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SUMMARY

Section A of this thesis discusses the chemistry of the carbonyl-

free complex RuCI(PPhs )r(¡-CsHs ) r detaiJ-ing reactions involving

(i) reactions of the metal-halogen bond (ii) ligand exchange reactions

and (iii) reactions affording cationic complexes.

A variety of other cationic complexes are obtained vith nitrilest

isonitriles, tertiary phosphines and phosphiLes, together rvith some

observations on the relation betrueen ease of addition and repJ-acement ofl

ligands in the formation of these cations.

Reactions betureen terminal acetylenes HCzR and RuCl.(PPhg)r(¡-C5Hs)

afford the monosubstituLed vinylidene complexes {Ru(C=CHn)(ppna)z(n-CsHr)}*

(I), ruhich are readiJ.y deprotonated by bases to give the corresponding

o-aceLyIides, Ru(C=cR)(pphs)2(¡-CsHs) {R = Me, Pr, Ph, CeH+F-4, CeFst

CgzMe]. The o-acetylides react vith strong non-coordinating acids, such

as HBF,* or HPFo, and also ryith tria].kyloxonium salts, such as {Mes0}PFe t

to give the complexes (I), and {Ru(c=cnR')(pPns)z(n-csHs)}* (rr; Rr - Me,

Et), respectively. The structure of (II; R = R'= Me) has been deternlined.

Ligand exchange reactions of the o-acetylides afflord complexes

Ru(C=CR)(L)(PPh3)(n-CsHs), Ru(C=CR)(L)z(¡-C5Hs) {L = PRs, P(0R)¡} and

Ru(C=CR)(Lz)(n-CsHs) {Lz = dppe, dppm}, vhich can also be converted to

the analogous vinylidene complexes. The reacLion betureen HCzCHzCHMeOH

and RuCl(PPh¡)z(n-CsHs) does not afford a vinylidene complex; instead

intramoLecular cyclisation to a complex containing the methyl substituted

oxacycJ.opentyJ-idene ligand occurs spontaneously. This carbene is very

reactive, undergoing a rapid base-catalysed H-D exchange at the carbon

adjacent to the metal-bonded carbon.

The reactions of severaf cyanocarbon and cyanonitrogen anions ulith

the complex RuCI(PPhg)z(n-CsHs) are reported, in urhich the chloride is

exchanged for the cyano-substituted grouP. lile are not a\uare of any

other compounds containing these anions and organometallic residues.



The last chapter Ín Section A discusses the I3C spectra of the

products obtained above. V'le had envisaged a relationship betveen the

13C and rH resonances of the cycJ.opentadienyl tigand and vanted to note

the chemical shift values of various Ru-C carbons.

SecLion B of this thesis discusses the chemistry of the cluster

carbonyl Rug (C0)rz. l'Jith feru exceptions, substitution of Ru¡ (C0)rz by

Group V donor ligands, L, affords the trisubstituted complexes Ru3(C0)gLs,

in ruhich one C0 group on each melal atom has been displaced by the ligand

molecuLe. .Triruthenium dodecacarbonyl reacts vith BuÍNC under mild

conditions to give Rua(C0)rr(CNgul) (III), a fluxional moLecule ruhich

adopts the axialty substituted structure in the solid state. The unusual

tvisting of, the Ruz(C0)s fragment in (III) has relevance to the current

theories of fluxionality in cluster carbonyls. Di- and tri-substituted

products are obtained using more vigorous reaction conditions.

TetranucÌear hydrido complexes HaRu4(C0)rz-n(CNBul)¡ {n = 1-4} are

formed from HqRuq(C0)rz. Complex (III) reacts vith dihydrogen in inert

solvents to give mixtures of HRua(C0)g(p-HC=NBul¡, HRua(C0)a(CNBu¿)-
+

(p-HC=NBu¿), and an intermediate vhÍch reacts to give H+Ru+(C0)rz-n(CNBuÍ)n

{n = 0-2}. Similar complexes u/ere formed in reactions betureen

Rus(C0)ro(CNBuÍ)z and Hz. Complex (III) reacts vith Group V donor

ligands to give the monosubstiLuted Rua(C0)rrL complexes and mixed

ligand complexes, Rua(CO¡r0(CNBu¿)L. Pyrolysis of Ru3(C0)rr (CNBuÍ)

affords Rus(C0)r+(CNBuÉ)2, ruhich contains an open rsvallotur cluster,

urith one isocyanide ligand acting as a six-electron donor, and bonded

to four of the five metal atoms.
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CHAPTER 1

A SUAIMÁRY OF THE CHEI'|ISTRY OF CARßOI\/YL-FREE COI,,IPLEXES OF THE TY?E

R¿rX(PRs)2(¡-C5Hs)



Studies I t2 on ruthenium complexes containing both ¡-cyclopen

and carbonyl ligands have shoun that. there is surprisingly little

difference in reactivity betueen these complexes and the analogous iron-

containing compounds. Hovever, the increased reactivit,y tovards small

molecules of phosphine complexes compared vith those containing carbonyl

groups, together ruith the useful-ness of some ruthenium(II) complexes 1n

many catalytic reactions, 3 suggested that a study of the chemistry of

carbonyl-free complexes of the type RuX(enr¡z(n-CsHs) uould be urorthurhil-e.

Although RuCf(C0)z(n-CsHs) can be readily obtained 2 it, is unlikely

to be a usefuL precursor for compounds containing the Ru(enr¡z(n-CsHs)

moiety in viev of uork ruith the iron compounds FeX(C0)z(n-CsHs) uhich

has shovn that'monodentate phosphines react to give only monocarbonyl

complexes FeX(C0)(nnr¡(n-CsHs).4-6 Only vith triphenyl phosphite under

forcing conditions have any fully substituted complexes of the type

FeX{P(OPh)g}z(n-CsHs) been obtained.T Treatment of RuI(C0)z(n-CsHs) vit,h

phosphites yie].d only the monocarbonyl derivatives RuI(C0){P(0R)g}(n-CsHs).8

It is thought that the stability of the intermediate monocarbonyl results

from a delicate balance of steric and el-ectronic effects. Clearly the

preparation of fully substituted phosphine complexes RuX(PR¡)z(n-CsHs) by

dispJ.acement of both C0 groups of the Ru(C0)z(n-CsHs) moiety by tertiary

phosphines or phosphj-tes has only limited scope.

The synthesis of compounds containing the Ru(PRs)z(n-CsHs) group

involves treating carbonyl-free ruthenium halide complexes vith cyclo-

pentadiene or the derived anion, cyclopentadienide. Thus, t.he reaction

betveen cyclopentadiene and RuClz(PPh3)a proceeds in about ttuo days to

give the yelJ.oru-orange RuCl(eefr,)z(n-CsHs),e which has proved to have an

interesting chemistry quite disLinct from that of the analogous dicarbonyl.

This reacLion has afforded related compounds containing other tertiary

phosphines, phosphites and arsines, for example, RuCI(L)z(n-CsHs)



2

{L = pph2Me, p(gMe)g, AsPhg}, by reacting compounds related to RuClz(PPhg)s

ruith cyclopentadiene; methylcyclopentadiene reacts similarly. lvrlith PPhzMe

and AsPha the initial compounds from reactions ruith ruthenium trichloride are

the complex salL {RuzCt3(PPh2Me)o}Cl,1o and the adduct RuCIs(AsPn¡¡2(Me0H)rrI

respectively. The former did not react urith cyclopentadiene until an.

amine vas added to the mixture. tn,ith the triphenylarsine complex, addition

of zinc as a haLogen accePtor vas necessary. The osmium compleX

gsBr(pphg)z(n-CsHs) can be obtained from 0sBrz(PPha)3 and cyclopentadiene.t2

Reaction betueen RuClz(PPhs)g and thallium cyclopentadienide proceeds in

about thirty minutes t.o give RuCl(PPhg )z (rl-CrHs ) , 
r I a reaction ruhich

becomes experimentally difficult to scafe up vhen large quantities of the

chloride are required. Variable yieJ-ds are encountered in the original

reacLion uith cyclopentadiene, probably arising out, of the tendency for

RuCl2(PPh3)¡ to form the unreactive dimeric {RuClz(PPh3)z}z on standing

in benzene solution particularly at ambient Lemperatures prevailing in

Australia. The synthetic method of choice is a simple three-component

reaction betveen hydrated ruthenium trichloride, cyclopentadiene and

tripheny]-phosphine in refluxing ethanol for a period of thirty minutes,

from vhich high yields of RuCl(PPhs)z(n-CsHs) may be obtainud.t.' The

osmium complex QsBr(PPhs)z(n-CsHs) can also be obtained from H2OsBr5t

cyclopentadiene and triphenylphosphine in refJ.uxing ethanol for a period

of truo hours.r3 This general reaction is of timited scope, separation of

product being governed by solubility considerations and other factors.

The reaction betrueen H20sBr5,, cyclopentadiene and triphenylphosphine in

refluxing methanoL al'fords a hiqh yield of the complex 0sBrg(PPhs)z and

only lotu yields ofl OsBr(PPha¡r(¡-CsHs).th

The hatides RuX(PPh¡)z(n-CsHs) {X = F, CI, Br or I} are pale yellotu to

dark orange in coLour, stable in air, and monomeri-c in solvents such as

benzene. The iodide is Lhe major product from reactions betveen the
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chloride and MeMgI. l' Ammonium fluoride reacts ruith the chlonide in the

presence of sodium bicarbonate to give RuF(PPh3)z(n-CsHs) as an unstable

yellov compound. rs

Although both RuCI(c0)z(n-C.Hs) and Rucl(PPh3)z(n-CsHs) are non-

electroJ.ytes in acetone, the phosphine derivative shotus ionic behaviour

in methanol:

RuCl(PPhs )z (n-CsHs ) + Me0H --> {Ru(NeOH) (eefrr )z (n-CsHs )}+ + CI-

The solvento cation can be isolated in lour yields by addition of large

anions such aà tetraphenylborate.l6 The phosphine complex exhibits a

tendency to coordinaLe other donor ligands to give cationic complexes

{Ru(L)(eefrr)z(n-CsHs)}+ (see belov), and also to lose one or bot,h of the

phosphine ligands in reactions affording neutral compounds. The properties

and reactions of these tvo complexes have been compared in detail. Some

reactions of RuCl(PPh3)z(n-CsHs) are summarised in Scheme l.I.
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Reactiovu o6 the Metn2-ha,(.oqen Bond

The metal-halogen bond is readily cleaved in reactions vith a variety

of nucleophilic reagents. Both LiAlH4r2 and NaOMelT afford the yellour,

air-unstable hydride RuH(PPhg)z(n-CsHs)r urhich is thermal.ly very stablet

and can be recovered unchanged after prolonged heating in refluxing di'n-

butyl ether. r 2 Reaction ruith sodium borohydride $'.¡es ruhite crystalline

Ru(HzBHz)(een.¡"1n-CsHs).12 Infrared and protorì o.¡ì.r. data indicate

bridging hydrogen atoms betveen the metal and boron atoms.re The structure

of this complex may be considered as five-coordinate, vith the cyclopenta-

dienyl, tuo phosphine ligands, and turo hydrogen atoms attached to the metal

atom. Sodium cyanoborohydride reacts to give the nitrile complex

Ru(NCBHg)(PPhB)z(n-CsHs) urhich readily rearranges to give either the metal

cyanide or the isonitrile species Ru(CNBH. ) (PPh3 )z (n-CsHr ) . I 6 The cyanide

is also formed by decomposition of the corresponding cyanotriphenylborate.

The pseudohalides RuX(PPhg)z(n-CsHs) {X = CN, NCS} have been prepared by

metathetical reactions. r 6

Alkyl complexes are best prepared from the appropriate organolithium

derivative. Thus, reaction betveen RuCl(PPhs)z(n-CsHs) and methyl-lithium

afforded RuMe(PPhs)z(rrCsHr),I2 Reaction ruith methylmagnesium iodide, as

mentioned above, gave a brick-red solid, identified as the iodidet

RuI(PPhs)z(n-CsHs). The failure of the Grignard reagent to give methyl-

metaL compounds has been noted previously, for example, in the case of

FeCl(C0)r(n-CrHr).lt The pentafluorophenyl complex u/as similarly obtained

from pentafluorophenyl-Iithium.l2 The benzyl complex vas obtained using

PlrCH2MgBr.2 o

The chloride undergoes a conventional- 'insertionr reaction vith

stannous chloride to give yelloru crystals of the trichlorotin compoundt

Ru(SnCIg)(PPha)z(n-CsHs).r2 The complex Ru(SnClg) (AsPhg)z(n-CsHs) uias

obtained similarly. Although related reactions have not been described,
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it is likely that similar derivatives can be obtained ruith other Group IV

compounds containing the divatent metals.r2

A phosphine-free product, Ru(¡-C5Hs)(n-PhBPhg)r is formed in the

reaction betveen Rucl(PPh3)r(n-CsHs) and socjium tetraphenylborate, after

refluxing in methanoJ., in 2O96 yie1d.2r Heating the complex

{nu{p(OMe)r}(PPha)z(n-CsHs)}BPh4 in methanol also affords the phosphine-

free product in quantitative yieJ.d.22 This compound has the zulitterionic

structure (I.1), in vhich one of the phenyl rings of the tetraphenylborate

group has displaced both triphenylphosphine and chloride (or phosphite)

groups, and is bonded in the ¡6-mode.23

¿
Ru'

BPhs

(t.t¡

Liqand Exchanq¿ Røctctioyu

The tendency for l-oss or exchange of one of the triphenylphosphine

ligands vas early recognised in studies of RuCl(PPhs)z(n-CsHs). The mass

spectra2 h of some of the complexes described in the previous section shour

ions fonmed by ready loss of the phosphine ligands. That t,his reaction

occurs readily in solution, in the presence of other donor ligands, \uas

shovn by several reactions. Ready substitution of one triphenylphosphine
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Iigand by carbon monoxide occurs in the reaction betueen tetrahydrofuran

solutions of RuCl(PPha)z(n-CsHs) and enneacarbonyldi-iron at room tempera-

ture overnight, vhen the compound RuCl(C0)(PPha)(n-CsHs) can be isolated

in high yield.t'Th" displaced triphenylphosphine can aLso be isolated in

the form of the complex Fe(C0)¡+(PPhs). tnis monocarbonyl complex is also

formed by carbonytating the chloride under pressule.t2 Similarly,

carbonylation of OsBr(PPhg)z(n-CsHs) gave the monocarbonyl complex

OsBr(C0) (PPhs ) (n-CrH, ) . 
t'

Relatively fev reactions are knoun in vhich triphenylphosphine or

related ligands are displaced by carbon monoxide. The complexes Pt(PPha)+t

Rhgl(pph¡)gr and RuClz(PPhs)n {n = J or 4} react ruiLh carbon monoxide to give

Pt(PPh3 ) s (C0) rzs, 26 Rhcl (C0) (PPh3 ) r r" and tzan's-Ru (C0), (PPh, ) rc\r, t t

respectively. Another example is a displacement reaction involving

Co(PPhr)2(¡-C5Hr).23 Houever, all these reactions depend to a large degree

on the dissociaLion of a phosphine ligand, vhich can be shown to occur in

solution.2 s

There is no evidence for the dissociation of any of the PPU\ \,1,o.,ts \îr

RuCl(PPhg)z(n-CsHs) in solution. As mentioned earlier, the replacement of

the remaining carbonyl group in complexes of the type MX(C0)(PRa)(¡-C5Hs)

{M = Fe, Ru} requires drastic conditions. Thus a reasonable interpretation

of the replacement reactions may involve the stability of the resulting

complexes, rationalised in terms of electronic effeets of the various

Iigands, thaL is, in terms of the relative amounts of O-donor and

n-acceptor properties. The most sLable complex retains one molecul-e each

of a good o-donor (phosphine) and a good n-acceptor (C0).

Steric arguments may be considered, but these vould appear to be

relatively unimportanL, for tuo reasons. Firstlyr fairly large groups can

be accommodated in complexes such as RuX(PPhs)z(n-CsHs) {X = f¡ C5F5, SnCl3}

and secondly, stable cations can be prepared vhich contain truo phosphine
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ligands and one carbonyl group; in these, the lability of the second

phosphine in the neutral complex is reduced by formation of a positively

charged complex.

The molecule RuCl(pptrr)z(n-CsHs) is considerably distorted from Lhe

ideal (CsHs)MLs case as a resulL of Lhe presence of two bulky tertiary

phosphine ligands.30 The steric strain induced by the turo PPh3 ligands

is relieved in three \uays: (i) afl substituents are bent auay from the

C5H5 Çroup by markedly more than the tetrahedral angle, c . I2I-1220 i

(ii) inter-ring repulsion betveen the aromatic rings on both phosphines

opens out the Ru-P-C angJ.es Lo !260 for the tvo rings nearest each other;

the other rings are bent back to a lesser degree (107-fl80); (iii) the

P-Ru-CI angles, cLose to c.. 900. 0pening of the angle Cp-Ru-X {[ = Clr P]

from the tetrahedral angle to c.. 1210 probably results from interactions

of the Cp hydrogens urith those of the PPh3 rings.

Comparison ruith RuCl(PMes)z(n-CsH5)30 shous that both motecules have

the same long Ru-Cl bonds (2.45 Å), ruhich is reflected in the ready loss

of CI- in polar solvents. The smaller PMeg ligands (cone angle 1180) result

in the coordination about ruthenium tending tovards octahedral, vith a

markedly shorter Ru-P bond. These changes provide a dramatic iLlustration

of t.he steric effect of coordination of tvo bulky J-igands ci-| Lo one

another.

Several exchange reactions urith other tertiary phosphines and phosphites

have been described. The mixed complex RuCl(PMePhz)(PPhs)(n-CsHs) uras

detected spectroscopically in the products from the PMePh2.l2 Complete

exchange of triphenylphosphine ruit.h the phosphites P(OR)s {R = Me' Ph}

require the reasonably vigorous conditions of heating in decalin for short

periods.rs Some dehydrochlorinaLion of the P(OPh)3 complex occurs to give

the cyclometallated complex (see beloru).

trfhere they have been studied, similar reactions have been found uith
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OsBr(PPhs)z(n-CsHs), but the usuaL reduced reactivity of the third-rour

element, compared to its second-roì, cogener, is found.3r

Ca.t io vt tc Comrt.Lexø¿

The chloride is prone to form soLvento cations in donor solvents. The

methanol cation has been mentioned above, and the acetone derivative is

also knoun. A solution of the chloride in teLrahydrofuran has a deeper

coLour than the solid, but no cation of the type {Ru(tfrf¡(PPh3)r(n-CsHs)}+

has been isolated. These cations are best prepared from reactions betueen

the chloride and AgSbF6 carried out in the solvent.

Salts of the acetonitrile catj-on {Ru(NCMe)(eenr)z(n-CsHs)}+ can be

obtained readily by dissolutíon of RuCI(PPh3)z(n-CsHs) in acetonitriLe.

Addition of large anions gave tetraphenylborate, hexafluonophosphate, or

hexafluoroarsenate sal-Ls as yelloru crystalline soLids.l2 Reactions betueen

the chloride and zinc or mercury (II) chlorides in acetonitrile gave rapid

colour changes from orange to yeÌlow, and stable ye1J.oru complexest

{Ru (NCNe) ( eenr ) z (n-CsHs ) }zZnzCle and {Ru (NCMe ) (PPhs ) z (n-CsHs ) }HgCl s,

respectively, ulere isolated. r2

Carbonylation of the chloride in ethanol solution,"rt 6 in the presence

of sodium tetraphenylborate, affords {Ru(CO)(PPh¡)z(n-CsHs)}BPh4 as pale

yelloru crystals. In this case, no displacement of phosphine and carbonyl

Iigands by the BPha occurs. l,rlith dinitrogen, the inf rared spectrum shous

bands attributed to v(NN), buL no compJ.ex containing coordinated di-

nitrogen could be isloated.l6 Small phosphines, PRgr can also displace

chtoride to give {Ru(PR¡)(eefrr)z(n-CsHs)}+, a}though it has not yet been

possible to coordinate three triphenylphosphine ligands around a ruthenium

atom.

The reactivity of the chloride in these reaetions can be ascribed

to both steric and electronic effecLs. In particul-ar, the size of the

tertiary phosphine ligand, as recognised by thercone angler, is of
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obvious importance. 32 It is possible to drav up empirical reLationships

involving total cone angle, etc., but these take no account of the

possibilty of rinterleaving I the various groups attached to the phosphorus

atom.

Rescþion¿ o l¡ RuRQPlts) z (n-C sH s) {R=H, A.tl¿Lt.t}

The reactions of the hydride and alkyl complexes containing the

Ru(PPhs)z(n-CsHs) group have been studi.ed in some detail, and viIl be

described under the headings of cyclometallation and reactions uÍth

activated olefins and alkynes.

(A) Ca clometÃ,(.XnLíon ReacLLon¿

Althoggh the hydride is stable tovards Lhe elimination of dihydrogen

on heating, urhen the methyl complex, RuMe(PPh3)z(n-CsHs), or the benzyl

complex, Ru(cH2Ph)(ppnr)z(n-CsHs), are heated under refLux in deca]in,

for a brief period, the oftlho-neLallated derivative
l-l

Ru(CoH,*PPht(PPh3)(n-CsHs) (f.2) is formed, by elimination of methane or

toluene, respectively.lsr33 Th" reaction of hexafl-uorobut-2-yne ruith (1.2)

afforded the bis-insertion product (1.1), the structure of ruhich is

analogous to that of Rh(CPh=CPhCPh=CPhC5H+PPhz)(PPhr), obtained from
f-l

Rh(C6HqPPhz)(PPh3)z and diphenylacetylene. 34 t 3s

CFs

Ru

Ph3P Phz P

CFg

I

Ru

PhzP

Q,z) (r. r)

CFs

CFs
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Ligand exchange betureen RuCl(PPh3)z(n-CsHs) and P(0Ph)s in refl-uxing

decalin afforded a mixture of RuCl{P(Opfr)a}z(n-CsH5) and
¡-1

Ru{CeH,*0P(0Ph)z}{P(0Ph)3}(n-CsHs ) (1.4), the latter also being obtained

from RuCl{P(OPh)a}z(n-CsHs) and dicyclohexylethylamine, by e}imination

of HCl. r s The cyclometallated derivative contains the relatively un-

reactive five-memb"."o ffi', ring and does not react urith hexafluorobut-

Z-yne, even at 1000 for one ueek.

(Pho)3P

(Pho)zP 

-o
( 1.4)

l-l
Chelating 2- (phenylazo )phenyl complexes Ru (CoH+N=NPh) (L ) (n-CsHs )

(1.5, L-= C0, PPh3) have been obtained from reactions betueen azobenzene

and {Ru(c0)z(n-CsHs)}z 36 or RuMe(PPhe)z(n-CsHs) tu, respectively, or
t-l

from {Ru(C6HqN=NPh)(C0) zCI}z and NaC5H5.37 The carbonyl group is readily

dispJ.aced by triphenylphosphine.

Ru

L

N N

(1.5, L = C0 or PPhg)
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This reaction ruas repeated ruith a series of nøta-subst,ituted azo'

benzenes in order to investigate the mechanism and the effect of the

substituent,. InseparabLe mixtures of isomeric products (1.6a) and (1.6b)

vere obtained in reactions of the substituted azobenzenes vith

RuMe(PPhg )z (n-CsHs ). I u

Phg P

R

N

RU

I
Ru

1
Ph3P

N-N

(1.6a) {R = Me,0Fle, C02Et,

or CFe]

N

( 1.6b )

R

Similar products vere obtained ryit,h lr5-(MeC0z)zCeHaN=NPhr but in this

case the isomeric complexes could be separated by chromatography, the

major product (t+lyl) ulas metaLlated in the phenyl group, ruhile the isomer

corresponding to (1.6b) uras formed in only 79.' yíeld. Steric hinderance by

the COzMe groups may explain loru yields of the latter compound.

This generaL behaviour can be related to the strongly nucleophilic

characten of the ruthenium atom, and suggested thaL fluorinated

azobenzenes might react urith the methyl complex. A series of dark green

products vere obtained from the fluorinated azobenzenes 3-RC5HaN=NC5F5 ¡

corresponding to the tuo compounds (1,7) and (1.8), and a third containing

a phenyl-linked triphenylphosphine -azobenzene ligand (I.9).rs Complexes

(l.B) aro unusual in being metal-lated in the fl-uorinated ring, and q

cornpiex oÌ th.s h., from the reaction uith 1,5-(MeCOz)zCeHsN=NCoFs r

ts È\.,. s-\e. ¡"oI.^.L t*"\o*"Å.
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F F

Ru

N:N

RRu F

PhgP

F N

PhsP

F
N

F F

(1.7) (1.8)

F F R

F

F F

4N

F

Ru

Ph2 P N

(1.9) {R = H, Me, cFs}

A single product uras also obLained from RuMe(eefrr)z(n-CsHs) and

decafluoroazobenzene, the dark green (t.10). This reaction uas one of the

first examples of cyclometallation involving elímination of a haLide

from the arene ring.rst3s The unusual structuraL features in this complex

include the metallated polyfluorophenyl ring, and the PhzPCeH+C5Ha ligand,

presumably formed by phenyl migration to the ring.t'Th" azo ligand is

non-planar, and reflects the non-bonding interactions that are occurring

R
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in the ruthenium coordinatÍon sphere.

RuMe(PPhg)z(CsHs) + C5F5N=NC5F5 

-¡

F F

I

Ru

1

F

Phz P

F N-N

FF

F F (r.10)

These reactions iLlustrate a number of possibilities for the

formation of metallated complexes. The methyl complex readily metallates

phenyl groups by elimination of methane; the elimination of a variety of

alkanes has been studied with MnR(C0)s.40 The exact mode of elimination

of fluorine from the potyfJ.uorophenyl derivatives has not been determined:

a possibiJ.ity is as MeF, the electron-rich Ru(PPh3)z(n-CsHs) moiety

readily attacking the C5F5 ring by a nucleophilic route. The ready

substitution of, C5H5 by other ligands in these complexes has been noted

earlier, and a suggested route to the C5HaC5H,1 ligand is mentioned Later.

(ß) Reantiovts tA)ith ElecÐton-d¿ÁiciønL )X,¿Áin¿ and A.tl¿une¿

The reaction betureen RuH(PPhg)z(n-CsHs) and (Cfr¡2C=C(CN)2 affords

the substituted ethyJ. derivative Ru{C(CN)2CH(Cfs)z}(PPhg)z (n-CsHs) by a

formal rinsertionr reaction, the cyano-substituted carbon becoming

aLtached to the metal.ar

Reactions of the atkyl ruthenium complexes RuR(PPhg)z(n-CsHs)

{R = H, Me, CH2Ph} ruith disubstiLuted acetylenes bearing efectronegative
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substituents have afforded vinyl, butadienyl, hexatrienyl, or cumulenyl

groups o-bonded to ruthenium.4t-tt3 ç¡u"e the organic substituent contains

four or more carbon atoms, cyclisation occurs through n2-bonding of one

of the double bonds of the chain to ruthenium. Formation of many of these

unusual products has been rationali-sed by postulating ready dissociation

of one of the triphenylphosphine ligands from the metal, thereby Providing

a site for coordination of an acetylene moLecuLe, and subsequent, involve-

ment of dipolar intermediates.

Hexafluorobut-2-yne reacts ulith the hydridoruthenium complex to give

the ci¿-vinyl complex (I.1I), and a butadienyl derivative (1.12), in vhich

a triphenylphosphine ligand has been displaced; the phosphine reacts urith

excess alkyne Ço give a cyclic phosphorane.qr

CF 3

Ru

Ph¡ CFg
Pha P

CFa

3

P

Ru

ï
PPh 3 H

3 3

(r.11) (1.12)

Dimethyl acetylenedicarboxylate affords the lltan^-vinyl complex (1.I1)

in high yield, urhich on heating cyclises to give the red-monophosphine

complex (1.14), uhere the ester carbonyl group has displaced the

triphenyJ.phosphine Ìigand.a I
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PPhs

( 1 .11)

H

3

C0zMe

z¡

(1.14)

Me

0zMe

0Me

I

Ru

I

Ru

zMe
I

Ru

1
0

Ph3 P
H

Pha P

C

In only one case do both ci¿ or tltayw isomers appear to have been obtained

from reactions,of this type. The reaction betveen ReH(n-CsHs)2 and the

acetylenic diesteraa affords this cl.ô adduct vhich vas subsequently

isomerised to the lltayw complex on heating. Alt,hough no bis-insertion

product analogous t.o (1.12) vas obtai.ned uriLh C2(COzMe)2r the reaction of

complex (l.Il) ruit.h hexafluorobuL-2-yne afforded the mixed butadienyl

compJ.ex (1.15), in ryhich the fluorinated alkyne has apparenLly inserted

into a vinylic C-H bond.4lr4s Another type of reactive fLuorocarbon

mofecuLe, hexafluoroacetone, reacts vith (1.f¡) to form the unusual

substituted cyclopentadienyl complex (1.16), in vhich the hydroxy grouP

is hydrogen-bonded to one of the ester carbonyJ. groups.96

C

C02Me

T'1"

H
I
I
I

0r'
0Me\

0

I

Ru

o\c

I

(1.16)

Ph3P

(1.15)

3

C0z Me
Ph3 P

H

C
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Reactions of the hydride vith terminal alkynes20 generally give

oligomeric products, and are complicated by the formation of ¡r-acetylide

derivatives. Methyl propiolate gives the o-acetylide

Ru(C2C02Me)(PPh¡)z(n-CsHs), a bis-adduct formulated as the butadienyl

complex (1.17), and a tris-adduct (1.f4) in uhich trimerisation of the

alkyne has accurred. The latter complex is the first example of a complex

containing the I,4,5-¡3-penta-t 17 r4-Lríen-l-yl group.

R

PhsP PhgP

R

(r.17) {R = C0zMe} (r.18)

H

HH
R

The mechanism for the flormatj-on of the acetylide complex probably involves

oxidative addition of the acetylene to the ruthenium(II) complex to

afford the ruthenium(IV) derivative. Elimination of dihydrogen urould then

afford the ruthenium(II) acetylide complex (Scheme 1.II). The lability

of the tertiary phosphine ligand is an important feature in the proposed

mechanism. 0xidative addition Lo 0s(0) species to give Os(II) derivatives

is urell- characterised. Addition of HPF6 or C12 to the osmium derivative

OsBr(PPh3)z(n-CsHs) affords tuo complexes urhich may be considered to contain

square-pyramidal 0s(IV).47 The corresponding ruthenium complexes are

formed in similar reactions, but are too unstable to isolate. The Ru(IV)

compounds are stabilised by using PMe3, a more basic phosphine.hB



IB

Ru 

-H

SCHEME 1.II

HCz C0zMe

:PPhS

+PPhg

-H2

Ru-H

Ph3 P

Phg P

Phs P

Phs P c

c-HI
PPh3

Ru 

-- 
PP¡ 3

C

I

R

I

Ru- H,/tx H
c

\ ///
cc

R{R = C0zMe}

A proposed mechanism for the formation of the butadienyl compLex (1.17)

(Scheme I.III) involves the formation of a dipolar intermediate tuhich can

subsequently attack another alkyne molecule. Another mechanism for the

formation of (I.17) (Scheme f.IV) invoLves j-nitial formation of a vinyl

complex, subsequent oxidative addition of another alkyne moLecufe folloved

by an telimination reactiont . A proposed mechanism foD the formation of

(1.]8) is shourn in Scheme 1.V. The complex is unusual as it contains a

methyl group attached to t,he hydrocarbon chain, in uhich an allenyl group

is incorporated. In none of these complexes is the hydrocarbon chain

chelated via the ester carbonyl group.
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HC2R

Ru-H 
-+

SCHEME I.III
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H

I
H

+
u

I

/\PhsP c

I

RR
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-PPhg

PhsP

+ R

PhgP

R

HCz R

H+
-PPhe

PhsP

H

SCHEME 1.IV

=c

H

/
C

PhsP

Pha P

PPh3 =c
H

R

R

H
PhsP

/

H

PhsP

+PPhs

H+

H

/
c

\_
/

F]

HH

\//
c

I

R

3

u

Ph

R

1
P

PhgP

\
3PhP

\v
I

c

I

R

R
HCzR

-PPhg
H

\
R

H

PhgP :c

{R = cozNe}

H

\

H
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H2

HCz R +PPh3

-----+

R

R

I

/ -c \
Ru

/
I

c

I
R

PhsP 1
PP

Ru

Ph3P
hg

HC2R

Ru-C 
-R/tñrlPhsP l\ c

..^y'' Y\..HzC' R

'€

Ph3P

Hz

R

P 13
c

R

{R = COzMe}
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Pentafluorophenylacetylene aLso reacts with the hydride to give a tris-

adduct, for urhich the structure (1.19) has been proposed. This complex

contains an uLtlxo-substituted C5HaPPh2 Çroup, and is perhaps formed either

by successive inserLions of the alkyne into the cyclometallated phosphine

compJ.ex (1.2), similar to the bis-insertion product, (1.1) (althcugh none

of the cyclometallated complex uas isolated) or less likely, via a trimeric

dipolar intermediate urhich subsequently attacks the ütlho-phenyl carbon

uith eliminaLion of dihydrogen.

Ce Fs

Ph _Ru
CsFs

H

H

CoF s

( 1.19 )

The ruthenium aJ-kyl complexes RuR(Renr)z(n-CsHs) {Â = Me, CH2Ph} react

urith alkynes to give an equaJ-ly diverse range of products. l-lexafluorobut-

Z-yne reacts tuith the methyl complex in benzene to afford the butadienyl

complex (t.ZO), the methyl anaJ.ogue of one of the products obtained from

RuH(PPh3)z(n-CsHs) and hexafLuorobut-2-yne. In contrast to the hydride, no

mono-insertion product vas observed in the methyf case. V'lhen the reaction

uas carried out in 1r2-dimethoxyethane, a monocarbonylruthenium complex

(L.2I) ruas obtained.
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Ru

CFs

I

Ru

1
c0

I

Ru

CFs

Ph3P CFe

cFe cFr

¿
PPh2

Ph3P

Ru

1
CO

Me

c0
cFe

CFe

(t.zo) (1.21)

The formation of a tlatn¿-adduct in this reaction contrasts ruith other

reactions of ""l"t"d complexes \uith hexafluorobut-2-yne, ruhich have

afforded the ci¿-vinyl compl-exes, and suggests that a different reaction

pathvay is follorued. The monocarbonyl comp].ex RuMe(C0)(PPh3)(n-CsHs) does

not react vith hexafluorobut-Z-yne to give (1.21). Houever, at 1000 a

yelloru crystalline diruthenium complex (L.22) vas formed.

3

Ph3 P

(L,zz)

Addition of metal aJ-kyls Lo hexafLuorobut-Z-yne to afford dimetal complexes

such as (L22) has been described previously for the gold complexes

AuMe(PPh2R) {R = lvle, Ph}. FoD R = Ph, the eornpl-ex
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clá-(Ph3P)nu{C(Cfr¡=C(CF3)}Ru(ppnr) vas isoLated.+s Hovever, urith R = Mer

an intermediate Au(1)-Au(lLl) complex vas characterised and it ruas

establisheds0 that formation of Lhe final Au(1)-Au(1) product involved

transfer of a methyl group from one gold atom to the other, follorued by

reductive elimination from the Au(l1l) centre. Formation of (t.ZZ) probably

proceeds via an unstable Ru(11)-Ru(lV) intermediate (methyl migration),

subsequent elimination of methane causing cyclometallation through a ruell

established pat.huray.sl This could be follorued by phenyl-group migration

from the Ru(LV) centre to the cyclopentadienyl ring ruith concomitant loss

of a second molecule of methane (Scheme l.Vl). Migration of aryJ. groups

from metal to dienyl ligandss2's3 and linkage3sr3s of Csll+PPhz and n-CsHs

moieties has been previously observed.

SCHEME 1.VI

RuMe(C0) (PPh3 ) (¡-C5Hs )
+

CFsCzCFg

I
Ru

1
c0

I

Ru

1
CO

4Me

Ple

PPhg

P

Ph3P

-CH+

ê--

CFs CF¡

-CH+

Me

I

Ru

1
c0

I

Ru

1
c0

(t.zz)

Phg P

CFg F3

Phz
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Attack of the ruLhenium benzyl derivative by C2 (CFo ) 2 gave t.he ontho-

substituted vinylbenzyl derivative (I.23)rt' 
" neu reaction type

involving activation of the o-benzyl group, and is akin to metallation

follotued by insertion of hexafLuorobut-2-yne.

I

Ru

H

Ph3P

CFa
CFe

(r.zi)

Excess acetylenic di.ester C2(C02Me)2 reacts vith the methyl complex to

give the butadienyl complex (t.Zt+)r urhich Loses triphenyJ.phosphine forming

the acyclic nu-pentadienyl structure (I.25),sa the first example of a

complex containing the 1,5-ns-pentadienyl group.

C02Me

MeO2C Ru C02Me

Me C02Me MeO2C

I

Ru

Ph3 P

H

MeO2C C0zMe MeO2C

(r,24) (r.25)

The most likely route to (1.25) via (I.24) is through an (n3-al]yL)

hydridorut.henium(IV) species (Scheme I.VII). The structure of (LZ5) has
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recently been confirmed by an X-ray crystalJ-ographic study.ss

SCHEME l.VII

{R = COzPle}

Ru
H+

I

Ru

R

H

RR

RR

H

Ru

/ Me I H

\R R
Ph3P

R

R
R R

l¡Jhen 1,2-dimethoxyethane at, reflux is used as solvent, instead of diethyl

ether, a third ruthenium complex (L26) uras isoLated in lour yield, a vinyl

derivative in vhich coordination of the carbonyl group occuDs.

C02Me

Phs P

(r,26)

The benzyl complex Ru(CHzPh)(eerrr)r(n-CsHs) react,s vith Cz(C0zMe)z to

give the yelloru crystalline complex (L27), together vith small amount,s

of its precursor (1.28¡, ruhich readily loses triphenylphosphine to afford

the chelate complex.

Me

I

Ru

\
0

,/
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C02Me

I

Ru

1
PP

C0zMe

Ru

1Phg P cH2Ph PhgP Hz Ph

0
C02 î{e

0Me

(r.27) (t.28)

The reaction betveen 4-phenylbut-3-yn-2-one and RuMe(PPh3 )z (n-CsHs)

affords a bright red complex (I.29) and a dark red compound (1.30)

Ph

Phs P Ph¡P

Me Me

(r,29) (t.t0)

Formation of (L29) is readily explicable via a conventional insertion

reaction involving one mofe of the alkynyl ketone. The substituted

methylenecyclopentenone compJ.ex (1.30) is formed via an insertion reaction

involving tuo moles of the alkynyl ketone vith elimination of methane.

As in the case of the hydride, reactions of the methyJ. complex vith

terminal acetylenes afford ¡t-acetylides in loru yield. The methyl and

h3

Me

I

Ru

\
0

I
Ru

1

Ph
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benzyl complexes RuR(PPh3)z(n-CsHs) {R = Me, CHzPh} react ruith methyl

propriolate to give yellou microcrystalline bis-insertion products (l.fI).

Reaction of 3-butyne-2-one ruith RuMe(PPh3)z(n-CsHs) affords the bis-

insertion product (L.32)20 containing a six-membered ring formed by

chelation of one of the keto groups.

COzMe COzMe

Ru Ru

1
H

Phg P Phs P
H

C0zMe H Me

{R = Me, CH2Ph; I.3Ii (r.32)

Reaction of 3r7r3-ttífluoropropyne uith RuMe(PPh¡)z(n-CsHs) affords the

unusual cumulene derivative (I.ll) (a tris-insertion product) vhich has

been structurally characterised. This 1r4r5-¡3-hexa-L 131415rtetraen-l-yl

group is a nev type of alkyne trimer, and has an unusually high degree of

unsaturation.

CFg H

H

Me

I

Ru ¿

c

lt
C

ll
c

H

Ph3P

CF¡

(r,3i)

CFs



The proposed mechanism for the formation of (I.3t) is shoun in Scheme

I. VIII .

SCHEME l.VIII
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4
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0ligomerisation of alkynes ryith transition-metal compJ-exes is

generally considered to proceed via initial formation of the ¡2-alkynemetal

complexes or alternatively, rmetallacyclopropenes t . Further reactions

ruith alkyne mofecules bearing electronegative substituents have been

rationalised on the basis of the initial complex acting as a 1,3-dopole

vhich may react uith a second molecul-e of atkyne.4lts6 The formation of

many of the compounds described above can be accounted for, on t'he basis

of these ideas (Scheme l.III).

Ac¿tttLide ComgLzxe,s

Reactions betueen RuCl(PPhg)z(n-CsHs) and subsituted copper(I)

acetylides have given several copper-containing complexes.sT lutlith copPer

phenylacetytide, truo forms of {Ru(CzPhCuCl)(eefrr)z(n-CsHs)}¡ ruere isolated,

one vhich uas shovnss Lo be the monomeric 1:1 adduct (I.14). The other

form may be the dimer corresponding to that obtained from similar reactions

of FeCl(C0)z(n-CsHs). A monomeric l:l adduct vas also obtained using copper

methylacetylide.

u- g 
- 

c 
-R

PhsP

{R = Me, Ph; L34ìr

The major product obtained from copper 4-tolylphenylacetylide

CuC2C6H,+Me-4 vas tlre complex RuCu(CzCe H,*Me-4)2 (PPh3 ) (n-CsHs ); a similar

compound uras formed urith 4-fluorophenylacetytide CuC2C6H,+F-4. The crimson-

R

1
PP h

I
Cu

I
CI

3
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red tetranucLear {Rucu(czceFs)z(eent)(¡-csHs)}z uras isolated from

reactions ruith copper pentafluorophenylacetylide CuCzCeFs.

The ¡-complexed copper(I) chloride may be removed from

Ru(CzphCugf)(PPh3)z(n-CsHs) (t.34) by addition of triphos, to form CUCI-

(triphos) and the free acetylide Ru(CzPh)(PPh3)z(n-CsHs), uhich vas

recovered in approximately 609i yield. Non-chelating tertiary phosphinest

such as triphenylphosphiner did not react.

The reaction betuteen RuCI(PPhg)z(n-CsHs) and silver phenylacetylide

afforded the dark blue (I.35), the structure of ruhich has been determined.se

Ph Ph

(

\
R, 

-,

+Ru

PhgP PPha

Ph Ph

( r.15 )

The reaction betveen Ru(CzPh)(PPh3)z(n-CsHs) and Fez(C0)e has given

the mixed metal cLuster complex (n-CsHs )RuFez (c0) e (c2Ph) (pprrr ) (f.36) .s7 tsg

The iron carbonyl analogue Fe(C2Ph)(C0)z(n-CsHs) has the structure (L37).60

I

FeRu-C-C-Ph

Fe
(Co) s

Fe (C0) s

/
Fe- C-C-Ph
Co) e

0cPhsP

(1.t6)

e (Co) e

(t.ll)
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c)þtpLlxls C0NTATNING NITRI LES, IS0N1ÏRILES, TERT1ARV PllOSPflTNES

OR PHOSPHTTES FORMED 8V AOOTTION OR DTSPLACE¡IENT REACT1ONS
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As described in Chapter 1, the chemistr:y of RuCl(PPh3)z(n-CsHs) and

its derivatives is characterised by the ready displacement of one or both

triphenylphosphine ligands, vhich reaction generaJ.ly occurs under mild

conditions. I 2 Thus direct carbonylation of the chloride affords the

monocarbonyl derivative RuCl(C0)(PPhg)(n-CsHs),12 and the mass spectra of

many of these complexes contain an abundant ion {Ru(PPh¡)(CsHs)}+ centred

on m/e 429,2 
q In many reactions of, Lhe related hydride of alkyl complexes

RuR(PPha)2(CsHs) {R - H, or Me, CHzPh} ruith alkynes' neu, ligands are

formed vhich chelate via an Ru-C o bond, and a n-type bond from an

unsaturated centre, as in the 1 13r4-n'-butadienyl complexes.ht t\2

Chelation occurs by displacement of a tertiary phosphine ligand. There is
,

no evidence for dissociation of RuCl(PPhs)z(n-CsHs) in solution, hovever,

and ve have previously interpreted these terms of the relative o-donor

and r-acceptor pouers of the various J.igands present, together ruith the

pronounced steric effect of the bulky tertiary phosphine ligands.

Much of the chemistry of the RuCl(PPh3)z(n-CsHs) has centred around

reactions of the Ru-CI bond, resuJ-ting i.n replacement of Cl either by

other anions, or by neutral ligands, L, to give.ot.".,,c complexes of the

type {RuL(PPh3)z(n-CsHs)}+.r2 Stable cations containing the tvo tertiary

phosphine ligands together ruith a third donor ligand, such as carbon

monoxide or acetonitrile, could be obtaj.ned in the presence of a suitable

large, non-coordinating anion, such as tetraphenylborate, tetrafluoroborate

or hexafluorophosphate. I 2 Descriptions of complexes containing tertiary

phosphines (other than PPhg ), phosphiLes or arsines are limited to the

PMePhz, P(OMe)3 and AsPhe derivatives mentioned in the initial paper,r2

and the synthesis and internal metallation of the P(OPh)3 complex.ls

This chapter considers a variet.y ofl other cationic complexes obtaj.ned

from nitriles, isoniLriles, terLiary phosphines or phosphitesr uith some
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observations on the relation betureen ease of addition and replacement of

J.igands in the formation of these cations. trle have noted previously that

other tertiary phosphine J.igands can replace triphenylphosphine j.n thermal

reactions. It uas also of interest to look at related complexes containing

bidentate phosphines. Herein ue describe the synthesis and some reactions

of complexes containing bis(diphenylphosphino)methane {dppm, CHz(PPh2)2}

and 1,2-bis(diphenylphosphino)ethane {dppe, Ph2P(CHr¡zPPhz}.Our improved

synthesis of 0sBr(PPh3)z(n-CsHs) has made this complex readily available,t3

and tue have briefty examined some ligand exchange and addition reactions

of this complex.

Some chemistry of related íron complexes, FeX(L2)(n-CsHs) {L = P(OPh)g;

L2 = Me2P(CH2 ),zPNIez, dpper or ( -)-2r3-0-isopropylidene-2rSdlhydroxy-

lr4-bis(diphenylphosphino)butane] and their cationic derivatives, has been

reported.? r6t r62 (For Fe-P([Ph)3 compLexes seeTtGr; for Fe-L2 complexes

see62. )

ReacÍio n witl't N itnilø,s

Dissolution of RucL(PPhe)z(n-csHs) in acetonitrile affords

{Ru(NCMe)(pPh3)z(n-CsHs)}+ directly, and this cation may be isolated in

high yield in the form of its salts vith large anions.l2 0ff-ruhite needles

of {0s(NCMe)(PPh3)z(n-CsHs)}Benu (2.I) vere obtained Iikeurise from Lhe

reaction betryeen OsBr(PPha)z(n-CsHs) and NaBPha in acetonitrile. Other

nitriles behave similarly, al.t.hough for convenience u,e have preferred to

use methanol as solvent. for these reaetions. In general, reactions betveen

equimolar amounLs of chloride and the appropriate nitrile, carried out in

refluxing methanol in the presence of ammonium hexafluorophosphatet

afforded good yields of the corresponding cationic nitrile complexes. In

no case did rue isolate a complex in vhich a mol-ecuLe of triphenylphosphine

had been displaced, even in reactions using a large excess of the nitrile.

