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INTRODUCTION 

This review is a ccntinuatim of that published previously [l] and 

corresponds mainly to plblicatims tiich appeared during late 1980, and 1981. 

The papers therefore coincide with Chemical Abstracts Volumes 94 and 95. 

Although concentrating predcminantly upon the coordination chemistry of 

rhodium, especial emphasis has been placed, as in last years review, upm its 

catalytic Foperties and these are the subject of a separate section which cuts 

across the ccnventional approach of classifying material according to oxidation 

state. 

An unusually large nuber of other reviews concerning rhodium were published 

during 1981 and 1982 and these have to sane extent dictated the content of the 

material described here. F0r example, this article deliberately excludes 

asymetric hydrogenatim by chiral rhodim phoqzhine catalysts since this is 

adequately ccvered in reference [2] and further reviewed in [3] and [4]. 

8cme work of an organanetallic nature has been included in the review only 

where, in the author’s opinion , it is considered to ccntain stme relevance to 

m-ordinaticn chemistry. Annual surveys of the organanetallic chemistry of 

rhodium have been published elsewhere {[5] (for the year 1979) aud [2] (ccvering 

the year of 1980)}. 

A review concerning the amercial applications of reactions catalysed by 

soluble ccqlexes of rhodiun has been produced during 1981 [6] and the 

mmnercial uses of rhodium salts have keen described [ 71. tie chemistry of 

recently reported rhodiun cluster ccxplexes has been reviewed [8] as has the 

chemistry of new rhodium carbccyl clusters [9]. 

An international conference an ths chemistry of the platinun group metals 

(Ru, Cs, a, Ir, W and Ft), crganised by the Ebyal Society of Chemistry and the 

University of Bristol School of Chemistry, was held at Bristol during July, 

1981. A brief reveiw ccncerning the mre iqcrtant develapnents has been 

published [lo] and a pub1 icatim containing abstracts of all the papers and 

posters presented at the meting is available fran the Department of Inorganic 

Chemistry, The University, Bristol. Tbe seamd international synqcsiun cm the 

platinum group metals is scheduled for 2-6 July, 1984 at the University of 

Edinburgh. 

2.1 RRODIUM(IV) 

~a[~ho~]may be prepared by the reactim of Mand RQ at 1175 "C and 60-65 

kbar. The structure amsists of a four-layer stacking sequence of cl~packed 
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RaOg layers containing tetravalent rhodium in all of the octahedral oxygen 

interstices [ 111. 

2.2 RHODIUM(II1) 

2.2.1 HaLi& GOm&dePsS 

Heating of [M(N$),,][&][R~C~~] (M = W or Pt) results in the fomaticn of 

tmns-[M(NH,),Cl,] and I&Cl,. At 800 l C, palladiumrhodium or platinurrmhcdium 

alloys are formed as well as the free metals [12]. 

The Raman spectrum of [Rh13r6]* is consistent with an octahedral ground-state 

structure. Polarisaticn measurements of the v (A 
1 ‘4 

) and vp(Eg) vibraticnal mdes 

are consistent with cubic symnetry aud the degree of pularisaticn of these lines 

was found to be independant of the laser wavelength - a situatibn which is not 

unlike the observations of other d6 hexahalide systems [ 131. 

2.2.2 Complexes with oqgen donor LQmcis 

2.2.2.1 Oxiidss and cZqU6OuS GhsdstTl 

RhMO,(M=bb,TaorSb)deccqmse s in the solid phase m heating with the 

evolutim of dioxygen aud the formaticn of rhodiun aud M205. Rh,MJ, (M = Te or 

W) melts with decmpcsitim giving M3a and Rh,O,. RhIFD, melts with deccqcsiticn 

evolving dioxygen and forming rhcdim aud V,O, [14]. The phase diagram of the 

niobium(V) oxide-rhcdium(II1) oxide system has revealed the formtim of RhbibOk 

and, similarly, RhTaO, was obtained in the Ta,O,-Rh,O, system [15]. 

Rh(oH)j, obtained fran the reaction of aquecus solutions of &Cl, aud NHa, is 

reported to be partially dehydrated in the temperature range 135-310 ‘C. 

Crystallisaticn of Rh203 was reported tc occur at 590-640 ‘C [ 161. 

[Rh(WH3)5(oH)]2+ reacts rapidly with dissolved So2 to form the oxygen-bmded 

sulphito omplex species [Rh(NH3)s(0502)]+. Ihe rate cmstant for So, uptake was 

found to be 1.8 x 108 ml-1 s-1 at 25 *C [17]. 

2.2.2.2 Sutphoxids and k&o?+ratatsd Go~Le=s 

The electronic structures of trans-[wl(dmso)2C14]- and [Ih(dmo),Cl,] have 

been calculated by a modified versim of the ScF-Xbmmethcdinthem 

aFproximaticm. ‘Ihe electronic characteristics of &uso were ampared in relation 

to its type of cc-ordinatim to the metal (sulphur or oxygen bonded) [18]. 

(CF3)2C0 reacts with isoprene- ar 2,3_din&.hylbuta-1,3-diene-(+indenyl) 

rhodiun to give the $-allylic ccqlexes [Rh{OC(CFF,)z~HgC(R’)--C(R2)-=CH2} 

(a5 - CsH7)] (1; R’ = Me, R* = H; R’ = H, R* = Ma) [‘9]. 
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(1) 

A detailed study of the 10% Nt+lR spectrun of [Rh(acac)3] has been undertaken 

[20] and the related omplex [%L~] (2; HL = 1-phenyl-+methyl-4-trifluoroacetyl 

-5-pyrazalone) has been prepared [21]. 

I 

(2) 

Stability constants and thermodynamic functions of 

hydroxy-3-(3-methyl-2-butenyl)-1,4-naphthaquinone (3) 

1:2 and 1:3 mnplexes are formed [22]. 

rhodium(II1) with 2- 

have been determined: l:l, 
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Pp&l (L = txucine (4)) has been prepared and found to amtain me of the 

(4) 

rhodiun atars tiinated u&z the carbcmyloxygen and the other mordinated via 

the ether oxygen atom [23]. 

2.2.2.3 CompZezee with oxygen-nitrogen donor tigande 

Diamagnetic, octahedral H[IWQ] {L = (5)} has bsen Farepared and characterised 

[24]. Lqroline {HL = (6)) reacts with RhC13.nHz0 in weakly-acidified, boiling, 

R \ 
H 

% ’ x> / 
0 \ ” “ir3” \ ’ / (R=COOH OT OH) 

qmxs solution to give the mer- and fuu- isaners of [NILE] [25] and the 

canpound [w(HL')uz~] {HL' = (7)} has ken synthesised [26]. 

(6) (7) 

The fomaticn of [Bh(edta)X(OH)]*, [Rh(edta)X,]* (x = Br-, I-, [sCN]-, 
Pq- or P2L [Rh(edta)(Sp,)KW]” and [Rh(edta)(S,0,)J5- have been 
mOnitored spectro&otanetrically. 'lb stability constants are found to depend 

upon the reducing potential of X (including [S203]&) and cn its oxidative 



dimerisaticn capacity [27]. [NH,+][W1C12(edtaH2)] and Na[E(hCl(pdtaH)].3H20 

(pdtaH, = propylene diaminetetraacetic acid) have been prepared fran FIbC1,.3H,O 

and Naq[Hpedta] or Na,[H,pdta], respectively [28]. 

2.2.2.4 Nitrito compte3;ee 

RhCl, reacts with molten mixtures of alkali metal nitrites to form 

[kh(No*)$-. At high temperatures nitrogen oxides are evolved from this 

material and F&,0, is formsd [29]. 

2.2.3 ConipZexe8 oith eutphur donor ligands 

The reactions of the cyclic disulphides (8-10) with [~hCl(Pph~)~] results in 

the oxidative additicn of the S-S bond to rhodium [30]. 

Cl / T’ - Lz1 \/ 
Cl Cl 

(8) (9) (10) 

[Rh(SCN)2L2] (L = ~thyldimethylglyoximato) mtains Rh3+ octahedrally e 

ordinated, with the SCN groups co-ordinated in trans-miticns via the S atcem. 

The two bidentate rings are contained in the equatorial plane of the complex 

which crystallises in the mnoclinic -figuration [31]. 

Cc@exes of the type [RhL(HL)], where HL = methyl 9-(2-hydroxy-l- 

naphthylmethylene)dithiocarbazate or methyl 9-[1-(2-hydroxy-5-bra1~phenyl)- 

ethylideneldithiooarbaxate, have been prepared and found to possess 

pseudooctahedral stereochemistry [32]. [FW~] (LH = (11)) has been prepared fran 

(11) 
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aqueous solution and is a diamagnetic, octahedral species forming a nmcmeric, 

non-conducting solution [ 33 1. 

Thianthrene (12) ambines with W1C13.3H20 to give [RhC13(thianthrene)], 

whereas phenoxathiin (13) gives [RhCl,(&enoxathiin)3] [34]. Ccarplexaticn of 

1,1,3,3-tetramthyl-2-(thiocarbcmyl)cyclohexane with [C$Rh(pMe3)($+XIi)] gave 

(14) [35]. 

(12) (13) 

(14) 

[Rh(so3)3(~3)j13- is found, fran vibratimal specta, to attain rhodim- 

sulphla bends [36]. 

Oxidative addition of FUXi,sD,Cl (R = H, 4-tolyl 0r 4-N02C,H,) to 

[~hCl(~phs)~] gives the expected sulphonyl ccqlex [R~(PP~,),U,(~~~CR~R)] 

[37,38]. 

Octahedral cmplexes of formula [RhL,Cl,]Cl and [Rh~‘cl,] (L = a-pyridyl- 

thiceemicarbazide aud L’ = l-benzilidine-4-(a-pyridyl)thiosemicarbazme) have 

been prepared and characterised by IR and W spectros~ and by magnetic manent 

measurements [39]. &Cl, reacts with Z+guinolinedithiocarboxylate ((15) = HL} to 

produce RhL, [ 401 aud [Rh(6+ethyl-2-thiouracil)3] is proposed to possess the 

distorted octahedral structure illustrated in (16) [41]. 
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I 
SH 

(15) 

/ ~ S A N  ~ C H  ' 

(16) 

2.2.4 Co~lems ~'ith n i t r og~  donor l iga~.e 

2.2.4.1 Am.~ne m~d o J ~  uompZ.exes 

Thermal decomposition (280-390 "C) of [Rh(~3)sC1]C12 is reported to 
simultaneously produce both [Rh(NH3)~CI2]CI and rhodium metal according to the 

~ations [42]: 

2 [Rh(NH3)5CI]C12 ---~ 2Fh + 21~I 3 + 6[I~{~]CI + N 2 

[]~(N~]3)5C1]C12 " []~(NH3)~C12]C1 + ~3 

The kinetics of H20-NH 3 exchange for t~,s-[Rh(M43)~(CS)2] + and 

[Rh(~3)S(OS)] 2+ has been studied in aqueous ammonia. The observed rate 

constant, at fixed ammonia concentrations, is proportional to the concentration 

of ammonium ion. 
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C~S-[I&I(~II)~C~~][C~~,+] CXXbiIIeS With liquid amr>nia t0 give Ci8- 

[Rh(en)2(NH3)2][C104]3i cis-[Rh(en)p(~JHj)C1][C104]2 is formd as an 

intermediate. Entropies of activaticm for the rate-determining step have been 

determined as 0 and -42 J mole-‘K-l, ???spediVely. hZn8-[%(en)212][~04] 

anmniates to tmn8-[~(en)2(NH3)I][C104]2 [52]. A kinetic study of the Hg(II)- 

catalysed aquaticn of cis-[Rh(en).$12]+ in methanol and water reveals that the 

first-order rate ccnstants do not vary over the mercury(I) ccncantraticn range 

of 0.06 - 0.18 mole 1-l [53]. Base hydrolysis of [I?h(tren)C12]+ produces p- 

[Kh(tren)Cl(OH)]+ (17) although earlier wrk had shown that aguaticn of 

[Rh(tren)C12]+ in acidic solutim gave the a-isomer (18). Kinetic data have 

(17) (18) 

been collected for the following reactions, the products of which were 

characterised fran both their chemical analyses and electrmic spectra [54]. 

OH- 
[Rh(tren)Cl,]+ - p-[Ph(tren)Cl(OH)]- 

1 
CH- 

OH- 

a-[Rh(tren)Cl(CH)]+ - [Wtren) OIi) 2]+ 

cl- cl- 

[Rh(treN(OHg)2]3+ - p-[*(tren)C1(OH,)]2+ -[Rh(tren)CIP]+ 

tmn8 + Ci8 ad Ci8, + tPan8, ph&Oimrisatim am2 pE!dided for 

[Rh(er1)~(NHa)(H~0)]~+ by the model for five-coordinate excited state 

rearrangement, and have now bsen observed experimentally. It is also shcnm that 

the lzhotochemistry of a amplex may be mdified by a &ange in temperature. 'Ihe 

results show that the stereochemical course of a d6 substituticm reactim can be 

driven and controlled by light, heat or a ambination of both light aud heat 

[551. 
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2.2.4.2 Himine and porphytin comptexeoes 

In the intensity luminescence emission of [~h(phen),]~+, two different 

emissions are reported: the first (measured at < 150 K) with a well-structured 

emissicn and a maxixum centred at 450 run and the second with a broad emission 

(330-210 K) and a maximun centred at about 575 nm [56]. [Rh(phen)S]3+ in MeCN 

exhibits a vibrationless emission band centred around 590 nm originating from 

the lowest triplet metal-centred excited state. l'he wlex ion is knm to emit 

from a triplet ligand-centred excited state in a rigid matrix at 77 K and this 

example is believed to be the first observed to exhibit a dual luminescence 

emission frcm orbitally different, spatially isolated excited states [57]. 

