution with acetone-light petroleum (1:4) gave a red el_uate.

Removal of the solvent in vact)o and crystallisation of the
residue from cH2c12/heptane afforded dark red crystars of
Fe2Ir(ue-n'-Crph) (Co)z(pMezph) 2 (4i) (32 mg, 65eo) m-p. 185-186"C.

[Found C, 42.16; H, 3 .I2¡ u (mass spectrometry) B7B ,

c¡rHzzEe2froTP2 reguires c, 42.43¡ H, 3.10g; M B78l. rnfrared
(CHzClz) : v (CO) 2032m, 7985s (br) , Ig48sh, 1930w cm-1.
rH N¡,lR: ô (cDCts) I.97 (m, r2H, pcnsph) ; 7.68 (m, 15H, ph) .

3rp{1H} l¡¡¿n: ô(cHzC\z) 16.0 (If,-pMezph) . FAB MS: B7B, !rl*,
B; 850, [u - co]+, B; 'tgl, [u - 3co]+, 100 ¡ 73g, [u 5co].+;
74; 7IO, [u - 6co]+, 53; 682, Íu - Tcol+, 21.

(c) Reaction of (27) with P (OMe) 
"

A sol-ution of
{50 mg, 0 - 056 mmot) in thf (20 mr) was treatecl with p (oMe)g

(0.80 ml- of 0.113 mmol mf-1 sol-ution in thf , 0.090 mr) and

stirred at ambient temperature for 2 h. The solution was

heated to 45"c and stirred for a further 17 h, during whi_ch

time the solution colour changed from red-brown to orange.

m

pe ro eum,

LzA) gave five bands of which the two major bands \^/ere

isolated. Band !, (nr 0.5, red) was crystallised from
EL2O/ Iight petroleum to give red crystals of Fe rIr-
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(u3-nz-crvh¡ (co) z [P(oMe) 3] (PPh3) (48) (6 mg, IIZ) , m.p. I97-

199oC. lFound: C, 43.I2¡ H, 3.05¡ u (mass spectrometry)

9BB; C:sHzeFe2IrOlsP2requires C,43.79¡ H, 2.96; M 9BBl -

Infrared (cyclohexane) : v (CO) 2044s, 1999vs , 1965w, 1950m

cm-1. 1H NMR: ô(cDCl3) 3.47 [d, .r(PH) BHz, 9H, PocHg];

7.41 (m, 2OH, Ph) . FAB MS: 9BB, Ïnl+, 3¡ 960, [u - Co]+, 4¡

go4t [u - 3co]+ , 94; 845, lu - 5col+ , 26¡ B2o, ltt - 6col+,

100; 7g2, Iu - TCol+, 10. Band 2, (nr 0.45, orange) was

crystallised from Et2O /Liglnt petroleum to give orange

crystals of Fe2rr(us-n2-crlh¡ (co) z [P(oMel z] z (49) (34 mg,

72Zl , m.p. 203-205"C. [Found: C, 29.58¡ H, 2.76¡ t'I (mass

spectrometry) 850; CzrHz :Fe zTrOr ¡Pz reguires C, 29 -70¡ H'

2.732, M 8501. Infrared (cyclohexane): v(CO) 2048m, 2006sh,

1998s, 1964w, Ig49m cm-r. IH NMn: ô(CDCIs) 3.65 [d, "z(pH)

r3Íz, 1BH, pOCH3l; 7.55 (m' 5H' Ph). 3Ip{lH} NMR: ô(CHzCrzl

IL2.2 [s, Ir-P (oMe) 3 ] . FAB MS: 850, l,ul+ , 6¡ 822, lu - Col +,

18; 7g4, lu -2co)+, 19¡ 766, [u - 3co]+, 6; 748, [u - 4co]+,

54¡ 720, [n - 5co]+, 100; 692, [u - 6co]+, 63¡ 651,

Íu - Tcol +, 18.

H. Pyrolysis of Fe,rr (u.-n 2-phc?PEt. ) (co) r (PEtr )

A solutiott o¡ (43) (20 mg, 0-013 mmol) in CH2CIz (20

ml) was heated at reflux, while being purged with nitrogen,

for B h. Evaporation and preparative t1c afforded four

bands. Band 1 (nr O.BB, orange) gave solid Fe2Ir(Us-n2-Crph)-

(cO¡ r (PEt3¡ (a6) Q fr9, l-2Z) . Identified by comparison of

its i.r. v (CO) and FAB mass spectra with those of an

authentic sample (see below). Band 2 (Rr, 0.78, red) was

not identified. Infrared (CH2CI2): v(CO) 2029s, 19B3vs(br),

L942sh, 1931w cm-l . Band 3, (nr 0.71, red) was crystallised
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from CH2CI z/¡uteOlt to give dark red crystals of (45) (15

BOU ). Identified by comparison of its i.r. v(CO) and

FAB mass spectra with those of an authentic sample.

fr9r

I. Carbonylation of Fezf r (U-n'-CrP]n) (CO) z (PEt: ) z

A solution of (4S¡ (20 mg, 0.023 mmol) in cyclohexane

(20 ml) \¡¡as carbonylated in an autoclave (25 atm, 80"C,

3 h) and the resulting brown-orange sol-ution was filtered,

evaporated to dryness and the residue separated by prepar-

ative tl-c (acetone-light petroleumi I:4) to give six bands.

OnJ-y the major band (nr 0.58, orange) was isolated and

gave solid Fezrr (us,n'-Crph) (Co) e (pEt3 | (461 (g m9, 47zl ,

m.p. >150 "C (dec. ) . Inf rared (CHzCl- z ) : (CO¡ 2064s , 2024vs ,

7994s, 1963m, 1950m, 1934sh cm- 1 . t tp{ 1u} NMR: ô (CH zCl-z)

-I2.5 (s, Ir-PEtg) . FAB MS: 748, lnl+, 28¡ 720, [u - Co]+,

62¡ 692, Íu - 2col + , 16¡ 664, [u - 3co] +, 
100 ¡ 636,

lu - 4col+, 78¡ 608, [u - 5co]+, 13; 5BO, [u - 6co]+, 24¡

552, Íu - Tcol+, 31 ¡ 524, Iu - Bcol, g.

J. 3rP NMR experiment. Variable temperature study (205K-293K)

of the reaction of (27l. with two esuivalents of pEtr

A solution of (27) (BB m9, 0.099 mmof) in CHzCIz (2 mI),

cooled in a liquid nitrogen bath, \^/as treated with PEt3

(0.030 ml, 24 m9, 0.203 mmol). The 10 mm NMR tube which was

used for this reaction was then transferred to the probe of

NMR spectrometer (see General Experimental Conditions) which

had been previously cooled to 205K.

At each temperature, between 1500 2001, transients

\^/ere collecteti over BL92 points, with a sweep wiclth of 9804 Hz"

The spectra were referenced to internal PEtg (ô 19.0).
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At the end of the NMR experiment, the dark red solution
was evaporated to dryness and the residue fractionarry
crystallised from cH2cl-z/Iqeon, to give dark red crystals
of (43) (58 19, 682) , whlch was identified by comparison

of its i.r. v(CO) and fa¡ spectra with those of an

authentic sampl-e prepared as above. The supernatant was

evaporated to dryness and the residue separated by

preparative tl-c (acetone-light petroleum; 1:3) to give
12 bands which \^rere present in trace amounts and. were

not identified.

X-ray structure determinati-on of (39)

General techniques and details given below apply to
the structure of (39) , determined by the author.

A suitable crystal (0.11 x 0.18 x 0.11 mm) of (39)

was grown from CH2CIz/ntOH ny solvent'diffusion at lOoC

and was mounted on a grass fibre using cyanoacrylate
tsuper glue' .

Lattice parameters were determined from a reast sguares

fit to the setting angles of 25 high angle reflections on

an Enraf-Nonius cAD-4F four-circre diffracto*.t.J 
tr=i.,g,

graphite monochromated Mora (f = O.: I07Å) . The crystal
was found to be monocl-inic with systemati_c absences

hkL:h*k=2n and hoLzf=2n defining the space group cc (c:

No.9) or c2/c

Cc as the tru
Crystal

(C I f,, No . l- 5 ) ; subsequent analysis conf irmed

e space group.

data Au2Fe zlr ( uq-r'-crph)(co¡, (PPh3) 3 -EtoH

)'r - ()

ùI 1828.0, monoclinic, space group cc (Cå , No"9),
a=1,2.956(1) , b = 26.G04(4), c =19-190(2)å, ß=

o
V - 6563.1A3, Dcalc = 1.850 g,cm-3, Z - 4, F (000)

r - 293 (2) K.

e7.r4 (3)

3 511

o

t
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Intensity data \^/ere measured using a u:20 scan

technique measured in the range -135hS13, 0=k520 ,

-205151 . Three standard reflecti-ons (202, 532, Sl2l

were monitored every hour of X-ray exposure time, to

check for crystal and machine stabj-1ity. Data reduction

and application of Lorentz and polarization corrections
90 90

were undertaken with the programs PREABS and PROCES.

An analytical absorption correction was applied using
91

the SHELX-76 system of programs, 0 range 1.5-22.5"¡

of 4676 measured reflections 4508 were found to be
.. l

unì-que, with I>2.5o (I ) , u 69. 87 cm-1, maximum and minimum

transmission factors 0.2964 and 0.1983, R and R*, values

0.0476 and 0.0467 . Ref lectj-ons with intensities l>Z.So

(r) were rejected; while equivalent refl-ectj-ons were

averaged.

The metal atom positions \^/ere found, using direct

methods (SHELXS-86) 
tt 

..rd. remaining non-hydrogen atoms

were located by means of Fourier difference maps. The

structure was refined by full-matrix least squares proÀdot"=

in which the function L w L2 was minimized, where t/ was the

weight applied to each ref lection and. A = ll ro I - lu" ll.
Phenyl rings were included as hexagonal rigid groups

o
(C-C 1.39Ä,) with isotropic thermal- parameters and anisotropic

thermal parameters were used for the core atoms [AurFe,Irr-

C(B) 'c(9) and Pl . The heavy atom positions \^/ere found to be

disordered such that about each atom two residual- el-ectron
o

atom. These \^/ere modelled successfully with 2Z occupancy

factors. Hydrogen atoms were placed in calcul-ated

positions (0.97å) with common group thermal- parameters.
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The sol-vent molecule of crystalÌisation, EIOH, was refined

with constrained bond lengths (C-O I.45, C-C f.S:Ål owing

to high thermal motion associated with the mol-ecule.

In the final refinement cycles the following

weighting was employed: \r' : lo2 (¡) + lg I F'l-t , at

convergence g = 0.005857, n:0.0416 and Rr 0.0467.
91

The SHELX proced.ure UNDO was used to determine the

absolute configuration (æg 0.0713 cf. Rg 0-0606 for

the preferred confì-guratj-on. Bond lengths, valence

angles, non bonding distances and their standard
91

deviations were all cal-culated using SHELX 16- l-east

squares planes and dihedral angles \,vere calcul-ated
93 94

using the program LSPLAN and diagrams from PLUTO.

All programs were implemented on the VAXIL/785 computing

system at the University of Adelaide. Neutral- atom

scattering factors for C, H, O and P were those l-isted
91

in SHELX-76 and those for Au, Ir and Fe were obtained from

the International Tables, the values being corrected for

anomalous dispersion.

The listings of observed (Fo), calculated (Fc)

structure factors, positional and thermal parameters for

the structure.' are in Appendix 2.
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APPENDTX 1. Supplementary data for [Ru{C (OMe) ¡4e}_

(PPh3)z (n-CsHs) I [pFe ] e4) (Chapter 1).

Table 1.1 Fractional atomic Çoordinates and
thermal parameters for non-hydrogen atoms

Table I.2 Posj-tional- and thermal- parameters for
hydrogen atoms

Table 1.3 Interatomi_c distances

Tabl-e 7.4 Interatomic angles
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Tabl-e 1- 1 (cont j-nued
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tr''lhere the anisotropic therrnal paranreter is given by the folloroing expression:
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Table 1.2 Positionaf (X 104) and thermal- parameters for
hydrogen atoms.
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Table 1.3. Interatomic distances (A)
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Table t.4. Interatomic angles
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Table 1.5 Observed and calcuÌated structure factors
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968 945
298 239
110 :.ts
2 4't 2I5
509 483
2r't 2tg
39? 398
224 2t9
336 3st
13? 164
2s2 2't s
458 {41

1216 t22S
989 95?

I 6'12 590
1 599 635
I 39? 393
Ì. 339 323
1 621 692
1 158 tl9
1 439 461
1 130 132
1 148 t08
I 397 380
I 215 223
1 324 30]
I 186 193
1 248 291
I 1?0 I88
I 253 251
| 20't 203
I 911 908
I 294 2A2
l. 5s2 542
r 1031 983
I 1s12 l50s
I 641 64s
1 129 125
1 652 64't
I 14?? 1499
1 1022 966
1 566 550
1 322 291
I 89? 910
1 209 21r
| 256 251
I 190 1.8?
ì 255 302
| 221 t93
I 220 2r9

105
1?5
429
382
21I
281
623
2tl
389
510
12A

139
131
618
221
415
341
643
16?
326

98
204
3 04
395
385
134
358
314
532
248
320
194
27A
3r0
167

OASERVED ÀXD CÀIÆUIÀTED STRUCTURB FACTORS FOR CPRU{PPH])2[C(OilE)CH3I .I/I12
H K LIOFOIOFC H K L1OFO1OFC H K L1OFO1OFC H K LTOFOIOFC fl

PAGE 2

L loFo loFc
t4

- 1¡û

-13
-12
-lì
-10
-8
-1
-6
-5
-1
-3
-2
-t

0
I
2
3
4

5
6
1
8

10
l1
I3

-14
-r2
-8
-'l
-6
-5
-4

I
2

2

2
2
2
2
2
2

2
2

2
2
2
2
2

2
2

3
3
3
3
3
3
3

123 304
I37 126
231 216
l91 201
251 252
136 t62
31I 3{3
605 513
ltf tJ5
297 3ll
269 230
86J 861

rl26 1072
tf53 I352
1557 1559
).355 I336
1ll2 1066
8¡¡4 835
293 258
rl5 322
135 145
624 623
343 337
168 1.65
256 236
24I 2{5
253 244
126 4L3
335 330
167 18 6
317 331
?14 699

l5? l,¡7
l1{2 I093

â 9.t a47
386 3{4

1632 l60t
?09 ?13
2 95 315
1,¡2 l?8
3{7 34,t
{35 416
139 1e8
272 250
432 452
190 1e6
260 25A
t0r ll?
319 2 9,¡
396 383
423 426
982 104t
664 622

t246 1231
{6t 4{5
604 573
61 6 610
593 556
{45 ¡¡25

1225 L210
66't 628

1008 1039
158 185
422 423

12 4
13 4

-13 s

-10 5

-1 5

-6 5
-5 5
-45
-3 5

-l 5
05
l5

35
45
55
65
15
95

r0 5

t3 5

-13 6
-t2 6
-11 6
-10 6

-76
-6 6
-5 6
-46

011t3r23t33r431
531
631't3l
83t

12 3 I
1331
14 3 .l

-13 ,t I
-12{t
-lt 4 ).

-10 4 I
-9 4 I
-8 4 L

-'t4t
-5 4 I
-4 4 I
-34I
-241
-1 4 I
0¡lI
141
24t
3{1
441
541
641
't41

L
2
3
4

5

6
1

ll
T2
l3

-13
-12
-11
-t 0
-8
-'l
-6

-4
-3

-l
0
I
2
3
4

5
6
1
I

t0

644
331

r008
989

I199
442
253
332
25¡
3 95
2 6'l
3 r.l
236
250
39'l
329
570
4 33
891
112
958
429

'1A

146
939
1't 4
886
442
516
342
ao2

613
320

1004
954

121 0
{35
285
351
224
3 95
269
366
252
283
383
31f
55?
464
90 9
? 53
931
125

87
{33
943
756
90t
455
558
313
385

-tt
-10
-9
-8
-7
-6
-5
-4
-f

-l
0
t
2
3
4
5
6
1
s
9

l0
).1
L2

-1.0
-g
-'l
-6
-5
-4
-3

2'tl
182
187

J21
569
64 {
441
511
655
686
5{6
683
65{
5't2
410
63'l
558
33I
222
t85
102
261
t96
295
241
139
12'l
452

{38

6
6
6
6
6
6
6
6
6
6
1
1
1

1
1

1
1

1

1
1
1
1
'l
1
1
1
1

1
7
'l
1
7

I 278
I t?9
I 205
t 210
r 345
I 5 90
I 565
I 4¡¡0
I 593
I 6?1.
I 691
t 554
I 740
l. 603
I 5 99
I 4r9
L 642
1 602
1 345
l. 2I0
I 191
r 186
I 284
I t 83
l. 300
L 24'l
r 125
7 725
t 481
I 499
L 42A

-2
-1

65

13
I2

3 t 893 8??3 I 1109 1098

94
10 4
11 4

I 322 294
I 101 116
| 240 25't

-2 6 |
-1 6I
061

328
655
182

324
623
206

1t3A2
1 1 218
I I 197

361
266
I9?

9 1 166
9 1 656
9 I 624

I S2
662
68I
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Table 1.5 (continued)

oBsER!€D ÀtD cÀrÆuuTED STRUCTURE PÀCTORS FOR cpRu(ppH3)2tc{otl1)cH3) 4/L12 PÀGE 3
tr K LI'FO'OFC H K Ll.EO-1oFC lr K LTOFOl'FC H K LloFO10FC H K LloFOl'Fc
3
4
5
6
I

10
-11
-8
-1
-6
-5

-3

-I
0
1

2
3
4

6
1
8

10
-8
-t
-6
-5

-3
-2
-1

1

2
3

9
9
9
9
9
9

10
10
10
1.0

10
t0
t0
10
t0
r0
10
t0
t0
10
).0
10
10
10
t0
11
11
TI
I1
11
tl
l1
11
t1
11
11

I
).

I
L

I
I
I
1

I
L

I
I
L
I
I
1

I
t
I
I
I
L

1

1

L
t
1

L

I
I
I
I
I
I
I
I

4 0'l
493
4 9s
11'l
234
303
143
151
472
242
55s
234
541
s89
5 t2
262
526
573
546
242
509
256

116
251
t26
123
558
423
685
102
283
228
2r8
f10
3e6

423
519
464
't 2a
246
29A
143
t22
430
2st
545
250
530
53I
503
259
509
532
53I
260
52t
249
4f3
119
245
t46
1f3
517
122
?3 t
4,¡ 3
256
242
233
213
432

680
421
531
134
167
204
l8s
72t
196
182
{59
349
38?
391
332
{51
209
l.60
232
400
2ll
239
r2â
273
226
206
4 0,1
1,¡ 1
232
338
208
35 t
35{
243
3,1 {
201

42A
546
t33
143
194
1?6
r 03
220
195
{50
330
385
39{
326
431
223
146

388
237
27'1
rt.6
316
2r6
229
3 91
135
220
336
230
36{
359
23 5
330
20r

22
22
22
22
22
22
22

32

32
32
32
32

32

32
32

32

32

T2
t2
l2
t2
12
12
L2
l2
L2
l2
12
l2
l2
l2
I2
22
22
22
22
22
22
22
22
22
22
22
22

-5
-4
-3

-l
0
I
2
3
I
5
6
1
I
9

l0
1l

l3
- 13
-12
-lt
-IU
-9
-8
-1
-6
-5
-4
-3
-2
-1

0
I
2
l

-415 I
-ft5 L
3 15 r
{ 15 1

6 t.5 I
-6 16 I
-5 1.5 !.

-3 16 I
3 16 I
5 16 :,
6 16 I

-31? I
-2\1 |
21.7 |
3 t? I
002
702
202
302
402
502
602
102
802
902

t0 0 2
¡.1 0 2
1302

-L2T2
-llt2
-10 | 2
-9 l2
-8 L 2
-'tL2
-6t2

4 tl I
5 1l I
6 11 I
7 tt 1

I 11 1
10 11 1
-912 I
-912 I
-1L2 I
-6 1.2 I
-5 12 1

-4t2 1
-3 J.2 1
3 12 L
4L2 I
5 t2 I
112 1

-8 t3 I
-6lf 1

-413 I
-f 13 ).

-2t3 I
-r 13 I
0 1r I
2 13 I
3 13 t
4 t3 1
513 I
6 t3 r

-514 L
-414 I
-3 l{ t
3 l,t 1
I I¡l L
5 l,r r

-6 15 I

110 15
375 373
148 14?
139 146
385 372
198 199
l?1 153
329 3I?
281 260
276 26J
321 3r8
174 150
t95 188
212 213
213 21,¡
168 l9I

L126 t129
2628 2855
tl{I 1138
l{s5 1415
180 167
t09 't2
272 192
115 526
951 965
73I 't4S
,t25 {19
268 211
I58 182
331 310
211 2t2
35? 350
363 386

1002 t 020
59? 620
334 366

442 400
229 24t
921 932
989 1010

1,000 1.019
1660 l?25
1034 1043
L0t2 1023
931 916
252 24s
,128 393
372 381
60,t 616

102t 102?
3?3 396
366 356
t90 201
349 312
106 125
I50 ).46
212 289
289 335
523 4 80
655 6?0
411 475

LO?9 103?
551 521
168 141
6?9 590
900 862

228e 22A0
1055 1100
523 551

1022 1065
2239 226I
901 879

4
5

6
1

8
9

t0
11
t2
13

-13
-12
-11
-10
-9
-8

-6
-5
-4
-3
-2
-I

0
I
2
3
1
5
5
'1

s
9

10
11
t2

-6 l0
-5 10
-4 I0
-3 10

-l l0
0 ).0
I l0
2 t0
f t0
4 t0
5 10
? IO
I ¡0
9 10

10 10
-1.1 11
-10 t1
-9 11
-8 1l

-6 1.1.

-4 rl
-3 1l
-2 tI
-1 Ll
0 1t
I 1I
2 tl
3 tr
4 tl

688 682
163 t33
538 5I9

1060 1042
493 41A
653 664
503 480
303 333
249 2A0
168 t51
l{9 13?
296 2't L
356 376
587 618
236 228
593 600
54 I 524
{35 437
900 869
l46 t6l
522 544
35't 342
865 850

3365 3668
89'7 86t
325 305
528 s49
152 r6?
898 A61
431 444
563 521
595 516
249 240
6l{ 620
344 369
29L 216

oBSERED ND CAtCUUIED SIRUCTURE FÀCÎORS FOR CPRU(pp¡t3)2(c(oÆ)cH3l 4/lt2 PACE 4
H I( L'OFOIOFC H K L'OFOIOFC H K L:,OFO'OFC H K LIOFOTOFC H K LTOFOIOFC

-l I
-10
-9
-8

-6
-5
-4
-3

-1
0
I
2
3
4

5
6
1

I
9

t0
l1
T2
t2
1t
t0
-9
-8

-6
-5

262
205

329
246
?04
195
324
335
61'1
822

285
211
8?1
611
33 ?
325
.{10
190
247
324
5t2
206
264
204
337
360
333
114
28'l
371

241
194
50?
319
250
't36
404
3 2'l
343
650
838
243
296
232
856
635
f43
323
409
134
255
324
500
I94
246
20r
318
370
328
215
295
382

101
267
166
2t6
185
397
3).S
258
216
¡¡09
259
f23
I60
838
381
Ã62
901
f23
242
421
214
265
320
398
168
208
1?8
135
2L9
360
{35
l?0

396
269
I9?
t90
t92
312
310
235
257
30{
233
315
865
e29
3?1
809
873
3t2
221
382
261
248
312
376
199
792
193
158
252
331
433
186

0
I
2
4

5
6
1
I
9

l0
11
L2

-I0
-9
-8
-'l
-5
-{
-3
-z
-t

0
I
2
3
4
5
7
8
9

10
1l

t009
14t
6t1
259
167
t00
l,?5
433
342
244
203
165
199
38S
50 6
388
2 5'l
315
219
264
495
't 49
,ó 83
259
2ø9
3r5
260
386
51,8
388

1{9
187
214
341
309
46 t
588
110
3l?
352
2t9
l?8
3?5
329
319
280
tl6
214
3t 3
355

223
3tl
216
410
,¡ 1.8

954
444
399
222
333

135
182
228
332
313
50t
5 95
492
33 5

332
234
L't1
345
334
305
287
187
2't s
294
342
269
238
2't s
253
41.5
427
966
441
403
246
282

t0 6 2
l1 6 2

-t212
-11 't 2
-10 1 2
-9 1 2
-8 1 2
-1 12
-6 1 2
-5 1 2
-1 't2
-372
-2'r2
-r 7 2
o12
t72
2't2
3-t2
412
572
612't't2
872
912

I072
l1 't 2
12'r2

-L2A2
-10e2
-9A2
-8 g 2
-6 8 2

-1 5 2
052
152
252
352
452
552
652't52
052
952

10 5 2
11 5 2
t2s2
13 5 2

-11 6 2
-10 6 2
-9 6 2
-8 6 2
-1 62
-6 6 2
-5 6 2
-4 6 2
-362
-262
-1 6 2
062
r62
262
362
462
562

42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

52

s2

?{3 727
551 595
194 750
240 204

t0?5 108,1
405 {12
199 190
390 380
306 310
I80 21{
34I 335
368 376
336 J20
204 199
ts6 I59
255 266
396 398
296 2ø4
238 255
139 152
224 234
210 225
271 23L
298 302

l0t0 1025
642 635
580 606
668 656

1025 1023
295 29r
253 228
213 23t

2 964
2 't 43
2 5 95
2 291
2 161
2 I15
2 180
2 460
2 36{
2 255
2 205
2 175
2 zte
2 10A
2 11r
2 392
2 258
2 32ø
2 285
2 264
2 478
2 'taL
2 184
2 265
2 296
2 335
2 245
2 395
2 401
2 4I5
2 2tø

2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2

27 58 137 6 11 2 223 250
8ù 263 TtL"--za:z:2

-3 S 2 t069t09o
-252250233

-4
-2
-1

't62
s62
962

145 142
25s 26s
301 281

e229L
92516
a 2 123

254
614
140

-9t0 2
-810 2
-1I0 2

315
325
363

303
335
339

8 lt
9 11

10 tl

2 345
2 3t 5
2 280

350
298
214
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Tabfe 1.5 (continued)

oBSER!€D ND CArULÂTED STRUCTURE FÀCTORS FOR cpRU(ppHJ)2lc(oHE)cH3l 4,/112 PÀGE 5
H K LIOFOIOFC H K LIOFO.IOEC H K L1OFOIOFC H K LIOFOIOFC H K L1OFO1OFC

-5 6 3
-4 6 3
-363
-263
-l 6 3
063

-11. 7 3
-9't3
-8 7 3
-773
-6 ? 3
-5?3
-473
-3 13
-2 7 3
-1 7 3
073

-t2s3
-11 I 3
-10 I 3
-9 I 3
-8 I 3
-'te3
-6 I 3
-5 I 3
-,t83
-383
-283
-1 I 3
083

-ll 9 3
-10 9 3
-9 9 3
-1 93
-6 9 3
-5 9 3

33
33
33
33
33
33
33
33
43
43
43
43
43,03
43
43
43
43,t3
53
53
53
53
53
53
53
53
53
63
63
63
63

303
403
603
?03
803
903

t1 0 3
12 0 3
1.4 0 3

-1{ I 3
-13 I 3
-11 I 3
-10 I 3
-8 I 3
-1 13
-6 I 3
-5 l3
-4t3
-ft3
-2 13
-l I 3

-14 2 3
-I3 2 3
-1223
-10 2 !
-923
-8 2 3-'r23
-6 2 3
-5 2 3
-4 2 3
-323
-2 2 3
-1 2 3
023