A list of the compounds f,ormed is shoun in Diagram 2.L
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Díagnatn 2,I

+
I

Ru

1
L

LrL

LM Lr

0s
Ru
Ru
Ru
Ru
Ru

Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru

Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru

(2.r)
(2.2)
(2,t)
(2,4),
(2.5)
(2,6)
(2.7)
(2.8)
(2.10)
(2.11)
(2,r4)
(2.L5)
(2.22)
(2,23)
(2.24)
(2.26)
(2.27)
(2,28)
(2.2e)
(2,3O)
(2.34)
(2,35)

PPhs
PPhe
PPhs
PPhs
PPhs
PPhg
PPha
PPh3
PPh¡
PPha
PPhs
PPhg
PPhs
PPhg
PPhg
f-BuNC
PPhs
PPhg
PPh:
PPhe
PPh g

PPhs

MeCN
CICHz CN

CHz =CHCN
CHz =CClCN
PhCN
CeFsCN
CHz (CN)z
Et0z CCHz CN

C6H4 (CN) z-IrZ
c6Fq (cN) z-r,2
NH2C6HaCN-I ¡4
CF3CN

f-BuNC
CoHr rNC
4-MeCo Hq S02CH2 NC

PPhs
HNC

MeNC
EtNC
P(OMe)¡
PMeg
PMePhz

+
I

Ru

1
L

L L

M L

(2,33) Ru P(OMe)a
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DLaanwn 2.1 (cont.)

Lr L

+
I

Ru

1
L

+
I

Ru

1
L

L

M L L

(2,9)
(2.r2)
(2,L3)
(2.48)
(2,49)

Ru
Ru
Ru
0s
Ru

PPhs
PPhg
PPha
PPhe
PPhs

NC(CHz )zCN
NCCo H+ CN-l ; 3
NCCe F,+CN-],4
PhzP(CHz)zPPhz
Phz PC=CPPhz

L X

I

Ru

1
Lr

M X L Lr

IB
L9
20

(2
(2
(2
(2
(z
(2
(2
(2
(?
(2
(z

,2I
.25
.3r
,t2
42
43
44
45

)
)
)
)
)
)
)
)
)
)
)

Ru
Ru
Ru

Ru
Ru
Ru
Ru
0s
0s
0s
0s

c1
ct
CI
cl
CI
C1
ct
Br
Br
Br
Br

PPhs
PPh¡
PPhs
PPhs
l-BuNC
PPhg
P(OMe)s
PPhg
PPha
P(OMe)g
P(0Ph)s

l-BuNC
CoHr rNC
 -MeC eH+S0z CHzNC

4-Me0C s H+ NC

f-BuNC
P(OMe)g
P(0Me) s

P(OMe)g
P(0Ph)s
P(OMe)s
P (OPh) s
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Di-o"anafl 2,1 (cowt,)

L

I

Ru

1
L

X

M X Lz

(2
(z
(2
(z

t6
,t7
46

)
)
)
)

-Ru
Ru
0s
0s

ct
ct
Br
Br

CIlz (PPhz ) z
PhzP (CHe ) zPPhz
cHz(PPn¿)z
PhzP (CHz ) zPPhz

Lz

CHz (PPhz ) z
PhzP (CHz ) zPPhz
CHz(PPhz)z
PhzP(cHz)zPPhz

.47

M

Ru
Ru
Ru
Ru

L

L

PPh s

PPh g

MeCN

MeCN

(2,79)
(2.40)
(2,4r)

I

Ru

1
L

+

L L

M Le

(2.50)
(2,5L)

Ru
Ru

MeC (CH2PPh2 ) 3

Etc(cH2PPh2 ) 3

L

I

I

i
I

I
I

I

I

i

I

I

I

I
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The chloroacetonitrile complex {Ru(l.lccHzct) (PPhg )z (n-CsHs )}PFe (z.z)

uras obtained as a lime-green crystalline solid, urhich could be

recryst.allized readily from dichloromethane/diethyl ether mixtures. Most

of the other nitrile derivatives urere similar. They urere characterised by

analysis and from their spectroscopic properties, including the v(CN)

band in their inflrared spectra, and the characteristic sharp singleL for

the CsHs protons in their lH n.m.r. spectra. In the case of (Z.Z), for

example, v(CN) occurs aL 2278 cffi-r, compared Lo 224O cn-L for the free

Iigand, and this shift confirmed the presence of the N-bonded nitriles.

Similarly, the yellov acrylonitrile (2,3) and 2-chloroacrylonitriLe (2.4)

complexes had v(CN) bands aL 2265 and 2216 cflì-l, respecLively, compared vith

bands in the spectra of the free ligands at 2240 and 2243 cn'r. Unfortun-

ately, the v(C=C) bands in these complexes uere obscured by aromatic

absorptions, but it is likely t.hat the ligands are N-bonded, rather than as

an ¡2-alkene.

SeveraL aromatic niLriles afforded cationic complexes similar to those

described above. Benzonitrile gave the yeJ.loru salt. (2.5), vhile the

pentafluoro analogue (2,6) ruas obtained utith CsFsCN. Both complexes shoued

strong v(CN) absorptions (at 2232 and 223O cn-t, respectively), and in the

rsF n.fir.r. spectrum of (2.6)t the characteristic 2zIzZ intensity pattern

of resonances for a CoFs group uas observed. The small change in chemical

shift of the onfho fl-uorines from the vaLue found in the free ligand agrees

vith the small- change in v(CN) a.lso found. This spectrum is discussed

further belov.

The compJ-ex (2,7) obtained from mal-onitrile contains only one

Ru(PPhs)z(n-CsHs) group, and no evidence u/as obtained for the formation of

a dication even uhen excess of the ruthenium chloro complex u/as used.

Conductivity measurements confirmed t.hat complex (2,7) is a l:L electrolyte.

A similar complex (2.8) uas obtained from ethyl cyanoacetate as the benzene

soLvate.

6í3
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A binuclear complex (2,9) ruas formed ruith succinonitriler the

formulation being confirmed by analytical, spectroscopic and conductometric

methods. The lH n.m.r. spectrum contained Ph, CsHs and CH2 resonances

of the appropriate relative intensities, and in solution the complex

behaved as a l:2 eLectrolyte. The l3C n.rIì.r. spectrum shoved only a single

resonance for the methyJ.ene groups at 15.7 PPm, indicating equivalent

carbons, and thus confirming the binuclear formuLation.

This difference in complexing behaviour of the homologous dinitriles

in (2.7) and (2.9) can be ascribed to the lover steric hindrance betueen

the tvo metaL-containing groups resulting from the extra CH2 Çroup in the

Iigand ín (2,9).

Various phthatodinitriles \uere examined, and as expected, the

1,2-isomers of C6H.,(CN)2 and C5F,+(CN)z formed only the mononucLear

complexes (2.10) and (2.II). Both 1¡3-C6Ha(CN)z and l¡4-C6Fa(cN)z afforded

binuclear compJ.exes, (2.1-2) and (2.I7) respectively, the tuo bulky

Ru(PPhs)e(n-CsHs) moieties being able to bond to the linear cN groups

vithout any appreciable steric interaction in these cases.

In the rsF n.Íì.t. spectra, the chemicaL shifts of t,he. fluorinated

nitrile complexes can be compared uith those of Lhe free"ligands (Table 2.I).

TabI.e. 2,I tsF chmícøt ¿hiÁt¿ (pfim up(sie.Ld (nom CFCI4)

tÉ
Compound FLuorine Free ligand Complex

^
CeFsCN Fz

F3
F4

1¡2-C6Fa(CN)z 13
F6
F4
F5

I¡4-C6Fa(CN)z

,6
5t

r32.2
158 .9
T43.7

I27.9

r43.5

r30.6

L32,8
r59.25
r42.5
126.75
I27.5
IAL.2
T42.I
r32,O

0.6
o,35

-0.6
-r.55
-0.4
-2.3
-l .4
1.4

] {

{]

*From Bruce, M.Lt J. Chem. Soc. A, I96Bt 1459,
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The resonances of the otLtho and møta fluorines in the CcFsCN complex are

shifted upfield by a small amount, vhile that of the ytwta fluorine moves

dorunfield by 0.6 ppm. In the symmetrical 1,4-C5Fa(CN)z derivat,ive, the

fluorines shift upfield by I.4 ppm or about tvice that of the mono-

substituted C6F5CN complex. The most interesting spectra uere obtained

ryith the 1r2-(CN)zCoF,, complex, urhere the asymmetry resulting from

coordination of only one ofl the CN groups results in a smaLl but definite

separation of the A and Ar, and X and Xl resonances. The separation is not

large enough for first-order spectra to be obtained. The centres of

gravity of each of the trvo signals is shifted dorunfield by 1.0 or 1.8 ppm

from the corresponding resonances in the free ligand, í.e. in the

opposite direction from the ot.her shifts found. The changes are too small

for any def inibe concLusions to be dravn concerning the effect of

coordination on the lsF chemicaL shifts.

 -Aminobenzonitrile afso gives a cationic complex (2.I4), urhich ure

believe contains the ruthenium moiety attached to the cyano group for the

folloruing reasons: (i) the v(CN) bands of the complex, and of the free

ligand, are found aL 2230 and 22IO cfiì-rr respectively, ruith ¡i(CN)

somevhat larger than that found for benzonitrile in compJ.ex (2.5); (Íi) the

v(NH) bands of the ligand are essentially unaltered on complex formation;

(iii) the chemical shift of the C5H5 protons in (2.I4) is close to that,

foundin (2.5) (6 4.51 as against 4.58).

React ion loilJ!_jniÁ.Luonorytnn í;ttt't (.ø

The reaction betveen trifluoroacetonitrile and RuCI(PPha )z (n-Csl-lr)

takes a somewhat different course. 0n passing a sLream of the gas through

a suspension of Lhe chloride, in the p¡esence of NHaPF5, a red-orange

solution formed, and chromatography afforded tvo products ulhich \uere re-

moved from the column using light petroleum/diethyl ether and acetone,

respectively. The latter fraction \uas ident,ified spectroscopicalJ-y as

the eationic complex {Ru(NCCFg)(eenr)z(n-CsHs)}Pfo Q.t>)r the minor
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product of this reaction. Crystals from the former fraclion are red-orange

in colour, and an infrared spectrum shoued no bands due to a

hexafluorophosphate anion. Analysis uas consistent tuith the formulation

Ru{(NCCF3 )zN}(ppna ) (n-csHs ), and in the mass spectrum, a molecuLar ion

cluster centred on n/¿ 6J5 shorued that an extra tuo hydrogen atoms had

been incorporated into the molecule. A band in the infnared spectrum at

335I cn'r confirms the presence of an NH grouP. The reF n.fiì.D. spectrurn

contained one sharp singlet at 87.5 ppm dournfield from perfluorobenzene.

The l3C n.m.r. spectrum indicated the complex to be uncharged, containing

a single triphenylphosphine moLecule (see Chapter 5). T\uo quartets at

I54.L ppm and 117.8 ppm, are assigned to the c=N and cF3 carbons,

respectivefy.,

Previous studies of the reactions of trifluoroacetonitrile urith

transition metal substrates have been reported by Kingr6+ tuho reacted it

ruith FeMe(C0)z (n-CsHs ) r by KemmitL65 urho described the reacti.on ruith

Pt(PPh3)h, and more recently by Green66 uho has examined several reactions

in detail and ful]y characterised the King product by X-ray crystallography.

These studies have shourn a tendency for the trifluoroacetonitrile to

dimerise, forming a five-membered chel-ate ring. Compounds containing a

six-membered cheLate ring are formed in the reactions of

trifluoroaceLonitrile ryith Pt(PPhg)a and uith Ir(n-CsHs)(C0)(PPhg)zr and

in our case, Lhe same type of product has been formed. The iridium complext

Ir{NH=C(CF3 )N=C(CFs )Nl-l} (C0) (PPh3 )2, exhibits tvo singlet resonances

l eF n.rTì.D. spectrum, indicating an asymmetric cl¿-configurationr urhereas

our product exhibits one single resonance, indicating a symmetrical

arrangement of ligands about the ruthenium atom.

The formation of (2,16) 1n the reacLion of RuCl(PPh3)z(n-CsHs) vith

CF3CN is difficult to explain. Kemmitt ¿t a,LGs have attributed the source

of additional- nitrogen atom in the chelate ring of the platinum complex

in the
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Pt{N=C(CF3)N=C(CFs)NH}(PPh3)z to Lhe in ,sifu hydrolytic degradation ofl

CFsCN by traces of uater present in the reaction mixture. A similar

assumption may account for the formation of (2.16), and this supposition

is supported by the lack of reaction vhen tetrahydrofuran uras used in

place of methanol. The presence of the strongly electronegative CFg group

undoubtedly results in Lhe markedly different. behaviour exhibited by this

nitrile, the C=N bond being similar to a C=C bond in its behaviour.

During reaction, addition of ttuo protons to the metallocyclic system

occurs, presumably originating from the solvent.

Substitution of the triphenylphosphine by trimethyl phosphite afforded

the complex Ru{NH=C(CF3 )N=C(CFg )NH}{P(0Me) s } (n-CsHs ) , for rvhich structure

(2.I7) vas deternrined by a single-crystal X-ray diffraction study.67

\ -/NH -\ CFs

Ru
I

I

I

'7
c

I

CFs

c

N

(z.tø, L = PPh3)

(2,I7, L = P(OMe)¡)
L

The X-ray analysis (Table 2,II) est.ablishes that the rmoleculet (2.I7)

(the unit ceLL contains tvo crystallographically differenL molecules) has

the overall configuration shourn in Figure 2.I. The central feature of the

mol-ecufe (tne nu-N-C-N-C-N ring, LogeLher ruith the C atoms of the tvo

CF3 Çroups) is substantially planar, and the ruthenium atom forms

approximately tetrahedraL bonds if the DsHs is considered to occupy onersite. InteresL centres on the geometry of the Ru-NrI-Cr1-NrZ-CrZ-Nt3 ring;

the planarity of the ring Leads to exLensive del-ocalisaLion. The ríng is

symnrel-rical through Ru-N, 2 .
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Tah.Le 2.I7*
0

Interatomic distances (A) and bond angles (0)

Molecule 1

2.r53-2.273
2,229(r)
r,573(5)
1.570 ( 5 )
1.618(5)
r,47O(7 )
r.457 (9)
r.419(10)
2.o78(4)
r.276(7)
L.345(9)
r.33r(7)
t.295(6)
2.089( 5 )
1.514(B)
1.114(ro)
L.32?(B)
t. lol (B )
r.510(9)
r.lle(8)
r.299(B)
t,324(7 )

I23
12I
12I
87
B9
B3

IzB
tl0
119
ll0
L27
118
II3
111
Lt0
I13
tlB

Molecul-e 2

Distances

Ru-Cp
Ru-P
P-0, I
P-orz
P-o13
0, ]-c,5
o rz-c,6
o r3-c 17

r l-C
r 1-N
,2-C
,2-N

1

,L
,2
,2
,3

AngIes

P-o r 1-
P-Or2-
P-0, l-
P-Ru-N
P-Ru-N
N, l-Ru-N, 3
Ru-N, l-C ,1
N r l-c, 1-N ,2
c,l-N rz-cr2
N ,2-C, 2-N ,3
Cr2-N¡3-Rur
N,l-c ,r-c ,3
c,l-c ,3-F ,r
crt-c, r-N,2
Nr2-C r?-C14
crz-cr4-F,4
c,4-c r?-N13

2.159
2,2r9
1.605
1.587
I.582
r,432
L.489
1,392
2.O70
r.294
I.720
I.362
t.286
2,O75
1.519
I.2BO
r,302
1.281
r.535
r.297
I.320
r.275

I29.
I20.
r27.
99.
9r.
84.

r27.
I7L.
119.
r30.
r27.
117.
II3.
r11.
110.

12)
13)

4)
11)
7)

2.
2)
5)
6)
5)

e)
5)
B)
6)
6)
B)

I24

Ru-N

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

5(e)
6(5)
B(6)
3(2)
2(r)
4(2)
1(4)
4G)
5(5)
5(4)
2(3)
4(5)
5(6)
2(r)
4(6)

.7 (4)

.0( 4)
,2(4)
.r(2)
.B(1)
,6(2)
.1(4)
.7 (5)
.5(5)
.6(6)
J(4)
.1(6)
.5(6)
. r(5)
.e(5)
,6(5)
.4(5)

N

C

N

c
N

c
C

C

c
C

c
c
c

,}-Ru
,I'c rj
,3'F rI
,3-F rz
,3-F 13

,2-cr4
,4'F ,4
,4-F ,5
,4-F ,6

)10
e)
7)
l0
10
t0

)
)
)

c15
c15
cr7
,1
,3

TI2.9 G)
rre. l (5 )

t
Da.tn bq P. Woodutand
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The turo sets of C-N bonds are different because of their different

chemical environments, and urhile the lengths of Crl-N,2 and Nr2-C12 Lie

close to the range expected in heterocyclic ringsr6s bonds Nrl-Crl and

C,2-N,3 are especially short. It is also noLevorthy t,hat the C-CF3 bonds

are shorter than single bonds (TaUle 2.II), that the C-F mean bond length
0

is I.3o3 A compared urith a mean for many fluorocarbons of 1.333(5) Å tt

(t.hough the shortening of the bond length may be apparent rather than

real because of the high Lhermal o*p\rtuÅes of the fluorine atoms). SeveraL

compounds have nou been examined in ruhÍch an abnormally short bond occurs

in a metaJ.locyclic system betueen an electronegative element attached to

the metal and an adjacent carbon atom.7o

Reag4! vu a Á Á o 4 díryL. I ¿ o wíttt i.Le. C o mr¡!g!.?¿.

Generatly, isocyanides RNC {R = Bu¿, Cy, CH2S0zCoH+Me-4, anisyl}

react urith RuCI(een,)z(n-CrHu)tr in refluxing inert solvents according to

equaLion (2,I)z

RuCl(PPhs )z (n-CsHs ) + RNC --> RuCl(CNR) (eent ) (n-CsHs ) + PPh3

' (2,r)

The chloro complexes RuCl(CNR)(pptrr)(n-CsHs) {R = eut (Z.lB), Cy

(2,I9) ¡ Cl-l2S02c6H,rMe-4 (2,2o) and CsH40P1e-4 (2.2L)\ vere obtained as

yellou to orange crystalline solids. In the presence of ammonium

hexafLuorophosphate in methanol, the reaction takes a different courset

vith replacement of chloride by the isocyanide ligand in the methanol

cation (equation 2.II):'

{Ru(MeOH)(PPh3)z(n-CsHs)}+ + RNC -> {Ru(CNR)(PPh3)z(n-CsHs)}+ + C]-

(2. rr )

The cationic derivatives {Ru(cNR)(pprrr)z(n-csHs)}er, {R = Bu[ (2,22),

Cy (2.23)¡ and CH250zCeH+Me-4 (2.24)] so obtained urere generaJ.ly lighter

in colour, and boLh series of compounds uere stable in air. The complexes

ulere characterised by elemenLal analyses, and by the usual spectroscopic
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techniques. For example, the infrared spectra include sharp v(CN) bands

in the 2000-2200 cm-l region, vith broad v(PF) bands also present for the

hexafluorophosphates. The expected resonances for the CMe3 protons {in

(2.18) and (2.22)I the CHz and Me groups {in (2.20) and (2,24)}t and the

OMe group in (2,2I), are observed; the cyclohexyl protons give rise to

broad resonances betrueen ô1.I-1.8. The chlorides give vell defined mass

spectra, and the parent. ions fragment by loss of Clr RNC and PPhs gIouPS.

The metal-bonded carbons vere not detected in the 13C n.m.r. spectra,

except in the neutraL chLoro complex RuCl(CNBu¿){eeftr)(n-CsHs) (2.18),

vhere a lov intensity doublet vas observed ab L56.6 ppm. l-lovever, to

observe this signal, a concentrated solution in CDCIa (c, I M) and an

extended accumulation time !/ere required.

0nly vith Buf under forcing conditions (tgoo/t2 h), uas evidence

obtaÍned for repJ.acement of the second PPha ligand. The complex

RuCl(CNBut)r(n-CrHu) Q.2Ð uras obtained as a very unstable ruhite solid.

Complex (2.25) uas readily identified spectroscopicaJ.lyr although no

satisfactory analyses u/ere obtained. Neither the infrared and n.m.r.

spectra contained any bands characteristic of aromatic groups, confirming

the absence of PPhg i the relative intensities of the sharp CMe3 and C5H5

resonances (18:5) shoued that there vere truo gu4\C ligancls present.

A cationic complex containing tvo gu¿NC ligands could not be formed

directly from the chloride and excess ligand, but further reaction of

complex (2.18) ulith eufllC in the presence of NHaPF5 gave

{Ru(cNBu¿)z (pptrg ) (n-csHs ) }er, (2,26). The identity of this derivative uras

confirmed by the IH n.m.r. spectrum ulhich contained signals of the correct

relative intensities for the three types of protons present.

An alternative and vell-knovn route to isocyanide complexes is by

alkylation of the corresponding cyano complexes. In rare instancest

protonation has afforded complexes containing the hydrogen isocyanide
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(HNC) Iigand stabilised by complexation to the metaL.72

t,le have reacted Ru(CN) (PPhs )z (n-CsHs ) 
l6 ruith hexafluorophosphoric acid,

and vith trialkyJ.oxonium hexafluorophosphates, to give the pale green

{Ru(Crun)(PPhs)z(n-CsHs)}pr. {n = H (2.27), M" (?.28), and Et (2.29)},7r

These complexes have been identifj-ed by elemental analysis, and by

characteristic spectral features. In the infrared, sharp v(CN) bands at

c. 2O25 cn-r {for (2.27)}, and c. 2150 cm-r {for (2,28) and (2.29)} shoved

the presence of the isonitrile ligands, vhile the n.m.r. spectra contained

the appropriate resonances flor Lhe Me or Et groups in (2.28) and (2.29),

respectively. The metal-bonded carbons vere not detected in the 13C n.m.r.

spectra, even vith extended accumul-ation times. Conductivity measurements

shorued that (2.24) and (2.28) behaved as L:L eLectrolytes.

Reaefio nt wi,tl,L T Q^-tid)u t Pho,srrl'vLne's and Pho,sytluífe's

Replacement of chloride in RuCl(PPh3)z(n-CsHs) by trimethyl phosphite

in the presence of sodium tetraphenylborate or ammonium hexafluorophosphate

occurred readi]y to give the salts [nr{e(OMe)g}(PPh¡)z(n-csHs)]x (2.3oa;

X = BPh+) or (z,t}b; X = PFs), respectively. The lH n.m.r. spectrum of

the cation exhibits a characteristic doublet in the methoxy region at

6 f.17, but no coupling of the phosphite 3lP nucÌeus to the cyclopenta-

dienyl protons uas observed. In the absence of NHqPFe, under mild conditions

(refluxing cyclohexane), one triphenylphosphine vas dispJ-aced by t'he

phosphite affording RuCl{P(OMe)a}(PPhg)(¡-CsHs) (2.3I). In this case'

the lH n.m.r. spectrum conLained signals for the [Me and C5H5 protons

both of vhich shoved coupling to the phosphite 3lP nucleus.

A high yield of RuCl{P(OMe) s }z (n-CsHs ) Q.32) vas obtai-ned from the

reaction beLveen RuCl(PPh3)z(n-CsHs) and P(OMe)3 in refluxing decal.in for

one hour. Previously, this compfex vas isolated in only 3ií' yieLd from a

reaction betureen hydrated rut.henium trichloride and p(OMe)3 folloved by

addition of cyclopentadiene.l2 The present method allours this complex to

be obtained in amounts sufficient for furt.her study. This result, prompted
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us to repeat the initial reaction uhich gave complex (2.3O) using a

considerable excess of trimethyl phosphite. Under similar conditionst

the fully substituted comple* [nr{e(oMe)s}e(n-CsHu)] efu (2.3t) uas then

obtained as cream crystals. This compound can also be prepared by react-

ing RuCl{P(OMe)s}e(n-CsHs) vith trimethyl phosphite in the presence of

ammonium hexafluorophosphate. In this case, the lH n.m.r. spectrum

contained signals for the OMe and C5H5 protons, both of ruhich shoued

coupling to the ttuo 3lP nuclei.

Replacement of chloride in RuCt(PPh3)z(n-CsHs) by trimethyJ.phosphine

in the presence of ammonium hexafluorophosphate gave the salt

{Ru(pMeg)(ppnr)z(n-CsHs)}ef, (2,34). The rH n.rft.r. spÊctrum of the cation

exhibits the characteristic doublet in the methyl region at ô 1.)7' but

no coupling of the trimethylphosphine 3rP nucleus to the cyclopentadienyl

protons vas observed.

A similar reaction vith diphenylmethylphosphine gives the salt

{Ru(PMePhz)(PPhe)z(n-CsHs)}nf. Q.35). This complex vas characterised by

n.m.r. spectroscopy.T 3

The tryo triphenylphosphine ligands in RuCI(PPhg)z(n-CsHs) ruere readily

displaced on heating the complex vith an equivalent amount of the chelating

bis-tertiary phosphines, CHz(eenr¡, {dppm} or Ph2P(CHz)zPPhz idppe}' in

benzene. The products, RuCl(dppm)(n-CsHs) (2.36) and nuCI(dpPe)(n-CsHs)

(2.37) vere obtained as dark-red and orange crystalJ.ine soLids, respectively.

Both compLexes vere readily characterised by anaJ.ysis and spectroscopyr the

lH n.m.r. spect,ra being most useflul in this respecL (see beloru). In both

cases, product yields ruere 75-80,oó, and these reactions are superior to

ones involving cyclopent.adiene or thallium cyclopentadienide and the

corresponding ruthenium (II) chloro complexes.

These cheJ.ating bis-tertiary phosphines afforded directly the salts

{Ru(PPhs)(dppm)(n-CsHs)}PFe Q.n) and {Ru(PPhs)(dppe)(n-CsHs)}PFs Q.39),
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respectively, uhen heated vith RuCl(PPh3)z(n-CsHs) and ammonium

hexafLuorophosphate in methanoL. The latter complex vas also obtained from

RuCl(dppe)(n-CsHs), triphenylphosphine and NH4PF6. In these complexes,

the dppm or dppe ligands cheLate one metal" atom, and displace one of the

triphenylphosphine ligands. In no case \uere ule abLe to obtain any

evidence for the formation of a complex of the type {Ru(PPhe)z(dppe)(n-CsHs)}+

in urhich the dppe ligand would be monodentate.

Reactions of complexes (2.rc) or (2.t7) ruith sodium tetraphenylborate

in acetonitrite afforded the cationic complexes {Ru(MeCN)(Lz)(n-CsHs)}Aenu

(2.4oi Lz = dppm) or (2.4I; L2 = dppe) as yellour crystals. Both complexes

are entirely analogous to {Ru(MeCN)(PPha)z(n-CsHs)}BPh,+ described earLier.r2

Extension,of these reactions to osmium gives evidence for considerably

Iover lability on the part of ligands attached to this third-rov metal.

For example, heating 0sBr(eenr)z(n-CsHs) ruith a tertiary phosphite in

decalin for short periods afforded the mono-substituted products

osBr(PPhg){p(on)s}(n-csHs) Q.42; R = Me) or (2.41; R = Ph). Extended

heatirrg uith excess phosphite in refluxing decalin vas required to form

the PPh3-free compfexes OsBr{P(0R)3}z(n-CsHs) (Z,t+4; R = Me) or (2.+S; R =

Ph). CompLexes (Z.t+Z) and (2,41), each conLaining one tertiary phosphine

and one tertiary phosphite ligand, contained only one C5H5 resonance, in

contrast to equimoLar mixtures of 0sBrL2(n-CsHs) {l = tertiary phosphine

or phosphite], vhich shoued tvo CsHs Desonances, one for each component.

Similar reactions vith the chelating bis-tertiary phosphines dppm or

dppe gave the disubstituted complexes OsBr(Lz ) (n-CsHs ) Q.a6; L2 = dppm)

ot (2.47; L2 = dppe) directly. llrlhen the reaction vith dppe vas folloured

by tH n.m.r., an intermediate uras detected after 2 h reaction time, but

uras converted into the product (2.47) after 6 h. The C5H5 lesonance of the

initiat triphenyJ.phosphine compJ.ex (at ô 4,32) diminished in intensity as

the reaction proceeded, uith a second peak at 6 4.36 groving in intensity
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during the initial stages of the reaction. After 6 h, both peaks had been

replaced by a third, at ô 4.60, shourn to be that of complex (2.47). The

intermediate could not be isolated, but ìire suggest that it may contain

monoclentate dppe. AII these complexes form yellov crystals, generally

someuhat less soLuble than the analogous ruthenium derivatives.

The reaction betveen OsBr(PPh3)z(n-CsHs) and dppe in the presence of

amntonium hexafluorophosphate gives a ruhite crystalline complexr vhich is

soluble in chloroform. Integration of appropriate peaks in the lH n.m.r.

spectrum shoved that the cation uras binuclear, and the formulation

ft0"{eef,r)z(n-CsHs)}z(dppe)] {efr¡, (2,48) uas confirmed by analysis and

conductivity measurements.

The acetylenic bis-tertiary phosphine, Ph2PC=CPPh2r conLa,ins a linear

P-C-C-P sequence, and is unabLe to chelate a single metal atom; it may be

termed an ¿xo-bidentate ligand. AccordinglYr a reaction betrueen this

phosphine, RuCl(eRnr)z(n-CsHs), and NHaPF5 ÇaVe the binuclear complex

Icr{(ph2p)Ru(pphg )z(n-csHs)}r] {nrr¡, (2.49), no intermediate mono-

ruthenium complex being detected. No v(CC) band vas found in the 1900-2000

cm-l tegion, and the lH n.m.r. spectrum uras consistent uith the binuclear

formulation. Conductivity measurements also shoved that (2.49) behaved as

a lz2 electrolyte.

Reactions betueen RuCl(PPhg)z(n-CsHs) and the tridentate tertiary

phosphines RC(CH2PPhz)s {R = Me or Et.} under fairly vigorous conditions

(refluxing decalin, 30 minutes) afforded reasonable yields of the yellotu

complexes [nu{ {enrecHz ) 3cR} (n-CsHs )] tt, (2.5o; R = Me) or (2.5r; R = Et) .

Both triphenylphosphine ligands have been displaced from the starting

material in these reactions. The products vere identified in the usual uayt

their spectroscopic propertj-es being entirely in agreement uith Lhe proposed

structures.



49

Di¿cu¿¿ion

An'extensive series of cationic complexes derived from

RuCI(PPh3)z(n-CsHs) and OsBr(PPh3)z(n-CsHs) by displacement of halide

by neutral J.igands {RCN, RNC' PRsr P(0R)3' dppm or dppe} has be,i

described. The X-ray crystatlographic study30 of the complex

RuCt(PPhg)z(n-CsHs) shorus that the molecule has a long Ru-CI bond (2.45 I),

ruhich is refLected in the ready loss of Cl- in polar solvents. The

formation of Lhese complexes occurs by facile displacement of the veakly

bound methanol from the cation {Ru(MeQH)(PPh3)z(n-CsHs)}+, vhich other

vorkersr 6 have demonstrated to exist in methanol solutions ofl the

precursor (equation 2.III)z

RucI(PPh3)z(n-CsHs) + Me0H E- {nu(meou)(eerrr)z(n-CsHs)}+ + Cl-

(2.rrr)

túhere the entering ligand has one donor site, displacement of one or more

triphenylphosphine ligands does not occur, except in the case of complex

(2.t3), If the entering ligand is a potential chelating ligand,

displacement of one or more triphenylphosphine ligands may occur {compJ.exes

(2.38), (2.39), (2.50) and (z.St)l; exo-bidentate ligands may coordinate

truo M(PPh¡ )z (n-CsHs ) moieties {complexes ( 2.9) t (2.I2), (2.I3) , (2,48)

and (2.49)\, although the large size of Lhe metal and associated ligands

apparently prevents formation of complexes of this type in some instances

{complexes (2.7)¡ (2.I0) and (2.11)}. Interestingly, ue have been unabLe

to isolate the cation {Ru(ppfrr)s(n-CsHs)}+ from any reactions involving

excess PPh3 ¡ and ule ascribe this to the difficulty of fitting three bulky

PPh3 molecules (cone angJ.e32 1450) and the cyclopentadienyl group (1160)

around the central metal atom. In principle, such steric strain may be

relieved by rinterleavingr the substituent groups, as found recent.ly for

the stabl e tnavu-{PtH(PPh3 ) (PCys ) z }+ cation. 7 4 lu'le have succeeded in

isoJ.ating analogous complexes containing one PPh3 and the bidentate dppm
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or dppe ligands (cone angles at each phosphorus 1210 and 1250,

respectively) from similar reactions.

The steric strain induced by the presence of tryo bulky tertiary

phosphine ligands30 results in the facj.le displacement of triphenyl-

phosphine by neul-raL ligandsin non-polar solvents, affording uncharged

complexes (equation 2.IV) :

RuCt(PPhg)z(n-CsHs) + L 
-) 

RuCl(L)(PPh3)(n-CsHs) + PPhs

(2.IV)

lrlhere the entering J.igand has onJ.y one donor site, vigorous condi.tions

(refluxing decalin) are required to displace both triphenylphosphine

Iigands {complex (2.25) and (2.32)}, If the entering ligand is a potential

chelating ligand, displacement of both triphenylphosphine ligands occurs

under milder conditions (refluxing benzene) {complexes (2.36), (2.37) t

(2.46) and (2.47)1.

The direct comparison of the ruthenium and osmium complexes that ue

have described above demonstrates the usual reduced reactivity of compfexes

of t,hird-rou elements. This is most convincingly shourn in the reactions

ruith tertiary phosphites, in uhich the ruthenium complex RuCl(PPhg)z(n-CsHs)

substitutes both triphenylphosphine ligands, while the osmium complex

0sBr(PPhg)z(n-CsHs), reacting under the same conditíons, forms only the

mixed derivatives OsBr(ppnr){p(On)g}(n-CsHs) {R = Me or Ph}. Much more

vigorous conditions and excess tertiary phosphiter are required to form

the disubstituted complexes.

It is also interesting to note that vhile internal metallation of the

ruthenium complex RuCl{P(0Ph)s}z(n-CsH5) occurs readiJ.y in refluxing

decalinrtt ru have obtained no evidence for similar dehydrobromination of

the osmj-um complex.

The mixed complexes OsBr(PPh3){P(0R)e}(n-CsHs) have a pseudotetra-

hedral sl-ructure, if the ¡-C5115 ligand is considered to occuPy one

coordination position, and are therefore potentially able t,o be resolved

into opticaÌ isomers. Hovever, ue have not attempLed to resoLve
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these complexes.

In a reaction teading to the formation of complex (2.47)t rH n.m.r.

evidence suggests the intermediacy of the monodentat,e dppe derivative

osBr (pPhg ), (nt -Ph2PcH2cH2 PPh2 ) ( n-csHs ) .

The ruthenium complexes {except (2.2), uhich is lime-greenr and (2,3t),

urhich is cream], form yellour to orange crystals, soluble in the more

polar soLvents. The osmium complexes are generally ulhite or pale yellotut

and are considerably less soluble than the ruthenium analogues. Their other

physical properties are consistent ulith their formulation, and appropiate

spectroscopic data are listed in the experimental section.

The reaction betryeen CF3CN and RuCl(PPhg)z(n-CsHs) afforded lov yields

of cationic complex (2,I5)t the major product (2.rc) containing a six-

membered Ru-N-C-N-C-N ring. The mechanism for the formation of t.his complex

is difficult to explain and requires further investigation.

The cationic isocyanide complexes {Ru(CNR)(eenr)z(n-csHs)}eru {R = Me

(2.28) and Et (2,29)I vere formed by an aLternative Doute, the alkylation

of the cyano complex Ru(CN)(ppn.)(n-CsHs). A complex presumably containing

the hydrogen isocyanide (HNC) ligand uas formed by protonation of the cyano

complex; spectroscopic evidence does not ascertain vhether isomerisation

of isonitrile to nitrile has Laken place. It is interesting that these

complexes form light-green crystals rather than yellotu.

The lH n.m.r. spectra of all complexes shov sharp resonances in the

region ô 5.5 - 4.0 for the l-CsHs protons. Complexes containing aromatic

groups on the donor ligand(s) shoryed broad complex Desonances in the usual"

region (from ô B to c o 7) for the C5H5 protons.

Coupling betureen the cyclopentadienyl protons and 3 I P atoms of the

tertiary phosphite ligands is flound in the spectra of

OsBr(L){P(OPh)a}(n-CsHu), but it was not detectable in
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0sBr(pphg){p(ONe)3}(¡-CsHs). The ruthenium complex RuCl{p(OMe)s}z(n- CsHs)

also exhibit,s this coupJ.ing. Similar couplings betrueen CsHs -protons.,and

the phosphorus aLom(s) in a series of complexes {fe(l)(C0)(PPha)(n-CsHs)i*

{L = CO, PPh3, MeCN} have been reported,s but are noL found in the

corresponding ruthenium and osmium derivatives. The second and third

rov elements are poorer transmitters of nuclear spin-spin coupling

effects than is iron.

In the spectra of the acetonitrile complexes (2.1) and (2.4I), the

methyl resonance exhibits a smaLl coupling to phosphorus, of about I Hz.

It should be noted that this research vas undertaken vhen there ìuere

only a feru examples of carbonyl-free cyclopentadienyl-ruthenium compLexes.3 r

hle have demoçstrated above that a vide range of these compounds can be

prepared from the parent complex RuCI(PPh3)2(¡-CsHs) by addition or

displacement reactions involving a variety of ligands.
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EXPERIMENTAL: G¿nuta.(. øxytwínønfa,[. condi-tiont anø do-,scttib¿d ín Appøndix I,

PREPARATION OF NTTRTLE COMPLEXES

Fnom RuCL(PPfu ) z (n-CsHs )

(A) Ch.I-onoa.ee,ton^.truJe., CLCH2CN. - The complex RuCl (PPhg ) z (n-CsHs )

(3OO mg,0.4L mmol) uras dissolved in a mixture of CICHzCN (20 mI) and

tetrahydrofuran (10 mr). KPF6 (400 m9r 2,r7 mmol) vas added, and the

mixture vas refluxed for 2 h. Chromatography (alumina) gave a yellov

band urhich ruas eluted ruith dichl-oromethane/acetone (20:l). Crystallization

from a dichloromethane,/hexane mixture afforded lime-green Utq,Sta-IÁ of

iRu(NCCHzcl)(PPhs)z(n-csHs)]pru (2.2) (95 mg, 25iô)r rïì.P' 175-1800 (dec')

(Found: C, 56.2; H, 4.1; Nr 1.8. C,*¡Hs7ClF5NPeRu requires C, 56.6; Hr 4.1;

N, I.6?6). Infrared (Nujol¡3 v(CN) 2278 cn-r. 1H ñ.rTr.r. (CDCts): 6 7.33,

mr lOHr PPh¡; 4.5O, sr 5Hr CsHs ; 4,4O, t, 2H, CHz.

(B) AutqL.orufiu.Le, CHz=CHCN, - A mixture of RuCl(PPhg)z(n-CsHs)

(450 mg, 0.62 mmol) and KPF6 (25O ng, I.36 mmol) uras heated in refluxing

acrylonitrile (40 ml) for I h. Using chromatog."pny (alumina), a yellov

band uras eLuted vith CHzCIz/aceLone (20:1). Purification by dissolving in

CHzClz, and addition ofl hexane, afforded pure {Ru(lt'ICCH=CHz)(PPh¡)z(n-CsHs)}PF

(2,3) (375 ng, 689á) as a yeJ-loru ffocculenl ytnøo-Lyt.i,tctter m.p. 220-2240 (dec.)

(Found: C, 59.4; H, 4.4; Nr 1.8. C++HseFsNP3Ru requires C, 59,4; H, 4.3;

N, I.62ó). Infrared (Nu¡ol): v(CN) ZZíS cm-t . rH n.m.r. (CDCIe ): 6 7.28,

m, 30H¡ PPh3 1 5,9O, n, 3H, CHz=CH; 4.53, s, 5l-lr C5Hs.

(C) 2-Ch,LonoaenqLoni-fii.tø, CH2=CCLCN. - A mixture of

RuCl(PPh3)z(n-csHs) QB5 m9, 0.J9 mmol), NHuPre (100 m9, 0.6Ì mmol) and

2-ch1oroacrylonitrile (60 mg, O,69 mmol) vas heated in refluxing methanol

(lO mt) for 40 min. Removal of solvent and crystallization of the

residue from dichforomethane/hexane gave fine yelloru UttT,Sta'LS of
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{Ru(Nccct=cH2XPPh3)z(n-csHs)}er, (2.4) (100 mg, B3,ô)r ffi.p. 95-1010 (dec.)

(Found: C, 56.8; H, 4.2; CI 4.6; Nr L.7. C++H¡'C}F6NP3Ru requires C, 57.2;

H, 4.0; Cl , 3.9i Nr I.59ó). Infrared (Nujol): v(CN) 2?16 cm-r. rH n.m.r.

(CDClg): ô 7.11, m, 30H¡ PPh3; 6.45, and 6.12, n, 2H, CHzi 4.60, sr 5H,

C5H5.

(D) Benzowíltti.LQ,, PhCN, - A mixture of RuCl(PPha)z(n-CsHs) (250 mg'

0.J4 mmol), NH*PF. (200 mg, L./Z mmol) and benzoniErile (fOO m9' O.97

mmol) uas heated in refluxing methanol for I h. Filtration, evaporation

and recrystallization (dichloromethane/ether) gave yellow c',LU^lÃ'L^ of

{Ru(NCPh)(PPh3)z(n-CsHs)}er, (2.5) o45 ng, 77,¿)r ffi.p. 190-2000 (dec.)

(Found: C, 61.1; H, 4,3i Nr L.7. C,rsH'roFsNP¡Ru requires C, 6I.3; H, 4.3;

N, 1.59ó). Infrared (Nujol): v(CN) zzlz cm-r, rH n.m.r. (CDCL¡): ô 7.JIt

m, and 7.26, m, 35H¡ PPh3+Ph; 4.56, s, 5H¡ C5H5. l3C n.m.r. (CDCI¡):

ô 115,9-I2B.B, m, PPh3; L32.7, 129,5, and 111.5, s, Phl 84.2, s¡ C5H5.

(E) PzntadLuonobønzonilii.[.e, C5F5CN. - The complex

{Ru(NCCeFs)(PPh3)z(n-CsHs)}Rf, (2.6) (160 mgr 7496) vas obtained as yel}ov

uLq^tl.Lsr fn.p. 168-1740 (dec.)r from a reaction betveen

RuCl(PPhg)z(n-CsHs) (150 mg, 0.2I mmol), NH,*PF5 (I00 mg, 0.61 mmol-) and

C.F'CN (60 mg , O.52 mmol), carried out as described in (2) above (Found:

Cr 56.B; Hr 3.5; N, 1.6. CaaHssFrrNPsRu requires Cr 56.Oi Hr 3.4; Nr 1.49ó).

Infrared (Nujo1): v(CN) 223O cn-t. rH n.m.1. (CDCI¡): 6 7.30, m, 3OH, PPh¡;

4.62, s, 5H, CsHs. lsF n.m.r. (CDClg): ô 159.Jr s, F715, CoFsi I42,5, s,

F4, CsFsi 132.8, s, F216, CeFs. Conductivity (acetone): A, 90 S cm-2*o\-t-

(F) l,lalononitttí.(.e,, CHz(CN)2, - Fine yelloru Uul^ttLgr ffi.P. 180-l$l

(dec.), or [ruccur{cNRu(PPh3)z(n-csHs)t]er, (2,7) (zto mg, 86,¿) separated

aft.er heating a mixture of RuCl(PPh3)z(n-CsHs) (200 mg, 0.28 mmoL)r NH+PF6

(100 mg, 0.61 mmol) and maLononitrile (40 mgr 0.6I mmol) in refluxing

MeOH (10 ml) for 40 min, and altouring to cool to room temperature (Found:

Cr 58.6; H, 4.2; Nr 2.9, C,*,rHazFeNzP¡Ru requires C, 58.6; H, 4.2, Nt 7,196) '
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rnfrared (Nujol): v(cN) zza cm-t. lH n.m.r. (cDClg): 6 7 .37, m, l0Ht

PPhg ; 4.56, s, 5H, CsHs ; 3.96, m r 2H, CH2 .

(G) EthVX. cqenoateta'te¡ NCCHzC)zEt. - Addition of NH'+PFo (3OO mg,

1.84 mmol) and ethyl cyanoacetate (150 mg, 1.37 mmol) to a suspension of

RuCI(PPhg)z(n-CsHs) (lOO mg,0.69 mmol) in methanol (40 mt), follorued by

heating lot 2 h at reflux, gave a yellov solution. Filtration, evaporation

and recrystallization from benzene gave yellow Ut!.StøLS of

{Ru(NCCHzCozEt)(eenr)z(n-CsHs)iPFe,CeHe (2.8) (460 mg, 6996)r m.P. I35-1t70

(Found: C, 60.8; Hr 4.8; Nr 1.4. C+sH+2F5N02P3Ru¡C5H5 requires Cr 60.8;

Hr 4.7; N, I.4?Ð. Infrared (Nujol): v(CN) 2267w; v(CO) 1741m cm-l.

rH n.m.D. (CDCI3): 6 7.36, s, 6H, CeHs i 7.26, n, lOHr PPh3; 4.48, sr 5Ht

CsHsi 4.99, q, J(HH) 7,2 Hz, 2H, CflzMe; 3.83, nr 2Hr CHzCNi I.I7' tr J(HH)

7.I Hz, 3H, Me. l3c n.tl.t. (CoCt¡): ô 116.0-1.28.5, m, PPh3; 84.0, s, CsHsi

62.9, s, CH2CNr 27.2t s, CHzMei I3.9, s, Me. Conductivity (acetone): Â,

I00 S cm-'¡no\-l.

(H) Succ¿nowittti.X.e, NC(CHy)2CÑ. - In a similar reaction to (F) above,

RuCl(PPhg)z(n-CsHs) (ZOO mg, 0.28 mmol) and succinonitril"e (40 mg, 0.5

mmo]) gave yell ov uLAAto..(.'s of [crnu {CNRu (PPha ) z (n-CsHs ) }r] (ef , ¡, (2.9)

(tlO mg, 772ó)r m.p. 295-2LO0 (dec.) (Found: C, 58.5; H' 4.3; N' I.7.

CesHz+FrzNzP6Ru2 requires C, 58,9i H, 4.2; N, I.69¿). Infrared (Nujot):

v(cN) 2264 cn-r. lH n.fit.r. (CDCIa): 6 7.32, and 7.I2, m, 60Hr PPhe;4.46,

s, lOH¡ C5H5;2.73, m, 4H, CHz. l3C n.m.D. (cDCl3):6.136.1-128,6, n¡ PPh3;

84.1, s¡ C5H5 1 I5.7, s, CHz. Conductivity (acetone) z Ît, L63 S cm-2-o\-\-

(I) PhthaLodiwLtt.í1e., I ¡2 -CøH+(CÄ/)2. - A mixLure of

RuCI(PPhg)z(n-CsHs) (+oO mg, 0.55 mmol), the dinitrile (f:O m9, I.l7 mmol)

and NH,rPF6 (400 mg, 2.45 mmol) vas heated fot 2 h in refluxing met.hanol

(40 mI). tfre sol-ution \uas evaporated, and the residue chromatographed

(alumina) to give a yellou band eluted vith dichloromethane/acetone (4:1).