Irradiatia of [Ku(bipy)3]2+, [Rh(bipy),]* and triethanolamine mixtures in 

soluticn with 450 nm light produces rhodium(I) and dihydrogen. Light abeorpticn 

by [Ru(bipy)j12+ produces excited {[Ku(biw),32+}*, which is oxidised by 

[Ru(bipy)3]3+ to give [Ru(bipy),13+ and [F?h(bipy)3]2+, the back-reaction being 

prevented by the triethanolamine [s]. The reaction of [Rh(bipy)3]3+ with. 

reducing radicals such as e- , CC,- 

yields [Rh(bipy)j]2+, 

and M+QH in aqueous soluticn also 

which lowly loses bipy at roan temperature. In 

alkaline medium [Kh(bipy)j]2+ disprwticnates to [Kh(bim)3]3+ and 

[Wbipy)2]+. [l?h(bipy)*]+ exists in at least four identifiable farms; 

[Rh(biW)2(OH)n]('-n)+ (red-violet, soluble), [Rh(bim)2X] (soluble; X = Cl- or 

[ClO,,]-), [Rh(bipy)2(OH2)n]+ (transient green - obtained fran acidification of 

[Wbipy) 2(~)n] (‘*)) and a hydride, formulated as [Rh(bipy),12+ (colourless, 

SOlUble) forarad fran the protcnation of [Kh(bipy)2]+ [59]. 'Ihe picosecond, time- 

resolved absorption spectra (following 306 nm sub-picosecond pulse excitation) 

were obtained for [KhC12(bipy)2]Cl and [lWr2(bipy)2]E3r. The relaxation 

processes between excitaticn and emission involves both changes in xnAtiplicity 

and in orbital “parentage”. The probable energy relaxation path populating the 

emitting levels of ea& cccllplex is 

‘h*) + ‘Ma + 3W [60] 

The luminescence and polarisaticn spectra of [Rh(Hpa)$12]+ (Hpa = 2,2- 

dipyridylamine) have been measured in acid, base and neutral solution. Acidic 

and neutral soluticns show broad, synmkatrical ti structureless red emissions 

with micrcseccnd lifetimes assigned as dd* phosphorescence. Basic soluticns of 

the (deprotcnated) complex show a blue asynxnetrical emission overlapping the red 

emission band and assigned as a charge-transfer dff emission analogous to that 

obtained for the [Ru(bipy)3]B cu@ex [61]. 
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The corrinoid amplex (19) is found to have a similar structure to its cobalt 

analogue [ 62 ] . 

(19) 

2.2.4.3 Comptszrss vith nitrogen-arsenic donor Ziganda 

In the eguilibrium:- 

tmz8-[RhL$l*] + X-=mm+hL(L’)C1*X] 

IX = SCN, S&N, No2 or N3; L = (2-dimathylmincpheny1)dimethylarsine-~7_4a; L’ = 

(2-dimethylaminophenyl)dimethylarsine - As} it is found that the sea&-order 

rate cxmstant is hardly affectad by the type of entering group. The firstarder 

rate constants of the reverse reaction, however, are greatly affected by the 

leaving group concarned [63]. 

2.2.5 Compikxee dth phosphorus OP arsenic &nor ligands 

19F , JIP and lo% NMR spectra (single and double rescfmca) have bsen 

recorded for sana rhcdim(II1) trifluorophos@ine amplexes. Couplihg amstauts, 

and chemical shifts relative to CFCl, (for lgF), H3P04 (for 31P) and the 

arbitrary fregusncy of 3.16 M-Iz (for lo%), are recmded in Table 1 [64]. 

Canplexes containing a variety of fluorophospbine ligands (L = PF3, 

PF2(OPh), PF(CPh) 2 ox 2-fluor~l,3,2-benxodioxa@osphole) have heen prepared. 
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The 0zq0unds, either isolated or detected in solution by IWR spectroscopy 

include the types [RnX2L2]r [RhX3L]-, [Rhx,L,] and [RhX3{pF(oph)2}3] (X = Cl, Rr 

or I) [65]. The vibrational spectrun of cis-[Bu,,N] [RhX,(pF3)2] (X = Cl or Rr) 

has also been assigned [66]. 

!Ihe tridentate ligand, (E)-2-Ph2PCsH4~~~~C~H~P~~-2, loses a methylene 

proton up013 reacticn with F&Cl, to give the &elate n3-allylic c0inplex, 

[RhC1,(2_Ph,PC,H,C~H~~*-2)] [67]. 

'Ihe am@exes [RhC13L3], [RhC13(CC)L,] and [Rh.J&L,,] {L = As(CH,Ph),} have 

been prepared and characterised by infrared spectroscopy, electrical 

conductivity and dipole nrment measurements [68]. The tribenxylarsine cuqlexes 

of [RhCl,L,) and [Rq(CW*]r examined in the range 260-450 al-l, showed a 

dependence of the metal-chloride frequency on the nature of the ligand located 

in the tmns position relative to the halogen atan [69]. 

Acyl chlorides, RCUCl (R = Me, Rt or CIiMe*), oxidatively add to 

[RhCl(PMe,Ph),] to give six coordinate [MC12(CCR)(pMe2Ph)3] crqlexes. 

[~CW=)(p~$W3][pFs] is f0rmed upon treatment of [RhC1,(CCR)(pMe,Ph)3] 

with [NH,,][pF6] and crmtains an approximate square-pyramidal geometry with an 

apical ethanoyl group. In solution [RhCl(coMe)(pMe$+-~)~]+ is in equilibrium with 

[RhCl(Me)(co)(PMe*Ph)3]+ [70]. 

2.2.6 COl@k?X%8 with Group IV ~o?w?’ tiga?& 

2-2.6.1 Orgammtatlic comptsxee 
Although the chemistry of organaastallic caapounds is strictly outside the 

Scope of this review note is made of those papers, in the author's opinion, 

which have sane relevance to ooardinaticm chemistry. 

'Ihe cQWlexe% [{~(TI~-C$~~)}~(@H)~]X (X = Cl, [PFS] or [RF,,]), react in 

cHMe20H solution to give [{RhH(C$e,)}3(~3-O)]+ salts. The structure of the 

[PF6]- salt ccnsists of an equilateral triangle of metal atars each bcnded to a 

C#eg and capped a~ one side by an oxygen and with each pair of rh0diun at- 

bridged at the other side by hydride. fdeacticn of [{R~(c,M~,)},(+IH),][PF,] 

with primary alcchols gives mixtures of [{R~(c,~~)}~(~-H)(~'-o~cR)~][PF~] and 

[{R~(c$I~~)}~(~-H)~(~-o&R)][PF~]. Ihe latter carrplex contains both rhodium 

atoms bonded (n5) to CgMeg and bridged by two hydrides and cne ethanoate group 

[71]. [{Rh(CsMe,)}2(@H)3][PF6] reacts with &en01 to give 

[{Rh(Cg~35)}2(Ir~h)3][PFs], and [{R~(C~M~~)}~(II-CH)~] X (X = Cl or OH) reacts 

with Men01 to give [{~h(C~~~)}~(~)~][(~ho)~t~~] [72]. [{Pw,w,)},(+H)~]ccI 

reacts with PhNHz in the wesence of [PFs]- or [RF,,]- to produce 

[{Rh(Cs~es)}2(~~h)(~~)2]'. primary mnines react with 

[{~(C,MS)}2(@H)3](3H to give [{Rh(CSk5)(RH2R)3]2+ (R = ~ropyl or benxyl) 
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[73]. [{~h(~,~,)},(+fi),p~.ll~,~ amtains two xetal atans each +bcnded to a 

CgHs ligaud and bridged by three hydroxo ligands (20). 

1 I~w%) 12w reacts with Z!gz[s04] to give Rh(CsMes)(s0,).2H,0. ‘Ihis 

cceplex ‘is thought to exist in aguecus solutim as [F&I(C~M~~)(H~O)~]~+ aud is 

readily carbonylated at roan temperature and atmospheric pressure to 

[Rh(CsHes)(oO),] [74]. [{Rh(CsMeg)}2C14] reacts with PMe3 to give 

[Rh(Cs~s)C12(pHe3)] which then reacts with silver ethanoate to ~JXX%J~~ the 

mlex [WCpas)(0pW2(BMe3)], containing a xmodentate ethanoate group 

[75]. The reaction of [{W(C5Mes)}$l,,] with Lib& gives 

cis~[I~(CgMe~)}2(~~*)~Me2]. This material isanerises slowly to the tm 

isaner, pyrolysis of which produces pqene, mthane aud ethene [76]. 

Studies amcerning the Cannizxaro-type disproprtionatim of ethanal into 

ethauoic acid and ethanol have continued [ 771. me reactim is fouud to be 

first-order in aldehyde aud half-order in [{Rh(Cs&s)}2(0H)3]C1. ey using 

solutions omtaining [PF6]-, the p-hydride oxrplexes, 

[IwI(C5Me,)}2(~-H)2(lr-opcMe)p][PFg] and [{~(Cs~s)]2(~-Hp)(cI_o~~)][~~~] were 
isolated fran reaction of the starting anplex with ethanal [66]. 

@%P%)(0’=f=~)~][PF& readily reacts with (21) to give the sandwich- 

type aorrq?lex [Rh(CsMes)(~3PC5H4)][PFs]2 (781. 
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(21) 

The redox chemistry of the [Iih~(l,3-diisocyanopropane)~]~6~ ion (Rh,6+) has 

been examined in acidic weous media at the rotating glassy carbon electrode. 

The oxidation was determined to be a two-electron process with the overall 

stoicheicmetry (in the presence of chloride ion) represented by:- 

Rh,Cl5+ + x1-- 2%&+ + 2e- 

The reduction process is more qlex in the stationary-electrode CV. 

Reduction peaks, relative to the saturated calanal electrode, are observed at 

+ 160 mV and - 70 mV and, on the reverse scan, a sharp oxidaticn peak is 

obtained at + 385 mV with a shoulder at about + 530 mV [79]. 

2.2.6.2 Carborane comptexelrss 

Fourier-transform MlR studies cn [RALPH] {L = PPh,, PRt3 or pMe.$h; L' = 

1,2-, 1,7- , or 1,12-C2BgH10R (R = H, Me, Pb or Bu)} indicate that the metal 

vertex undergoes hindered rotation with respect to the five-membered face of the 

carborane cage [80]. 

FGacticn of an ether solution of Na [1,3-C,B,H,,] with [RhCl(PPh,),] or 

[I~C1@%),),1 t a roan teqerature gave [0toe0-6,6-(~~h~),-6-~6,2,3-~h~~9~~] 

according to the equation:- 

-[C9,H,,l + [=l(P%)sl -[R~H(PP~,),(c~B~H~)] + H* + PP~, + R~CI 

[~c1{P(4-tolYl),],], reacts in a similar way. The rhodilnn PPh3-carbaborane 

qlex acts as a catalyst for the hcargeneous hydrogenation of 

vinyltrimethylsilane under mild ccnditions [81]. 

2.2.6.3 Complexes with tin donor tiganob 

Rhcdium-tin axnplexes, generated in agueous HCl solutions containing RhCl, 

and SnCl,,have beenexamined by llg5, NMF4 spectroscopy. Ibe rhodium(II1) 
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species, [Rh(SnC13)nC16_,]* (n = l-5) have been assigned [82]. 

2.2.7 Hydride compteme 

A neutrm diffractim study of [~tP(~~)~}~]~ has confirmed the 

square-planar coordination arcmd each rhodium atan and has located the hydride 

ligands at tbe bridging positim [83]. 

Solvent exchange in [M(PR3)2(solvent)gH2]+ (R = Ph, solvent = WCN or 14s2cO; 

R = cyclohexyl, solvent = t4eUi) has been examined. Ihe coordinated solvent 

mlecules are found always to occupy the tm?z8 positicn with reSpeCt to the 

hydride ligands [84]. 

2.2.8 Cpystattogpqhic Studies 

Ihose studies dealing only with the crystal structures of r~i~(III) 

omplexes and which are not dealt with earlier in the review are sumnarised in 

Table 2. 

2.3 RHODIUM(I1) 

2.3.1 Halide comptexee 

RPR studies of y-irradiated [NHq]C1 single crystals &ped with rhodiun reveal 

that F&(11) (as well as rhadium(0)) is stabilised at interstitial sites ih a 

vessed okahedral (D4h) configuration. Ihe unpaired electrco is believed to 

beocntakd inthedx2+ orbital and at 77 K super-hyperfine structure is 

observed as a result of the four equivalent chloride ligahds indicating the 

overlap of the dx2_y2 orbital with those of the equatorial ligands [92]. 

The chemistry of [Ph(bipy)s12+ was discussed in Section 2.2.4.2. 