-t333

-414 2
-3 14 2
-214 2
-l 14 2
0 14 2
t74 2
214 2
314 2
4 14 2
5 1¿l 2', 14 2

-7 l5 2
-6L5 2
-5 15 2
-315 2
-215 2
-l 15 2
0 15 2
r 15 2
2L5 2
3 t5 2
6 15 2
7 15 2

-2t6 2
-r 16 2
o t6 2
r 16 2
216 2
3 16 2

-1 r? 2
ot1 2
lL1 2
2!'t 2
3).1 2
103
203

-t0 12 2 196
-9 12 2 353
-1 t2 2 43r
-6 t2 2 159
-4 t2 2 105
-3 t2 2 584
-2 12 2 299
-Ì 12 2 513
o12 2 228
I 12 2 510
212 2 296
3 12 2 583
412 2 L23
612 2 152
112 2 439
8t2 2 1?l
912 2 342

I0 t2 2 221
-8 t3 2 .l?s
-6 13 2 3?3
-5 13 2 166
-4 13 2 210
-3 13 2 409
-2 13 2 535
-l t3 2 {23
013 2 523
1 13 2 383
2t3 2 522
3 13 2 39S
4 13 2 199
s 13 2 13{
6 13 2 35?
? 13 2 r28
I 13 2 361

-7 t4 2 2A5
-5 14 2 256

2 r'1
140
428
133

85
593
2'11

213
521
279
590

8¡l
!2't
42e
193
140
22r
3 64
3?5
1?l
200
125
517
428
51?
417

422
195
165
38Ì
136
364
2e6

176 139
2't3 290
355 3?3
54 7 536
385 413
5{ I 535
369 38?
277 257
146 137
123 1I0
279 2â9
1?{ l?4
24A 221
1,62 136
262 25s
421 402
351 3??
260 250
368 377
407 f,99
264 263
227 226
195 t?9
368 368
329 3t5
291 283
315 315
361 366
l?l ¡.{6
216 27s
265 25A
260 215
I 19 163
134 r43

1588 1?0S
817 7{ 0

1740 1111
058 900
82I 821
159 1?4
30t 250
316 349
98 139

112 150
290 301
164 201
223 216
151 16 5
422 432
r15 't2
891 939
856 836
6?1 't06
90? 8s1

128? 1321
9?1 963
971 95?
266 253
139 159
321 334
208 232
l{1 I,l7
3l.t 3{?
218 307

1.20{ 1216
191 {70

1331 13s5
311 339

l3t2 1334
1103 1068
700 695
353 f73

206 231
302 31?
391 388
4?9 450
5t8 553

I055 r130
329 334

1821 1833
369 358
7 42 14''
331 29A
455 422
180 l'r8
24't 243
344 368
326 30,¡

1011 1039
t452 1500
3?6 376

tr33 1159
1008 1032
251 249
3¡6 363
290 306
2'ts 279
4¡19 461
299 281

l0?8 110?
t67 166
681 146
536 s02
2A5 2't 9
{ 31, 420
150 148
362 390
790 810

230 236
I061 t08?
140 I44
523 524
520 s06

1210 tl?1
347 345
t35 153
293 314
453 446
88 16't29 126
90 119

1533 1580
233 20a
2r2 2t3
?31 10'l
294 298
I28 84
2S't 246
2st 259
164 t't2
312 303
846 848
269 231
0?0 8?0
18? 16t

ì081 1100
28,1 296
302 211
236 220
ls? 198
295 28'l
535 531
304 304
152 146

-r2
-l I
-9
-8
-'l
-5

-3

-1.
0

-12
-10
-9
-8
-1
-6
-{
-3
-2
-1

0
-13
-11
-9
-7
-6
-5
-,1

-2
-1

-t0
-0
-6

OBSERVED ND CÀLCULÀTED SÎRUCÎURE FACÎORS FOR cP RU ( PPfi3 l 2 t c loHE ) CH3 I

l( L loFO toFC H K

4 /112 PAGE 6

L ÌOFO IOFC H K L IOFO IOFC
H K LIOFOIOFC 10FC

34
44
44
44
{4
44
14
44
44
41
4,¡
44
4,i
44
54
51
54
54
54
54
54
54
5{

54
64
64
64
64
64
64

14
I4
l4
14
l{
14
l4
14
24
21
24
21
24
24
21
24
24
24
24
24
24
34
34
3,¡
34
34
34
34
34
34
34

I 15 3
3 ls 3,¡ 15 3
5 l5 3
6 l5 3
? 15 3

-1 16 3
-f 16 3
-2 t6 3
0 16 3
1 t6 3
2 16 3
4 16 J

-3 l? 3
I l7 3
3 1? 3
00{
I04
204
30a
50,t
604
?0,¡
90{

10 0 ¡¡

tt 0 4
L204
130{
14 0 4

-tl. I 4
-10 1 {
-9 L 4

H K LIOFO

-3 l2 3 349
-l 12 3 l{0
012 3 291
2t2 3 L77
r 12 3 3{6
{ t2 3 535
5 12 3 t88
6 12 3 t€?
I t2 3 21.5

-6 13 3 212
-5 13 3 35f
-{ l3 3 22.1
-3 13 3 at4
-2 13 3 2't2
-t 13 3 231
0 13 3 tì3
2 13 3 21-'
3 13 3 /t08
,r 13 3 2ll
5 13 3 348
? t3 3 151

-4 14 3 534
-3 14 3 223
-2 14 3 t81
-r 1,t 3 199
2 14 3 LS6
3 14 3 206
4 14 3 533
5 t4 3 139
? 14 3 108

-? 15 3 1?1
-5 ls 3 326

-{ 9 3
-3 9 3
-293
-l 9 l
093

-ll l0 3
-8 1.0 3
-? 10 3
-6 1,0 3
-s I0 3
-{ t0 3
-3 t0 3
-2 10 l
-I 10 3
0 10 3

-11 11 3
-10 11 3
-9 lt 3
-? i.l 3
-6 Il f
-5 lt 3
-4 11 3
-3 1l 3
-2 11 3
-1 tt 3
3 ll 3
{ ll 3
5 11 3
6 Il 3
7 rl 3
9 tl 3

-812 3

16?
?05
281
605
488
1t8
262
201
619
231
461
3 0.1
761
143

84
1s9
t16
1?6
30t
112
558
206

465
225

208

14 8
293
173
247

159
124
324
611
502
l1l
269
169
6't 9
211
4st
289
't 86
r2'l

66
l.?3

154
306
185
597
23I
306
479
241
295
229

180
315
154
2r9

311
I{6
299
I62
385
5{4
196
378
2I3
208
355
200
382
254
233
ll2
253
38?
t94
342
l't2
531
202
l9?
206
207
20L
522
r42
132
160
317

-,¡
-.1
-2

0
I
9

l0
-ll
-9
-8
-1
-6

-4
-3
-2

0
I
9

-10
-9
-8
-7
-6
-5

-3

334
4't6

2000
347

I51 2
691
201
599
332
52 5
409
530
241
61.5
123

1312
685

13,¡ I
189
¡114
505
1S9
124
768
307
679
243
497
2't',
34I
696

330
{45

2023
299

161?
680
209
57t
319
5s5
rL6
635
2r1
s't'l
lll

l3{t
681

r342
763
416
5{ 6
).7 4
151
'r6I
3I1
700
283
49't
268
368
102

10
-11
-9
-8
-1
-5
-4
-3

-1
0
I
9

l0
-t2
-10
-s
-6
-5
-4
-3
-2
-l

0
I

-L2
-11
-9
-7
-6
-5

136 159
332 321
221 241
32t 3t4
112 9s
I ?1 163
281 266
l5 6 153
la9 128
289 103
11? 14t
136 t23
215 261
221 201
t96 1?0
218 t98

2141 2010
1044 t 028
I344 1341
463 3?9
3S8 .¡01
225 225
665 6? I
367 38,1
312 356
24't 255
¡.93 208
208 200
203 1 90
216 222
604 570

148 -t 52
448 4 73
521 sI4
281 28't
332 321
3?0 34r
653 6t I
804 19A
53? 54?
996 I033
I45 l4?
f0{ 290
504 514
166 I62
292 279
590 583
306 291
456 480
266 216
484 481
632 610
999 1035
565 5?8

116? 1t90
315 3 01
lt 0 46
364 371
4't1 452
4t 5 394
353 398
329 326

3 405 38?
3 l?,t 198
3 516 536

-3 15 3 r28
-l 15 3 1650 ì5 3 143

329
168
109

4 40't 40'l
4 344 336
4 370 3?0

839
596
?11
30?

64
64
64
64

-t't4 800
302 310

100s 1049
3?3 3?8

220:15:3:23

-5
-4

L2
t2

-7
-6
-s -1

7

3
3
f

L

t
1

83I
599
693
293
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Table 1.5 (continued

OBSEÀED ÀXD CÀLCULÀT¿D SlRUClURE FÄCTORS FOR CPRU(PPH3)2IC(OüE)C'I3] 4./112
H X L1OFO1OFC H

PAGE ?
K L 10FO-1OFC H X L 1OFO 1OFC H K L toFo loFC H K L 1OFO 10FC

825
925

10 2 3

-12 3 s
-11 3 5
-9 3 s
-8 3 5
-735
-6 3 5
-535
-¡¡35
-335
-235
-1 35
035
835
935

-13 4 5
-12{5
-11 .t 5
-10 4 5
-945
-'t{5
-6 4 5
-5 4 5
-.t45
-3{s
-245
-l 4 5
0{5
145
945

-1355
-!255
-tI 5 5

-4 9 4

-39{
-294
-ì 9 4
09.1
{94
694

-tr t0 4

-9 10 4
-7 t0 {
-6 10 ¡t

-s 10 {
-410 4
-3 t0 {
-2I0 4-t r0 .t

I 10 4
2 t0 4
3 10 ,l
{ 10 4
5 10 ¡
6 10 4
7 l0 4

-10 11 {
-s lt 1

-6 lt .t

-5 r1 ,l

-1 lI .l
-3 II ,¡

-2 tl 4
-l ll ¡¡

0 11 {
-9 12 4
-8 !2 1

-112 4

-6 t2 4

e61
961

-I214
-10 ? 4

-9 1 4
-8 ? 4

-1 11
-6 1 1

-5 7 4
-4 1 1

-3?{
-2 1 1

-1 ? 4
014
611
111
s11
914

-lt I 4

-9 I {
-8 8 4
-7 I 1

-6 I a
-5 I 4
-1 I {
-3 S 4

-1 I {
681
78.t
88{

-12 9 1

-11 9 ,t

-10 9 {
-8 9 1

-6 9 I
-5 9 4

r01
480

.{5s
251
4 9.1
306
4e2
1t6
18S
34 €

968
591

1011
4e6
3I?
1S4
265
203
67t
156
7 5,1

293
t26
238
642
868
280
126
l?9
1,8 0
t l.1
333
16A
306
155

98
448
202
468
2't 4

511
321
524
103
201
390

1029
5 99

111s
5l. e
319
509
219
207
581
t61
761
290
t42
234
65€
929
2AA
750
1.6 8

l8?
?5

3,t 7
195
306
129

233
225
611
317
915
238
295
229
500
50{
213
,15I
.t 6l
20t
219
712
116
2A3
220
{68
4 61
226
503
311
3 63
188
3r0
263
l,6 s
264
400
620
310
204

15?

260
2 00
592
313

101 I
269
302
243
507
481
260
4 65
514
224
280

193
273

516
463
26A
487
380
3?t
189
334
202
1.2 {
242
3?6
531
30t
199
30I
143

-4 t2
-3 12
-2 12
-l 12
-9 13
-8 13
-f 13
-6 13
-3 13
-2 13
-l 13
0 13

-8 14
-7 14
-5 l{
-¡l I {
-3 I¡t
-2 74
-I 14
0 1,¡

-? 15
-6 15
-f 15
-2 L 5
-1 15
0 15

-3 t6
-2 t6
-l 16
0 16

-2 11
0 l?
10
20
30
10

50
60
00
90

l0 0
120
130

-13 I
-12 r
-ll I
-10 I
-9 I
-8 I
-1 7
-6t
-5 I
-4 I
-3 I
-2 ).

-1 I
0t
81
91

-13 2
-L2 2
-10 2
-92
-42
-1 2
-62
-52
-42
-22
-t2
02

4 342 316
4 321 320
4 270 244
4 403 403
4 r12 175
{ J.82 190
4 22t 220
I 2A0 26A
4 189 2t8
4 5't2 5?l
4 174 t95
4 25t 22s,
4 202 202
4 247 27L
{ I99 181
4 206 189¿¡ 353 3?0
4 149 I58¡t .107 {06
t 343 3{5
{ l?7 168,¡ 193 Li7
4 159 tst,t 390 ¡¡O{
4 t'12 L?9¿l 362 f,95
4 2)6 233,t 208 199
4 338 350
4 157 1{5
4 2t6 213,¡ 413 426
5 614 649
s 1228 1255
5 809 808
5 1312 1305

5 129 't86
5 611 651
5 25I 243
5 136 128
5 227 2L2
5 248 270
5 155 I41
5 30t 330
5 114 130
5 238 235
5 t48 125
5 ¡t23 386
5 308 316
5 794 A44
5 859 852
5 1085 115?
5 6't7 646
5 327 338
5 {02 3S5
5 1t05 t082
5 1045 98¡¡
5 3r1 315
5 423 386
s 166 t83
s 242 227
5 {45 ,t65
5 l9l 199
5 3lt 312
5 280 293
s 9,¡5 9,t9
5 ?20 69I
5 1226 1255
5 t266 1232
5 92 I04
5 8{? 811
5 869 ?89

30? 3t6
L92 t91¡¡39 466
25? 274
2L3 220
320 337
355 331
229 214
5¡¡9 53?
5?1 5?1
563 590
456 46t

1033 1065
850 839
512 552
l?0 168
236 2t9
364 332
204 205
215 241
234 229
1¡17 l1,t
2t2 187
536 556
6A1 616
,¡{9 ¡159

:.118 tt68
1205 12{l
648 60?
346 316
ll8 98
543 557
219 l8 0
193 l9{
2LS 2t1
105 r30

OBSERVED ÀxD CÀI¡UIÀTED STRUCTURE FÀcToRs FoR cpRU(ppH3)2lC(OHEICH3l ,¡/ff2
H K LIOFOIOFC H Ã L],OFOIOFC HK

PAGE 8

L1OFOIOFC H K L),OFOIOFC H K LIOFOIOFC

-213 5
-l 13 5
0 13 5

-? l{ 5
-6 l¡¡ 5
-51{ 5
-41{ 5
-21{ 5
0 t4 5

-615 5
-5 15 5
-{ 15 5
-3 l5 5
-215 5
-t 15 s
0 15 5

-5 t6 5
-{ 16 5
-3 16 5
-2 16 5
-1 t6 5
0 l? 5
006
106
206
306¿¡06
506
706
806
906

-8 l0
-7 l0
-6 10
-5 10
-4 l0
-3 10
-2 10
I 10
2 10
f 10
4 l0
5 t0
6 l0

-? 1t
-6 I I

-4 11

-2 I I

0 ll
-9 L2
-8 12
-1 t2
-6 t2
-5 12
-4 12
-3 12
-2 L2
-¡. 12
0L2

-7 t3

075
675
8?5
9?5

-lt I 5

-10 I 5

-8 I 5
-? I 5
-6 I 5
-5 I 5
-4 I 5
-l I 5

-2 8 5
085
585
685
?85
s85

-1I 9 5
-10 9 5
-995
-8 9 5

-? 9 5
-6 9 5
-5 9 5

-495
-395
-295
-1 95
395
495s95

5 5 166
5 5 3I7
5sL22
5 5 685
5 5 69?
5 5 5J0
5 5 836
5 5 55¡.
55265
5 5 6l{
5 5 14{
553t2
6 5 215
6 5 20t
65252
6 5 2I{
6 5 151
6 5 t56
65630
65?30
65612
65281
65221
6 5 26?
6 5 {35
6 5 ¡159
652L2
7 5 251
75192
? 5 235
? 5 468
75659

-10
-9
-8
-6
-5

-3
-2
-1

0
I
9

-13
-r2-lt
-8
-1
-6
-5
-4

-1
0
6
1

I
-12
-10
-8
-6
-5
-4

1?5
3r3
¡ 2't
698
619
539
8?l
570
257
66'l
126
315
L92
201
281
208
440
430
645
?53
5?0
336
232
254
4l?
452
2r2
249
201
245
4't9
665

242
{5?
238
t89
240
r45
441
283
358
6't't
357
150
641
480
660
36t
29A
42I
t39
1.3 ?
188
103
571
423

583
393
3?8

383
592
3ì0

285
463
250
191

135
408
305
402
619
3 50
{44
626
49J
664
391
313
4 03
115
159

85
545
442
308
603
3?L
39?
3r9
361
604
303

5 186
5 3s5
5 68{
5 360
5 48?
5 494
5 561
5 l2l
5 559
5 il89
s 462
5 352
5 6?5
5 31.¡¡
5 2-t2
5 3{6
5 435
5 529
5 2 68
5 626
5 29'l
5 15?
5 I93
5 250
5 480
5 26't
5 658
5 331
5 346
5 216
5 229
5 279

207
3 3,1

658
369
489
182
573
l3t
512
t85
473
3 67
655
322
286
339
399
516
2e0
599
299
183
I73
249
,17 0
256
6?5
329
379
2LO
253
273

-9
-8
-7
-6
-5
-,|
-3
-2
-t

0
I
9

¡.0
-13
-10
-9
-8
-7
-6
-5
-4
-3
-2
-l

0
-tt
-10
-9
-8
-.,
-6

2'r 5 258
211 255
l{8 t28
L?l 1t0
330 f06
229 228
550 553
306 290
238 259
210 2t 0
¡¡65 155
L17 119
362 33t
108 102
139 l3{
236 206
I92 202
3t 6 300
162 178
212 221
318 3 01
266 235
559 512

1166 1090
1535 1{42
673 713
254 266
344 300
3S5 363
543 575
24s 224

6 ,i 86 503
6 201 207
6 381 383
6 356 355
6 153 462
6 l.02 5¡û
6 r032 9?0
6 360 366
6 429 153
6 239,1 2350
6 20{ 212
6 t9l ,[99
6 I53 t30
6 105 99
6 595 593
6 15? 158
6 39¡¡ 399
6 189 t?S
6 617 648
6 3?S 329
6 165 188
6 488 430
6 1161 lI34
6 76L 666
6 356 3?0
5 392 409
6 199 185
6 ?05 682
6 235 266
6 454 456
6 519 535

I
1
I
1

I
I
I
I
I
:.

I
1

t
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3

195
-10 l0 5
-9L0 5

578
14,1
114

537
141
114

-5 13
-4 13
-3 13

5 533 521
5 224 254
5 553 526

120
-1r I
-10 t

6 L67
6 319
6 180

114
159
321
t29

36? 319
552 582
355 375

1048 1005

-2
-l

? 5 533 64?
? 5 288 307

36
36
36
36

-4
-3

-l
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Table 1.5 (continued)

OBSERVED À}rD CÀLCU¡!\TED STRUCTURE FÀCTORS FOR CPRU(PPH3)2fC(dE,CH3'] 4/!72
H K L IOFO IOFC H

PÀGE 9
K L1OFOIOFC H K LÌOFO1OFC H K L1OFOIOFC H K LIOFOIOFC

-12
-Il
-10
-9
-8
-7
-6
-5
-4

-2
-1

0

-11
-10
-9
-8
-7
-6
-5
-4
-3
-2
-l

0

-I1
-r 0
-9
-8
-1
-6
-5
-4
-l

6 554
6 1279
6 2A7
6 364

6 361
6 4 68
6 314
6 217
6 4't4
6 619
6 810
6 1107
6 ,l03
6 34 5
6 456
6 479
6 494
6 290
6 .105
6 4 03
6 653
6 515
6 646
6 16I
6 393
6 {21
6 ¡113
6 258
6 l'16
6 ¿160
6 370
6 736
6 95 5
6 291
5 313

605
T21T

2AA
3 61
555
i41
443
398
L92
41A
102
816

rl56
{17
328
462
{ 53
495
303
292
366
681
516
658
199

.¡t6
432
268
t62
¡18 €
{0â
?3f,
910
2A't
319

6 316
6 301
6 3?1
6 53 7
6 255
6 ,t93
6 6l{
6 855
6 l{t
6 358
6 2't1
6 199
6 498
6 490
6 518
6 I80
6 28''
6 252
6 234
6 252
6 420
6 234
6 549
6 2t6
6 t2A
6 160
6 2t1
6 263
6 25¡.
6 410
6 

'976 19?
6 290
6 225
6 159
5 365

332
265
354
s06
293
55t
611
859
132
341
217
246
502
539
55s
l8?
261
225
2r1
250
422
253
s65
205
112
15s
181
211
248
{18
192
202
300
t 94
112
3 4,1

-6
-3
-1

0
-4
-2

0

-t
0
I
3
5
6
't

9
1I
13

-72
-10
-8
-1
-6
-5
-1
-3
-2

0
-13
-L2
-ll
-10
-1
-6
-5

4 6 2t4 203
4 6 282 29A
4 6 566 52..1
4 6 .338 349
4 6 569 58?
4 6 374 29].
4 6 435 447
{ 6 s06 sos
4 6 260 269
{ 6 293 3oo
4 6 973 937
4 6 355 388
4 6 I2t6 1287
5 6 214 202
5 6 530 53?
5 6 656 6?3
s 6 327 32A
5 6 590 606
5 6 591 577
5 6 612 58?
5 6 352 347
5 6 979 919
5 6 622 638
5 6 131.t 1329
5 6 3ll 2?:.
6 6 230 214
6 6 308 29?
5 6 J99 ,¡l{
6 5 436 {20
6 6 612 621
6 6 430 {05
6 6 6ls 601
6 6 185 209
6 6 312 324
6 6 508 563
6 6 1009 ro22

6 121 92
6 t1't 186
6 234 237
6 273 200
6 169 166
6 224 203
6 22A 181
6 28-t 268
6 224 270
? 8?0 823
? 1{25 1504
1 1026 982
7 12! 'rI2
', a49 A92't L23 96
7 442 423
7 430 ,t3?
't 306 293
1 407 4L1
1 281 2'tI
? 191 r94
7 1259 1321
7 25A 239
? 15?3 15{5
? ¿t6l {98
1 96A 9,¡3
7 243 24J
? 162 133
? 316 325
7 L24 99
7 3?S 380
1 ),11 183
7 6s2 67s
7 {1.7 398
7 1283 1317't 125 162

293 279
908 A2't
66 51

330 329
316 281
449 440
626 624
3?9 395
168 t'r2

1301 1296
2't0 296

1169 1130
112 t46
80 5?

2't2 2A2
239 240
323 341
533 { 99
340 322

1007 1091
502 458
?89 800
36{ 322
499 482
209 201
3{4 355
302 320
t 73 t?9
596 50?
252 256
963 1009
205 188
45? {90
522 s52
52A 553
196 202

o27
-7237
-93?
-6 3 7

-?31
-6 3 7
-5 3 1

-431
-33't
-237
-1 3'l
037

-I3 { 7

-t0 4 7
-8 4 1

-1 41
-64?
-541
-4 4 1
-3{7
-241
-l { 7

-ì2 5 1

-9 5 1

-8 5 1
-? 5 1
-6 5 7
-551
-4 5 ?
-357
-2 S 1
-l 5 7
051

-11 6 1

-8 10
-6 10
-5 10
-4 l0
-3 10
-2 I0
-1 l0
0 10

-10 I1
-9 ll
-? Lt
-s L I
-4 I I
-J ll

-1 11
0 ¡.1

-s 12
-6 72
-4 ).2
-3 12
-2 t2
-l 12
0 12

-9 t 3
-? 13
-5 t 3
-5 13
-3 13
-2 13
-t 13
-8 14
-5 1{
-3 l¡l
-2 14
-I I1
0 t¡

-l 6
06

-10 ?
-9 1
-8 'l
-1 ''
-6 1
-57
-3 1
-2 1
-1 1
07

-10 I
-9 I
-8 I
-', I
-6 I
-5 I
-4 S

-f,8
-2 8
-l I
08

-11 9
-9 9
-8 9
-'t 9

-,¡ 9
-39
-29
-1 9
09

-Ì0 l0
-9 t 0

t5
l5
15
15
l6
16
l6
17
t?

0
0
0
0

0

0
I
1

I
1

I
1
I
1

I
1
I
2
2
2
2
2
2
2
2

OBSSRVED ÀND CÀIrUIÀÎED STRUCTURE FACTORS FOR CPRU(PPH3)2(CIOHE ICH3l 4/112

-10
-9
-B
-1
-6
-5
-3
-2
-l

0

028
-13 3 I
-11 3 I
-:.0 3 I
-9 .l 8
-8 3 8

-? 3 I
-638
-5 3 I
-at8
-f38
-23E
-l 3 I
038

-12 4 I
-ll 4 I
-10 4 I
-9 { 8

-B 4 I
-6 4 8
-448
-3{8
-248
-1 4 8
018

-lL 5 I
-I0 s I
-9 5 I
-s 5 8

-? 5 I
-6 5 I
-458

-1 15 1
-3 16 7
0 16 ?
008
108
208
.1 08
408
?08
800
908

l0 0 I
-12 I I
-1t 1 I
-10 I I
-9 t I
-8 I I
-1 1 I
-6 I I
-5 t I
-4 I 8
-3 18
-2 I I
-l I I
018

-1228
-10 2 I
-928
-8 2 8
-'t28
-6 2 a
-5 2 I

fIKL

-l 9'l
-11 10 7
-? I0 l
-6t0 1
-5 10 1

-3 l0 ?
-2 t0 'l
-1 t0 ?

-1.0 lt 't
-6 Il 7

-6 1t 7
-{ 11 'l
-3 tl 'l
-2 1l 'l
-l ll 1
0 ll 7

-9 L2 'l
-'t t2 1
-5 12 7
-312 1

-r12 ?
-8 13 ?
-6 13 7
-{13 7
-313 ?
-2 t3 'l
-l 1.3 7
0 t3 7

-? 1{ 7
-5 14 '7

-4L4 7
-314 1
-I 1{ 1

-9 6 7 159
-8 6 ? l1{
-167382
-6 6 7 24.1
-5 6 ? ?28
-467425
-3 6 ? 0¡tl
-2 6 ? 16!
-1 6 7 356
0 6 7 331

-811284
-1 7 7 18S
-6 1 ? 55¡¡
-4 1 ', 756
-371252
-277268
-1 ? ? 386
0 7 ? 23t

-11 8 ? tl2
-10 8 .t 235
-987132
-?87269
-6 I 7 3{5
-5 I -t 232
-38?6ll
-2 A 7 3?3
-1s7574
0 I 7 311

-99?230
-8 9 '' 222
-? 9 ? 155
-697664
-5 9 7 199

H X LIOFO1OFC IOFOIOFC H K L1OFOIOFC H K LIOFOIOFC

PÀGE 10

L loFO loFCl6t
l{8
¡t 01
242
111
394
8{ 0
178
335
211
255
L92
529
't13
211
252
386
229
141
22A
153
240

268
601
419
585
342
229
196
161
657
199

248
14?
f36
l't6
600
{59
266
295
152
322
389
626
120
668
L2'l
3?0
lls
3't 2
69't
64 5
233
I53
,¡06
595
233
457
236
143
259
402
238
449
307

280
).64
35s
202
516
418
213
2A6
150
304
{ 13
66A
t 13
653
107
J14
102
358
?00
6?3
246
14t
4r9
613
2LT
450
226
r45
249
3?5
27L
460

t86
252
310

240¡
604
38¡l

l0 5l
25,1
t1?
6{3
213
t53
J,OJ.