Recrystallization from a dichloromethane/ether mixture gave yelÌotu
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aLUAtn,U of [NCc6Ha{cNRu(PPhs )z (n-csHr )}] er. (2.10) (45r mg, 859ó), m.p.

195-2OO0 (dec. ) (Found: C, 6O.4; H, 4.2; Nr ?.8. C,*gHeeF5N2P3Ru requires

C, 61.0; H, 4.1; N, 2.92ó). Infrared (Nuriol): v(CN) 222O cn'r. rH n.ßì.r.

(CDCIg): ô 7.84, m, 4H, CeH+i 7.34, nr 30H, PPh3i 4,65, sr 5Hr CsHs.

(J) Tøfita"d.tuonophtholodínittti-.te, 1 ,2-CaF+(CN)2. - A mixture of

RuCl(PPha)z(n-CsHs) (23O ng,0.12 mmol), NHaPF5 (150 mg, O.92 mmol) and

tetrafluorophthalodinitrile (100 mg, o.5 mmol) uas heated in refluxing

methanol- (¡O mt) for t h. Evaporating and recrystallization

(dichloromethane/ether) afforded fline yello\r-of,ange ULU^tol,s of

fnccur*{cNRu(PPhs)z(n-csHr)}]eru (2.11) (lto ms, 94eó), m.p. r27-1320

(Found: C, 56.I; H, 3.4; N, 3.2. C,rgHs5FleN2P3Ru requires C, 56.75;

H, 3,4; N, 2.7,1ó). Infrared (Nu jol): v(CN) 2214 cn-t. 1H n.fil.D. (CDCIs ):

6I42,I, and I4I.2, mr F4¡5¡ C5Fa; I27.5, and 126.4, m, F316, CoF+.

Conductivity (acetone): 
^,n,, 

101 S cm-2 -o\-'-
(,() laoyththa,Lonittti.Le, 1 ,S-CaH+(CN)2. - A reaction similar to (1)

above betueen RuCl(PPhg)z(n-CsHs), NHaPFu and the dinitrile, on the same

scafe, afforded yeJ-Iour micttoutt¡'sta(¿ of

It,t-cuttu{ctinu(pph3)z (n-csHs)}r] (pru)r Q.rz) (ltt ng, 75,6)r m.p, r95-

2000 (dec.) (Found: C, 60.1; Hr 4.2; Nr I.7. CsoHzaF12N2P5Ru2 requires

c, 60.0; H, 4.1; N, 1.6?á). Infrared (NujoI): v(CN) zzlt cm-r. rl-l n.m.r.

(CDCIg): ô 7.90, m, 4H, CeH+i 7.35, m, 60Hr PPhg; 4.70, s, 5H¡ C5H5.

Conductivity (aceLone): Â, 148 S cm-2mo\-'-

Q) Te.fr0,[Luonotetteyththct (.od,Lnitttlø, 1, 4-QsF +(CÄ/)2 . - Addition ofl

tetrafluoroterephthalodinitrile (100 mg, 0.5 mmol) to a varm soLution of

RuCl(PPh3)z(n-CrHs) (250 mg, O.34 mmol) and NH+PF6 (150 mg, 0.92 mmol)

in methanoL (¡O mt), fo]lorued by heating for l0 min under reflux' gave

an orange precipitate. Recrystallization ofl this materj.aL flrom dichforo-

methane/methanol gave fine orange Utq,Sta't's of

[t,+-curu{cNRu(PPh3)z(n-csHs)}rl (eru), Q.tl) (270 mq, 859Á), m.p. 2]B-
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2240 (Found: C, 57,3; Hr 3.8; Nr 1.5. CgoHzoFreNzP5Ru2 requires C, 57'7i

H, 3.8; N, 1.59ó). Infrared (Nujol): v(CN) 2247 cm-r . rH n.m.r. (C0Ctg ):

6 7.33, m, 60H¡ PPh3; 4,68, s, 10H' CsHs. lsF n.m.r. (CDCIs): ô ll2.0r st

CoF4. Conductivity (acetone): A, 151 5 cm-2*."\*t-

(ll) 4-Aminobenzowitttí.(-e, 4-NCCaH+NHz. - A reaction betveen

RuCI(PPh3)z(n-CsHs) (5oo mg, 0.69 mmol), NH,+PFs (380 mg, 2.33 nnol) and

4-aminobenzonitrile (130 mg, l.l mmol) in refluxing met,hanoL (40 mI),

folloryed by chromatography (alumina), and crystallization (dichloro-

methane/ether) of the band eluted ruith dichloromethane/acetone (l:t) gave

yelloru uLtJçta,t s of {Ru(NCC6H4NHT)(pphr)z(n-CsHs)}ef . (2.I4) (llO m9, 5096),

flì.p. 185-1900 (dec.) (Found: C, 59.9; Hr 4.1; N, 2.9. C+eH,*¡F5N2P3Ru

requires C, 69.,r; H, 4.f ; N, 3.O9ó). Inf,rared (Nuiol): v(CN) 223Ou; v(NH)

3785n, and f470m cm-r. rH n.m.r. (CDCls): 6 7.33, m, lgHr PPh3 l 6.82, n,

4H; C6Ha; 4.58, m, 2H¡ NH2; 4.51, s, 5H, CsHs.

Fnom RuCL(Lz)(n-Csffs) {Lz = dç,pm orL dfrpe} artd AcetowitniLe-

(A) Sodium tetraphenyloborate (86 mg, O.25 mmol) uas added to a

soLution of complex (ZJe) (t+O m9, O.24 mmol) in acetonitrile (25 m])'

and the mixture uras refLuxed for 5 min. The yelloru solution uas filtered t

concentrated to ca. 5 ml, and diethyJ- ether uras added. The yelloru ULU^tal^

urhich formed vere colfected, urashed uith diethyl ether and dried under

vacuum, to give pure {Ru(MeCN)(dppm)(n-CsHs)}BPh4 (2.40) (ff m9, 42?ó),

m.p. 162-1630 (Found: C, 72.3; Hr 5.5; P, 6,6. C56H5oBNPzRu requires

C, 73,8; H, 5,5; P, 6.8?i). Infrared (Nuiol): v(CN) 2258 cm-r. lH n.m.r.

(CDC]g): ô 7.10, m, 40Hr PPh3+BPh+; /+.70, s,5H, CsHsi 1.30, m, 3Hr MeCN'

(B) Using complex (2,37) (140 mg,0.23 mmot), a similar reaction

afforded yelloru uLt!,stLl^ of {Ru(MecN)(dppe)(n-csHs)}BPh4 (2.4I) (gg mq'

4596), m.p. Ig5-I970 (Found: C, 72.3i Hr 5,7i P, 6,5. CszHs2BNP2Ru

requires C, 73.9; H, 5.6; P, 6.7?i). Infrared (Nuiol): v(CN) 2258 cn-t .



5B

rH n.m.r. (CDC]3): 6 7,44, and 6.98, m, 40H; PPh3+BPha; 4.69, sr 5Hr CsHsi

z.t9, m, 4H, PCH2; L95, m, 3H, MeCN.

Fnom 1¿ßn(PPhs)z h-CsHs ) a.nd AcetowLtttLLe

The reaction betureen OsBr(PPh3)z(n-CsHs) (Bl mg, 0.096 mmol) ald

sodium tetraphenylborate (50 mg, 0.145 mmol) vas carried out as

described above for the preparation of {Ru(MeCN)(dppm)(n-CsHs)}BPh'', and

afforded off-vhite needL.Q.^ of {0s(MeCN)(PPh3)z(n-CsHs)}een* (2.1) (85 mg'

779i,), n.p, I7O:I750 (dec.) (Found: C, 70.6; Hr 5.2i N' 1.2. C67H5sBNOsP2

requires C, 7O,6; H, 5.I; N, I.29¿). Infrared (Nujo1): v(CN) 2257 cm't.

rH n.m.r. (CDClg): g 7.42, n, 5oH' PPh3+BPha; 4.63, s, 5Hr csHs1 L33, t',

J(HH) I Hz, 3H, MeCN.

Reactio n Betneert RuC L (P? h z ) z ( n-C s H s ) and T niÇLuono acøto witzi.[.e

(i) Trifluoroacetonitrile vas introduced into a mi.xture of

RuCl(PPhg)z(n-CsHs) (ZOO mg, 0.28 mmol) and NH4PF6 (150 m9, O,92 mmol) in

methanol (40 mf), for 2 min, and the mixture \uas heated under refl-ux for

I h. The reaction mixture \vas filtered, to recover unreacted

RuCl(PPh3)z(n-CsHs) (tOO mg, 509ó). The orange filtrate \uas evaporatedr the

residue extracted ruith dichLoromethane (5 ml) and chromatographed (Florisil).

Tulo flractions vere eluted, an orange band vith light petroleum, and a

yellov band ruith acetone. The latter fraction, the minor product, vas not

isolated but identified spectroscopically as the trifluoroacetonitrile

cation {Ru(ruCcrr)(eerrr)z(n-CsHs)}PF6 (2,I5). rH n.m.r. (cDCls):6 7.37, m,

}OH, PPhg; 4,55, s' 5H, CsHs. Crystallization of the former fraction

(flght petroleum) gave red-orange flaky Utq,staL's of

Ru{NHC(CF3 )NC(CF3 )NH}(PPh3)(n-CsHs) (2,16), m.p. L46-I47 o (Found: C, 5L.4;

Hr 3,61 N, 6.61é; l,l (mass spectrometry), 635. CztHz2F5N3PRu requires C,

51.4; H, 3.5; N, 6.726i M, 635). Infrared (Nujol): v(NH) 3387n, and 3371m;
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v(C=N) 1585ms, 1550m, and 1520m; v(CF) tZOOs, and I175s "t-t. 
tH l-t.t.".

(cDClg ): ô 7.76, m, l5H, PPhs i 4.24, sr 5H, csHs. ttc n.Íì.1. (cD0lg ): 6

154.r, 9, J(cF) Jt Hz, C(cFs ) i 136.2-128.5, m, PPhs; ll7.B, q, J(cF) 2Bo Hz,

CFa i 76,6, s, CsHs. ttF n.Íì.r. (CDCfu ): -87.5 ppm. (relatj-ve to internal

CoFe)¡ s, CF3.

(ii) Trifluoroacetonitrile (197 mg, 2.O7 mmol) uas condensed into an

ampoule containing RuCl(PPhe)2(¡-CsHs) (500 mg, O.69 mmol) in methanol

(40 ml). The sealed ampoule u.ras placed in an oven at l-000 for 24 h. The

solvent u/as removed and the residue chromatographed (alumina). An orange

band vas eluted ruith diethyl ether. Crystallization (Iigfrt petroleum)

then afforded red-orange flaky crystals of (2.16) (37O ng, 859ó).

(iii) A mixture of (?.L6) (250 mq, o.39 mmol) and P(OMe)¡ (25o ns,

2.01 mmol) ryas heated in refluxing decalin (50 mI) for 60 min. The coofed

solution uras chromatographed (alumina), the decalin and excess P(ONe)s

being uashed out vith light petroleum. A yelloru band uras eluted vith

diethyl ether. Crystallization (Iight petroleum) then afforded red

uLtJ,sla.bs of Ru{lrlHC(cF¡ )NC(cFs )NH}{p(ONe)s} (n-CsHs ) Q.17) r m.p. 105-l-0 70

(Found: C, 29.3; Hr 3.2; Nr 8.32!,; M (mass spectrometry), 49-1 ,

CrzHrsFo0aN¡PRu requires C, ?9.O; Hr 3.3; Nr B.5ií'; 
^/1r 

497). Infrared

(Nujo1): v(NH) 3355u, and 329Ou; v(CN) 1586m, and I546n; v(CF) I274s, and

1125s; v(P0) l-125s; v(csHs ) BJJru cm-r . tH n.m.r. (cDClg ): 6 4.52, d, J(HP)

L2 Hz, 5H, CsHs; 3.53, d, J(tlp) Ir.5 Hz, 9H, P([Me)¡. ttC n.Íì.t. (CDCI:):

ô 154.7, q, J(CF) 33 Hz, N=C; IL7.9, q, J(CF) 2BI Hz, CFa; 77,4, dr J(cp)

4 Hz, CsHsi 51.1, d, -7(CP) 4 Hz, P(0Me)s.
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?REPARATTOÑ OF TSONITRTLE COI,ÁPLEXES

Fnom RuC,(.(PPhs) z (n-CsHs )

(A) t-sut4.L i'soeqa"nidør ButNc. - (i) A suspension of

RuCI(PPhg )z (n-CsHs ) (ZlO m9, 0.14 mmol) and guÍtllC (60 mg , O.72 mmol) vas

heated in refluxing decalin (40 ml) for 5 h. The cooled solution \uas

chromatographed (alumina), the decalin and excess t-butyl isocyanide

being uashed out urith light petroleum. A yellour band uas eLuled tui.th

diethyl ether/dichLoromethane (2OzI). Crystallization (1iqlìt petnoleum)

then afforded oran ge artl,stnLs of RucllcUeu¿)(ppnr)(n-CsHs) (Z.fe) (168 m9,

899ó), m.p. I72-L740 (Found: C, 6I.5; H, 5,4i N, 2.69('; M (mass spectrometry),

547, CzeHzgClNPRu requires C, 6I.5i H' 5.3i Nr 2,69('; lrl, 5t+7), Infrared

(Nujor): v(cN) zroa, 2o7r cm-l. rH n.m.r. (cDCl¡): 6 7.56, and 7.36, m'

15H, PPhs; 4.53, s, 5H¡ C5H5; 1.ì-7, s, 9H, CMes. r3C n.rTì.1r (COCIr): ô

156.6' dr -1(CP) Z4tlz, CN; I37.t-IzB,I, m' PPh3; 81.6' dr J(CP) 2 Hz,

CsHsi 56,It s, CMe3 i 1LO, sr Clrlø2.

(ii) A mixture of RuCl(PPh3)z(n-CsHs) (200 mg, 0.28 mmol)' NHqPFc

(Ioo mg, 0.61- mmol) and ButNC (60 mg , O.72 mmol) vas heated in refluxing

Me0H (45 ml) for 20 min. Evaporation and recrysl-allization of the residue

from chlorof"c¡rm/diethyl ether afforded pale yel1ow clu^ta,L^ of

{Ru(CNBut)(eenr)z(n-CsHs)}PFs (2,22) (205 mg, 809ó), m.p. 222-2240 (dec.)

(Found: C, 59.3i Hr 4.8; N, L.6. C+oH,*,*F5NP3Ru requires C, 60.1; Hr 4.8;

N, r.596). rnfrared (Nujor): v(ctrl) 2136 cn-r. rH n.ûì.r. (CDC]s): ô 7.18,

7.26, 7,zTt and 7.06, mr l0H, PPh3 i 4.68, s, 5H, CsHsi I.36, sr 9H, CMe¡.

r3C n,m.r. (CDC1g): ô 116.2-128,6, m, PPh3; 87.B' s¡ C5H5; 59.o, tt

J(CP) 3 Hz, CMe3; 3O.4, s, CMQ.3.

(iii) A sealed ampoule containing RuCl(PPh3)z(n-CsHs) (250 mg' D.3¿+

mmor) ano gu1\c (tzo mg, r.4 mmot) in petroleum spirit (t00-1200r 5 ml)

vas heaLed at lB00 for 12 h. The broryn residue uras extracted ruith d.iethyl
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ether (3 x 2O mt) and combined vith the petroleum spirit fraction.

Evaporation, follorued by trituration of the residue vith liqht petroleum,

afforded a ruhite pneeipitnt¿ urhich uras tentatively identified as

RuCI(CNBuÍ)r(n-trtr) (2.25) from its n.flì.r. spectra. rH n.nì.D. (CDCl¡):

ô 4.73, sr 5H, CsHsi 1.10, s, lBH, CMe3. l3C n.ñì.r. (CDCIa): ô 81.9, s,

CsHs i 56.4, s, CMe3; 30.7 , s, CMø3.

(iv) The complex RuCl(CNBu¿){ttn,)(n-CsHs) (140 mg, 0.26 mmol) NH+PF6

(100 mE, 0.61 mmol) an¿ eul\c (60 mg, a.Jz mmol) vere heated in refluxing

methanol (40 ml) for L5 min. Evaporation and recrystallizat.ion (chlor'oform,/

Iight petroleum) gave pal.e ye1I ow a-tLtj^tnL5 of {Ru(CNeuÉ)2 (PPh3 ) (n-CsHs )}

PFs (2.26) (tZl m9, 92?ó), n,p. 2Iz-2I50 (dec. ) (Found: C, 52.8; H, 5,Ii

Nr 3.8. C33H3eF5N2P2Ru requires C, 53.6i H, 5.2; N, 3.Bi¿). Infrared

(Nujol): v(cN) ZtlZ, and 2140 cm-r. lH n.m.D. (CDCIa): ô 7.45, m, l5H,

PPh3 ; 4.97 , s, 5H, CsHs i I.2I, s, lBH, CMe3. l3C n.m.r. (CDC13 ): 6 136.2.-

I29,O, m, PPh3; 85.8, s, CsHsi 52.2, s, CMe3; t0.4, s, CMeg.

(ß) CqcX.ohøxql i.socqawLde, CqNC, (i) A suspension of

RucI(PPhs)z(n-csHs) (ltz ng, 0.41 mmol) and cyclohexyr isocyanide (47 mg,

0.4f mmol) rvas heated in refluxing decali-n (40 mf) for I h. The cooled

solution uas chromaLographed (alumina), urashing out, the decalin urith

Ìight. petroleum. A yeJ.lou band uas eluted ruith diethyl ether,/dichloro-

methane (20:t); evaporation and recrystallization (diethyl ether,/light

pet,roleum) af,forded orange uLq^ft,t,s of RuCl(CNCy) (PPh3 ) (n-CsHs ) Q.lg)
(192 mg, 78?6)r ffi.p. I47-L480 (Found: C, 6?.7; H, 5.5i N, 2.59á. M (mass

spectrometry)r 573, CaoHa¡NPCJ-Ru requires C, 62.9; H, 5.5i N, 2.49í'; lul

573). Infrared (Nujol): v(CN) ZllOs¡ and 2II6s cm -r. tH n.ßr.r. (CDC13):

6 7.56, and 7.35, m, 3OH, PPhs; 4.53, s, 5H, CsHsi l.B-1.1, mr llHr Cy.

r3c n.m.r. (coctr): ô 137.2-I2B,I, m, PPh3; 81.6, d, J(cP) 2 Hzr CsHsi

54.7, s, Cl, Cy;33.3, m, C2r6, Cy;25,I, s, C4, Cy¡ 23.2, s, C3r5, Cy.

(ii) A mixlure of RuCl(ctlcy)(PPh3)(n-CsHs) (tlo mg, O.26 mmol)¡ NHaPF5
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(I00 mg, O.6L mmo1) and PPhg (1OO mg, 0.lB mmol) vas heated in refluxing

MeOH (40 ml) for l0 min. Evaporation and recrystallization (chloroform/

light petroleum) gave paJ.e yetlou utq,5fn.t,5 of {Ru(CtttCy) (eefrr )z(n-CsHs )}ef,

(2.23) (230 ngr 93?6)t rrì.p. 242-2430 (Found: c, 59.9; Hr 4.B; N, 1.4.

C+sH+5F5NP3Ru requÍres Cr 61.0; Hr 4,9; N, 1.59ó). Infrared (Nuiol): v(CN)

2rt+7n, v(PF) B40vs cm-l. lH n.m.r. (CDCIg): 6 7.57, and 7,27, mr l0Ht

PPhg;4.68, s,5H, CsHs;1.8-1.1r ffir IlH, Cy. 13C n.ffi.1. (CDCIs): ô 136.1-

128.6, m, PPh3, 87.7 t s, CsHsi 56.I, s, C1 , Cyi 32.9, sr C2r6, Cy; 24,9,

s, C4, Cyi 23,6, s, C3r5, Cy,

Q) 4-f otuQ.ne,s&(.pllo,al.LmQ.tl,L|.L i.sou¡awLde to¿míc,  -l'lsC sH+50 zCH zNC. -
(i) n suspension of RuCI(PPh3)z(¡-CsHs) (3øl ngr 0.5 mmol) and tosmic

(98 mg, 0.5 mtnol) vas heated in refluxing cyclohexane (40 mf) for 40 min.

The yeÌlo\u-oDange precipitate that formed vas colLected, vashed vith ruarm

Iight petroleum (Z x lO mI), and recrystallized (diethyl ether/light

petroleum) to give orange uLu^tnbs of RuCl(CNCHzS0zCeH+Me-4)(PPh3)(n-CsHs)

(2,2a) (lOl mgr 9596)r m.p. 186-1870 (Found: C, 57.9; Hr 4.4i Nr 2.I?('; tlt

(mass spectrometry), 659. cgzHzgCl-NOzPRuS requires C, 58.7; Hr 4.4; Nt

2,!96; ll, 659).Infrared (Nujol): v(CN) 2O2Bn (Or); v(S0) IIIBm cm-l . rH

n.m.r. (cDCIa): ô 7.86r 7.75r 7.52r 7.39, and 7,35, 19H¡ PPh3+C5Ha;4.69,

sr 5H, CsHs i 4.37 , n, 2H, CHz i 2.45, s, CHz.

(ii) A mixture of RuCt(PPhe)z(n-CsHs) (200 mg, 0.28 mmol), NHqPF6

(tOO mg, 0.61 mmol) and tosmic (I0O mg, 0.51 mmol) in refluxing methanol

(¡> mf) for 40 min readity afforded a light yeIlow ytnøcíytíta"te, vhich vas

purified using a chloroform/diethyt ether mixture to give

{Ru(cNcH2s02c611,+Me-4) (PPh3 )z (n-cslls )}PFe (2,24) Qlo ng, 809ó), n.p , 2o7-

2120 (dec.) (Found: C, 57.3; Hr 4.4; N, I.5. C5qHaaF6N02P3RuS requires

c, 58,2; Hr 4.3; N, L42ó). Infrared (NujoL): v(CN) 2115s, and 2o47n; v(PF)

B34s cm-Ì. lH n.rr.r. (CDCIa): 6 7.80r 7,69, and 7,26, m, 74H, PPh3+C6Hqi

5.O4, m, 2H, CHzi 4.J8, s, 5l-lr CsHsi 2.45, sr 3l'1, Me. l3C n.m.r. (CDCla):
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ô 146.5, and I37.4, s, CeH+i 135.6-128.8r mr PPh3; 89.0, s¡ C5H5 i 64.7,

s, CHzi 2I.9, s, Ple. Conductivity (acetone): A, 138 S cm-2r.o\-\"

(O) 4-MethoxqythengX. i-socqawLde, 4-Mø)CaH+NC. A mixture of

RuCl(PPhs)z(n-CsHs) Qç m9r 0.5 mmol) and  -MeOCoH+NC (47 ng, O.43 mmol)

uras heaLed in refluxing cyclohexane (40 mI) for 40 min affording a

yelÌoru-orange precipitate, uhich u/as recrystallized (dichloromethane/light

petroleum) to give orange ULU^ttLs of RuCl(cNc6H,r0Me-4)(Ppfra)(n-CsHs)

(2,2I) (275 ngr 929á), n,p, l9B-I990 (Found: C, 62.2; Hr 4.5; N, 2.3?á; I'l

(mass spectrometry) r 597, CarHzzClN0PRu requires C, 62.4; H, 4,6; N, 2.396;

Mr 597). Infrared (Nujol): v(cN) 2068m (ur); v(cO) I242n cm-r. rH n.m.r.

(COClg): 6 7.60, and 7.36, m, 15H, PPh3; 6.67, s, 4H, CoH,*; 4.68, s, 5H,

CsHsi 3.75, s, 3H, OMe. r3C n.m.r. (CDCIs): 6 116.7-126.9, ffi, PPh3; 158.4t

126.9, 123.8, and l1¿'t.4¡ s¡ C5Ha; 82,8, d, J(CP) 2 Hz, CsHsi 55.6, s' 0Me.

tttom Ru(CN) (PPht)z (n-CsHs )

(^) U)ith HPF6,0Et2 - A solution of Ru(cN)(eenr)z(n-CsHs) (tso m9,

0.2I mmol) and HPF5¡0Et2 (ffO mg,0.5 mmol) in dichloromethane (40 mt) uras

stirred for l0 min at 259 . Evaporation gave a lighL green oil, urhich uas

triturated several times vith hot diethyl ether. Crystallization of the

residue (dichloromethane/diethyl ether) gave light green Uul.sÍal,S af

{Ru(cNH)(Pphg)z(n-csHs)}pFe (2.27) (tzo m9, 67,6), n.p. 186-1890 (dec.)

(Found: C, 57.7; H, 4.3; N, 1.6. CqzHge F6NP3Ru requires C, 58.5; H, 4.2i

N, I.6?6). Infrared (NujoJ.): v(cN) 2o24w; v(PF) 8J4s cm-r. 1H n.m.r.

(CDCls ): 6 7 .24, n, 3OH, PPhg; 4.63, s, 5H, CsHs. r 3C n.rIt.D. (CDCÌ3 ): ô

136.0-128.5, m¡ PPh3 1 87,5, s¡ C5H5.

ß) Wifh {MeE?}Pt ø - The reaction betrveen Ru(CN) (eenr )z (n-CsHs )

Ø94 ng, 9,69 mmol) and {MegO}PFe (142 mg, 0.69 mmol) vas carried out in

a simiLar manner to (A) above, to give light. green ut/,slnt'| of

{Ru(CNtae) (PPh3 ) (n-CsHs )}er. (2.28) (f rO mg, 849ó), m.p . 236-2400 (Found:
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C, 58.7 i H, 4.7; N, I.7; Pr 10.8. CqsHaeFe NPgRu requires C, 58,9; Hr 4.4;

N, I.6i P, 10.69ó). Infrared (Nujol); v(cN) 2I62n; v(PF) B39s cm-l. lH

n.m.D. (coclg): 6 7.13,7.27r 7.I7, and 7.06, m, 30H¡ PPh3 14.69, sr 5Ht

csHsi 3,39, t, J(HP) r.6 Hz, 3H, Me. r3c n.m.r. (cDCr¡): ô 116.0-128.6,

m¡ PPh3 87.5r s, CsHsi 3O.9, s, Me. Conductivity (acetone): Â, 144 S cm-2r,,À

(C) \lith {Eü}}PF6 - Similarly, Ru(CN)(PPhs)z(n-CsHs) (tOO mg, 0.14

mmol) and {EtgO}PFs Q5 ng, 0.14 mmol) afforded

{Ru(cNEt) (pph3 )z (n-csHs )}eru Q.2g) (tto mg, 889ó), rr.p . >2500 (Found: c,

59.2; H, 4.5; N, 1.6. C,,+H+oFe NP3Ru requires C, 59.3i H, 4.5; N, I.696).

Infrared (Nujo1): v(CN) 2150s; v(PF) elzs cm-l. rH n.m.r. (CDCIg): 6 7-34,

7,26, 7.18, and 7.05, m, 30Hr PPhe; 4.68, sr 5H¡ C5H5; 3.73, q, J(HH) 7.5

Hz, 7H, Me. tlc n.fir.r. (coctg): 6 116.o-I28.6, m, PPh3; 87.52 sr CsHsi

4O.7, sr CHzi 14.8, sr Me.
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CÙI\IP LEXE S C?l,rf ATNI NG TERT I ARy P H 0 SP HII'JES Al\/2 P H0 SP HITE S

The ?ho,sytttite-s

(A) TninefhqX. ythoaytl+i,te, P(0Me)3. ! (l) tne phosphite (laO mg, 7.9

mmol) uas added to a suspension of RuCl(eefrr)z(n-CsHs) QZe ng, l mmol)

in MeOH (20 mI), and the mixture u/as heated flor 15 min to give a yelloru

solution. To this uras added NaBPh+ (l+Z ng, 1 mmol) in Me0H (10 ml),

urhereupon a light yellov product precipitated. Recrystallization

(CHzCI2/fqeOH) afforded fine yellour utt¡,sto.ta of

[nr{eenr)z{P(OMe)s}(n-csHr)]aenu (2,3oa) (gro ms, 809ó)r m.p . r97-rg9o

(Found: C, 70.6; H, 5.9; P, 7.8. CeeHoaB03P3Ru requires C, 72.0; H, 5.7i

P, 8.296),Infrared (Nujol): v(P0) 1040 cm-r. rH n.rïì.r. (CDCIa): 6 7.37,

mr 30Hr PPhg1, 7.O, m, zOH, BPh+; 4.5O, s, 5H, CsHs; 3.I7, dr J(HP) lt Hz,

9H, P(OMe)e.

(ii) The yellou hexafluorophosphate salt (z.tob)r ffi.p. 2I2-2I30 (dec.),

uas obtained in a similar reaction carried out in the presence of NHaPF6

(Found: C, 54,7; H, 4.6; F, II.3. C++H,r,+F503PaRu requires Cr55.O; H, 4.6i

F, II.99á). Infrared (Nujol): v(po) 1040 cm-l . 1H n.m.r. (CDCls ): 6 7.40,

m, lOH, PPh3; 4.6I, s, 5H, CsHsi 3.49, d, J(HP) tt Hz, 9H, P(0Me)a.

(iii) The complex RuCl{P(0Me)s}z(n-CsHs) (100 m9, 0.22 mmol)

{previously prepared from RuCl(PPhg)z(n-CsHs) and excess P(OMe)s in

decalin (see beloru)], NH+PF, (200 mg, I.23 mmol) and P(OMe)s (60 mg, 0.48

mmol) uere heated in refluxing tetrahydrofuran (10 ml) for 2 h, after

urhich time Lhe solution uras aLmost colourless. Evaporation and

recrystallization (chloroform,/tight petroleum) gave cream Ut/.Stal,s of

[nu{e{oN")g}s(n-csHu)] pr, (2.33) (eo mg, 4o?ó) (Found: c, 24,2; H, 4.8.

Cr +HgzFe0gP,+Ru requires C, 24.6i H, 4,7i¿). Infrared (Nujol): y(P0) 1040

cm-r. rH n.m.r. (CDCI¡): 6 5.23, mr 5H, CsHsi 3.69, m, 27H, P(OMe)s.

(iv) A suspension of RuCl(PPh3)z(n-CsHs) (fOO m9r 0.69 mmol), NH+PF6
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(llt ngr 2.O7 mmol) and P(0Þ1e)a (1000 mg, 8,06 mmol) uas heated in

refluxing diglyme (50 mf) for 4 h. The solvent uras removed, and the

yellow oil vas triturated several times vith hot light petroleum. The

residue \uas recrystallized from CH2CI2/Eb2O to give cream Utqátat'S of

complex (2.t3) (ffO mg, 4Oi6), identical uith the product prepared in re-

action (iii¡ above.

(v) n mixture of Rucl(PPh3)z(n-CsHs) (too mg' 0.14 mmol) and P(0Me)s

(Z5O mg, 2.O mmol) vas heated in refluxing cyclohexane (25 mI) for l0

min. The cooled solution vas chromatcgraphed (alumina), the decalin and

excess P(0Me)3 being vashed out with light petroleum. A yellour band uas

eluted urith diethyl ethen,/dichloromethane (4:1). Crystallization

(dichloromethane/light petroleum) then afforded yellov Utt/Ata'U of

RuCI(PPhs){P(0Me)g}(n-CsHs) QJr) (24 mg, 9:116). 1H n.Ír.f . (CDCIg): ð

7,62, and 7.33, m, l5H, FPh¡; 4.49, dr -1(HP) I.0 Hz, 5H, CsHsi ,,47, dt

J(HP) rI.2 Hz, 9H, P(OMe)¡. r3C n.Íì.D. (CDCts): ô 118.4-127,6, m, PPh3;

81.6, t, J(CP) 3 Hz, CsHs; 52.2, d, J(CP) 7 Hz, P(OMe)¡.

(vi) A mixture of RuCl(PPh3)z(n-CsHs) (I.0 9, l.fB mmol) and P(OMe)a

(0.5 g,4.O3 mmol) uas heated in refluxing decalin (50 mr) for 60 min.

The cooled solution uas chromatographed (alumina) r the decalin and excess

p(0Me)3 being vashed out ruith light petroleum. A yellow band uas eluted

yith diethyl et.her/dichloromethane (ZO:f). Crystallization (fi.ght

petroleum) then afforded yeIIow UtU^tt,Us of RuCl{P(OMe)s}z(n-CsHs) (2.32)

(520 mg, 849ó)r m.p. 126-1290 (Found: C, 29.6i Hr 5.I?('; M (CsHo), 443.

Cr rHzeCL0sPzRu requires C, 29,3; Hr 5,I9ó; l't 45O.5). Infrared (Nujol):

v(p0) 1040 cm-r. rH n.m.r. (COClr): ô 4.84, t, J(HP) LZ Hz, CsHsi 1.69, tt

J(Hp)'+ lr.B Hz, lBH, P(gMe)a. r 3c n.m.D. (cDClg ): ô 81.6, t, J(cP) 3 Hz,

CsHsi 52.2, t, J(CP) 2 Hz, P(OMe)a.

^Separation of tuo outer peaks of A part of A9XX'A's system.
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(vii) A mÍxture of OsBr(PPh3)z(n-CsHs) (150 mg, O.I74 mmol) and P(OMe)g

(90 mg, 0.72 mmol) ruas heated in refluxing toluene (Z> nl) for 2 h. After

remova] of solvent, a dichloromethane extract of the residue ulas

chromatographed (Florisil). Excess P(OMe)3 u/as urashed out ruith tight

petroleum, and a pale yelloru band was eluted urith dichLoromethane.

Crystallization form light petroleum afforded pale yelloru ULU^tz.,Ls of pure

osBr(PPhs){p(oNe)e}(n-csHs) Q.t+z) (108 mg,86,'ó), m.p. 1720 (Found: C,

43,4i H, 4.1; Br, II.3i P, 9.5, CzøHzsBr0g0sPz requires C, 43.3; H, 4.0;

Br, 11.1; P, 8.6?6). 1H n.m.r. (CDC1a): ô 7.50, m, 15H, PPh3i 4.65, sr 5H,

CsHsi 3.57, d, J(HP) lt Hzr 9H, P(0Me)s.

(viii) Heating a n¡ixture of OsBr(eenr)z(n-CsHs) (100 mg' 0.12 mmol)

and P(0Me)s (100 mg, 0.81 mmol) in refluxing decaLin (10 mf) for I.5 h

vas fol-Loved by chromatography (alumina). Decalin and excess P(OMe)g u,ere

vashed out urith light petroleum. A pale yellou band uas eluted vith

diethyl ether/dichloromethane (4:1), from uhich yellour utl,stn.Ls of

OsBr{P(OMe)e}z(n-CsHs) Q.44) (50 mg, 7496)r m.p. I32-I350, u/ere obtained

after evaporation and crystallization (dieLhyl ether/light petroleum)

(Found: C, 22.8i H, 3.9i(,i M (CeHe ), 594. Cr1H23Br050sP2 requires C, 22.6;

H, 4,09ó; Â,t , 583). rH n.m.r. (cDCls): 6 5.01, t, J(HP) r Hz, 5H, CsHsi

JÊ

t.67, t, J(HP) 11 Hz, lBHr P(OMe)s.

(ß) Tniyth¿rull frho^ythíte, ?()Ph)s. - A mixture of OsBr(PPh3)z(n-CsHs)

(UO mg, 0.174 mmol) and P(OPh) 3 Q43 mgr 0.46 mmol) ruas heated in

refluxing decaLin (fS mf) for 15 min. The cooLed solution \uas chromato-

graphed (Florisil), the decalin being vashed out vith light petroleum.

Chloroform then eluted a yellout band, shown by n,m.r. to contain tuo

products. Crystallization from a dichloromethane/light petroLeum mixture

gave a mixture of large orange crystals and a yellov pourder, uhich could

be separated by a rapid extraction into toluene. The or'ange ULq^to"U

*
Separation of ttuo outer peaks of A part of AgXXrAre system
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remaining urere recryst.allized from dichloromethane/tight petroleum to give

pure OsBr(PPh3)iP(OPh)g ] (n-csHs) Q.4t) rul mg, 1096)r n.p. l9B0 (Found:

Cr 54,2; Br, B.B; Pr 6.7. C+rHgsBr0g0sP2 reQuires Cr 54.2; Brr B.B; Pt

6.8P6). 1H n.tr.r. (CDCI¡ ): 6 7.92-6.72, m, lOH, PPhg+P(OPh) 31 4.437 L,

J(HP) I Hzr 5H, CsHs. Addition of tight petroleum to the extracL afforded

yeLloru uLA^ta.,[Á of OsBr{P(0Ph) s}, (n-CsHs ) Q.45) (7s ng, 45i6) r ffi.P , 1550

(Found: C, 52.L; Br, 8.4; Pr 6.4. CkrH35Br050sP2 requires C, 5I.5; Brt

8.4; P, 6,59i). rH n.m.r. (cocl¡): ô 7.06, m, lOHr P(Oefr¡rt 4.2, t, J(HP)

I.5 Hz, 5H, CsHs.

Thø Phoaphine's

(A) Tnim¿thq'Lythoaythinø, P!ú¿s, - Trimethylphosphine ( c. I mmol)

(obtained by heating {PMea.AgI}+ to 2000) ruas condensed into an ampoule

containing RuCl(PPh3)z(n-CsHs) (s5o mg, 0.76 mmol) and NHaPF5 (100 mg'

l.B4 mmoL) in tetrahydrof,uran (ZO mt). The sealed ampouJ-e vas stirred at

room temperature for tvo days and then heated at 500 for 5 min. The

solvent and excess phosphine \uere removed and the residue extracted uith

benzene. Filtration, evaporation and recrystallization (dichloromethane/

light petroleum) afforded yelloru uLA,stt.U of {Ru(PMes)(ppfrr)z(n-CsHs)}ef.

(2.34). tH n.rTì,Do (CDcl3): ð 7.48, and 7.06, mr 3oH, PPh3; 4.73, sr 5Ht

CsHs i I.37, d, J(HP) g tlz, 9H, PMe3.

(ß) Diphenq.hzthqLpho,sythínø, ?Phzl,le. - A mixture of

{Ru(NCMe)(PPh3)z(n-CsHs)}rr. {]42 ng, 0.16 mmol) and diphenylmethyr-

phosphine (32 ng, 0.16 mmol) uras heated in refluxing diclrloromethane (10

mt) for l0 min. Recrystallization (dichloromethane/fight petroleum)

afforded yellou ?-tLq^tctLs of {Ru(PptrzNe)(PPh3)z(n-CsHs)}PFe Q.35). 1H

n.m.D. (CDCIg ): ð 7.40, m, 40H¡ PPh3; 4,63, s, 5H¡ C5H5 ; I.83, t, J(HP)

7 Hz, 3H, PMe.

(C) ßr^(diytl+ørulX,ytho.sythino)nøthane, CHz(?Phz) z1ppm). - (i) A mixture
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of RuCl(PPhe)z(n-CsHs) (¡ZO mg, 0.51 mmol) and dppm (200 mg,0.52 mmol)

vas heated in refluxing benzene (f00 mI) for B h. The vofume vas reduced

to ca.. 15 m] and a diethyl ether,/hexane mixLure (4:I) vas added until a

Iight yellour precipitate formed. After filtration, further addition of

hexane to the filtrate afforded dark red uLAAfu..X's of RuCl(dppm)(n-Csl-ls)

(2.t6) (23o ngr 7696), ffi.p. I4o-I430 (dec.) (Foundr C, 6I.4; H, 5.0; P'

IO,696; M (CeHe ), 6O3. CeoHzzCIPzRu requires C, 6I.4; Hr 4.61 Pr IO,62(';

!,1, 586). rH n.m.r. (CDCla): ô 7.8, and 7.3, m, ZOH¡ PPh3 i 4,7O, s, 5H,

CsHsi 2.4, n, 2H, PCH2 (?).

(ii) A mixture of Rucl(PPhe)z(n-csHs) (250 mq, 0.34 mmol), NH4PF,

(tSO mg, o.92 mmol) and dppm (IJZ ng, O.34 mmol) uas heated in refluxing

methanol (40 ryf) for l0 min. The yellou crystalline ytuoducf vhich

separated u/as recrystallized (CH2CI2/yleOH) to give pure

{Ru(PPhe )(dppm)(n-CsHs )}ef. (2.38) (210 mg , 629i) r ffi.p . > 2250 (dec. )

(Found: C, 59,7; H, 4.3. C,rgH'r2F5PaRu requires C, 60.1; Hr 4.49ó). lH

rì.rì.r. (CDrClr): 6 7.34, n, 35H¡ PPh3; 4.92, s, 5H¡ C5H5; I.54, n, 2H,

PCHz (?). Conductivity (acetone): Â, 126 S cm-2r,.oFt-

(iii) A mixture of OsBr(PPhs)z(n-CsHs) (tOO mg, 0.12 mmol) and dppm

(47 mg, O.LZ mmol) uas heated in refluxing benzene (40 ml) for 4 h,

after vhich time the sol-vent \uas evaporated, decalin (¡O mL) added, and

the solution heated under reflux for a further 6 h. Chromatography

(Florisil) of the cooLed solution, after ruashing out the decalin vith

light petroleum, and eluting vith diethyl ether, afforded a light yellotu

fraction. Crystallization (dichloromethane/light petrol-eum) afforded

yetloru cnq^tal^ of OsBr(dppm) (n-CsHs ),CH2Cl, (2.46) (65 ng, 7B9i) r m.p. >

2l-00 (dec.) (Found: C, 45.6i H, 3.59('; M (CoHa)r lø3. CsoHzzBr0sPzCHzClz

requires Cr 46.3; H, 3.69.,i l,Ár 72O). rH n.m.r. (CDCIa): ô 7.7, and 7.3, m,

àOH, PPh¡; 5.70, sr 2H, CHzClz; 4.80, s, 5H¡ C5H5 1 2,3, m, 2H¡ PCH2.
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(D) 1,2-ßi,s(diythønqLphoa,¡shino)ethane, CzH+(PPhz), ( dytpe), .- (i) A

reaction ruith dppe (2t5 mg, O.54 mmol) uas carried out as in (ß) (f)

above to give orange Uul,stÃ,L^ of RuCl(dppe)(n-CsHs) Q.57) (245 ng' B0,oó)t

n.p. 232-2340 (Found: C, 62.Ii H, 5.4; P, 10.296;trI (CeHs), 6L7.

CsrHzgClPzRu requires C, 62.0; H, 4,5i Pr 10.3?(,i ll, 600). rH n.m.r.

(CDClg): 6 7.9, and 7,3, mr ?OH, PPh3;4.55, sr 5H¡ C5H5i 2.5, m, 4H¡ PCH2.

(ii) A similar reaction to (C) (ii) above, using dppe (tlz mg, o.34

mmol) in ptace of dppm, afforded a solution ruhich uas evaporated and

recrystallized (CUCf r/fight petroleum) to give pure yellow utt¡,sta,L,s of

{Ru(PPhe) (dppe) (n-Csl-ls )}err Q.39) (280 mg, B29i), m.p. 160-1650 (dec. )

(Found: C, 6O,2; H, 4.6. CaeHaaF5PaRu requires C, 6O.5; Ht 4.6yó). 1H n.m.r.

(CDClg): 6 7,35, 6,99, and 6.73, m, 15H¡ PPh3; 4.92, s, 5H, CsHsi 2,39,

and 2.15, m, 4H, PCH2.

(iii) A mixture of RuCl(dppe)(n-csHs) ( 200 mg, o.t3 mmol)¡ NHaPF5

(150 mg, O.92 mmol) and PPh3 (87 mg, O.t3 mmot) vas heated in refluxing

methanol (¿rO mt) for 2 h. Cooling overnight afforded yellou ne¿d'Le¿ of

complex (2,39) (27o ng, Bo9ó).

(iv) n reaction u,ith OsBr(PPh3)z(n-CsHs) (100 mg' 0.12 mmol) and dppe

(47 mg, O.I2 mmol) u¡as carried out as described in (C) (iii) above to give

yellou uLu.stn.Î,s of OsBr(dppe) (n-CsHs ),CH2C12 Q.47 ) (70 mg, 8296), ñì.P. >

2050 (dec.) (Found: C, 46.4; H, 3.896i M (CsHa), 7o3. CgrHzsBrOsPzCHzClz

requires C, 46.9;li, 3,8?ó; Mr 734), rH n.m.r. (CDCle): ð 7.9, and 7.3, m,

zOH, PPhg; 5.39' s, ZHr Cl-i2Cl2 i 4.60, s, 5Hr CsHsi 2.5, mr 2H, PCH2.

(v) n similar reaction vas follorued by lH n.m.r. spectroscopy. After

2 h, truo C5H5 resonances at 6 4,32 (Lhe bis-PPh3 complex) and 4.36

(assigned to the rì1-dppe irrtermediate) vere present, uhich gradually

diminished in intensity, ruith development of a third signal at ô 4.60.

After 6 h, the latter signal only uas present, and vorkup as in (iv)

afforded complex (?.47). .
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(vi) A mixture of OsBr(PPh3)z(n-CsHs) (81 mgr 0.1 mmol), Nl-luPF, (f:O

mgr 0.92 mmoL) and dppe (39 ng, 0.1 mmol) uas heated in refluxing methanol

(lO mf) for 2 h. Evaporation of solvent, and crystaLlization of the

residue (CHCf3Tfight petroLeum) afforCed rvhite ULU^ta'L^ of

[{0"{ennr)z(n-csHs)}z(dppe)] {err¡, (2.48) (e5 ms, B5eó), m.p. 16r-1620

(Found: C, 59.O; Hr 4.t. CroeHg,+Frz0szPs requires Cr 57.7) Hr 4.29ó).

rH n.m.r. (CDCtg): 6 7,2, and 6.65, m, BOHr PPh3; 4,65, sr lOHr CsHsi 2,5,

m, 4H, PCH2. Conductivity (acetone)t AM 171 S cm-2 *r',.F\'

(E) 1,2-Bi.,s@íythøry.tytl+o,sphino)acøÍ4'Le.ne, PhzPC=CPPLyz. - A mixture

of Rucl(PPh3)z(n-CsHs) (tzl mg,0.17 mmol)r NHaPF6 (tOo mg,0.61 mmol)

and PhzPC=CPPh2 (68 mg, 0.17 mmol) vas heated in refluxing methano] (+O

ml) for 15 min. The solvent uras removed, and the residue vas

recrystallized (CHcfr/light petroleum) to give

[cr{(ptìrp)Ru(ppnr)z(n-csH-)}r] (eru¡ z (2,4g) as a light-yelrour ¿o¿id (16r

mgr 9I2ó), rIì.p. 140-1440 (Foundz Cr 63,B; H, 4.6; Pr 11.I. CrosHg6Fl2PsRu2

requires C, 62,8; H, 4.4; P, 12.09ú). Conductivity (acetone)t Air¡ I52 S c^,ta

*"\*l 1H n.m.r. (CDCI3): 6 7.32, m, BOHr PPh3; 4.62, s, tOHr CsHs.