2.3.3 GOI@&i%38 tith Group VI iiono~ tigands 

2.3.3.1 Cadoxghte COnrpbXe8 

Ihe chemistry of rhodium in this relatively unccmm oxidation state remains 

dominated by tbe dinuclear carboxylate derivatives. &art fran their unusual 

structure and oxidation state, these materials are kncm to have potential as 

anti-cancer agents and there is omtinued controversy concerning theelectrcnic 
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properties of the ampunds. Recently calculations have demnstrated that X- 

back-bnding stabilisaticn is important in the formation of adducts to 

[Rh,(C,H,CXO),] [93]. Crystals of (GUH),[F$(CH,O~O),U,] (Gu = guanine) consist 

of alternating dinuclear anicmic cmplexes of [RI~(cH~czD),c~~]* and M-I 

cations. ‘Ihe ixportant bnd distances are: Ph - Rh; 2.397, Rh, - Cl,; 2.571, 

Rh, - Cl,; 2.61OA [94]. The rate amtants for the forwardandreverse 

reactions: 

[Rh,(op4e)4]+ + x-=[Rh,(o,cMe)~x] (X = Cl or Br) 

have been measured [95]. Reduction of [~h,(Opk),+]+ by branide involves the 

equilibrium: 

[~~(Ope)pr] + Eir-== [~,(O,WprJ 

[Rh2(02ccF3)4U4e2S02)2], Frepared fran [@I,(O,CCF,),] ~3 an ex0333 of 
dimethyl sulphcne, has the mlecular structure (22) [96]. 

(22) 

The electrmic configurations of the dirhodiun tetracarb0xylate mnplexes, 

Pgb-=q)41 and P*(clflco2)4L21 (L = $0, N13 01: Ffi3) have been calculated 

by the ab initio SCF MD method. lbe F&-RI bend is a weak, single bmd and the 

electronic omfiguratian is .462,*46*w for [E(h2(+c02)4] and the water and 

armmnia bmded amplexes whilst [Fb2(p-HCO,),(HI,),] has an electronic 

amfiguration of 62n4x*46*w [97]. Ihe electronic structure of 

[W,(O,cH),(PH,),] has also been investigated by XII - SW KI calculations. The 

@osphine ligauds are strong o-donors resulting in a IKMD of Rh-Rh d and F#-P Q* 
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symnetry. No Rh-P back bonding is evident [98]. !Ihe structures of the @ms*ine 

and phosphite adducts, [*h,Kp4e)4Wh3)2] and [rch,(02CMe),{P(OPh)3}2] have 

ken determined by single-crystal X-ray diffraction studies. The (Rhh,(02CMe)4} 

nucleus in both wplexes is very similar to that found in the bis( aqua) adducts 

[99]. Electrochemical or radiochemical oxidations of [P~I~(O~CR)~(PY~)~] (R = Et, 

CP3i PY3 = PPh3r P(OPh)B, P(OCB2)$ZEt) gave the respective radical cations which 

were studied by BPR. The results are consistent with a single metal-metal bond 

formulation. !W cdd electron density on the Rh 5s atanic orbital is reported to 

be less than 15% of that cn the rhodium dB atomic orbital [loo]. 

[Rh,(O,CCP,),(PPh,),] and [wI,(O,CcF,),IP(Oph),},] have been examined by x-ray 

diffraction. Not surprisingly, the structures are found to be very similar to 

those of the ethanoate analogues [ 1011. 

The anti-tumour ecanplex, [Rh2(02cMe),,], forms a 1:l &duct with adenine and 

adenosine. Binding is considered to be through the nitrogen of the purine rings. 

The chemical properties of these materials are similar to [Rh2(0.$Me),]/DNA 

solutions suggesting that similar binding sites are involved (1021. lhe 

compounds, [Rh2(02CC2H5),(acridine)2]r [Rh,(02CC2H5)4(7-azaindole)2], 

[Rh2(0,(X2H,),(phenazine)] and [Rh,(02CC2H5),(durenediamine)] have been prepared 

each containing the axial nitrogen donor ligands depicted {acridine = (23), 

7-azaindole = (24), phenazine = (25), durenediamine = (26)}. 

N’ a N 

(23) (24) 

M 

0 
Me 

0 
Me Me 

(26) 

(25) and (26) link the R$(O,CC,H,), units through their bidentate heteroatcm 

into me-dimmsicnal chains [103]. 
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[Rh2(02cMe),] reacts with CW$IC to give the binuclear 

[qO$W@q=)Jr with retention of the metal-metal 

2.3.3.2 Phosphate complexe8 

axial diadduct, 

bmd [104]. 

Hydrolysis of [R~~(H~PO,,)~(H~O)~] under inert atmsphere gave 

Ph2(HP04)2(H20)7.5 which on heating gave [Rh,(HPO,),(PO,),(H,O),.& lhe reacticm 

of [P~~(H&),+(H~o)~] with p&dine in aqueous solution gave 

[IqHPOJ2(pY)&6H~0 11051. 

2.3.3.3 Complexes with oxygen-nitrogen donor tigand8 

Seven dinuclear rhodium(I1) cmplexes containing 2-oxopyridine ligands have 

been characterised. The bridging ligands are either 6-methyl-Z-oxopyridine (mhp) 

or 2-oxo-6-chlorcpyridine (chp). The amplexes are Rh,(mhp),,.H20, 

P$(~'~P)~((IQCN), P$(mhp),(O,~,),(C,H,N,).2CH,Cl,, 

Rh2(mhp)4(C3HqN2).0.5CH3(N, Ph,(ch~)~ and P$(~~P)~(C~H~N~).~H~O. C3HkN2 is 

possibly imidaxole, although its chemical origin is not yet known [106]. 

Mamneric, five-cm rdinate [Rh(dm~H).+~] is generated photochemically frcm 

[IWdmgH)2PPh& or fran [Me$HRh(dnqH)$Ph3] (the latter eliminating propane in 

the process). Although the rhodim ccqlex is &served only as a transient 

intermediate its existence has been substantiated by the conversion to the 

F&1(111) complex, [PhCl(dmgH)$Ph3], upon addition of iron(II1) chloride, &ich 

itself is reduced to irrn(I1) [107]. 

2.3.3.4 Conplezze with sulphur donor ligands 

[w*w%l*l~ is rapidly oxidised by MeI, unlike the corresponding 

mnplexes of Co, Ni, Cu and Zn which are methylated by Me1 at their sulphur 

dmor atans [108]. 

2.3.4 Complezes with Group V donor ligands 

2.3.4.1 Comptexes with nitrogen abnor ligands 

Rhodim octaethylporphyrin {Ph(OEP)jg reacts with P(W), as follows: 

{WOW]2 + 2P(cme) ~-2IWm{P(O)(aW*] + we* 

hkn the molar ratio of P(CMe)3 to {Rh(OEP)}* is 1:l cx less, {HI(OEP)}~ 

traps the methyl radical to foA Rh(OEP)(Me) [log]. {IUI(OEP)}~ also armbines 

with dioxygen to form Rh(OEP)(02), which subseguently gives the k-peroxo 

species, {WOW}(02){IWOEW} IWOW( FWXP)(Cl) and 

{Ph(OEP)}(02){Ph(OEP)} all of which react with No to produca Ph(OEp)(No) [llo]. 
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2.3.4.2 Complexepss with phosphor donor ligands 

The reaction of tmm-[ {RhCl(CO) (dFpn)}*] with dimethylacetylenedicarboxylate 

gives (27). The X-ray structure determinaticn of (27) indicates that it mtains 

(R=CH,,COOCH,) 

(27) 

CC@- (v(CO) = 1905 cm-l) and the long Rh-I?h separaticm of 3.35411 suggests that 

no metalmetal bond is present. Hexafluor@2-butyne reacts with 

tmns-[RhCl(CO)(dppn)], to produce a similar ampound to the me described 

[ill]. 

2.4 RHODIUM(I) 

2.4.1 Halide complexm 

!I% He-I photoelectrcn spectra of [F&,B~,(co),] and [P~,x,(PF,),] (X = BT, I) 

have been recorded and the results ozqared with these cbtained for [R~,u,L,,] 

(L = CO, PF3). Ibe He-II photoelect= spectrun of [Rh2C12(PFB),,] confirm the 

previous assignments made fran the &I spectrum above [ 1121. 

The interaction of [wI,Cl,(cO),] with aluminiun oxide has been studied by 

inelastic electron-tuunelling spectroscopy. Tbe oonplex adsorbs in a 

dissociative fashion by interaction with the surface OH groups, resulting in the 

loss of HCl to form F&O bonds [ 1131. 
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2.4.2 Conplexee with oxygen donor tigade 

2.4.2 .I Dioxygen and related comptexee 

Eecmpositim of [PhC1(PPh3)3(02)], in the absence of air, is said to proc?eed 

according to 

Q[PhClmh,),(O,)] -4Ph,PO + [{Rhcl(PP+q*]J + [{~w~,)*(0,)1,1 

The coqound [{~hCl(~~h~)~(o~)}~] does not produce a clearly defined 31P NIm 

spectrum owing to its rapid interamversim into a mixture of isuneric forms 

[114]. 

heating [RhX(PPh,),] with stilbane episulphoxide (28) under reflux in QLj.3, 

gives [Ph(SO)x(Pph,)]2 (X = Cl, Br) [115]. 

2.4.2.2 p-diketonate conqdezrse ad related species 

[=L*] (2 = 2-bensosemiquincne; L = P(OPh)3 or cod) mdergoes oxidative 

addition with dihydrogen, dioxygen, perbrmmxax antheneguinme 0T tcne to give 

the octahedral rhodium(II1) aa@exes with retenticm of the semiguinolato ligand 

[ 1161. ‘Ihe charge distribution in binuclear amplexes of rhodiun with 

bis(2-hydroxy)quimes and bis(2-amino)quinones has been established fran X-ray 

photoelectrcn spectroscopy [ 117 1. 

[PIQUE]- reacts with (29) to produce [Ph(CO)2(C7Hs02)] in which the 
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(29) 

tropolone ligand is found to be bidentate. Cne of 

compound is readily replaced with PPh,, which has 

the Co group [118]. 

the carbonyl groups in this 

a larger *mm-influence than 

Ultraviolet irradiation of [Rh(tfacac)(CO)2] in a methane matrix produces the 

species [Rh(tfacac)(a))] {"(CD) = 2013.7 crr~l} and [Rh(nl-tfacac)(CD)] 

{V(C)) = 2055.8 and 1996.7 on-l} accompanied by production of carbon monoxide. 

Irradiation by visible light caused the new bands to decrease and the bands of 

the original ozanplex to be regenerated [119]. 

2.4.2.3 Carboxylate and carbonate complexes 

The carboxylate oomplexes, tmns-[W(01~)(CO)(PPh3)2] (R = C,F,; C&l,; 

&HC,F,; 3-HCgF,,; 2-MeCCsF,,; 4,5-H2CgFa; 3,5-H2CSF3 or 2,6-F&Ha), prepared by 

the action of [RhH(CO)(PPh3)3] cn the appropriate polyhalobensoic acid, can be 

decarboxylated thermally to give the corresponding aryl ccqlexes, 

[Rh(R)(CQ)(PPh3)2]. Ihe reaction rate increases with increasing 

fluorosubstitution; derivatives with R = 2-HC,F, or 2,6-F&H3 could not be 

cbtained by this method [120]. 

The intermediate generated from the interaction of [HRh(CO)(PPha)a] with Co 

dines with carbon dioxide to form the hydrogen carbonate species 

tMna-[(PFh3)pPh(CO)(OC02H)], which has a square planar structure; both UJ and 

CO, are eliminated frcm the material upon pyrolysis [121,122]. The reaction of 

tmna-[Rh(CH)((X))(PPh3)2] with CO2 to form [Rh(OCD2H)(CO)(PPh3)3] has been 

r-e-examined. In dichlorceaathane solution, containing a trace of water, the 

system is found to be first order in cunplex -centration and the rate is found 

to be independent of the CO2 partial pressure [123]. 

2.4.2.4 Complexes with oqgen-nitrogen &no? tigand8 

The ozmplexes [RhL(CO)Ll] {RL = 5-methyl-8-hydroxyguinoline (30); LI = CD, 
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(30) 

(4-ClCgH,,IgP, PPh,, (4-=,&,IjP, (4+@CCsH,,IjP, PEt3 or PEt,Ph}, [PhLL*] 

IL2 = cisTPh2PCH = CHPPh2}, and [RhL(cO)L3.HgC12] {L3 = (~-!~sC~H,,)~P} have been 

prepared and character&d by infrared and 31P bMR spectrosm& [124]. 

[Rh(CCV(quin-8-O) (PPh3)] (31) may be wepared fran the action of 

kC,H3, 

(31) 

triFhenylphosphi.ne upcm [Rh(qui11-8-O)(C0)~]. ‘Ihe crystal structure of (31) 

showed that it was the Co group tram to the N-atom of the quin-8-o group in 

[W~h-8-o)(CO)2] which was substituted by the PPh, ligand, indicating that 

the N atan of the &elate ring has a larger tmm effect than that of the 

oxygen atan [125]. 