147
1S2
486
234
326
308
354
173
54r
?39

4t7
366
361
426
470
326
343
317

183
29t
314

231,¡
s14
368
990
253
ll2
612
205
t32

44
150
1?0
{86
20'l
3 00
291
336
370
492
?49
309
39?
313
356
406
460
354
333
310

-12
-tl
-10
-9
-8
-'t
-6
-5
-{
-3
-2
-1

0
-¡l

16s0 1615
169 l{7
293 292
t84 212
,t¡1 1la
133 :,{{
125 7I5
511 522
¡¡04 {35
394 !65
902 8t6
743 123
695 ?0{
230 25'l
239 227
183 158
5-r8 56?
354 355
442 409
398 ¿¡06
332 332
109 91

t1?5 1142
500 483
?49 785
370 361
191 194
559 520
465 ¿¡79
788 813
252 232
84 102

I 208 205
a t{? l2a
6 516 ¡198
I f,68 390
e 641 661
I 350 336
8 513 625g 2'to 298
I 179 163
I 255 265
0 86{ 880
I t37 8{3
8 981 9A1
I 330 32t
I 348 353
I 632 645
8 318 r12
I 520 5lt
I 216 288
I 3{3 3{4
8 {30 449g 2t2 :.94
a L23't 13L2
I 456 486
I t76 162
I 382 3?5
I 27'1 268
I 665 668
s 225 223
8 4 14 4),''
I 322 331
8 41.4 382

-1.1
-t0
-9
-8
-7
-6
-5
-4

K

6
6
6
6
6
6
6
6
6
6
6
6
6
7
1
7
1
7
1
7
1
1
1
7
I
I
I
I
I
8
I
I

9 7 t'16
9 7 388

t66
403

43? 450
197 201

I 925 886
I 608 624
a 694 531

5 I 610
58146
5 I 932

631
802
I53

-2
-1.

0

8 ?4I 't34
I 266 277
I 803 832

-2 -4
-2 -1

0

I
8
I2-t

'l
7
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Table 1.5 (continued)

OBSERWD ND CALCUIÀTED STRUCTURA FACTOR5 FOR CPRU(PPH3)2[C(OHE)CH3] !/I12 PAGE 1I.
II K LIOFO1OFC H K L1OFOIOFC H K LIOFOIOFC H X L1OFOIOFC H K LIOFOIOFC

-2 L6
0 1.6
10
20
30
40
60
?0

tt 0
120

-13 1

-9 1

-8 1
-1 I
-6 1

-5 I
-1 1

-3 I
-2 I
-1 1
0l

-1.1 2
-I2 2
-11 2
-10 2
-92

-11 9 I
-10 9 I
-9 9 8

-8 9 8

-7 9 I
-6 9 I
-,1 98
-2 9 e
-l 98
090

-10 10 I
-8 t0 I
-6 10 s
-5 10 I
-3 10 I
-2I0 6

-1 t0 I
0 10 E

-10 11 I
-9 tt I
-? t1 I
-6 11 I
-{ l:. I
-3 Ll I
-2 1l I
-t 11 8
0 lt I

-9 12 8

-å 12 I
-6 12 I
-312 I
-212 I
-l 12 I
0 12 I

-6 lt 0

-¿û 13 I

223
157
439
t't6
508
224
191
341
881
190
393
129
195
29t
393
f30
363
0?8
l.19
352
331
1?0
!33
345
29r
496
r53
l5?
216
188
241
{08
246
366
l4I
21L

222
L42
446
150
503
201

I98
t 90
3 61
{39
201
273
319
321
361
I94
143
329
323
195
318
329
307
482
t38
133
258
1?1
226
394
24r
3{3
146
191

-6
-5
-4
-3
-2
-I

0
-1.3
-12
-l I
-8
-7
-6
-5
-4

-2

0
-9
-8
-1
-6
-5

-3

-1
0

-I2
-I I
-10
-9
-8
-1

9
9
9
9
9
9
9
9
9
9
9
9
9

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

492
557
536

1.2?0
690
651
290
r6'l
232
384
265
525
,t59
833
660
931
088
385
,l96
505
263
121
145
619
66e
552
s82
,t89
4 t5
,¡ 10
219
153
1¡l I
lt0
268
361

491

589
1293

65?
631
246
167
263
34 7

249
524
411
784
618
922
8?8
3?9
500
4?8
26s

99
{f9
681
671
569
589
448
429
l?l
253
159
170
140
242
3 74

{84
313
905
260
439
484
6't I
t 10
288
215
275
50t
231
83 9
310
310
21't

266
236
3 S.l
38?
2ll
578
l4t
200
t54
206
41I
373
239
225
318
L 81
1¡?
215

446
296
92r
294
425
493
641
133
2e4
310
265
,t85

8,1{
295
218
23t
135
227
246
419
398
198
605
139
I?6
174
I84
.rs4
ts2
2t6

324
116
135
265

544
{51
368
306
364
143
26L
114
327
219
s21
391
10?
J02
422
401
,û95
605
3{3
348
15,r
321
35s
452
47 4
2 S3
t11
123
221
256
372
,15I
394
263
2A4
182

50?
450
359
325
3'16
125
215

a7
342
259
520
3'12
10?
305
4!1
104
542
636
3?6
364
l6{
333
361
{5r
406
284
1t 0
l¡¡6
217
254
355
{58
415
252
214
191

-3 13
-r 13
0 t3

-5 14
-2 74
-l l¡¡
0 t.t

-3 15
-r 15

210 502 ¿¡9s
2 10 605 586
2 10 t56 161
210 13¡¡ 121
2 l0 350 312
2 l0 356 389
2 LO 230 221
2 l0 1103 t1o6
2 t0 906 8?8
3 t0 293 304
3 10 l{3 lsa
3 !.0 J75 3?63 l0 605 61?
3 ¡0 2{6 234J l0 661 619
3 l0 301 305
3 l0 710 64?
3 10 853 8673 I0 369 3?Ì3 t0 1201 1222
4 IO 225 2044 I0 330 3434 L0 2I7 225410 56¡t 53s
4 10 1{3 154{ l0 665 668I \0 279 291{ 10 311 320¡¡ 10 155 l{9{ 10 560 569¡t L0 556 526{ l0 1,{40 1410

s 296 28t
I 336 334
I 250 253
I lsl 11.6
I 307 299
I I59 15s
a 265 259
0 185 205
8 2ø't 283
I 22't 222
I 3¡t2 33?
9 88{ S51
9 1685 1666
9 612 543
9 't94 -161

9 {30 418
9 134 480
9 146 16I
9 405 ,tos
9 30,¡ 313
9 321 343
9 216 2rl
9 210 222
9 523 465
9 709 6?1
9 t281 t {05
9 ¡198 483
9 1231 t13?
9 618 538
9 289 2,t5
9 ¿¡3{ 40,1
9 207 196
9 293 300
9 238 232
9 2t9 240
9 294 299

2
2
2

2
2
2
2

3
3
3
3

3
3
3
3
3
3
4

4
{
4
4

4
1
4
4

4
5
5
5
5
5
5

-6 9 9
-599
-4 9 9

-399
-299
-t 9 9
099

-8 10 9
-?10 9
-5 10 9
-4 t0 9
-3 l0 9
-210 9
-1 10 9
-6 11 9
-5 rl 9
-4 Il 9
-3 t1 9
-2 ll 9
-1 lJ. 9
-112 9
-6 12 9
-5 12 9
-4 t2 9
-312 9
-2t2 9
012 9

-8 13 9
-713 9
-6 lf 9
-5 13 9
-{ 13 9
-313 9
-1. 13 9
0 13 9

-7 1{ 9

-6 5 9
-5 5 9
-459
-359
-259
-1 s 9
059

-11 6 9
-8 6 9
-'t69
-6 6 9
-5 6 9
-4 6 9
-369
-269
-1 6 9
069

-t219
-8 '7 9
-1 19
-6 1 9
-5 ? 9
-,t 7 9
-2 19
-l 1 9
079

-ì.1 8 9
-8 8 9
-? 8 9
-5 I 9
-¡t I 9
-389
-289
-t a 9
089

-8 9 9

OBSERVED ÀìD CÀLCUIÀTED SIRUCII,RE FACÎORS FOR CPRU(PPH])2[C(OÆ)Cff3I 4/I12
H K L1OFOIOFC H R LIOFOIOFC H K LIOFO1OFC ft K LIOFOIOFC

5 10 400 ls2
5 10 90 56
5 l0 f44 365
5 t0 205 224
5 l0 1l,t9 ttJ{
5 L0 l.¡3 198
5 10 l3sl l3{5
6 t0 260 212
6 10 466 488
6t0 92 60
6 L0 'rt1 121
6 l0 204 19,¡
6 10 193 l5.l
6 r0 210 232
6 10 510 521
6 l0 293 25S
6 1.0 98J tOO?
6 l0 323 339
? t0 4?6 ,r98
7 t0 411 415't I0 292 29I
7 10 325 310
? 10 283 281
7 t.0 230 231
7 10 800 s3o
1 IO 219 261
7 l0 1104 1120
I 10 338 34t
I L0 420 400
8 10 1.09 't4
e t0 416 522
ø t0 204 209

PAGE 12

H K L].OFOIOFC

L24 t3S
159 1?J
258 250
32f 31{
120 133
300 276
623 559
660 61t
542 570
669 650
903 380
I86 t40
211 192
369 360
261 210
229 2tO
280 26A
360 368
250 294
629 50?
388 ,tl8

Il50 tl81
312 293
602 56t
436 39'l
1?9 198
230 2L6
168 148
4r1 396
6'12 681
594 599

0 1,1 10
-t 1s l0
-2 15 t0
0 15 l0

-2 t6 10
-1 16 t0
I 0 1l
2 0 11
3 0 ll
4 0 t1
6 0 ll
9 0 ).1

I0 0 ll
12 0 11

-11 I 1I
-9 1 11
-8 t ll
-1 1tl
-6 I 1:.
-5 Ì Ll
-4 r lt
-3 t It
-2 I t1
-1 I rl

-L2 2 tt
-tt 2 11
-10 2 tt
-9 27I
-8 2 lt
-6 2 l1
-5 2 11

-10 9 l0
-9 9 t0
-t 9 l0
-6 9 to
-5 9 l0
-J 9 t0
-2 9 I0
-1 9 I0
0 9 t0

-9 t0 t0
-8 10 l0
-? t0 t0
-{ l0 t0
-3 10 10
-t I0 r0
0 10 t0

-9 t1 t0
-8 1t t0
-? 11 l0
-6 ll l0
-4 11 1.0

-2 Il t0
-l r1 10
0 11 10

-8 12 l0
-? 12 !.0
-6 12 10
-3 r2 10
-2 12 70
-1 12 10
-8 13 10
-3 lf t0

-6 t{ 9
-s 1,t 9
-¿¡ l{ 9
-3t{ 9
-2 t4 9
-5 15 9
-4 15 9
-l l5 9
-2 15 9
-1 t5 9
-2 16 9
-1 16 9
0 0 10
I 0 l0
3 0 t0
5 0 l0? 0 l0
I 0 t0
9 0 10

l0 0 I0
).r 0 ¡0

-72 I 10
-lt I t0
-r0 I 10
-9 I l0
-0 J. 10
-'t I t0
-5 1 1.0
-,t 1 10
-3 110
-2 I l0
-t Il0
0 I 10

297
250
222
318
138
288
2 83
266
233
183
229
196

2LL2
912
351
281
5{ 6
64,1
360
363
3¿l il
302
:.64
360

s24
482
203
280
378
33?
713

322
213
225
32 ).

t{5
283
284
2't8
230
111
220
r93

2 010
915
39{
213
602
61.I
366
332
322
294
L42
374
283
52'l
507
226
284
3,t 5
323
666

-0
-7
-6
-5
-t
-3
-2
-l

0
-12
-I¡
-10
-8
-'l
-6
-5
-{
-2
-l

0
-12

-10
-9
-8
-7
-6
-5
-4
-3
-2
-l

-6

-{
-3
-2
-1

0

-tl
-9
-8
-1
-6
-5
-4
-3
-2
-t

0
-10
-8
-6
-5

-2
-1

0
-11
-9
-8
-7
-5

346
1s5
47ø
23t
28t
249
602
185
710
336
23{
213
228
309
59't
140
Ì30
240
2Ì9
303
119
,t69
280
356
1?6
160
2S5
180
240
327
226
323

l3t
163
4't 9
242
29'l
269
62A
183
122
361
222
269
19¡û

619
l5r
I41
21s
233
145
107
484

35{
1?8
185
260
182

332
205
346

-8
-7

0
-2ô

5
5

-2
-1

0

-10 2
-92

70 230 227t0 563 54?

3?5
167
217

380
775
l8?

-3 810
-l I l0
0 I t0

492
7I7
5?8

494
'7 23
6S6

I0 431
10 240
r0 343

452
223
l?1

2 L\ 421
2 l1 303
2 Lt 1052

420
264
949
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Table 1 5 (continued)

OBSERVED ND CÀLCUUTED STRUCîURE FÀCTORS FOR CPRU(PPB3)2fC(OW)CH3] 4/112
H X L IOFO ].OFC H

PÀGE 13
K LIOFOIOFC H K L1OFO1OFC H K L1OFOIOFC H K L1OFO1OFC

-11
-t 0
-1
-5
-3

-1
0

-72
-9
-8
-1
-6
-5
-4
-3
-2

0
-8
-1

-4
-l

-1
-12
-10
-8
-6
-5
-4
-3

-l
0

Lt
lt
1t
I1
1l
tt
I1
11
1t
1l
ì1
l1
11
11
11
t1
11
ì.1
11
1t
II
1I
11
11
1l
11
l1
t1
1).
It
11
11
11
l1
11
¡l

32A
1s3
480
785
8 02
451
't7 5
317
306
448
280
231
611
266
663
259
5 98
230
182
198
325
80¡
580
630
251
419
290
l2s
235
583
{83
't26
2e6
48?
20'l
68¿l

332
t61
496
I2't
82'l
443
692
293
305
438
280
! 9¡t
610
292
659
219
618
212
187
20't
350
't94
53I
61?
2A'l

268
1f,6
195
5?0
¡¡58
?56
299
512
224
64 5

242
tl0
422
408
264
¡¡?l
s96
{ 0,¡
205
1?1
188
6't2
L56
438
326
380
2L3
1'7 6
312
580
526
33 s
L32
398
253
619
258
{?5
272
596
,¡ 07
236
135
l?6
329
531

239
119
416
409
281
¡¡sl
585
.t 35
223
1?5
14 6
642
ll5
443
322
378
242
19{
358
5?s
556
342
139
392
2t9
609
252
{86
28!
583
{39
230
lss
l?0
32A
s13

-3

-t
-1

-4
-3
-2
-I
-6
-4
-3
-2
-1
-3

0
I
2
3
,|

5
6
1
9

t1
L2

-12
-1t
- ).0
-8
-'t
-6
-5
-,¡
-2
-1

t46
350
270
386
465
242
4 07
{33
593
424
619
ss7
193
249
126
{ 03
210
203
240
213
,t0r.
s34
495
251
226
fl3
296
299
154
283
486
251
s00
690
247
2't8

133
342
210
389
{9t
290
410
412
566
411
634
869
18?
225
419
102
28r
233
2t1
247
39S
5s5
s11
220
230
308
229
30{
169
271
,û54
251
49{
680
24t
269

3
3
3
3
3
3
3
3
4
4
4
4

4
4
4

4
4
,¡

{
5
5

5
5
5

5
6
6
6
6
6
6
6
6
6
6

-1.1 s 12
-10 5 12
-9 572
-8 5 12
-7 5t2
-6 5 t2
-5 5 12
-{ 512

-2 5t2
-l 5 12
0 5 12

-l.l 612
-10 6 12
-9 6 1,2
-s 672
-1 6t2
-5 6 12
-4 6t2
-3 612
-2 612
-1 6t2
0 6 12

-t1 ? 12
-ro 1 L2
-9 712
-e 1 12
-1 't t2
-6 112
-5 1L2
-4 't t2
-3 1t2
-2 7t2
-t 't t2
0'tt2

-t0 I t2

0 I 12
-11 2 12
-9 2t2
-B 2t2
-'t 2 t2
-6 212

-4 212
-3 212
-2 212
-r 212
o 2L2

-12 3 L2
-10 3 12
-9 3 12
-s 3 12
-1 3t2
-6 3 12
-5 3 t2
-4 3L2
-3 3 12
-2 3t2
-l 3 12
0 3 12

-).1 ,l 12
-10 { t2
-9 412
-8 4 12
-1 412
-6 412
-5 ,l 12
-4 4t2
-3112
-2 4L2
-l 4 12
0 4 t2

-11 ? 1ì
-10 ? t1
-7 ? 11
-5 ? 11
-4 ? 1l
-3 7 tt
-2 ? tl
-1 7 lt
-9 I lt
-B I 1t
-7 I 1l
-6 t 1l
-5 I 11
-4 I Ll
-3 8 tl
-2 0 1l
0 I 11

-10 9 11
-1 9 1l
-5 9 11
-3 9 11
-l 9 ll.
-9 10 11
-6 10 Ll
-5 t0 1l
-{ 10 11
-3 I0 t1
-2 t0 1l
-? ll 11
-5 I1 I1
-3 Ll t1
-2 t1 Il
-l lt t1
-8 l2 1.1
-6 l2 11
-.1 12 11

1.2 1t t81 206
12 tt 245 26s
12 11, 140 127
13 tt 206 223
13 l1 3?4 3?1
t3 tl 126 lO3
13 1.1 4tl 4lo
13 1l 253 24?
13 11 202 ls3
14 ll 34¡¡ 328
l,l l1 {00 41.4
lt 11 216 2J2
1,t Lt 295 31?
l.{ tI 203 t92
15 lL 37¡¡ 36?
o L2 48't 411
0 12 1179 1191
0 ).2 123 110
0 t2 283 21s
0 12 ,t20 39r
0 12 163 11S
0 12 .t95 sos
0 12 393 402
0 12 5?8 5?1
0 t2 323 296
0 L2 203 224
I t2 1{1 1.6Ì
I 12 266 25s
I 12 508 49{
I 12 693 6a2
1 12 236 23S
I t2 243 249
I 12 ll3 19?
L ).2 366 316
I t2 1065 l0to
I L2 628 611

1419 143?
225 24'l
4{3 466
293 291
566 56I
320 291
Ia2 t61
2I4 221
352 365
233 221

11.01 1079

260 246
326 338
246 260
391 393
33? 353
30t 210
359 369
38? 363
326 2'11
493 {88
813 804

I380 1382
2AS 2'18
r21 I 43
36{ 344
52 S s3{
260 263
212 195
50{ 4 9t
265 29I
689 691
{3? 4 53
622 601
968 95{

oBSERVED À}{D CÀLCUIÀÎED SÎRUCTURE FÀCÎORS FOR cpRu(ppHl)2[c(oHElcH3l 4,/tl2
fl K LtoFOloFC

PÀGE 14
tI K LIOFOIOFC H K LIOFO1OFC H K L1OFOIOFC H K L1OFO1OFC

-9
-8
-1
-6
-5

-3
-2
-t

0
-t0
-9
-8
-l
-6
-5
-3
-2
-l

0
-9
-1
-6
-4
-3

-t
0

237
239
222
{06
ls2
r86
232
500
581
325
219
176
3¿¡5
316
173
209
r10
3?0
383
{56
323
360
2L9
184
362
2r5
408
233
169
3I4
281
1,t 3

2r8
l9?
222
4 0,t
195
l?6
223
¿18 0
624
351
2lr
169
3,¡ 9
325
I ?¿l

218
306
387
389
482
294
352
218
185
349
208
391
252
146
321
260
tn2

-7
-5
-3
-2

-6
-5
-,û
-2
-I

0
-3
-I

0

-2
-t

0
I
3
4

9
-L2
-8
-7
-6
-5
-{
-3
-2
-1

0

12 t2
t2 L2
L2 t2
t2 t2
L2 L2
13 12
tf, 12
¡3 t2
13 t2
t3 12
lJ 12
14 t2
14 12
l{ 12
15 l2
l5 t2

339
160
326
136
432
250
135
118
386
l9t
490
198
396
212
320
139
28 5

50?
5?5
{ 63
9't1
249
321
306
305
21L
127
894
27''
396
4t2
359

353
166
3l?
lf0
426
259

99
r25
386
165
{93
193
{10
201
296
t52
28L
489
53¡t
4 5,1

945
26A
317
298
292
257
131
905
209
346
402

136
838
420
880
3?3
251
3,t 0
1{9
I62
{0i.
208
660
55{
,t 1{
6t8
{59

80
t 9I
143
276
566
218
352
5?5
625
63{
559
L62
L't 4
690
6?1

I53
80?
399
813
360
250
390

169
{56
106
680
571
110
567
432

14
199
154
2e4
560
L 90
343
5 7l
621
629
568
159
141
693
6't 8

t 6.r
2!4
339
436
60 9
701
613
25t

193
1.2 9
352
31I
259
164
59'l
4ø2
300
427
r86
1I{
213
303
543
?58
358
338
2't7
208lr{
164

!11
236
34 6
,l.l 3
5 64
I03
635
266
520
211
138
3?4
3 53
256
112
564
484
316
{ 04
190

12
210
324
523
?53
J50
334
290
201
140
155

225
233
132
487
l?5
2't4
290
321
133
508
290
262

99
210
250
376
274
2t't
233
340
l?6
413
186
310
230
72A
277
130
255
196
209

22t
265
Ì{0
492
153
210
2s5
362
149
538
322
301

60
26).
248
360
274
792
211
3l9
t77
42!
176
302
233

88
253
113
259
r.9 5
2TL

-9 Lr 12
-s ll 12
-6 11 12
-s l1 r2

-3 9 13
-2 9 lJ
-1 9 13
0 9 1l

-8 t0 t3
-7 t0 l3
-6 10 13
-5 t0 l3
-4 t0 l3
-3 10 lf
-2 r0 13
-1 l0 l3
0 I0 13

-6 tl l3
-5 l1 13
-.t 1t l3
-2 l1 13
-r 1r 13
-? 12 13
-5 12 l3
-{ t2 13
-3 12 13
-2 12 13
-6 13 13
-4 13 13
-3 L3 13
-2 13 13
-1 1.3 t3
-5 14 13
-4 14 13
-3 14 13

-10 6 13
-8 6 13
-? 613
-6 6 13
-5 6 13
-4 6 13
-3 6 1.3

-2 6 t3
-l 6 13

-11 7 t3
-8 7 13
-'t 113
-6 7 ).1
-5 ? 13
-4 ?L3
-3 ?13
-2 7t3
-ì ? 13
0 ? 13

-10 I 13
-9 8 13
-s I 13
-7 0 13
-5 I 13
-5 I 13
-4 8t3
-3 813
-I I 13
0 I 13

-10 9 13
-9 9 13

-6 2 13
-5 2 13
-1 213
-3 213
-2 213
-1 2 13
0 2 t3

-tl 3 13
-t0 3 13
-8 3 13
-? 3 13
-6 3 13
-5 313
-4 J13
-3 313
-2 3t3
-1 3lf

-11 ,t 13
-9 41.3
-8 4 13
-7 4 1.3

-6 t If
-5 {13
-4 413
-3 413
-2 413
-1 4L3

-10 s 13
-? 5 13
-6 513
-5 513

15 t2
0 13
013
o 13
0 13
0 13
113
I 13
L 13
I 13
l13
1 13
1 13
1 t3
113
1 13

I 12
I 12
s12
s 12
I 12
I L2
I t2
8 L2
t 12
I t2
9t2
9 12
9 12
9 ).2
9t2
9 12
912
9t2
9 ).2
9 12

l0 l2
10 12
l0 l2
10 l2
l0 12
10 l2
l0 12
10 12

50 -2
0
2
3

-9
-8
-1 -1

-11

-2 7r 12
0 ll 12

-8 12 !2

455
53il
l?3

466
5 s5
157

13 I59 163
13 266 269
73 226 221

5 13 556
5 13 110
6 13 189

64'l
563

98
183

-7 9 13
-6 913
-5 9 13
-4 913

L19
251
302
565

r69

2a6
66S

5 13
0 14
0 14
0 l4

23r
7't 9
544
r92

238
701
670
272
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Table 1 - 5 (continued

oBSERV¿D ND CÀLCUÌÀT¿D STRUCTURE FÀCTORS FOR cpRu(ppfl3)2lc(MlcH3, 4/112
H K L].OFOlOFC H K LIOFO-IOFC H K LTOFOIOFC ff K LIOFOTOFC H

4 90
283
560
.185
348
23â
560
579
291
3? I
144

{ 05
868
65?
441
251
5't 9
406
362
r55
231
482
624
2I4
156
3 03
254
512
333
281
2Sl
I11
193
611
s83

496
2I't
551
196
351
200
564
560
291
338
t17
't20
402
905
627
4.t 4
253
584
392
369
t6{
224
46I
64 6
201
163
2't 2

569
J50
282
242
t 63
1,8 0
584
894

198
1?1
298
107
s21
225
336
423
410
359
823
499
264
367

491
630
21r
2I4
131
481
186
222
f ,19

242
?06
249
258
236
482
t66
529
139
2't1
195
t09

202
168
2't9

94
530
242
323
{34
450
326
863
5t2
26s
367
214
4?s
625
173
261
l2l
{5?
18?
200
356
252
't 42
244
274
273
417
l't2
540
109
219
214
119

361
562
3 21.