( F ) 1 , 1 , | -Tni¿ { (díphe.n4 X.pho.sythino )møthu .L} øthanø , I'leC KH zPP lt z) s ,

Addition of Nt],+PFo (t:O m9, O.92 mmol) and MeC(CH2PPh2)3 Q7? ng, O.2B

mmol) to a suspension of RuCl(PPhs,)z(n-CsHs) (zoo mg, o.?8 mmol) in

decalin (lO mL), follorled by brief heating under refluxr gave a yellour

solution. The soLvent \uas evaporated, and the residue triturated three

times vith light petroJ.eum. Crystallization from a dichloromethane/light

petroreum mixture g"uu [Ru{(phrpcHr)scMe}(n-csHs)]ttu Q.5o) as a yellour

powduL (tlo mgr 73?á)r ril.p. 155-1600 (dec.) (Found:.C, 59.8i H' 5.0.

C,*oH+aF5PaRu requires C, 59.O; Hr 4,7iá). tH n.m.r. (CDCIg): ô 7.15, m,

l0Hr PPhg 1 5"39, s, 5H, CsHsi 2.4O, n, 6H¡ CH2; 1.05, s, 3H, Me.

(G) 1 ,1 , t*Tni,s{ (díphøwl,Lythoaythino)me-thq.L}ytnofrane , EÛC(CH zPPhz) , .

A nrixture of RuCl(PPh3)z(n-CsHs) (200 mg, O.2B mmol), EtC(CH2PPh2)3
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(176 mg, O.2B mmol) and NH'fPFo (100 mg, 0.61 mmol) uas heated in

refluxing decalin (10 mI) for l0 min. 0n cooling the solution overnight

a yelloru precipi.tate separated. This u/as recrystallized (dichloromet,hane/

hexane) to give pale yell ou uutr,sta.,Ls of [*r{ (tnrtcH2 ) 3cEt}(n-CsHs )]eru

(2.5I) (110 mg, 4996)r m.p. 325-3270 (¿ec.) (Found: c, 59.o; H, 4.8.

C4zHq5F5PaRu requires C, 59.4; Hr 4.79¿). lH n.m.r. (CDCIs): ô 7.08, m,

fOH, PPh3; 5.38, s, 5H, CsHsi 2.4Ot m, 6H¡ PCH2 12,O, mr ZH, CH2P1e1 I.2I,

t,, fH, Me.

Røa;c LLo n o $ 0 aßn QP h z ) {P (0 Mø) s } ( n -C s fl s ) w+th T n.ínethq,(. P ho aythi-te

A mixture of 0sBr(PPh3){P(0Me)s}z(n-CsHs) and P(OMe)s (40 m9, o.322

mmol) vas heated in refluxing decalin (tS ml) for t h. The cooled

solution vas chromatographed (Florisil)¡ the decalin and excess P(OMe)g

being vashed out vith light petroleum. A pale yellov band vas eluted urith

dichloromethane/acetone (f :f). Crystallization (light petroleum) then

afforded light, yellour uLA^tÃ,Ls of OsBr{P(OMe)s}z(n-CsHs) (2.44) (25 ng,

7796).
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lnfitoducLLon

The reations betveen terminal acetylenes (alk-I-ynes¡ HC2R) and t,he

hydride or alkyl complexes RuR(PPh3)z(n-CsHs) {R = H, Me or CHzPh} have

given a variety of unusual products containing unsaturated ligands formed

by oligomerisation of the alkyne (see Chapter 1). Up to three alkyne

units have been incorporated in these complexes. It has been widely

accepteds 6 that the initiaJ. stage of reactions betueen alkynes and trans-

ition metal complexes is coordination of the alkyne to form an ¡2-alkyne-

metal compJ.ex. This then undergoes further reaction, either vith a

second moLecule of alkyne, or vith another ligand, such as COr bonded to

Lhe metal. The uays in ryhich these further reactions may occur are of

obvious interest and inrportance in formulating reaction patterns for the

various complexes. The reactions may be influenced by subtle changes

ruithin the coordination sphere of the metal, as evidenced by t.he different

stereochemistries of products obtained from C2(CF3)z and RuH(L)z(n-CsHs)

{L = C076 or PPhghl}, and the former account suggests the possibility of

a concerted (o2s + n2a) reaction occurring ruith the dicarbonyf,T6 in

contrast ruith the step uise reaction demonstrated urith the triphenyl-

phosphine compJ.ex. a I

t,le have sought a route to complexes corrtaining ¡2-alkynes so thaL

their reactions might be studied further. The pronounced tendency of the

Ru(PPhg)z(n-CsHs) moiety to form cationic complexes by addition of a

mofecule of a neutral ligand, L,tt suggested that cationic ¡2-alkyne

complexes might be obtained in this vay. Accordingly, ve have react,ed the

readily available complex RuCl(PPhs)z(n-Csl-ls)13 vith severaL alk-l-ynes

in methanol, in the presence of a large anion (BPh+-, BF+- or PFs-).

A deep red reaction mixture u/as formed, and afforded complexes containing

cations vith the empirical composition {Ru(HC2R)(PPh3)2(¡-C5l-15)}+. This

chapter describes t,he synthesis and characterisation of these complexes
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as substituted ¡l-vinylidene derivatives, and their ready deprotonation

to nt-ethynyl complexes.

The vinylidene rigand* may act as a terminal or bridging group.

Complexes in ruhich two metal atoms are bridged by C=CR2 groups (and also

byametal-metalbond)include{Fe(co)+}z(u-C=CPh2){obtainedfromFe(C0)s

and Ph2C=C=O]r8o the ci,s and lttan¿ isomers of {Fe(C0)(n-CsHs)}z(u-CO)-

{¡¡-C=C(CN)z} (from CC}z=C(CN)z and {Fe(C0)z(n-CsHs)}-),8r and the complex

{Mn(C0)z(n-CsHs)}r(p-C=CHPh) (J.f) .s2'8 3 r8\ The manganese complex vas

obtained in c. 2?6 yield from the reaction betrueen Mn(C0)2(thf)(n-CsHs)

and phenylacetylene, and uas accompanied by the complex Mn(C0)z(C=CHPh)-

(n-CsHs ) G.Z¡ , formed in e. 796 yield. s 3 
' 

I s

H

Ph
CO

Mn

1
c0

Mn

1
c0

Ph

C

ll H

C I
\

Pln <- c 

-c
oc/ /l

c0 0c

( 1.1) (t,2)

*"There exists some confusion in the recent literature concerning the

nomencl-ature of these complexes. A recent revieuTT has termed C=CRz groups

runsaturated carbenest or talkylidenesr, reserving the term rvi.nylidener

for.the gîoup C=C=CRz. lnle prefer to follory established usage, using the

term rvinylidenef for C=CRz ligands s a,9. C=CHPh is phenyi.vinylidene'

Ligands ruith further unsaturationr e.g. C=C=CR2r are termed tallenylidenesr.

The terms'alkylidene' should be used for the Ìigand =CR, as found in

RDCo3(c0)s78 or Ta(cR)cr(PMes)z(n-csMe r) r" for example.



75

The structures of all these complexes have been confir'med by X-ray

analysis. Other complexes containing terminal vinylidene ligands include

the rhenium analogue of, (3.2),86 and several dicyanovinylidene complexes

formed from o-L-chloro-Z r 2-dicyanovinyl compounds by an unusual chlorine

migration induced by reaction of precursor complexes tuit,h tertiary

phosphites.8r,87 The reaction betueen FeCIz(depe)2 {depe = EtzP(CHz)zPELz}

and phenylacel-ylene affords the cationic complex (3.3), the lH n.m.r.

data for urhich closely resemble those for {Ru(PPh3)z(n-CsHs)(¡1-C=CHPh)}*,tg

vhile the interaction of 1,I,1-trichl-oro-2,2-bis(4-chlorophenyl)ethane

(DDT) and an iron (II) porphyrin affords a bis( -chlorophenyl)vinylidene-

iron compLex.s' Relatud complexes containing C=C=CPh(NMez)e0 and

+
C=C=CBuoz ligandssl have also been described.

c-Ph

H

I

tzPE /
Etz P

EtzP
2

J
Fe+

1
PET

C

CI

(3.3)

Vinylidene compJ-exes have been implicated in several reactions. The

synthesis of (0c)scr{ccHzc(=NCy)Ncy} from (0c)scr{C(0H)Me} and

dicyclohexylcarbodiimide is thought to proceed through the intermediate

(0C)sCr(C=C11,),s2 urhile intramolecular coupling of truo t-butylvinylidene

J.igands has been proposed as a mechanism for Lhe stereospecific

dimerisation of t-butylacetylene to tttøn¿-Ir4-di-t-butylbutatriene. s3

The latter reaction may be nel-ated to the formation of the unusual



bridging ligancl found in (1.4).86

Re<-C 
- 

C

ORrr 
H+
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0Ril

CHzRI

H H

Re

1
c0

C

c
c0

Ph

C Ph0
CO

(3.4)

0f more interest in connection vith the present uork are the

extensive studies of Clark, ChishoJ-m and covorkersea ulhich implicate

cationic platinum vinyJ-idene complexes (alternatively considered to be

meLaL-stabilized vinyl carbonium ions, MC+=CHR, or metalloallene cations,

M+=C=CHR ) as iwtetunedia.te,t in¿

(i) certain reactions ofl cat.ionic r-acetylenic-platinum (II) complexes,

particularly Lhe formation of catj.onic organopj.atinum alkoxycarbene

complexes in reactions betveen alk-l-ynes and Laan¿-PLRCILz

{L = PMe2Ph or AsMeg} in the presence of A9PF5 (Scheme 3,f).

Rr
+

PL_C_-C
H sh'y

-Þ" Á^

+
PI

R

c
il
C

H

I

+H' -H+

c-H
I

Rr
PT-C=C_RI

1t

+

- 
Pt-

{R' = l-l¡ alkyl or Ph; R" = Me or Et}

Selt¿mø 3.I



(ii) tne protonation of alkynylplatinum(II) complexes in alcohols to

give instantaneously cationic alkoxycarbene complexes (u.rhich can be

isolated as hexafluorophosphate salts), ruhich ruith HCl or CFgC02H1 are

slowly converLed to an acyl compfex as the ultimate productes (Scheme

3.rr) .

77

cH2R

\

I+H- +
Pt-c-c-R --) Pt-c=c

R *"oH + /cH2RPt- C- X- ---+ Pt-
H \otqu 0

+ l'leX
{R = Me, Ph, CzCFs or CF3}

Schut¿ 3,TI

(iii) reactions of q-chlorovinyLplatinum(II) compounds, including the

elimination of HCI to form the acetylide, and addition of methanol to

give a methoxymethylcarbene complex, ruhich proceed via a platinum-

vinylidene complexsG (Scheme I.III); this interpretatíon is supported by

the abnormally }ong Co-Cl distance found ín tttavU-Pt(CCI=CHz)z(PMezPh)2.

PL- C3C-H + HCI
PT

c]

+
C=CHz

CI-
0Me

+
Me0H Pt-c

3

Sehem¿ 3.III

In none of Lhe reactions studied, houlever, !/as a vinylidene-metaL

complex isolated or detected, l-he presumed intermediate being converted

rapidly into the products mentioned above. The merit of the present uork

lies j-n the formation of a variety of vinylidene complexessT in

essent,iaLly quantitat,ive yie1d, l'ree of other products.

A list of the compounds formed is shovn in Diagram l. I.

CH
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Oíaqnarn 3,1

c
I

M+

1
L

c

L

M L R Rr

(3,5)
(t,6)
(t.7)
( 1.8 ),
(3,9)
(1.10)
(3.r3)
(3.24)
(3.25)
(3,26)
(l,zl)
(3,28)
(t.t2)
(3,i3)

Ru
Ru
Ru
Ru
Ru
Ru
0s
Ru
Ru
Ru
Ru
Ru
Ru
Ru

PPh3
PPhg
PPhe
PPhg
PPha
PPhs
PPhg
PPhs
PPhg
PPhs
PPhg
PPhs
P(OMe) 3

P (OMe) s

Ph
Me

Pr
C0zMe
Co H,* F-4
CsFs
Ph
Ph
Ph
Me

Pr
CeFs
Ph
Ph

H

H

H

H

H

H

H

Me

ET
Me

Me

Me

H

Me

I

M

1
L

-c-c -Rr
L

M L R'

3.r4)
7,r5)
3.16)
3.r7)
l.1B )
3.re)
3.22)
3.23)
3,30)
3,25)

(
(
(
(
(
(
(
(
(
(

Ru

Ru

Ru
Ru

Ru
Ru
0s
Ru
Ru

Ru

PPh¡
PPhg
PPhg
PPhe
PPhs
PPhs
PPh3
PPhg
P(OMe)¡
PPh¡

Ph
Me

Pr
C0zMe
c6H4F-4
CoFs
Ph
CllzBr
Ph
CHzCHMo0 ( thp )
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Di-d.qnan 3,I (coyvt,)

R

Rr

M L2 R Rr

Ph
Ph

dppm
dpPe

H

H

Ru
Ru

( l. tl)
(l.tz¡

M

1
L

,'/

L-
M L2 R'

(t,2o)
(3.2r)

Ru
Ru

dppm
dPpe

Ph
Ph

H

Ru-C:-C-Ph

1
Ph P(OMe)s

Ph sP

(t.3r)

PhsP

(r,29)
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The dark red crystalline salts obtained from alk-I-ynes and

RuCI(PPhg)z(n-CsHs) in the pDesence of NHaPF5 â1o soluble in methanolt

dichloromethane, acetone or tetrahydrofuran, and moderateLy soluble in

benzene, but insoluble in Iight petroleum and diethyl ether. The infrared

spectrum of the complex (3.5) derived l"rom phenylacetylene does not

contain any bancJs in the region 2000 - 1700 cm-l, although truo medium

intensity bands are found at 1640 and 1622 cm't. One of these may arise

from the phenyl group, since the spectrum ofl the corresponding propyne

derivative (1.6) (see belov) contains only one band in this regiont

assigned to a v(CO) vibratic¡n. Strong absorptions at c. 840 cm-l (or c.

1050 cm-r) arp characteristic of the PF5 (or BFa) anion. The lH n.m.r.

spectrum of (¡.5) contai.ns the expected sharp singlet for the csHs

prol-ons, and bload multiplets in the aromatic region, vhich can be

assigned to the PPh3 and C2Ph protons (see Experimental). In addition to

these bands, a triplet at ô 5.lt0 is assigned to the single proton of the

alkyne, coupled to the turo 3lP nucl-ei of the tertiary phosphine ligands.

lile have previ.ousLy notedal Lhe coupling of ol-efinic protons vith the 3lP

nucleus in Ru{C(crr ¡=C(CF3)c(cF3 )=CH(cFa )i(PPhs ) (n-CsHs ) , so ttrat this ruould

noL have been inconsistent uith the anticipated ¡2-alkyne formulation.

The l3C n.m.r. spectrum contains severaL resonances, uhich can be

assigned to the carbons of the CsHs ancl Ph groups (see Experimental)r

together ruith a lour-intensity triplet at very J-our field ( c. 360 ppm).

Signals in this region are usuafly associated ruith metal-bonded carbene

or oaibyne ligands. Thus, in Cr(C0)s{CPh(OEt)}es and

tnqns- PtMe{Cf\le(01'1e)}(AsMes)z ,es the carbene carbons resonate aL 35L

and 32I ppm, respectively. In MoH(CCHrguf){p(ONe)g}z(n-CsHs), the carbyne

carbon resonance occurs aL 346.7 pPt.too In contrast, ¡2-alkyne carbons

in Pt(CzMez)(een,)2 and :rr¡ tttaw6-{PtMe(CzMez)(prtrpfr)r}* resonate at
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69.5 and 112.8 ppm, respectively.l0l This resul"t immediately suggested

reformufation of complex (3.5) as the phenylvinylidene derivative t

containing the C=CHPh ligand. Support l'or this interpretation comes from

the r3C n.m.r. spectra of the complexes M(C0)2(C=Cl-lPh)(n-CsHs) {M = Mn82

or Re8'Ì, du=""ibed during l-he course of this urork, uherein the vinyli-

dene carbons resonate at 319.5 and 329.5 ppm, respectively. The infrared

data also support the existenc.e of a C=C double bond in these complexes.

Related reactions occur viLh several alk-l-ynes and ule have obtained

the compounds {Ru(c=cHR)(PPh3)z(n-csHs)ier, {R = Me (7,6), Pr (3.7),

C02Me (l.B)¡ C5HaF-4 (3.9), and C5F5 (1.10)] using Lhe appropriately

subst.ituted acetylene. All these complexes form darl< red crystals, uhich

are soLuble in the more polar solvents, to giVe more or less air-

sensitive solutions. The majority of these complexes are stable for short

periods (days) in air in the soti.d state, but it is notevorthy that the

complexes derived from alkynes bearing electron-urithdrauing glouPs are

considerably tess stable. For this reason, \Ue vere unable to obtain

satisfactory analyses for some complexes. Their infrared spectra contain

the v(CC) band at c. 1650 cm-t, and that, of complex (l.B) conl-ains the

characteristic v(ester C0) bands aL I7?7, 1267 and 1241 cm-r. The 1H

t'ì.ßì.r. spectra contain sharp singlets for the C5H5 resonances, and

characLeristic triplet or muJ.tiplet resonances for the =CHR p::oton. The

vinylidene formulat.ion is further confirmed in the case of (3.6) by the

large ge.nr coupling ( c. 7 Hz) bet,veen the vinylidene prot,on and the methyl

group. Such a coupJ.ing is entirely in accord ruith Lhe presence of a group

C=CHMe, but is dlfficult, to reconcife ruith the alternative HC=CMe

formulation. The CflPle resonance in this case is a multiplet, ruith each

line of the usuaL triplet being further split inl-o a quartet by the

methyl group. A similar coupling \uith protons in the alkyl chain ofl the

pent-I-yne derivative uas found.
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The metal-bonded carbons resonate c. 360 ppm dournfield from the TMS

reference, and shov a coupling of c. 20 Hz to the 3rP nuclei. The

g-carbons of the vinylidene ligands resonate at c. 120 ppm, vhile other

signals in the l3C n.m.r. spectra are characteristic of the C5H5 and PPh3

ligands.

The vinylidene complexes may also be obtained by replacemenL of a

veak donor molecule, such as acetonitrile in the cation

{Ru (MeCN ) (PPh3 ) z (n-Csl-ls ) }+r by the alk-I-ynes. In severaL cases, the

tet.raphenylborate or tetrafluoroborate salts vere also obtained by

carrying out the reaction in the presence ofl NaBPha or NH,*BF,+, respectiveì-y,

in place of NHaPF5.

The previous chapter described the preparation of cyclopentadienyl-

ruthenium complexes containing the chelating bis-tertiary phosphine ligands

dppm or dppe. The respective chlorides react readily uith phenyJ^acetylene,

under similar conditions to those employed for the synthesis of (1.5) ,

to give the corresponding phenylvinylidene complexes,

{nu(c=cHph)(Lz)(n-CsHs)}PFe {Lz = dppm (1.11), or dppe (3.I2)}. These

complexes uere obtained as buff-coloured' solids, ruhich had similar specLral

properties to those of complex (3,5). The osmium derivative

{0s(C=CHPh) (PPh3 )z(n-CsHs )}ef u G.I3) vas similarly obtained from

OsBr(PPhg)z(n-CsHs) as a light purple solid, entirely analogous to (3.5)

in its properties.

Sub,sÍ,itulød nr -E thq M I Cow),(-exa,s

The virryJ.idene complexes ar'e readily deprotonated on treatment uit,h

base. This reaction vas originally discovered ruhile attempting to purify

complex (3,5) by coJ-umn chromaLography on alumina. Elution vith diethyl

ether afforded a bright yeJ.loru fraction, shovn Lo contaj-n the neutral

phenylacetyJ^ide complex, Ru(C2Ph)(eent)z(n-CsHs) (1.14). This compound is

best obtained by addition of sodium methoxide to the cationic complex
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formed in ¿ítt, urhen conversion is al"most quantitative. The vinylidene

complex is also deprotonal-ed, vith formation, of (l ,I4) ¡ on treatment ruith

methyllithiurn, Grignard reagents, sodium borohydride, lithium aLuminium

hydride or sodium bicarbonate.

Complex (3.L4) has been obtained on previous occasionsrsT and is

characLerised by a medium intensity v(CC) band at 2068 cm-r in its

infrared spectrum, bancJs at 6 4.32 (CsHs) and 7.I - 7.5 (PPh3) in the rH

n.m.r. spectrum, and a parent ion clusLer centred on m/¿ 792 ín the mass

spectrum.

Other substituted acetylides, Ru(CzR)(eefrr)z(n-CsHs) {R = Me (1.15),

Pr (1.16)¡ c02t1e (3,r77, c6HqF-4 (1.19), or c5F5 (1.19)],

Ru(CzPh)(Lz)(t-CsHs) {t- = dppm (}.20) t or dppe (l.Zt)} and

0s(CzPh) (PPh3 )z (n-CsHs ) Q.22) , uete obtained similarly. The reaction

betueen RuCl(PPh3)z(n-CsHs) and propargyl bromíde, folloued by addition

of socJium methoxide, af'forded Ru(C2CH2Br)(PPhr)z(n-CsHs) G.2J). The tov

yield obtained for thj-s ¡r-ethynyl complex is probably due to cyclisation

of the ¡t-vinylidene intermediate (see belou). All form yellour crystals,

the irrfrared spectra of ruhich contain a sharp v(CC) band between 2055 -

2100 cm-r, uhich was noL present in the spectra of the Precursor

vinylidene complexes. Their rH n.m.r. spectra contain the expected bands,

but not the characteristic triptet or multipl-et resonances arising from

the vinylidene proton. Tlre mass spectra contained parent ion cfusters

centred on the appropriate m/e. vafues; these ions fragment by loss ol' an

intact PPh¡ rnolecule, in the case of the PPhs contpJ.exes, or by loss of

C5H5 and HC2Ph urhen dppm or dppe is present.

SunÍhesi¿ ol¡ nt -VinuniCre-,"1¿ OelivcLtLve-¿ ltttom nt -Ethqru|L Comyt.Løxe's

The relative stabilit.y of the cationic vinylidene complexes suggested

that the neutral ¡r-ethynyl- derivatives might be protonated to reform the

cations. Addition of l]BFa or HPF5 to a solut.ion of Ru(CzPh)(PPh3)z(n-CsHs)
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in dichloromethane resulted in an inlmediate change in col"our from yellow

to deep red. Addition of diethyl ether resulted in precipitation of a

salt ruhich uas identical in all respects to complex (1.5). Similar

protonation of the substituLed acetylides (l.lS) - (1.22) readily

afforded the cat'ionic vinylidene complexes (l'e) - G'r3) ' This

deprotonation-protonation cycle could be repeated many t'imes uithout

apparent loss of complex. Acldition of trifluoroacetic acid to solutions

of the ethyrryl derivatives also resulted in the same colour change, but

no solid trifluoroacetate salts uere isolated from these reactions.

Formation of the vinytidene complexes \uas confirmed by examination of

the tH n.m.r. spectra, for example, of the complex

Ru(C2Ph)(eefrr)z(n-CsHs) dissolved in CDC]3 both before and after the

addition of a drop of CFaCOzH.

o 
['r" were unab]e to obtain any cationic complexes from reactions

betureen disubstituted alkynes, such as C214e2, MeC2Ph or CzPhz, and

RuCl(PPhg)z(n-CsHs) in methanoL or acetonitrile in the presence of NHaPF6.

This is perhaps nol- surprising when the nature of the rearrangement is

considered, in conjunction uith the tendency of say, a methyL or a phenyl

group, to migrate. steric congesLion about the ruthenium in the

Ru(PPhg)z(n-CsHs) moiety apparently makes it difficult for an alkyne to

bond in the ¡2 mode. Hovever, the phenylethynyl compLex reacts uith

trialkyJ.oxonium salts to form the cationic complexes

{Ru(C=CRph) (PPh3 ) z (n-CsHs ) }PFe {R = Me (3,24) , or Et (3.2>) }. These

complexes form dark red crystals, similar in appearance and general

physical. properties to the phenylvinylidene complex (7.5). Their infrared

spectra contain a v(CD) band betueen 1655 - 1665 cm-l, as veIl as the

phenyl band, and the IH n.m.r. spectra contain resonances at ô c.7.35

(eenr) and c. 5.15 (CsHu), together ruith a singlet at ô 1.91 {for (J.24)}

or multiplets at ô 0.9 and 2.J {for (3.25)}. Sinril.ar complexes (3.26) -
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(3.28) vere prepared from reactions betveen {Mes0}PF5 and

Ru(CzR)(fefrr)z(n-CsHs) {R = Me, Pr, or C5F5}1 and these derivatives have

properties similar to those described for the alkyl(phenyl)vinylidene

complexes (3.2Ð and ( 3.25). These compJ.exes are stabLe touaris veak

bases.

Rea"ctiovts ßetwøen Ru ( C 
"P 

Lù QP h "), 
( n -C. H. ) and T nimetJta't P I'to ¿rthítg

The metal-carbon resonance cou.l-d not be located in the l3C n.m.r.

spectra of the ¡1-ethynyl complexes. To simptify the spectrum of

Ru(CzPh)(eenr)z(n-CsHs) (1.14), simpJ.e ligand-exchange reactions uith

trimethyl phosphite \uere carried out,102 affording complexes

Ru (CzPh) {P(OMe) 3} (PPh3 ) ( n-CsHs ) Q.zg) and Ru(C2Ph) {P (OMe) s}z (n-CsHs )

(3.3o). Reaction betveen these comprexes and HPF5 or {MegO}PF5 afforded

the vinylidene complexes {Ru(C=CHPh)(L)(L')(n-CsHs)}PF6 {L = PPh3' Lr =

P(OMe)g, R = H (3.3I); L = Lr = P(0Me)sr R = H (3.32)¡ or Me (3,t7),

respectively].ro' These compounds vere characterised in the usual uray.

Houever, \ue !/ere not successful in locating the Ru-C resonance in the

¡r-ethynyl compJ.exes (3.29) ot (1.10). This implied a long relaxation

time for this Ru-C carbon and subsequentlyr Ure rePeated the l3C n.ll.D.

spectrum ruith a concentratecl sol-ution ol" (7.I4) in CDCI¡ ( c. I M) for an

extended accumulation time, observi.ng a tov intensity triplet at 116.1

pPm.

Rea.ctio n B¿tnø¿n 4 -H u dno xu tr Q.nt-l - u ne and RuC X- (PP l,t z ), ( n - C u H s )

Reaction between 3-butyn-l-oI and RuCl(PPh3)z(n-CsHs) in the pDesence

of NH+PFe gave the cationic cyclic carbene complex

[0"tffi] (een, ) z (n-csn, ¡] er.. I o 3

The fírst compì.ex containing the 2-oxacyclopentyJ.idene ligand uas

reported in 1963, I 0 a but not recognised as such until seven years later. I 0 s

Since that time, intramolecular cyclisation reactions of t¡-chlorobutyryl

complexes have given cyclic carbene complexes of molybdenumrr06 and
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manganese, iron and ruthenium;I07 other syntheses include the BF3.OEt2-

promoted cyclisation of a ß-diethylacetal acyl ligand on molybdenum,tou

and the aLkylatÍon of Cr(C0)s{C([Me)CH2R} {R = H or Me} ruit.h LiBun,

folloured by reaction uith ethylene oxide.l0e 0f more interest Lo us u/as

the report of t.he reaction betueen PtIMez(Cf.¡(PMezPh)2 and 3-butyn-l-ol

in the presence of AgPF5 to give fetlt"r(CFs){m;0}(PMezPh)r]er.; its

formation by intramofecufar cyclisation of an intermediate vi.nyJ-idene-

platinum complex u/as proposed. r r 0

InLramoLecular cyclisation reacLions occur ruith other o-hydroxyalk-

I-ynes, HCz(CHz)30H and HC2CH2CHMeOH.l03 L'JhiIe the present urork vas in

progress, Japanese vorkers reported similar reactions of nickel(II)

complexesrttt,and a brief account of reactions of o-hydroxyalk-I-ynes

urith {Fe(CH2=CMe2) (C0)z(n-CsHs)}* 
"pp""red;r 

1' both systems shov

significant difflerences from the chemistry of the analogous

Ru(PPh3)z(n-CsHs) complexes, and is discussed beLotu.

The tH and r3c n.nì.r. spectra or fnu{F)-,.0}(PPh3)z(¡-csHu)]tt.
contained the usual resonances arising from the C5H5 and PPh3 ligandst

together urith several signals ryhich can be assigned to the cyclic carbene

Iigand. In particul-ar, the lH n.m.r. spectrum contained vell--resolved

multiplets assigned to a -CH2CH2CH2* Çroup, vhile the carbenic nature of

the metal-bonded carbon is shourn by its very lotu I 3C chemical shift' of

.a.300 ppm. The latter signal is a trip].et, by coupJ-ing to the turo 3rP

nucl-ei. Complex (3,34) \uas prepared to assist ruith the interpretation of

the n.ffi.t. spect,ra of the Z-oxacyclopentylidene conrplex. These complexes

are yellou crystalJ.ine solids, stable in air, and soluble in the more

polar solvents.

In attempt to isolate inl,ermediate complexes, the reaction of the

tetrahydropyranyJ. (thp) eLher of HCzCHzCHMeOll vith RuCl(PPh3 )r(n-CsHs)

vas investigated. In the presence of NH+PF6, a methanol solution of the
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reactants developed a red-purpJ.e colour, characteristic of the cationic

vinylidene complexes.'7 Addition of sodir-rm methoxide resulted in the

separation of yeltou crystals of the neutral acetylide complex

Ru{CzCHzCHMeO(thp)}(eenr)z(n-CsHs) Q.35), readily identified by elemental

analysis and from its mass and n.m.r. spectra (see Experimental).

By addition of acid, ue hoped to detect either the vinylidene complex

corresponding to (3.t5), oD a related intermediate formed by loss of the

thp group. In the event, the only product detected or isolated vas the

cyclic carbene derivative (7.34).

During attempts to assign the rH resonances to specific CH2 groups i.n

the 2-oxacyclopentylidene complex, ue studied the base-catalysed H-D

exchange. This occurred readily and specifically on warming a pyridine

solution of this complex ruit.h D20, vhen one of the CH2 multipJ.ets

disappeared, ruith concomitant reduction in multiplicity of the other CH2

resonances. The site of exchange uas finally confirmed by deuteration of

the methyl-substituted complex (3.t4), to give (3.36), in urhich the CHMe

resonances remain unchanged, uhile the resonances assigned to the

methylene group adjacent to the carbene carbon disappear.

I

Ru

1

0 0

HHz

Dz

c
I

C

HMec
I
C

HMe

2

++c Ru
+e- c

/¡
PhaP C

Hz
PhgP C

PPhg PPhg

(3.34) (3,36)
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Th¿ R¿action ßetween {RI(C=CHPI-) QPh. ), (n-C.f ,)}+ and Diaxqaen

The electrophilic nature of the ¡t-vinylidene ligand uas demonstrated

by the reaclion of {Ru(C=CHPh)(PPh3)z(n-Csl-ls)}er, vith dioxygen.rH In a

preparation of (3,5), a band in the infrared spectrum at I9B4 cm-l uas

observed, indicating the presence ofl a second product. If dioxygen u/as

bubbled through a soLution of (1.5) in deuterochloroform, conversion to

the second product ulas complete after I h, the reaction being monitored

by tH n.m.r. spectroscopy. The cyclopentadienyl Desonance at ô 5.27

gradually diminished ruith concomitant groruth of a signal at 6 4,97. The

product of this reaction (3,37) vas isolated in quantitative yield as the

hexaf,Luorophosphate saLt of the carbonyl cation {Ru(C0)(PPh:)z(n-CrHr)}+,

the identit-y being corifirmed by the usual methods and by comparison

(infrared and rH n.m.r.) ruith an authentic sample, prepared accordJ-ng to

the published method.I2 Benzoic acid vas isolated as the organi.c product,

identified by mass spectroscopy and by nrixed melting point, using an

authentic sample.

Oi¿ctu¿ion

hle have described above the formation of monosubsLituted vinylidene

complexes of ruthenium and osmium from direct reactions betueen aIk-J--ynes

and appropriate chloro--ruthenium or bromo-osmium precursors, in the

presence of a large, non-coordinating anion. These neu complexes are

general.ly obtained in high yield, and have been characterised principalJ-y

by the v(cC) bands around 1650 cm-l, and, in the case of compounds

containing l-he C=CHR group, by the triplet or multiplet resonance of the

single vinyliclene proton, at ô c. 5, In addition, the r3C n.m.r. spectra

contain triplet resonances at c. 360 ppm, characteristic of carbon

multiply bonded to a transition metal.

It is of int.erest, that \ue are able to pDepare the complexes described
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above in met,hanol solution; that is, addition of methanol to the vinyli-

dene complex does not occur during their preparation, forming the

alkoxycarbene derivatives. There are many reports describing the formation

of alkoxycarbene complexes from l-alkynes and suitable transition metal

complexes.e4¡1r4-117 Mentioned in the introduction to Lhis chapter are

the prolonged reactions of some platinum(II) acetylides urith HX {X = Cl

or PF6) in methanol, affording the acylpl"¡1¡urn(II) derivatives via

intermediate alkoxycarbene complexes.ss The addition of Uater to

Fe(CzPh)(C0)z(n-CsHs) in the presence of acid ttt nr"y also proceed through

an intermediate vinylidene-iron complex (Scheme l.IV).

H+ + HzO +/
{Fe}- C =Cph ----- {Fe}-C-CHPh + {Fe}- C\

OH -H+
----+ {Fe} - C0CH2Ph

CHzPh

{Fe} = Fe(C0)z(n-CsHs)

Schøme 3,IV

It is interesting to find that all of Lhese reactions can be reversed to

give a general synthesis of vinylidene compfexes (Scheme J.V).tls

{Fe} -
fl Tf2o + 7oRö-cuR, -'{Fei-ò(;;,_-+ iFe}-c<

OTf +
+ {Fe}- C=C

CRz

R

R

{Fe} = Fe(C0) (eenr ) (¡-C5Hs ) Tf = CF3S02

Schenø 3,V

The reasons for this intriguing difference in belraviour are not clear

at present, although one may speculate t.hat it is tlre bulky PPh3 ligands

that shield the vinylidene ligand from furt.her attack. Some support for

this is found in the reactions of the corresponding mono-carbonyl complext
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{re(c=cHph)(c0)(eRnr)(n-CsHs)}BF,*, f,ormed as an unstabl-e pink solid by

protonation of the corresponding o-phenylethynyl complex. Davison and

Solarrl2o uho reported tlris reaction a fev ueeks before ouD ourn

communieation,r2l al"so found ready deprotonation by base (NHEtz)r and a

napid reaction ruith methanol- to give [re{C(OMe)cHzPh} (C0) (eerr, ) (n-CrH, )] -

BF+.r22 Unfortunately, the analogous reactions of other isolated

vinylidene complexes, such as Mn(C=CHPh)(C0)z(n-CsHs) or

{FeCl(C=CHPh)(depe)r}*, have not been reporLed.

hle have not yet been able to obtain any evidence vhich points to the

mechanism of formation of the vinytidene complexes. Clark and covorkerss4

have suggest.ed the intermediate formation of ¡2-alkyne complexes in thÍs

synthesis of alkoxycarbene complexes, and the Russian ruorkers82t83 have

isolated the complex (3.f8) as one of the products from the reaction

urhich al-so affords the corresponding phenylvinylidene complex. The formal

OC

lr2-shil't of the proton may then occur directly along the C2 chain.

Alternatively the alkyne may oxidatively add to tlre metal centre to

give an intermedial-e hydrido-ruthenium(IV) complex, vhich isomerizes to

t,he phenytvinytidene complex (Scheme l.VI).

Ph

I

c

ilt
C

I

H

Mn

1
CO

(3.38)
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R

I

C

lil
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I

H
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+
M C

+
M c

R

H
,7

(3,39) Scl+en¿ 3,VI

The intermediacy of species such as (1.39) in some oligomerisation

reactions of l-al.kynes on ruthenium has been suggestedra2 and cationic

osmium(lV) complexes of the type {OsHBr(PPh3)z(n-CsHs)}+ have been

isolated.hT The surprisingly ready deprotonation of the monosubstituted

vinylidene compl.exes to the corresponding acetylide complexes affords

these compounds in high yield, and is the synthetic method of choice.

Reactions betrveen the halide RuCJ(PPh3)z(n-CsHs) and Iithium or Grignard

reagents derived from alk-l-ynes afford the acetylides in yields ranging

from 25 to 409ó. Metathesis betveen the chloride and substituted copper(I)

acetylides gives the ruthenium acetylides containing copper(I) chloride

r-complexed to the C=C triple bond; it proved difficult to remove t,he

copper hatide without simuLtaneously breaking the Ru-C bond.sT

Much more important is our demonstration that the acetylides may

themseLves be protonat.ed readily to form the vinylidene complexes, and

that t.his reaction can be extended to alkylation by catj.onic alkylating

agents. l¡Je have used the commercially available reagents HBF+.Me20,

HPF6.Et20¡ {Meg0}PFs, and {Et30}PF6 as giving readily isolable productst

but ule have also shovn that. protonation occurs ruith other strong acids

R

c2
+
M

c

H
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such as trifluoroacetic acid, and it is likeJ.y that other strong

alkylating agents ryill- achieve simil-ar resufts. The alkylated compl-exes

are not avaiLable flrom the appropriate disubstituted al.kynes. Ïn

principJ.e, protonation or alkylation of the appropriat. nl-alkynyl

complex should be a source of nev vinylidene complexes, uthich may either

be isolable, or undergo further reaction. In contrast, hovever,

Chisholmss has reported that simil-ar attempted protonation of some

alkynylplatinum(II) complexes is a general route to alkoxycarbene complexes

(see above) , but that no reaction occurs betveen ûn-n/s-PL(CzCFg )2 (Pt'1e2PH) z

and HPFo in methanol- over l- h.

A key datum in the confirmation of the vinylidene formulatlon ofl the

cationic complexes described in this chapter ruas the chemicaL shift of the

metal-bonded cårbon, ruhich resonates at c. 360 ppm dorunfield from TMS.

These fall in the same region as those found for other carbene-metaL

compJ.exes, and afso for carbonium ions, suggesting that the carbons are

very electron deficient. As a resuÌt, efficient back-bond from suitable

metal- d orbitals gives a significant amount of multiple-bond character to

the metal-carbon bond, and effectively shiel-ds the carbon nucLei.

h/e have been able to confirm the vinyJ.idene structune of

{Ru(C=CMez)(PPhg)z(n-CsHs)}PFe (3,26) by crystal structure analysis.*

The approximat.e bond distances and angles are shourn beLov (Figune 3.I)t

the small size of the crystal- resul-ting in poor intensity statistics.

FíqwL¿ 3.I

P

*0ata" bq R. E. 0avi¿
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Some indication of the importance of the metal-to-carbon multipJ.e

bonding is shown by the Ru-C bond length (l.BB å) tnr"n may be com-

pared to the Mn-C and Mn-CO bond lengths in complex (3,2),uu f.6B Å

0.
and 1.67 A, respectively; these bond tengths are considerably shorter

than the Mn-C(alkyl) bond in MnMe(CO)s (2.185 Å¡.ttt

Simple Ìigand-exchange reactions betveen Ru(CzPh)(PPhe )z(n-CsHs) O,I4)

and P(oue) s afl'ord the ¡1 -ethynyl complexes Ru(CzPh) (L) (L' ) (n-CsHs )

{L = PPh3, L' = P(OMe)z G.29); L = Lr ; P(OMe)s (3,30)i. These

exchange reactions are anaLogous to those described in Chapter 2.

The ¡l-ethynyl complexes are protonated and alkylated affording

¡l-vinylidene compLexes (as described above).

Reactions betureen HCzCHzCHMeOH and RuCl(PPhg)z(n-CsHs) in the

presence of NH+PFa gave Lhe cationic complex (3.34) containing the flive-

membered CCHzCHzCHMeO cyclic carbene (substituted 2-oxacyclopentytidene)

ligand, The format.ion of t.his complex presumably proceeds via an

intermediate vinylidene complex, ruhich, houever, uas not detected. A

facile intramoÌecul-ar attack ofl the hydroxyl I'unction on the vinylidene

q,-carbon, accompanied by a proton shi1"t, results in formaLion of the

cyclic carbene ligand (Scheme I.VII).

Me

H0:-C
(

-\+ M._C=Cù

14e

C
,0\ /

/C
M+=c' I

\."

C

m*.- lll fül - -+

OH

Sel'tøm¿ 3,VTI

Protect.ion of the hydroxyl group by formaLion ofl the corresponding

tetrahydropyranyl (thp) ether enables t.he acetylide complex (l.lS) to be

isolated; the formaLion of a red-purple colour in Lhe soLution prior to

C
It\

c/
I

Me
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addition of sodium methoxide suggests t.he init,ial formation of the

analogous vinytidene caLion. Addition of acid, ruhich normal.ly cleaves thp

eLhers to regenerate the alcohol, to the complex, resulLs in immediaLe

cyclisation to form complex (3.34); no intermediates could be detected

either visually or by lH n.m.r.

The related reaction between HCz.CHzCHz0H and

{Fe(n2-CH2:CMez)(CO¡r(n-CsHr)}* also gives the n2-2s3-dihydrofuran complex,

formed by a competing nuclephilic attack on the ¡2-alkyne-iron complex

before rearDangement to the ¡l-vinylidene isomer.lr2 In the studies

reported here, ue have found no evidence for the format,ion of any ¡2-vinyJ.

ether complexes; it may be significant that ure have not been able to

deprotonate our cyclic carbene complexes to the derived ¡l-dihydrofuryl

complex, although addition of hydride to the carbene carbon affords the

¡l-tetrahydrofuryt complex.l03 In this respect the reactivity of our

complexes also differs markedly from that of lttavu-fni{CrCfrrtffif -

(pt,lezpn)r]*, vhich is readily deprotonated by NEt3. r l r

Complex (3.34) undergoes facile base-catalysed l-l-D exchanger e.g. by

addition of DzO to a soLution of (3,34) in pyridine. Analysis of the rH

and r3C n.Íì.r. spectra shou that it is the tulo protons att,ached to C(5)

urhich exchange. Simil-ar observaLions have been made vith cyclic carbene

complexes of manganese. I os 
' 
t o7

The facile inLramofecuLar attack of the hydroxyl flunction on the

vinylidene q,-carbon suggested that reaction of

{Ru(C=CHPh)(PPh3)z(n-CsHs)}+ vith methanol should occur. Indeed, the slour

reaction (24 h) of (1.5) urith methanoL gave the methoxy(benzyl)carbene

comprex [n, ic ( oMe ) cHrph] ( PPh3 ) z (n-cs Hs )] ptr r 
t o t 

" 
so¡,¡qç\,.on.¡\ Fischer-type

carbene complex.

0xiclation of {Ru(c=cHerr)(pprrr)z(n-0sHs)}PF6 (l.S) gives the carbonyl

complex {Ru(C0) (eefrr )z(n-Csl-ls )}ef u (3.37), together ruith benzoie acid as
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the isolated organic product. This reaction is an interestíng example- of

the oxidatiVe cleavage of a C=C triple bond to C0 (urhich remains

coordinated to the metal) and an organic carbonyl product (Scheme 3.VIII).

(0) (0)
HC=CR -> 

C=CHR + C0 + HC(0)R + H0(c0)R

Sê.henø 3,VTTI

The similarity to olefin metathesisl24 can be seen, although it is not

the carbene-bearing metal that interacts ruith incoming dioxygen but the

carbene carbon of the vinylidene J-igand (Scheme f.IX).

Ru E C CHRIllll
00

M CHRI

lt
RHC

il
CHR

Schun¿ 3,lX
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EX1ERTMENTAL: G¿nena| øxytetúne-nfa,[- conùlionÁ uLe. de,|uuLbød ín Appøndix I.

PREPARATI}N 0F VINVLIOENE C)^,TPLEXES FR0M ALK-\-\INES

F nom RuCL(PPhz) 2 (¡-C5ff s )

(A) Phenq7-a.ce,tuLe-nu, HC2PI':. - (i) Me'thod A, Addition of NH'+PFo Qll

mgr 2.07 mmol) and phenylacetylene (102 mqr 1.0 mmot) to a suspension of

RuCI(pphs)z(n-CsHs) (500 mg, O,69 mmol) in methanol- (40 ml)' follorued by a

brief period under reflux, gave a deep red solution, ruhich uas then fliltered

and evaporated. The residue vas extracted uith CHzClz (5 ml)r and the

extract filtered into ELz0 (50 ml), to give a reddish Lan ytnøcipi-ta.te of

{Ru(C=CH)(PPhg)z(n-CsHs)}PFo Q,5a) (>ZO m9, BB,'ó)' m.p. 105-1100 (dec.)

(Found C, 62jf ; H, 4.4; F, 10.9. CqsH*lFe PsRu requires C, 62'7; H, 4'4i

F, 12,116). Infrared (Nujol): v(CC) t640m, and I622n; v(PF) B4Zvs cm-t.

rH n.m.r. (CDCI¡): 6 7.33r 7.24r 7,161 7.]L, and 7.o2, rTì¡ 35H, PPha+Ph;

5,4O, t, J(HP) 2,6 Hz, lH, =CH; 5,2J, sr 5H, CsHs. 13C n.lTl'r' (CDCts):

ô 359.0, t, J(CP) 24 Hz, RuC; I35.I-I29.0, m, PPha; 129,2, I27,5, and l19.Bt

s, Ph; 95,2, s, C5H5. Conductivity (acetone) : tty 95 S cm-2 r"'o\-\'

(ii) l,lethod B, A mixture of {Ru(NCMe)(PPhs)2(¡-csHs)ipro (400 mg ' o'46 mmor)

and phenytacetylene (102 mg, 1..0 mmol) vas heated in refl-uxing cHzclz

(25 m]) for l0 min. Concentration and addition of Etz[ gave Pure (3'5a)

(ll0 mg, 742i), identical vith the product obtained by method A.

(iii) The tetrafluoroborate (l.S¡) vas obtained by method At from

RuCl(ppha)z(n-CsHs) (500 mg, O.69 mmol), phenylacetylene (102 mg, 1.0 mmol)

and NHaBFa (2I7 ng, 2.07 mmoJ-), as a tan poWdUL (510 m9, B4i6) I ffi.P. I45-

l50o (dec.). Infrared (Nujol): v(CC) 1640m, and I62On; v(BF) tO:Ovs;

v(CsHs) g4Z cm-t. rH n.m.r. (CDCIg): ô 7.20, m, 35H, PPhs+Ph; 5.41r mt

lH, =CH; 5,26, sr 5l-l¡ C5H5.

(iv) The t.etraphenyJ.borate (3,5c) rvas obtained by rnethod Ar from
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RuCI(PPha)z(n-CsHs) (too mg, 0.69 mmol)r phenylacet,ylene (102 mg, 1.0

mmol) and NaBPha (300 mg, 0.BB mmol), as a tan ytouú.ut (16r mg, 74,6)r m.P.

110-1150 (dec.) (Found: C,78.0; H, 5,6. CzeHerBPzRu requires C, 78,B;

H, 5.596). Infrared (Nujol): v(c0) 1640m, and L620n; v(C5Hr) 8+fm cm-I.

rH n.m.r. (CDCle): ô 7.14, m, 55H, PPh3+Phi 5.27' tr J(HP) 2.4 Hz, tH,

=CH; 4,9t11 s, 5Hr CsHs.