2.4.3 Complexes oith sulphup donor zigand 

The reaction of t~e-[W12C12(C0)2(dgpn)2] with CS2 gives (32). lhis novel 

species is also formed in the reaction of [ ~h~~~(cr-a>) (dppn~~] with CS2 [ 1261. 
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(32) 

Although the reactim of [(Rhcl(P~$)~}~] with carlmnyl sulphide forms 

[FW1(C0)(PPh3)2], the cmplex [~(cD)(PP~~)~] abstracts sulphur from ccs to 

give the rhodim thiol mmplex, [R~(sH)(CO)(P~~~)~]. It is believed that this 

reactim proceeds by the formation of a CBS amplex as follows [127]:- 

P\i 
p,$-P + cos - 

P 7 s 

co I 1 ,)rq + pm3 

co *0 

- If?-wm&),] + co + PPh, 

Iodamthane reacts with [w~(~-~~)~(co)~(~M~~P~)~] to give the oxidative 

addition product, [Rh(Me)(I)(CD)(PMe2Fh)(pSCMe3)ph(C0)(pMeqPh)] (33). This 

ccqound rearranges to give the ethamyl axnplex (34) [128]. 
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(33) (34) 

The reacticn of electrochemically-generated [wl{ S2C2(CW2} 2]* with weak 

acids gives [Rh(H)(S2C,(CN),},]2- , mntaining a rhodium-hydride bmd. Oxidation 

of this qund results in the formaticn of [R~I{S~C~(CN)~}~]~- (1291. A review 

on the reactivity patterns of planar bis(dithiolene) omplexes (35) has appeared 

[130]. [wl(co)(PEt3){s*c~((u)2}]- reacts readily with Hc104 to form 

(35) 

[PW) (a) (PEQ) {S2C2(~)& 1. 

[RhCl(SO,)(PR&] (R = Cyclohexyl) mists of square planar ccordinatim 

with tmns+os@ihes and a planar SO, group (S-bonded) [ 1311. 

The amplex [Rh(eth)(PPh3)C1]{eth = thio-derivative of (7)3has been prepared 

[261- 

2.4.4 &mpts~oss with nitrogen obnm ligmtds 

2.4.4.1 Amine, imine and &inn% coqdexee 

The proton IWR spectrum of [Rh(cO),Cl(L)] (L = 2-alkylaniline) showed 

downfield shifts for the 2-benzylic protons, indicating an above-plans geanetry 
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involving an interaction with the metal orbitals [132]. 

The kinetics of the chelatim reaction between [IW~(CC),]- (X = Cl, BIT) and 

2-aminopyridine (L) to give [Iu1L2x] has been examined spectro@otcmetrically. 

The reaction is first order with respect to the anion and second order with 

respect to L. Activation energies are 12.5 kJ mole-l (X = Cl) and 23.0 IGJ mole-) 

(X = Br) [133]. 

[Rh(cO).$lL] (L = (36-39)) were prepared fran the reactim of [RI,(CC),C~,] 

with the corresponding ligand. (40 = I-IL) reacts to give [REEL] [134]. 

(36) (37) 

(39) 

Caqmmds of similar formulations with L = MeNH2, 

(38) 

bensothiasole, benzimidasole or 1,2,3+enzotriasole, may be cbtained fran the 

reactions of [RI(CC)~C~L~] with L {L’ = (41)j. [Ph(cO)(P&.)ClL] is formed by 

reaction of [Rh(CO)2ClL] with PPh, in benzene solution [135]. 

(41) 

[~(~lO~)(~)IP(cych)gj], prepared from [~l(cS){P(cych)3}] and hg[cln,], 
ergoes exchange macticns with a variety of nitrogen dcmors to give 



[WW {p(cy~)3}*L][uoJ (L = w, 4-Mepy, bipy, phen and related ligands). 

[IWW(P~B){P(cych)3}L][c10J was prepared similarly [136]. 

Treatment of [Rh(nbd)2][c104] or [~h,(nbd)~Cl~] with L (= 2- or 4- 
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benzylpyridine gives [Rh(nbd)L,][ClO,+] [137]. 

Ccmplex (42)'has been examined by IaQh NMR spectroscopy. The chemical shift 

Q-+-@ 

PZ 
co co co co 

(42) 

value of + 46 ppn (vs the 3.16 MHx reference) is cne of the highest reported for 

a Rh(1) qlex and is believed to be as a result of nitrogen coordination 

[138]. 

The crystal structures of [Rh,(cI-pzl),(cS),[P(OPh),},] [139] and 

[Rhg(~-L)2(CS)2(PPh3)2] (LH = 3,5-t4e2pz1H) [140] have been determined by X-ray 

methods. 'Ihe ccqounds are isostructural, and consist of dimers attaining 

square-planar coordination, with bridging occurring through the two nitrogen 

atoms of the pyraxole ligand. The phosphite or phosphine ligands and the 03 or 

CS ligands are in the truns- configuration [140]. The complexes 

[l?h,(~-L)~(cS)~(Pph~)~] (LH = various substituted derivatives of pxlH) have also 

been prepared. 

The uxnplexes [Rh(LL)(cod)][PFg] (L-L = pyridinal-methylimine (43), 

pyridinal isopropylimineand pyridinal-a-phenylethylimine) have been studied by 

polarcgraphy and voltamnetry in &CN cz 'H,Cl,, with [Bu,,N][C104] as the 

(43) 
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supporting electrolyte. ‘&me reduction cccurs in two reversible cne-electron 

steps, followed by cne or two irreversible waves which are ozmplicated by both 

adsorption Menomena and chemical side-reactions. The oxidation shows a-~ly a 

single one-electron step, associated with catalytic phenanena at the electrode 

[141]. 

[Rhh2(CD)4C12] reacts with the formamidine compounds LiN(R)CH:NR {R = Rh or 

4-CsHqX (X = Me, &O, Cl or F)} to give (44) [ 1421. 

(44) 

Five-coardinate ccqlexes of the general formula [ Rh(CO) (L-L)L’2]X. (L-L = 

substituted phen or biguin; L’ = PPha, Rsph, or SbRh,; X = [ClO+] or [RF~] were 

prepared either fran the additicn of an excess of L-L to [Rh(aq2L3]x of fran 
the addition of a stoicheianetric amount of L’ to [Rh(CO)s(kL)] [143]. 

The salts [RhL(L’-L’)][C104] and [RhLL”*][ClOJ (L = cod, nbd or 

tetrafluorobenxobarrelene; L’-L’ = 2,2-biimidaxole (45) or 2,2’-bibenziimidaxole 

\ 
5J+ 

x 

(45) 

Q-p-Q 
A 

(46) 

(46); L” = pyraxole or imidaxoles) have bsen described. [Rh((?o)2(L’-L’)][C10,+] 

caaplexes, prepared by the displacenmnt of the cod fran [Rh(cOa)(L’-L’)][C104] 

with Co, react with phos*us dcncr ligands (L” ’ ) to prcduce 

[Rh(CO)(L”‘)(L’-L’) J[ClO,] [144]. 

!the oxidation of [Rh(bipy)*]+ was studied by chemiluminescence; the emitting 

product of this ~ss was found to be cis-[Rh(bipy)+3r2]+ [145]. 
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2.4.4.2 Complexense with nitrogen-phosphorus donor Ziganda 

Reaction of [Rhz(CO)4C12] with (MeO)2FNEW(CMe)2 gives 

[{l?h(CO)[(MeO)2ENEtP(OMe)2]Cl}2], whi& has an asymetrical structure with one 

of the cartxmylgroups occu~ing aterminal~ition and the other a bridging 

position. Both chlorine atoms are found to be in terminal positions [146]. 

Addition of E$,Fpy ,(47) to [Rh(CO)2(+1)]2 gives [Rh(Fh$py)p(CO)C1] which 

(47) 

reacts further with [Rh(CO)2(p-C1)]2 to give [Rh,(Ph2ppy)2(~-a))C12]. Treatment 

thenwithS02produces[Rh2(Ph2PPY)2(~-~2)C12]-areacti~~icficanbe 

reversed by adding CO. [Rh,(Ph2Fpy)2(~-CO)C12] and its SO2 analcque are both 

"A"-frank? cmplexes [147]. 

[RhL2][C%14] and [FthL$ ([I&$]+ = (48)), Ci8-[&L'((?O)C1] and 

C~S-[m(co)ci] (49) (L = P~~H,~~N(H)CH~~,~, ~1 = P~~~FI,c~,N(H)~~~cQ) 

have been found fran single-crystal X-ray diffraction studies to have the 

structures shorn [147]. 

(48) 

+ 
1 Oc\ F’ 

p’jdg;R 
0 

R 

(49) 

The reactionsof [I&Cl&x@] (pip= (SO)), {prepared fran the reaction of 

[RhCl(cyclooctene)2] with pip] with small neutral mlecules (L = pph,, Co, q, 

02, s02, or Cl*) gave the amplexes [RhCl(prp)L]. The dioxygen ampound 

[RhC1(02)(plp)] reacts at mm temperature with sul#mr trioxide to give the 
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PPhpe 

sulphato species [RhCl(SO,,)(plp)]. Reactim of [Rhcl(Oz)(prp)] with CD at about 

60 'C is nme ccqlicated, but the wedaninant reaction may be represented by: 

[Rhcl(O*)(~P)] 

Reacticn of [RhCl(Op)(Fnp)] with 

[mcl(Op)(plP)l 

+ 2co-[Rhc1(co)(oplP)]+ q 

diiodine, hcwever, yields free dioxygen [I@]: 

+ I2 -[RhclI2(plP)l + 02 

2.4.4.3 Complsxes with nitrogen-carbon donor h&uds 

[l?hCl (PPh3)3] reacts cleanly with the mthanoate C-H bonds of 2- 

pyridylmthanoate and of E-quinolinylmthanoate to give (51) and (52), 

respectively. C-H bard cleavage is &cm to be the rate-determining step in the 

- - CL I’ 
1 

0 

(51) 

(52) 



reaction by the observation of substantial deuterim isotope effects. The 

reaction is considered to proceed oia au initial interaction of the antibonding 

C-H orbital with the highest-occupied molecular orbital cm the metal. This 

interaction is consistent with a triangular C-El----M transitim state [149]. 
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2.4.5 Conptexen with phosphorus donor ligande 

2.4.5 .I Phosphine, phosphite and retated coWleX@8 

Contradictory to earlier reports, the stoicheicwtric decarbonylaticm of 

benxoyl chloride by [RhC1(PPh3)3] at low temperature does not take place 

(although the high-temperature catalysed reaction does produce chlorobenxene). 

The product of the reaction is [RhC12(PPhB)2(Ph)], whi& is also derived fran 

the thermal decmposition of [RhC12(CD)(PPh3)2(Ph)] without accompanied 

formticn of chlorobenxene. In a similar fashion, [RhC1(PPh3)3] reacts with 

rhnethylbenzoyl chloride to give [RhCl,(PPh,),(C,H,-&Me)] with elimination of 

CC; rl-chlorotoluene is not formed upm thermal decunpositicn of the cmplex 

[150]. Similarly, a,@-unsaturated acid chlorides, RCH = CIiCCCl (R = H, Ph, Me, 

n-CqHg), are not decarbcnylated to the respective chloroalkenes by using a 

stoicheiametric mount of [RhC1(PPh3)3] [151]. The reacticns proceed as 

follows:- 

RCH = CI-lCCCl + [RhCl(PPh,),] -[RCH = C&qc1- + [RhCl(CC)(PPh,),] 

[RhCl,(CC)L,] and [IrC1(C0)L2] (L = PMePhl or PRtPh) react together to give what 

is presumed to be a double chloro-bridged intermediate (53). Oxidative additim- 

Cl 
L 

% 

Cl 
‘\ L 

‘\ 

OC ,__L___l‘ J/ ,\I0 
L 

(53) 

reductive eliminatim then occuL18 to give [IrC13(CC)L2] and the rhodium(I) 

species, [RhC1(C0)L2]. trans-[KiClKO)(PMe2Ph)p] reacts similarly with 

[RhCl,(CW(PR$PW2] to give [~hCl~(m)(p~e$?h)~] aud trm-[Rhcl(a))(mt2~)2] 
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[152]. Treatment of ~~~~P)~~l*~~(O)~~] (frcan [(PPh,)3EhCl] and HsCWl) with 

carbon dioxide at room terrq?erature in dichloranethane gave (54). Using benzene 

as solvent, (WBP)3Rh(CD)2kC1 was formed whi& reacts with cx) to give 

[(Ph$%$hKXXCl] [153]. 

(54) 

[FUk(Pb12J)4]C1 OT [RhCl(Pt%,),] interact with sodiun amalgam in thf to give 

P%*,(~,)~21* ‘Ih is cluster contains an {HQ} octahedron with four 
tetrahedrally-related faces capped by {F&(PW,)3} groups. Na/Sg reductim of 

[Rh$(PMe3)JU yields [m(p~e~)~], and [Rhcl(cO)(~Me~)~] gives 

[{RhWCO)(pmj)3}2]. Syntheses of [W(*3)3], [Rh(C6S,Me-3)(PMe3)3], 

[~(P~2fi)(PMe312]r [PWq5-C,S,)(PMe3)2]r [~(0,1(PMe3),,]PFs and tmm- 

[RhCl(PF%3)(PMg)2] have also been reported [154]. Sun12 interesting reactions of 

r~i~~~ amplexes withCE212 have alsobeencbserved and these are 

sumnarised in S&em I [155]. 

Schem I: Scans reactimsof rhodiun 

chemistry of theprcducts 
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Roth [~h,~l,(p~e,)~] and [Rh(PI+),]Cl react with lithium indenyl to produce 

[(C,H,)Rh(P&,)2]. This material carbines with [NH,,](PF6], CH,I or CH$CCl to 

form the cationic species [C,H,PhR(PMe,),]+ (R = H, CH3 or CHH,CD), and the 

cunpound [ (CsH,)RhR(PW3)2][PFs] reacts with l,5-C8H12, 03 or PMe3 to give 

[Rh(pMe3)2(CBH12)][pFs], [Rh(pMe3)p(W3][pFs] or [IWpI’@3)4][pF6], 

respectively. An equilibrium mixture clontaining [Rh(PMe,)2(C$iq)3]+ is produced 

from the reaction of [ (c~H,)R~H(PM~~)~][PF~] with ethene [ 1561. 