2 r3
182
{31
424
24't
216
262
r43
21I
60 9
103
{ {.t
256
102
300
61?
233
l6l
l0s
492
15r
641
202
235
516
t92
264
503
186
29'l
513
755
142

351
585
285
2TT
195
420
432
241
265
233
147
213
626
2r5
437
249

84
315
616
234
114
It9

r 55
639

221
sls
t 9?
265
509
203
2 8,¡
520
110
L29

15
t5
I5
I5
15
I5
l5
t5
15
15
15
l5
15
l5
l5
15
15
t5

15
15
15
15
1.5

T5
15
l5
15
t5
15
15
15
t5
15
l5

241
514
293
?59
274
401
468
245
t 61
437
116
691
368
142
423
189
r61
266
5?1
234
580
441
636
290
st6
305
568
203
131
395
263
?39
2ø4
385
220
2'l I

255
533
281
?80
262
389
s 03
252
t.54
{39
196
?15
378
110
443
I92
111
243
558
255
597
4 68
66t
296
a2L
296
591
2t6
122
.t 12
259
718
302
3?9
231
291

5

5
5
5
5
5

6
6
6
6
6
6
6
6
6
1
1
1
7
'l
1

I
I
I
I
s
9
9
9
9
9
9
0
0

149 -1
200 -6
294 -5
564 -1
321 -3
501 -2
201 -1
193 0
394 -8
2t5 -1
418 -6
2t2 -5
603 -.1
t19 -3
9,1 -2

265 -t
293 0
{ 98 -8
296 -6
609 -5
315 -4
4Ê2 -3
2A3 -2
¡10 6 -1
251 -5
123 -,1
219 -3
5{ S 0
211 -1
290 -6
?15 -5
500 -4
507 -3
181 -2
191 -9
2{6 -1

I 0 15 116
-6 I t5 L92
-5 I 15 327
-4 I 15 55?
-3 1 15 340
-2 1 t5 t9,¡
-t I 15 200
-8 2 t5 t80
-7 2 15 380
-6 2 t5 230
-5 2 t5 463
-{ 2 15 ).89
-3 2 15 618
-1 2 15 1't1

-ll 3 15 117
-8 3 15 2?5
-? 3 15 2?9
-6 3 15 ,186
-s 3 15 299
-1 3 15 603
-3 3 rs 336
-2 f 15 496
-l 3 15 309
0 3 i.5 15s

-I1 ,l 1.5 256
-t0 { 15 t21
-8 { t5 185
-? I 15 50r
-6 | L5 20'l
-s 1 L5 272
-3 { 15 6?{
-2 4 15 521
-r t l5 581

-10 5 t5 19?
-9 s t5 19?
-8 5 15 233

-2 8 14
0 8 t4

-9 9 14
-1 9 1.1

-5 9 l{
-3 9 14
-1 9l,l
0 9 14

-8 t0 l4
-6 t0 14
-5 10 l{
-1 t0 I4
-2 l0 1{
-l l0 l4
0 10 1{

-7 tt l4
-5 t1 14
-f tl l4
-1 11 1{
-6 12 14
-{ 12 I{
-3 l2 14
-2 72 14
-l l2 14
0 l2 t4

-3 13 1{
-2 l3 l4
-1 I3 14
-3 l4 14
-2 11 14
0 l1 14
2 0 15
3 0 15
.t 0 15
5 0 15
? 0 15

0 3 l,â
-11 4 14
-10 .t 14
-9 { 14
-8 4 14
-6 4 t4
-5 4 14
-3 4t4
-2 414
-1 4 Ì4
0,t14

-9 5 1.1

-8 5 1¡¡
-? 5 t4
-{ 5 1¡
-2 5t{
-r 5 14
0 5 t4

-10 6 l,l
-9 6 ).4
-8 6 14
-'t 6 L4
-6 6 1{
-2 674
-1 6 l,t
0 6 1{

-9 1 L4
-7 -t L4
-5 't 14
-3 7 14
-2 ? L.l
-l 7t4
0 ? 14

-t0 I 14
-5 I 14
-,1 I l4

6 0 14
s 0 14

10 0 14
12 0 14

-11 I 1.4

-10 1 1.1
-9 I 14
-7 1 14
-6 I I{
-5 t l,l
-4 1t{
-3 114
-2 I 14
-l tt{
0 1 14

-r0 2 14
-9 214
-8 2 L{
-? 2 ¡,û
-6 2 Ia
-5 2 14
-4 214
-3 214

-t 2 11
0 2 t4

-r.1 3 1{
-10 3 1.{
-9 31.4
-? 3 1.4

-6 .3 14
-5 3 t4
-{ 314
-3 314
-2 3 1.1

-1. 3 14

PÀGE 16

H K L1OFOIOFC

OBSERVED ÀXD CAI¡UIÀÎED STRUCItJRE FÀCÎORS FOR CPRU(PPH3)2IC(OHE)CH3] {./II2
H K LIOFO1OFC H K LIOFOIOFC H K LIOFOIOFC 8 X LIOFO¡,OFC

I 6.{
22A
533
I42
293
20t
342
240
375

182
250
321
225
241
t30
265
9't 1
682
4t3
315
299
319
244
468
452
302
285
29L
368
26r

390
245
5r1
120
281
1.80
342
220
381
263
213
241
324
210
241
138
215
88?
622
428
302
2s3
369
231
45r
462
298
298

358
2A6
261

¡168
I9?
247
287
410
305
2At
357
4ll
691
6¿¡ 9
507
221
32t
2t7
3 4,¡
150
183
).92
176
341
638
832
281
3{0
201
31¡¡
182
146
731
390
548

{,¡ I
226
248
f,05
424
312
24A
353
{15
665
627
525
208
333
203
3Js
135
L12
169
195
333
649
618
294
339
208
325
160
159
?15
387
5 0-t

-,¡
-3
-2

0
-10
-9
-8
-1
-2
-t

0
-8
-7
-J
-2
-1
-1
-5
-5
-2

0
-8
-1
-6
-5

-2
-1
-'l
-5

l8l
365
188
435
661
190
229
209
271
395
217
.I?
18t
22e
253
243
f56
t 07
116
244
208
31.1
254
l,¡ I
246
234
153
184
263
3't1
2r3

188
369
t7'l
446
636
19?
251
203
264
3-t 6
290
436
ls6
231
251
228
3?1

90
151
299
232
332
231
140
2 51.

218
163
160
250
380
2r3

248
178
137
215
290
3lt
I70
233
253
296
263
387
329
236
219
565
{57
265
214
215
206
185
287
499
387
306
504
20',
241
122
184

306
2lI
205
3ll
258
646
136
515
521
318
204
231
19{
448
256
314
t 60
196
219rlr
448
263
558
311
53?
491
3?9
r2t
I3l
470

f0l

r59
310
244
611
rs2
508
4 65
30t
l9r
251
I75
420
215
322
155
80I
283
103
42'r
24'l
55s
353
51.8

363
10?
t38
473
246

l7
17
l'l
I?
1?
l'l
l?
l?
l?
L?
I7
1?
l?
1?
t?
l1
1?
1?
l7
1?
t7
t1
t1

211 -2 2
l6t -¡ 2
l{0 0 2
302 -1 3
2e9 -6 f
f,13 -5 3
162 -1 3
232 -3 3
274 -2 3
21a03
275 -t0 ,l
382 -8 ,¡

323 -'t 1
210 -6 1
220 -5 ¡
511 -4 4
4'11 -3 4
261 -2 4
23't -l ,l
205 -8 5
178 -? 5
173 -6 5
2''3 -5 5
505 -{ 5
389 -3 5
28r -l 5
509 0 5
200 -8 6
224 -7 6
12-65

r92 -s 6

l6
l6
l6
16
l5
l6
l6
l6
16
l6
l6

-? t I
-6 11
-3 ¡l
-2 rl
-l 1t
0 ll

-f,:.2
-2 

'.2-1 t2
0 12

-¡ l3
0 L3

-t l{
0 la
20
30
40
50
60't0
g0

-9 1

-?l
-6 t
-5 I
-{l
-3 I
-2L
OI

-10 2
-42

5 16
5 16
5 16
5 15
5 16
6 16
6 16
6 16
6 16
6 16
6 16
6 16
? t6
? l5
1 t6
7 t6
7 t6
I t6
I 16
I 16
I 16
I t6
I 16
9 16
9 16
9 16
9 16
9 16
9 16
9 16

10 r6

-r I ¡6
0 I 16

-Il 2 L6
-10 2 t6
-9 216
-8 2 t6
-1 2 L6
-6 2 t6
-3 216
-2 216
-1 2 16
o 2 t5

-11 3 ).6
-9 I 16
-8 3 16
-1 3 t6
-6 3 16
-5 3 t6
-4 f, 16
-3 3 16
-2 3 t6
-l 3 16
o 3 16

-10 ,¡ 16
-9 4 16
-8 { 16
-6 4 16
-5 ¡¡ 1.6
-3 4 t6
-2 4 16
-l 4 16
0 4 16

-5 10 ls
-4 I0 15
-3 t0 15
-2 l0 15
-l I0 ls
0 10 15

-6 lt ls
-5 tl t5
-,t tl l5
-2 ¡1 15
-1 1l l5
-5 12 1s
-3 12 15
-1 12 l5
0 12 ).5

-1 l3 15
0 0 16
1 0 16
2 0 16
3 0 t6
5 0 t5
6 0 16
7 0 16
I 0 16
9 0 t6

10 0 16
ll 0 L6
ll I 16
1.0 1 16
-9 I 16
-8 t 16
-? I t6

6
6

7
1

l7
17

T7
l?
17
1.7

17
L7
l?
1?
1?
L7

1?
l7
17
t?
1.7
l?

I t6
I 16
I 16

317 305
585 559
87'l 803

5 76 290 273
5 16 409 39?
s 16 118 116

0 16 338
0 ¡6 248
0 16 260

354
257
256

217
2L1
2 L'l
217

388
234
435
25s

384
241
418
268

568
222
399
323

565
242
38?
313

IO

-3
-2

-9
-8
-5

617
6 l'7
7 t-l
7 t'l

-2
0

-'l
-6

-5
-4
-3

-2
-1

0
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Table 1.5 (contì-nued)

OBSERVUD ND CÆÆUhTED STRUCTURE FÀCTORS FOR CPRU(PPH3)2{C(OÆ)CH3] 4,/II2
H K L1OFOIOFC H K L1OFOÌOFC H K LIOFO1CFC H K L1OFO1OFC

PAGE 1?

H K L1OFO1OFC
4 05
33 S

t 64
4 9{
159
262
2't3
499
259
183
155
1t2
4 0,1

261
240
1,16
,l 61
12L
630
112
320
406
319
202
112
557
51.0
335
309
1?8
208
671
3 8?
166
506
663

2't 2
158
135
5 ?3
262
266
130
492
215
455
265
t 05
t 95
365
370
259
410
326
20t
341
1?3
353
zo6
359
375
r42
t 9?
413

?I8
226
36?
tll
109
26A
101

283

1{9
607
264
26'l
166
4'19
256
414
216

70
l9?
3?5
368
242
4 04
3{3
220
342
193
36{
215
3 6?
366

t92
3 95
4 68
't 29

361

16

98

696
512

!24
136
118
566
193
533
315
26'l
239
224
452
455
I61
3 0{
L26
249
425
31t
251
231
29't
321
324
212
301
290
222
266
¡.8 5
224
359
271
2A7

708
5 65
255
184
162
1I2
589
1.9 9
s00
372
249
253
231
4't 1
4 6s
1s1
r43
130
256
{56
30r
211
243
302
333
332
261
322
291
256
211

r 95
358
269
305

426
3L3
209
2S't
218
3 98
29'l
265
386
342

40t
44A
308
342
139
358
22â
285
143
415
187
r16
343
240
35f
308
433
268
229
465
213
269
25A
2 8.1

t92

42A
306
2 03

193
3?1
312
271
364
353
285
408
445
294
33s
l't2
3?8
234
302
L62
395
ì.7 3

91
33 5
242
349
319
426

244
4 69
284
266
249
305
188

-3 6 t9
-2 619
0 6 19

-1 719
-6 ? 19
-5 ? 19
-4 1 L9
-3 7 19
-2 1L9
-l ? 19
0 ? 19

-5 I 19
-4 I 19
-3 I 19
-2 I 19
-6 9 19
-5 9 19
-4 9 19
-3 9 19
-t 9 t9
-4 10 ).9
0 r0 19

-{ 1l r9
-3 11 19
-1 tl 19
0 12 19
0 020
2 020
3 0 20
I 0 20
6 020
8 0 20

-9 I 20
-1 t20
-5 I 20
-4 I 20

-5 1 19
-3 1 19
-2 119
-l 1 19
-8 2 19
-1 2L9
-6 2t9
-5 2 19
-4 2t9
-3 219
-2 219
-? 3 19
-6 3 19
-5 3 t9
-3 3 19
-2 3t9
-l f t9
-9 4 19
--, 1 19
-6 { 19
-,1 4 19
-3 .t 19
-2 I 19
-l ,t 19
-7 5 19
-5 5 19
-4 5 19
-3 s :.9
-2 5 19
-t 5 19
0 5 19

-s 6 19
-? 6 19
-6 6 19
-5 6 19
-4 5 19

-9 6 lS
-3 6 18
-2 6Ie
-1 6 18
0 6 18

-8 ? 18
-{ I 18
-2 ?13
-1 't 18
0 ? l8

-1 6 I8
-5 I l8
-1 I 18
-3 I 18
-1 I l8
-5 9 l8
-2 9 18
0 9 r8

-5 10 t8
-3 10 18
-2 10 l8
-l 10 18
0 10 l8

-2 11 18
0 tt t8

-3 12 l8
-2 t2 l8
-1 12 l8
2 019
{ 0 19
5 0 19
6 0 19
9 0 19

-9 I 19
-1 I 19
-6 I 19

-5 7 L? 422 434 -10 1 18 4lO
-3 ? 1? 711 ?25 -8 1 18 326
-1 ? 1? 30? 303 --t I 18 L22
-6 8 I? 428 420 -6 I l8 4?9
-5 I 17 153 l?s -5 I 10 lr,t
-4 I 11 801 825 _4 1 l8 245
-3 I 1? 1?5 1?5 -3 I 1S 2Sl
-2 A L1 255 231 -2 I 18 505
-7 9 L1 166 160 _1 I ls 245
-6 9 1? 27), 260 0 1 18 202
-5 9 1? 566 569 -IO 2 te 151
-3 9 ¡.7 5?1 5?6 -9 2 18 418
-2 9 1? 118 't4 -? 2 l8 409
-? 10 17 263 2sS -6 2 i.8 260
-6 10 17 243 246 -s 2 18 241
-{ l0 1-, 412 416 -4 2 L8 122
-2 10 l? 2't4 269 -3 2 l8 4?6
-1 l0 t? 165 lSl -2 2 l8 ,¡33
-5 lt r7 355 3s4 -1 2 10 611
-,t tl t7 181 18 8 o 2 l8 L24-3 ll 1? 288 f05 -10 3 t8 327
-2 l1 1? 2t8 233 -8 3 t8 3980 11 1? f8,¡ 386 -6 3 18 333
-5 12 l? 246 2t1 -4 t 16 229
-t 12 t7 1.32 116 _2 3 1S {50
-l 12 l? 221 231 -I 3 1S 580
-l 12 l? 232 251 o 3 18 {5,¡
-1 13 17 138 t46 -9 4 18 3580 13 17 1S8 203 -? { t8 2910 0 l8 t52 1I-? -3 4 I8 1901 0 l8 559 608 -2 ,t ls 2tL3 0 t8 361 393 -1 ,t 10 6805 0 18 4?3 4?7 -A 5 18 3926 0 l8 185 t91 -5 5 l8 t{5? 0 18 33r 325 -2 s 18 4619 0t8 479 175 o 51S 6S{

oBSERVED ND CAIÆUtÀtsD SÎRUCTURE pÀClORS FOR CPRU(ppH3)2tc(onulcH3) 4/1r2 PÀGE I8

H K L1OFO1OFC H K LÌOFO1OFC
H K LIOFOTOFC H K L].OFO1OFC

20

20
20

20
20
20

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

20

lt?
176
666
342
264
162
426
293
411
291
289
t85
222
180

469
182
326
189

396
495
335
255
144
153
2s5
234
399
393
31. 6

3t6
l5s
6s 9
296
290
166
432
290
,¡ 17
304
301
201
216
209
259
509
166

206
356
399
s2 0

265
t51
196
264
254
432
419
32't

t ¡17

251
¡¡ l7
3t9
t ?5
l't1
¡33
l-t 8
171
3?0
5,t I
166
244
211
21t
3S3
225
I ?3
236
305
28I
2t9
149
204
318
185
201
236
130
56{
200

118
219
{33
390
186
t76
130
199
112
382
601
!6{
241
259
261
383
208
l7l
254
329
26ø
203
L22
202
333
211
209
247
123
560
215

291
r68
294
134
rl0
213
335
2LO
ls0
260
326
375
225
2SO
147
157
{,t 6
220
296
215
542
241
27r
310
270
12A
3 41.

197
223
113

285
I5?
299
123
lt?
2't 1

3 3,¡
2t5
¡.81
2 83
332
3 90
23't
28¡l
r61

9¿¡
375
171
264
232
{59
196
19¡¡
294
227
424
3¡¡ I
r82
206

61

525
198
t20
219
232
182
t12
556
167
308
65 5
128
185
4't 9
I60
390
327
324
368
400
't 2I
53 r
63I
2r2
585
355
315
l2L
111
t34

5t0
124
108
292
201
192
2lJ
53t
154
29â
63'l

96
199
408
r57
385
305
3l't
362
302
514
402
498
r48
402
255

265
252
236

-l 322
0 322

-2 422
-L 422
o 422

-3 522
-1 5 22
-6 622
-2 622
o 622

-5 122
-¡l 'l 22
-t 122
-{ 822
-2 922
0 822

-3 922
-L 922
2 023
3 0 23
4 023
5 023
6 023

-5 t23
-3 L23
-2 123
-5 323
-2 323
-2 523

-1 62I
-6 62t
-5 621
-,t 6 2l
-2 621
-1 62L
-,f 121
-3 721
-2 721
-5 62L
-3 I 2I
-{ 921
0 9 21

-3 t0 2l
o o22
L 022
2 022
3 022
6 022

-1 t22
-1 t22
-6 222
-1 222
-2 222
-! 222
0 222

-7 322
-4 322
-3 322
-2 322

H t( L loFO loFC

s 0 21 622 601
-8 I 2t 163 151
-? 1 2t 213 206
-6 ì 21 3¡û3 362
-5 I 21 263 256
-,t I 21 5 8l 61?
-2 | 2t 2't1 2950 I 2l L19 t21
-8 2 2t 230 2{3
-7 2 2L 223 231
-s 2 21 597 580
-4 2 2L 3t3 tl8
-3 2 2t 39? 395
-2 2 2t t8{ t?30 2 2t t55 ,t¡t{
-'t 3 2t 262 259
-6 J 21 329 31?
-s f 21 101 l0o
-4 3 2! 390 3?l
-2 3 2t 112 459
-8 ,¡ 21 204 186
-7 4 2t 266 262
-6 { 21 181 156
-5 ¡¡ 21 385 3? 9
-4 4 2t 130 104
-3 4 21 30{ 29S
-2 4 2t L38 15?
-l 4 21 26]^ 268
-6 5 21 394 389
-4 5 2t 239 206
-2 5 2L 335 3{3

-6 620
-2 620
-1 620
o 620

-'t 't 20
-6 't 20
-5 't 20
-¡ 120
-3 720
-t 't 20
0 1 20

-5 S 20
-,1 I 20
-3 I 20
-2 8 20
-1 s 20
0 8 20

-5 920
-3 920
-2 920
-l 920
0 920

-¡l 10 20
-3 10 20
-2 10 20
-1 t0 20
0 l0 20

-1 11 20
I 021
3 0 21
4 02t

I
1

I
I
2
2
2
2
2
3
3
3
3
3
3
3
3
4

4
4

4

4

5
5
5
5
5
5
5
5
6

-3

-1
0

-6
-3
-2
-t

0
-9
-8
-5
-4
-3
-2
-l

0

-8
-4

-l
0

-8
-1
-6
-4
-3
-2
-1

0
-'l
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APPENDÏX 2. Supplementary data for Au2Fe2 r--

(u,*-r'ì2-czph) (cO) z (pph:) s (39) (Chapter 4) .

Tabl-e 2.L tr'ractional atomic coordinates and
thermal parameters for non-hydrogen
atoms

Table 2.2 Positional and thermal parameters for
hydrogen atoms

Tabl-e 2.3 Interatomic distances

Table 2 - 4 Interatomic angles

Table 2.5 Observed and calculated structure
factors



tom

(1)
\¿)
(1a)
(1b )
(2a)
(2b')
(1)
(1a )
(1b )

(1)
(1a)
(1b)
(2)
(2al
(2b)

2238s (rol
121o (7O)
2s908 (5 )

16966 (9)
11376 (6)

7'7 93 (2\
24600 (-)
2Bse3 (o)
19637 (9)
r2'tr (3)

1 681 (s4 )

sss (s3)
1904 (3 )

2272 (s3ì,
1737 (60)

3113 (s)
-s32 (s)
2282 (51

37 33 (22)
4s40 (16)

4e8 (18)
-1(17)

23't t (r1 |
'ts9 (22)
429 120)

r.s69 (23)
r2'1 6 (23)
2149 (24)
231s (17)
321s (19)
4013 (17)
1096 (18)
431(18)

-1012 (10)
-2068 (10)
-2'162 (r0)

64626 (3'
66169 (3)
64282 (6',)

64341 (2)
664r1. (21
66452 (6',)

71966 (3)
7199s (4)
11920 (A',,

7B0s (1)
783s (3s)
7751 (3s)

816s (1)
813s (36)
810s (s1)

6Bos (2)
604s (2)
s9ss (2)

71s6 (10)
't r82 (1 \
7401(9)
?139 (8)
7816 (8)

8358 (11)
8742 (10)
8770 (13)
92r6 (L2)
8181 (13)

8242 (el
e244 (Iol
8323 (B)
1 496 (e)
7883 (8)
8481(s)
Bs7 6 (s)
8176 (s)

29031 (6)
38390 (7)
2311s (s)
320e1 (3)
3320s (o)
416'14 (3)
38300 (-)
33520 (8)
4732't (3')
2s26 (21

23r9 (4sl
3235 (46\)

4106 (2)
36ss (4e)
42e8 (5s)
48s1(3)
39?3 (3)
19s7 (3)

34es (1s)
3299 (r2',)
2337 (13)
1961(12)
2sr4 (1,21

2ss1 (16)
2292 (rsl
4003 (18)
3946 (1?)
s060 (18)
s638 (13)
3e44 (14)
382t (t2)
3896 (11)
3812 (10)

3Bs2 (8)
3871 (8)
38Bs (B)

41 6 (6)
438 (s)

ILe (26)
r]-e (26)-
119 (26)
rL9 (26)

388 (s)
1r.9 (26)
IIe (26)

s2 (21
12 (3')
12 (3)
62 (2)
12 (3)
12 (3)
4s (3)
44 (31
61(3)
62 (6)
12 (41

46 (4',)

7 7 (4',)

49 (4)
51(s)

10s (s)
?s (s)

123 (s)
76 (s)
86 (s)
s0 (s)
13 (4',)

s7 (6)
63 ( 6)
73 (s)
B4 (s)
68 (s)

3s2 (s)
403 (s)

331(s)
363 (s)

x u (r1) u (221 u (33) u (23) u (13) u (12)

u

r
r
r

-s6 (4)
1s (4)

-38 (s)
-28 (s)

3e (4)
-64 (Al

l-d

XO
P
OX

P
Hlo
Fl

Fl
9rtt
F
o

:"
F

290 (s) 282 (s) s(4) -66(4) 11(4)

3s (2) 34 (2) 6 (1) -6(21 s (1)

HtÞoÉFl
BHohc

Fl ,ã fJ
PJ PJ

^55cro, P' P.Þol-d 
'A 5opr

-.H!
o

XÞPJtct
H!too<

oQ:P.I'l oHì OO(QHO(.1
50l-i oOPJB

Br-f9,0roP.P.BÞ
5n0rt'fp tu(QOJM

JþOX
rltF:roo
Prz
ñPJl-iìoPoaFioõ5pÞ

,) !
PJ PJ8fr*tsfrñoo

HPJu))
o,

32 (21 42 (2) -6 (2) -4 (2) -3 (21

I

1

2
2

1

1

2

2
?

4

4

J

q

6

6
't
'7

I
9

41(3)
32 (3)
36 (3)
s0 (6)

36 (3)
4s (3)
33 (3)
s2 (6)

3 (2)
2 (31

-8 (2t
-s (6)

-7 (3)
-2 (3)
-s (3)

-2o (61

2

?

6

6

1

4

I
UJ
H
È

34 (6)
38 (6)

33 (6)
11(s)

-33 ( 6)
-e (6)

I (6)
-7 (6)

4 6

5
10)
11)

(r2l



I

I

I

J."*
J,',,
( rral
$ trs¡
9lre I
( trrl
( tre¡
q(1e)
d rzol
dlzr¡
dtzzl
d tzsl
dtz¿l
d tzsl
dlzel
4 tzzl
d tzs¡
d rzsl
( t:ol
d l¡u
d rszl
d r¡¡l
dt:al
( lssl
d l:sl
d t:'t ¡
( tsel
d rsgl
( raol
q (41)
q(42)
( tas¡
4 (44¡
d rasl
( laol
q (4?)
d taal

l

l

I

l

I

X v u (11) ÍJ (22) u (33) u(23) u(13) u(12)

Êp
tt
P
o
N)

F

o
o
ct
ts-

o
Þ

-2401 (10)
-1346 (10)
-5s1 (10)
3190 (e)
21 6L (9\
1699 (9)
1068 (9)
1497 (9)
2ss8 (9)
s238 (11)
621 5 (rr)
6s74 (11 )

s836 (11)
4800 (11)
4501 (11)
3703 (r-1)
3739 (11 )

3183 (11 )

2s92 (rr)
2ss6 (11)
3112 (11 )

-1830 (10)
-2786 (10)
-3709 (10)
-36?8 (10)
-2723 (r0l
-1-799 (10)
-914 (r.r.)

-1048 (11 )

-981 (11 )

-?78 (11)
-644 (1r-)
-712 (11)

763 (10)
992 (10)
190 (10)

7 682 (sl
7s88 (s)
7988 (s)
6940 (s)
7037 (s)
?137 (s)
7139 (s)
7041(s)
6941(s)
6s62 (s)
6696 (s)
7199 (s)
7s69 (s)
743s (s)
6932 (s)
sB87 (s)
s364 (s)
s077 (s)
s314 (s)
s83B (s)
6124 (s',)
6424 (sl
6s2s (s)
6418 (s)
6208 (5)
610? (s)
621s (s)
63e3 (s)
63s6 (s)
sB89 (s)
s4s9 (s)
s4es (s)
s963 (s)
5272 (s)
4786 (s)
4442 (5)

3879(8)
3860 (8)
3847 (8)
6300 (7)
6918 (7)
6891(7)
6241 (1)
s630 (7)
s6s6 (7)
s3s7 (8)
ssss (8)
ss44 (8)
s33s (8)
s137 (B)
s149 (8)
4328 ('7 )
4300 (7)
413s ('7 )
s198 (?)
5227 ('tl
4't 92 (1',,

28s3 (8)
24s8 (8)
27 3r (81

3400 ( 8)
379s (8)
3s22 (81

s2s0 (8)
s9sB (8)
6291 (8)
s916 (8)
5207 (8)
4874 (8)
3636 (7)
3431(7)
32s3 (?)

?0 (s)
49 (4)
41(4)
ss (s)
84 (s)
68 (5)
?9 (s)
67 (s)
4s (4)
74 (s)
7e (s)
77 (s)
86 (s)
sB (s)
s2 (s)
s7 (s)
7e (s)

10s ( 6)
116 (6)

60 (s)
47 (41
58 (5)
74 (s)
81(s)
8e (6)
65 (s)
4s (4)
88(6)
83 (s)
82 (s)
e8 (6)
't 2 (sl
42 (41

s4 (s)
80 (s)
e2 (6',)

(¡J
F
LN



tom X v z u(11) fJ(22) u(33) u(23) u(13) u(12) F]
PJtt
F
o
NJ

H

o
o
rt
P.

o
g

(4e)
(s0)
(s1)
(s2l
(s3)
(s4)
(ss )
(s 6)
(s7 )

(s8)
(s e)
(60)
(61)
(62)
(63)
(64)
(6s)
(66)
(67)
(68)
(6e)
(108)
(100)
( 101)

-841 (10)
-1070 (10)
-268 (10)

129 (11)
-804 (11)
-'7 92 (r1l

1s4 (11)
1088 (11)
107s (11)
3226 (r2l
3926 (r2l
4626 (r2l
4626 (r2l
3926 (r2l
3226 (r2l
3618 (11)
3902 (11)
3204 (11)
2222 (rr)
1939 (11)
2631 (r1l
6362 (281
632s (4s)
6608 (25)

4584 (5 )

s070 (s )

s414 (s)
s928 (s)
s923 (s)
s913 (s)
s909 (s)
s91s (s)
5924 (sl
6716 (6)
6e33 (6)
5631 (6)
6112 (6)
s894 (6)
6196 (6)
s183 (6)
4682 (6\
4299 (6)
4416 (6)
4918 (6)
s301 (6)
4892 (r6l
4e11 (23)
5128 (14)

3280 ('7',)

348s (7)
3664 (?)
1646(?)
1197 (7)

47r (1)
1e4 (7)
643 (7)

1369 (7)
1344 (9)

e36 (e)
630 (9)
'132 (9\

i140 (9)
1446 (9)
246't (8)
2s89 (8)
236s (8)
2019 (8)
1897 (8)
212r (81

46s (2rl
1201(19)
1862 (18)

74 (s)
78 (s)
46 (41
66 (s)
81(s)
e2 (61
8e (6)
68 (s)
47 (4\
81(s)

r_06 (6)
89 (6)
ee (6)
8s (s)
s2 (s)
8s (s)
e4 (6)

103 (6)
66 (s)
s8 (s)
s6 (s)

11 2 (61
236 (6)

e0 (6)

(¡-)

ts
Or

t'Jhere the anisotropic ther¡na.l- paraÍreter is given by the folJ-owing expression:
T"¡1s¿æ><pl-2tt2 (h2a*2ur1 + k2þ*gr.. + :-2c*rU:s + 2hka*b*U'2

+ 2hl_a*c*Urs * 2k1b*c*Uz:)1.
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Table 2.2. Positional (X 104) and thermal parameters
(x l-03) for hyd.rogen atoms.