(ß) Pnopunø, HCzM¿, - (i) A suspension of RuCI(PPh3)z(n-CsHs) (:oO

m9r 0.69 mmol-) and NH+PFo (;OO m9, 1.84 mmot) in methanoL (40 mf) vas

cooled in a dry ice/methanol bath. A rapid stream of propyne \uas

introduced into the mixture for about 30 s, and t.he stirred mixture vas

allorued to varm sloruly to room temperature. Folloruing the reaction, an

isolation prqcedure similar to that described in method A (above) afforded

an orange-red ysotdut of {Ru(c=cH¡"le)(PPhs)z(n-CsHs)}er. (3.6a) (535 ng,

899ó), m.p. I2O-I250 (Found: C, 6O.4; Hr 4.6. C+,*HsgFePaRu requites C,

6O.3; H, 4.596). Infrared (NujoL): v(CC) fO¡¡m; v(PF) B40s cm-r. 1H rì.m.r.

(cDCls): 6 7.35r 7.28,7.I9, and 7.O5, n, lOH, PPhg; 5.10r sr 5Hr C5l-15;

4.68, q of t, J(HH) 7.8 Hz, J(HP) 2,4 Hz, IH, =CH; l.86' dr J(HH) 7.8 Hz,

3H, Me. r3c n.m.r. (cDclg): 6 349.9, t, J(cP) rt Hz, Ruci r34.5-r28.8,

m, PPh3; I09,4, s, =CH; 94.5, s, CsHsi 5.5, sr Me.

(ii) Tne tetrafluoroboral-e (l.ao) vas prepared by a reaction similar to

thaL for G.ea) above, RuCJ.(PPh3)z(n-CsHs) (¡OO m9r 0.69 mmoJ-), NH4BF4

(2I7 ngr 2.D7 mmol) and propyne being used, as an orange-red ¿o.tid (465

ng, 8396) r m.p. I2O-I250 (Found: C, 64,2; t'|, 4.8. CaaH3eBFaP2Ru requires

C, 64.6; H, 4.89ó). Infrared (Nujol): v(CC) 1680-1650m (br); v(Br) tosos

cm-r. rH n.m.r. (CDC1g): 6 7,26, n, PPhg; 5.10, sr 5l-1, CsHsi 4;67, mt

lH, =CH; 1.86, d, J(HH) 7,5 Hz, 3H, Me.

(C) Pønt-|-qnø, HCzPn. - (i) tne compound

{Ru(c=cHPr)(PPhg)z(n-csHs)}eru G.la) uas prepared by method A, from

RuCl(PPh3)z(n-CsHs) (5oO m9, 0.69 mmol), pent-J.-yne (100 mg, 1.49 mmol)
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and NH+PF6 (150 mg, 0.92 mmol) r as a tan powdett (535 ngt 862ó) ¡ dec. )

980 (Found: C, 60.8; Hr 4,6. CaeH'+eFoPgRu requires C, 61.1; Hr 4.89ó).

Infrared (Nujo1): v(cc) 1660s; v(PF) g4ovs cm-r. rH n.m.r. (cDcl3): ô

7,35r 7,28r 7,I9, and 7.A6, m, l0Hr PPh3; 5.10r sr 5Hr CsHs; 4,66, t of

t, -1(HH) 7.5 Hz, J(HP) 2.4 Hz, lH, =CH; 2.2o, q, J(l-lH) 7.5 Hz, 2H,

=CCHz 1 L24, n, 2H, CHzMei O.93r t, J(HH) 7.5 Hz, 3H, Me. 13C lrnrlì.r.

(CDCIg): ô 134,6-129.9) m, PPh3; lllt.7, s, =CH; 9I+.5t sr CsHsi 24.5, and

23,9, s1 CH2; I3.7, s, Me.

(ii) Tfie teLrafluoroborate (3.7b) uas prepared by method A, as for (3.7a)

above¡ NHaBFa (200 mg , L9I mmol) being used in place df ruUupl.r, as a

tan ytowdut (510 mg, BB9ó), dec, > 920. Infrared (Nujol): v(CC) 1660m;

v(BF) 1050s cm-I. 1H n.m.r. (cDCle): 6 7.32, mr 3oH, PPhg; 5,I3, sr 5H,

CsHs; 4,84, m, lH, =CH; 2.27, qr J(Hl'l) 7.5 Hzr 2H, =CCHz1, L.26, n, 2H,

CH2Me; O.93, t, J (HH) 7.5 Hz, 3H, Me.

(iii) The tetraphenylborate (3.7c) vas also prepared by method Ar as for

(3,7a¡ above, using NaBPha (300 mgr 0.BB mmol) in place of NH+PF6 and

refluxing for 1.5 h, as a tan pou)duL Gel ng, 9o?¿)r ffi.p, go-950 (Found:

C, 77,5; t1, 6.0; Pr 6,0r Cr6H53BP2Ru requires C, 78.0; Hr 5,9i Pr 5.8,oó).

Infrared (Nujol): v(cc) tøeom em-r. rH n.m.r. (c0ctr): 6 7.12, m, 3oH,

PPhs; 6.87, mr zOH, BPh¡+i 5.08, sr 5H, CsHsi 2.I4, m, 2H, =CCHzi I.24,

m, 2H, CHzMei O,92s m, 3H, Me.

(D) MøthqL. ytnoytíoLatø, HCzC}zMø. - (i) The compound

{Ru(c=ct-lc0zMe)(PPh3)z(n-CsHs)}PF6 (¡.ga) \uas prepared by met,hod A, from

RuCl(PPh3)z(n-CsHs) (too mg, 0.69 mmol)¡ methyJ. propiolate (70 mgr 0.Bf

mmol) and NHaPFa (337 ngr 2.07 mmol), by refluxing for 45 minr as an

orange-bro\tn 
^ohd 

(580 mg , 929í) (Found: C, 58,4; Hr 4.2, C45H3eF502P3Ru

requires C,58.B; H, 4.3?ó). Infrared (Nujol): v(CO) tTZlns, I263n, and

1241m; v(cc) ta+om; v(PF) Blr0s cm-r. 1H n.m.r. (cDCls): 6 7.39r 7.32,

7,2I, and 7.06, m, 3OH, PPh3; 5.28, s, 5l-l¡ C5H5 i 5,O2, L, J (HP) 1.8 Hz,
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lH, =CH; 3,49, s, 7Hr OMe. I3D n.m.r. (ctlcte): ô I14.6-129,I, m, PPhs;

96,5, s, CsHs i 66,I, sr OMe.

(ii) rne tetrafluoroborate (1.8b) vas obtained similarly, by using

NH,+BF+ (200 mg, I.91 mmol) in place of NH+PF6 , as an orange-brovn Áoftd

(535 ng, 9O?ó). Infrared (Nujol): v(CO) l725ms , I265n, and I24In; v(CC)

1640m; v(BF) 1050vs cm-r, IH n,m.r. (CDCI¡): 6 7.36, n, lOH' PPh3; 5.28,

s, 5H, CsHs; 4,98r tr J(HP) Z tlz, fH, =CH; 3.!13, sr 3H, OMe.

(iii) The tetraphenylborate (l.Bc) (695 mg, 92c,(') was formed by using

NaBPhu (100 mg,0.BB mmol) in place of NH,*PF., and vas also an orange-

broun porilduL, m,p, 100-1050 (dec. ) (Found: C, 75.4; Hr 5,7.

csgHssB0zPzRu requires C, 75.8; H, 5.496). Infrared (Nujol): v(c0) J-708ms¡

v(cc) t64om cm-r.

(E) 4-F.Luottoythenq.LcLce,tqL-Q.n¿, HCzCaH+F-4, - (i) Tne compound

{Ru(c=CHCeH,*F-4)(PPhg)2(¡-C5Hs)}pf, (3,9a) u/asi prepared by method Ar from

RuCl(PPhg)z(n-CsHs) (SOO m9, 0.69 mmol),  -fluorophenylacetylene (85 mgt

0.7L mmol) and NH+PFo (100 mq, 1.8¿l mmol), by refl-uxing for 30 min, as

a red-bro\tn powdQh (550 mg, 849ó) ¡ ßì.p. c. 1200 (Foundz C, 6I.2; H, 4.t.

C,rgH+oFzPsRu requires C, 6I.6; H, 4,226). Infrared (Nujol): v(CC) I635n;

v(PF) B40vs cm-r. lH n.m.r. (CDClg): 6 7.1I, m, tîH, PPha+Ce H+; 5.35,

m, lH, =CH; 5,2O, s, 5H, CsHs. l3C n.fiì.r. (CDCI3): 6 134,4.128.7¡ frt

PPhg; 95,2, s ¡ C5H5 .

(ii) The tetrafluoroborate (3,9b) uras obtained similarly, us-ing NH+BF+

(200 mq, l.9l mmol) in place cf NH+PFc, as a red-brovn pou)duL (49¡ mgt

7896) (Found: C, 65,I1 H, 4,7. C+gH+oBFsPzRu requires C, 65.6i H, 4.5?6),

Inl"rared (Nujol): v(cC) 1635n; v(BF) tolos cm-1.

(F) ?e.nf.adLuonoythønq'Laee-tqL-ønø, HCz-CeF s. - The complex

{Ru(C=CHCsFs)(PPhs)z(n-CsHs)}enu (1.10) \uas prepared by method A, from

RuCl(PPh3)z(n-CsHs) (500 mg, O.69 mmol), pentafluorophenylacel-ylene (150

rngr 0.78 mmol) and NHaPF6 (100 mgr l.B4 mmot) r as a Lan ytowdørt
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(570 mg,8096), dec,60-650 (Found: C, 57.O; Hr 3.8. C4gHseFl¡P3Ru requires

Cr 57.3; Hr 3.596). Infrared (Nujol): v(CC) 1640m; v(PF) B40ms "m-t. 
lH n.m.r.

(CDC]¡): 6 7,36, 7,27' 7.I7, 7.I3, 7,Ot, and 6.98, m, 30H¡ PPh3; 5'35, s, 5H,

CsHsi 5.o9, t, J(HP) 2.I Hz, IH, =CH. 
r3C n.m.r. (cDctg): 6 114,6 - I29'O,

m, PPhs; 103.0, sr =CH; 96.I, s, C5H5.

Ftom RuCL(¿r)(¡-C5fls) {Lz = dppm orL dfrfr¿} a-nd ?hønq'LclcQ'tq'LønØ,

(A) A mixture of RuCl(dppm)(rl-CsHs) (150 mg, 0.26 mmol), phenylacetylene

(27 ng, 0.26 mmol) and NHaPF5 (BZ mg,0.5 mmol) vas heated in refluxing

methanoL (15 mI) for l- h. The solvent ìuas evaporated, the residue uas

extracted vith dichLoromelhane (10 mI), and the extracL ruas filtered directly

into diethyl ether (50 mt). tfre buffl precipitate vas coflecLed, vashed urith

diethyl ether, and dried in a vacuum to give pure {Ru(C=CllPn)(dppm)(¡-C5Hs)}-

pFe (1.11) (gl ng, 46?(,) as a buff coloured potilduLr ffi.p. 2OB-2IO0 (Found: C,

57.Oi H, 4.3i P,.11.4. CseHssFoPgRu requires C, 57.2; H, 4'2i P,ll'696)'

Infrared (t"tu¡ot): v(CC) fASfur; v(PF) Blls cm-r , rH n.m.r. (CDC1¡ ): 6 7 ,36.

6.87, and 6,39, m, 25H, PPhz+Ph1 5,57, s, 5H, CsHsi L52, n, 2H¡ PCH2'

(B) The complex {Ru(c=cHpf¡)(dppe)(n-CsHs)}PFs (3,12) uas prepared

similarly to (¡.lI) described above, on the same scale. A pale orange

pnøcipifa.te of (3.I2) (110 mg, 54iá) vas obtained, m.p. 2IO-2I20 (Found: C,

57.5i H, 4,4i Pr 11.5. CssHssFePaRu requires C, 57,7i H, 4'3i Pr ll'49ó)'

Irif=rared (Nujof ) : v(CC) I646n, and I62Iv; v(PF) BJ6s cm-1 . 1H n.m.r. (CDC1a ):

ô 7.41 , 6.90, and 6.30, mr 25H, PPhz+Ph; 5.57, s, 5Hr CsHs; 2'6I, m, 4H,

PCHz. r3C n,flì.t. (Cocts): ô lll ,4 - II7.B, m, PPh+Ph1 92.3, sr CsHs.

F nom )¿Bn(PPl'ta) z (n-csHs ) and ?h.ønqLacefu.L¿ne-

A mixture of 0sBr(PPh3 )2 (¡-C5l-15 ) (Bl mg, 0.10 mmol) r phenylacetylene

(10 mg, 0.f0 mmol) and NHaPF6 (25 ng,0"l5 mmol) ruas heated in reflluxing

methanol (ZO mt) for I h. After removaf of sol-vent and exLraction of the
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residue urith dichloromeLhane (I0 mI) r filtration of the extract i

ether (50 mt) precipitated the product vhich ruas filtered off, \uas ftn

diethyl ether and dried in a vacuum to give pure {0s(C=CHPh)(PPhs)z(n-CsHsi-

PFs (3,I3) (70 m9, 7O?i) as a light purple frowduL, n,P. It6-1380 (Found: C,

57,5; H, 4.1. CagH+rFeosP3 requires C, 57,3i H, 4.09ó). Infrared (Nuiot):

v(CC) I64Bm, and 1629m; v(PF) B33s cm-r. rH n.m.r. (CDCls): 6 7,29r 7,22,

7.I5, and 7.05, m, t5H, PPhe+Ph 1 5.42, s, 5H¡ C5H5; 5.08, m, lH, =CH. 
l3C

D.rlì.r. (CDCIa): ô Il4.B - l2B.B, m¡ PPh3i I27.6, 126,9, and IIB'0, st Ph;

108.2, s, =CH; 92.7, s, CsHs. Conductivity (acetone) z Irr 96 S cm-2 r',o\-t.
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ETHYNVL COMPLEXES

Fnom RuC.L(PPhs) 2 (¡-CsHs ) on V inuL.idenø Comp.Løxe's

(A) Phøn4!.aeøt4.(-ena-, HCzPh. - (i) M¿thod C, A solution of {Ru(C=CllPh)-

(eefrr)z(n-CsHs)]PF6 G.5a) (470 mg, 0.5 mmol) in dichlo¡omethane (5 mI) ruas

transferred to a short coLumn of chromatographic alumina.0n adsorption, the

red coLour of the cation vas discharged, and el-ution vit.h diethyl ether gave

a yellow fraction. Evaporation and recrystallization (dichloromethane/

methanol) afforded yeJ-J.ov clrj^tnIA ofl Ru(C2Ph) (PPha )z (n-CsHs ) (].14) (32O ng,

819ó), m.p. 2o2-2o50 (dec.) {rit.s7 m.p. 2050 (dec.)} (Found: C, 73.7; H' 5,4;

P, 7.69(,; M (mass spectrometry), 792. C\gH,+oPzRu requires C, 74.3; Hr 5.1;

P, 7.89(,; Mr 792).Infrared (Nujol): v(CC) 2068s cm-r. rH n.m.r. (CDClo):
)

6 7.50, and 7.I2, nr 3511, PPh¡+Ph; 4.32, sr 5H, CsHs. 13C n.m.r. (CDCI¡):

ô 119,3-127.4, mr PPh¡; L3O.7, I27,8, and 121,2, s, Ph; 116.1, L, J(CP) 24

Hz, RuC; 114.7, s, =CR; 85.4' tr J(CP) 2 Hz, C5H5.

(Lí) Melltod D. A mixture of RuCl(ppnr)z(n-CsHs) (500 mq, O.69 mmol) and

phenylacetylene (102 mg, 1 mmol) uas heaLed in refluxing methanol- for l0 min.

Sodium methoxide (l ml of a I M soluLion in methanol-) vas added to the deep

red solution, and the yelJ.oru ULt/^tn,Î,s that vere rapidly deposited u/ere re-

crystallized (dichJ-oromethane/methanol-) to give pure (3.I4) (475 ng, BTii),

identical vith the product obtained using method C.

(ß) PnoytqnØ, HCzMØ. - Ru(crMe) (ppns )z (n-CsHs ) G.l5) rvas obtained as

yelIov uLA,stÃ,Ls (405 mg, 819ó)r ffi.p. 2O9-2I50 (dec.), by addition of sodium

met.hoxide to the sol-ution formed after passing a rapid stream of propyne into

a suspension of RuCt(PPhg)z(n-CsHs) (fOO mgr 0.69 mmol) in methanol flor about

30 s, followed by stirring at room temperature for 3 h. (Found: C,72.4; H,5.7

P, B.1ló; M (mass spectrometry) r 73O. C++l1gePzRu requj.res C, 72,4i Hr 5,3i P,

8.52(,; M,73O).Infrared (tttu¡ot): v(CC) 2I00s "m-t. 
rH n.m.r. (CDCIg): 6 7.46,

and 7.I5, m, 3O¡],, PPhs; 4.22, sr 5H¡ C5H5; I.99, t' J(HP) 2,2 Hz, JH, Me.

r3c n.m.r. (cDCJ-a): ô 119.5-L27,2, mr PPha; 105.J, sr =CR; 84.5, sr csFls;

7 ,8, s, Me.
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(ü PQ.nt-l-qnø, HCzPn. - Ru(CzPr)(ppfrr)z(n-CsHs) (¡.16) rvas prepared

by method D, from RuCl(PPh3)z(n-CsHs) (500 mgr 0.69 mmol) and excess pent-l-yne,

as yelJ-our ULIl^ta.tS (lB0 rng, 73,6)r m.P. l8l-1850 (dec.) (Found: C, 72.5; H, 5,6;

P, 8,39(,; M (mass spectrometry), 758. C4oH+zPzRu requires C, 72.9; Hr 5.6;

P, 8.2?(,i M, 758). Infrared (Nujol): v(cC) ZOgSs "m-t. 
rH n.m.r. (CDCIs): ô

7,5O, and 7.14, mr f0Hr PPhs; 4,22, s, 5H, CsHsi 2,38, t' J(HH) 7'O Hz, 2H,

=CCHz ; L3Br ser J(HH) 7,o Hz, fH, CHzMe; 0.84, l, J (HH) 7.o Hz, 3H, Me.

r3c n.m.r. (CDCla): 6 119,7-127.2, m¡ PPh3; 111.4, s' =CR; 84.7, s, C5H5;

25 ,5 , and 24.3, s, CH2 1 13 ,9 , s r Me.

(D) l,løtltA.(. ytttoytio.Lo,tø, HCzC}zl,,4¿. - Ru(C2C02Me) (eerrr )z (n-CsHu ) (3,I7) ,42

from Rucl (PPh3)r(n-csHs) (500 mg, 0.69 mmol) and methyl propiolate (168 mgr

2.0 mmol), uas obtaind as yelJ.otu ULA,;Ûß,US (25O ng, 47ió)r m.P. 216'2190 (dec.)

(Found: C, 69,6i Hr 5.1; Pr 8,39ói ¡\,1 (mass spectrometry), 774, C+sHgo0zPzRu

requires C, 69.9; H, 5.0; Pr 8,39(,; M, 774), Infrared (Nujol): v(CC) 2058s;

v(cO) I665s, II92s, and ll8ls cm-r. tH n.m.r. (cD|lg): ô 7.41, and 7.18, m,

lOH, PPhsi 4,36, s, 5H, CsHsí 3.63, sr 34r OMe. 13C n.ffi.r. (CDCta): 6177,4, st

C0; I38,5-12l.6r m, PPhe; IO5,3, sr =CR; 86.2t sr CsHsi 5L4, sr OMe.

G) a-t0"uonoytherul,Lacet4.L¿nQ-t HCzCeH+F-4, - Ru(CzCeH4F-ll) (PPh3 )z (n-CsHs )

(1.1g), by method D, from Rucl(pprrr)z(n-csHs) (¡oo mg.0.69 mmoL) and p-

fluorophenyJ-acetylene (120 mg, 1.0 mmol), \uas obtained as yelloru ULA^tnI's

(450 mg, Bl,"¿) I m.p. I95-2OO0 (dec. ) (fit. s7m.p. lB7-1900 ) (Found: C, 72,2;

H, 4.8; P, B.J-9á; M (mass spectrometry), BtO. C+gH¡gFPzRu requires C, 72,6;

H, 4,Bi P, 7.72í'; M, Bl0). Infrared (Nuiol): v(CC) 2o79s cm-r. rH n.m.r.

(CDCI3): 6 7,4g, and 7.I3, n, 34H, PPhg+CoH+ i 4.3I, s, 5Hr CsHs. t3C n'm'r'

(CDCI¡): ô 1J9,3-127.4r m, PPh3; 131.8, d, J(CF) S Uz, C4, CoH+i I15.I, and

114.1, s, CoH,*i 85,3, sr CsHs.

(F) Pents"dLuono¡chen4Laeet4,(-a.na-, HCzCsFs. - Ru(CzCe Fs ) (PPhs )z (n-CsHs )

Q.I9), by met.hod D, frorn RuCl(PPh3)z(n-CsHs) (f.e g, 2.48 mmoL) and penta-

fluorophenylacetylene (500 mg, 2,6 mmol), for t h, ruas obtained as yeJJ-ottr

crystals of Lhe r¡CHzCIz sofvate (L75 g, 769ó), n.P. L46-I490 (dec.) {Iit.s7
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¡ì.p. I4Zo (non solvat-ed)] (Founc|z C, 67.!i Hr 4,5?ó; M (mass spectrometry),

BBZ. CagHssFsPzRur'¡Cl1zC12 reQuires C, 66,7i 11, 4.O2('; M (for unsolvated complex

BB2). Inf rared (¡u¡ot): v(CC ) 2O64s crrì-t . IH n.m.r. (CDCIs ) : 6 7.16, m, 3OH,

PPhsi 5.28, sr lH, Cllz¡lz i 4.75, s, 5H, CsHs. I3C n'lr'r' (CDCIs): ô 138'B-

I27.5, n, PPh3; 86.0r s¡ C5H5; 53.8, s, CHzCIz'

(G) pnopatgqx- bnomíd.¿, HCzcízßn. - Ru(czcHzBr) (PPhs )2 (¡-CsHs ) (3.23) t

by method D, from RuCl(eefr,)z(n-CsHs) (500 mg, 0.69 mmol) and propargyl-

bromÍde (tOO mg , 4,2O mmol), \uas obtained as yellour clLU^Ía'L6 (180 mg , t4?ó),

m.p. IBZ-1870 (dec.) (FouncJ: C, 68.9; H, 5.0; Pr 7,6. C++HgzBrPzRu requires

C, 68.61 H, 4.Bi P, 8.09ó). Infrar.ed (Nujol): v(CC) 2090m cfl-l . lH n.m.r.

(CDCIa): ô 7.18, and 7.I5, m, tOl-l; PPha 1 4.27, s, 5H, CsHsi 3.22, st 2H, CHz'

Fnom RuCL(t2)(n-CsHs) {Lz = dytytm on dpytø} a-nd Phønq,Lz"c¿ttiLenø

(A) A mixture of RuCl(dppm)(n-CsHs) (62 ngr 0.lL mmol) and phenyl-

ace¡ylene (50 mg , O.49 mmol) uas heated in refl-uxing methanol for J0 min.

Sodium methoxide (1 nrl of a L M solution in methanol) uras added to the orange

solution. Evaporation and recrystallization (dichloromethane/light petroleum)

afforded yelloru crLAÅta,L6 of Ru(CzPh)(dppm)(¡-C5Hs) Q,ZO) (42 ng, 6126) ¡ rTì.p.

2tI-Z3Zo (dec. ) (Found z C, 67.5; ll, 5.22ó; M (mass spectromelty), 652,

CsetlszpzRu requires C, 7O,O; H, 5.O?(,i l,l, 652). Infrared (Nuiof ) s v(CC)

ZO77n cfiì-I. lH n.m.r. (CDCls): 6 7,72, and 7.25, m, 20Hr PPhz; 6,77, anci 6.3I,

m, 5H, Ph;4.99¡ sr 5H, CsHsi 1.54, m, 2H, PCHz.

(B) Usirrg the compl-ex RuCl(dppe) (n-CsHs ) (100 mg, 0.17 mmol) and

phenylacetyJ-erre (50 mg, O,t+g mmol), a similar reaction afforded yelloul

n¿Qd.(,.ØA of Ru(C2Ph) (dppe) (n-CsFls ) ç.2L) (89 n,gr 809ó), ñì.P . 2Ir'?160 (dec. )

(Found z c, 7o,2; H, 5,O2ó; M (mass scectrometry), 666. CsgHs,+PzRu requires

C, 7O,4; H, 5,!96; M, 666), Infrared (t1u¡ot): v(CC) 2OB2n eflì-I . rH n.m.r.

(cDgla): 6 7.95r 7.4Ir 7.29r 6,85, and 6,44, mr 25H, PPhz+Ph;4,78, s, 5H'

CsHs: 2.5O, m, 4H, PCHz, t3C n.r1.r. (CDCls): 6 134.4-123.2, n and s¡ PPh2+Ph;

I12.0, sr =CR, 82,6t tl,, CsHsi 28.2t tr J(CP) 2t Hz¡ PCl12.
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Fnom \¿ßnlPPhs) z ( n-csfls I and Phøru¡.(-acet4'Lenø

A mixture of 0sBr(PPhs)z(n-CsHs) (100 nrg, 0.12 mmol) and phenylacetylene

(50 mg , O.49 mmol) uas heated in refl-uxing methanol for 45 min. Sodium methoxide

I ml of a 1 M solution in methanol) ruas adcled to the light purple soLution.

Evaporat.ion and recrystallization (chloroform/methanol) afforded pale yellour

uLtJ^tnI^ of os(CzPh)(PPha)2(¡-CsHs ) 0.ZZ) (ge mg , 942Ð, m'P ' 2I7-2I80 (dec')

(Found: C, 66,3; H, 4.7; P, 6.89(,; M (mass spectrometry) r BB0. C+sH4oOsPz

requires C, 66.8; H, 4,6i P, 7.O9(,; M, BBZ). Infrarecl (Nujol): v(CC) 2O66n cm-t'

rH n.m.r. (CDCIg):ô 7.44, 7,!3, and 7.10, mr 35H¡ PPhs+Ph; 4.39, sr 5H, CsHs'

r3C n.m.r. (CDCIs): ô 119.4-127,3, n¡ PPh3; I3I.2, L27,7, and 122.9, s, Ph;

1J-0.3, s, =CR; 81.5, m, C5H5.

PnepøtauLon oú Etht¡nUL Comyt.(-exe's Covtfo'twLng Tninethq't Pho'syth'íÍø'

(A) A mixture ofl Ru(C2Ph)(pprrr)r(¡-csHs) (4OO mq,0.5I mmol') and P(OMe)g

(tgg mg , !,q5 mmor) vas heated in refluxing 2-methoxyethanol (40 ml) for 4 h'

The soLvent vas removed, and the yellov oil chromatographed (atumina) t excess

p(OMe)g being vashed out ruith light petroleum. A yeJ.lov band uras el-uted vith

1i9ht petroteum/diethyl ether (l:l). Crystall-izat.ion (fignt petroleum) then

affordect yelloru uLtj^tals of Ru(CzPh) (PPhg){P(OMe)3}(¡-CsHs) (3,29) 3L5 ng,

95?(,), n.p. 128-1100 (Found: C, 62.4i Hr 5.D(,; M mass spectrometry) t 654'

Cs,rHs+0gpzRu requires C, 62.5; H, 5.21(,; M, 65Ð. Infrared (Nujoì.): v(CC)

2085m; v(PO) 1016s cm-t. rH n.m.r. (CDCla): ô 7.71 , 7.tO, and 7.00, m, zOH,

PPh:+Ph i 4,68, d' -1(lJP) I.2 Hz, 5H, CsHsi 3.42, dr J(HP) 11'2 Hz, 9H, P(OMe)s'

13C n.ûì.f . (CDClg): ô 119.7-127.4, m, PPhs; -130.8, I27.7, and I23,2, s, Ph;

84,3, t, -1(cP) 3 llz, csHs i 52,o, d' J(cP) 5 Hz, P('OMe)g.

(ß) A mixture ofl Ru(czPh)(PPha)z(n-csHs) (500 mq' 0.61 mmol) and

p(OMe)g (400 mg, 3.22 nno1) ruas heated in refl-uxing decalin (lo mr) for 4 h'

The cooLed solution u/as chromatographed (atumina), the decalin and excess

P(OMe)s being urashed out ruith liqht. petroleurn. A yellorv band was el-uted tvit'h
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diethyt ether. Crystallizat.ion (lignt petroleum) gave yellow üqâtt"Ls of

Ru(Czph){P(OMe)s}z(n-csHs) (3.3O) (245 ng, 7596) r nì.P. 7O-72o (Found z c, 43,9;

H, 5. Gg6; l,l (mass spectrometry), 5.1-6. CrgHze0sPzRu requires C, 44.7; H, 5.5?('i

Mr 516). Infrared (Nujol)¡ y(CC) 2OB3n; v(PO) 10t0m cm-r. rH n.m.r. (CDCIg):

ô 7.11, m, 5H, Phi 4.99, t, J(HP) I.1 Hz, 5H¡ C5H5 i 3.68r t' J(HP)* tt.7 Hz,

lBH, P(oMe)¡. I3c n.tTt.r. (CDCIs): ô 1f0.9, 127.9, and I23,6, s, Ph; 83.6, t,

J(CP) 3 Hz, CsHsi 52.3, s, P(OMe)3.

* Separation of ttuo outer peaks of A part, of AeXXrAre system.



107

PREPARATToN 0F VINVLTDEI'|E C)MPLEXES FR-O¡,{ \t-ALKVNVL C]MPLEXES

Fnom Ru(CzR)(PPhg)r(¡-C5Hs) {R = ?h, Mø, ?n, Cozlú¿, CoH+F-p, cth CøFs}

(A) Ra(Czpl4)(PPhs)2(¡-C5Hs). - (i) Me'tl,Lod E. Addit.ion of HPFo¡0Et2

(tzt m9, o.55 mmol) to Ru(czpn)(PPh¡)2(¡-c5Hs) (100 mg, 0.1-J mmol) in di-

chloromethane (2 ml) gave a bright red solution. After stirring at room

temperature for a brief period, the solution uras filtered into diethyl ether

(50 ml), to give a reddish tan ytLe.ciyt,ífa.tø of {Ru(c=CHPh)(PPhs)2(¡-CsHs)}er,

(7,5a) (115 mgr 979á), idenLical ryith the products obtained by meLhods A or B

above.

(ii) Tne tetrafluoroborate (1.5b) uas obtained by method E, from Ru(CzPh)(PPhg

(n-csHs) (100 mg, 0.25 mmol) and HBFa,OEtz (100 mg, J-I4 mmol), as a reddish-

tan ptøe.Lp.í,ta.tø (I07 mg , 9796).

(iii) The trifluoroacetate salt (3.5d), which uras not isolated, \uas formed by

adding a drop of trifluoroacetic acid Lo a sol-ution of Ru(C2Ph)(een.)z(n-CsHs)

in deuterochloroform, contained in an rì.m.D. tube. The phenylvinylidene

cation ruas identified spectroscopically. lH n.tTt.r. (CDCIg): ô 7.21, m, 35H,

PPhg+Ph; 5.43r tr J(HP) 2.5 Hz, lH, =Cll; 5.27, s, 5H¡ C5H5.

(iv) Me,t|tod F, A mixture of {MeaO}PFe (100 mg, I.46 mmol) and Ru(C2Ph)(RRn,¡r-

(n-CsHs ) (100 mq, 0.JB mmol-) in ¿i-ctrforomeLhane (20 ml) vas stirred at room

temperature for 2 h. Filtration and addition of diethyl ether to the filtrate

resul-ted in the crystallization of t.he complex {Ru(C=CMePh)(PPhg)2(¡-CsHs)}-

PF6¡CH2CI z (3,21) as rcd {lLcttze,s of the dichloromethane solvate (335 ng, 939ó);

sì.p. 2O5-2IO0 (dec.) (Found: C, 59,O; Hr 4.4i Pr 8.7. C5oH+sFeP3Ru,CH2C12

reeui-res C, 59.!i H, 4,4i P, 9.0?6). Infrared (Nujo1): v(CC) f6eZm, and I665n;

v(PF) B40s cm-l . lH n.ffi.r. (cDCt¡): 6 7,33r 7.25r 7.o5, and 6,92, mr 35H,

PPlrg+Ph; 5.30, s, 2H, Cll2CL2i 5.!3, s, 5H¡ C5H5; I.97, s, 3H, Me. l3C Fì.tr.Ê.

(CDCI¡): 6 365.7¡ m, RuC; 174.6-128.8, m¡ PPh3; I29.3, l-28.0, and I25.5, s,

Ph; 94,5, s, CsHs i 53.8t sr CHzClz; 12.6, s, Me. Conductivity (acetone):

4,, ll0 S cm-2 mo\:t"
M
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(v) {nu(C=CftPh)(PPhs)z(n-CsHs)}PFe O.ZS) vas prepared by metlrocl F, from

Ru(Czph)(pph3)z(n-CsHs) (too mg, 0.lf mmol) and {Etg0}PFo (50 mg, o.2 mmol),

as red $X.ake,6 of the '<CHzClz solvate (1IO mg, B7?ó)r m.P. I95-2OO0 (Found:

C,60.8; Hr 4.5. CsrH,+sFePsRuräCHzCl2 requires C, 6I.3; Hr 4'696)' Infrared

(Nujol¡; e(CC) I665n; v(PF) B40s cm-r . rH n.m.r. (CDCIa ): 6 7 .34, 7.24t 7 .O2,

and 6.92, m¡ PPh3+Phi 5.29, s, lHr CHzClz; 5.O9' s' CsHsi 2.26, qr J(l-lH) 7.5

Hzr ZH, CHz; 0.90, t, -7(HH) 7,5 Hz, 311, Me. r3C n.rl-D. (CDCts): ô 114.6-128,B,

m¡ PPh3; I29,3, I28,3, I27,6, and 125.0, sr Ph; 94.4, s¡ C5H5; 53'8, s,

CHzCIz; 20,6 ¡ s , CH2 ; 13 .4, s, Me .

(B) Ru(CzMe)(P?hs)z(n-CsHs).- (i) {Ru(C=CHMe)(PPh¡)z(n-Cs]1s)}er. (l.ea¡,

from Ru(czMe)(PPh:)z(n-csHs) (40 mg, 0.06 mmol) and HPF6,0Etz (I2 ngr 0.05

mmol), \uas obtained as a reddish tan pou)det (35 mg , 7326).

(ii) The trifluoroaeetate salt (3,6)¡ uhich uras not isolatedr \uas formed by

adding a drop of trifluoroacetic acid to a solution of Ru(CzMe)(PPhs)z(n-CsHs)

in deuterochloroform, contained in an n.m.r. tube. The methylvinylidene

cation uras identified spectroscopically. 1H n.lr.r, (C0C1s ): 6 7 ,76-7.04, m,

loHr PPhg; 5.06, s, 5Hr CsHs; 4,62r Q of L, J(HH) 7,5 Hz' J(HP) 2.4 Hz, lHt

=CH; 1.86, d, J(HH) 7.5 Hz, 3H, Me. r3C rì.nì.r. (CDCtg): 6 149.4, tr J(CP)

17 Hz, RuC; I74O-I28.5, m¡ PPh3; 109.0, s' =CH; 94.I, sr CsHs; 5,3, s, Me'

(iii) {Ru(C=CNe2)(PPlro)z(n-CsHs)}efu Q.Ze) ruas prepared by method F' from

Ru(CzMe)(PPhg)z(n-CsHs) (500 mg, 0.69 mmol) and {Mea0}PFo (400 mq, L,94

mmot) as deep red uulafuú,s (from dichloromethane/diethyl ether) (4tO m9,

672(,), n,p, 2O2-2O70 (Found z C, 6O,4; H, 4.6. C+sH,*rFoPgRu requires C, 6O,7 i

H, 4,696). Infrared (Nujol): v(CC) IeTgms; v(PF) B40s cm-r. rll n.m.r. (CDCls):

ð 7.48, m, lOHr PPhl 5,24, sr 5H¡ C5H5; 1.78, s, 6Hr Me'

(C) Ru(czPn)(PPhz)2(¡-csHs). - (i) {Ru(c=cHPr)(PPhe)z(n-csHs)}pru (3'7a),

by method E, from Ru(CzPr)(PPha)z(n-CsHs) (40 mg, 0.05 mmol-) and HPF6¡0EL2

(15 mg, 0.07 mmol), \uas obtained as a tan frowduL (40 mg, B4i6).

(ii) {Ru(c=cMepr) (pphs ), (¡-c5Hs )}eru (3,27 ) , by method F, from Ru(CzPr) (PPh3 )2-

(n-CsHs) (750 mg, 0.99 mmol) and {MesO}PFe (400 m9 , L94 mmol), forrned deep
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rcd ULU^ta.L6 (ZtO mg, 779ó). flì.p. 194-1960 (Foundz C, 6O.7i H, 4.7. C,+711a5F5-

P3Ru requires C, 6L5) H, 4.9?¿). Infrared (lrluiot): v(CO) 1678m; v(PF) B40s

crrì-r. lH n.m.D. (Ctr0ls): 6 7.43, mr 3OH, PPhe; 5.I9, s, 5H, CsHs1I.77, s,

)H, Mei I.97, and O,93, m, 7H, Pr. t3c h.rTtor. (CDCls): 6 35?.0, m, RuC;

L75-LZB,4s m¡ PPhsi I2I.3, s, =C; 93.4, s, CsHsi 27.8, s, CH2Mel 2O.9, st

=CCHz i 13 "8, s, Cflzlvlø; 9 ,7, s, =ClvlØ.

(0) Ru(CzC)zMø)(PPhz)z(n-CsHs). - 
(i) {Ru(c=cHC0zMe)(PPh3)z(n-CsFls)}PFe

(3.8a) uas obtained by method E, from Ru(czcozMe)(PPhs)2(¡-CsHs) (40 mgt

û.05 mmoL) and HPF5¡0Et2 (tZ mg, 0.06 mmol), as a tan ytowde.tt (45 mg, 94?ó),

(ii) The triflluoroacetate (l.Bd) uas formed by adding trifluoroacetic acid

to a solution of Ru(CzCOzf'le) (eefrs )z (n-CsHs ) in deuterochf oroform, contained

in an h.nì.r. Lul¡e. The carbomethoxyvinylidene cation u/as identified

spectroscopically. lH n.flì.r. (CDCI:): ô 7.40, and 7,27, m, l0Hr PPhl 5,26,

s, 5H, CsHsi 5.00, t, J(HP) 2 Hz, lH, :CH; 3.47, s, 7Hr 0Me.

(E) Ra(Cz CaH+F- q QPhs)z (n-Csfls ). - {Ru(C=CHCoH+F-4) (PPhs )z (n-CsHs ) }PFe

(3.9a) vas obtained by method E, from Ru(CzCeH+F-a)(PPhg)r(n-CsHs) (100 mgt

0.12 mmol) and HPF6¡0EL2 (30 mgr 0"14 n¡mol)r as a red broun frou)duL (95 ng,

819¿).

(F) Ra(CzCoFs ) QPlu)z (n-Csfls ). - (i) {nu(C=CHCeFs ) (PPhs )z (n-Cslls )}PFo

(¡.tO) as obtained by method E, from Ru(CzCoFs)(PPhs)z(n-CsHs) (100 mgt

0.11 mmol) and HPF510Et2 (30 mg, O.I4 mmol) as a red-brovn frotilduL (85 mg, 75iá)

(ii) {Ru(c=CMeceFs)(PPha)z(n-cuHs)}PFs (3.28), by method F, from Ru(CzceFs)-

(PPha)z(n-CsHs) (e:o m9r 0.74 mmoL) and {Meg0}PFa (1+00 mgr 1.94 mmol),

formed red flaky uLu^ta[,s (470 mg, 612¿)r nì.p. I9I-I940 (Found: C, 59,7; H' 3.9

CsoHssF¡1P3Ru requires C, 57,6; Hr 3.79ó). Tnfrared (Nujol): v(CC) 1638m;

v(PF) B34s cm-r. rH n.rr.r. (cDC13): 6 7,21, m, lOH, PFh;5,3o, sr 5H,

CsHs i f .98r sr 3H, lle.

Fnom Ru(CzPh)Qz)(¡-CsHs) {Lz = dppm on dytpø}

(A) {Ru(C=Ctlph)(dppm)(n-CsHs)}PFo (1.11) uras prepared by method E,
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from Ru(C2Ph) (dppm) (n-CsHs ) QS ng, 0.04 mmol) and tlPFe ¡0Et2 (f: m9, 0'07

mmol), as a buff coloured powd'øn (28 ng, 9?ií)'

(B) {Ru(C=CHt'rr)(dppe)(¡-csHs)}err (3.I2) vas prepared by method E,

from Ru(C2Ph)(dppe)(¡-CsHs) (25 ng,0.04 mmol-) and HPFsrOEtz (f5 m9, 0'07

mmol)r as a pale orange powdQJL (24 ng, 79i6)'

Fnom 0,s(CIPLL) (PPhz) z (n-Csfls )

{0s(c=cHp¡)(PPha)z(n-crHs)}Pro (3.I3) vas prepared by method E, from

0s(czph)(pphg)z(n-csHs) (20 mg,0.02 mmol) and HPF6¡0Et2 (15 mgr 0.07 mmol),

as a light purple powduL (22 ng', 94,6) .

Fnom Ru(C2Ph) (L) (L' ) (¡-csHs) {L = PPh3, L = P(1Me-) t; L = L' = ?(0Mø) s}

(A) Addition of HPFarOEtz (60 mg, O.27 mmol) to Ru(CzPh)(PPhs)-

{p(OMe).}(¡-C5Hs) (tOO mqr 0.l-5 mmol) in deuterochl.oroform (2 mI) gave an

orange-red sotution or [Ru(c=c¡ph)(ppr¡s){p(oue)s}(n-csHr)] er. O.tL) ruhiclr

uras not isolated but identified spectroscopically. lH n'11'1' (CDCI ): 6 7 '42'

an.r 7 ,39, n, 15H, PPhs i 7,O5, and 6.98, m, 5H, Ph; 5'O5, m, 5H, CsHs; 3'44'

d, J(llP) tz uz, 911, P(OMe)g.

(ß) Addit,ion of HpF5,ottz (30 mg, 0.14 mmol) to Ru(CzPh){p(oMe)s}z-

(n-CsHs) (50 mg, 0.10 mmol) in deuterochloroform (2 ml) gave an orange-red

solution. The solution ruas filtered inLo diethyl ether (50 m]) r to give a

bnoun-red ytne.oLp,í,tafø of [nu(C=CHPh){p(ONe)s}z(n-CsHu)]Pre 
(3,t2) (40 mg,

62gó) (Found: c, 34.7i H, 4.5. CrgHzgFe0oP3Ru requires c, 34.5; H' 4'4c¡6)'

Infrared (NujoI): y(CC) 1660m; v(P0) 1010s; v(PF) S40v cm-r' rH rì'm'r'

(CDC1g): 6 7.04, nt, 5H, Ph; 5,35, m, 5H¡ CsHs; 5'08, m, -tH, =CH; 3'68' mt

lBH, P(OMe)g.

(c) A mixtu::e of {Meg0}PF6 (50 m9, o,24 mmol) a.nd Ru(c2Ph){P(OMe)s}r-

(n-csHs) (50 mg,0.10 mmol) in dichloromethane (2c ml) u/as stirred at room

temperature for 2 h. Filtration and addition ol" diethyl eLher to the f,iltrate

resuJLed in the precipitation of the tan complex Inu{c=cN"Ph){P(OMe)g}z-

(n-CsHs)] er, (3.33) (+: ng, 679(,) (Found: C, 35'2; H, 4'5' CzoHgrFe0oPsRu
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requires C, 35.6; H, 4,6?ó). Infrared (Nujof ): v(CC) I655m; v(PO) l010si

v(PF) 840s. rH n.m.r. (CDCls): 6 7,29, m, 5H, Ph; 5.72t m, 5H, C5l]5; 3.67,

t, J(HP)* ll Hz, lBH' P(OMe)g; 2.2Ot s' 3H, Me.

Separation of two outer peaks of A part of A9XXrAre systemlê

Røvut¿ibiX.itU o (t th¿ Pnotoyafion Røaelion o (¡ Ru(C zPh) (PPhs) z (n-Csl'fs )

A soLution of Ru(C2Ph)(PPh3)z(n-CsHs) (200 mgr 0.25 mmol) and HPF5¡0Et2

(I00 mg,0.45 mmol) in deuterochLoroform (2 ml-) ruas added to a sofution of

sodium methoxide (lO ml of a o.l- M sol.ution in methanol). The dark red colour

of the phenyvinylidene cation ryas dissipated¡ and the yellou UtqAtøLs Lhalu

vere rapidly deposited vere recrystallized (dichloromethane/metlranol) to

give pure Ru(CzPh)(PPh3)z(n-CsHs) (195 mg, 9826), ffi.P. 2o2'2o50 (dec.).

The complexes Ru(C2R)(PPh3)z(n-CsHs) {R = Me, Pr, C02Mer C6H'+F-p or

CeFì) r Ru(CzPh) 1¡, ) (¡-CsHs ) {Lz = dppm or dppe} and 0s(CzPh) (PPh3 )z (n-CsHs )

vere similarly treated vith HPFo,0Et2. Addition to a soLution of sodium

methoxide in met.hanol afforded the alkynyl complexes in high yields.

All protonation reactions, monitored by tH ñ.rIì.t. spectroscopyt

shorued that conversion of the aÌkynyl compJ.ex to the vinylidene complex

(as evidenced by the characteristic csHs singlet) vas quantil-ative after

the addition of the hexafluorophosphoc,e o.,d.
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PREPARATTON OF A CVCLTC CARßEA/E COI'4PI.EX

R¿aeÍ'Lo n b eÍtt¿en RuC.(- (PP h s ) z ( n - C s É/ s ) and 4 - H q dn o xq p¿vlt- 1 - q ne

A mixture of Rucl(ppr¡r)z(n-csHs) (:oo mg, 0.69 mmol), NH+PFs

(150 mq, 0.78 mmol) and 4-hydroxypent-J--yne (60 mg, 0.71 mmol) uas heated

in refLuxing methanol (40 ml) for I h. Filtration, evaporation and crystalJ.iza-

tion (chloroform,/1ight petroleum) afforded pale yellov Utq,Sta'U of

Ru{C(CHz )zCHMeOi (PPh3 )z (n-CsH' )]tt, (t,34) (550 ms , 879ó), m.p . 232-2350

(Found: C, 59.6; Hr 4,9, C,,oHqsFs0P¡Ru requires C,60.1; Hr 4.726). Infrared

(Nujot): v(C0) fZtgs, 1198s, and 1179s; v(PF) BlTvs cm-r. rH n.m.r. (CDCIs):

6 7.37, 7.29, 7,I5, and 7.03, m¡ PPh3 1 4,81, s, 5Hr CsHsi 4.07, mr fHt

C(l)H; 4.O7, and 3,4O, m, 2H, C(5)Hz i 2,O6, and I.40, m, 2ll, C(4)Hz; 0.85, d,

-I(HH) 6.4 Hz, 3H, Me. t3c n.m.r. (cDCls): 6 299.4, t, J(cP) t4 uz, Ruc;

I35.6-128.4, mr PPhg 1 92,4, s, C(3); 9L.2, s, C5H5; 6I.7, sr C(5); 3O,It st

C(4); 19.0, s, Me.