The 31P{1H) dynamic NMR spectra of trans-[RN((CO)Lp] (L = (CMZ,)~PM~, 

(CMe3)2PC1 or (CMe3)$Ph; X = Cl, E3r or I) have been recorded. The spectra shows 

the existence of different conformers and the differences in the free energies 

of rotation between the rotamers have been evaluated [157]. 

In the oxidative addition of MeI to [RACES] to give 

[R~c~I(cH~)(cc)(PR~)~] the rate of reaction is found to be in the sequence 

p(CsH1,)3 >, p(C4H9)3 > p(ClsH3,)3. When PR3 is a triarylphosphine, two products 

are formed - tlulns-[RhC11(CH3)(CO)(pAr3)2] and a rhodium(II1) acyl complex. The 

oxidative addition product was found not to be an intermediate in the formation 

of the acyl complex. Trialkylphosphines were found to be nore effective than 

triarylphosphines at promoting the oxidative addition to rhodium(I); alkyl 

chains of length greater than C4 are said to be marginally less effective than 

butyl [158]. 2- OT 4_C,H,(CZH), add oxidatively to tmns-[PhC1(CO)L2] {L = PPh3 

or P(CsH,,F)3}. In the presence of diethylamine, HCl is lost fran these ccmplexes 

to yield [Rh(CO)(CzCR)L2] {R = > or 4-CSH,,(CKH)} [159]. 

Treatment of [Rh(C0)3{p(4-W36H4)3}2][C104] (R = Cl, F, Me or Mea) with MeCN 

followed by L (L = py, 2-m, bipy or phen) gives [Rh(CO)L{P(4-RC,H&),],] 

[ClO,] [160]. 

Heating of [Rh,(cod),~l,] and (55) under reflux in toluene gave (56), in 

which the alkane moiety is dehydrogenated and the alkene is bound to the rhodiun 

atcan [161]. 

(55) (56) 
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The complexes (57) and (58) have been prepared and are found to ambine with 

CO to displace cne PPh, group at the positian which is tmne to that &elate 

donor atan with the lowest tmne influence [162]. 

“pvs NR c.x+ w’ ’ 
(X=~,O,NR) (Q=S,0) 

(57) (58) 

Species (59) reacts with [Ph,(CO),Cl;],, [$(1,5-C,H,,),Cl,j, or 

(59) 

l~$(C~Ha)~~l~j in the presence of M[PF~] to produce [R~(P~,PC,H,)(~~),][PF,], 

lRh(ph,PC,H,)(l,5-C,H,,)j[PF,j and [Rh(Ph,PCSH,+)(C7Ha)][PFg], respectively. 

-itim of pph, to [Pmh$CSH,)(CO),.[PFg] gave [w~(~~~~c~H~)(co)(~~)][PF~] 
and addition of Ph,PCH,PPh, gave 

l(Ph,PC5H,)(CO)~(h(rr-~,Wi,PPh,)Rh((?O)(~3PCgHq)j[PFg]2 11631. 

Ihe tNR parameters of sane fluorophosphine rhodim(1) cmplexes have been 

recorded, Table 3, 11641 and the infrared and Pamm spectra of 

cia-[Bu,N]~PhX,(PF,),j and lRh,X,(PF,),j (X = Cl, Br) have been reported and 

assigned 11651. 

[Rh,(cO),Cl,J reacts with trialkyl phosphites (L) to form [P~c~(cc)$] and 

[Rh$12L4] depending u&m the Ph:L ratio. L is hydrolysed to P(OP)&M which also 

reads with [Rh,(CD),Cl,j to give [RhCl(CO){P(OR)20}2] [166j. 

l~(C~H~Me)(p(OPh)3}2j~C104] was prepared by treating [PhCl{P(OPh)3}2j2 with 

WICIOr]. 'Ihe rhodium atm is found fran the crystal structure detenninaticm to 

be n-bonded to the arene ring whi& exists in a boat--like conformation. 

Treatment of [~(C,H,Me)~P(oph),},1czo, with CO gives [P~(CCI)~{P(OP~~)~}]C~O~ 

11671. 
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2.4.5.2 Diphoaphine complexes 

The follawing "A-frame" cmnplexes have been prepared; 

[Rh2(~-X)(lr-co)(coq)(p~~)p]Y (X = w or I; Y = Br, I, [PhBrp(CO)2] or [BPh4], 

[P$(W2(Wn(W%?m)2] (n = 3 or 4), [~,(Ncs)2(c0)4(~-dppn)2], 

[~2(~)2(~)2(+@~WJ and [$Cl(NJ)(0)2(~~)2]. tie unusual azide 

Wlex is Proposed to have the structure illustrated by (60) [168]. 

[wl,Cl,(~-cF3C2cF3)(~-dFpn)2] contains two rhodim atoms bridged by two 

transoid dppnligands. The alkyne bridges thetworhodiumatcm, and is bound as 

a cis-dimetalated alkene. Reactim of the mnplex with carbm monoxide gives 

[Hh2C22(~-CO)(~~F,C,CF,)(~-d~)2], which contains a bridging carbonyl, an 

alkyne molecule bound in a similar way to the parent mmplex and no metal-metal 

bond [169]. Addition of dppn to [Rh(Ph$C5H,+)(CO)2][PFg] gave 

[(P~,PC,H,)(~)R~(~-~,PCH,PP~,)R~(CO)P~,PC,H,][PF~]~ [169]. 

[Ph(C,H,),Cl,] reacts with apPe to give [Ph(C,H,)(dppe)Cl] which eliminates 

C2H,, to give solvated [RhCl(dppe)], which is subseguently converted to a dimer. 

Exposure of [RhCl(dppe)] to a2 gives [Rh(COs)(dppe)C1], tiich decomposes to 

[Ph,(dppe)2C12]. Reactian of [Rh(dppe)Cl] with N~[PP~,+] gives [~h(dp~e)(~ph,,)] 

in which toe of the pbenyl rings is coordinated to the metal. This species also 

coordinates CO2 at room temperature, under pressure, and is converted into 

[Rh(dppe)Ph] when heated at 70°C uuder a U+ atmosphere, subsequently inserting 

CO, to give [Ph(dppe)(O$ZPh)] [170]. 

Low-teqerature 31P MlR spectroscopy reveals that [Ph(dFpp)2][BF,+] has a 

trigonal bipyramidal geometry with au equatorial solvent ( pmpanone) molecule. 

For [Wdppb)2][BF,+], the solution gecanetry is sore rrmplex. Single-crystal 

X-ray studies, performed cn [Rh(dFpb)2][EF4].C$i1,,0 reveal that the caticn has a 

distorted tetrahedral arrangement, whereas [Rh(cod)(dppb)]+, in the [BF~]- salt, 
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is found to have au approximately square-planar gemetry [ 1711. The dimer, 

[Rh2(CI’-dFPb)(~gHg)*(C0)21’ is obtained by heating [Rh(n+H5)(W21 uuder 

reflux with dp@ in benzene. Smaller chelating mines such as dppe aud dppp 

do not behave in a similar way [ 1721. lhe tramformations illustrated in S&ems 

II have also been dmarved: 

Schems II: Some reactim of rhodkmdppb ccaplexes 

Dichloranethane solutions of [Ph(dppb)2]X (X = [RF,,] or [PP~]) react with Co to 

yield the dinuclear amplex [Rh,(dppb),(CO),]B. This species, isolated as the 

[PF6] salt, mnsists of tvro trigmal biwamidal {RhP,(cO),} groupe bridgsd by a 

dppb ligand through axial amrdinatim sites. The 03 groups are tie,, aud occuw 

equatorial sites. The chelating dppb ligands spau the equatorial and axial sites 

[173]. 

The X-ray structural characterisaticn of [RhR(diop)2] reveals that the metal 

is mordinated to two chelating diop ligauds, each with S, s dirality, aud a 

hydride in a distorted trigcnal bipyramid [ 1741. 

CZanplexes of the type [HRh(CO)o+P)(PRS)], [HWcO)(FP)1.5]2 and 

[HRh(CO)($-PP)($-PP)] {R = PPh, or PRtPh2, P-P = various diphosphines {e.g. 

(61) ] have been e~~amined by 31P{1H} IWR spectroscopy. Tbe oafplexes are found to 
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have approximately trigonal-bipyramidal geanetry [175]. 

(61) 

The effect of temperature (2-100 K) m the emissico spectra and lifetimes of 

[KhLJClOJ (L = cis -1,2-bis(diphenylphosphino)ethylene) is interpreted with a 

two-level, spin-orbit split emitting manifold with AE = 38 cm-l, ~(lower) = 5920 

us and r(higher) = 20.3 @ [176]. 

[Ph(ad)(LL)][ClO,+].CH2Cl~ {L-L = (62)} has a triclinic crystal structure, 

(62) 

space group Pl, with a distorted square planar geanetry aromd the metal [177]. 

2.4.6 Con@km with arsenic c&mop liganch 

The complexes, [PhX(C0)L2] (X = Cl, Br or I), [PhWco)L,] and [PhClLJ 

{L = (PhCH2) $s} have been prepared and characterised fran infrared 

spectroscopy, electrical cmductivity and dipole arment measurements [178]. 

The “A-frame” qlexes; [wl,(~-X)(l.r_CO)(C0)2(dpirm)2]Y (X = Br or I; Y = Br, 

I, [“&2(W2] or [Bph4]), [~~(CW2(~)&Wam)2], [W,(Ncs)2(cO)4(dIwn)21 and 

(~~(~)2(~z)(dpam)2] have been prepared [179]. [Ph,C12(CC),(dpam)2].~@2 

mnsists of two square-planar rhodiun atom bridged by two diarsine ligands. The 

rhodium atans each possess tmm- chloro and carbcnyl ligands and the Ph-Ph 

separation is found to be about 5% shorter than that in the unsolvated species 

[WO]. 



115 

2.4.7 Con&exe8 with carbon do?~?’ ti@Z?KiS 

2.4.7.1 Organomtattic complexes 

Reaction between sodimcrlithiumnitrocyclopentadienide aud [Rh(CO),Cl], 

gives [~5-C:sH,N3,)Rh(CO)2]. This is the first exanple of au + 

nitrocyclopentadienyl transition metal ampound to be synthesised directly fran 

the nitrocyclopentadienide anion [181]. [Rh(acac)(cH2 = CHS%)~] and 

[Rh(acac){CJQ = 'H)$iR2}] (R = Me, RtOor Ph) were wepared byligand exchange 

of [Rh(acac)(C$ = 'H~)~] with the vinyl silanes [182]. A pmpanone soluticn of 

[Rh,(tfb)2C12] (tfb = tetrafluor&enxobicyclo[2,2,2]octatriene) reacts with 

Ag[C104] to form [Rh(tfb)2][C104]. 'Ihis material combines with various nitrogen 

or Mcqhorus donor ligands to give [Rh(tfb)L2][C10,] (L = m, ph(u, py, 

PhNH,, 2-Mepyr 2-Rtpy or 2,4-Ma$y) or [Rh(tfb)(LL)][C104] (L-L = Men, bipy, 

amq, tmen, 2,2'-diguinoline or dppe) [183]. The organosodium ampouuds 

[C~H,+C(O)R]IQ (R = H, Me or &O) are fouml to be useful intermediates in the 

PreParatim of [(~5-C,H,CHO)Rh(CD),], which may be readily converted into the 

corresponding acrylate aud vinyl derivatives [184]. [Rh(nbd){P(4-RC6HI()3}2]X 

(X = [ClO,] or [&?I~]; R = Cl, F,Meor Mea) were prepared by reaction of 

[Rh,U,(nbd)2] with P(4-EsHq)3, followed by NaX. Treatment of these caplexes 

with dihydrogen gave [RhR,{P(4_RC,H,),},]X or [Rh{P(4-RC,H,),},PhRPh,]; the 

latter ccaplex contains [~ph~] mdinated to rhcdiun uia. an arene. 

[Rh(C0)3{P(4-RCsH4)J}2][C104] was isolated by carbcnylatim [185]. 

Ca@ex (63) was prepared by treatment of (64) with [~hcl(pFh~)~] [186]. 

(63) (64) 

carbcn suboxide, C302, reacts with [Rh~Zl(pFh~)~] in benzene to produce 

tmm-[RhCl(CO)(PPhB)2] aud polymeric C20. In toluene solutim, C302 reacts with 

[~#12(cyclooctene)J to give [~RhC1(cyclooctene)(C0)(C20)}n]. This species 

carbines With pyridine to form [{RhCl(cyclooctene)(CO)(c20)(py)}2] [187]. 
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2.4.7.2 Isonitrile complexes 

The low-temperature, single-crystal polarised absorption spectrum of 

[Rh2(1,3-diisocyanopropane)4][BPh4] 2 has been obtained in the lowest triplet ÷ 

singlet transition. Analysis of the band shape of the absorption shows that the 

excited state is greatly distorted from the ground state along the l~h-Rh 

coordinate [188] The ground (IA _) and excited (Eu(3A~.)) states of 
" - 19 ~u 

[Rh2(1,3-diisocyanopropane)4] 2+ have been examined by time-resolved Ra~an 

spectroscopy. The results reveal that the Rh-l%h bond order is much higher in the 

excited state than in the ground state and the Rh-Rh bond energy has been 

estimated to be 176 kJ mol -I from analysis of the vibronic structure [189]. 