Atom v u (11)

117 ( 6)H (10)
H (11)
H (1_2)

H (13)
H (14)
H (16)
H(17)
H(18)
H (19)
H (20)
H (22)
H (23)
H (24)
H(25)
H (26t
H (28)
H (29'.)
H (30)
H (31)
H(32)
H (34)
H (3s)
H (36)
H (37)
H(38)
H (40)
H (41)
H (421
H (43)
H(44)
H(46)
H (47)
H (48)
H (49)
H (s0)
H (52)

-s30 (10 )

-2319 (10)
-3496 (10)
-2884 (10)
-109s (10)

3928 (9)
3200 (9)
1401(9)
330 (9)

10s8 ( 9)
5030 (11)
6787 (11)
7294 (r\
6044 (11)
428'7 (rt)
4090 (11)
4151(11)
3208 (11)
2205 (7r)
2144 (tL',)

-1188 (10)
-2807 (10)
-4373 (10)
-4320 (10)
-2701 (10)
-961(11)

-1189 (11)
-1074 (11)
-?31 (11)
-s03 ( 11)
1320 (10)
1708 (10)

349 (10)
-1398 (10)
-1786 (10)

121 ( 1t_ )

87s9 (s)
8919 (s)
8242 (5)
7404 (s)
724s (s)
6870 (s)
7036 (s)
7204(5)
't208 (5,)
'7 0 42 (51
6212 (s)
6438 (s)
'7292 (s)
?919 (s)
7 692 (s)
6086 (s)
s199 (s)
4713 (5)
s115 (s)
6002 (s)
6499 (s)
6671(s)
6488 (s)
6133 (s)
5961 (s)
6?18 (5)
66s6 (s)
5864 (s)
5134 (s)
s196 (s)
s512 (5)
468? (5)
4104 (5)
4344 (5)
5169 (s)
s93s (s)

3842 (B)
3874 (8)
3898 (8)
3889 (8)
38s7 (8)
6319 (?)
1366 ('7 )

732]-(7)
6229 ('1)
s182 ('7 )

s36s (8)
s700 (8)
s681(8)
s327 (8)
4992 (8)
4026 ('r )

39'17 ('t',)
47]-5 (7 )

ss01 (7)
5s49 (7)
2653 (8)
1992 (8)
24s6 (8)
3s90 (8)
4260 (8\
s018 (8)
62),9 (8)
6783 (8)
6147 (8)
4946 (8)
3760 (7)
34]-2 (7',)

3110 (7)
31s6 (7 )

3s04 (7)
21s0 (? )

117 ( 6)
117 (6)
11?(6)
117 (6)
117 (6)
117 (6)
117 (6)
11? (6)
r.17 ( 6)
11? (6)
117 (6)
11? (6)
117 (6)
117 (6)
11? (6)
117 (6)
11? (6)
117 ( 6)
117 (6)
117 (6)
117 (6)
117 ( 6)
11? (6)
117 (6)
LL1 (6)
11? (6)
117 (6)
1r.7 ( 6)
11? (6)
117 (6)
117 ( 6)
117 (6)
117 (6)
11? (6)
11? ( 6)
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TabIe 2-2 (continued)

Atom v

H (52)
H (s3)
H (s4)
H (s5)
H (56)
H(s8)
H (59)
H(60)
H(61)
H (62)
H(64)
H(6s)
H(66)
H(67)
H(68)

12L (L7)
-1,462 (rrl
-1441 (11)

163 (11-)
1?45 (11)
2739 (r2l
392s (r2)
5ar2 Q2)
s113 (12)
3926 (]-21
4104 (11)
4s84 (11)
340r- (11)
1737 (11)
1256 (11)

s93s (s)
s926 (s')
s909 (s)
s902 (s)
s912 (s)
6926 (6)
1294 (6)
6182 (6)
s902 (6)
ss33 (6)
5450 (6)
4600 (6)
39s0 (6)
41s0 (6)
4999 (6)

2L50 (7',)

1389 (7)
1s9 (7)

-311 (7 )

451(7)
1s57 (9)

86s (9)
346 (9)
s19 (9)

1211(9)
2622 (8)
2829 (B)
24s0 (8)
1864 (8)
16s7 (8)

u(11)

117(6)
117 ( 6)
117 ( 6)
117 (6)
117 (6)
117 (6)
117 ( 6)
7r7 (6')
117 ( 6)
117 (6)
117 (6)
11? (6)
117 ( 6)
11? (6)
11? ( 6)
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Table 2.3. Interatomic distances (A)

Au (2)
P (3)
Au(1)
P (2',)

Au (1)
Fe(1)
Ir (1)
c (2)
c (4 )

Fe (1)
c (6)
c(B)
c (27)
c (33)
c (3e)
c (s1)
c (s7)
c (6e)
Ir(1)
c(1)
o (2)
Fe (1)
c(3)
o (4 )

Fe (2)
c(s)
o (6)
Fe (2)
c(7)
Ir (1)
Fe(2)
Fe (1)
c (8)
c (e)
P (1)
P 12\
P (2t
P (3)
c (100)
c (101)

Au (1)
Au (1)
Au (2)
Au (2)
Ir ('1 )
Ir (1)
Fe (1)
Fe (1)
Fe (1)
Fe {2)
Fe (2)
Fe (2)

Ir (1)
c (1)
Ir (1)
c (8)
Àu (2)
Fe (2)
Fe (2)
c (3)
Ir (1)
c (s)
c(7)
Ir (1)
c(21)
Au (2)
c(4s)
Au (1)
c(63)
Au (1)
o (1)
Fe (1)
c(2)
o (3)
Fe (1)
c (4)
o (s)
Fe (2)
c (6)
o (7)
Àu (2)
Fe (1)
c (e)
Fe(2)
c (1s)

o (108)
c (100)

--- Au (

--- Au (

--- Au (

--- Au (

2.633 (1)
2 .870 (2s)
2 -126 (7)
2.381 (22)
2.126 (rl
2 -1 44 (41
2. s01 (s)
1. -1!3 (2s)
2.1 44 (41
r .612 (341
r .111 (24 |
2-281 (61

1.849 (16)
2.269 (6)
1.787 (16)
2.269 (6)
1-778(17)
2 .81O (2s)
1. 1s6 (31)
r.716 (2s)
1.14s(30)
1.209 (30)

P

P

P

P

P

P
L

o
c

o
c
c
o
U

c
U

c

c
c
c
c
o

1)
1)
2)
2l
3)
3)
1)
1)
z)

(2't I
(3e )

(s1)
(63 )
(108)
(100)

c (21)
c (33)
c (4s)
c (s7)
c (6e)
c (100)
c(101)

3)
3)
4)
s)
s)
6)
1')
't ')

8)
8)
e)
e)
1s)

2.84'7 (r)
2 -269 (6',)

2-841 (r)
2.26e (61
2.633 (1)
2 .'7 Oe (3)
2 .109 (31

r -116 (2s)
1.7ss (30)
2.s01 (s)
1 .819 (3s)
2 -O19 (23Ì.
1.819 (1s)
1.816 (15)
1. B1s (1s)
1.826 (1s)
1.813 (16)
1-818 (17)
1 .847 (30)
1.1s6 (31)
1 .145 (30)
1.713 (2s)
1 .209 (30)
1 .1 69 (3s)
r - 612 (341
r.248 (401
1.116 (36)
r.'177 (24l-
1.109 (28)
r .95't (23)
2 -O79 (231
2.r4r (221
1 .340 (31)
1.43e (28)
1-849(16)
1 .81s (1s)
1.826 (1s)
1 .778 (17)
1 .43s (r.9)
1.s30(19)

rr (

rr (

Fe(
Fe(
Fe(
Fe(
Fe(
P(1
P (1
P(2
P(2
P(3
P (3
c(1
c(1
c(2
o(2
c(3
c (4
o'( 4

c(s
c(6
o(6
(.(/
c(8
c(8
c(8
c(e
c (9

1

1

2
2

1

1

1

1

2
2
2

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

1.7ss (30)
1.169(3s)
7.248 (40)
1.819(35)
1.116(36)
1.109(28)
2.381 (221
2.014(23)
1.340 (31 )

2 .063 (23)
r.439 (28)
1.819 (1s)
1.816 (1s)
1-787 (16)
1. 813 (16 )

1.818(17)
1.43s(19)
1. s30 (19)

P (1
P (1
P(2
P(3
P(3
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o
Tabl-e 2.4. Interatomlc angles ( )

Ir (1)
P (3)
c (1)
Ir (1)
P (21

c (8)
Au (2
Fe (1
Fe (2
Fe (2
c (2)
c (3)
c(4)
c (4)

- Au (1)
- Au (1)
- Au (1)
- Àu(2)
- Au (2)
- Au (2)
- Ir (1)
- Ir(1)
- Ir(1)
- Fe (1)
- Fe (1)
- Fe (1)
- Fe(1)
- Fe (1)

- c(2't)
- c (33)
- c (se)
- c (4s)
- c (s1)
- c(s7)

- Au (2)
- Ir(1)
- Ir (1)
- Au (1)
- Ir (1)
- Ir(1)
- Au (1)
- Au (2)
- Au (2)
- Ir (1)
- Fe (2)
- Fe(2)
- Ir (1)
- c(21
- Ir(1)
- Fe (1)
- Fe (1)
- Ir (1)
- c(s)
- Ir(1)
- c(s)
- c(7)
- Ir (1)
- rr (1)
- c (27)
- Àu (2)
- Àu (2)
- c (4s)
- Àu (1)
- Àu (1)
- c (63)
- Au (1)
- Fe (1)
- Fe (1)
- Fe (2)
- Au (2)
- Ir(1)
- Ir (1)
- Au (2)
- Fe (1)
- Fe (1)
- Fe (2)
- Fe (2)
- c (e)
- P (1)
- P (1)
- P(1)
- P(2)
- P(2t
- P(2)
- P(3)

c (8)
Fe(1)
Fe (2)
Fe (2)

- Au(1
- Àu (1
- Au(1
- Au(2
- Àu(2
- Au(2
- Ir(1
- Ir(1
- f r (1

- Fe (1
- Fe(1
- Fe(1
- Fe (1
- Fe (1
- Fe(2
- Fe(2
- Fe(2
- Fe(2
- Fe(2
- Fe (2)
- Fe (2)

(8)
(8)

- Au (2)
- Au (2)
- P (3)
- Àu (1)
- Au (1)
- P(2)
- Au (1)
- Au (1)
- Fe (1)
- Ir (1)
- Ir (1)
- c(21
- Fe (2)
- c(3)
- Ir(1)
- Ir(1)
- c(s)
- Fe(1)
- c (6)
- Fe (1)
- c(6)
- Ir (1)
- c (2r)
- c (27)
- Au (2)
- c (39)
- c (39)
- Àu (1)
- c (s7)
- c(s7)
- Au (1)
- Ir(1)
- Fe (1)
- Fe (2)
- Fe(2)
- Àu (2)
- Au (2)
- Fe (1)
- lr(1)
- Fe (2)
- Fe (1)
- Fe (1)
- c (8)
- c(e)
- P (1)
- P (1)
- P (1)
- P(2)
- P(21
- P (2',)

107.1

^?d154. 6

IO2 -3
758 .2

95 .1
62.O

IO2 .7
156.5
18-4
96. 1

45.3
133. 1

I22.5
115. 0
113. B

IOI.2
111.9
TT4 .4
104. B

108.3
117.5
105.3

t44.
54.

106.
82-
98.
96-
qq

162 -

101.
96-
95.
o?

52-
103.
119.
100.
104.
113 .

105 .
105.
rl4.

59.5
166.0

?q q

56.3
170.0

44-4
64 -1,
86.5

2

6

P(3
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Tabfe 2 - 5 Obser-ved and calcul_ated structure factors

OBS:R\:'' ¿JD CArcUUTED STRUCTURE FÀCTORS FOR tIRFE2(CO)?PPH3ÀU2(PPB3)2C2PH]
K L1CFO1OFC H K I,1OFO1OFC H ¡( L1OFOIOFC H K L1OFOIOFC
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5-20 1152 12t1
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OASERIED À\D CATUUTED SÎRUCTURE FACTOR5 FOR IIRFE2(CO'?PPH3AU2(PPHJ)2C2PHI
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TabIe 2.5 (continued)

OBSERVED ND CÀLCUNTED STRUCTURE FACÎORS FOR I IRFE2 (CO) ?PPH3AU2 (PPH3 ) 2C2PH]
H K L1OFO1OFC H K LTOFOIOFC H K L1OFO1OFC H K L1OFO1OFC

PÀGE 3

H K L1OFO1OFC
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3-11 I16'Ì 1312
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4-t4 2613 2636
4-).4 1069 1o8oj-14 1908 1928
1-I4 1915 2036
5-11 1098 tO?3
5-I4 t287 !219
5-t4 1462 1559
5-14 1196 t5o6
5-t{ 1?82 tS19
5-14 600 589
5-t< 1608 1,589
5-r4 150s ts29
6-11 1.592 1683
6-14 1978 1883
6-t4 2335 2293
6-1{ 669 644
6-14 1938 1952
6-I4 2136 2123
6-t4 t36? l38o
6-t1 1033 9?9
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1-I1 2991 2591
1-t1 8?3 936
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0 8-14 695 129
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-5 9-t4 1055 1to7
-3 9-14 2140 2193
-l 9-I4 2550 2568
1 9-14 s56 599
3 9-I4 I9A1 2024
5 9-t4 665 ?0s
1 9-t4 932 836
9 9-I4 1214 1228

-4 10-14 1933 1999
-2 10-14 2020 2oI3
0 10-14 1594 1569
2 1.0-14 1068 1060
4 r0-14 2015 2oo9
6 t0-I4 1138 to3?

-3 1t-14 l4?4 148{
-1 11-14 925 8?4
1 11-I{ tt85 1231
3 11-t1 1939 19I1
5 rL-1{ 1?90 17{5
? 11-t4 1S1l 1.7s2
9 11-14 1254 rr54

-4 t2-1{ 1519 1558
-2 I2-I1 1444 t1o9
0 12-14 49't 6ì4
2 I2-I4 1925 1963
4 12-Ì4 1818 1?5?
I 12-11 lt32 10s8

-5 t3-14 4?8 566
-t l3-14 1429 13S8
1 13-14 962 936
3 13-14 1598 1505
5 I3-I1 2199 2152
1 73-I1 1289 t212

9 13-t{ 606 693
-2 74-t4 1148 1164
0 t4-t4 r?64 1834
2 I4-I4 2083 1981
4 t4-ti 1443 1450
6 14-14 rl.3o lt33
8 t4-14 tl81 1126

-1 15-ì4 I028 956
1 ls-14 1360 13s3
3 15-14 ?90 s57
5 t5-14 't25 6Aa
? 15-14 8?5 931

-4 16-14 999 962
-2 16-14 1111 1201
0 16-14 1836 1800
2 t6-t4 1161 1o?5
4 16-1{ I055 1122
6 l6-14 1159 1196
1 1?-14 1189 1159
3 t?-I4 It45 1o8t
5 1?-1{ 11t2 1046

-4 I8-t4 1610 1649
-2 I8-t4 7'to .111

0 t8-14 t962 r864
2 18-I4 1462 13f?
{ 18-14 539 516
6 18-14 1221 1189

-t t9-14 6?t 662
3 r9-14 715 ?09
5 19-14 12?3 t1?6

-2 20-r4 t309 1338
2 20-14 1241 rIS2
4 20-I4 1050 1057
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-5 t-I3 t4?5 1536
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1-13 3168 3205
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1-13 1120 I119
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1-13 1869 1849
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2-13 2318 2389
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2-73 618 182
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3-13 13?9 1s08
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4-L3 2764 2166
4-13 985 949
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OB5ERVED ND CÀITUIATED STRUCTURE FACTOR5 FOR (IRFE2(CO'?PPH]AU2(PPH]I2C2PHI
H X LICFOIOFC

ic-r3 212

HKL

3 t5-13
5 t5-13

9 15-tl
-4 ¡6-I3
-2 t6-t3
0 l6-I3
2 I6-13
I t6-13

-5 lt-13
-¡ 1?-1J
I l7-13
5 t?-13
7 t?-13

-2 l8-13

I 0FO

163 5
l05l
t537

993
1068

53 ?

¡045
131?

93 5
l?15
2060
1746
t2{5

144
0?0

I 0FC

1495
l?91
t18I

961
1051
519

l0?0
1302

912
1628
1921
1632
l20l

166
918

PÀGE 
'H X LTOFOIOFC II K LIOFOIOFC H K LIOFO1OFC

-1

2

6
I

1C
-1
-3

l
5

-6
-(
-2

2
1

6
I

t0
-l

I
3

1

-6
-2

0

4

6

0-:3
0-il

261
t€7
i32

0-tt 975 tOog
0-il 1129 1389

t-12 8s0 813
l-12 1205 1106
t-t2 2228 2281
1-12 1823 1815
l-t2 lt28 l4o9
t-t2 2206 2413
l-12 ¡4sl r413
2-t2 1350 l32l
2-12 2185 215t
2-12 t209 lt33
2-12 t383 lfgo
2-t2 J2â2 3J14
2-12 1160 ì814
2-).2 944 92.1
2-t2 1686 l6?4
2-t2 t02t 1034
2-12 lt43 ll3s
2-t2 9S6 849
3-t 2 919 981
3-12 2561 2546
3-12 1,t33 t1O1
3-12 t524 t422
3-12 3850 3850
3-12 3332 32?6
3-12 t?t5 l7s?
3-12 360't 3611
3-12 2't5t 2181
3-12 1244 lt95
4-12 t219 t29o
4-12 2299 2322
4-12 1688 t?43
4-12 106? 99S
4-L2 1195 1186

4-12 l{3,t 15lo
4-I2 10{4 101?
5-12 316 323
5-12 1749 l?3't
5-t2 l22t 1l?o
5-t2 l2l2 1 lao
s-12 166¡t t?19
5-).2 9?3 980
s-r2 1972 2024
5-12 122J Il0r
6-12 t620 ¡831
6-12 1{t! r166
6-12 t8 I 911
6-12 1385 1262
6-12 llf6 lI?5
6-12 t226 1226
6-12 1563 1591
6-12 1085 l0r9
6-r2 ll25 t0?3'7-12 t826 l8?2
r-t2 1016 r844
1-t2 199 756
1-12 2929 28oO
7-12 :.?!5 I?54
1-r2 932 9o.l
1-12 t24'' t259
8-I2 11?8 1133
8-12 1297 I19?
8-r2 tt38 1080
8-12 1660 l6?5
8-12 1035 1048
8-12 655 59?

I 9-12 986 9?6
f 9-12 2105 2142
1 9-12 90a 91 9
9 9-12 1293 l3t0

-8 l0-r2 l{¡6 l5{1
-6 10-I2 laa0 IaJf
-2 l0-12 1835 t ?{2
0 10-12 1825 l.??2
{ l0-r2 r3¡l 1255
6 10-12 l2!2 1233
I l0-12 1136 1089

-? lt-12 115{ I2t?
-5 l1-12 2061 20?o
-3 1:.-12 2545 25{3
-1 lr-12 ¡5t? t531
I tt-t2 1965 I9o5
3 ll-I2 1?85 t728
5 I t-¡2 l?8J ¡?8¿¡
? 11-t2 I6?2 tl16
9 tt-12 L26' L272

-8 t2-12 1260 ¡39r
-4 12-12 150¡¡ 16lg
-2 12-12 1697 l6{?
2 !2-12 L120 L14o
¿¡ I2-12 1646 I6o5
8 12-12 1300 I332

lo 12-L2 95? 951
-? 13-12 1685 lSOg
-5 13-12 13?8 ¡.856
-3 13-t2 1112 ll0?
-r 13-12 2249 2240
1 r3-12 1?44 1645

J12
540
013
tf3

-5
-l
-t
I
3

1
-8
-5
-4

0
2

6
8

t0
t2
-9
-1
-5
-3
-I

I
3
5
1

1ì
-10
-8
-6
-4
-2

6
I

-1
-5
-3

I
3

1

-8
-6
-4
-2

0
2
1
6
I

-9
-7

-1
I
3

-4
-2

0
2
4
6

l0-I3
1t-t3
rt-13

1r-:l

911
¡153
1870
1626
1688
¡296

91

39

55
T4

i2-:l 1209 12?9
ì2-:.3 :113 ll29
12-11 ll53 I?49
t2-13 189? 1810
l2-Il 923 891
l2-tl 2c16 202t
i2-tl 2030 1992
l2-11 ì122 llr5
:.2-13 l2l5 12of
:3-1.3 233? 2¡89
Ll-I3 9s0 982
t3-13 2211 2236
l3-It 2211 2119
l3-13 990 9€9
t.3-13 l0s? 1o5o
13-ì3 ¡520 146s
1{-13 1019 1o9t
11-t3 1?05 l5?9
11-13 l1?l 1428
l1-13 t668 1663
l.{-13 ì560 t54o

2855r:5-13 2615 2602

0 Ì8-13 823 s46
1 r8-13 l3¡9 t2o3
6 t8-13 tt?s tlTl

-3 I9-13 1189 1r)s
-1 l9-r3 1225 ¡2rs
I l9-t3 Ì674 I S9o
0 20-I3 1361 ¡341
2 20-1.3 801 194
4 20-13 745 l5o

-l 21-13 85S 826
-8 0-12 2404 2416
-6 0-12 29ot 2846
-2 0-I2 3262 7321
0 0-12 5263 552S
2 0-I2 2554 2124
4 0-t2 2815 2932
6 0-12 3996 405?
s 0-12 I24.t 12.t9

2 4-72 1117 t16.t4 4-I2 8'12 891
-3 9-12 3286 3196
-1 9-72 2026 I91o

0-12 1988 1808
l-12 t594 t5??

5 13-12 2378 2266
1 t3-I2 t989 7966

-6 t4-12 1102 l0?6
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Table 2 5 (continued)

OBSERVED ÀI{D CÀLCULÀTED SÎRUCTURE FÀCTORS FOR (IRFE2(CO}?PPH3ÀU2(PPH3)2C2PH]
H K ¡, 1OFO 1OFC

-4 14-12 1524 L190
-2 t4-t2 2121 2389
0 14-12 3034 2e3r
2 ).4-).2 2109 22A5
4 r4-L2 2066 t941
6 r4-r2 t524 I4I9
I 14-72 1636 7612

10 14-12 I2e4 1254
-5 1s-12 l0?9 1098
-I t5-12 1255 1168
1 15-12 t044 937
5 15-12 130? 1293

-6 \6,12 143.û 1510
-{ l6-I2 833 8oO
-2 15-12 2315 232.t
0 t6-t2 33?3 3213
2 l6-12 14s8 1,t41
{ 16-t2 1248 121€
6 !6-12 2211 2226
8 l6-12 88{ ?80

-s 1?-12 951 lors
-3 1?-1.2 1510 Ì4?5
-1 l?-12 13oO 1226
I 1?-t2 1116 to{5
3 11-12 699 6.t1
s t1-r2 !009 92't't 11-t2 993 1026

-6 l8-12 133.¿ 1.453
-1 l8-12 1314 1331
0 18-12 1604 1685
2 t8-I2 9l I 9os

-5 19-12 1131 1118
-1 I9-12 1238 I165
3 19-12 6s3 654
5 l9-12 1251 1254't t9-12 902 846

20-t2 ro99 ]^O42
20-12 r011 1081
20-72 848 ao6
21-12 1169 100?
22-12 tt97 LI59
22-72 1003 99.t
22-12 1006 980
1-11 118? 1203
1-11 3356 32??
1-11 2604 2586
t-11 1710 1553
1-11 {888 48?6
1-I1 4526 4559
1-r1 1239 I236
ì-11 2985 3088
t-l1 25{1 2531
1-11 1521 I38o
2-LI 2102 2LO3
2-It 2352 23't8
2-11 t6l6 1635
2-t1 2A68 2156
2-11 3840 3857
2-II 2436 2598
2-t7 2251 2249
2-11 3466 3520
2-11 1s62 t 516
2-11 1399 1343
3-lt r325 13?s
3-11 tI58 1204
3-r). t258 1223
3-11 834 836
3-1 Ì 612 643
3-11 1096 IO59
3-11 1442 l46s
3-11 806 86?
3-1t 56? 639

4-1r 10{5 I031
A-tr 2158 2242
4-I1 1180 11?9
4-Ir 2472 2333
4-1t 3032 298.1
4-7t 2066 2052
4-11 2333 2318
4-tI 2526 253?
4-11 t158 1221
4-11 734 ?55
4-11 111s 1o{s
5-rL 13,t8 1462
5-11 2?68 2688
5-11 13?9 l36s
5-11 1129 lo53
5-11 181.8 t?I9
5-1I 1?68 l66o
5-1t 1262 1306
5-11 19.06 19S9
5-11 ll14 1129
6-11 81? 969
6-1)- r240 1221
6-17 917 929
6-It 1247 7216
5-1 1 630 592
6-lt 892 s?6
6-11 1132 1123
6-tt tI13 1090
?-11 1345 135t
?-r1 1{43 I36o
7-11 1358 t3S9
?-I1 1524 14S?
?-I1 Ì883 1845
?-11 865 821
?-11 982 959
8-11 tl06 I033

-8 8-r1 1974 1996
-4 8-1t 2s06 23?1
-2 8-1I 2'116 2663
0 8-11 1596 15s6
2 g-It 2't99 27.t4
4 8-t1 1?04 1692
I 8-11 1870 1816

10 8-lr ?82 688
-7 9-11 1038 1026
-3 9-t1 1528 14{8
-1 9-11 1452 1394
| 9-7t t462 1422
5 9-11 1413 1403
7 9-tt 13?5 1322
9 9-11 10?0 lo83

-8 1.0-11 1668 1?14
-6 l0-11 1364 t264
-4 10-1t 3140 3092
-2 t0-rt 2'16a 26-t7
2 10-11 2193 2119
{ 10-1r 214t 21{6
I I0-rì 14?8 1469

10 1.0-11 981 988
-9 11-1.1 125t l2s6
-? lt-11 l't21 1654
-5 11-11 862 84I
-3 11-11 1544 t4.t1
-1 tt-11 1499 1334
I 11-11 10?0 1oo8
3 1.1-11 1301 tlss
5 lt-1t t095 1102
? 1l-ll I466 1498
9 11-l 1 1308 1.2?5

-8 12-tl t{93 1452
-6 12-11 26't6 2.t02
-4 t2-Lt 21,96 2201

-2 t2-tr 2431 2370
o 12-71 2ts4 2042
2 12-11 1594 1s2o
4 I2-tL 1710 t6-tL
6 12-1r 1596 160?
I 12-11 1346 1325

10 12-11 788 859
-5 13-11 919 1012
-3 13-11 2315 2310
-l l3-11 t213 t265
1 13-11 19?? 1853
3 13-11 1944 1891
5 13-11 1399 1356't t3-1t t240 1224
9 13-11 16ts 1609

-8 14-1I 1005 11I8
-6 L4-11 18?9 r918
-4 1,t-11 995 LO76
-2 14-11 1211 \247
0 14-11 2084 2060
2 1{-r1 665 't44
4 14-11 Lt20 1144
6 t4-11 2011 1938
I 14-11 687 ?09

-? 15-11 1565 1?40
-5 I5-I1 2I4A 2113
-3 ts-11 2036 2015
-1 15-11 341€ 3246
I I 5-I I 3032 294,Ê
3 15-ì1 I60? 1609
5 15-11 231? 2246
1 15-Lt 2349 2215
9 15-11 I255 12??