D¿utetta,t io n o (\ lnut c (cH ) zcHt lø}j (PPh s) z (n-c s ff s l_f rr. l 3, 3 4't

Complex (3.34) (300 mg, O,33 mmol-) vas dissolved in dry pyridine (2¡ ml),

and deuterium oxide (0.5 ml) uas added. After I h. at 70-800, the sol-ution

vas cooled to room temperature, dry diethyl ether (100 ml) vas added, and

trituration of the resu.l.t.ing oil- caused it to soJ.idify. Filtrationr vashing

ruith diethyl ether until pyridine vas completely removed, and drying (0.01 mm)

afforded the yellou deuterated complex [n

PFo O.rc) (23O ng, 772í,), n,p. 2I2-2I40 ,

lH n.m.r. (CDClg ): 6 7 .37 , 7,29, 7,I5, an

CsHs i 4.O7, m, l-H, C(l)H; 2,06, and 1.40,

llzr 3H, Me. l3C rì.rIì,D. (CDDlg): 6 299.9,

s, C(l), 9I.2, s, CsHs i 30.o, s, C(4); 19

u{C(CDz )CHzcHMe0} (ppne )z (n-CsH

identified from its n.m.r. sPe

d 7,O3, m, 50Hr PPh3; 4.83, st

mr 2H, C(4)Hz; 0.85, d' J(HH)

m, RuC; I35.5-128.4, m¡ PPh3 ;

,2, s, Me .

,t -
ctra.

5H,

6.4

92,6,
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?n¿pata.Íio n o d Ru{C zCH zCHMe7 (rl4p) } (PP l':¡) 2 ( ¡- C 5 H s ) G, 3 5 )

A mixture of Rucl(PPh3)z(n-CsHs) (335 ngr 0.46 mmol) and the tetra-

hydropyranyl derivative of 4-hydroxypent-l-yne (100 mg, O.6 mmol) vas heated

in refluxing methanol (25 ml) for l0 min. Concentration and addition of

sodium methoxide (l ml of a l- M solution in methanol) gave yeIJ ov ut|,Sta'.L6 of

Ru{CzCHzCHFleOCH (CHz ),*0} (PPhe ) z (n-CsHs ) Q.35) (120 mq , 3O9i) (Found: C ' 7J..1;

H, 5,82í,; M (mass spect.rometry), B5B. CsrHso0zF2Ru requires C, 7I.41 H, 5.92(,;

M,858). tH n.m.r. (CDCls); 6 7.47¡ and 7,I5, mr 3oH, PPhg; 4.69t mr lHt

0CH0; 4,22, s, 5H, C5l-15; 7.75, n, 3H¡ 0CH2+CHMe; 1.56-l.IJ-, m, 9H, =CCH2¡

CHCHzCHz, and Me.

Pnotonotion oó ,ComytX.øx (3,35)

Addition oi HPF6¡0Et2 (20 mg,0.09 mmol) to the tetrahydropyranyl comple>

(3.35) (50 mg, 0.06 mmol) in chloroform (2 ml) gave a yelloru-orange soÌution.

After stirring at room temperature flor 2 min. the solul-ion ruas fliltered into

diethyl ether (50 mt), to give a yellou ytnøe-cyti,ta.tø of complex (3.14) (50 mg'

9396), shovn to be ident.ical urith the product obtained from the reaction of

4-hydroxypent-1-yne ruith RuCl(PPhg )z(n-CsHs ).
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Rectc,tion befwø¿n {RI(C=CHP|)(PPhz)z (n-CsHs )}PFs and DLoxqgen

The complex {Ru(C=cHPh)(PPhs)z(n-CsHs)}Rfu (500 mg, o"53 mmol) vas

dissolved in deuterochLoroform (l ml). Dioxygen \uas bubblecl through the

solution, at room temperature, for a period of 60 min. [xamination of the

lH n.m.r. spectrum shoved that conversion of the vinylidene complex to

another product(s) (as evidencecl by the characterisLic CsHs singlet) ruas

quantitative after this period of time. The deuterochl-oroform solut.ion uas

extracted uith aqueous sodium bicarbonate, the aqueous layer neutral-ized

vith hydrochLoric acid and then extracted ruith diethyl ether. The diethyJ-

ether extract uas evaporated to dryness t.o give uhite ULq^.ta,U of benzoic

acid (50 mg, 779¿), n,p. 120-1210 (Foundz M-I7 (mass spectrometry), 105.

CzHsQz requires M-I7, 105) {Authentic sample of benzoic acid: m.p . 1220;

M-I7 , 105]. The deuterochloroform layer uras added dropurise to stirred

diethyJ. ether (>O mt) to precipitate a light yelloru pot'\)duL of the carbonyl

compJ.ex {Ru(C0)(PPhe)z(n-CsHs)}pf . (3.37) (+¡O mg, 9326), n,p. 236-2400

(Found: Cr 58.1, Hr 4.0; P, L0.5. Cr*zHssFo0PsRu requires C, 58.4; Hr 4.1;

P, 10.8). Infrarecl (Nujol): v(C0) tge¿ls; v(PF) B40s cm-1 . 1H n.m.r. (CDC1g):

6 7.37, 7,3O, 7.Ig, and 7,O7, m, 30H¡ PPh3 ; 4.97, s, 5H, CsHs. l3C rì.m.r.

(CDClg): 6 2O3.2, s, C0; I3r-I29.f, m, PPh3; 91.0, s, C5H5.



CHAPTER 4

CVC LOPENT AOIENV L-RUT HENTUM ANO - OSMTUM CIíEMTSTRV .

COMPTEXES CONTA/AiING CYANOCARB(]Â/ AN2 CYANON/TROGEÑ LTGAN'S
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Iyt;tttoduction

Replacement of H by F in Lransition metal o-alkyts increases thermal

stability, and decreases the M-C boncJ length;t's experimenta] ISCA shifts of

Mn(CHs)(CO)s and Mn(CFg)(C0)5 shoru that the electron density at the C atom

is considerably higher in the CH¡ than in the CF3 compound.r26 Ca.Lculations

on a series of Mn(C0)5 compouhds using an extended CNDO formalism support

observaLions that electron-urithdraving groups decrease reaction rates.I27

The experimental observations are not limited to o-bonded groups; transition

metal complexes containing olefins, dienes, and arenes bearing el.ectron-

vithdraruing groups, and particularly those conLaining polysubstituted

ligands, shoru significant differences in st-ructure and reactivity from their

hydrocarbon analogues.

The most commonly studied compounds have F or CFg grouPs in place of

H in the ligands; a groving number of reports are concerned urith poly-C02Me-

substituted }igands, often derived from Cz(COzMe)zr and urith ligands con-

taining several cyano groups. Both substituents can conjugate ui-th unsaturated

centres also present in the ligand, faciJ.itating electron del.ocalisation.

Many studies of tricyanomethanide, C(CN)a, and tetracyanoethylene, Cz(CN)+r

complexes have appeared.r2srt2s !,lithout detailing a1t papers concerned

urith cyanocarbon-transition metal chemistry, it is nevertheless pertinent to

note Kingrs studies of t.he reactions o1' chlorocyanocarbons vith metal

carbonyl anions, uhich have given polycyanovinyl. complexes, and via subsequent

reactions and transformations, derivatives conLaining dicyanomethylene and

dicyanovinyldene J.igands;87 various cyano-a1kyl complexes obtairled by insertion

of tetracyanoethylene into M-H or M-C l¡ondsrl30 and also by oxidat.ive addition

of chloroacetonitrile and related compounds to suitable electron-rich

transition metal complexes;131 and the uork of K8hler and couorkers on the

preparat.ion of simple sal.ts conl-aining many simple substituted cyanocarbon,

cyanonitrogen and related pseudo-halide ions.r32
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Ligands containing more Lhan tulo carbons bearing cyano-substituents

ate rare. Reactions of MC1(C0)(PPhs)z {M = Rh or Ir} ruith the tetracyanoethylene

radical anion gives {M(C0)(PPh3)z}zC+(CN)e (4,I), containing a U-(NC)2CC(CN)

C(CN)C(CN)z ligatrdrr33 r3r+ vhile pentacyanobutadienyl compJ.exes \uere

obtained from several metal carbonyl anions and CIC(CN)=C(CN)C(CN)=C(CN)r,.t'u

N

ttl
c
I

,/t\
C

c.
,/\

N

rll
C

I

(4.la, M = Rh)

(4.]b, M = Ir)

PPhaN

c

M

C

I

c
llf
N

c
ll
c
ll
N

I

CO

\

PhgP-+ M e- PPhg PhgP

1

Complexes containing poly-cyano cyclic liqands appear to be limited to the

complexes of CsHs-n(CN)n- {n = !, 2, J and 5} with manganese, rhenium and

the silver and iron derivatives of pentacyanocyclopentadienide, {Cs(CN)s}",

obtained by bJebster.l37 The iron(Il) complex, decacyanoferrocene, is an

insoluble brourn solid, thought to be polymeric via bridging CN groups.

Cyanocarbon acids are among the strongest organic acids, and the

original- paper describing these intriguing compounds report the preparation

of several simple sa.l.ts of these anions ruith transition metal cations. I 3 B

Horuever, u/e are not auare of any. compounds contain-ing these anions and

organometallic residues, and ue have commenced a study of these derivatives

ruith a survey of some reactions urith the versatile complex RuCI(PPhg)z-

(¡-C5Hs).ttt The resulting complexes, together vith some related derivatives

containing smaller cyanocarbon and cyanonitrogen ligands, and the erystal

and moLecular structure of Ru{cg(cN)s1{p(OMe)r}(PPhs)z(n-CrHs), are described"

c0
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RaruLt¿

lrle have described previously the cationic complexes {Ru(MeCN)(PPhs)z-

(¡-C5Hs ) ]pFo ancl {Ru(NCCHzCN) (PPha )z (n-CsHs )}efu, obtained direetly from

RuCl(pphs)z(n-CsHs) and the nitrile in the presence ol" NHaPF5.3r The

Iatter complex is readiJy deprotonaled by strong bases, such as KOBu¿, to

give the neutral dicyanomethanide complex (4,2). This forms as orange

yellour crystals, and is also obtained directly from NaCH(Ctl)z anO

RuCI(PPh¡)z(n-CsHs). Yel.lov crystals of the tricyanomethanide

(4.t) and dicyanamide (4,Ð complexes vere sinilarly prepared from KC(CN)s

or NaN(CN)2. These complexes uere characterised by elemental analyses and

speetroscopic meLlrods, although the cyanocarbon J-igand uras only deteeted by

the characteristic v(cN) bonds around 2200 cm-l in the infrared spectra.

H ,à
Ru- N= C =C Ru - N-C =C Rr¡-N=C=N'

/
1

/

\
1

t\C /c
Ph eP Ph gP Ph gP

PPh a PPh s PPh 3

(4,2) (4.3) (4,4)

Reactions betveen RuCI(PPhs)z(n-CsHs) and otlrer cyanocarbon anions

sueh as IrIr2r3r3-penfacyanopropenide ancl l rIr2r4r5,5-hexacyanoazaPentadienide

afforded Lhe intensely red Ru{Cs(CN)s}(ppf'a)z(n-Cslls) (+.5a) and deep purple

nu [ru{cz(CN)g}rJ 
(enr'r)z(n-csl'ls ) U+,6) compJ-exes. The identity of these complexes

vas again deducec1 f'rom the manner of synthesis, elemental analyses, and the

presence of v(CN) bonds in Lhe infrared spectra. Ì¡le urere unable to identify

any l3C n.m.r. resonances ruhich might be assigned to the cyanocarbon ligandst

in spite of long accumul-ation times, deJ-ayed pulse techniques, or the

\ N
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In the spectra of complexes (4.2)-(4.6), v(CN) bands occur in the range

2266-2117 cm-r; no uiell-defined separation of bands ruhich could be due to

cyano groups and keteniminato fragments vas found, although in the best spectra

some fine structure uas observed in the v(CN) bands' Since no examples of

metal complexes of the Cg(CN)5 ligand have been described, ve decided to

determine the st.ructure of the penLacyanopropenide complex to further clarify

the mode of attachment of the cyanocarbon ligand. In the event, no suitabJ.e

crystals of (4.5a) urere obtained, but- simple exchange of'one PPhs J'igand for

p(OMe)g in decalin afforded Ru{cg(cN)s1{e(OMe)g}(PPhs)(¡-C5Hs) (¿t.5b) urhose

st.ructure uras readily deLermined by X-ray diffraction methods'

Coondina.tion cLb0u.t nu'thøniwn The structure determination confirms that the

pentacyanopropenide group is N-bonded to ruthenium, that i-s, as the cyano-

(tricyanovi.nyl ) keteniminato ligand. Other ligands at.tached to ruthenium are

the ¡s-cyclopentadienyl ring, vith Ru-Cp disLances 2.160(12) -2,236(6) Å, the

t.riphenylphosphine ligand, ruith Ru-P(1) distan ce 2.322(2) Å 
"nO 

tl-re l-rimethyl

phosphite ligand, urith a Ru-P(Z) Oistance 2.239(Ð Å'. The angles at ruthenium

accord vith the more or Less distorted octahedral coordination found for

other complexes conLaj.ning the Ru(PPh3)z(n-CsHs) moiety {e.g. P(1)-Ru-P(2)

91.2(I)0; P(l)-Ru-N(411) , 90,r(r)0 ; P(2)-Ru-N(411) , 9O.I(1)0], with the

l-csHs group formally occupying three coordination positions.

8. and. The Ru-P(I) distance is simÍIar to that foundThe

in RuCI(PPhg)z(n-CsHs ) {2,3J5(Il Å}.to The ligand geometry is also similar to

tha¡ found in other metal-PPh3 complexes, vith distorted tet'rahedral geometry

at phosphorus {e.g. C(11I)-P(l)-Ru, ttZ,4(2)o ; C(112)-P(1)-Ru, 115'1 (Z)0 ;

C(ttl)-p(t)-Ru, II9,9(f)0), and the stightly opened intra-ring ang-lo at the

phenyl carbon rvhich is attached to phosphorus.

Thø tnínefhra.(..frho¿p14,íÍ.ø Ligand Again, the Ru-P(Z) distance is close to thal

found in Ru{NH=C (ct=g )N=c(cFa )Nl-l Ì{P(oMe)3}(¡-0sHs) (2,r7) {z.zrs(2) Å}, tltn

oLher bond parameLers al-so similar.67
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The eqc.Lop¿nta"diønq[ I'Lgand Although the Cs ring is a regular pentagon

ruithin experimenLaL error, there is some evidence for diffeting tnctna

infl-uences of the various ligands presenl as shovn by t-he Ru-Cp distancest

e.9. Ru-C (7) Z,Zi6rc) A, approximaLeiry tnctna to P(1); Ru-C(9) 2,160{fZ) Å,

approximaLely Ínctnt to N. This is the trend expected if the cyanocarbon

J.igand is a better r-donor than the P-donor ligands and this phenomenon is

also present in Ru{NH=C(CF3)N C(CFa) ] {P(oUe) s} (n-CsH, ) } . 67
NH

Tl,p Cs(CN)s .(iqcLnd, The Ru-N disLance {2.O32CSI Ål is cl-ose to that found in

complex (2.I7), and the bond distances in the ketenimine fragmerrt {C-N, I.I42(9)
0

C-C, L.423(10) A] confirm the multiple order ol' these bonds. The uncoordinated

C-N bonds are betveen l-.106(lI) and LI52(14) Å, ruitlr bond angles at the

cyano carbon of beLryeen 169.3(1.1) and I79.I(9)0, both parameters indicating

that these are ríorma1 cyano groups. These are attached to the carbon skeleton

vith C-N distances urhich are scattered betueen l-,385(12) and I.5I2(ll) Å.

The C(41)-C(42)-C(43) system shorus evidence for considerable multiple bonding

betueen t.hose carbons, urith C-C separations of 1.130(10) and L ,366e) Ã.

The overall configuration of complex (4.5b) is shourn in Figure 4.It

and important bond distances and angles are listed in Table 4.I.* The crystal

structure consists of monomeric molecules, of urhich one forms the asymmetric

unit.

*Da.ta bA B. a). ShøLton and A, H, Hh,í.tø
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TabLø 4,I

Interatomic distan""" (å) and bond angles (o)

' 
Røth¿ru(um gøomutnq

Distances

Ru-P(1)
Ru-P(2)
Ru-C ( l1
Ru-C ( 12
Ru-C ( ll
Ru-C (llr
Ru-C ( 15
Ru-N (41

Angles

P(1)-Ru-P(2)
P(l)-Ru-N(411)
P(2)-Ru-N(411)

)
)
)
)
)
t)

2,322(2)
2.239(2)
2.220(8)
2,236(6)

2.161(12)

2.O3?(5)

gr,2(r)
e0.r(1)
e0.r(t)

T niyt høn g.Lyt lrto a p lrt Lne .(Ág crnd no n- I'tq dno g en g eo m e,tn q

Ring 1 Ring 2

Distances

Ring 3

l.BlB(5)
r,376(B)
r.789(9)
r,385(]2)
1.158(10)
r.3eo(e)
t.lB4(10)

LL9,9
I24.L
IT7,4
IlB .5

P

C

c
C

c
C

c

(1)
(5)
(4)
(5)
(7)
(6)
(6)
(7)
(6)

.2
,4
.B
.7
.3

IzI
119
I19
r20
L20

115.1 ( 2 )
r?0.5(4)
tzr.3(4)
118.2(6)
r2o.B(5)
120.0 ( 5 )
120.0(7)
rre.6(6)
r2r,4(5)

4(2)
B(5)
6(3)
6(6)
0(7)
B(5)
2(7)
5(B)
B(5)

c(12)-c(rr)-c(16)

(1)-c(11)
(tl)-c(12)
(rz)-c(r¡)
(r¡)-c(r4)
(t4)-c(15)
(15)-c(16)
(16)-c(11)

Angles

Ru-P(1)-c(11)
P(r)-c(rl)-c(12)
P(1)-c(11)-c(16)

c(11)-c(12)-c(tl)
c(12)-c(r¡)-c(14)
c(11)-c(t4)-c(15)
c(14)-c(rr)-c(16)
c(15)-c(16)-c(11)

Other angles

1.81t (6 )
r.37r(7 )
t.196(10)
r,366(r2)
1.170(B)
l.l8e(10)
1.402(10)

IT2,
I22.
I]8.
Ll_8.
T2T.
119.
r20.
120.
Il9.

1.811(6)
1.180(7)
r.37e (e)
r,383(9)
r,760(9)
1.190(10)
t,377 (B)

c(r1r)-P(l
c(111)-P(l

3,2(2); c(112)-P(1)-c(1ll) ' r00.4(l) ;

3,8(2) .
10
I0

2
I

t1
11

-C
.C

)
)
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TabL¿ 4,1 (cont,)

Interatomic distan""= (Å) and bond angJ-es (o)

T ruínef.l4LtL-pl,Lo,s phi.t ø .Ltqand no n- Lttldno aøn aøome-tnq

Distances

p(z)-0(21)
P (2) -o(22)
P (2) -o(23)
o(21)-c(21)
o(22)-c(22)
o(23)-c(23)

Angles

Ru-p ( z)-o(zr)
Ru-P ( 2) -o(22)
Ru-P ( 2) -o(23)
0(2r) -P(2)-0(22)
0(21) -P(2)-o(23)
o(22) -P (2) -o(23)
P(2)-o(21¡-s(21)
P(2)-o( 22)-c(22)
P(2)-o( 23)-c(23)

r.5e5(4)
1.570(6)
L.587(4)
r.437 (B)
r.429 (B)
r.4J5(7)

II9,4
TI3,4
]lt.5
ro4,2

98 .0
108.9
I20.5
I29,6
126.4

(2)
(2)
(1)
(2)
(2)
(2)
(5)
(6)
(4)

CaeLort¿ntctdiewLdø .(iqand no n- hLtdno a øn aøome-tttg¡

Distances

c(3r)-c(32)
c(32)^c(J3)
c(33) -c(34)
c(34)-c(35)
c(35) -c ( ll )

Angles

c(35) -c(3r) -c(72)
c(r1)-c (t2)-c(J1)
c(32) -c(33) -c(34)
c(33) -c(54) -c(35)
c(34) -c(ts ) -c ( l1)

r.401(9
r.366(r
r.356(r
r.342(r
1.148(rl)

rot.9
106. l
tOB .4
r09 .0
108.5

)
2)
2)
t)

(7)
(7)
(6)
(B)
(7)
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Tab,Lø 4.1 (conÍ..1

Interatomic distan""" (å) ancl bond angles (0)

P en t nctt a-no p tLo rr e.nLt,L Liq and no n- l+tt dno a øn a øo m e-lst t ¡

Distances

c (41) -c(42)
c(41)-c(411)
c(41)-c(412)
c(411)-N(41r)
c(4r2) -N ( 412 )
c(42)-c(43)
c(42)-c(42r)
c(421)-N(411)
c(41) -c(43r)
c(43) -c(432)
c(4lt)-N(4ll)
c(432)-N (412)

Angles

Ru-N (411 ) -c (411 )
N (411 ) -c (411 ) -c (41 )
c ( 41r ) -c ( +r ) -c (42)
c (411 ) -c (4r ) -c (412 )
c(42) -c(4t ) -c (412 )
c(41)-c (42)-c(4t)
c(41) -c(42)-c(421)
c(43) -c(42) -c(42r)
c(42) -c(42r) -N (421 )
c(42) -c(43 ) -c (411 )
c(42) -c(4t) -c(432)
c(4¡r)-c(41) -c(432)
c(41) -c(43r)-N(411)
c(43) -c(432) -N (412 )

r,366(9)
1.424(10)
r,423(9)
t.r42(9)
t.112(lo)
l.llt(10)
1.511(11)
r.L52(r4)
r.477 (r2)
r,335(r2)
r.106(11)
r.111 ( 11 )

(4)
(5)
(6)
(5)
(7)
(B)
(6)
(7)
(e)
(B)
(7)
(7)
( 11)
(B)

6.3
8.5
3,3
6,I
o.6
r.2
5,3
3,5
7,2

17
L7
12
r1
L2
13
t1
11
I7
r20.6
I2I,9
II7 ,5
169.3
L74.3
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0i¿cu,s'síon

This chapter describes the reactj-ons of several cyanocarbon and cyano-

nitrogen anions vith the complex RuCl(PPhs)z(n-CsHs)r in vhich the chloride

is exchanged l'or the cyano-substituted group, to give the neutral complexes

Ru(R¡¡)(PPhs)z(n-CsHs) {(q.z)-(4.6)}. In complexes (4.5) and (4.6), where

the organocarbon system is extended, the coÌours alre respectively deep red

and deep purple, in accord ruith the considerabl-e ef ectron deloca.l-isaLion

expected in the cyanocarbon ligands. 0ther derivatives have the usual yelloru

col-our characteristic of RuX(PRs)z(n-CsHs) complexes.

The structure of these compJ.exes is of interest, since, as mentioned in

the introduction to this chapLer, examples of both C- and N-bonded cyano-

carbon ligands,have been described. The Cs(CN)s J.igand in complex (4.5b) is

N-bonded through one of the cyano groups attached to a terminal carbon of

the propenyl system, that is, as a cyano(tricyanovinyl)ketenimine ligand.

Discussion of this structure is facilitated by comparison urith those of

compJ-ex (4.1) , and potassium c..i.á-hexacyanobutenediide, Kz (hcbd) . 
t u'

AJ-though the pentacyanopropenide ion has been structurally characterised

in {Fe(C0)z(PPhg)(n-CsHs)}{Cs (CN)s} r disorder prob}ems prevented an

accurate measurement of the bond parameters in the isolaLed {Cs(CN)s}-

anion.l43 The formal val-ence bond representations ol these cyanocarbon

derivatives are shovn in Figure 4.II, toget-her uit.h diagrams incorporating

significant bond parameLers.

FiquJLø 4,TI

I,Ty' P gAtg s U a_n o fr no rr ¿-Ue løN

2,033 r.424
Ru-

r.142 r.3X ,/,
c

Lrsrl
C

r.785/ \r.+zz
CC

/\

KU_ N-U-U C
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C

,423

N

,r52

1. t06
N
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c
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FiquLø 4.II @owt)
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The C-CN and C-N bonds of coordinated and uncoordinated cyano groups

do not diffler significantly; the short Ru-N bond probably refl-ecLs a

degree of 1T-bonding to the metal, keteniminato grouPs being considered to

be good 1T-donors. In complex (4.1), Lhe average Rh-N distance is 2.O44Q)

In the hcbd dianion, as in complex (+.f), Lhersingle'bonds are

shorter than those normaÌly found in conjugated systems, urhile the central

C=C double bond in (4.1) is simil-ar to that found in Letracyanoethylene

{cubic, I.344(¡);r4a monocl-inic, L339(g) Åtut}. That in the hcbcl di.anion

is considerab]-y longer, at 1.399(9) Å, and is in accord uith the extensive

delocalisation predicted by extended Huckel calcul-aLions. In (4'SU¡, the

bond distances ruithin the carbon skeleton suggest a considerabl-e degree of

deLocalisal-ion over the three carbons, and the slight opening of, this

system {angle C(41)-C(42)-C(4t) ItI.2(B)0} supports this tendency to

formation ofl an aLl-enic grouP.

The resuLts ofl this structuraÌ determination suggesl' tlrat the degree of

conjugation in the cyanocarbon ligand is int.ermediate betveen the fulJ-y

delocalised alJ-ylic system, and the formal (NC)zC=C(CN)C-(CN)z arrangement.

Comparison of the three structures discussed above suggests that delocalisa-

tion of charge occurs largely over the dicyanomethylene and carbon skeleton;

attachment of a metaL atom to one ofl the terminal cyano nitrogens results in

little modil'ication of the system, uiLh the exception ofl a sJ-ight lengthening

of the C=C double bond ryhich is conjugated vith tlre M-N=C=C group '

A binuclear complex (4.7) ruas obtained from the reactíon betueen

RuCI(pph¡)2(¡-CsHs) and disodium azoteLrazofate, and crystaJ-lised as the

dichlorometl-rane sol-vate. Firm conclusi-ons about the structure of (4.7)

cannot be clravn at this stage, although a C-bonded ligand ruould seem to be

rul-ed out on steric grounds; bondj-ng of the meLal to one of the ring

nitrogens as in (4.7a) or (4,7b) rs on obvious al-ternative.

0
t
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EXPERTMENTAL

General experimental conditions are described in Appendix I.

Cyanocarbon derivatives \uere prepared as described in the literature:

NMe+{Ce(CN)s},ttu NEt,-[N{C(ctrl)=C(CN)z}r] tt3s socJium dicyanamide vas purchased

from the Aldrich Chemical Company; sodium azoleLrazoLate from t.he Depart-

ment of Inorganic Chemistry, The University of Brístol.

PREPARATTON OF CVANOCARßON AND CVANOI\/ITR()GEN COI"4PLEXES

F nom RuCL(PPhs) z (n-C sHs )

(A) Sodíum dicqanomutlutnide-, ñaCH(Clr/)2. - A mixture of sodium dicyano-

methanide {prepared ín ¿i,tu from malonitrile (33 ng, O.5 rnmol) and sodium

(I2 mg, O,5 mmol) in ethanol (40 m]) at 00] and Rucl(PPh3)z(n-csHs) Q63 ng,

0.5 mmol) vas stirred at room temperature (15h). Removal of solvent and re-

crystallization of the residue from dichl-oromethane,/diethy-l ether gave orange

aLq^tat,s of Ru{N=C=CH(CN)}(ppns)z(n-CsHs)(+.2) (26O ngr 69ió)r m.P. >l-100

(dec.) (Found: C, 69,4;lJ, ¿t.9i N, 3,9, C++l'lgeNzPzRu requires Cr 69.9;

H, 4.8; N, t,7?ó). Infrared (Nujol¡ ¡ e(cN) 223lvv, 2I6I(sh), 2I37s cm-t.

rH n.m.r. (cDCle): 6 7,24, m, lOHr PPhg; 4,24, s, 5H, csHs.

(ß) Pota,s¿fuim ltuccuqnom¿thcLnide., KC(CN)s. - A mixture ofl RuCl(PPhg)z-

(n-CsHs ) QZ6 ng, .1.0 mmoL) and poLassium tricyanomethanide (ll0 mg, .l-.0 mmol)

vas heated in reflluxing methanol (40 mf) for fh. 0n cooling, fine yellotu

crystal.s deposited. Recrystallization (dichlorometlrane/diethyl ether)

afforded yeJ-lour ALUyfl7.X-^ of the dichloromethane sol-vate of

Ru{N=C=C(CN)z}(PPhe)2(¡-C5t-15 ) G.3) (680 mq , 79ió), m.P . 2O7-2IO0

(Found: C, 64.I; l-1, 4.4; N, 5,I; Pr 7.3, C+sHssNgPzRu rCH|CI2 requires

C, 63.8; H, 4,1; N, 4.9; P' 7,29á). Inflrared (NujoJ-): v(CN) 2l75us 
"m-t '

rH n.m.r. (CDCIg): ô 7.30, m, and 7.21, mr l0l-l¡ PPh3; 5.30, s, 2H, CHzCIzi

4,?9, s, 5H, csHs. r3c N.M.R. (cocls): ô 116.4-rz9.5, mr PPha; 82.8, s,

CsHsi 53,5t sr CHzClz.
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(C) Sodium díet1a.nanídø, NaN(CN)2. - A simil-ar reacLion to (B) used

RuCl(PPhg)z(n-CsHs) QZe nq, I mmol) and sodium dicyanamide (89 mg, I.0 mmot)

in refl-uxing 1,2-dimethoxyethane (60 ml) for 14 h" The turbid yellorLr-broun

soLul-ion ruas filtered and evaporated and the res-idue \uas chronratographed on

alumina, a yellov band being eluted wi1-h dichloromethane. Crystallization

(diclrloromethane/methanol) gave yeJ-lour ULU,Stn[^ of Ru{N=C=N(CN)} (PPh3 )r-

(n-CsHs) (4.4) (150 mq,z}it)r m.p. 1600 (dec.) (Found: C, 67.4; H,4,7;

Nr 5,3, C+sHgsNgPzRu requires C, 68.7; Hr 4.7; Nr 5'6?ó)' Infrared (Nuiol):

v(CN) ZZ66nr 2ZZBnr ZI6Is "m-t. 
tH n.m.r. (CDCta): 6 7.23, n, l0tl' PPhsi

4.ZO) s, 5H, CsHs. t3C n.rì.r. (CDClg): 6 117.0-128,2, mr PPhs; 82.O, st

CsHs.

(D) Tøtttanøthqlanmonium 1,1r213,3-pe-nlacq&nofrrLofrenidø, N^'f¿q{Cg(CN)s}.

(i) n mixture oi nrCf(ppnr)z(n-CsHs) (500 mg, O..69 mmol) and NMe,+{Ca(CN)s}

(166m9ro,69mmor)urasheatedinrefluxingmethanol(¿romL)forJ0.min'

A red pnøciytitnt¿ formed, and uas co-l.l-ected, uashed rvith methanol, and dried

to give pure Ru{c3(cN)s}(PPhg)z(n-CslJs) (+.Sa) (510 mg, 8626)r m.P. >?250

(dec.) (Foundz Cr 67,B1 H, 4.f ; N, 7.9, C+gH:sNsPzRu requires C, 68.7; ll' 4.ì.;

N, 8,2?6). Infrared (Nujol): v(CN) 2I99s; v(C=N) 1500s cm-r. rH n.m.r. (CDC]s):

6 7.34-7.07, mr lOH¡ PPh3; 4,52, s, 5H, CsHsi 4,44, sr c' ?-H,

(ii) Complex (4.5a) (216 ng, 0,25 mmol) vas heated ruith P(OMe)g (120 mg'

0.97 mmol) in refluxing decaLin (llO mt) for 15 min. The cooLed solution vas

then chromatographed direct,ly on alumina, the decalin and excess P(OMe)s being

uashed out ryith light peLroleum. A yellou band vas then eluted vith diethyl

ether. Crystallization (diethyl ether/light. petroleum) then a1'forded red

uLA^tuX's of Ru{Cs(CN)s}(ppr,r) { P(OMe)gi(n-CsHs) (+.5b) (105 m9' 729ó), m.p.

170-1740 (Found: C, 56,8; H, 4.0; N, 9,62i; lv{ (mass spectrometry) r 7I9,

Cs+[]zsNspzggRu requires C, 56,8i H, 4.1; N, 9.82(,; M, 719) , Infrared (Nuiol):

v(CN) 22O4n,2I93n; v(C=N) 1502v; v(Po) lO+em, lOllm "m-1. 
tH n.m.r. (CDCtg):

ô 7.55, m, and 7.45, m, I5H, PPh3 ; 4,77, d, J(llP) O"7 Hz' 5ll' DsHs i 4.7I, d,
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J(HP) 0,7 Hz, c, lH, ?;3.53' d, J(HP) Ir.5 Hz,9H, P(0Me)s. r3c n.m'r.

(CDCIg): 6 115.3-128.6, mr PPhs; 83.2, s, CsHsi 52.7, d, J(CP) B Hz, P(0Me):'

(E) TefuaeÍhqLunmonium 1,'l,2, 4 r 5, 5 -h¿x4cAanoa"za¡cøntn'dienide' (hcnN)

ñEfu[U1g(CN)=C(CN)z]z]. - A mixture of RuCl(PPh3)z(n-CsHs) (140 mg, 0.47 mmol)

and NEt+[frf{C{Cf.f )=C(CN)r}l (fe] mg, O.47 mmol) vas heated in refluxing methanol.

(40 ml) for I h. Removal- of the sol-vent and recrystallization of the residue

from dichloromethane/diethyl ether gave a deep purple ytttøeipitøt¿ of

Ru( hcnN )(PPha)z(n-CsHs) (4.6) 315 mg , 74ió), rIì.P. >950. Satisfactory

analyses urere not obtained" Infrared (Nujol): v(CN) 22I5s, 2199(sh); v(C=N)

1500s cm-t. rH n.m.r. (CDC13): 6 7.35-7.07, m, lgH, PPh3 i 4.54, s, 5Hr CsHs;

4.49, sr c. 2H, ?, r3C n.m.r. (cDCla): 6 r15.4-l2B.B, mr PPhg; 84.4, sr CsHs.

(F) Di¿odíum &zotetna.zo[.q.tQ-, 
^/42{Ji/(C/\r+)}2. - A mixture of RuCl(PPh3 )2-

(n-CsHs) (Z5O mg, 0.14 mmol) and disodium azoLeLrazol-ale (36 ng, 0.17 mmot)

vas heated in refluxing methanol- (+o mt) for I h' 0n cooling, yellov-brovn

crystals formed, and vere purified by chromatography on alumina. A yellour

band ruas eluted vith 9:l dichloromethane/acetone, and crystallization

afforcled orange-red czq,sta,Lá of the dÍchloromethane sol-vate of {Ru(PPhe)z-

(n-CsHs )]z (CzNr o ) (4.7) (210 mg , 75,6) r m.p . >1550 (dec. ) (Found: C, 62.5;

H, 4.6; N, 8,39(,; M (CHCl3), 1620. Ce+HzoNroPqRuz,CH2Clz requires C, 62.6i H'

4.5; N, 8.62(,; M, 1548). rH n.m.r. (cocte): 6 7.I5-7.11, m' 60H, PPl.rg; 5,3o,

s, ?H, CHzClz i 4,36, s, LOH, CsHs. r3C n.m.r. (CDClg): ô ll8,O-I27.8, m¡ PPh3;

83,3, s, C5H5;5J.5r sr CHzCIz.

Acbnow,k-clgØmQ-nt [n/e are grateflul to Professor M. A. Bennett for a sample

of potassium tricyanomethanide.
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IntnodueLLon

Although the application ofl I 3C nuclear magnetic resonance techniques

in organic chemistry rs quite commonrltG the value of this technique to

the Lransition metal- chemist has only recently become real-ised.l47rl48

A variety of transition metal and metaL carbonyl complexes hqs been

examined by ttC techniques.l4e-1ss It is interesting that the 13C

shieldings of some cycÌopentadienyl derivaLives exhibit a fairly J-inear

correlation vith t.he corresponding proton datarlae vhich indicatesthaL

both are dominated by similar factors.

During the course of this vork, cyclopentadienyl-ruthenium complexes

u/ere prepared containing one or truo triphenylphosphine ligands and, in a

number of cases, ño phosphine ligand. Collation of I3C

nuclear magnetic resonance spectra \uas a resuft of the increasing interest

in the application of r3C n.fiì.L. measurements and the availability of nev

instrumentation vhich al-l-oued data to be col-l-ected in a routine mannel.

It uas hoped that a correLation betveen the chemícaL shifts of tl-re cyclo-

pentadienyl resonances in the 13C and rH spectra might be observed (for a

systematic series). A list of t.he compounds examined is shovn in Table 5.I.

together ruith the lH and l3C d"ta for the cyclopenLadienyl group and 13C

data flor the triphenylphosphine ligand and/or ot.her ligands.

In order to simplify the t 3C spectra and greatly reduce the t'ime

required to obtain data urith adequate signal-to-noise in the recordingst

proton noise decoupling u/as used in all- cases. I s 6 Thus, splittings due to

spin-coupling betru"en t3C and IH rre coJ.J.apsed, and only t3C chemical shilts

and, in some cases, spin-coupling ryith other nucLei are measured.

Assignments indicated for each spectrum are based upon (i) comparisons

uith observed peak posit.ions in ot.her simil-ar compounds ruithin the col-Iec-

tion, (ii) data reported in the literature, and (iii) results obtained

ruith off-fesonance colrerent proton spin-decoupling ruhich generally

provides indicaLion of, the number of protorls directly attached to a given

carbon aLom.
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TabL¿ 5.1

c(t)

I

M

1

X

Phg P

h 2PP

c(6)
ct: I

c(2)
å<rl

c (4)

l(CsHs CsHs C(t) c(2,6) c(¡,5) C(4)No. M X

T28.4
]28. B

r29,O
r29,O
I29.I
r29.3
T28,4
I2B,J
I28,3
I28.3
T28.6
t28.6
T?8.6
]28 .8
r28.9
T28.8
I29.9
110.0
)30.4
I30.5
r29.7
r29,4

r27,O
I27.2
r27,6
r27 .5
r27.6
I27,8
r27.7
r27,2
L27,2
i27 .r
1,27,3
rz-7,4
I27.3
r27 ,4
r27.5
I27 ,6
I27.8
I2B.J
I28.5
I28,7
128 .8
I28.2
r_28 .0

2
t
0
7

3
B

6
l
2
3
I
l_

l
I
û
0
4
9
5
5
5
5

4,49
4.4r
4.10
4.3r
4.lB
4,38
4,2r
i¡,22
4,22
4.r7
4.22
4.J2
4.19
1,3r
4.35
4,t6
4,2I
4,24
4,29
4.52

I39,
ll8.
)_37 ,
I39.
I39,

r34,
r34,
r34.
r34.
r34,
r33.
!J4 

"
r34,
r34.
rt4.
I3t+,

rtt.9

r.7
I.9
8.6

l/+
14
17

82.0
77.2

84. r
84.5
84.7

H

H

cl

CzCeH+F
CzCsFs

Ru
0s
Ru
0s
Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru
0s
Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru
Ru

17

l
2
t
4
5
6
7
B

9
10
I]
12
I3
14
t5
I6

1B
19
20
2I
22
?t

I34.
r34.
r34,
r34.
It4.
r34.
r3t,
r33,
r33.
rt'.
r33.

1
3
9
5
7
B

5
3
4
3
B

5
5
2

4
7
4
0
B

r39,
r39.
r39,
TJg.
It9.
tl8.
l lB.
140.
136,

85.3

136B?.8

81.5
78.3
81. B

85.3

85.2
84.B
85,4
Br.5

86.0
86,2
86,7
82,7

Br
I
CN

C(CFa )=CH(CFs )
CzMe
Cz Pr
Cz}ut
Cz (CHz ) zCzH
Cz Ph
Cz Ph

Cz C0z Me

ön(cr-rz)st
CH(CN)z
C(CN)g
Cs (CN)s
hcnN
N(CN)z
Sz CH

hcnN = I rI t2 r4 15 ,5 , -hexacyanoazaPent'adienide

r35
135
r37
IJ7

Bt,7
84.4
82,O
83.Z

454
4.20
4,59

*0ther data in Table 5.II
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TabL¿ 5,I (corut.)

IM'+- X

Phg P 1

c(6)
I

c (5)

PPhz

c(1)

c(4)

c(2)
I

c (r)

No. M X csfls csHs C(r) c(2,6) C(1,5) c(4) co rÊ

?4 Ru

25 Ru
26 Ru
27 Ru
28 Ru

?9 Ru

30 Ru

3I Ru

7? Ru

33 Ru

t4 0s
35 Ru

t6 Ru

37 Ru

tg Ru

39 Ru

40 Ru

4l Ru

42 Ru
43 Ru

44 0s
45 Ru

46 Ru

47 Ru

48 Ru

49 Ru

50 Ru

51 Ru

52 Ru

53 Ru

c0
CNH
CNMe

CNET
CNBuI
CNCy
tosmic
C(OMe)CH2Ph

I33.2 r29,r
r33.4 r28,5
Lt3.4 r28,6
r33.3 r28.6
I33.4 r28.6
r33,4 r28.6
r33.4 r28.6
r33,9 r28.6
I3J,B I28.5
r33,4 r28,3
r35,4 r28.4
r7t.4 r28.3
I33.8 I28.5
L33.5 I28.4
r33,5 r28.4
I33.7 r28,4
I3J"4 ]28.8
r37,5 r28.9
r33,2 I28,4
r33.4 I29.O
L33.5 I2B.B
r31 ,7 Lz8 . B

r33 .7 Lz8. B

rt3,5 r?e.7
r33.4 r29.O
r33.5 !29,L
r33.5 r28,5
r33,5 r28,5
rt1,5 r28,6
r7'3 ,5 128 . B

91.0
B7 .5
81 ,5
87.5
87. B

87 ,7
89.0
92,O
9r,9
9l-2
BB.4
9I.2
89.0
9r,z
9L2
9r.4
94.5
94,5
93.4
95.2
92.7
94.5
94.5
95.2
96,r
96,5
83,4
84..0
84. I
84,2

4.97
4,67
4.69
4,68
4,68
4,68
4,78
4,75
4.77
4.82
4,97
4.82
4,91
4,83
4.83
4,76
5. r0
5. L0
5,19
5,27
5.42
5,r3
5,O9
5,20
5,35
5,28
4,45
4.48
4.46
4,56

r75,3
136.O
136.O
136,O
136,2
136.I
r35,6
136,O
IJ6.A
r75.9
136.4
L35.9
r35.7
r75.6
r35,3
136.I
r34,5
ri4.6
r34.7
I35.I
I34,8
IJ4,6
r34.6
r34,4
I34,6
L34.6
)35,9
IJ6.O
136,I
r35,9

t3r.3
LJO,4
I30.5
r30.5
r30,6
t30.6
r30.6
tlO,B
r30,7
I30.3
110.5
r30,3
110 .8
r30.3
r30,4
rl0 .4
I3I.2
I3T,J
ll0.B
I3T,4
I3I.'
I3I,3
I3I.3
I'I,J
T'I.6
I3I.7
r30.3
r30.2
t10.1
r30.5

203.2

C 0Me cD2 Ph

Ct-l14e

C

2 4

Cz HMe

Cz HPr
Cz MePr
Cz HPh
Cz HPh
Cz MePh
Cz EtPh
CzHCoH,*F
Cz HCe Fs
Cz HC0z Me

NCMe

NCCH2 C02 Et
NC(CHz )zCNRul
NCPh

tosmic = CNCH2S0zCsH+Me-4; Ru' = Ru(PPh3)z(n-CsHs)

xOther data in Table 5.II
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TabL¿ 5.1 (conÍ,)

RuX(PPhg )L(n-CsHs )

No. L X csffs CsHs c(1) c(2,6) c(¡,5) c(4) c0 ìç

54
55
56
57
5B
59
60
6I
6Z
63
64
65
66
67
6B
69
70
7I

PMes
PMe s

PMe s

PMe s

PMe s

P(OMe)g
P(0Me)g
P(OMe)s
c0
c0
CO

COL
cNBuj
CNBui
CNBua
CNCy

tosmic
CNC e H,+ OMe

ct
CzMe -
CzBuL
CzPh
Cz C0z Me

C1
c3 (cN) s
c2Ph
C1
CHz Ph

. c2Ph*c 
( oM" ) cH, Pn

H

cl
Cz Plr
CI
C]
C1

4,30
4,48
4.4t
4,52
4.55
4.49
4,77
4,68
t+.89
4,6L
4.99
5.24
4,89
4.53
4,82
4.53
4,69
4,68

r34.3 r27 .979
,4 r?-7.4134

84.
86.
BB.
81 .
9T,
82.
80.
84.

140. l
r40,2
1110.6
t40 .0
I39,7
I38.4
r35,3
r39,3
r34,9
136.8
136.3
r33.4
141 .8
136.7
]JB. ]
L37.2
r35,9
IJ6.7

203,8

203,6
20r,2

4
2
5
0
0
6
2
3
0
7
3
3
2

9
2
6
0
B

I29,3
I28.9
I28,6
r29,O
r29,4
r29,2
r70,7
128 .8
r70.5
I79.9
r30.2
I3I,9
L29.O
I29.I
I29,3
r29.6
110.0
T29,8

r34.5 ).27 .7
r34.4 r21 .6
t34.2 L27 .B
r34,7 r21 ,6
r33,9 L28.6
r34.4 r27 "4T33.8 I28"5
r33.7 1.28,3
r33,9 128,3
r33.2 I29 ,5
r34.1 r27,9
r73,5 r27,5
r34.O r27 "Br34.L tZB . I
r37.9 r28.3
r33.9 I28,2

82,
82,
83.
84.
B.t.
83.

B1
B4
B7

Che,[.wte comp.Løxa/s

72 c(E)=CH{c(0)OMe}
fi c(r) =C (CH2Ph) {c (0)OMe}
74 CHzCoH,+C(CFs )=CH(CF¡ )
75 {NH=C(crs )}r.N

E = C02Me

4.4L
4.95
5.ll
4,24

134
134
t34
133

76,9
92,2
90.7
76,6

I35,I
136.I

136.2

.2 r27,5
,7 I27 ,B
,9 r27,7
,6 I28.5

r29.2
r29.9
r30.2
T29.8

MXLz (n-CsHs )

Csffs CsHs PMe3 P(OMe)g C0 tf
No. M Lz X

76
77
7B
79
BO

B]
B2
B3
B4
85
B6
B7
BB

B9
90
9I

Ru
0s
Ru
Ru

4,44 77 ,3
4,57 72.3
4,6? 80.2
4,7r Bl.0
4.72 82.Z
5,5t+ 92"I
5 .16 BB ,7
5,60 87 ,7
5.20 83,9
4,82 83.7
5 .O7 80.0
4.78 82,7
4,64 77 .B
4.73 Bl .9
4,84 81.6
4.99 83 "6

Ru¿
Ru'

I

Ru'
a

Ru'
!