[m4(1,3-diisocyanopropane)8] 6+ forms 1:1 and 1:2 complexes with [Rh2L4] 2+ 

{L = (65)] in aqueous, non-complexing, acid solutions at room temperature. The 

formation constants of the oligcmers were determined [ 190]. The oxidation state 

of rhodium in this material is formally 1.5. 

C 8 C8 

(65) 

The reaction of [Rh(cod)Cl]2 with meso-1,3-diisocyanocyclohexane (L) gave 

[I%h2L4][BPh4] 2 in the presence of [BPh4]- ions [191]. The complexes [Rh2L4] 2+ 

(L = meso-1,3-diisocyanocyclohexane or meso-2,4-diisocyanopentane) were prepared 

and characterised from their electronic spectra. Thermal and photochemical 

reaction with HCI produces dihydrogen and the dimers [{I%h2L4CI}2] 4+ which react 

further with HCl to give [m2T4~2] 2+ [192]. 
The radical anion salts, [Rh(I%NC)4] + [TCNQ]- (R = Me3C, cyclohexyl, 4-MeC6H4, 

4-MeOC6H4, 2,6-Me2C6H 3 or 2,4,6-Me3C6H2) ; [I~h(I~NC)4] + [TCNQ]T.TCNQ (R = 

cyclohexyl, Ph, 4-MeC6H4, 2,6-Me2C6H 3 and 2,4,6-Me3C6H2) and [I~h(4-MeC6H4NC)4] + 

[TCNQ]T[TCNQ]2 have also been prepared [193]. 

[Rh2L4][PF6] 2 (L = 1,8-diisocyancmenthane) is triclinic, space group Pl, with 

lattice parameters: a = 13.688, b = 13.9445A; = = 95.79, ~ = 104.54 and 

y = 62.15 ° . The metal geometry is approximately square planar [194]. 

8.4.7.8 Ca~,bomzns co~pleze8 

IH and 31p NMR spectra have been recorded for [3,3-(PPh3)2-3,4-C5H5N-3,1,2- 

RhC2B9HIo ] . The free energy of activation for hindered metal-cage rotation is 

found to be 41.0 kJ mole -I [195]. The metallacarbaborane, 
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czoso~[lrl-(PPh~)p -l-H-l,2,4-RhC2B1,,H~2] has been synthesised frcm the reaction 

of [~hcl(~~h~)~] with [MQN][c~B~~H~~] and its molecular structure has been 

determined by X-ray diffracticn [196]. 

Complexatim of (66) with [C,$4a~)RhC2]2 gave (67) ccntaining a bridging 

diborabenzene ligand [197]. 

(66) (67) 

2.4.8 Complexes with mercury donor tigande 

Pvl2L21 (L = cod or nbd) reacts with [I-kg(PN3R')2] ( R = Me, Et or 4-tolyl; 

R' = 4-tolyl) to give the triaxenido amplex, [L(E(N3R')$h8gC1]2 containing a 

Rh-Hg bond. Ihis ccqound was also prepared by reaction of [LRhCl(HgCl,)], with 

[Ag(PN3R')n]. Intramolecular exchange is reported to occur between the tm 

triazenide-groups. The structure is believed to be similar to the analogous 

iridim complex for which a crystal structure determination has been carried out 

[198]. 

2.5 RHODIUM(O) 

The EPRspectrmof y-irradiated, rhodim-doped,[~914]~ single crystals is 

ccmsistent with the stabilisation of W(0) {and of Ph(II)} at interstitial sites 

in a compressed octahedral (D,,h) symnetry. The g-values are consistent with the 

unpaired electron being in a pure d3x2_r2 orbital [199]. 

2.6 BIMETALLIC COMPLEXES 

2.6.1 Romometattic comptexezas 

[~-CB2){(+cp)~(~)j2] (68) has been exmined by neutrcm diffractim at low 
tenqerature. The H-C-H angle of the bridging methylene group is very close to 

the tetrahedral angle [200]. 
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(68) 

[(p-W{ (~p)Rh(cO)]~] reacts with SO2 in 

give (69) through quantitative substituticm 

ethoxyethane at ram temperature to 

of CD with SC& [ 2011. Addition of 

4 

CP A 
’ h-RhFO 
P 

co 
\ 

CP 

(69) 

di@enylcarbene to the Rh = W kxmd of (70) gives (71). 00 elimination and 

additim of the Cl-I2 moiety gives (72) [202]. 

d @ x 
~&h==Rh-L L-Rh---R&L 

\ 

k 
‘-4 
fi 
0 

(70) (71) (72) 

Reactian of [ ($-c,M~,)EuI(w) 2] with H[BF,,] produced a high yield of the 

metal-metal bonded species (73), which gave (74) upm reaction with NaCHe. 00 
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was eliminated frcm (74) to give (75) 12031, lbe binuclear qecies (76) reacts 

(73) (74) (75) 

with RR*CF$ (R = H, R' = H, &or CIX$t; R=R' = (x1.$ or Ph) to give (77), 

which rearranges to (78). Ch heating (78) gives (79) [204,205]. 

(76) (77) (781 

R R' 

[(cp)2Rhz(cO)3(~$p3)] (80) is formed fran the reactim of [Ehl(CO),,C12] 

with Cl?& E CZF, after treatment with (cp)!Cl. (80) is believed to be in 

equifibriun with the issuer (81)‘ wbicfi increases in cmcentraticn as the 

temperature is lowered. Dtmdxmylaticm of (80) is achieved at 25'C WBI 

treatment with Me@ producirq cis- aM tnne-[i(h(cp)2(OOf2(CF3C2CF3)] and 

[Rh2(cp)2(~~)(CFJC2~3)] [206]. 
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(80) (81) 

The electron-deficient alkynes ~$X.$ID2R (R = H OT Me) cyclotrimerise cn 

heating in the presence of [[Ifh(~ZO)~(Pph~)~j~]. !&us, Me02CC2CD.+ gives 

[~,(~),(P~,),(~,~,~,~)] d l~(~)o)2f~4(a)gNe)4Rh(Co)2(PPhJ)}] [207]. 

03 ccanbines with [(~-H),R~I,{P(CCH~,)~}~] to produce 

[(cI-H)~W~~(C~_CO){P(~~)~}~] which transforms slowly in Bolution to 

P$b~)*Ip(-~)J41’ ‘Ih is material reacts reversibly with carbon mnoxide 
to give [~,(cr-cO),(~)~[P(~~)~js] [208]. 

2.6.2 Heteromtaltic compze~. 

TIE @sphido-bridged, binuclear species 

crystallographicallydetennined F&I-MD bmd. 

in (82). N4R studies have denmstrated that 

The structure is shown schematically 

the complex is fluximal with a 

(82) 

facile axial-equatorial interchange [209]. Ihe "triple-decker" sandwich 

mle=s [CoRUP3)(triMos)2][~4]2.0.75CH2U2, 

[CORh(P3)(triFhors)2][Beh4]2.2(~j)*C0, [NiJJWP,)(triphos)l][BFq]2, 
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[NiRh(P3)(triphos)2][BFq]2.C4HS0 a-d [NiRh(P,)(triphos),][Beh,12.CH,U, 
(analogous to [~h,(P,)(tri~),][aeh,].(CH,)pCO) have been prepmed and 
characterised {(P3) is the +bcnded cycto triphoqhorus unit and triphos is 

l,l,l-tris(diphenylphosphinarethyl)ethane} [ZlO]. 

Heating of [(Cp)(CO)Co(~-CH2)Co(CO)(cp)] with [Rho] gave a mixture of 

the knm species, [cQ(co)R~(~-CH,)W(CO)~~] and the novel heterobinuclear 

species, [cP(CO)WFCH,)R~(CQ~~] [211]. 

[IrH5(PHtB)2] reacts with [(P~B)pwI(~2-C1)2(PEt3)2] or 

[(dppe)Rh(p2-Cl)2(dppe)] to give, respectively, the hydrido-bridged binuclear 

ccmplexes [(PEt3)2Rh(pl-H)(&-l)IrH2(PEt3)2] or 

[(dppe)W~p-H)(~q-Cl)IrH2(dppe)] [212]. 

2.7 RHODIUM CARBONYL CLUSTERS 

2.7.1 Trimpic CtU8tf3P8 

Weatmant of [R~,(co),c~~] with PPh2H in benzene in the presence of a base 

gives [Rh3(~-PPh2)3(cO)5], which amsists of an edge-bridged triangular cluster 

[213]. By employing a [Rh,(Co),Cl,]:PPh,H nolar ratio of 1:2, the %-electron 

trinuclear cluster, [E(hg(~-P~l)3(CI_C1)2(~-CO)(C0)3], was isolated in which each 

RkRhedgeis~idgedbyaPPh2group.'Ituooftherhodiumrhodirrmbondsme 

further bridged by chlorine and the third is bridged by a carbonylgroup[214]. 

Reaction of [(cp)pRhp(cO)2(&H2)] with H[BP4] gives the protcnated 

derivative, [(c~)~W*(CO)~(~~~)(~-H)], which can be readily de-protonated with 

bases such as rrethoxide, or thf. Cb warming, the nmthylidynerhodium cluster 

(83) is formed along with the eliminaticm of dihydrogen and methane [215]. 

(83) 
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Reaction of the indene species, ~~~(~~)~(~5~~H~)~], with buta-1,3-diene, 

tmns-penta-1,3-diene, isoprene, tmns , tmnayhexa-2,4-diene, cyclopentadiene or 

cyclohexa-1,3-diene gives the stable axnplexes 

[~,(~~)(~-l,3-diene)(~5-CSH7)2]. The X-ray crystal structure of the 

cyclohexa-1,3_diene complex. indicates that the diene is more weakly held than in 

the corresponding mxrcnuclear systm 12161. Reaction of the trimeric aanplex 

with allene in toluene affords [I~~,(c~-~~)~(C~H~)(~~-C~H?)~] which reacts further 

with H[E+F,,]-Et*0 to give [Rh2(CO)2(CH3~2)(rt5"CgH,)2][BF4] [217]. 

2.7.2 Tetmmwic clusters 

Methane formation fran the stoicheianetric reaction of molecular hydrogen 

with [RADIO], supported on y-alumina, has been studied using tenperature- 

programned deompsition. Ihe temperature at which methane is first observed is 

150 'C [218]. Fragmentation of [R~,(cc)~~] occurs under 1241-1379 bar of CD at 

5-12 'C in dodecsne solutions to give [I$(CO)s]. !l%e intrcducticn of smdll 

anounts of dihydrogen causes spectral changes in the high-pressure infrared 

spectrun and Rourier subtraction of the [Rh,(cO),,] and [WIFE] bands reveals 

a series of bands axisistent with the species [~(~)~I [219]. Other carbcnyl 

clusters under high pressures of CO and Hz have been observed to fragment to 

[Rh(CO)+]-, [HRh(CO),,] snd [Rhh2(C0)s] [220]. The far-infrared and Bman spctrum 

of [FQ(cD),,] in the solid state and in dichlorcerathane has bsen examined. The 

IR band at 198 an-l has been assigned to the al-type S(M-M-CO) vibration of the 

bridging carbcnyl ligands and this has been confirmed by analysis of the 13CO- 

enriched spectra. The IR band at 176 an-1 is assigned to tp, VW-M). I&man bands 

of [R~,(cc),,] soluticn are found at 125 (e, v(M-M)), 170 (t2, v(M-M)) and 

219 cm-1 (a I, vfM-M)) [221]. 'Ihe "tripd" ligand, HC(J?Fh2)3, was reacted with 

[~h,,(c~)l~] to give (84). [c~~R~~(cc)~~] behaves in a similar way to 

IRh,(C%*l 12221. 

(84) 
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Although 31P IWR studies ~1 [Rh4(CD),2_x(P(OPh)3}x] (x = 1, 2 or 3) show that 

each ampound consists of one isaner in solution, the analogous PPh, derivatives 

exist as different isuners. Ch mixing [Phs(CO),2_xLx] with [P~I,,(CO),~_~~] 

(L = Paw3; x = 0,l or 2, y =x+2;x=o,y = x + 4) a distribution of the 

phosphite ligands takes place to produce [Rh4(CO) ,2_xLx J (2 = 1/2(x + y) ) . It is 

also found that interchange of carbcnyl groups occurs co mixing [oh,,,] 

with [FQ(~~cD)~~] [223]. !lhe “butterfly” cluster [Rh~(~-cO)4(~--s02)3{P(OPh)3}4] 

has been prepared fran the passage of sOg through a benzene solution of 

[%(CO) SIP(~)3141 t a roan temperature. The SO2 ligand is bonded to two metal 

atones through the sulphur atan and a third metal atom is bonded through one of 

the oxygen atcem [ 224 ]. 

2.7.3 Heaumeric clusters 

The thermal properties of [Rh,(CO)16] have been studied by thernogravimetry 

and IR spectroscopy. The temperature of the transition of the cluster to 

metallic rhodium is increased by a matrix effect of the KRr support [225]. 

Methane is formad above 140 ‘C by the stoicheianetric reaction of dihydrogen 

with [W,(CO),6] supported upon +1203 [218] and XPES indicates that the 

cluster remains intact when impregnated cmto alumina. *en ampletely 

decarbcnylated by exposure to air, regeneration is achieved by treatment with 

moist CC [226]. 