-4 l6-11 1337 r28l
-2 r6-11 1406 1359
2 16-11 1034 10oo

PÀGE 5
ll K LtoFOloEC H K L10FO10FC fl K L10FoloFC H K ttoFoIoFC

-4

0
-3

2
{

-9
-1
-5
-3
-1
I
3
5
1

11
-8
-6
-4

0
2
4

6
I

I2
-9
-1
-5
-3

I
1

9
1t

-a
-6
-4

0
2
4
6

10
12
-9
-1
-5
-3
-1

1
5
1
9

-10
-8
-4
-2

0
2
4
I

-1
-5
-3

1

3

9
-10
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Tabl-e 2.5 (continued)

OBSERVED ND CÀLCUIÀTED STRUCTURE FÀCTORS FOR (IRFEz{CO)?PPH3AU2(PPH3)2C2PH)

fl K L10FoIoFC H K L1OFO1OFC H K Ll0FOlOFC H K L10FOtoic
PAGE ?

H K L1OFO1OFC
2
4
6
I

-t
-5
-3
-1

1
3
5

-6
-2

0
4
6

-1
-5
-1
I
5
1
6
I

-5

3
5

-4

1

3
-2
2 24-10 122
1 24-ì0 134

| -9 2t48 2242
r -9 142'7 1400
I -9 3048 2958
1 -9 4141 4ot?
7 -9 2925 292r
I -9 4123 4624
1 -9 4992 5422
1 -9 rs22 1596
1 -9 1897 1914
7 -9 22AO 2323
1 -9 793 8{5
2 -9 1242 7259
2 -9 114{ J.1'7?
2 -9 34t6 3232
2 -9 38L2 3'131
2 -9 857 834
2 -9 {070 3954
2 -9 2130 2128
2 -9 2335 2399
2 -9 2657 2706
2 -9 429 4L9
3 -9 1106 1113
3 -9 558 541
3 -9 r33s t19?
3 -9 2207 2165
3 -9 1935 1904
3 -9 200,¡ 1996
3 -9 1493 150?
3 -9 1837 1884
3 -9 2061 2720
3 -9 1138 llO?
4 -9 1053 10s0
1 -9 1116 1068
{ -9 2891 2831
4 -9 264A 2541
4 -9 2204 21SS

-9 2e68 2't34
-9 2213 2243
-9 1560 1616
-9 2080 2090
-9 ì3?6 I390
-9 1028 9?0
-9 A74 886
-9 1683 1?61
-9 2A8g 2A26
-9 2294 2287
-9 L322 t291
-9 24'tA 2586
-9 3075 3149
-9 8't4 961
-9 2643 2611
- 9 2110 21? 0
-9 883 932
-9 2223 2262
-9 3034 3088
-9 2639 2Ss9
-9 1450 14'7?
-9 1680 1688
-9 1093 t 135
-9 t1t1 1044
-9 96S 988
-9 1597 1588
-9 1162 7610
-9 13?5 1369
-9 899 9Lt
-9 1484 14?0
-9 1824 7812
-9 928 939
-9 1097 106?
-9 S?6 641
-9 1529 1530
-9 t623 ¡64?

29't't 2924
1607 1544
1310 13 5 4
6'72 100

2011 2l'tI
14{2 1.t56
1685 1596
302A 2979
2074 2004
869 839

2492 242'l
1596 1623
1032 1044
1243 1192
2193 2223
1936 19.t 0
599 54 r

2014 2040
2t4L 2014
1496 1480
1052 103t
116A L141
19s9 2013
2441 2450
1608 t5?6
2130 26tA
2646 26't6
1606 1588
2rt3 2142
2782 2t91
1214 12 5 8

t859 1863
t276 r218
1220 12t3
1399 r302
I091 1029

16-10
I6-10
16-10
16-10
17- I0
I?-10
1?-10
l7-10
I7-10
1?-10
t?-10
18-L0
I8-L0
l8-10
Ì8-10
l8-10
19-t0
19-10
19-10
19-10
t9-10
l9-10

2093
1482
2609
r294
7214
| 66't
1{66
123 5
14 03
14 96
l3 0l

882
72A2
1 995
158{
18€ I
1386
168{
1618
1210
1048
L012

2044
14 51
21A9
I210
13 21
1605
r41'l
I 233
t3{7
1459
L264

92't
13t8
IA92
1456

14 61
1646
1600
1256

925
959
888
993

1019
811
954

r296
lt 93
1? 91

994
81?
84 3

1484
1l1r
1722

-11
-9
-'l

-3
-1

t
3
5
'l
9

-10
-8
-6
-4
-2

0
2
6
I

IO
-9
-7
-5
-3
-t
I
3
5
't
9

-10
-8
-6
-4

0

4
6
I

I2
-9
-'t
-5
-3
-1

1

3
5
1
9

-2
0

4

6
I

10

-9
-1
-5
-3
-t

t
3
1
9

l0
-8
-4

4
4
4
{
4
4
5
5
5

5
5

5
5
5
5

6
6
6
6
6
6
6
6
1
1
't
1
'1

1
1
1
't
I
I
I

-2 A -9
0 I -9
2 a-9
4 a-9
6 I -9€ I -9

10 8 -9
-7 9-9
-5 9 -9
I 9 -9

1 9-9
9 9-9

-10 t0 -9
-8 10 -9
-6 10 -9
-4 10 -9
-2 t0 -9
2 t0 -9
4 10 -9
8 I0 -9

-9 1l -9
-7 1l -9
-5 tl -9
-3 lt -9
I 1t -9
3 lt -9.7 11 -9

-ì0 12 -9
-8 12 -9
-6 t2 -9
-4 12 -9
-2 12 -9
0 12 -9

12II t213
2006 !923
4281 1I6't
2130 2086
14 01 t 389
255L 2546
I468 1465
100? 994
1401 I294
7701 I632
1921 tS91
283 1296
s54 1622
261 1268
329 1363
110 220A
s04 t 513
686 2s36

-3
-1

1
3
5
1

-6
-4
-2

0

6
6

-9
-'l
-5
-3
-1

t
3
5
1

-8
-2

0
2
4

6

12 -9
12 -9
72 -9
t2 -9
13 -9

13 -9
13 -9
13 -9
13 -9
14 -9
14 -9
74 -9
14 -9
1{ -9
t4 -9
1{ -9
15 -9
15 -9
L 5 -9
15 -9
L5 -9
t5 -9
15 -9
15 -9
r 5 -9
16 -9
L6 -9
t 6 -9
16 -9
l6 -9
16 -9

2 0-10
20-10
21- 10
21-10
2t-t0
21- l0
22-L0
22-10
22-tO
22- tO
23-10
24-10

1021
1021

956
166
9't't

1{30
1q2r
183?
t05t

869
858

2A11 2139
235s 233s
2216 211A
1303 1329
8?8 89?

7254 1221
1945 1929
1941 183?
2240 2165
2411 2456
1596 1599
1591 1566
1160 t2s9
2 | 11 2I31
3595 3500
261A 2516
2365 2311
2161 2556

L41

oESERVED 
^ÌD 

CÀ!ÆU!.^ÎED SIRUCIURE F^CIORS FOR (IÀFE2{COl?ppH3AU2(ppH3)2c2pHl

K L IOFO IOFC

23 -9 I23t 11€l
23 -9 r256 1¡06
24 -9 t01{ It14
24 -9 1,t58 12S5
0 -8 186.3 2os9
o -â 2201 2345
0 -8 lt08 1tr9
0 -a {862 a?01
0 -r 5t'r0 4S93
0 -8 !?2{ 3519
0 -8 6652 69to
0 -€ f{22 3575
0 -8 196? 2l2o
0 -8 268? 2tS9
0 -8 2204 2352
0 -8 11t3 1121
I -8 1095 ll?o
I -8 631 ?ls
1 -8 1389 l302
I -8 2?l? 2582
¡ -8 2036 t9?s
I -8 t?56 1-r<5
I -8 8?O 88S
I -8 683 ?09
1 -8 t25o r338
2 -8 1231 t241
2 -8 124? I36S
2 -8 I204 tI59
2 -S 293t 21JA
2 -e 2119 2645
2 -8 3140 3156
2 -8 40?6 {l?{
2 -€ l5{1 1556

0 10 -8
2 l0 -8
1 t0 -8
6 10 -8
0 10 -8

¡0 t0 -€
-9 ¡t -8
-? II -8
-5 ll -0
-J l1 -8
-t It -8
I i,l -8
3 l1 -8
5 lt -0

-10 l2 -s
-8 t2 -8
-a t2 -8
-2 t2 -8
0 12 -8
2L2-8
1 12 -A
I 12 -€

I0 12 -8
r2 t2 -s
-9 t3 -8
-7 l3 -8
-5 t3 -8
-3 t3 -8
-r t3 -8
113-8
3 13 -8
? 13 -8

-10 l4 -8

-2 6 -E
0 6 -8
2 6 -8
I 6 -8
6 6 -8
I 6 -8

10 6 -8
-9 f -8
-5 ? -0
-l ? -6
-l I -0
t l -8
I l -€
5 ? -€.l I -s
9 ? -8

ll ? -8
-t0 0 -8
-8 I -€
-6 I -8
-2 I -8
0 I -8
4 S -8

12 8-8
-9 9 -8
-1 9-8
-5 9 -8
-3 9-8
-l 9 -8
I 9 -8
3 9 -8? 9 -8
9 9 -8

H K L ¡OFO 1OFC H

t0 t6 -9 a?4 r8o 3
-t 1? -9 t2t9 l2{? 5
-5 l? -9 t55l I507 _2
-l I? -9 2190 2115 2I ì7 -9 2069 2012 -125 l7 -9 22{O 212{ _to
7 t? -9 l9o5 I9¡O _8

-8 l8 -9 ¡193 ¡t5s _6
-6 l8 -9 l890 l0€s _{
-4 l8 -9 ¡28s M9 _2
0 l8 -9 1904 1962 o2 16 -9 !931 lgl2 21 l8 -9 .775 749 46 18 -9 ?lo 6?? 6I I€ -9 ??0 -tl2 I-t 19 -9 891 962 t2-: I9 -9 1059 102? _lì
i, 19 -9 117? 1369 _9
l t9 -9 1652 r52? _1
5 19 -9 2ll? 1960 _5
? l9 -9 1175 l{6{ _l
9 19 -9 1066 1Ol8 I-6 20 -9 1303 l4l? 3-2 2C -9 1155 1154 s0 20 -9 t6l3 1538 ?
4 20 -9 1l3J to55 _t2
6 20 -9 1421. 1423 _to

-5 2t -9 485 ,t68 _8
-3 2l -9 1361 I3t8 _6
-1 2l -9 83e 715 _4
7 21 -9 1054 1o?? _2
0 22 -9 t169 1224 o2 22 -9 939 819 2
1 22 -9 tls3 1355 4

PAG E I
l{ Í LìOFOIOFC H k LtoFOloFC ff K L]OFOIoFC

l0

-1
-5
-f
-1
I
l
5
1

9
-10
-8
-5
-4
-2

0
2

6
I

l0
-t I

-'1
-5
-3

I
3
5
1
9

1l

2 -l 604 562
3 -8 1?61 t939
3 -8 2426 2319
J -8 4560 1159
3 -3 2a10 2123
I -8 2548 2585
3 -8 1209 32?3
I -r 139S 1172
3 -g ).085 t1a2
.3 -8 2302 23S8
I -€ t320 1391
1 -0 829 11s
a -8 1010 923,t -€ t{02 tlo6
4 -8 tl42 2916
4 -8 2591 2519
4 -4 22J1 2220
4 -8 2910 2941
1 -S 2989 3ol5
1 -6 I825 tslo
{ -8 2956 2969
4 -8 1549 l56l
5 -8 899 925
5 -8 1512 t16l
5 -8 2306 2191
5 -8 5?5 535
5 -8 2419 2{01
5 -8 4102 .{096
5 -8 1056 980
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5 -8 1473 1{86
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tl50 lì17
l9s4 2014
t6?3 !?11
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2184 2521
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ì14¡ !ll6
1610 t6t0
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143f, t{€3
10?3 1061
1tt6 4t92
l0l? 18€3
2611 2626
2661 2611
l3ll t3r9
119 1tO

146? Ì41?
196 129
912 9 51
590 623
86t rr9
559 612

l82t 1895
)350 t384
1397 1366
2322 2294
10?6 1000
2260 2L49
3965 3931
2236 21A2
23?2 2J13

1,968 1929
3313 3219
1215 I1l0
1t68 1t3l
I70l t7??
1555 1610
1925 t98t
2155 2196
2J90 2{38
2570 2560
2193 2660
2469 2426
2t4t 2273
1185 1142
lls2 1205
1402 1496
26J4 2609
2521 24AI
t072 I05?
2309 2242
t833 1822
156? 1538
:.009 1063
4?0 {58
82't 888

2336 223s
35?3 3{3?
1?99 t690
1818 1689
3t 85 3127
11L2 t7L2
1066 1085
1 833 1 8612-8t2

-1 23 -9 1516 1602 -6
-4

2 -A 999 9s9 _4 6
-8 2295 2295
-8 3640 3416

-4 10 -6 2461 2461
-2 10 -8 1088 rl4o

l4 -8 1915 18?3
14 -8 1800 1832
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TabIe 2.5 (continued)

OBSERED MD CALCUhTED STRUCTURE FÀCTORS FOR (IRFEz(CO)?ppft3Àu2(ppH3)2C2pHl
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0
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-1
-3
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I
5
1
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0
2
4

6
-'1

-3

1

3
5
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0
2

6
8

t0
-1
-5

-1 19
1 19
3 19

-6 20
-4 20
-2 20
o 20
2 20
420
620
820

-1 2r
-s 2l

-t 2I
12t

5 2I
121

-4 22

o22
4 22

-3 23
I 23
3 23
s23

-4 24
-2 21
o 24

-3 25
3 25

tl I
-9 I

t079
934

2490
1415

14 -8
t4 -8
14 -8
14 -8
14 -8
15 -8
t5 -8
t5 -s
15 -8
15 -8
15 -8
l5 -8
16 -8
t 6 -8
r 6 -8
16 -8
16 -8
16 -8
Ì6 -S
1'7 -8
1l -8
l. ? -8
1? -8
1? -8
1? -S
l? -8
t8 -s
18 -8
18 -S
18 -8
1€ -8
18 -8
l8 -8
l8 -8
19 -8 1141 1162
19 -8 1260 1219

1156 1131
1?03 t?1?
125 699
96Ì 946

1351 1295
I791 1803
1383 1326
1672 t526
l8I0 1643
1156 I060
12 ? 4 I318
1433 1449
963 9'13
618 684

2121 2103
11't6 7661
1068 855
1845 t?60
1235 1192
12A9 t294
1939 1973
833 120
852 7'1I
592 5't1
95s Ì00{

141? 13?1
1647 1609
959 935

1031 10 5 ?
1695 1696
1t11 1224
1452 t3l8
t564 1599
1580 1541
22t9 229f
1452 I506

7 -1 2386 2280
! -'t 4819 1403
I -1 2A90 2666
ì -? 3119 3I20
\ -1 3526 3't41
1 -? 2133 2364
1 -r 1590 1620
I -? 1888 205?
1 -? 1356 13t3
1 -? t255 I339
ì -7 910 820
2 -1 \I11 1210
2 -'ì 2196 2249
2 -? 365? 3389
2 -7 3139 3049
2 -'t I1A2 Let2
2 -? 1053 10t8
2 -1 3I9't 3339
2 -? 1104 r12o
2 -1 13't 't 81
2 -t 1413 1526
2 -'t 1230 t202
3 -? 1092 1066
3 -1 911 852
3 -1 2402 2116
3 -1 3642 321â
3 -'1 2SIA 2119
3 -1 2299 2392
3 -? 1-t62 1951
3 -1 2615 21't2
3 -l 1297 l28o
3 -l ì254 1312
3 -? 1015 921
4 -? t{ l2 1396
.4 -7 t6?0 1693
4 -1 2196 2569

4 -1 3069 2e91
4 -? t038 1013
4 -1 t9A4 79t2
4 -'1 2146 2AS9
4 -? 1033 10?1
4 -? 1485 1581
4 -'t 154 68 0
4 -7 6e9 103
5 -7 L230 ),222
5 -7 1682 1623
5 -? 3594 3338
5 -7 5016 {888
5 -? 1433 t{5?
s -? 3662 3659
5 -? 5230 543-7
s -'t 2244 2314
5 -1 243L 25]-8
5 -1 2623 26'15
5 -1 749 522
6 -'t I2t2 1224
6 -? 1265 1291
6 -1 2094 1921
6 -1 2e48 2't31
6 -? 3683 3685
6 -? 31f4 3288
6 -'t 2584 25'12
6 -1 1121 1169
6 -1 2122 2102
6 -1 1629 1690
6 -? 1015 1023
? -? 114? 112I
'1 -1 2200 2065
7 -7 1?64 t'706
1 -1 tt11 IO11
1 -1 2254 2292't -1 2823 2933

616 420
1306 1346
L23't r24S'739 't96
1644 1108
1905 t8s4
{045 394S
3396 3304
269A 2593
552? 5619
3437 3456
l6'17 | 67'l
33?8 34?6
2453 2600
628 613

1762 1061
946 995

2t38 2I4I
2524 2444
12?9 l3{5
2173 2136
206A 2132
s51 861

1329 1351
1509 1549
831 846

14.{ 9 14 41
2421 2459
Ll83 11?9
2159 2099
30?4 2908
1188 tt3?
2191 2460
1829 1875
196 8 10
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2't 19
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| 620
I219
1364
1084

970
241 3
1,û90
1519
114 8
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2460
1555

895
2684
13 61
1323
24 À9
I064
Lt52
133?
112 4
172 0
I161
1191
t189
2103
2491
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22A5
212A

933
Ì135

2f I'7
r500
15 92
12 61
1362

-8
-8

-8
-8
-8
-8

-8
-€
-8

-8
-8

-8
-8
-8
-8
-8

-8
-8
-8
-8
-8
-8
-8
-8
-s
-8
-8
-8
-8

-1

-'t
-5
-3
-1

1
3
5
1
9

11
13

-t2
-10
-6
-1

0
2
4
6
I
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-9
-1
-5
-3
-1

I
3
5
1

9
11

-I2
-10
-6

-4

0
2
4
6
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T2
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-5
-3
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I
3
5
1
9

13
-8
-6
-4
-2

0
2
4
6
8
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12
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-3
-1
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3
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'1
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11
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-4
-2

0
2
4
6
8

10
12
-9
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-3
-1
I
3
5
1
9

11
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-8
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-2
0

4
6
I

'1 -'7
1-'l
1-7
8-7
0 -?
8-7
I -'t
B -'l
a-1
I --t
I -?
I -?
I -?
I -7
9 -'t
9 -'l
9 -'l
9-1
9-1
9-7
9-1
9 -'l
9 -'t
9-1

1.0 6t
113 4

925
24 70
1.502

96't
2511
t3 24
r26l
2431
1060
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1331
112'1
1661
1686
1121
1445
2021
2316

880
220 9
2655

903
ll36

9 -'l
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10 -?
10 -7
10 --)
10 -?
10 -l
l0 -7
10 -?
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l0 -?

OBSERVED ND CALCUI.ÀTED STRUCÎURE FÀCTORS FOR IIRFE2{CO'?PPH3AU2(PP¡I3)2C2PH¡ PAGE IO
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1
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-1
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2
6
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-3
-I
l
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1
9

-6
-4

0

2
4

6

0 -l

1 -l

I -?
I -?
I -?

t2 -1
l2 -?

8I<
1050
2922
3?15
ll08
2281
3461

857
l4 71
20I8
t36.1
1501

't'I 3
l0{ I
2890
3666
1045
2290
3379

625
t521
2122
l3 8l
¡584
2463
21 43
15?8
2{98
1273

60 6
2033
ls56
2952
I 981
t111
lì91
5?l
?98
889

2078
1692
ì209
22'16
192 6

16 -?
l6 -?

1420
2150
1s32
1339
1496
1250
1060
1230
2342

1.64 8

16 22
2584
1832
1288
2't \6
1990
1044
1t39
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1700

1397
2230
ì 524
1283
I,{38
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1059
ì301
2Jl8

581
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2641
1968
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l60l
t?05
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5-1

5-1

5 -?

X L 1OFO ]OFC

0 -6 1839 43?5
0 -6 3455 3302
0 -6 ?87 661
0 -6 6506 6??O
0 -6 ll74 3?06
0 -6 t982 2269
0 -6 2106 2t6{

- 1 2131
-1 2191
-7 1529
-7 2591
-? 3101
-1 590
-? 1998
-7 t612
-? 306ì
-? 2061
-l t{60
-? 1It9
-t 516
-? f89
-1 8lI
-? 205?

1525 1196
895 915

t843 1909
2235 2t96
2010 l8l5

L l0FO 10FC

-6 1456 3311
-6 2595 2162
-6 135? 1{43
-6 3064 3350
-6 1800 2052
-6 996 1004
-6 1298 1320
-6 t,160 1523
-6 ¡¡t€4 1129
-6 1513 1521
-6 191? 1??,1
-6 3340 3t98
-6 4558 ,1395
-6 2781 2685
-6 4?80 1982
-6 3151 al1?
-6 ll76 t2t8
-6 2311 2319
-6 ¡3?9 1284
-6 6,û8 609
-6 1280 r251
-6 t2?9 Il86
-6 18{5 1655
-6 2906 2659
-6 914 898
-6 3328 3285
-6 2327 2431
-6 901 939
-6 1745 t902
-6 1955 1961
-6 tt62 t299
-6 951 1010

-1
-2

0
2
6

-5
-.3
-1

I
3
5

-6
-1

0
2
4

6
I

-l
-1
i
3
5

-1
-1
-7
-1
-1
-1
-1
-1
-1
-1
-7

-1
-5
-l
-t

I
5
1

-8

0
4
6
I

-1
-5
-l

I
3
5

1

-6

0
2
1

8

-5
-l
-1
ì
3
5

20 -1
20 -1
20 -1
20 -1
20 -1
2t -1
2l -1
2L -1
2t -1
2 r -?
2t -1
22 -'t
22 -1
22 -7
22 -1

22 -1
22 -1

2l -?
23 -1
23 -1
2i -1
23 -1
24 -1
24 -1
24 -1
21 -1
25 -1
25 -1
25 -1

26 -7

896 801 -6l42l IJ?0
2608 2519
t329 1369 o
154¡ l{81 2
13 0,1 131 2
2168 2091
941 9tì

129,r l3t2 to
¡50{ la97 t2
916 a{7 -ll

H

-f3
-l 3
l3
33
53
?3

6 9J0 -6 i56 ?9? tl 3
0 -6 2s59 2516 -10 4
0 -6 t695 t653 -8 ,t
I -6 1152 12t2 -6 4

-9 I -6 ¡338 l2l1 _,{ 4
-1 I -6 1105 10t4 _2 4
-5 t -6 l?¡û6 1694
-3 I -6 1561 14S2

6 -1 22A1 230!
6 -? t476 l3sl
6 -7 t5l2 t4slt2

ì2

l2
l2
t2
1l
l3
13
:3
13
13
l3
1l
l4

6-1

t??5 1616
150? 1135
1215 I299
1696 1612
1529 I579
1066 92? -r24t7 418
1555 ¡115
I318 1166
l5l2 1561
96? 906
600 500
196 € 50
942 922
9.1 I

109 7 903 12 2-612
800 1a5 -11 3 _6 22

I'126 183 7 -'t

1¡

95
38 1235 11 5
102

030:Ì

-I 1 -6 2381 2292

L8 -7 't7A 801
l8 -? s?5 612

I 1 -6 1247 lfo3 64
I I -6 1392 t3ls 84
5 1 -6 1624 1592 IO 1'7 I -6 ?ts 921 t2 4

I -6 856 882 -lt 52 -6 1211 r2S1 -9 5
-10 2 -5 1565 t5o3 _.t 5
-6 2 -6 3260 2918 -5 S
-4 2 -5 2994 2646
-2 2 -6 285). 25130 2 -6 3680 3?2r
2 2 -6 12S5 1340 35.{ 2 -6 ),300 1{12 5 56 2 -6 1983 1999 75

l{ -l

l1 -7
t4 -?
l1 -7
t4 -1

l6f8
1215

200 1

1358

9 -1
9-1
9 -1
9-1
9 -'t
9-1
9 -'1

I38l
2054
t5l2
25't 0
20'16
t64I

11 31,
1986
l4 63
2198
1965
l5?6
2 42'l

921 1o 2 -6 I23s tI?9

1286 r

-9 l5 -? l38S 13Sl

180 -10 6 -6 1767 tS09
e87-r==6:- 11536=T5973 -6 1728 1599 -6 6 -6 t3?8 1331

-5 3 -6 3863 36?3 _4 6 _6 4139 3848
-6 20 -7

1210 ì219
1698 1792

-12
-10

0 -6
0 -6 2905 2919
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L6LI 9- ez

6tst ¿tçI 9- t¿ l-
t86I 

'90¿ 
9- EZ €-

çezI 9III 9- CZ S-
s88 006 9- Z¿ I
çcç 80ç 9- ¿¿ 9
e60I çsIÌ 9- ¿¿ Þ

tL0f 990f 9- ¿¿ ¿
206 Þ68 9- Z¿ O
9¿8t 9I8I 9- ¿Z ¿-
¿t9Í ,69f 9- ¿Z Þ-
6¿tr 6fvf 9- Í¿ L
z89l 16¿1 9- t¿ s
Þzez LgÞz 9- f¿ I
þz9z 699¿ 9- I¿ I-
¿voÍ LL6 9- IZ e-
o8¿t ¿¿¿I 9- tZ S-
0z8I Þt8I 9- IZ L-
9ZII S0tl 9- 0z I
6L¿1 t6e1 9- O¿ 9
ç6¿t 9881 9- 0¿ Þ
806r 8¿6I 9- 0¿ ¿
t9çI 6¿91 9- 0Z O
¿8t¿ 6LeZ 9- 0z z-
rst¿ r80z 9- 0z v-
09¿I 9081 9- OZ 9-
L6ç SL9 9- 6f L
9¿¿ SE8 9- 6I E
Þ181 ç90t 9- 6I I
6¿9f f¿LÍ 9- 6t t-
216 Þt8 9- 6I ç-
9Zt1 ZVfÍ 9- 6f. L-
sz6 ¿88 9- 8I I
0ç82 eç6¿ 9- 8t 9
866T 0ç02 9- 8I Þ
ç0ÊI T8Z.t 9- 8I ¿
rszÊ szzE 9- 8t o

eI6T 606I 9-
008t ¿E0I 9-
6IeZ 50e¿ 9-
zIII 9ÞtI 9-
t08 sI¿ 9-
66¿f tSzf 9-
e6tf ¿9Þt 9-
¿6OI çZII 9-
ÞÊzI 60zt 9- g¿ff zþfI 9-
Ê00I zz0I 9-
066 0Þ6 9-
968I S86I 9-
v¿¿z 6f¿¿ 9-
6t6I 9¿6I 9-
I85I 965I 9-
rl¿I 06¿¡ 9-
Z9çI ¿ISI 9-
þ291 90LÍ 9-
06çr r6sr 9-
8ÞZ¿ \ZVZ 9-
SÞL¿ ASL¿ 9-
6¿5 08s 9-
I}¿I ¿I8I 9-
¿tsI 6Þ8I 9-
ËLL 028 9-
Þ0Il ¿I0I 9-
655 ¿9S 9-
096 t¿8 9-
L90Z tttz 9-
98SI IÞ91 9-
0ç9I ¿99I 9-
LVtl 96Z1 9-
ITOI Z8OI 9-
66eT 66el 9-
sl9I lI9I 9-

s00¿ ¿902
9¿¿I Þ0El
Þç8I 0I0z
l0sz ç092
998 I88
06tt l0¿I
ç98 608
r¿sl ÞttI
ç0rz ctþz
oþaz ¿f6z
þv6 896
926¿ VS6Z
gLvz þ99¿
8çÞt ¿Þtr
690I 6¿6
e0¿I e69I
¿¿01 Þs0t
6SÞ ç5Þ
z8¿I 86€l
ç88T Z86l
Þ8çl Þ¿5I
16ÞI ¿19T
Þs9t 8É9I
z?ÞÍ gvvt
¿l6t 9e8I
8Þ9T 66çr
86çÊ 0BÞe
5068 t88e
vz9t 6Z9l
9ZSg 8698
60LÞ a66V

6'çr
z06
OZLZ

TESI
s¿8
E9ç ¿

sÞçl Ê¿sI 9- 0t 9-

c9I¿ r3a¿ 9-
L¿tI 6¿al 9-
¿çç) ¿ç', 9-
60a¿ LsL¿ 9-
9e0E cç62 9-
e)t' 8I9t 9_
99rZ 8L9¿ 9-
6aI¿ ¿8Í¿ 9-
6¿9¿ 9692 9-
tI0l I56 9-
ç09 ¿95 9-
i¿, s0ç 9-
¿9rÍ trrt 9-
99'I ¿0't 9-
I0çT 9tsI 9-
ççtI 6Sçt 9-
06çI 6tSI 9-
9f0l E¿8 9-
t¿çt 68çI 9-
T¿IE ¿'O€ 9-
o€>¿ a¿r.¿ 9-
8l0c 89¿¿ 9-
90ss ¿ç¿9 9-
96L' Zrer g-
¿otr 0e9r 9-
L6¿S A9rS 9-
69¿e 6ZSt 9-
s¿I¿ seez 9-
LLq¿ 9Lg¿ 9-

'ZEI 
TEZI 9-

L00z 900¿ 9-
¿0¿¿ 99fZ 9-
6ç¿E 8¿çi 9-
680S ¿68t 9-
0It1 þL¿t 9-
98te 9Þ9t 9-

6-
¿1
0t
9
,
0
z-

9-
0r-
z1-
EI
II
6
L
I
C

I
I-
e-
ç-
L-
6-
II_
¿
€
I
9
v
0
¿-
L
ç
e
I

9- Ê1 I
9- eI I-
9- rl c-
9- eI ç-
9_ CI ¿-
9- El I!-
9- ¿I 0I
9- ¿1 I
9- ¿f ,
9- ¿l ¿
9-¿IO
9- ¿I Z-
9- Zt v-
9- Zt 8-
9- Zt 0I-
9- It ¿
9_ IÌ ç
9- rT e
9. IT I
9_ II I-
9- lI Ê-
9- tI S-
9- tt ¿-
9- lt 6-
9- 0t oI
9- 0I I
9- 0r t
9- 0l z
9- 0t 0
9- 0r ¿-
9- 0l t-

6
6
6
6
6

6
6
6

6
6
I
I
I
I
I
I
I
I
¿

L
L

L

L
L

L
L
L

L
L
L

9
9
9
9.
9
9

I

'r98t
tÞ0t
l8s¿
IST¿
996 ¿
l8¿e
I 
'9I LS9Z

COT¿
IZII
l¿0¿
0tI
OL¿T
z6e
900I
586
¿ççI
s0cl
v¿ff
Þ0'I
IÞ9 I
96Lf

8¿ÊI ¿8eI 9- 0 I8-
0l-
EI
6

e-

L-
6-
I I_
¿i

¿

0

9-
8-
I!