Ru'
I

Ru'
I

0s'
nrl
Ru'
Ru
Ru

Ru

PMe a

PMe 3

PMe 3

PMe 3

PMe g

PMe 3

PMe s
PMe3

PMe 3
PMe s

PMe g

PMe 3
PMe 3

P(oMe)3
P(OMe)g
P(OMe)g

c1
Br
CzMe
c2Ph
CzC0zMe
C2HPh
Õ(öF;æ
CO

CNBuI
PMeg
PMe 3

P(OMe)3
MeCN

H

C1
c2Ph

2r.5
2t,4
23,3
23.3
23.L
22.9
22,7
2l-5
2]-9
23.I
25.6
24.? 49,r

52.L
52,2
52.1

x0ther daLa in Table 5.II

2L,4
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To"bI-e 5,I (c.ont,)

RuXL2 (n-CsHs ) (cont. )

No. Lz X csHs CsHs c(t) c(2,6) C(¡,5) C(4) tÊ

92 PMePhz Cl 4,32 BO.2

4,O5 82.r
4,76 80.1
4.53 7g,B

4.78

I12
712
212
o12
212
712
2r2
7r2

5
B

5
B

B

2
4
0

136,3
T35.I
I52.3
I45,8

133
Lll
r22

8.1
7.9
qq

5.4
B.?
8,2
8.0
7.8

I29
I2B
r2493

94
95

P(OPh) a Cl
dppe H

dppe Ct
13t+
134
13I

I3I,
r29.
I29,
I29,
r29.

96

97
98

dPpe

cNBu4*cNBu'

CzPh

c1
PPhs

82,6 r42.7 r34.
I37,3 L3I,

73
97

4
4

83,g
B5.B 136.2 L33.t r29 .O lll.l

Other Ru(n-CsHs) complexes

No. Complex CsHs CsHs PMeg P(OMe) s
.rÊ

99
100
101
ro2
t0l

{HRr-rC](PMeg ) z (n-CsHs
{RuClz (PMee ) z (n-CsHs
Ru (n-CsHs ) z
Ru (n-CsHs ) {Cs (COzMe)s }
Ru [{HN=C(Cr, ¡ } zN]{p (OMe) ¡ } (n-cslrs )

/o./ c(l)
{Rui c(I)

c(5)

ìii
I] 84
r3 94
55 70
93 78
52 77

,
6
4
4
/+

a 4
7
I
B

4

2r.7
15.2

51.1

xOther da.ta in Table 5.II

Table 5.II lists the other resonances for the compounds in Table 5.I.

No other data urere obtained for compounds (7), (15), (47) and (48) as the

solutions uere too dilute. Carbons ryith long reJ.axation times (vinylidene,

alkynyl, carbene and quaternary cart¡ons) u/ere generally observed only

under favourable conditions (see beLow), Those carbons attached Lo

nitrogen \uere usually not observed even under favourable conditions.

Carbon positions for the carbene and cyclic-carbene ligands are shovn beLov.

0

\.
{Ru} - c(1)

c(l)
I

(5) ..c(q)
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TabX-¿ 5,lI

AIkynyI products

No. Ru-C =C- Other

B

9
IO
11
T2
13
I4
I6
55
56
57
5B
6I
64
6B
7B
79
BO

90.7

116 l_

94.o
89.0

100.1
1t1.2

105. l
I11.4
I20,4
IO9.2
II4,7
IIO. f
II3.4
IO5.3
l0l .4
116 .5
101.0

II2.9
112 .8
lll, B

98,7
,p1.0

t12.0
112.0

Me 7.8
CHz 24,3¡ 25,5; Ple L3.9
CR -; P1e 33.O
C=CH 85.4; C=CH 68,2; CH2 23,4¡ 2O,9
Ph 110.7, 127,8, r23.2
Ph r3L2, r27.7, 122.9
Ce H+F I32,O, I3I.6 , ll5 .I r lllt.l-
CO I77.4;OMe 51.4
Nle 7.3; Pl{e 2I.7
CR -; N1e 33.2; PMe 22,I
Ph L3O,9 , lf 0. B , I23 .O; Pl4e 2J ,3
C0 -; OMe 51.3; PMe 21.9
Ph ll4.B, 110.8 , I27.7, 127,2; P(OMe)
CO 2O3,6; Ph I3I.2, 129.2, I2-7.6, I?4
Ph 111".0, 128.8, I27.5, 123.2; CN 159

Me 7.0
P¡1 I34 .2, lll .0 , I27 .9 , I23 ,O
C0 -; OMe 51.f
Ph 134,7 , r3O.9 , r27 ,9 , L23 ,6
Ph 110.7 r IJO.1 , I23.I; CHz 28.2

5
.3
.6

2,0

; CR 56,2i Me lO.E

9I
96 116. l

Vinylidene products

No. Ru-C =C 0ther

40
41
42
43
44
45
46
49
B1

349,9

352,O
359,O

109
114
I2I
119
l0B

t{,t
II4,7

Me

CHz
CHz
Ph
Ph
Ph365.7

,4
,7
.3
.8
.2

.9,

.8,

.2,
,6,
.3,
,9,

5.5
23
27

I29
I27
I29
I29
-,

24.5; Me I3.7
2O.9; Me 13.8r I3.7
I27 .5
126.9, 118.0
128.0 , I25 ,'
I2B ,3 , I27 ,6 , I25 ,O i CHz 2O,6 i Me 1l .4
66.r

132.5 , r29 .7 , l?7 .2, 126 .2

Ph
CO

Ph
0Me

Carbene, cyclic-carbenes and rel-ated compounds

No. Ru-C C(l) C(5) C(4) Other

17
tt
32
33
34
35
36
t7
3B
t9
65

62.9
62,8
62.8
81.6
BO. B
Bl-.6
79,5
9?.4
92,6
73.O
62,9
80.5

7
l
7
5
4
5
B

4
9

l
9B2

I4B
l0B
l0B
100
26J
100
lr_0
299
299

ll.B
296

52,4
63.4

60. B*'
67 ,O
6r.7

4t+.4
12
L2

26,9
19.0
19,2

Ph
Ph

Me

Me

r22.3
I22.4

l_27 ,4,
r27.4,

9,6
9.6

,

60
62.

55.J
66.2
59,4

B

0
?2,6
23,6
22,6
JB.]-
10.l_
J0.0 Me

- c (4) 2.O,J, 16,4
Ph I1L2, r29 "6, I2B,B, I2l .B

xmultiplet
2I.9
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TabL¿ 5,fi (eont,)

Nitrile products

No. Ru-NC Other

50
5l
52
5t
BB

Me

NC

CH

Ph
Me

4.1
CHz 6
2 15,
r32.
10.7

2.9; CH2 27.2; Me 11.9
l
7, r29.5, 111.5

Isocyanide products

No. Ru-CN 0ther

25
26
27
28
29
30
66
67
68
69
70
7I
B4
97
98

Me 10.9
CH2 40.7; Me I4.B
CR -i Me 10.4
Çy 56.I, 32,9, 24,9, 2t,6
CoH+ 146.5r ltl .4i CHz 64,7; l{e 2L9
CR 55.5; Nle 3I.3
CR 56.1; Me 10.4
CR 56.2; Me 30.8; Plr 131.0, I2B.B, I27,5, 123,2;
Cy 56.I, 32,9 , 24,9 , ?3 .6
CsH+ 146,2 ¡ I30,4 ,I29 ,3 i CH2 64,O; Me 2l . B

C5Ha 158.4¡
CR -; Me J0.
CR 56.4; Me

CR 52 ,21 lle

156,6
I59.6

0ther products

C=C 11I"2,111.8

L26.9 , 123,8; Ol4e 56.6
2
30,7
30.4

No. Ru-C Other

6
TB

23
6t
72
73
74
75
92
94
95

LO?
103

r53,2
104.0

4.5

44

scH 201.5
Ph 127.8,
c0 186.6,
co r77 .9,
CFs 132.8
N=D 154.1
Me l¿r,9
CHz 3I"3
CHz 27,3
c0 166,o;
N=C 154.7;

5

r27 .3, r2I.6;
178,7; =CH 116,4; OMe 52.6, 50.6
176,0; Ph I27.5rI23.I, I22.t+; OMe 52,7, 52,4

i CoH+ 128.0 , I27 .5 , 123.5 , I2L9
i CFs 117.8

9
82,2C pp

Cpp = Cs (C02Me)

CF¡ 117
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The spectra in this collecLion u/ere recorded on computer-equipped

Bruker HX-908 or \,rlP-B[DS spectrometers. The samples u/ere run using l0 mm

sample tubes. The standard operating conditions u/ere c. 5000 accumulations

at 0.8 sec. per accumul-ation vith an exponential veightirrg time constant of

L.0 sec. applied to the accumuLated free-induction decay before Fourier

transformalion, and a radio frequency pulse vidth of 4.[J microseconds

ruhich corresponded to' a tipping angle of about 450. The lock signal vas

provided by the deuterium resonance from the deuterated sol'vent. Ten per-

cent TMS uras used as the internal- reference. Peak positions and cal-culated

chemical shifts (referred to TMS) vere obtained from computer listings and

the accuracy in cal-cufaled chemical shifl-s is t0.f ppm. The probe

temperature \uas c. l0o.

0i.¿eu's,sion

Examination of the data in Table 5. I . shotus thaL ttøgu'tal¿ trends

between the t3C and rH resonances of the cycl-opentadienyl group are not

discernibl-e and the data are not readiJ-y inl-erpreted in terms of current

shielding theory. Tlre l3C shieldings do exl'ribit a fai:rly linear

correl-al-ion as shovn by King , 
I u t buL a simpJ-e rationalization of the l-rend

is not evident. The cationic compJ.exes have higher chemical shift va.l-ues

than the neutral- complexes and this is to be expected. It can be nol-ed

that in all these cases these carbon nucLei are significarrtly shielded

relative to cyclopentadiene itself (6, ffZ.9).tuu The osmium complexes

have l-ouer ð, values than the ruthenium derivaLives al-Lhough the l.ormer

have higher ôn vafues. Information on the number of triphenylphosphine

ligands bonded to the metal can be obtained by examining the l3C spectra

ofl mono- and di-subslituted phosphine complexes. The phenyl carbons are

spin-coupl-ed to the phosplrorus atoln(s) and exampJ"es of the triphenyJ--

phosphine ancJ cycJ-opent.adienyl regions of mono- and di-substituted products

are shovn in Figure 5.II and Figure 5.III respectively, together urith the

spectrum ofl f'ree tri¡rlrenylphosphine (Figure 5 " I. ) .
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FiqLuL¿ 5,1

t 3C .spectrum of PPh3

)

I'B L36 LJ4 r52 110 I2B 126
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FíauLø 5,II

l3C spectrum .of the aromatic and cyclopentadienyl regions

for the complex Rucl(cNBul) (ppt,, ) (¡-c5Hs )

13B 136 134 132 rl0 I28 82 B]
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Fígun¿ 5,III

I 3C spectrum of the aromatic and cyclopentadienyl regions

for the comp].ex RuCl(PPh3)z(n-CsHs)

I

134
I

140

T_T
82 B1IJB 136 132 r30 IzB
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Diagram 5.I shovs the chemical shift values (ppt) and the J(CP)

coupling constants (hertz) for the phenyl, cyclopentadi-enyl and

isocyanide catbons.

0íaqnan 5,1

ô
C

J(CP)

c(6) c(2)
I

c(l)

c(l)
c(2,6)
c(3 15)

c (4)

r37 .5

r33.9
I28,6
]28 .8

11

20

7c(5)
c(4)

(n-CsHs ) 80.9

Ru- cl

Ph

1

P

I

C

I

Ru

1

2

)(

2

24

sur^rc 
/ 

Jrn"

c (r)

c (6)
I

c(5)

Phg P

Ru-C

CR

Me

c(t)
c(2,6)
c(3,5)
c (4)

c(t)
c(2,6)
c(3,5)
c(4)

rt6.7
r33.5

r27 ,5

I29.Ic (4)

,6

.l

.4

56

56

30

I

(

c

c

)2

3

44

1T

10

2

2

)

(n-CsHs ) 81.5

c1

PPhz

I(
I

C

\
c(6)

I

c (5)

c(2)
I

c(l)

I'8,6
r34.O

r27 .6

]28 .8

20

5

5

c (4)
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The assignmenl-s for the plrenyl carbons are based on the data ofl

free triphenyJ-phosphine.lsT Ïhe ytana" carbon'is usual-ly observed as a

singlet¡ the other carl¡ons bej.ng either doub]-ets or rtriplets' (doublet

of doublets) coupled t.o either one or turo phosphorus atoms, respecLively.

The cyclopentadienyl resonance also shorus coupling to the pl-tosphorus

atom(s). In those producLs containing PPh3 and PMe¡ or P{0Me}3, for

example, RuCl(PPh3 ) (eNet ) (n-CsHs ) or RuCl(PPh3 ) {p (oNe) s} (n-CsHs ),

coupling of the phenyl carbons to the second phosphorus is not

observed. The mel-hyl appears as a doublet. in the above spectra and as a

triplet in complexes RuCl(PMeJz(n-CsHs) and RuCl{P(OMe)s}z(n-CsHs). In

the case of complexes containing the bidentate ligandsr dppm or dppe,

the phenyL carbons are observed as doublets of triplets (l'or the P-C,

ontho and me,ta carbons) and a doublet of singlets (for Lhe ytüta- carbon).

Thus, r3C n.m,r. afflords specific evidence as to the number and types of,

tertiary phosphine of phosphite ligands present.

There is a correlation betureen the chemical shift of the P-C carbon

and urhether or not the complex being studied uas neutraf or cationic.

The cationic complexes shoved resonances at val-ues of c. I ppm l-ourer Èhon tL

se o{ the neutral product.s.

The variation in carbon shieldings in the neutraL organometallic

compounds is approximately 2O-fold greater than that. of protons.

Examples of the ranges exhibited by carbon nucLei is given in Table 5, I.

CarbonyJ- carbons absorb c. 200 ppm dounfiel-d frorn tetrametl-rylsilane

ruhile alkane carbons absorb c. 10-20 ppm dovnfield flrom TN1S. In addition

to t.hese sysLems ve have nol-ed the elecl-ron-deficient carbene carbons in

the vinylidene compJ.exes, vhich resonate at c. 360 ppm dovnfi-eld from

TMS. This inl'ormation enabLed charact.erisaLion of these complexes as rì1-

vinylidene derivatj.ves rather than tlre ¡2-alkyne complexes. 'lhus, the

toLal range of r3C shieldings is more than 550 ppm. The position of
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individual spectral bands can readily be measuted to a precision of

better than 0.1 ppm. Although the cletection of l3C absorpt-ion bands is

inherently much nore difficult than those ofl protons, the instruments

are capable of generating spectra from samples of Less than J-00 mg

containing carbon in natural abundance.

Enhancement. of r3C resonance signals upon proton decoupJ.ing, I'the

nucfear Overhauser effect", alloryed ready observation of l3C signal-s of

a ruide variety of carbons. Houever, those carbons not bearing hydrogen t

such as the vinylidene carbons mentioned above, or the cyclic carbene

carbons, the alkynyl carbons ofl the ¡l-alkynyl complexes and the

isonitrile carbons uere not readity observed and Lhe standard operation

conditi.ons had to be altered. Solutions, degassed thoroughly to exclude

oxygen, u/ere made as coneenl-rated as possible (C. I M rather than c. 0.1

M). Approximately 8000 accumulations vere collecLed at 0.8 sec. per

accumulation and vith a delay of, five to ten seconds betueen scâl-ìs.

This enabled resonance signals for carbon atoms vith long rel-axation

times to be observed.

The ¡t-vinylidene carbon resonates as a lotu intensity multipJ.et at

c. 360 ppm. Coupì.ing to the phosphorus atoms of'c. 20 hertz is observed.

In the alkynyl complexes, l-lre metaL-bonded cart¡on resonates at. c. 9O'I2O

ppm, vith the B-carbon appearing in a simifar region to that. ofl the

vinylidene complexes (tOO-t2O ppm). The ß-carbon does not shov coupJ-ing

to the phosphorus atoms. The cyclic-carbene and alkoxy-"""U"n" signals

are deteõted at c. 300 ppm. The isocyanide carbon utas observed at 156,6

ppm j-n the complex RuCI(PPh3)(CNBu¿)(n-CsHs). All l-hese Ru-C earbons

shov coupling to phosphorus, if, present in the complex.

0ff-resonance and single-frequency decoupled I 3C spectra uiere run of,

hydrogen-bearing carbons, enabling signals in t.l-le 13C n.Íì.r. spectra to

be specifically assigned l-o those signals in the 1H n.m.r. specl-ra.
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The location of the acidic hydrogens in the cyclic carbene complexesr 0 3

could be made using these techniques, together vith the t3C d.t" of'the

methoxy carbene complex [nuic(OMe)CHzPh] (PPhs )z (n-CsHs )] ttu.

0f course, the double-frequency decoupJ.ing technique normally

employed means that spin-spin interactions of I3C nucl-ei ruith

neighbouring magnetic nuclei (lH) are eLiminated. Thus, the spectra

normal.Iy consist entirely of singlet signals, and the interpretation of

the spectra merely involves the assignment of specific signals to

various non-equivalent carbons. Spectral analysis in the usual sense

is not required, as for interpretations of proLon spectra, sinðe the

fine structure is eliminal-ed in routine operation. The compl-ex

[cruu{cNRu(PPhs)z(n-csHs)}z](PFe)z (2.9) has a t3c spectrum ruhich

indicated equivalent methylene carbons thus confirming the dimeric

formulation. In the follouing chapter ue describe a complex

Rus(C0)rq(CNBul)2 containing seemingly equival-ent f-butyl groups (rH

t-ì.1¡.r.). The 13C n.Jrì.r. indicated non-equivalent l-butyl groups and the

crystal structure of the complex shotus one terminal f-butyl isocyanide

ligand and a bridging isocyanide.

Proton spectroscopy has had an enormous impact on organic chemistry

over the past 30 years. It i.s reasonable to expect t.hat. carbon

spectroscopy should offer similar promise.
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InLttoducÍion

since the discovery of a high-yield route to dodecacarbonyl-

triruthenium, ! t2 a number of reports have appeared describing reactions

betureen this carbonyl onå, a varieLy of Group V donor ligands. The usual

product from reacti.ons of Ru¡(C0)r2 ruith tertiary phosphines, PR3, is the

trisubstitubed complex, Ru3.(C0) g(PR¡)s, the mono- and di-substitul-ed

derivatives normaLly not being isolated. An early kinetic study of the

reaction suggested that formation of Rue(c0)tr(PRs) is the rate-determinirrg

sLep, uith subsequenl- reactions to form Ru3(C0)ro(PRs)z and

Ru3(C0)g(PRs)s being fast.3

In several instances, it has proved possible to isolate the mono-

and di-substituted complexes, particularly by the use of chromatographic

methods.+ The yiel.ds ot¡tained in these reactions urere Lotlr. Similar complexet

have been isolated as by-products from react.ions betueen Ru3(C0)rz and

ptatinum(0)-tertiary phosphine complexes such as Pt(PR¡)'* or

Pt(czH4)(PPhs)zr ancJ Ru¡(C0)rr(PPhg) has been obtained in loru yield by

irradiation (>¡po nm) of hexane sol-utions of Rug(c0)r2 and PPh¡i

Ru(c0)+(ppfrg) and Ru(C0)g(PPhs)z are Lhe major products's

In contrast, the phosphoniLe pph(OMe)2 reacts to give both di- and

tetra-substituted complexes. The tetrasubstituted complex Ru3(C0)s(PHs)'*

is a product of the reaction bet.veen {Ruclz(c0)a}z and phosphine.6

The stereochemistries of most of these complexes are unknoun, attempted

structure determinations being thurarted by ex1-ensive disorder probJ-ems.

Horyever, chemical evidence poirrts to substitution occurring at each

metal at,om.

In ccntrast to PPh3l triplrenylarsine reacts ruith Rus(C0)rz to form

Ru3(C0)ro(AsPha)2.7 Preliminary X-ray results from a disordered crystal

suggest thaL a linear AsRuRuAs sequence is present.OLher tertiary arsines,

such as AsflezPh and AsMez(CHzPh), react to form the trisubstituted

Ru3 (C0) s (AsRg ) g complexes.
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Only a cursory menbion of Rua(c0)r(sbPhe)a occuls in the

J.iterature;3 irradiaLion of mixtures of Ru3(C0)12 and SbPha in hexane

gives only Ru(C0)+ (SbPh3 ).8

Bidentate phosphines have been relatively little studied. Ì¡/hile an

early reporL suggestecl the formation of Rug(C0)o(dppe)¡, this has not been

confirmed, and only com¡rLexes of the type Ru3(C0)ro(Pz) {Pz = dPpmt

dppe and ffos] and Rr-le(C0)e(l'fos)z have been fully characterised.a

gther polydenl-ate Group V donor ligands have given only'mononucl-ear

complexes, perhaps as a result of the harsh conditions used. Thus the only

isolated products from reactions betureen Rus(CO)12 and the ligands tp, tas,

qp or qas {1-e = PhE(CoH,*[Phe -Z)zi qe = E(CoH+EPhz-Z)zi E = P or As] in

chlorobenzene(Ioo0/48h)ruerenu(co)z(te)orRu(C0)(qe).Theintermediate

complex Ru ( C0 ) z ( qp ) vas cletected t¡ut not isol-ated ' 
s

It has proved possible to'cap'the Rue cluster by using the

tridentate tertiary phosphine MeSi(PBuz ) g ; yellotu Rus (C0) g{ (BuzP)sSiMe}

is formed in lov yield f=rom a reaction betveen the }igand and Rug(C0)rz

in benzene.lo The Ru-Ru edges are longet (2,gf7 
0A) 

than in other non-

bridged cLuster complexes of ruthenium-

Many nitrogen-containing f.igarrds react vith Rus(C0)12 to give mono-

or bi-nuclear products. tr'27 The trinucl-ear complex HRus(Uz-NHPh)(C0)io

is formed from the reaction betueen aniline and Rug(C0)rzr by oxidal-ive

addition of the amino g¡.ouP to the Ru-Ru bond. In the presence of

Rus(C0)rz¡ nitrobenzene is reduced to aniline by high pressures of

dihydrogen, and a mechani.sm involving intermediate nitrene complexes

vas postulated.22

Complexes contai.ning ile-NR glroups have also been isolated from the

reactions of' Rus(C0)rz ryitþ several other nilrogen-containing ligands,

including plrenyJ- isocyanate,23 2f-hexafluoropropylazídeza and

trimethylsiJ.ylazide . 
2 s
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pyridazine aflfords deep maroon Rus(CO)ro(C+H+Nz), containj-ng three

l.rz-C¡ groups, uhich can be considered to be derived from the supposed

ilz-C0 intermediate for scrambling C0 groups on Rua(C0) r2,26'27

Thee]ectron.richo]efin(.mlEt)zreactsruithRug(C0)rz
28in hexane at 650 to give crimson red Rua(C0)rr(CNEtCll2CH2NEt) (252í).

The 13C n.m.r. spectrum shovs all C0 groups to be equivalent, scrambling

occurring by asymmetric tvo-carbonyl- or syntmetric three-carbonyl-

bridged species. No foul temperature spectra \uere recorded.

In a search for nev carbene complexes, Rue(C0)12 uas treal-ed rvith

LiPh; acidification gave a Loru yieJ-d (19ó) of HRu3 (C0) s (Ce ll+CPn) .2 s

The ligand uias the first. example of the commonly found o,n-allylic system,

and can also be considered as a metallated diphenyÌcarbene.

The reaction betveen ethylene and Ru¡(C0)rz G5-750/L atmosphere)

affords HzRu+(c0)rs (¡o:¿), together urith HgRug (cMe)(c0)g I2i6, as major

products.3o The strucLure of HsRu3(CMe)(C0)s is cLosel-y related to tlrat

of Cog (CMe) (CO¡ r; the Ru-Ru distance (2,8t+2 I) , is not significantly

lengthened over that in Ru3(C0)rr.'l The normal bond lengthening obselved

ulithprH ligands is counteracted by the presence of the Lte-CMe group.

The complex is not fluxiona.L betryeen -60 and 900, perhaps because of the

high coordination number of the ruthenium.3'Tvo C0 resonances are found,

one of ryhich exhibits coupling to the metaL-bonded protons.

Further examples of H¡Rua(Us-CX)(C0)g complexes have been obtained

from H3Rug (ug-COf'le) (CO) e, itself readily formed by alkylat,ion of

{HRusqpr-C0)(C0)lo}-.'3 The ruthenium complexes are less stabl-e, bot.h

oxidatively and Ùhermally, than the'cobalt analogue.

It is of interest that slov replacement of' turo hydrogens occurs

uith HgRue(Ug-C0Me)(C0)e at 1000 under C0 to give HRu3(U-C0Me)(C0),o.tu

The reaction betveen HgRus(U¡-CBr)(C0)s (fornled from the reaction of

H¡Rus(p3-C0Me)(C0)g ruith BBra) and diethylamine, also under C0, affords
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orange HRus(U-CNEt2)(C0)ro âs the only productr none of the trihydro

compl'ex being obtained. The tendency to form Lhese complexes probably

arises because of the favourabLe stabilisation via the C=OMe or C=NRz

ylid resonance forms.

The di-methyl analogue is among the products obta.ined from Rus(C0)rz

and Me¡SnCHzNMez.35r36 These complexes contain an Ru3 triangle, one edge

of urhich is bridged by H and C=NMe2 ligands, the latter acting as a Je

donor. The structure provides another example of the normal lengthening

of an Ru-H-Ru three-centre bond being counteracted by the shortening

effect ol" a p2-ligand.

The merit of the present uork is that monosubstituted derivatives

of the t.rinucl"ear ruthenium carbonyl, Ru3(CU)lz, rvhich are not readily

obtained (except for those products mentioned above), vere formed in

high yields from reactions betveen Rue(C0)rz and isocyanides.3T

React,ion betveen Ru3(C0)rz and isocyanides had not been reported at the

beginning of this vork. Brief reports of the preparation of complexes

Rus(C0)12-¡(CNR)n {n = I-4, R = Bu¿, Xy} have appeared. 38t3e catalysis

by CoCl2 ]112O appears to be a promising general route to these derivatives.

The preparation of the osmium analogues 0s3(C0)rz-n(CNR)n {n = I or 2 for

R =Me¡ C5Ha0MerBun, o" Buf; n=3 or4l=or p = Bun¡ o" Brf], has been

reported.40 Such substitut.ed derivat,ives are of considerable interest

since their pyrolysis provides a valuable route to higher nuclearity

clusLers vhiclr are not readily accessible by other means.4l
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R¿ctc.tiorvt o( Ru3 (C0)r 2 w.í.th Ltocqanide's

In a remarkably faciLe reaction, l-butyl isocyanide reacts urith an

equimoJ.ar amount of the cl-uster carbonyl Rug(C0)rz in light petroleum at

500 for -1-2 h to give a high yield of red ptate-like crystals of the

monosubstituted complex Rug(C0)r r (CNBU¿) (e.t). The complex ruas readily

identified by elemental- microanal-ysis and its spectroscopic properties.

In the infrared spectrum a band at 2170 cm-I is readily assigned to v(CN),

and the six-band V(C0) spectrum is different to those observed for the

equatorially monosubstituted phosphine derivatives. This evidence

suggests that the isonitrile ligand is axially rather than equatorially

substituted, and uas confirmed by the crystal and mol-ecufar structures of

(6.I) (discussed beloru). In the lH n.m.r. spectrum, the protons of the

CMe3 group re'sonate as a sharp singlet at ô I.53, uhile in the r3C n'm'r' t

all C0 groups give rise to a sinqlet, at 6 20I..1; the CMe3 carbons are

found at ô l0.l- and 59.O, but t.he isocyanide carbon vas not detected.

This simpJ.e spectrum indicates that. (6.1) is fluxional at room temperature,

and indeed the C0 resonance does not change at -1000. In this, the com-

plex resembl-es the palent Rug(C0)rz, ruhich is also fluxional at lout

temperatures.

Reaetions ruith increasing amounts of l-butyl isocyanide have given

the deep red complexes Ru3(C0)rz-n(CNaul)n {n = l=3}. The disubstit'uted

complex (6.2) shovs v(CN) aL 2155 crn-l, and also has a six-band v(C0)

spectrum. The lH n.m.r. and r3C n.m.r. spectra are similar to those of

(6.f), although the isocyanide carbon uas aLso observed as a singlet aL

6 144.1; again, the spectra indicate that (6.2) is highJ.y fluxional.

The trisubstituted complex (6.3) is much mole sensitive Lo oxidation than

the ot,her turo derivatives, and ve have not been able to obtain satisf'actory

microanalytical resull-s. The spectral properties are consistent vith sub-

stitution at aII three netal- atoms, ruith a three-band v(C0) spectrum, and

a singleL flor the C0 groups in the r3C n.m.r. spectrum.
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and Lhe solubiljty of the various subsLituted products. In the case of

L = tertiary phosphine, Kz and Kg appear to be larger than Kr, t.hat ist

reaction (i) is the rate-determining step, and even uiLh a deficiency of

tertiary phosphine, Rus(Co)rl-, is the usuaL product. Hovever, if the

reaction is carried out in a cLosed system, the partial pressure of C0

may become sufficient to enable the intermediate products to be isol-ated.ar

lnJe have shovn also that sotubiliLy of the products is an important.

factor, and that for L = PPhg, for example, the complex Rue(C0)ro(PPha)z

may be readily preparecl by using hexane as sofvent.q2

Reactions betveen Ru3(C0)lz and some isocyanides evidently have raLe

constants for reactions (i) - (iÍi) ruhich allovs successive formation

(and isolation) of the three substilution products Ru:(C0)rr-nln

{n = 1-3}. 'Indeed, in most cases, reactions (iii) is so slotr that

forcing conditions are often required. In one of t.he limited range of

reactions studied, a trisubsLituted product (6.4) uras the only product

isolated; in this instance the limited solubility of the complex is

probably a factor aiding its formation under the reaction conditions

employed.

The ready fornation ofl a mono-substituted derivative of Rue(C0)rz

opened up intriguing possibilil-ies for the preparation of further

complexes containing tvo or more different ligands, and as u/e sha.l-L see

beLour, the isocyanide is a useful reagent for rractivatingn Ru3(C0)12

Ín sevetaL reactions.

Cnq¿ta.(. a.nd" llo\øcu.Lan Slnuc,tttnø o{t Rus(C0)r r (CNßat)

The unit ceLl- contents comprise discrete mol-ecules of Lhe parent

cornplex vith one molecul-e comprising the asymmetric unit of the structure.

The molecule, as expected, comprises an Rue(C0)rz unit ruith one of the

axial carbonyJ-s replaced by the l-butylisocyanide J-igand. As reported pre-

viously, the moclel is complicated by disorder-i3T the present more precise

dal-a enables a more precj.se description of this disorder and Lhe refine-

menL modeL used.
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The molecular sLructure is shoun in Figure 6.I. Relevant bond

lengths are shovn in Täble 6.I.* The average Ru-Ru distance of 2,854(2)

,Â 
"orp"""s 

favourably vith that found in Ru¡(C0)iz, 2,8515(4) Å.ut

The isocyanide ligand occupies an axial position on one of the ruthenium

atoms urith an Ru-C(isocyanide) distance of I.9g(Ð A,

The carbonyls on any tuo Ru(CO)+ units, in Ru3(c0)iz, are j.n an

eclipsed arrangement vhen vierued along an Ru-Ru bond. Hovever, in the

isocyanide complex (6.1), the ligands adopt a partially staggered

configuration (Figure 6.I). This distortion can be derived from the

Ru3(C0)rz structure by truisting each Ru(C[)q group in turn and in the

same direction about the bisectors of the internal angles of the Ru

triangle. The truisting, vhich coul-d be considered to be the first stage

of a roLatioÅ simil-ar to that proposed by Cotton and Troup as a pathvay

for complete scrambling of all- C0 groups in Fes(C0)rzr4h results in a

distortion of Lhe ligand polyhedron from the truinned cuboctahedron of

Rus(C0)rz toruards an icosahedral arrangement (Figure 6.II)

*Da.ta. b,/ ß, (1, Sl¿e,tfon a"nd A. 11, A)l'u'tø
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TAßLE 6.7

Interatomic distances CÅl

c
C

C

R

R

R

nu(1)-nu(2
Ru(2)-Ru(l
Ru(l)-Ru(1
Ru(1)-c(11
Ru(I)-c(12
Ru(1)-c(11
Ru(1)-c(14
c(11)-o(11

)-o(rz
)-0(11
)-0(]lt
)-c(21
)-c(22
)-c(23

2,966
2,844
I,852
r.93
r,93
r,93
1. 86
I.I3
I,T3
I.II
r.17
r .90
r.93
T.89
I .87
l. 13
L.I2
1. 19
l.16
l.B7
I.Bf
r.90
L,99
l. 14
1.15
1.16
1.16
I.5I
L.52
r.54
l,58

(tz
(r¡
(r4
u(2
u(2
u(2

c(22)-o(22
c(23)-o(23
c(24)-o(24
Ru(l)-c(11
Ru(l) -c(32
Ru(3)-c(ll
Ru(l) -c(34
c(lr)-0(11
c(32)-o(32

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Ru(2) -c(24
c(21)-o(21

c(33) -o(33)
c ( 14 ) -N (34t)
N(t4t)-c(15)
c(15)-c(151)
c ( 15 ) -c (352)
c ( 15 ) -c (353)
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It is evident, from the comparison of the spectral properties of

(6.1) and 0s¡(C0)rrlCruAu¿), that the various v(CN) and v(CO) frequencies

and IH and t3C n.fiì.r. resonances are not Very cJ.oseJ-y related. The

osmium complex exists in tvo isomeric forms, vith axial and equatorial
l+o

isocyanide substituents.' The fluxional- process is slowed sufficiently

at -600for individual r3C resonances to be assigned, but the ueighted

mean for the axial isomer is some 20 ppm to lover fj.e1d than found for

(6.1). The 9(C0) spectra of the truo compJ.exes have similar patterns'

most bands being shifted to higher frequencies by c. 5-7 cm-rl", kl,r. Os c-r".pkx

Similar comparisons betueen Rus(C0)re and 0ss(C0)lz shou that these

shifts form part of a general pattern, and indeed are consistent urith

the replacement of Ru by the heavj-er 0s.

R¿ac.liowr o/¡ Ruz(C0) r, (CñBat) (6.t)

A reaction betueen (6.1) and one equivalenl- of tosmic gave the tri-

substituted complex Rue(C0)g(CNCH2S02CeH+Me-¿r)3 (6.4) in moderate yieldt

no mixed isocyanide complexes being isolated. The J.ability of the Í-butyl

isocyanide ligand uas further demonstrated in a reaction betueen (6.1) and

C0 (at atmospheric pressure), the complexes Rua(C0)rz, (6.1) and

Rus(C0)ro(Crugul)2 bei.ng isolated. This latter reaction suggested that the

monosubstituted group V derivatives of Rug(C0)rz, ruhich are not readily

obtained, might be formed from reactions betureen (6.1) and these group V

Iigands.

The reaction betveen (6.I) and PPhg vas monitored by n.m.r. specLro-

scopy (see experimental). The major product of the reaction,

Ru3 (C0) I 0 (CNBu¿) (PPha ) (g.6) , uas characterized in the normaL manner.

A lov yield of the monosubstit.uted phosphine complex Rug(C0)rr(ppf¡s)

vas also obtained. The initial product of the reaction vas not charac-

terized but probably is an j-sorneric florm of (6.6) , tn/hen the reaction uras

earried out using excess pl-tosphine, the trisubstil-uted complex

Ru3 (C0)g (Pphs )a ryas obtained. Using l-ri-4-tolylphosphine, uttder mi.lder
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conditions, a reasonabl-e yieJ.d (409ó) ofl the monophosphine complex

Ru3(C0)rr{P(CoH+Me- )s} G,7) uas obtained. Under more vigorous con-

ditions a product analogous to (6.6) uras isolated, Rus(C0)r0(CNBul)-

{P(CeHqMe-4)e} (6.8). This complex is sensitive to oxidation and ve have

not been able to obtain satisfacl-ory microanaJ-yticaL resul-ts.

R¿ctcfion o/\ Ru.'(CO CN BuL) and R¿¿. (C0) 
' n (CNßut) t wi.th dihudnoqøn)

In a surprisingly easy reaction, dihydrogen reacts direcLly urith

Rus(C0)rz in a boiling hydrocarbon solvånt at c. 1200 to give

H,ÌRuq(C0)r2 in high yield.as Tlrere have been fev reported extensions of

this reaction other than those mentioned in the original- accountr ai-though

the reaction is an important example of the activation of molecular

hydrogen by metal cluster complexes.

tnJe have studied the reaction of dihydrogen uith Rua(C0)rr(CNBul),a6

vhich occurs under somevhat mildel conditions than those employed for

Rug(C0)rz. For example, a reacti.on carried out in rel"luxing cyclohexane

for 90 minutes under dihydrogen (.1 atmosphere) afforded five products in

a combined yield of c. 80,'ó, ryhich have been separated by extensive

chromatography on Florisil. Three minor products uere readily ident.ified

as the tetranucl-ear hydrido complexes H+Ru+(C0)rz-n(CNtsu¿)n {n = O-2}

by comparison of their inl'raredr tH n.tr.D. and mass spectra vith those of

aul-hentic samples .37 '45

The major producL isolaLed flronl this reaction formed yelloru platest

Íì.p. c. 1000 (dec.), rvith v(CO) aL 2o93nr 2o67s,ZO7Bsr 2o2os, I998s,

I995n and 1986 cffi-1 , ryhich vere identif,ied as l-lRus (C0) g (tlC=NauÍ¡ G.9)

from the folJ-oving evidence. The infrared spectrum does not contain any

v(CN) absorption betveen ZIOO-22OO crn-I, and resonances in the rH n.m.r.

spectrum occur at 6 9.45 (t.he formimidoyl hydrogen); 1.16 (tne ¿-Uutyt

hydrogens) and -18.01 (metal hydride hydrogen). The mass spectrum con-

tains lf ion clusters l¡etureen m/ø 3O5-642, the highest ion cluster and

microanaLyticaJ- results conflirming the mol-ecuì-ar fprmula.
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Consideration of possibJ-e structures for this complex suggested that

the one slrovn belov represents the best arrangement of non-hydrogen atoms

vhich accords ruith the spectroscopic evidence. A formimidoyl ligand is

bonded to all three metal- atoms, acting.as a five-eLectron donor; the

absence of a v(CN) band, and Lhe lovest field tH reson"nce are both con-

sisl-ent ruith the presence of this ligand. The metal--l¡onded hydrogen must

occupy a bridging posit.ion (chemical shiflt), but this cannot be det.ermined

at present. An analogous osmi-um complex, H0s3 (CO¡, (HC=NPh) ruith simil-ar

spectral properties, has recently been structurally characLerised.aT

c-N
--H-

(0C)gRu Ru(C0)g

ButH

Ru
(co¡ t

(6.9)

The fifth complex, obtained in very lou yield, !/as shoun to be

HRus (C0) I (CNBU¿) (Hc=frlguf) (6.l0) flor:malJ.y derived f,rom (6 .g) by replace-

ment of a C0 group by the isocyanide ligand.

The reaction of dihydrogen ruith Ru3(C0)r0(CNBu¿)z afforded (6.9) and

(6.10) in yields of 222(' and 56,(, respecLively. A third minor product uas

identified as H+Ru+ (co) r o (cNgul)2.

Our results are of interest in relation to the homogeneous reduction

of heteronucÌear tripJ-e bonds. The formation of formimidoyl ligands from

isocyanide has been reported in the case ofl the osmium complex mentioned

above, the formation of rvhich is suggested to proceed via an insertion-

rearrangement reaction. The stepvise reduction of acetonitrile on an

Fee cl-uster has been demonstrated.qg
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It is interesting to note that the osmium compJ.ex containing the

HC=NBul J-igand is not formed and this is attributed to the lover tendency

ofl the f-butyl isocyanide ligand t.o engage in insertion reactions.

Corl..Ìqc\son o\ tt'ru yields of the producLs obtained fronl the reacLions

of Ru3(c0)rr(ctrlguf) and Ru3(c0)10(cNBu¿)z vith dihydrogen,

suggests that the tet.ranucfear products are formed onl-y from isocyanide-

free compounds. One mofecu.Le of dihydrogen displ-aces either C0 or the

isocyanide ligand and in the case of, Rug (C0) r r (cl,lgul) ¡ H2Ru3 (C0) r 0 (CNBu¿)

and HzRug(C0)rr urouLd be the initial products. The isocyanide complex

is then converted vÍa an edge-bridging flormimidoyJ- compJ.ext

HRug (C0) 1 s (CH=NBu¿) , to the final product. Presumably H2Rus (C0) r r reacts

further to give the tetranucl-ear products. The yield of

HaRuq (CO)r lCt,lgul)z in the reaction of Ru3 (C0) r 0 (CNBu¿)2 ruith hydrogen ruas

very lov and indeed, couLd be due to Rug(CO)rr(CNBul) impurity in the

starting materiaL. The complex HRu¡(C0)e(CH=NtsuÍ) ¿i¿ not react with

dihydrogen, nor did isomerisation take place orr heating. In the aceto-

nitrile reduction reaction mentioned above, the complex HFe3(CU)s(MeC=Nll)

rearranges on heaLing to UFe3(C0)s(Nef'lC=N) ruhich then undergoes further

hydrogenation. Considering the tendency for a l-butyl group to undergo

a J.r2-shift., compared vj.th a proton, it. is not surprising that isonleris-

ation of (6.9) does not occur. The edge-bridging forminridoyJ- complext

HRug(C0)ro(CH=NBul) is indicated as the product in the carbonylation of

(6,9), by comparison of infrared data ruith the 0s derivatives.aT

Thus, examples ofl partial hydrogenation of the C=N bond by addition

of isocyanide or niLrile to a metal hydride, or of, dihydrogen to a

coordinated isocyanide, have nov been described; there is afso one report

of flormation of a simil-ar ligand from a saturated ligand (NMeg) on

0s3(C0)rr.us
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t
c0P o Ru c

There i-s currently mueh interest in reactions ruhich convert one

metal- cluster into another, and in the extended interactions that are

possibJ-e betuleen unsaturated ligands and arrays of metal atoms r as one

approach to the understanding ofl the interactions betueen such molecules

and metal surfaces, and hence ofl heterogeneously catalysed reactions.s0

0n heating pourdered Rue(C0)rr1CruAu¿) at 1200, under a nitrogen

atmosphere of c. 0.5 atmospheres, 16 h, a dark brovn solid ruas obtained.

Purification by TLC afforded a dark purple pentaruthenium cfuster in lov

yieJ-d, later characterised as Rus(c0)r,*(CNBr-r¿) z G.l1) by X-ray

crystalJ-ography.sl Four other products u/ere isolat.ed from the pyrolysis

reaction; ruthenium carbonyJ., some resj-duaL Rus(CO)lI(CNBu¿), the

disubstituted (6.2) and a purple product. (tentatively ÍdenLified as

+
Rus(C0)r7(CNBu¿) (6.12) on the basis of mass spectrometric data).

pyroJ-ysis of, Ru¡(C0)rolCruau¿)z also gave the Rus cLusLer (6.11) and turo

other purple fractions urhich have not been characterj.sed.

The str, ct\^ce- of (6.Ll) is shoryn in Figure 6.III and rel"evant bond

lengths are shovn in Table 6.II. The five metal atoms from an open

array of three triangles edge-joined, and bent at these edges to form

a rsuallov' cluster. Each metal- atom is attached to three tuo-electron

donor J.igands (14 C0 groups and one CNBuI ligand), ruith the second

isocyanide ligand being attached to four of the five metal atoms via the

N and C aLoms. The clusLer electron count shotvs that this ligand acts

as a six-electron donor, although a simple account of the attachment is

not possible.
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This cluster is the flirst Rus system to be cryst,aJ"lographically

chanacterízed, although the complex RusC(C0)r5 is reported as being

isostructural vith the iron and osmium analogues. More interesting is

the open nature of the cluster, vhich is related to the a.[.o¿o polyhedron

expected for a Ms cluster by the opening of tuo edge bonds. Indeedr vit.h

the description of this complex, a complete series ofl clusters ¡elated to

each other by successive bond-breaking and addit.ion of tuo-electron

tigands has nov been described:s2

Ms(L)ro

oss(Co)re (ref.s3)
Ms(L)rz

Hz0ss(cO¡to (ref.s\)

B

+L
break A

+L break B

C

+L
break C

Ms (L) r s

oss (Co) r g (ref. s2 
)

Ms(L)re

Rus(co)r+(cNgu ^- )z

As expected, Rus(CO)r,*(CNBuZ)z is highly reactive, and readily adds

tuo-electron ligands, resulting in a breakdovn of the Rus cluster Lo Rus

cl-usters.

A

Thus, the trigonal bipyramidal cluster in 0ss(C0)ri is conrrerl-ed to
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the structure in $ss(C0)is \uhere five 0s atoms define triangles sharing

a Veriex.s2 HzOss(C0)rs is isoeLectronic ruith flss(C0)¡5 and a similar

structure is predicted bol-h by the t¡/ade Theory and the skel-etal elect¡on

counting scheme. Addition of C0 to HzOss(C0)rs results in cfeavaqe of an

0s-0s bond, folloved by an opening out of the structure to yield the

edge-bridged tetrahedral arrangement in HzOss(C0)ts.ta The cluster in

(e.f.f) is formally derived f,rom t.he edge-bridqed tetrãhedron by breaking

bond (B), and is related to the Oss(C0)rg structure by further cleavage

of bond (C), Ootn processes being accompanied by addition of one two-

el-ectron ligand.

It has been established that 0ss (co)ro undergoes reversible

adclition of 00 to give 0s, (CO)rrt' and therefore it should be possibJ-e

to decarbonylate (g.ff) to give an edge-bridged tetrahedraL or trigonal

bipyramidal arrangement.

In contrast, pyrolysis of the relaLed osmium complext

0s3 (C0) I r (Ct\lgul) , af flords 0s6 (C0) r o (CNBuf )z I ruhich has the same metaf

skel-el-on as Oso(C0)re;s6 addition of 4-tolyl isocyanide to the latter

affords the complex 0so (C0) r s (0NC5H,*CHt-4)z t contai.ning a bridging

isocyanide as a four-electron donor, urit.h a rearranged metal skeleton.sG
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Sunfl,tusLt o l¡ Ruz Q0) t z

In the experimental section u/e describe an improved synthesis of

the cluster carbonyJ. Rua(C0)rz. In the original synthesis,l carbonyl-

ation of methanol solutions c¡f hydrated rul-henium trichloride under

moderate conditions of pressure (less than 10 atmospheres) and temperature

(ZOo), in the presence of zinc as a reducing agenl ar-ld halogen aeceptor,

gave the carbonyl in C. 709ó yield. Hourevet, some vorkers have experienced

difficulty in reproducing this synthesis.

Exploration of the effects of temperature and pressure on the

reaction has shorun that Lhe conversion of ruthenium trichloride to the

carbonyl proceeds eflficiently if the reaction is carried out at 1250

under carbon monoxide pressure of 50 atmospheresr in.the absence of z '

Under these conditions, essentially quantitat,ive conversion occurs; in

general, \ue recycle the mother tiquors, vhich are pale greenish yellov in

colour, of'Len up to five times. The carbon monoxÍde acLs as l¡oth reducing

and carbonylating agent; by-products of the reaction are presumably

hydrogen chloride and methyl- formate. Ìile note that under milder

conditions (less than 10 aLmospheresr T00) the major product is the

carbonyl chloride, {RuClr(C0)a}zr but this may be accompanied by up to

lB9ó Rug(C0)rr.