The precursor clusters, [Rh,(CO)15]S and [Rh,(CO)16]*, when impregnated 

onto silica containing Ti02 cnz Zr02 were shown by IR and XPKS to form hydrido 

carbonyl clusters such as [Rh,(CO)l$l]- bwing to the reaction with surface OH 

from the acid sites of the titaniun or zirccniun oxides. These oxides are also 

believed to prevent the aggregation of rhodium cm the silica support and to 

enhance CD disscciaticn [227]. The anicms, [Rhs(CO)lsX]- (X = OoEt, cO,He) are 

found to contain octahedral rhodiun clusters and the stereochemistry of the 

carbcnyls is found to be similar to that of [Rh,(CO)16] with cne terminal CO 

group replaced by X [228]. 

[%(~)14(C3%)1 - 

with [w~,(co),,]~ 

is obtained by reaction of ally1 chloride (CR2 = CHCIi,Cl) 

and contains an octahedral rhodium cluster with a mean 

rhodimrhodiun bmd length of 275.3 pn., The structure of the amplex is similar 

to that of [Rhg(CO)16] except that two of the terminal CD groups of are of the 

metal atans are replaced by a &xnded ally1 group [229 1. 

[RhsC(CO)13]2-r Frepared frcm CO evolution of K2[Rh&(CO)1s].6CH30(CR2)40(H3, 

has been characterised in its tetraphenylpkqhoniun salt. It contains a 

distorted octahedron of rhodium atans with a central carbon atan. six of the CC 

ligands are edge-bridging, spanning consecutive edges of the three octahedron 
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equators and seven of the CD ligands are terminal [230]. 

[Wg(l.rj-co)4(cO)B{P(OPh)3j4] is found to contain a slightly-distorted 

octahedral cluster of rhodium atcans. The ligand geometry is derived from that of 

the parent [wI,(cD)~,] species with four of the terminal CD groups substituted 

by P(OPh)3 ligands [231]. 

2.7.4 High nucteaPity cluster6 

Decunpositicn of [Rh6(CO)14(SCN)2]2- in thf gives the anion 

[Phlos(CC),,(~-CC),J2-. The structure of the anian in the 

[(Ph,P),N],[Ph,,S(CO),,] salt consists of a bicapped square-antiprismatic metal 

atcan cluster containing an interstitial sulphur atom at the cluster oantre 

[232]. [Ph,,P(CW,,]3-, as the [CsH5(Ji,N(Et)3] salt, has been characterised by 

X-ray methods and found to have a similar structure [233], as has the analogous 

anion of [P~~,A~(cc),,] in its benzyl triethylamnon ium salt. 

The arsenic species is found to be stable under a high pressure (537 bar) of 

CO/H2 up to 150 OC, but at _ 1000 bar, total pressure, the material decomposes 

into [Pi,,]- and [~h$s(cO)~~]~- [234]. 

13C WP spectroscopy has revealed that [P~~~(cc)~~]~- is ccmverted under high 

CO/H2 pressure, into [Ph,(CO),,]-. @I the NMR time scale at law temperature, the 

exchange of carbonyls is found not to be fast [235]. The structure of the anion 

in P%**31*[*1Pc*(~)241 consists of a closed {E&I~~) polyhedron cxmtaining 
two prismatic cavities in which the carbide atoms are located. The Co groups are 

bonded by eight edge bridges and sixteen terminal links [236]. 

The anion in [~,],[w~~,H(co)*~].x~H~No has an idealised C, symnetry and 

contains a centred twinned-cuboctahedrcn of metal atoms similar to the 

[Rh13Hg-n(CD)24]n- series [237]. 

A new and convenient high-yield synthesis of [Ph1,+(CO)25]e fran 

ccmmercially-available rhodiun carbonyl cunplexes has been reported: its 

previously reported structure has been verified [238]. 

Heating of a mixture of [Ph,(cO),,] and NaCH under reflux in 2-propanol 

produces [Rhl,(~3~)3(~~)15(cO)12]* which contains a tetracapped twinned- 

cuboctahedral cluster of Cs synmetry [239]. 

The high-nuclearity cluster, 

[cs~(18-crown-6) Ir]~[W122(CO)35~]5-[I(h22(CO)85~X+,]4- has been isolated and 

all of the non-hydrogen atans located in its structure [240]. 
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2.7.5 Miaxd-n&a2 clueters 

Ag[PQ] and [=W2P~3)(cp)] ax&he to form [~.IRh(W)(P~B)(cp)}2][PFs] 
which ccntains ?q-Rh bonds. The crystal structure of the material reveals the 

presence of discrete [~{FJh(W)(PPh3)(cp)}2]+ ions [241]. 

Irradiaticm of [~2(W),,] in the presence of [Phg(L-IJ4][PFs] (LL = 2,5- 

dimethyl-2,5_diisocyanohexane) produces the mixed-metal, linear, tetranuclear 

cluster, [w1,(LL),luh,(W),,][PF,],.2(cH,),W, -ising 

[(W) $q(bL) @l(W) s12+ cations having approximate D2d synrnetry and two 

propancne nrAecules of crystallisation. The geometry about each metal is 

approximately octahedral [ 2421. 

Treatment of [W,(TJ-C~H~)~C~~] with an excess of [Fe(W),(PF$B)] in benzene 

at room temperature and in the presence of W results in the formation of 

[*,Fe,(P*2)4(W)8] (85) [243]. [W,Fe(~-Pph,),(~-cO),(W)o),] has been prepared 

(85) 

by treatment of [Ph,(W),Cl,] with [Fe(W),(P%,H)] in the presence of base. 

Rleaction of this mixed metal cluster with W gives [I$(W),(PP~~)~], which 

subsequently eliminates W to form [W,,(W)6(PPh2)4] [244]. 

‘Ihe triosmium cluster, [Cs3(~~)2(W)10]~reacts with [Rh(acac)(C2H,,)2] to 

form [ck,Rh(~-H),(acac)(W)lO]. Ihe acac ligand in this cluster is chelated to 

the rhodium atom at cne end but cne of its oxygen atars also bridges to an 

osmim atom. ‘Ihe ligand thus functions as a five-electroo donor so that the 

cluster is a 60-electrcn system. Reaction of PPh, with the {C+Ph) cluster 

produces the unstable species [as,wl(I.r-H)2(acac)(W)lo(PPhJ)] [245]. 

The mixed metal clusters, [PtPhs(W.)lk12- and [ptrch,(W),,]2- have been 

prepared and characterised by X-ray crystallography. The equilibrium: 

+w 
[PtRh,(w)1212- = [-%p),,l 2- 

-w 
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takes place at roan temperature and atmospheric pressure. During this 

conversion, the trigonal bipyramidal clusters undergo structural rearrangements 

- the movement of the platinum atan frcan the apical position to one in the 

equatorial plane being of particular note [246]. Reaction of [Pt(C2H,+)3] with 

[~fh~(pa)~(q5-c~Me~)~] in toluene at 0 “C produces [~~,(~-co)~(r)-C5~5)~1 

containing Pt at the centre of a pseudotetrahedral geometry. 

[~Rhz(~-H)(~-cO)2(~)(Pph3)(rl-C5~g)2][BF4] is formd by addition of H[BFb] to, 

for example, [ptw1,(~-cO)~(cO)(Pph~)(~~5Me~)~] which has a structure similar to 

that of its precursor. It is speculated that the hydrido ligand nust bridge a 

Pt-Rh bond [247]. 

2.8 RHODIUM-NITROSYLS AND THIONITROSYLS 

NOX (X = Cl or Sr) adds to [RhC1(PPh3)3] to give 

and [@dWx3(PPh3)2] [W]. [m][PF6] reacts with [R~(cc)~(~+%)] (R = H or 

Me) to give [Rh(CO)(NO)(+R5)]+ which decarbonylates to 

[Rh,(cr-co)~~-~)~rl~~Rg)*]+. Further reaction of the latter compound with No+ 

produces [{R~(P-No)(T&R~)}~]~+ [249]. !che compounds, [(cP)~P$(No)~] (86) and 

[(cp)&(~O)~] (87) have been synthesised by the additicm of nitric oxide to 

thf soluticm of [Rh,(CO),Cl,] under an inert atmosphere. Pyrolysis of 

[(~p)$?h~(No)~] dissolved in xylems under dinitrogen gave a clean mversim to 

[(cP)~R~~(No)~]. [(cP)~R~~(No)(No~)] (88) is formed fmn the passage of No 

through a dichloromthane solutico of [cpRh(c~)~], following the ingress of a 

small volume of air [250]. 

w--R CP- CP 

0 

(86) (87) (88) 

Reactions of the nitrosyl halides (X = Cl or Sr) with the thionitrosyl 

=s@lexes, [Rh(CC)(NS)C12L2] and [R~(cc)(Ns)(PP~~)~], produces [R~(co)(NO)C~XL~] 
(L = PPh, or AsPh3) [251]. 

(NSC~)~ reacts with various Rh(I) carbcnyl carplexes to give 

[{Rh(CW(Ns)C12L}2] (L = PPh, or AsPhg). Raacticn of this canpound with an 

excess of PPh, or AsPh, gave [Rh(CO)(NS)C12~2] and [F&(co)(NS)(PP~~)~]. 
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&actions of the nitrosyl halides with these carbonyl thionitrosyl mnplexes 

gave [Rh(CO)(NO)C1XL2] (X = Cl or Br; L = PPh, or AsFha) [251]. Fteacticm of 

(NSC1)3 in thf with [Rh(ND)(PPhB)J] gives (89) [252]. 

(89) 

The cmplexes [W(NS)ClXL2] (X = Cl, L = PPh, or Asph3; X = Sr, L= PPhs) and 

[Rh(CO)(NS)C12L2] (L = PPh, or AsPhJ) have been derived fran (NSCl), [253]. 

[RWo)X~(P*~)*] (X = Cl or Sr) reacts with (NSCl), in thf to give the bridging 

thicnitrosyl complex [Rh(NS)X2(PPh3)]2 which, with excess of PPh, or Asph,, 

gives [Rh(NS)X2(PFhB)L] (L = PP~, or AsPha) containing a terminal thicnitrosyl 

group [254]. Similarly, reactim of (NSCl)3 with [Rh(ND)C12(AsPhg)2] gives 

[W(NS)C12(AsPh3)]2 which combines with PPh, to produce [Rh(NS)Cl,(PPhg)2]. 

Addition of either PPh, or AsPh, (L) to [Rh(NS)C12(AsPhj)]2 gives 

[WNS)Cl+Phg)L] [255]. 

2.9 RRODIUM CATALYSTS 

A nlrmber of review articles appeared in 1981 concerning catalysis by rhodium 

cmplexes. In particular the chemical and catalytic reactions of Wilkinson's 

catalyst, [RhCl(PPh,),], have been reviewed in an article whi& includes details 

of the preparation and physical properties of the ampound, as well as its 

stoicheiometric and catalytic reactions. The discussim of the catalytic 

reactims of [RhCl(PPh,),] includes its tile in hydrogenation, dehydrogenation 

and hydrogen transfer, hydroformylatim and carbonylation, hydrosilylaticm, 

oxidation, isomerisaticn, and oligamrisation [256]. 

A report cn the heterolytic activation of dihydrogen by transiticn metal 

amplexes has eared in which the catalytic reactions of rhodium(I) and 

rhodium(II1) are discussed [257], and a 'review of the theoretical chemistry of 

the hamgeneous, [RhC1(PPh3)3]-catalysed hydrcgenaticm of alkenes has been 

published [258]. Hydrogenations catalysed by rhodiun qlexes have also been 

discussed within Wlune 4 of the Advances Series; Vqects of Hamgeneous 

Catalysis" [259] and a review of rhodiun-catalysed, asymnetric hydrogenations 

has appeared in which the experimental data on chiral phasphines used as ligands 

are highlighted [260]. The medmnistic pathways in the catalysis of alkene 
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hydrocarboxylation by rhodium has been reviewed [261] and the oxsnercial 

applications of reactions catalysed by rhodiun have been described by Parshall 

[262]. I&views cxmcerning hydroforqlation and carbcnylation by rhodium 

catalysts are described in the relevant sections. 

2.9.7 HydPogenation 

2.9.1.1 Reactions of carbon-to-carbon multiple bonds 

[*Cl(P*3)3], anchored onto a linear polystyrene, has been examined as a 

catalyst for alkene hydrogenation. The results of this work indicate that the 

mechanism is similar to that found under hancgeneous conditions [263]. Catalytic 

deuterogenation using [@~Zl(Pph~)~] in benzene, under an atmoqhere of 

dideuterium, occurs in the preparation of palmitic acid-&, and stearic acid-d6 

fran the corresponding 9,10_unsaturated methyl esters [264]. 

In conjunction with AlEt3, [RhCl,(PR,),] is found to be an active 

hydrogenation catalyst. When R is tolyl, the qlex can reduce both alkenes or 

internal alkynes, but when R is cyclohexyl, the complex is then inactive for the 

reduction of internal alkynes [265]. 

The selective oxidation of the hydrido- and carboxylato- triphenylphos~ine 

rhodium(I) qlexes [RhH(PPh3)4], [R~H(PF$)~], [NWCO)(PF$)~] or 

[@-@=CHq)(PPh3)J in the solid state, using dioxygen, produces the 

paramagnetic species {Rh11(02)}-, detected by EPR, indicating the presence of 

coordinatively-unsaturated metal centres. The catalytic hydrogenation activity 

of these complexes is affected by the presence of metal centres with a vacant 

site [266]. 