L

ç
t
I

e-
ç-
L_
6-
II-
CI
I
,
¿
0
¿-

H

9- 0 t
9- 6
9- 6

f,JOIOJOIA ) H ]JOIOJOÌ'I . H f,IOIOIOIA )l H f,JOIOJOIA X Hf,roI ol0I 1
(H¿zrz ( EHãd) ¿nvEHaa¿ {oJ) zsJdr )üoJ suoJSyJ SunJf,nt¿s o3JflnJayf, cw cauSseo

I I ?9Vd

'9Zt

(penurluoc) ç. Z oTqe,l
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Table 2.5 (continued)

OBSERVED ND CAI.CUNTED STRUCTURE FÀCTORS FOR IIRFE2(COI?PPH3ÀUz(PPH3}2C2PH]
H

PÀGE 13K L10FO10FC H K t,loFOloFC H K LÌOFO1OFC H K LloFoloFC ¡t K LtOFoloFC
3 21
s 21
9 2I

-6 22
-1 22

222
422
622
s22

-t 23
I23

123
-6 24
-4 24
-2 21
o 24
224
4 24

1 25
226

-12 0
-10 0
-8 0
-6 0
-40
-2 0
00
20
40
60

-5 t663 1616
-5 1387 1366
-5 9?5 881
-5 1829 t905
-5 1?98 l?'75
-5 2205 2263
-s 2931 2BS2
-s 2000 1€91
-5 1084 1085
-5 161i 1509
-5 1146 1189
-5 1365 1365
-5 1262 1219
-5 1't1 168
-s 148 162
-5 r.092 1058
-5 455 516
-5 1355 l3?1
-5 I435 t4?5
-5 712 665
-5 1214 1320
-5 1386 I3?3
-5 96t 943
-5 913 911
-5 I01t 1043
-5 1230 I1?3
-4 1015 1080
-4 1863 lll0
-4 t810 1?23
-4 4400 3919

3 -4 t23't \236
3 -4 1'754 1?56
4 -4 1982 1931
{ -4 3036 2893
4 -4 2't6s 25t1
4 -4 4?95 4131
4 -4 47rg 4432
4 -4 1s74 144.1
4 -4 3't42 415r
4 -4 3766 4261
4 -4 138? 1456
4 -4 133? 1{39
4 -{ I075 1t6t
s -.t 1609 l{8{
5 -4 1514 13s8
5 -{ 1556 1,¡61
5 -4 2249 2165
5 -4 2022 L761
5 -4 4685 439?
5 -4 2951 2951
5 -4 820 8o?
5 -4 2701 29.tA
5 -4 2370 25?9
s -4 I145 t1?1
5 -{ It 3t 1143
6 -4 2065 1921
6 -4 31?9 311s
6 -4 155.t t{83
6 -4 3291 3086
6 -4 4'tB1 4541
6 -4 1456 1520
6 -4 3310 3364
6 -4 3?19 399I
6 -4 !276 1283
6 -4 1{48 155?
6 -4 1990 1969

893 989
15?4 15?3
3694 3561
36.d1 3360
2928 2667
6870 6395
6145 5903
2469 2594
4161 4596
2554 2At3
1438 1565
2140 2260
1099 t080
1848 1802
?80 83?
431 {59

2041 2053
2550 2561
518 {86

110r 123?
963 996
67! 594

1008 1060
286). 2't53
2612 2579
2L12 2003
5630 550?
503? {986
1465 1412
4197 44ls
991 1032

l5s1 r624
2036 2134't6s 75I
2026 t9g1
2s06 2332

1?1¿l 1559
3?95 356?
3863 3?06
3052 3039
25L1 2643
4L80 4442
l4 21 1{ 31
1240 1323
?10 152
906 817

2015 2003
2012 20't 9
2303 2294
7907 792r
1649 1?56
2LO9 2227
1354 1,{?2
1094 1089
t 202 1102
1501 1534
2294 2728
2431 2441
9?6 951

28't0 2913
3059 32{0
1468 1463
1202 1250
?68 '115

1.095 l1l0
144? 14r9
2'192 2193
14ì4 1{19
L't 26 t't 63

I
10
t2
-9

-3
-1

1
3

1

9
11

-12
-10
-8
-6

-2
0
2
4
6
8

l0
I2

-tt
-9
-1
-5
-3
-1

1

l
5
1

o -4 1086
0 -4 3035
o -4 2361
I -4 T2T1
I -4 996
1 -4 4063
l -4 2922
I -4 2494
I -4 1560
1 -4 2461
| -4 tL-t9
1 -1 864
I -4 880
2 -4 871
2 -4 852
2 -4 7re2
2 -4 3274
2 -1 t'120
2 -4 1A23
2 -4 353?
2 -4 3105
2 -4 2164
2 -4 2084
2 -{ 1116
2 -4 1866
2 -4 1445
3 -4 1622
3 -4 ts9?
3 -4 915
3 -4 1179
3 -4 4?06
3 -4 5082
3 -4 86?
3 -4 2991
3 -4 4115

-1 3268 2115
-1 2593 2390
-4 546? 581?
-{ 1313 I3?8
-4 1310 1312
-4 3109 31??

-8 l8 -1
-6 l8 _4

-4 l8 -1
-2 1A -1
0 18 -1
2le-1
4 18 -4
6 l8 -.{
I l8 _1

I0 l8 -4
-5 l9 -4
-1 l9 -4
I l9 -1
3 l9 -1
5 19 -4
? 19 _4

-8 20 -1
-6 20 -1
-4 20 -1
-2 20 -1
0 20 -(
220-4
4 20 -1
620-1

-'t 2t -1
-5 2I -4
-3 21 -4
-1 2l -1
l2I-4
3 2t -4
5 2l -412t-1

-s 22 -4

117 0
2994
2266
I123

826
34 9l
26'76
2't 56
1806
269 0
12 01

811
492
943
196

1059
2960
164 I
168 6
3477
3408
2398
22t1
1 114
Ì82t
1434
1538
1557

868
1183
43r9
4946

€86
3 31t
5084

9
1l-

-10

12

-9
-1
-5
-3
-r.

1

5
'l
9

11
-6
-4
-2

0
2
4
6

l0
-11
-9
-1
-5
-3
-I

1

3
5
't
9

I1

-8

-8
-6
-4

0

4
6
I

10
-11
-9

-3
-1
I
3

1

9
1l

-10
-8
-6
-4

0
2
4
5
a

L0

-6 10 -{
-4 10 -4
-2 t0 -4
0L0-4
210-4
4 10 -4
6 10 -4

10 t0 -4
12 L0 -4
-5 1l -4
-3 11 -4
-1 11 -.t
I L1 -4
3 11 -4
5 lÌ -4
? 1t -{
9 It -4

11 I1 -4
-10 12 -4
-e t2 -4
-4 72 -4
-2 L2 -4
0 t2 -4
272-4
412-4
I t2 -4

10 l2 -{
-? 13 -4
-5 13 -{
-3 13 -4
-1 13 -4
I13-4
313 -,{

6-4
't -4
1-4
't -4't -4
1-4
't -4
1-4
1-4

1-4
7-4
I -4
8-4
8-4
8-{
I -4
8-4
8-4
8-{
8-l
9 -4
9-4
9 -{
9-4
9-4
9 -4
9-4
9-4
9 -1
9 -{
9-4
9 -{
0 -4
0 -{

5 t3 '4 2605 2642
? 13 -{ ¡.030 1081
1 13 -4 1559 1556

3 -1 2621 2.t29

OBSERVED ÀID CÀLCUI.ATED STRUCÎURE FÀCTORS FOR IIRFE2(COI?PPH3AU2(PPH3}2C2PHI
H K L10Fo10FC H K LtoFotoFC H X L1OFO1OFC

-¡¡ 5J2 513
-4 161 14r
-4 2361 2432
-4 2659 2629
-4 2).€0 22ì?
-{ t6f? 1?31
-{ l?99 1826
-4 t3¡.8 I39?
-{ 1.085 lt6o
-a 1108 l026
-¡l l?29 l66J
-4 2127 20s1
-4 ll9 730
-4 2353 233?
-¡t 2909 3021
-4 93? 946
-4 8t8 812
-4 1123 t162
-4 l1l1 tt59
-4 22t9 22t9
-{ 20?5 t9o1
-1 l?05 t?00
-1 2443 239A
-4 t943 l96l
-,1 2189 218 5
-4 1355 ¡390
-4 1183 1084
-4 1198 1.1?1
-4 1062 1108
-4 1315 1358
-4 I343 1262
-4 1379 1356
-4 t4?? ta81

t3t2 t338
3I88 3146
2654 2692
ll31 10?l
3368 34ll
185.1 t927
1718 l?05
2t'15 2tI1
585 101
692 116

122't t212
2113 2385
i93l 1832
835 892

1ì12 1188
126 ?80

1365 1301
19{l 1980
2t12 2251
2198 2118
ì?40 t??9
2221 2301
ì858 l9?{
1059 1l0s
ll90 1725
2516 25t3
1280 1360
2958 2961
2665 2't 99
1035 Il{2
ls46 ls46
1536 1493

2 22 -4 1204 I2e1
4 22 -{ tf61 ¡395
6 22 -4 642 5S3
I 22 -4 959 1o¡9

-1 23 -4 1098 ll63
-5 23 -{ 1566 1588
-3 23 -4 1963 2t04
-l 23 -{ 1916 1999
I 23 -{ 160? 1615
3 23 -{ 124Ì 12ßO
5 23 -4 It80 1ts3't 23 -4 962 9oO
0 2{ -4 1316 13SO
2 24 -4 r063 lt45
6 21 -4 921 81.t

-3 25 -4 1384 13?s
I 25 -{ 1444 l4{S
L 21 -4 t0't1 1072
3 2? -4 r303 1289
0 28 -4 665 ?11

-1I I -3 943 813
-9 I -3 1t08 111€
-1 I -3 3382 3089
-5 I -3 l?86 1655
-3 I -3 4318 3602
-1 I -3 5035 4825
I I -3 4144 4?4?
5 1 -3 3429 3602
1 | -3 2L40 225A
9 1 -3 2043 205?

1t I -3 2353 2302
Ì3 1 -3 144? 1348

PAGE 14

H K L¡OFOIOFC

-f 3054 3622
-3 2326 2022
-3 S197 4?57
-f, 3630 r{78
-3 8¡? t51
-f, 358? 39't9
-J J380 372f
-¡ 6!8 626
-3 t5{¡. 1558
-3 104? 990
-3 I6!.9 ¡55?
-3 200? 1969
-3 3023 2?f8
-3 2462 2228
-3 !13? 2?8¡¡
-l 568? 5291
-3 2525 2491
-3 2801 2892
-3 1376 1566
-3 1434 l55t
-3 1583 l?f5
-3 512 {l 1

-3 1265 l!5I
-3 2342 225s
-3 1150 991
-3 2820 254L
-3 1655 1604
-3 2040 2146
-3 24tO 2666
-3 -rt2 122
-3 161 19e
-3 1327 1356

-l
-2

0
2
1
6
8

t0
12

-1

-3
-t

I

5

7

-10
-6
-1
-2

0

4

6
l0
-9
-1
-5

1

3
5

l1
l{
1{
l4
t1
¡{
1,1
l4
t,{
15
l5

l5
I5
l5
15
l5
l5
¡6
t6
l6
t6

-? 5
-5 5
-35
-l 5

l5
35

?5
95

ll 5

-r2 6
-10 6
-8 6
-6 ó
-4 6
-2 6
06
26
{6
66
86

l0 6
-9 1
-1 7
-5 1
-3 't
-r 1
T''
37
5?
17
91

H

-2
0

4
6
I

l0
l2

-t3
-11
-9
-1
-5
-3

1

3
5
9

tt
-12
-10
-8
-6
-4

0
2
4
6
I

l0

6
6
6
6
1
1
1
't
1

1
1

11 1'7
-10 18

-4 666 661
-4 1256 1281

1604 t568
564 626

-3 Ì071 942
-3 2569 2262

-13 5 -3 t059 too3
-11 5 -f 9?l 940
-9 5 -3 3053 2710

-10
-8
-6

-J 2163 2632
-3 4009 3??8
-3 2210 1930

966

-6
-4

96 2423-2 22 -4o22-1 2
2
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Table 2 5 (continued)

oBSERI€D ND CÀÌÆUIÀTED STRUCTURE FACTORS FOR tIRFEz(CO)7ppH3Àu2(ppH3l2C2pHl PAGE 15
t K Ll.Fo1oFC H K LloFOloFC n K Ll'FOloFC ft K LloFO10FC 

'K 
rloEoloFC

-4 I -3 155? 41?8
-2 8 -3 1910 .152A

0 I -3 4072 4058
2 S _3 2993 3t6s
4 8 -3 320? 3513
8 8 -3 1121 IO?9

Ì0 I -3 t4o1 L533
-9 9 -3 148? 141s
-7 9 -3 1.5{6 11.(6
-5 9 -3 t6o4 1142
-3 9 -3 3261 2955
-t 9 -3 3012 2896
1 9 -3 188? 1841
3 9 -3 1921 203?
5 9 -3 2397 2592
? 9 -3 157? 1?1?

13 9 -3 606 636
-10 10 -3 1213 1088
-8 t0 -3 1494 1365
-1 10 -3 3?13 33?6
-2 10 -3 4543 42?1
0 10 -3 1591 I58S
2 I0 -3 26't3 2AgA
4 10 -3 19?4 206?
6 1.0 -3 188 855
8 10 -3 1'768 1S01

10 10 -3 109s 1138
-9 l1 -3 2032 1998
-? tl -3 2212 2oe3
-5 11 -3 995 889
-3 11. -3 3151 3622
-l 11 -3 2'192 2165
l.11 -3 8?1 8€1
3 tl -3 315? 3606
5 1l -3 2656 2s{3
9 1I -3 985 986

11 11 -3 831 a81
-8 12 -3 994 924
-6 12 -3 t459 1355
-4 t2 -3 1081 tl12
-2 12 -3 4194 3838
0 12 -3 3642 3365
2 12 -3 IS81 1652
4 1.2 -3 2692 2190
6 t2 -3 2716 2339
I 12 -3 I{5t 152?

10 12 -3 1384 1433
).2 12 -3 1536 1606
-9 t3 -3 1159 1124
-5 13 -3 r2a0 t239
-3 t3 -3 2328 2115
-t 13 -3 9?5 938
1 13 -3 {49t 4420
3 t3 -3 3518 3623
5 13 -3 1441 15?1
? 13 -3 1826 19?1
9 L3 -3 2164 228A

1l .13 -3 1011 tO99
-10 14 -3 989 93-l
-8 14 -3 1303 11?3
-6 t4 -3 1569 t52o
-2 1{ -3 1116 1162
0 t4 -3 2459 2526
2 )4 -3 t514 15I9
{ t4 -3 I?59 1832
6 11 -3 2174 2216

l0 14 -3 t1l9 1147
-? l5 -3 841 ?58
-5 15 -3 14t5 1310
-3 15 -f I293 1303
-1 t5 -3 3610 34?2
1 15 -3 2938 3044

2141 2t't6
2'163 28I8
1623 1683
t6?1 t??0
1688 1761
1I78 1238
1851 1?65
1s91 1661
24AA 25A4
2215 2349

7 01 't 6't
119? 11?2
458 {{0

2182 2766
3046 29't5
1461 1380
270't 2651
2203 2283
329 336

17 -3 2003 203?
1? -3 1248 1333
t? -3 I t S3 t3o4
18 -3 1161 t161
18 -3 l?94 I62{
18 -3 1519 162?
ls -3 15s9 152s
18 -3 933 91A
t8 -3 851. 9.û5
19 -3 1.394 t40?
19 -3 1856 1961
19 -3 3tt6 29€9
t9 -3 I't12 r.to6
19 -3 2168 2155
19 -3 2?85 2?5S
19 -3 2t2I 2\19
l9 -3 1s2t 1482

1587 1652't51 ?16
1997 2062
1452 150{
666 't28

1085 1089
530 553

3449 33't9
3731 3499
1621 L46'l
6194 585{
?950 8820
395? 4523
308S 3289
5681 5936
1506 I479
2766 2680
2299 2229
1452 13S1
2024 IA80
12?9 1105
2902 2506
,{ 0{0 36?4
612 126

1689 1962
36t7 3859
19S3 2028
615 6A2

r121 1r2?
169 't 62

t411 1424
3873 3589
2410 2tt1
3664 3091
5537 5574
312't 3952

3
5
't
9

1I
-10
-6
-4

0
2
6
I

10
-'l
-5
-3
-L
I
3
5
't

11
-8
-2

0
4
6

10
-9
-1
-5
-3
-1

1
3
5

15
15
15
I5
15
16
t6
l6
16
16
15
16

6
1
1
1
'l
1

1

-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3

-3

-4 26 -3
026-3
226-3
426-3

028-3
-8 0-2
-6 0-2
-{ 0-2
-2 0-2
0 0-2
2 0-2
4 0-2
6 0-2
I 0-2

t0 0 -2
).2 0 -2
-9 I-2
-'t ). -2
-5 I-2
-3 I-2

I I -2
3 I-2
s 1-2
1 7-2
9 1-2

11 1 -2
13 I -2
-8 2 -2
-6 2-2
-4 2-2
-2 2-2
o 2-2
2 2-2

?19-3
-8 20 -3
-6 20 -3
-4 20 -3
-2 20 -3
020-3
220-3
620-3
820-3

-1 2I -3
-5 21 -3

-1 2t -3
32r-3

-8 22 -3

-4 22 -3
-2 22 -3
022-3
222-3
122-3
622-3

-5 23 -3
-3 23 -3
1 23 -3
't 23 -3

-1 24 -3
-2 21 -3
224-!
4 24 -3

-5 25 -3
-t 25 -3
3 25 -f

6'IS 62A
?80 7?1

22t2 220'l
I689 1?33
1605 1490
3196 3350
1??0 1800
1531 t47?
962 9A9

1030 s12
7042 1043
r4 68 l{ 32
1808 1?80
156{ 158t
1206 1194
l3t0 1269
1994 2009
1988 t9l6
2024 2t29
249A 26t8
1?69 1898
el? 853

rl4? 1120
1494 1628
t224 1269
1518 1529
1669 1659
I0s9 1092
14{2 13s4
1733 l?74
L2l5 12{0
r402 1438
1127 1060
?59 ?4 8
809 8?2
149 1L0

OB5ERVED A}TD CALCUI.ÄÎED SÎRUCÎURE FACTORS FOR TIRF¿2(CO}?PPH3AU2IPPH3)2C2PHI
H X LtoFO),OFc

1532 1f00
2316 2119
991 968

151! 1623
rt66 ll35
1018 903
3t9l Jl95
1a¡¡ 1759
21t0 2r12
3i89 3{5a
220A 21SI
3233 !698
63{2 ?096
l?60 3902
669 83s

l€79 1868
112? 1290
l0l3 984
1650 1585
4124 3r95
2689 2529
2532 2280
59?1 532?
?85 016

2359 2692
llt? 1201
832 889
5f5 583

1003 t008

-2 't39 818
-2 1028 l5{å
-2 !826 t992
-2 a02 ?5 I
-2 062 821
-2 1568 1456
-2 3635 3306
-2 J2!t 2991
-2 2551 2168
-2 3563 3369
-2 )292 )220
-2 t€0t 2012
-2 206s 2t20
-2 2265 2422
-2 1309 1339
-2 rr94 ì219
-2 10t5 956
-2 t3?6 l28l
-2 1663 l5r1
-2 l31l 2964
-2 34r7 3138
-2 1668 1548
-2 591? 53€6
-2 6414 6106
-2 151I l41o
-2 I929 2155
-2 1360 t585
-2 836 911
-2 €82 859
-2 'ro4 680
-2 7129 1020
-2 ?66 638
-2 2390 2346
-2 314't 3381

La22 ta{0
9r5 1000

244t 2336
2325 2153
l6! 0 l,t J2
5602 5225
5216 1962
!662 !612
1180 l78t
¡f,r0 t{?9
424 93 l

l2¡¡6 1298
11.19 1t66
¡595 la91
1900 I831
t198 t722
1924 1825
{055 38€2
3888 3?21
519 52't

2695 3046
1985 2128
894 991't't0 ?3t
894 A66

29A2 2809
4035 3?S4
4284 400r
34t2 3129
22e6 2584
2451 2749
1826 1962
1402 1426

1103 1003
2925 2102
219I 2317
1521 L412
2J73 251a
2131 2624
l61a tall
l,at2 l5t-t
L??1 1737
20{6 t056
¡5?5 l6¡a2
100t atll
3100 r55t
t216 1199
ll91 3105
tá1-r 1967
5?l 582

15ll 1669
921 8?4

1180 t,t1t
).512 t,t{8
2880 2680
{l?3,1086
3513 3692
286t 3113
1966 2208
2611 2882
1900 2026
t20l ls00
114? l0rI
891 780

l4 0 ? 1315
1516 145s

PAGE 16

ll K L loFO toFC

1160 I l.82
1260 1265
1094 ¡ I ??
l0t0 l08s
116 8t9
8¡3 759

12J2 t166
291r 213e
1004 909
2411 2398
{0a6 f958
1533 155?
2394 2539
2148 2954
1299 t3'rt
1589 1715
¡223 ¡168
1352 1242
1?8¿l 1698
1?74 I ?68
1597 154?
205? 2143
949 1007
941 9? I
8,1I A12

1,168 147€
l0I8 1.008
3124 2969
2552 2440
2855 2951
1385 1508
l{I0 1431
?0I 164

H K L toFO 10FC H t( L loFO IOFC H X L IOFO ÌOFC
4
6
I

t0
l2

-lr
-'l
-5
-3
-t
I
3
5
1

9

1l
-12
-10
-8
-6
-4

0
1
6
I

10
-13
-1t
-9
-1

-3

! :,5 -2s ¡5 -2
? 15 -29 t5 -2

1r t3 -2
-10 t6 -2
-8 t6 -2
-6 16 -2
-{ 16 -2
-2 t6 -2
0 l6 -2
216-2
1t6-2
6 16 -2I l6 -2l0 .16 -2

-9 t1 -2
-7 t1 -2
-5 l? -2
-l 1r -2
-l l? -2117-2
317-2
5 1? -2111-2

-10 t8 -2
-0 10 -2
-6 l8 -2
-4 l8 -20 18 -22L8-2
6 18 -2

L0 t8 -2

-6 12 -2
-1 t2 -2
-2 t2 -20t2-2
212-2
4L2-2
s12-2

t0 l2 -2
-? lJ -2
-5 t3 -2
-3 l3 -2
-1 l3 -2I 1l -23 lJ -2
5 13 -2? l! _2
9 t3 -2Ir 13 -2

-8 l.t -2
-6 ì1 -2
-4 L4 -2
-2 t4 -2
0I1-2
2t4-2
4t4-2
6 14 -2I ).{ -2

10 1.4 -2t2 14 -2
-:.I 15 -2
-9 ls -2
-7 15 -2
-5 l5 -2

a e-2
10 a -2
-9 9 -2
-1 9 -2
-5 9-2
-3 9-2
-l 9 -2
I 9-2
3 9 -2
5 9 -2
1 9 -2
9 9-2

t3 9 -2
-10 t0 -2
-g l0 -2
-6 10 -2
-4 10 -2
-2 l0 -2
0 10 -2
210-2
4 I0 -2
6 t0 -2
I 10 -2

-9 ll -2
-7 1l -2
-5 ìl -2
-3 11. -2
-I lt -2
I lt -2
3 l1 -2
5 1l -2't 1! -2
9LÌ-2

75
95

11 5

-10 6
-8 6
-6 5
-,¡ 6
-26
06
26
46
66
06

l0 6
12 6

-13 1
-11 'l

-9 1
-t 1

-3 1
-l 1
L't

13 1
-68
-4 I
-2 I
08
2a

1961 t9t 8
1931 17?{
l{¡10 l34O
3126 2130
I s30 t26?