Røa"ctio ctÁ Ru^(C0).,,
^omQ- 

GtLouYJ V l-Lq(tnd"6

As mentioned irr the introduction to t-his chapter, the reaction

betueen Rus(C0)rz and substituted phosphines usual-fy proceeds without the

isolation of mono- or di-substituted derivatives. The reaction betueen

Rus(CO)rz and one equivalent of Lricyclohexylphosphine afflorded a high

yield (4I2ó) of the monosubstituted complex Rus (C0) r r {p(C.Hr r ) s} G'I3)

along vith unreacl-ed Rus(C0)rz Gly¿). Reactj-on conditions uere varied

to maximj-se the yieJ-d ol'(6.If) and to obl-ain di- and l-ri'substituted

products. Only in reactions vhere a large excess (lO-folO) of the

tertiary phosphine uas used vere other products obtained; micro-
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analytical- resufts indicat.ed that these \uere not Ru3 clusters. Presumabrly,

the ruthenium Rua cluster can accommodate only one bulky P(C6l-lrl)3 ligand;

addition of a second J-iganrJ results in a breakdown o1'the cluster.

The reaction Ru3(C0)r2 ruith the bidentate N-donor ligand, 212'-

dipyridyl, afforded purpJ-e crystals of Rus(CO)to (dpy) (6.14). Tlre

infrared spectrum indicated a bridging carbonyl at 1740 cm-l and is

similar to that of the pyridazine complex Ru¡(C0)ro(C+H+Nz).26

Pyridine vas found l-o react ruiLh Rus(C0)r2 to give a bridging 2-

pyridyl compJ-ex HRu3(C0)r0(NCsH4) (0.f¡) in uhich transfer of an ontho-

hydrogen Lo the metaL has taken pJ.ace presumably via the formation of

the intermediate Ru3(C0)it(py). Further reaction with pyridine produced

the dihydrido species HzRug(NCsH+)z(C0)a (6.16). These products vere

characterised by mass spectrometric and microarral.ytical data. Infrared

specLra are simil-ar to those of the osmium analogues. Reactions of

0ss(C0)12 vith pyridine, 4-substituted pyridines, quinoline and

isoquinoline, have confirmed that metalation at. the o-position is the

preferred mode of reaction in all these cases, even vhere there are ß

C-H bonds suitable fon attack.sT

R¿ctertj-on¿. ctil H,rfu'r*lc?) tz

The cluster hydride HaRua(C0)rz is the product. of t.he reaction

betveen Ru3(C0)12 and dihydrogen.4s Tlris compLex reacts vitlr a varÍety

of tertiary phosphines ancJ phosphites,5B-63 yielding mono-, di-, tri-,

and,/or tetra-substituted derivatives depending on Lhe reaction conditio¡-ls.

Bidentate phospl-rines yield compJ-exes H+Ru+(C0)r oLz {Lz = dppe} urhere the

ligand chel-ates either one rutlreniumr6l or Lvo ruthenium atoms.62 0n1y

the trisubsLituted product is isolated f,rom the reaction of H+Ru'+(C0)rz

vith triphenyJ. pl-rosphiLe,60 all-hough all four derivatives ate flo¡med

vith l-rimethyl phosphì-te. s e Hydride mobility has been established for

the plrosphite derivalivesrse and the lou Lemperature lH n.m.r. studies
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of the complex HaRua(C0)ro(dppe) suggested an edge-terminal-edge pathuay

for t,he hydride scrambl-ing for this compLex.6r

hJe have found that f-butyl isocyanide reacts vith the cluste:: lrydride

to give the mono-, di-, and tetra-substitutecl derivatives (6,17), (6.18)

and (6 ,I9) ¡ respectively. The compounds urere characterised in the usuaL

manner and in the mass spectrunr of H+Ru+(C0)iolCNeu¿) z G.IB) a very

veak signal at m/ e gtl indicated the presence of the trisubstituted

complex. The rH n.m.r. spectrum of H+Ru+(C0)rrlCruau¿) (6.I7) shoiued a

single chemical shift for the metal-hydrogen at ô -17.97 and the di-

substituted product, (6.18), contained resonances at ô -I7.7 and -18.2t

in contrast t,o the P(Ome)3 derivatives where the hydrogen atoms are in

equivalent environments.5e

Using an excess of tri-4-tol.ylphosphine, the Lelrasubstituted

complex H+Ruq(c0)e{P(CaH+Me-4)¡},* (e.20) ruas isolated. The 13C0

resonance is a singlet, indicatjng a scrambling of C0 groups. The lH

¡.lTì.D. shorus a quintet for the four hydride atoms, indicaLing the complex

to be fluxional. The r3C and 1H n.m.r. specl,ra for tl-¡e monosubstit.uted

complex HaRua(C0)rr{P(C6H+Me-4)g} (A.21) can be interpreted similarly.

Houever, the spectra for the di- and tri-substituted products

HaRua (Co)r 0{P(C6H4Me-4) s}z G.zz) and H+Ru+(C0)s{P(c6tJkMe-4)s} g (6,21)

shou different hydride environments as in complex (6.18). Lov

temperature n.m.r. studies uere not carried out to delineate the hydride

exchange mechanism.
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EXPERTMENTAL

General experimental conditions are described in Appendix I.

Reactions \uere geheralJ-y monitored by infrared spectroscopy.

PnøpanaLLon oó Rr¿3 (Cd) r 2

A solution of RuCls¡XH20 (+ g) in methanol (100 ml.), in an autoclave,

uas pressurized to 40 atmospheres uith C0. The solution vas heated al 1250

for 20 h, the urorking C0 pressure increasing to approximately 55 atmospheres.

The reaction mixture \uas alloved to coo1, the C0 vented, and the bright

orange aLq^Í.a,L6 of Rug(C0)r2 \J/€fe collected (2.6 g), Hydrated ruthenium

trichloride (2,6 g) uras added to the mother liquor and the reaction repeal,ed

to yield 2.4 g of the ruthenium carbonyl cl-ust.er. The latter procedure vas

folloued turo máre times, total yield of Ru3(C0)r2 being 9,84 g (from II.44 g

of ruthenium trichloride)r rì.p. I54-I550 (dec.) (Found: C, 22,49ó; M (mass

spectromefty), 64I. C¡20¡2Ru3 requires C, 22.596; M, 64I). Infrared (Ce Hrz):

v(CO) 2a62vs, 2o3os, and 2oo4n cm-r. {Lit.64 2062, z03zr 2011 cnr"r, in

CCla i m.p. 154-1550]

R¿ac.tioyø od Rus(CO) r z wi.th i,socqanidøt

(A) t-Bu,tq.(.i,socrtrctnidø, CNBat. - (i) A mixture of ruthenium carbonyl

(706 mg, I.10 mmol) and l-butyl isocyanide (100 mg, !.2O mmol-) uas refLuxed

in cyclohexane (ffO mt) for 2 h. Evaporation of solvent and chromat.ography

(Florisil) afforded truo fractions. A yeJ.lov band vas eluLed uith light

petroleum. Crystallization (fight petroleum) then afforded orange crysLals

of Ru¡(C0)rz (II4 ng, 169ó). Infrared (CeHrz): v(C0) 2]62sr 2O3Os, ?o] n

cm"l. The second fraction, an orange-red band, \uas eluted urith lighl-

petroleum. Crystallization (liqht petroJ.eum) then afforded ted utrtr,stal's of

Ru3(C0)rr(Ct'lgul) (6.1) (576 ng, 822ó)r fìì.p. 114-1160 (Found: C, 27,6; H,

1,3; N , I.9?ó; M (mass spectrometry), 696, CtoHsNOr rRug requires C, 27 .7;
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H, I.3i N, 2,O9í,; l,l, 696). Infrared (CsHrz): v(CN) 2I7Ovi v(CO) 2O93w,

2O47s, 20l+0s, 2OI6n, 1998m, and I995n cm-r. rH n.m.r. (CDCI¡): 6 J-.53, s,

CMe3. r3c n.tl.t. (CDCI3): ô 201.1, s, C0; 59.O, s¡ CMe3; 70.I, s, CMøg.

(ii) A suspension of ruthenium carbonyl (fOO mg, 0.78 mmol) and f-but.yl

isocyan.ide (130 mgr 1.56 mmol) in petroleum spirit (80 ml) vas heated

under reflux for l0 min. The solvent was removed, and the residue vas

chromatographed (Florisil). An orange-red band uas el-uted uith petroleum

spirit. Crystallization (Iight petroleum) then afforded red cryslals of

Rus(C0)rr(cNgul) (6.1) (80 m9, I5i6). A second fraction, a red-orange band,

vas eluted uith petroleum spirit. Crystall"ization from light petroleum

gave deep red utq,statt of pure Rulc0)ro(CNBu¿) z (6,2) (410 mg , 7oió)¡ rTì.p.

90-910 (Found:, C, 3L5; H, 2,4; N, 3.72('; lv{ (mass spectrometry), 75I.

CzoHrsNz0rsRu3 requires C r32.Oi H, 2.4; Nr 3.72ii M, 75I). Infrared (CoHrz):

v(cN) 2I55w; v(cO) 2o65v, 2o2os, 2oo7n, L996u, 1990m, and 1986m cm-t.

lH rì.m.r. (cDCls): ô 1.54, s, cMe3. r3c hnrTì.f. (cDcla): ô 204.0, s, c0;

I44.I, s, C=N; 58,3, s, CMe3 1 3O.2, s, CMØr.

(iii) A mixture of Rue (C0) r o (ctrlguf)z (48 mg, 0.06 mmol) and l-butyl

isocyanide (5 mg, 0.06 mmol) \uas !/armed in cyclohexane (10 ml) for l0 min.

The tri-substituted complex Rua(C0)g(c¡lgu/) s (6,1) uas identified

spectroscopically. Infrared (CeHrz): v(CN) 2I39n; v(C0) 204on, J-998s, and

t97]s "m-t. 
1H n.m.r. (CuOu): ô J..04, s, CMe3. l3C n.rTt.r. (CeOo): ô 208.0,

s, C0; 57 .8, s, CMe3; 30.0r sr CMØs,

(B) 4-ToLuQ-ne,sulpLlonqLnQfhqU'sc;cqanidø (to¿mLc) r CNCfl2S02C6H4Me-4. -
(i) A mixture of ruthenium carbonyl (160 mg, O,25 mmol.) and tosmic (49 mg,

0.25 mmol) uas refluxed in benzene (40 ml) for I2 h. Chromatography

(Florisil) afforded tvo fracl-ions. An orange band uas eluted vith light.

petroleum and crystaLlization (light petroleum) yielded orange crystals of

Rug(C0)rz (85 mgr 539ó). The second band, purple-brovn in colourr u/as

eluted vith methanol. Crysl-allization acetone/light petroleum afforded
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purpte-brown uLA^tøU of Ru3(C0)s(CNCH2S0zCe HqMe- )g G.4) (80 mg, 2B;ó)

(Found z C, 36,9; H, 2.9; N, 3.8. CsoHzzNs0r5Ru3S3 requires C, 37.9; Ht

2.4; N , 3,72ó). Inl'rared (Nujol): v(CN) 2I6Bn; v(C0) l980s cm-1.

(ii) A mixture of ruthenium carbonyl (160 mg, O.25 mmol) and tosmic (L47

mgr 0.75 mmol) ruas refluxed in benzene (40 ml) for 12 h. The solution uas

allorued to cooL, and the purple-broun crystals that deposited vere

recrystalLized (acetone,/light petroleum) afforded

Rus(C0)g(CNCHzSO2C6HaMe-A)a G.4) (175 mg, 6126), identical ruith the

product obtained above.

(c) Cqe-Lohøxq| i'tocr4anidø, CNC¡ (bA J, Ma.ti'son¿), - A mixLure of

ruthenium carbonyl (650 mg, I.OZ mmol) and cyclohexyl isocyanide (ll0 mgt

L.19 mmol-) in ,tetrahydrofuran (fOO ml) at 700C for ll5 min. Evaporation

of the sol-vent and chromatography (Florisil) afforded four flractions. A

orange band uas eluted ruith light peLroleum. Crystallization (light

petroleum) afforded orange crystals of Ru3(CO¡t 2 (32O n'9, 492ó) identified

by infrared spectroscoPy. A second fracLion, an orange band, uas eluted

vith Ìight petroleum. Crystallization (light petroleum) afforded orange

c)LA,sfa.Ls of Rus(C0)rr(CNCy) (6.5) (fet mg, 2226)r ffi.P. I39-I4I0 (Found: C,

f0.0; H, 1.5; N, I.99(,i M (mass spectrometry) I 722, Cr eHr rN0rrRu requires

C, 7O,O; H, 1.5; N, I.99(,; lvlr 722).Infrarecl (CoHrz): v(CN) 2L55w; v(C0)

2O92w, 207lvu, 2O62w, 2}t+9s, 204J-vs, 2OI9n, I999n, and I992n cm-r. IH

t-ì.Íì.r. {(CDs)2C0}: ô 1.14, m, Cy. A red fraction, in very lov yield, u/as

eluted ruith light petroleum. The infrared in cyclohexane: v(CN) ?I65n;

v(C0) ZOlIn, 2O46n, 2}37sh, 2}23vs, L994s, 1984s, and I975s cm-r. The fourth

fraction eluted ryit.h diethyl ei-her, affordecl pink translucent crystals (14

mg), m.p. 80-830 (Found: C, 42.6; Hr 5,Ii Nr 3,4?6). Infrared (C61lrz): v(CN)

2I67u; v(CO) 2O73n, 2O6Ov, 2048s, 2040s, 2o26vs, I995s, 7987n, and 1968m

cm-I. lH n.m.r. {(CDs)2C0}: ô 1.14, m, Cy. The lat,ter turo products vere not

identified.
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Reac.tiotu od Rcl.(C0) r r (CNB¿I)

(A) To¿mi.c., CNCH2SI2CeH+Mø-4. - A soÌution of Rug(c0)r r(CNgul)

(6.1) (tll ng, O.25 mmol) and tosmic (49 mg, 0.25 mmol) in t¡enzene (20 ml)

1yas heated under reflux for J0 min. The solvent ulas removed, and the

residue chromatographed (Florisit). An orange-red band was eLuted urith

petroleum spirit. CrystallizaLion (liqht petroleum) then afflorded red

crystal,s of Rua(CO)rr(CNBul) (6.1) (85 mq, 49?ó) identified by the jnfrared

spectrum. A purple band vas eluted eith tight petroleum/¿ietfiyl ether

(l:1). A second purple fraction vas eluted ruith diethyl ether. The

infrared spectra of these tuo fractions indicated the products uere

identical to those formed in the pyroJ.ysis of Ru3(C0)rr(CNguf) (see beloru).

A fourth purple-brourn band vas eluted ruith methanol. Crystallization

afforded purple-broun crystals of Ru3(C0)g(CNCHzSO2C6HaMe-4)3 (6,4) (55 mg,

I99¿), identical ryith the product obt-ained flrom the reaclion of Rus(C0)rz

and tosmic (see above).

(ß) Catbon monoxide-, C0. - Carbon monoxide at atmospheric Pressure

uras bubbled into a refl-uxing soluLion of Ru3(C0)rr(CNBu¿) (6.1) (100 mg,

0.14 mmol) in cyclohexane (20 ml) I'or 75 min. The sol-ution vas alfotued to

cool, the sol-vent removed, and the residue chromatographed (Florisil). An

orange band vas eluted vith J-ight petroleum. Crystallization (methanol)

afforded orange crystals of Rus(C0)r2 (10 mg, 2I9ó) ident,lfied by infrared

comparison vith an authentic sample. A red-orange band vas eluted uith

tight petroleum. Crystallization (fight petroleum) afforded red crystals of=

Rug(CO)r1(CNBu¿) (6.I) (60 mq, 60?¿) identified by inl"rarecl spectroscopy. A

red band uas eLuted vit.h 1íght petroleum. Crystallizal-ion (light petroleunr)

afforded deep red crystaJ-s of Rua(C0)r0(cNBu¿) 2 rc.Ð (I5 mg, 1496),

identified by inflrared spectroscopy.
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(C) TtuLpl'tønqLphorphine, PPLtz, (i) Triphenylphosphine (70 mg,

0.27 mmol) ruas added to a sol-ution of (6.1) (186 m9, O,27 mmol) in CDCIg

(2 mI). The reaction ruas folLowed by tH n.m.r. and I3C n.m.r. spectro-

scopy, monitoring the Bul and C0 signals respectively. Resonances at

ô 1.54 (starting materiaL) and l.15 in the tH n.m.r. spectrum indicated

the presence of at Least one ne\u compJ-ex. These signals \uere associated

urith l3C0 resonances at, ô 201.f and 209.9 respectively. Heating l'or a

period of I minute at c. 450 resuLted in a nev Bul resonance at ð 1.48

in the lH n.m.r. spectrum (associated ruith r3C0 resonance aL 6 205.4).

Heating for a flurther 4 minutes resulted in the signaj- at ô L.4B increas-

ing in intensity, ruith signals at ô 1.54 and Ì.J5 decreasing in intensity.

After a period of B hours at c,350 signal at 6 1.J4 ruas no longer present.

Chromatograpl-iy on a pr-eparative TLC plat.e (silica gel G adsorbent.; liqht

petroJ.eum developer) yielded four bands. Band one, yelloru in colour, ruith

R¡ c. 0.8¡ af forded yeJ-loui-orange crystals of Rus (C0) r z (5 mq , 326). Band

tuo, orange in colour, vith Rf c. O,7, afforded red crystaLs of (6.1) (eO

m9r 72i6), These turo compounds vere identified by comparison ofl their

infrared spectra ruith authentic samples. Band three, red-orange in colour

and vith Rf c. 0.5, afforded pink crystals of Rus(C0)11(PPha) (10 mg, 49ó).

Infrared (CeHrz): v(00) 2O92u, 2O42s, 2]25sh, 20J.6sh, 2004s, I993u, and

lg88ru "m-t. 
lH n.m.r. (CDClr): 6 7.47, and 7.4I, n, PPhs. This compouncl

vas ideni-ified by comparison of the infrared spectrum rvith that of

Rus(C0)rl(PPhs), prepared by an al-ternative method. The fourth band, red-

brovn in col-our, ruith Rf c. O,4, afforded Rus(C0)r0(CNBul)(PPng ) (6.6) as

a burnt-orange pouder (75 mq, 30?6) (Found: C, 43"6; H, 2.9; N, 1.4.

CsgHz,,N0roPRua requi.res C, 42,7;2,6; N, I.59¿). Infrared (CsHrz): v(CN)

2I6Iw; (C0) 2O64n, ZOZIs, I995s, and I976n cm-l . rll n.m.r. (CDCle ): ô

7.39, m, l5H, PPhs; 1.48, s, 9H, CMea.

(ii) tne reaction of Rug(co)rr(cNBu¿) (6.1) (too mg, 0.14 mmol) vith excess

triphenylphosphine (150 mg, O,57 mmol) in refLuxing cycJ-ohexane (20 m])
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afforded the purple product Rus (C0)g (PPhg )a (140 mg, 75?ó) identified by

inflrared comparison vith an authentic sample.

(0) Th,L-4-toLq,Lytho.sph,Lne., P(CaH+M¿-4) s. - (i) Tri-4-tolylphosphine

(110 mg, 0,36 mmol) vas added to a solution of Rua(C0)rrlcNauf) (g.t) (zSo

m9r 0.16 mmol) in light petroleum (60 ml) and the mixture vas refLuxed for

l0 min. The solvent u/as removed and the residue chromatographed (Florisil).

Three fractions urere coLLecled. A yelloru fraction, eluted vith light

petroleum, yielded orange crystals of Rug(C0)r2 (15 mg, 7?ó), identified

by infrared spectroscopy. An orange fraction, eluted uith light petroleum,

yielded red crystalS of the starting material Rua(C0)rr(CNBul) (6,1) (110

ng, 442(,), identified by infrared spectroscopy. The third fraction, red in

colour, eluted ruith j.ight petloleum, yielded red utqata,Lt of

Rus(C0)rr{P(Cetl+Me-4)s} (6.7) (40 mg, I2?i). Infrared (CoHrz): v(C0) 2o93u,

2O43s, 2O29sT-r, 2o22sh, 2OI3s, 1987sh, and I974v cm-I . rH n.m.r. (CDCls ):

6 7,32, m, l2H¡ C6Ha1, 2,39, s, 9H, Me.

(ii) Tri-4-tolylphosphine (tOO mg, O,33 mmot) ruas added to a solution of

Ru3(C0)rr(CNguZ) (228 mg, O,33 mmol) in tight petroJ.eum (50 mf) and the

mixture refluxed fot 2 h. Chromatograptry (Florisil) afforded three

fractions. An orange fraction, eluted vith light petroleum, afforded red

crystals of Ru¡ (C0)r r (cNguf) (6.1) (80 mg , t59ó). A second fraction, eluLed

vith light petroleum/di.ethyl etlrer (1;20) yielded Rus (C0)10(CNBu¿)-

{P(ceH,*t'4e-4)g} (6. B) (120 mg, 3726) as an orange-red ytowdut (Found: M

(mass spectrometry), 972, CtollsoN0roPRug requires M, 972), Infrared (CoHrz):

v(CN) 2I64u; v(CO) 2o66nr 2O24s, I996s, and 1978m "m-t. 
IH n.m.r, (CDCla):

6 7.26, n, IzH, CeH+i 2.36, s, 9ll, C6HaMø, I.49, sr gH¡ CMe3. l3C n.m.r.

(CDCls ): 6 c. 2o5.5, s, C0; I4o.3-I28.7, m¡ C5Ha; 3o.o, s, CM¿s 1 2L3, s,

C6HaMø. The third fraction, purple in coLour and a minor product uas

eluted with J-ight petroleum,/diethyl ether (1:f ). Inl'rared (Ce Hiz): v(CN)

2I4Bv; v(CO) ZO+tru, I997ns, tg88vs, and l98lsh cm-r. This product uas not

identil'ied.



IB4

(iii) The reaction of Rua(C0)rrlCNAu¿) (6.1) (100 mg, 0.14 mmol) ruith

three equivalents of tri-4-toLyJ.phosphine (128 mg, 0,42 mmol) in cyclohexane

(¡O mt) at reflux for f0 minutes afforded purple crystals of

Rug(C0)e{P(C6HqMe-4)s}s (170 mg, B5?ó)', identified by comparison of infrared

and rH n.m.r. data vith an authentic sample.
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tRectc,tion o(s Rut (C0) r r (ClVBa ) w.í-th d"Ll+qdnogøn

Dihydrogen, at atmospheric pressure, !/as bubbled into a refluxing

sol-ution of Ru¡ (C0) r r lCtrtOu¿) (100 mg , O.4t mmol) in cyclohexane (fOO mf )

for I h. The sol-uLion vas al-lorued to cool, solvent removed, and the

residue chromatographed (Florisil). Five f¡:actions vere eluted. A yelloru-

orange fraction uas el-uted ruith light petroleum. Crystallization (light

petroleum) af,forded yellov crystals of H+Ru+(C0)rz (40 mg, I29ó),

identil=ied by inf'rared and mass spectrometric comparison uith an authentic

sample. A yellou fraction \uas eluted u,rith light petroleum. Cryst,al.liz.ation

(liqlrt peLroleum) afforded yellov uLA^tctX/s of HRus(C0)s(CHNBul) (6.9)

(I45 mg, 52?6)r m.p. >l-000 (Found: C, 26.3; H, 1.8; N, 2"22ó; M (mass

spectrometty),, e4Z. Cr +Hr rN0gRug requires C, 26,3; H, I.7 i N, 2.29('; I'l 642) ,

Infrared (CeHrz): v(CO) 2)93nr 2O67sr ZO3Bsr 2O2Os, Ì998s, I995n, and

1986m cm-I. lH n.m.r. (CDClg): ô 9.45, s, lH, CH; I.16, s, 9H, CMe3;

-18.01, s, IH, RuH. An orange fraction uas eluted urittr light petroleum.

Crystallization (figfrt petroJ-eum) afforded red crystals of

H,{Ru+(C0)rr(Ctrlguf) (6.I7) (45 mg, I32ó), identiflied by infrared and mass

spectrometric comparison ruith the product obtained in the reaction bettueen

H'+Ruq(C0)r2 and l-buty1 isocyanide (see beloru). A fourth band, a yellotu

fraction, u/as elul-ed ruith light petroleum. Recrystallization (li.ql-'t

petroleum) afforded yelloru auj^taL,s of HRua (C0) e (Ct,lgul) (cHt{euf) (6.l0)

(45 ng, I52¿) (Found: M (mass spectrometry), 697. Ctsl12eN20sRu3 requires

M, 697). Infrared (CoHr z ) : v(CN) 2I62w; v(C0) 2o75n, 2o72n, 2153vw, 2033s,

ZOI3vs, I996n, I992s, J-985m, I97Iw, and l963sh cm-l. lH n.m.r. (CDClg): 6

9,46, s, 1H, CH; 1,50, s, and 1.14, s, l8l-1, CMes; -I7.69, s, and -18,04,

s, lH, RuH. The final band, an orange fracLion, u/as eluted vith light

petroleum/diethyl ether (1:l). Recrystallization (J.igh1¡ petroleum)

afforded red crystaLs of HaRua(C0)ro(Ctrlguf) 2 (6"18) (17 mg, 52i), identified

by infrared and mass spectrometric comparison urith the product obtained in

the reaction beLueen H,+Rua(CO¡,2 and t-butyl isocyanide (see belov).
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Røa"cfion od R4(CO¡, o (CNBat) z tui,th d,Lhqdnoge.n

Dihydrogen, at atmospheric pressure, u/as bubbled into a refluxing

solution of Rus(C0)ro(CNBul) z (z7O ngr 0.f6 mmol) in cyelohexane (roo mr)

f or 50 min. The solut.ion uras alLoured to cool, an unidentif ied brourn

precipitate (10 mg) vas filtered off, the soLvent removed, and the residue

chromatographed (Florisil). Three fractions vere eluted. A yellottr

fractÍon ruas eluted vith liqht petroleum. Crystallization (Ugfrt petroleum)

afforded yelloru crystals of HRug (C0) s (cut'{eul) (6,9) (50 mg , 2226) ,

iclentified by infrared comparison ruith the major product obtained in the

reaction between Ru3(C0)rrçCNOu¿) and dihydrogen. A second yellour fraction

vas eluted uith light petroleum. Crystallization (J.ight petroleum)

afforded yelloru crystals of HRus(co¡r1cruau¿)(cHtrlgul) (6.10) (I40 m9, 5696),

identified by infrared and mass spectrometric comparison urith Lhe minor

product obtained in the reaction betveen Rus(C0)rt(CNBu¿) and dihydrogen.

The final fraction, a yello\u-orange band, ulas eluted uitlr diethyl ether.

CrystatlizaLion (ligfrt petroleum) afforded red crystals of

H+Ru+(Co¡rolcnaul) 2 (6,I8) (40 mg, 12?6), identified by infrared eomparison

ruith the product obtained in the reaction betveen H,+Ru+(C0)r2 and I'butyt

isocyanide (see betour).
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PqnoLq.si's o( Rq (C0) r r (CNßa t

A solution of Rug(C0)r r (ct\gul) (6.1) (500 mg , o,72 mmol) in acetone

(lO mf), in a 250 mÌ round-bottomed fl-ask, \uas evaporated, leaving a film

of complex (6.1) on the glass surface. The flask, under a nitrogen pressure

c. 0.5 atmospheres, !/as heated in an oil bath, at 1200, for 16 h. The

reaction product ulas extracted vilh acetone (4x20 ml), leaving a metal-ash

residue of c. lB0 mg. The extracts vere conbined, concenLrated and chromato-

graphed on a preparative TLC plate (siLica gel G adsorbent; light petroleunr

developer). Five t¡ands u/ere obtained. Band one, yeJ-J-oru in col-our, vith R,

c.0.8, afforded orange crystals of Rug(C0)rz (10 mg, 226). Band turo, orange

in colour, ruith R, c,0.7, afforded red crystals of Ru3(C0)rr(CNBu¿) (6.1)

(30 mg, 69¿).,The third band, orange in col-our, ruith Rf o. O.6, afforded red

crystals of Ru3(Co¡ro(CNeul) z G,Z) (10 mg, 29á). The l'ourth band ulas purple

in col-our ruil-h R, c.0,1. The product uras crystallized from light pelroleum

as purple chu^tøLs (20 mgr S?í) and identified tentatively as Rus(C0)ru-

(ctrlguf) 2 G.IÐ (Found: C, 27.6; H, I.5; N, 2.6?i; M (mass spectrometry), 106

Cz,*HroNz0raRu5 requires Cr 27,I; H, L7; N, 2.69('; M, l-068). Infrared (CeHrz)

v(CN) 2l58vv; v(C0) 2o73wr 2o44sr ZoZBn, I999s, and l995sh cm-I. rH n.m.r.

(CDCIs): ô 1.38, s, CMes. r3C n.rTr.r. (CDClg)¡ 6 22t.o, s, C0; 30.3, and

29.4, s, CMø3. The fifth band, purpJ-e in coLour, ruith Rf o.0.2 uias a minor

f raction, and ure u/ere unable to obtain crysl-a1s of the product which uras

tentatively identified as Ru6(C0)r7(CNBu¿) (¿.t2) on the basis of mass

spectrometric evidence (Found: M (mass spectrometry), 1169, CzzHsNOrzRuo

requires M, 1169). Infrared (CsHrz): v(ctl1) 2I49v; v(CO) 2058v, 2o32s, 2O22s,

I996vs, I977u, and l967sh cm-I.
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ReaotLonâ o[ Rus(CO)re

(A) TtuLcacLol+exqL-pho,sphinø, P(Ce flr r )g. - A mi-xture of Rus (C0) rz

(2.00 g, J.LJ mmol) and Lricyclohexylphosphine (BB0 mg, 3.I3 mmol) in

cyclohexane (l5O mI) uras heated unden reflux for I h. [vaporation of the

soLvent, folloved by chromatography (Florisil) afforded Lvo fractions.

An orange fraction uas el-uted rulth light petroleum. Crystall-ization

(fight peLroleum) afforded orange crystals of Rus(C0)rz (65O ng, 33ii),

identified by infrared comparison u¡ith an authentic sample. A second

red-orange fraction u/as eluted ruith light pet.roleum. Crystallization

(fignt peLroleum) afforded red clLtj,sÍ.a.bs of Rus(CO)rr{P(C6Hrr)s} G,I3)

(J..t5 g, 419ó) m.p. L77-I78.50 (Found: C, 38.9; Hr 3,7. CzgHga0r rPRua

requires C, 39,I; Hr 7,72ó). Infrared (CeHrz): v(CO) 2)96tttr 2O45sr 2O24m,

2008vs, I9BBru, and l966vu/ cm-r . 1H n.tr.D. (CDCls ): ö 2.23 r l-.58 , I.42,

and 0.53, m, LLHr CoHll.

(8) 2,2'-Oiytt¡tuLdq'L, 2,2t-(CsH+N)2. - A mixture of ruthenium

carbonyl (100 mg, O,t+l mmol) anrl 212'-dipyridyt (dpy) (73 nq, O.47 mmol)

vas refLuxed in cyclohexane (100 ml) for 20 min. The purple uLAAta,t';

that deposited urere colLected, vashed uith light pet.roleum and dried in

air for a shorL period to give pure Ru3(C0)ro(dpy) (6.14) (320 ngr 92ió)

(Found: C, 1I.9; H, I,4i Nr 4.0. CzoHeNz0loRug requires C, 32.5; Hr f.l;

N, 7.89á). Infrared (CHC13): v(C0) 2o77nr 2o34s, I994s, and 1740vu cm-r.

(C) PqnLd,Lne, CsHsN. - (i) A mixture of ruthenium carbonyJ- (228

mgr 0.J6 mmol) and pyridine (86 mg, L.09 mmol) uas refluxed in cyclohexane

(45 ml) for 210 min. Evaporation of sol-vent and chromatography (FlorisiJ.)

afforded one fraction, eluted rui.th light peLroleum as an orange band,

CrystalJ.izal-ion (ligfrt petroleum) afforded red-orange uLq,Sta,Ls of

HRu3(C0)ro(NCsH+) (6.15) (Found: C, 26.9i H, O.l; Nr L.99('; M (mass

specLrometry), 665, Ctsl'lsN0roRus requires C, 27.2; H, 0.8; Nr 2.I9(';
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¡,/1, 665). Infrared (CsHrz): v(CO) 2100v, 2Ù62vs, 2152vs, 2O2Isr 2009vst

2OO3n, !995n, and L989v\u cm-l. IH n.rïì.D. (cocts): 6 7,97r dr -7(Hll) 5.2

Hz, lH, H(6), NCsH+; 7,26, mr ZH, H(J)+H(4)r NCsH+16.77, m, lH' H(5),

NCsH4; -14.43, s, lH, RuH.

(ii) A mixture of ruthenium carbonyl (3AB mg, 0.6L mmol) and pyridine

(2BB mg,3.64 mmol) vas refLuxed in cyclohexane (I50 m1,) for 4 h.

Evaporation of the solvent and chromaLography (alumina) afforded truo

fractions. A yellou/-orange band ryas el-uted ruith light petroleum.

Crystallization (figfrt petroleum) afforded red-orange crystals of

HRus(C0)ro(NCsH+¡ (e.r>) (385 m9r 96?6), identified by infrared comparison

ruiLh the product obtained in (i) above. A second yellou-orange band vas

eluted ruith diethyl ether. The product uras identified by mass spectrometry

as HzRug(C0)e(NCsH,*)z (6.16) (Found: M (mass spectrometry), 688.

C¡eHroNzQeRug requires Mr 688). Infrared (CoHrz): v(C0) 20$0rur 2O47s,

2O39s, l998s , I992sh, 1990m, and 1986m cm-t.
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Pneytana,tLon o( H+Ra+ (C0) tz

Hydrogen, at atmospheric pressure, !/as introduced into a reflluxing

solution ofl ruthenium carbonyl (639 ng,1.0 mmol) in petroleum spirit

(100-1200, 160 mI) for a period of I h. The soLution uras fliltered through

florisil, the yellow filtrate concentrated (40 ml)' The yello\tt uLtj^tcuta

that deposited vere vashed urith light petroleum and dried in a vacuum to

give pure l-l+Ru,f (CO¡t z (455 ng, B2?á). Infrared (CoHrz): v(C0) 2080m,

2O66s, ZOZBr, 2O?3n, and 2000vrLr cm-I . {Lit.6s 2081ç, 2o67vs, Z}3orn, 2O24s,

and 2009w cffi-l, in octdne]

R¿ctc.tion oó H+Ru+(c0)r 2 w.í.th t-bufq.(- 'í.docqanidø

(i) A solution o1'H+Ru+(c0)rz (500 mg, 0.67 mmoL) and f-butyÌ

isocyanide (112 mg, l.l5 mmol) in cyclohexane (L00 ml) vas heated under

refl-ux for L h. Evaporation of solvent and chromatography (Florisil)

afforded three fractions. A yellow band vas eluted ruith light petroleum'

Crystallizat.ion (light petroJ-eum) afforded yeltorir crystals of H+Ru+(C0)re

(60 mg, I??i), identified by infrared comparison ruith an authentic sample.

The major fraction, an orange band, \uas el-uted ruith light petroleum.

Crystallization (lignt petroleum) aflflorded red a.ttt4,5ta,Ls of

H+Ru,¡(c0)rrqcruau¿) (6.r1) (l1o mg,5B9ó), m.p. r22-I270 (dec.) (Found: c,

24,2i H, I.6; N, L7i6i M (mass spectrometry), 801. Cr oHl ¡N0r rRua requires

C, 24.O; H, I.6; N, LB,(,; M, B0l). Infrared (CeHrz): v(CN) 2I6Bv; v(C0)

2O93n, 2O67s, 2}59vs, 2o32vs, 20I2s, 2OO4s, I995n, I992n, and l988ru "*-t.
rH n.m.r. (CDCls): ô 1.51, s, 9H, CMe3; -I7.97, s, 4H, RuH. The third

fraction, an orange band, \uas eluted vith 1içht petroleum/diethyl eLher

(1:1). Crystallizat.ton (Light petroleum/diethyl ether) afforded red

aLA^ta.Us of H+Ru+ (C0) r 0 (CNBg¿)2 (6.18) (80 mg , I42ó)r rrì.p. 116-1180 (dec. )

(Found: C, ?-B"I; H, 2.6; N, 3.29['i M (mass spectrometry), 856.

Czot'lzzNz0roRu+ requires C, 28.I; Hr 2.6; Nr 3.39('; M,856). Infrared
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(Ce Hrz): v(cN) 2I56w; v(co) zollw, ?oîBs, 2o23vs, 2ol2s, I996rn, I992v,

l9BBm, and l975vv cm-t. IH n.Ír.t. (coct¡): ô 1.49, s, IBHr CMe3; -I7.7,

s, and -18.2, s, 4ll, RuH.

(ii) A solution of H,+Ru+(CO¡tz (400 mg, 0.54 mmol) and /-buty] isocyanide

(lB0 mq, 2.I7 mmol.) in cyclohexane (gO mf) was heated under refLux for 1

h. Infrared (CeHrr¡3 e(CN) ?I42s; v(CO) tgg0vs, I973s,1958s, and I944n

cm-l. The tetrasubstituted complex H+Ru,*(Co)a(CNBu¿)+ (ø.19) is markedly

air sensitive, and decomposes rapidly in solution.

R¿ac,tion o ( HaRua(C0) r 2 wUlL tvL- q-toL.q.L¡tl+o,sph,Lnz

(i) A mixture of H,+Ru+ (C0) r z (400 mg, 0.54 mmol-) and P(CoH+Me-A) ¡

(t.Z g, 1.94 mmol) in petroleurn spirit (120 ml, 100-1200) uras heated

under rel'l-ux fot 2 h. The solution vas afloued to cool, and the red-

maroon úLU^fa,[,6 that deposited uere vashed vith hot petroleum spirit

(2x4o ml) to give pure H+Ru+(C0)a{P(CoH+Me-a)s},r G.zù QZO ng, 72i(') t

m.p. >I800 (dec.) (Found: Cr 60"1; Hr 5.0. CgzHes0eP+Ru4 reQuires C,

59,7; H, 4.89ó). Infrared (Collrz): v(C0) 2008s, l986m' I954n, and I93Iut

cm-r. lll n.m.r. (CDClg ): 6 7 .22, 6.88, and 6.80, m, 4BHr CoH,* i 2,22, st

76H, l4e; -I5,57, quin, J(HP) 5,5 l1zr 4H, RuH. r3C n.m.r. (CDClg): ô 199.4'

s, C0; 138.7-128.5, m, CoH+; ZI.L, s, Me. Concentration of the filtrate

afforded more orange-red crystals of (6.20), total yield being 949ó.

(ii) A mixture of llqRu,+(C0)rz (644 m9, O.B7 mmol) and P(CoH+fle-4)s Q65

mgr 0.87 mmoL) u¡as heated in refluxing cycJ.ohexane (ttO mt) for I h.

Evaporation of the solvent, folJ.oved by chromatography (Florisil) afforded

four fractions" A yellou fraction \uas elut.ed vith light petroleum.

Crystallization (light petroleum) afforded yellow crystals of H+Ru+(C0)rz

(J.20 mg, I99ó) identified by infrared comparison tuith an authentic sample.

An orange-yelloru flraction uas eluted ryj-th light petroleum. CrystaJ-lization

(fight petroleum) al'forded orange-red otq,sta,(.s of ll+Ru+fCO) r r {P(C6HkMe-4) a }

(6.2Ð (150 mg, I79ó) (Found: C, 37.3; H, 2.¿t2(,i M (mass spectrometry),
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IO24. Cszïz5011PRua requiîes C, 37,7; H, 2,5?('; M, IO24). Inflrared (CoHrz):

v(CO) 2O93v, 2086vw, 2\67vs, 2058vs, 2O3On, 2124vs, 2008m, 1998s, I993v,

and !973u cm-I. rH n.m.r. (CDCI¡): 6 7.t5,7,26, and 7.24, m, IzH, CoH+i

2.39, sr 9H, Me -I7.28, d, J(HP) 2,9 Hzr 4H, RuH. l3C n.m.r. (CDClt): ô

192.2, s, C0; I4I.I-I29.2, fr, CoH+i 2I.4, sr Me. A third orange fraction

vas eluted vith light petroleum/diethyl ether (992I). CrystallizaLion

(fignt petroleum) afforded red-brovn ULU^ta.[.,s of

H+Ru,f (C0)r0{P(C6H+M¡-4)s}z G.Zù (160 mg, 3226) (Foundt C, 48,3i H, 3,7.

CszH+s0roPzRu+ requires Cr 48.2; H, 3.626). Infrared (CeHrz): v(C0) 2O76n,

2058vs, 2050m, 2O3In, ZOLZvs, 2000s , I995n, I99Iv, I979vw, and lg58vtu cm-t.

rH n.m.r. (cDclg): 6 7,361 7.27r 7.23r 7,161 7,r2, and 7.o9, m, 24H,

CoH+i 2,34, s, lBH, Me; -16.10, t, J(HP) 7.4 Hz, and -16.97, m, 4H, RuH.

r3c n.m.r. (cDCls): 6 t9B,l, r97,8, 196.8, and J-96.5, s, c0; 140.0-128.9,

m, CeH+; 2I.3, s, Me. A fÍnal orange fracLion vas el-uted uith light

petroleum/diet.hyJ. ether (7zi). Crystallization (lignt petroleum) afforded

red-orange uLA,sta,Ls of HaRua(Co¡r{P(CeH+Ne-a)e} e G,Zl) (110 mg, 9?6)

(Found: C, 54,9; Hr 4,4, C72H670eP3Ru4 requires C, 55.O; Hr 4.3?6). Infrared

(CoHrz): v(C0) 206Is,2001vs, I992n, J.9B7s, I963n, and lgl8vur cm-t. rH

n.m.r. (CDC1g): 6 7.29r 7,26r 7,24, and 7,o7, m, 36H, CeH+i 2.3I, s, 27H,

1!e; -15.66, and -16.57, m, 4ll, RuH. l3C n.ffi.r. (CDCla): ô 199.3-!94.2, m,

C0; I39 ,4-I2B .6 , m, Ce H+ ; 2I.3 , s, Me.
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APPENDTX T,

G ønøtta.[. Expentsn øn ta.L C o ndi-tio n,s

AJ-l preparations and reactions vere carried out in an atmosphere

of dry nitrogen. AIl compounds vere stored in the dark.

Elwn¿nta,t mícnoana,[-U^Q.,s vere determined by the Austra]ian Micro-

analytical Service (Melbourne), the Canadian Microanal-ytical Service

(Vancouver), Pascher (Bonn), or at the South Australian InsLitute of

Technology.

ln(natød 
^pQ-c,ûLa- 

uere recorded using Perkin ELmer 457 ot Jasco IRA-2

double-beam Grating Infrared Spectrophotometers in the range 4000-600 cm-t

and vere calibrated urith poJ.ystyrene. The Perkin Elmer instrument has

incorporated into it a scale changi-ng mechanism al- 2000 cm-1, vhich produces

a discontinuity in the spectrum thus interfering vith any absorptions neat

this vavenumber (C0, CN, CC). The Jasco instrument has a smool-h sca.l-e

changing mechanism, ruhich does not interfere vitlr the recording of the

spectra. These stretching frequencies urere, if possible, recorded in

soLut-ion betueen NaCl plates using a standard solution cell. The solvents

used urere light petroleum, cyclohexane or dichloromet.hane. Complete spectra

u/ere recorded as nujol mulls betveen NaDl plates (4000-600 cm-l ).

PnoÍ.on n,m.n, ,sfJe.e-ULa- !/ere recorded relative to TMS on a Varian T60

spectrometer at 60 MHz. Fourier transformed 1H spectra \uere recorded on

compul-er-equipped Bruker HX-90E or I/P-B0DS spectrometers, at. 90 and B0 Ml-{z

respectively, Broadband proton-decoupled Fourier transformed lsF a.nd r3C

n,m,tL, ,|pQ.c.þLcL \uere recorded on the Bruker HX-90E at 84,67 and 22,62 NlHz

respectively. Carborr n.m.r. spectra vere al-so recorded on the Bruker [¡JP-BODS,

The specLra \uere determined in deuteraLed solvents, usually deutero-

chloroform, in l0 mm tubes. Deuterated sol-vents uere required for the

deuterium resonance lock. Hexafl-uorobenzene vas used as an internal

reference for t-.he I eF spectra and then calibrated against CFCl3.
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Concentrations of the samples vere in the range 0.01 - 1.0 M sol-utions.

Condue-LLvi,tq møa'sunetnønts ruere made using a conductivity cell fitted

vith truo taps aÌIoruing the ceLl to be flushed and then filled vith an

inert gas. Solutions vere thermostatted in a uater bath aL 25.0 I 0.50C

and the resistance measured using a Phitips PR 9500 AC bridge incorpor-

ating a cathode ray indicator to det.ect the balance point. Molar

conductances of the complexes u/ere estimated from approximately 1.0 x 10-3 M

solutions. AR grade solvents dried over molecuLar sieves vere u.sed.

fulars,s ,speo-tltd. u/ere recorded on an AEI-GEC l4S JO74 spectrometer (mass,

ruith 70 eV ionizing energy). So.Lu.tion moLa.c&LilL wøLghf's urere obtained using

a Knauer Vapour Pressure Osmometer ryith attached Universal Temperature

Measuring Instrument.

For conduc[imetric and osmometric urork, samples vere ueighed on a

Cahn Model G2 eleetrobal-ance. For routine prepalative vork, ureighings

vere done on a Mettler Hl6 bal-ance ueighing to 0.01 mg.

Clnoma,tognctytt+q u/as on columns ofl Florisil or aLumina (BDH chromato-

graphy grade, used as received) Ínitially packed in light petroleum¡ Thin

layer chromatography vas carried oul- using silica get H (type 60) (Merck).

AII solvents, including those used as reagentsr u/ere of analytical

grade purity and uere dried over Linde 4Å motecufar sieves before use,

except for methanol, vhich vas dried over magnesium turnings and disti.lled

under nitrogen. The light petroleum used in the experiments had a boiling

range 40-600.

High purity nitrogen u/as obtained from Commonuealth Industrial Gases

(CIG) Limited and carbon monoxide from l\latheson Gas Products; both urere

used as received.

Ligands \uere commercial products and vere used as received.

Í-But.y1 isocyanide u/as prepared by a method analogous to that of cyclohexyl

isocyanide.Ts The halo complexes, RuCl(PPhg)2(¡-CsHs) and

OsBr(PPhg)z(n-CsHs) ruere prepared according t.o the published methodl3
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exeept that ethanol uas used in plaee of methanol in the synthesis of the

osmium complex. The cyano complex Ru(CN)(eefrt)z(n-CsHs) ruas prepared

according to the pubtished procedure.r6 The complex {Ru(MeCN)(PPh3)z(n-CsHs)}PFs

ìuas prepared directly from RuCI(PPhg)z(n-CsHs) and NHqPFe in refluxing

acetonitrile (10 min.), folloved by recrystallization from diethyl

ether,/dichloromethane mixtures (85?ó yÍetd).
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