2-2
2 -2
2-2
2-2
2-2
!-2
3-2
3-2
3-2
3-2
I -2
3-2
3-2
!-2
3-2
3-2
3-2
4-2
4-2
1-2
1-2
4-2
4 -2
1-2
4-2
1 -2
4-2
5-2
5-2
s-2
5-2
5-2
5-2

l:5_2:¿ ! I 0l345-9:t9-: ? i-3:? t3
6 I -2 1398 l5?1

1t7l
-8 12 -2 2166 206.1

15 -2 1846 l8?2 -1 19 -2 ll88 1228
15 -2 2451 2407 -5 t9 _2 lI23 logr

5 -2 4094 ¿iOt3
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Table 2 5 (contin ued)

OBSERWD ÀND CÀrcUUTED STRUCTURE FÀCTORs FOR {IRFE2(CO)?PPH3ÀU2(PPH3)2C2Pg]

21,'t3 2271
1608 1681
1.405 1393
1092 1109
1608 1536
1621 1623
1?95 I805
2090 20I't
14 89 1{99
2045 205s
1069 11ls
99't a92

1322 lit2
21t4 26s9
l2t5 !261
16?2 1685
2349 2413
7216 I24I
64't 7 t6

1066 1080
1588 1552
L41S 152?
204s 2160
15?3 1s9l
s?s 633
973 985

r128 1183
ls81 152?
1?56 1'r99
53? 490
9't2 1034
s80 953

1065 1011
1804 I822
928 958

1870 1910

24 -2 1156 1200
25 -2 1201 tt95
25 -2 711't I8s1
25 -2 920 909
25 -2 1{?9 1555
25 -2 2341 2529
25 -2 r20't 7213
21 -2 1542 1529
21 -2 649 't30
21 -2 1219 t2a5
2't -2 206't 2158
28 -2 996 919
2A -2 t69B I't49
1 -1 1138 1110
I -1 10?5 955
I -1 {205 4102
I -1 3318 3I65
ì -1 1862 1620
1 -1 974? 8?58
I -1 ?2?3 9143
I -1 2352 2635
I -1 4810 5139
I -t 3310 3342
I -l 1052 1138
l. -1 20t? 2013
I -1 134r 1433
2 -1 I330 t21o
2 -1 3388 3304
2 -7 3061 2951
2 -1 It19 !t'12
2 -t 3380 2925
2 -t 6121 6410
2 -I 2064 2433
2 -1 4313 4641
2 -t 4546 489't
2 -1 21A6 2t96

Ì{9€ 1530
[t19 7't29
1912 1830
1639 1135
3156 2120
I6?9 I466
2840 2569
2'Ì34 3059
946 1019
900 916
891 944

I595 1418
105? 809
1161 t120
2565 2391
1119 t333

3003 2982
I 093 I 129
4026 {803
J110 1205
1616 1668
93'7 966

1653 16.14
1330 132ì
2a91 2586
1218 393t
1530 1468
219a 2218
1549 {065
1899 205?

9{ 5 98C
2219 2159
2592 2161
ì 511 1612
58? 589

K L 1OFO 1OFC

s -t 1to3 ttal'
6 -1 I4?5 1354
6 -I 225A 2063
6 -t 2590 2385
6 -1 1073 9'11
6 -L 2513 2420
6 -l 4569 {093
6 -I 4291 4IO4
6 -t 894 906
6 -1 1038 l19e
6 -1 1129 1185
6 -I 905 1018
6 -I 124 86't
7 -1 614 546
7 -t t60 666
? -1 1616 1410
r -t 1869 1128
? -1 I164 1298
1 -7 2365 270't
1 -I 293A 2685
1 -I 2192 2881
l -t 1415 t56t
7 -1 646 680
l -I 1408 1521
l -I 1?19 1851
? -t 120 691
I -1 1211 1106
I -ì 1503 1339
I -I 302A 2118
8 -1 1066 t038
I -l 3sll 3248
I -I 142A 6124
e -1 2180 2415
I -I 140Ì 1494
a -1 2-t4),3282
8 -1 548 123

PÀGE 1?

f] X LIOFO1OFC

-1 1440 t538
-1 6?4 'r't6
-1 990 1038
-1 ?88 688
-l 986 83f
-1 rs35 1331
-1 1935 i-632
-1 1665 1547
-l 315t 288?
-1 1124 t1s1
-l 164 836
-r 792e 2254
-1 1s59 1?18
-1 108e l04t
-t 1628 145?
-t 8s6 846
-1 5239 4691
-1 5092 4690
-I 2'to7 2so4
-L 3304 342'l
-I 2157 3069
-1 81? 952
-1 1625 1?s0
-1 884 890
-t 2!01 t129
-7 2299 2162
-I 1073 t021
-L 3420 2971
-t 2533 2426
-t 1I10 1290
-I 2041 2!43
-r l?52 2015
-l 1550 1717
-l t3{2 1488
-1 136? 1323
-1 3448 3193

PAGE 18

H K L1OFOIOFC

H K LIOFO]OFC FI X L1OFO1OFC H K L]OFO1OFC H

88
10 I
128

-13 9
-9 9
-1 9
-5 9

-t 9

't9
-10 10
-8 10
-6 10
-4 10
-2 t 0
0 I0
2 t0
4 10
6 10
I 10

t0 l0
-9 11
-? 11
-5 1t

-ì 1I
L 11
3 11
5 tI
? 11
9 1l

-8 ).2

10 2 -t
12 2-7

1 3 -1

? 3 -L
9 3 _1

-L2 4 -1
-10 4 -1
-8 4 _1
-6 4 -1
-1 4 -1
-2 4-7
0 4 -1
2 4-1
4 4 -1
6 4 -1
I 4 -1

10 4 -1
12 { -t

-13 5 -1

-1 5 -t
1 5 -l
5 5 -1.
? 5 -l

lI 5 -1

-1 79 -2
1t9-2

119-2
-ø 20 -2
-6 20 -2
-4 20 -2
-2 20 -2
o20-2
220-2
420-2

-1 21 -2
-5 2I -2
-3 2! -2
-7 27 -2
121-2
32t-2

12t-2
-4 22 -2
-2 22 -2
222-2
422-2
622-2

-'t 23 -2

-3 23 -2
-7 23 -2

-6 24 -2
-4 24 -2
-2 24 -2

13
-r2
-t0
-8
-6
-4
-2

0
2
1
6
8

10
-13
-11
-9
-1
-5
-3
-t
I
3
5
1
9

13
-12
-10
-8
-6

0
2
1

6

4

-3
-1

1
3

-3
-l
I
3

-2
2

-11
-9

-3
-1

1
3
5

1
9

11
13

-8
-6
-4

0

4

6
8

OBSERVED ATD CÄI¡UIAIED STRUCÎURE FACTORS FOR fIRfEz(COI?PPH]AU2(PPH3)2C2PH]

H X LIOFOIOFC
H K L1OFOIOFC H X LTOFOIOFC H K LIOFO1OFC

-4
-22
02
22
42
62
8Z

!2
-9 

2

-1 
2

-5 
2

-r 2

-1 :
t:
3:

'ì1'.,ì
11 ì-ro ì-s ì-6 3-1 3
-2303
¿4
44
64
84

l0 412 4
-Ì I 4
-94
-1 4
-5 4
-34

4
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Table 2.5 (continued)

OBSERVED ND CÀI,CUIÀTED STRUCTURE FÀCTORS FOR (IRFE2(CO)?PPfl3ÀU2(PPfl3)2C2PH]

H K L10FOtoFC H K L1OFO1OFC ff K LtoFoloFC H K-L1OFO1OFC

PÄGE 19

H K LIOFO1OFC

0 981 1099
0 13?3 Ì490
0 1469 1612
0 1158 1159
0 1609 153?
0 t4?4 1335
0 24e2 2263
0 2266 2162
0 1l-10 1138
0 r323 1502
0 950 914
0 9t{ 971
0 1't9 800
0 841 962
0 1431 12?1
0 1092 1145
0 {t.3 2?l
0 1020 1185
0 1146 1I84
0 808 941
0 9.4I 902
0 1934 I898
o 2761 2201
o 124 699
0 2030 2155
0 1?71 1852
0 499 4?8
0 123-7 110?
0 1060 1092
o 452 464
0 2019 2030
0 2049 2033
o 1910 2022
0 18{5 2045
0 1209 1185
o 25'tt 2606

I 2l8l
r 2355
1 8?{
I t?99
t I955
I 1164
r 965
I 109?
t t0{2
I 12J5

2r2e
2363

675
l9?t
2l3t
¡340

921
lI49
lt42
12 {.1

2 18
4 18
6 18

10 18
-'t 19
-5 1.9
-1 19

5 19
119

-4 20
420
620
820

-5 2I

-t 2l
32I
5 21
921

-8 22
-4 22

o22
222
422

-1 23
-3 23
3 23
123

-4 21
-2 24

4 24

-? 15
-5 15
-l l5
-1 t 5
1 15
3 ls
5 15
? 15

11 15
-10 16
-s 16

-4 16
-2 \6
0 16
2 16
I 16
6 16
8 16

10 I6
-9 1?
-l 1l
-5 I ?

-l 1l
1 17
3 1?
5 17
7 17
9 tl

-I0 t8
-6 t8
-4 t 8

-2 18
0 t8

? t1
9 11

-10 12
-8 12
-6 72
-4 12

072
272
4t2
612
I 12

10 12
-11 t3

-5 13

-1 13
I 13
3 13
5 t3
? 13

tl l3
-10 14
-€ 14
-6 t4
-4 14
-2 14
0 14
2 14
1 14
614
I 14

10 1{
-11 15
-9 15

13 1

-8 I
-1 I
-28
88

10 s
-13 9
-9 9
--t 9

-39
-l 9
t9

59
19
99

t3 9
-12 10
-8 10
-6 l0
-4 r0
-2 to
0 10
2 10
4 10
6 10
8 10

-? 11
-5 l1
-3 t 1

-1 l1
I lt
3 11
5 1r

-ll 5
-7 5

-35
-1 5
15

55
15

11 s
13 5

-r2 6
-10 6

-8 6
-6 6
-4 6
-2 6
06
26

6É
86

t0 6
t2 6

-13 ?
-11 l
-9 1
-'t 1
-3 1

-l 1
1?
31
5?
11
9'1

lt 1

0 1793 1595
o ILa9 911
0 3618 3241
0 t4?4 1306
0 2983 2638
0 3053 3042
0 1313 1534
0 2898 3258
0 1170 1163
0 1586 16?1
0 1I1 645
0 1166 lt16
0 1141 105s
0 313,4 2916
o 29?9 2582
0 1541 1314
0 3095 2594
0 4199 390?
0 2830 3030
0 123? 1383
0 2163 2351
o 245L 2'143
0 1019 1098
0 1115 1130
0 I5r6 13?l
o 116 179
0 2316 20?t
o 2664 2356
0 2536 2206
0 1858 t?01
o 1260 1299
0 2110 2349
o 469 491
o 2033 22'13
0 t867 2041
0 156 788

0 1214 127ì
0 12S7 I0?5
0 651 608
o 9t6 't32
0 t0?6 1t20
0 r54 146
o 1427 r32e
0 1948 1?16
0 1?4I 1593
0 1974 t?65
0 4624 4013
o 2680 2414
0 230? 2353
0 3656 4092
0 1568 1S65
0 t2t5 139?
0 1666 1?38
0 124{ 130?
0 1082 994
0 1836 1621
0 2e18 2683
0 I363 1259
0 2r89 1981
0 698 686
0 1646 1?33
0 1t?9 1369
o 2203 2643
0 1511 1668
0 tL95 10??
o 224't 2051
0 4021 3641
0 4't38 4206
0 3231 3111
0 3200 3223
0 3763 40?6
0 3030 3528

0 1?17 1986
0 98€ 1129
0 1376 1228
o 2252 1955
0 1448 1356
o 2511 2331
o 2a45 2684
0 656 656
0 2593 2?30
o 2765 2360
0 109I 13I?
0 l??1 203?
0 1215 133t
0 1I30 915
o 3142 2864
0 3864 35?5
0 r9?2 t?83
0 4153 3919
0 4005 3906
0 1623 112I
o 2911 3438
0 2340 2114
0 10I3 1026
0 1488 I3?6
0 25L9 226r
0 2158 1994
o 2563 2255
0 3861 3681
0 2116 2183
0 3329 348?
o 2206 2285
0 1189 2030
0 22Lt 2196
0 1246 1415
0 953 ?98
0 1250 1044

0 1433 1285
0 1?38 1569
0 1929 1?30
0 2229 2055
0 2098 2038
0 15t8 15??
o L410 !642
0 111? t302
0 903 964
0 '196 1A\
0 1373 12t4
0 I8I6 t?13
0 4010 35?2
0 1?63 16?1
0 2253 2038
0 5500 5365
0 1829 l8'76
0 1469 I593
0 3301 3692
0 1589 1893
0 1015 117 8
0 L0{2 9t6
0 1599 1514
0 2163 1953
o 22A5 2218
o 2't33 2691
o 2581 2623
0 1990 2101
0 1?64 1880
0 1420 1599
0 810 958
0 l19l 1285
0 1621 1493
0 1660 t524
0 1033 1084
o 20t3 2114

-5 25

OASERVED ND CAIÆUIÀTED SIRUCÎURE FACTORS FOR {IRFE2(CO)?PPH3AU2(PPH3I2C2PH]
H K LIOFO1OFC fiK

-9 I9
-3 19
-0 20
-6 20
-2 20
020
a 20
620

-9 21
-1 2r
-5 21

PAGE 20
LloFoloFC ti K LloFoloFc H K LtoFOlofc H K LtoFOIOFC
¡ 094
t ).025
¡ ?99
r 1369
! I?50
I 2031
I tt07
I 145?
:, 60?
¡ 8{0
I ?16

-l 2t

3 2t
-2 22
022
2 22
422
622

-l 2.1
-l 23

-t 25 0
I 25 0
.¡ 25 0
5 25 C

-3 21 0
-l 2? 0
t 21 0
3 2? 0

-228 0
0 2e 0
2 20 a

1237
lI80
2520
1172
2025
I 160
1296
2045
1?56

926
¡?15

1200
121 9
27 )3
1231
2022
¡.180
M0
2 r11
l?9I

963
| 111

?30
961
?64

t238
¡?43
2099
I l2J
¡ 628

56'l
806
193

r 129?
L I3I3
I 1205
I 9't 5

I 828
t 1052
I t09l
1 t367
I 1011
I 2969
I 1608

r21 6
t232
120?
1025

?88
104 4
106,1
r129
1068
21 A2
1 611

3 23
5 23

-1 24
-2 24
2 21
124

I ß?8
I 2246
I 1{ì6
I ll97
, 1121
I 188?
I 1248
I 1tS3
I ?05
I 1069

884
2tl5
160 6
l2 8l
161 9
l8?8
l4l l
tl80

662
1099

-4 26
-2 26
o 26
2 26
4 25

-3 21

-2 2â
2 2A
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APPENDIX 3

PUBLICATIONS BY THE AUTHOR ARISING FROM THIS WORK

1. Reactions of transition metal- acetylide complexes,

Part IV. Synthesis and X-ray structure of a bromovinylidene

complex, [Ru{C=CBr(CsH,*Br-4) } (PPhs)z (n-CsHs) ] [Brs] -CHCIg

(with M.I. Bruce, M.G. Humphrey and B.K. Nicholson)

J. organomet - Chem- , 1985 , 296, C47 .

2. Reactions of transj-tion metal o-acetylides, Part VII.

Synthesis and properties of complexes containing hal-o-

vinylidene ligands. X-ray structure of [Ru (C:ClPh) (PPh sl z-

(n-CsHs) I II¡] (with M.I. Bruce, M.J. Liddef l- and B.K. Nicholson)

J. Organomet. Chem-, I9B7, 326, 247.

3. Cyclopentadienyl-ruthenium and -osmium chèmistry, Part

XXVIfI. Reactions and isomerisation of 1,2-bis (methoxy-

carbonyl)ethenyl complexes: X-ray structures of

Ru{ (zl -C(COzMe) =CH (COzMe) } (CO) (pph3 ) (n-CsHs) - 0. 5EIOH,

nu{ (¿) -C (COzMe) -CH (COzlr{e) } (dppe) (rt-CsH s ) and

nu{ C (COzMe)-C (COzMe)C (COzMe) =g¡1 (COzÌ4e) ] (PPh: ) (n-c sH s )

(with M.I. Bruce, A. CatÌow, M.G. Humphrey, M.R. Snow and

E.R.T. Tiekink) ,¡. organomet. Chem-, 1988, 338, 59.

4. (n-Cyclopentadienyl) [methoxy(methyl) carbene]bis-

( tr iphenylpho sphine ) ruthenium GI ) Hexaf luoropho sphate

(wit.h M.I. Bruce and E.R.T. Tiekink) Acta Crsst., 1988,

c44, 1130.
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5. Cyclopentadienyl-ruthenium and -osmium chemistry,

Part XXXI. Preparation of some complexes containing

1,1'-Bis (diphenylphosphino) ferrocene (dppf) : X-ray

structure of RuH (dppf ) (n-CsHs ) (with M.I. Bruce, I.R. Butler,

W.R. Cullen, M.R. Snow and E.R.T. Tiekink) Aust- J - chem.,

l_988, 4r, 963.



Some Organotransition Metal Chemistry ol tlic Carbon-Carbon Triple Bond
by George Anthony Koursanronis B. Sc.(I{ons.)

A Thesis presented for trre degrec of Docror of philosophy.

The Department of physical and Inorganic chemistry.
The Universiry of Adelaide.

Addendum/Correcrion Shecr, March l99O

The numbercd references contained in rhc follou,ing passages can be found aL

the end of thc rcspective chaptcrs in rhc thcsis propcr.
Ch aptcr I

Correclions.
1. p.16, Paragrapl 2. The c( r )-c(2) bond lcngrhs for comprcxcs . (Ð and (5 )
are not short for C=C doublc bonds. Givcn Lhc crror linlits, these distances do
not differ significantly from the srandard c=c bond lengrh of 1.33Å.
2. p.30, linc 17. Ir has been srarcd rhat the bromination of comprex (Ll_)
probably gavc I-bromo-2-phcnylethyne as an organic side product, this is
obviously not the case. Dircct atrack of bromine ar rhc Ru-C(sp) -bond would
give initially (2Ð and bromoerhyne.

Ad dcndum.

l. Discussion on rhe ring harogenation reacrion of Ru(c2ph)(pph3)z(r-csHs).
A great deal of thc chemistry of Group 8 accrylidc complcxes can bc

attributed to thc nuclcophilic bcta-carbon found in thcsc complcxcs. If'onc
takcs an organic chenlist's vicw point rhcn rhc comprcx Ru(czph)(pph g)zo -
CsHs) can bc thought of as a sul¡stiturcd bcnzcnc ring. Thc carbon attachcd ro
thc ipso position of thc bcnzcnc ring bcars a conccntraf.ion of clcctron
dcnsityl4 and bromination aI thc 4-posirion can bc rhoughr of as simply an
cxamplc of aronlatic elcctrophilic substirution.

Thc thcoretical study by Kostic and Fcnskc I 4 showcd rhat the ligand Tc

syslem in phosphine containing transitionrn"ial acetylide complexes can be
considcred to be polarized away from thc the mctar fragment, which is _ a ft
donating substituent. Any fi donating tendency of the ncgative charge on the

o nant lrect ing electrophiles to
the 2- and 4-positions <¡f the phenyl ring. The reason that bromination at the



2-position of the phenyl ring is nor observed iu rhe rcaction of
Ru(czPh)(PPh¡)z(l-csHs) wirh bromine is probably sreric.

Kostic and Fenskel4 also concludcd rhat nucleophilic addirion ro
vinylidene ligands is essentially fronrier orbital controlled while the addition
of elcctrophilcs to acetylide complexcs is largely charge controlled. Once a

vinylidene is formed from an acetylide complex several significant electronic
and energetic changes take placc. The HOMO in carionic vinylidene complexes
is 25vo localised on the beta carbon and this concentrarion of charge could also
direct para substitution of the phenyl ring. Intuitively clcctrophilìc
substitution of a cation should be lcss favoured than subsritution of the
neutral acetylide.

The use of neat Br2 to cflcct thc sl,nthesis of the complex (Ð could not
be extended to the synthesis of an analogous dppe dcrivative. Artempts at such
reactions produced m iiturcs from which no tractable produc(s could bc
isolated. The differences betwecn lhc PPh3 and dppe derivarives could relare
to the respective reactant ratios and rcaction conditions. However, as
mentioned above comparable condirions did not allorv rhc isolation of a dppe
complcx analogous ro (Ð.

In rhc iodinarion rcacrion of Ru(c2ph)(pph¡)z(l-csHs) a two and hatf
times excess of iodine was uscd and a product analogous to (Ð was also not
found' This could rclate to thc facr that iodine is the lcasf reactive of the the
halogens in aromatic substitution. Ir is usually nccessary to catalysc the
reaction of iodine by oxidation to a bcrrcr elcctrophileI J. March in Advanced
Organic Chemistry,3rd Edition, Wilcy, 19g5, p.a?g.l

Thc dircct introduction of chlorinc gas into rctrahydrofuran solutions
of Ru(czph)(pphg)z(n-cs H s) \\,as nor arrcmprcd. chlorinc is morc rcacrivc
than brominc and it was fcarcd that th is rvould Icad to dccomposition of thc
substratc.

Ir is srill uncrear whcrhcr rhc ring harogenarion of Ru(c2ph)(pph ÐzÃ _

CsHs) actually prcccdcs or is concurrcnt with B-carbon attack. Howevcr, it is
clear that the mechanism of halogcnatio! of these acetylides dcservcs morc
dcta iled s tu dy.

2. The reaction of dioxygen and water with vinyridene complexes.

c t:w i t h:bo [.h:w.a ter:a n d
It is believ

oxygen fo form complexes containing carbonyl ligands. The reaction of



dioxygcri with a iuthenium phenylvinylidene complex to give a cationic

carbonyl conraining complex has been reported.6 This result was thouglìt to

be a consequence of direct cleavage of the vinylidene C=C double bond by

dioxygen. This assumption was supported to some extent by the isolation of the

expected organic side product, benzaldehyde, as 2,4-dinitrophenylhyd razine

deri vative.

The reaction of [Ru{C=C(Ph)(CZHZ)}(dppe)(l-CSH5)]tPF6l (2-8j rvith

aqueous Letrahydrofuran also gave a cationic carbonyl complex

tRu(CO)(dppe)(l-CSHS)lIPFOll9. Therefore there is evidence that vinylidcnc

complcxes react with water and oxygen to give carbonyl containing
complexcs. It is also stated(Ch.1, p.28) that the reaction of (Ð with watcr in
tctrahydrofuran did indecd give tRu(CO)(PPhg)Z(l-CSHS)ltPFOl although no

cxpcrimenf.al details were given. Howcver, it is truc that expcriments rvith dry

air and dcoxgenaled rvaLcr would be necessary to distinguish unanrbiguously

ri,hich of the two was rcacting with solid vinylidcnc samplcs.

3. p.22 Postulatcd structure of complex (15)

A more reasonable alternative (ll-al fo-r the structure postulatcd for
(-llj is dcpictcd bclow.

SiMe 3 P Fe-

Mes SiMe3
H

(15a)
This struclure is morc consistcnt with thc obscrvation that the SiMca groups

arc magnctically inequivalcnt. Howcver, the abscncc of a pcak at ca. õ7-8 in

thc 1H NMR spcctrum of (15) duc ro a ruthenacyclopcnrarrienc =CH[cf. fl.1[)32]
casts some doubt on both structures. It is conccivable that the peak u.ndcr thc

CSHS resonance be assigned to a =CH carbon of a ruthenacyclopentatriene but

the chemical shift would seem to be at too high a field.

H

+
Ru



Ch ap te 12

Co rrecti on s.

1. p.96, line 4 & paragraph 2, line 14.

A better explanation of the relatively high ficld shifts (ca. õ 2) of the
butadienyl prorons and =cH carbons (c¿. ô 4g) of complex (zgJ is that the

ruthenium atom strongly donates electron density into rhe 7t+ orbitals of the
diene.

Addendum

1 . An important referencc on alkyne oligiomerisation was omitted: M.J.
winter in The chemistry of trre Mctal-carbon Bond,Vol. 3, Ed, F.R. Hartley, S.

Patai, Wiley, 1985, p. 259-294.

2. Thc salt NH4PF6 was not necessary for thc stoichiometry of the
reactions in which complexes (27), (2_L), €9) and (31) wcrc formed(sce Schemc

a, p.92). However, the reactions \\,crc considerably lcss clean in its absence.
The Ru-CI bond of RuCI(PPh3)Z(n-CSHS) il highly polarizcd and is atmosr

completely dissociared in merhanolIR.J. Haincs and A.L. Duprccz, .I. organomet.
C hem.'1975, 84, 357). This allorvs facile hcterolyric clcavage of rhe chloridc
ligand and promotes substitution of thc ruthenium complcx. Thc equilibrium
shown probably also lies sonlervha[ to thc right for the iodo complex.

RuX(PPh3)z(l-CSHs) + McOH 
=:[Ru(McOH)(pph:)z(n_C5H5)] + X

X=CI and I
It is thought that thc largc non-coordinaring PF6 - ion stabiliscs rhc

cation to a greatcr extent than thc halidc ion. In fact rhis has allowed Haincs
and DuPrecz to isolate rhc carion IRu(McOH)(pph3)Z(n_CSHS)]tBphal.

The rate and equilibri um constants for rhc accronirri lc solvolysis of thc
halide ligand in the chloro comprex, and a range of congcncrs RuXL2(n-csHs)
(L=phosphine, phosphonitc, phosphire;L2=bidenrate phosphinc;X=Cl,Br) have
been determined. [P.M. Treicher and p.J. Vinðenri, Inorg. crtem., r9g5, 24, 2gg)

The role of NH4PF6 in the synrhesis of complexes (2_ZJ, e&), (Zg)_añd (3 1)

is probably to polarize the ruthenium halide bond of lhe srarring material.

Iightly solvenr stabilized,

vacant coordination site

ls available for af.rack by the incoming alkyne. A
also arise as a result of the substitutional Iabilitycan



of one of the bulky 'PPh3 ligands in RuX(PPh3)ZGI-CSHS)tM.O. Albers, D'J-

Robinson and E. Singleton, Coord. Chem. Rev-,198'7, 19' l).

3. The essenrial feature of complexes (!!) and (29) is that both complexes

contain r1 5 - cyclohexadienyl rings(see Scheme 4). This fact should be

mentioned at the beginning of the discussion of the structural characteristics

of complexçs (28) and (29) and not left to p.102.

Chaoter 4

Co rrec ti on s.

1. P.248 The discussion concerning elcctron counLing.

Trimetallic alkyne clusters havc been found to adopt Lwo distinct

geometries categorizcd by rhcir electron counts. The clusters having a 46

clusrer valence electrons(CVE's), or 6 SEP's adopt a closo trigonal bipyramidal

stntcture with the alkync ligand lying pcrpcndicular to one of the mctal-

metal bonds. The other cluster geomctry has 48 CVE's or 7 SEP's and can bc

dcscribcd as nido square pyramidal with thc acetylenic moiety positioned

parallel to a metal-metal bond. In each case the ncutral acetylene is counted

as a four-electron ligand.

2. p.233 & p234 Scheme 5.

This scheme was intcnded ro depict a hypothetical situation in which

the Au-Au vector in complcx (39) is cteaved in the presence of carbon

monoxide. The dashcd arrows indicate a possiblc vinylidcne product while the

solid arrows dcpict a possiblc alkyne product.

The reaction of scvcral mctal cluster complexes with

tO{Au(PPhg))glIBF¿] in rhc prcscnce of [ppn]+ salts gave derivatives

containing two Au(PPh3) moictics in which an Au-Au bond may or may not be

presentIM.1. Bruce, P.E. Corbin, P.A. Humphrcy, G.A. Koutsantonis, M.J. Liddell,

and E.R.T. Tiekink, ,/. Che¡n. Soc., Chem. Commun.,1990, in pressl. Although no

justification was offercd for the assumption that thc spccies AuZ (PPh 3 )2 is an

intermediate in these auration reactions the reagcnt

tO(Au(PPh¡))gltBF¿l/tppnltCo(CO)41 can be considercd a formal source of two

Au(PPh3) groups.



Addendum.

1. p.288, paragraph 2. The structure determination of complex (39)

The heavy atom positions were found to be disordered such that about

each atom f wo residual electron density peaks were located approximately I Å

from the parent atom. These were modelled successfully with 2Vo occupancy

factors.

The identity of the disordered solvenf. molecule was known from l g NMR

data. Horvever, analytically pure samples of complex (39) could be obtained by

subjecting the solvent included complex to high vacuum for thirty six hours at

room temperatu re.