[Ctoso-1,3-~-2,3-~-{1,2-~-(~2-3,4-CH2al2C(~)~~2~2~2)}-3-H-3-PPh~-3,1,2- 

R~C,B,H,] has been prepared fran [RhC1(PPh3)3] and Cs[7,&bis(butenyl)-7,8- 

C2B9H10]. 'Ibis ccmpound is found to catalyse the hydrogenation of terminal 

alkenes (such as 3,3-dimethylbut-l-ene) but is found not to be active towards 

alkynes [267]. hben [c2080-1,3-{p-(+3-CH2=CHCH2CR2)]-3-H-3-PF$-3,1,2- 

R~c~B~H~~] (90) was exposed to ccnditions employed for the hydrogenation of 

alkenes or alkynes, the alkenyl ligand was hydrogenated to a non-coordinating 

butyl group thus leaving an open wdination site on the metal and which 

greatly enhanced the rate of hydrogenation of added alkene [268]. 
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(90) 

The silica-bound hydride canplex, [Si]-ORh(allyl)H, catalyses the 

hydrogenation of benzene under mild conditims. Naphthalene hydrogenation to 

decalin also occurs when catalysed by this cmplex but the activity slowly 

decreases fran the initial rate mtil a new constant rate is achieved, over 

whichtimepropne is evolved. The reactions involved are outlined in Scheme III 

[269]. 

Scheme III:Illeactions involved in 

of naphthalene [269] 

the [Si]-ORh(allylWcatalysed hydrogenation 
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Various other silica-supported rhodium hydride qlexes {e.g. [Si]-OFfhH2, 

[Si]-OPh(allyl)H(PMs3)2 and [Si]-ORhHp(PMag)j} have been prepared and examined 

for activity as alkene hydrogenation catalysts. It is confirmed that the l&-H 

species are the active sites for hydrogenaticn because the metal-hydride IR band 

disappears cm exposure of the supported ally1 hydride complex to 1-butene, but 

reappears (with egual intensity) when subsequently exposed to dihydrogen. No 

activity is obtained with [Si]ORhH2(PMe3)3 owing to the lack of an available 

coordinaticn site for the inccnning alkene. The order of decreasing hydrogenation 

activity of the catalysts towards various alkenes is as written above, but with 

[Si]-ORh(allyl)H at the head of the series [270]. 

LCAGMXXF calculations have been carried out for the reaction 

[H,R~C~(PH~),(C,H,)] + [HRhC1(PH3)2(C2Hg)]. In the early stages of the process 

(up to the transition state), the reaction may best be described as an ethene 

insertion into the Rh-H bond. This insertion is calculated to be exothermic 

(70 kJ mol-1) with a snall energy barrier (75 kJ x01-I) [271]. Catalysts 

prepared in situ fran ~,~‘-dichlorobis{di(alkene)rhcdium(I)} and phosphines of 

the type RPPh, {R = (CH2)nSi(OEt)3; n = 1-6, R = CHpSiMe3_,,(OEt)m; m = l-3} have 

been studied, along with their heterogeneous analogues anchored to silica, in 

the hydrcgenaticn of alkenes. Rates were found to be first order in alkene 

concentration and deactivation of the catalysts is believed to occur as a result 

of dimerisation of the active species [272]. Phodium anchored to the ncn-cross- 

linked polymers [4-Ph$C6H4CIiU$jn, [4-cy&$C,H,CXH,]n or [4-Ph2PCsH,CRMeN:C], 

by addition of either [{RhCl(C,H,),},] or [{FhCl(cod)}2], acts catalytically in 

the hydrogenation of cyclohexane and of cod. The polymer-anchored species have a 

higher activity and are more stable than their corresponding monomers (the 

rhodiun ccmplexes of PPh, and of P( cych) ,#) owing to the reduced tendency to 

dimerise [271]. A solution prepared from the interaction of 

[ {RhCl(cyclooctene)2}2] and poly[ (R)-glutamic acid] in CH$XM%a2 showed a high 

catalytic activity for the hydrogenation of 1-hexene, methyl acrylate and 

dimethyl maleate [274]. Complexes prepared in situ fran [(RhCl(cyclooctene)2}2] 

and PPh2R (R = Me or Me$i(C$),; n = l-4) have heen examined for their activity 

as 1-heptene hydrogenation catalysts. The SiMe, group is considered to increase 

the catalytic activity by increasing the electron density cn the metal [275]. 

The cationic qlexes, [Ph(nbd)L2][C104] and [Rh(nbd)L(P%)][ClO,1 (L = Mapy, 

Me2py, etc; PR3 = triarylphosphine or a tritolylphosphine) have been prepared 

and examined for their catalytic activity. Although the catalysts are selective 

in alkene hydrogenation they have a tendency to deccmpose under reacticm 

conditions [276]. The azeplexes [Rh(tfb)L,][ClO,] (Section 2.4.5), containing 

tertiary phosphine ligands {L = PPh*Et, P(4-MeOCsH,,)3, P(4-MeCsHq)3, P(4- 

FCsH,,)3, P(4-C1CgH,,)3 or P(3-MeC&,)3}, show high selectivities in the 
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hydrogenation of I-hexyne and of various dialkenes to ncnoalkenes [183]. 

[~h,(co),,~,] {hs = Wh,),, (P(CW,),, (-)-(diop),} are good catalysts or 

catalyst precursors for cyclohexene hydrogenation. IR spectroscopy reveals that 

the major part of the cluster remains intact during the reaction. For 

[NI~(CO)~,,(PP~~)~], the reacticn is first order with respect to dihydrogen 

pressure, cyclohexene -centration and catalyst concentration [277]. The 

hydrogenation of trans-1,3-pentadiene (1 bar Hz and 60-80 ‘C) has been examined 

using [Ph,Cl,(CO),] both in toluene solution and anchored to a +l,O, support. 

Both the homogeneous and heterogeneous systems display good specificity toward 

the terminal C = C bond. Partial substitution of the CO ligands by PPh, leads to 

a reduction in activity (but not selectivity) in the hcanogeneous reaction but 

the activity of the heterogeneous reaction can increase or decrease depending 

upon whether the introduction of the @osphine preceeds 0T follows the anchoring 

of the complex onto the alumina [278]. [P~,C~,(CO),[P~S(C.X,)~SP~}] (n = l-6) is 

catalytically active in the hydrogenaticn of alkenes but has a short life-time 

owing to its deaxnposition under the hydrogenation conditions. Similar amplexes 

of PhSMe, P$S, PhS(O)CI$S(O)Ph and Ph2P(CH~)mSph (m = l-3) are reported [279]. 

The polymer-bound qlex (91) is effective in catalytic hydrogenations, 

particularly for aranatic systeroej containing electrcn-donating substituents such 

as Ui,O- and CJ$- [ 2801. [Fh2(CWkC12], when anchored to +1203, has been found 

to be more active towards the hydrogenation of l- and 2-pentyne than ti tbs 

reaction is carried cut in toluene solution, although the activity of 

[Ph,(CWl,] is not appreciably altered upm going fran the txanogeneous to the 

heterogeneous system [281]. 

[~%bYM-w=41 was found not to be selective in the hydrogenation of 

PhCrCPh to cis-stilbene owing to over-hydrogenation [ 2821. The mixed amplexes, 

[(PEt3)?Wl(~p-H)(~,1-C1)IrH2(P~B)2] and [(~)~h(c11-H)(Irl-C1)IrH2(dppe)] are 

claimed to show catalytic activity in alkene hydrogenation [ 1931. [Ph2Cl,(tddx)] 

{tddx = (92)} and [Ph,Cl,(tdadx)] {tdadx = (93)} activate molecular hydrogen by 
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(92) (93) 

forming a tetrahydrido species of the type [$Clp,,L] (L = tddx or tdadx). 

Transfer of hydrogen is then said to occur to alkenes, such as cyclohexene and 

l-heptene, to form the saturated product. !Ihe reacticm is first order in 

catalyst ooncentraticm and a fracticnal order with respect to the alkene [283]. 

RhC13.4H20, [edtaH2]Na2 and StoH were ccmbined to give Na[Rh(edtaH)Cl]. In 

the presence of Na[&+], Na[Fb(edtaH)Cl] catalyses the reduction of unsaturated 

ampmds, for example, ally1 alcohol, CH2 = CHCHzOH, is hydrogenated to PrCH 

[284]. 'Ibe thiolato-bridged dimers of general formula [{R~(~-SR)[P(OR')~]~}~] (R 

= R' = Me&, Fh or Et; R = Me$, R' = PhCH,) are active catalysts for I-hexene 

or cyclohexene hydrogenation at low temperature and pressure [285]. 

2.9.1.2 Reactions of CO, CO2 and oxygen- or nitrogen- containing organic 
compou?de 

[Rh,(CO),,]/Th02 catalysts show varying activities and selectivities in the 

hydrogenaticn of carbon mmoxide to alcohols, depending upon the additive used 

(e.g. CeO,, CaO or Na*O). aen the undoped catalyst is employed at 250 'C, 

methanol, ethanol and iso- and normal propaM are formed in the ccmcentraticns 

0.21, 0.35 and 0.0058, respectively. Hydrogenation under similar amditicns, 

using C+,-doped catalysts, gave 0.46% MeCfI, 0.49% Eta-l and 0.047% Me$HOH/MX 

[286]. Impregnation of Rh4-R13 carbmyl clusters mto silica mtaining TiOp or 

Zr02 has lead to the productim of highly-dispersed rhodiun catalysts which 

showed a high activity for ethanol production frcan synthesis gas at atmospheric 

pressure [227]. 

[R~,(o)~,] acts catalytically in the hamgeneous reducticn of benzaldehyde: 

PhCBJ+ CO+ H2WPhCI$OH+ CO2 

Fbr a partial pressures below 28 bar the order of reaction in CO is about one; 

at higher pressures a shift to xero-order dependence is obtained. 'Ihe reaction 

is xeroorder for water and FhCSO, although the aldehyde is involved in the 
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rate-determining step for substituted benzaldehydes. !Ihe mechanism of the 

reacticm is said to involve hydride transfer frcm the catalyst [287]. Ketones 

(for example, cyclohexanaie) may be reduced by hydrogen transfer fran 

isopropanol in the presence of [Ph(cod)L,]+ catalysts (L = nonodentate or 

bidentate phosphine ligand). The amplexes ozntaining the chelating ligands are 

reported to exhibit highest activity [288]. 

Cationic rhodiun ccmplexes derived fran the precursors [Rh(nbd)(~),][C104] 

(n = 2 or 3; R = Et, Ma or Ph) serve as efficient catalysts for the 

hydrogenation of styrene oxide to the alcohol, PhCH,CH,OH. [Rh(nbd)(dppe)][ClO,,] 

was found to be a poor hydrogenaticn catalyst in this system and generated a 

large proportion of PhCH,UiO and oliganers [289]. 

[W,(CO),,] and [IR~(CO)~~]Z] catalyse the reducticn of CO2 to Co in the 

presence of AIRrJ and dihydrogen. Traces of Cl-C, alkanes are formed along with 

CD; no carbonyl coqounds are generated [290]. In the water gas-shift reaction: 

CO + Hz0 =COz+H2 

when catalysed by [RhH(PR,),], turnover rates for CD at 100 “C in pyridine are 

found to be between 15 and 33 no1 CO (mol catalyst)-‘h-l. The rate-determining 

step is nucleophilic attack of OH- on Co. T~ww-[R~(CO)(~~)(PR~)~]+ was isolated 

fran the reacticm mixture [291]. The reaction is also catalysed by [Rh(cod)L,]+ 

(L = nitrogen or phosphorus dcnor ligands) [ 2921. The thernodynamics of the 

water gas-shift reaction are more favoured at low temperature and the rhcdirun(1) 

hydrido species; [R~HL~] {L = PEQ or p(MepWj}r [W1*H*(1r-N~){p(cych)~}~], 

trans-[RhH(N2){PPh(CMa3)2}2] and [RhH{~(cMe~)a}~] behave as catalysts for the 

reaction under mild conditions. The catalytic cycle, represented by 

[=w~*~)3131 is illustrated in Scheme IV [ 2931. It is assured that this 

compound is readily transformsd into ~~~~-[R~(oH)(cD)L~] {L = P(M~~cH),} which 

starts the cycle. 

By using 1,2-diaminoethane with [{Rh(cO),Cl),], [Rh,(cO),,] or [Ph12(C0)s0]2B, 

catalytic activities for the shift reaction were found to be amparable to those 

found for [W&O),,]-en [294]. 
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Rh2 (u-OCO2) (CO)2L4 

I 

t-rRh(OH)(CO)L2] 

-Sj*S 

t-[Rh(CO)(S)L2]0H 

I- O 

H2C03 

1 

[RhH2(CO)(S)L2jOH Rh(C02H)(CO)L2 

b CO2 

Rh(OC02H 

SchemeIv: Mechanistic cycle for the [RhIi{P(Ma2CH)3}3]-catalysed water gas-shift 

reactim [ 2931 

Various aldimines (94) may be reduced to secondary amines (95) by hydrogen 

\ 

H2 H2C03 

(L = P {(CH3)2CH )} 

CH=N-R* ;_z;Tt$ R1 CH,-NH-R* 
3 

(94) (95) 
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transfer fran propan- in the presence of [RhCl(PPh,),] and sodium carbonate. 

Catalysts based upm ruthenium, iridiun or oemiun were found to be inactive but 

replacement of PPh, by P(4-fluorophenyl)3 gave a slightly faster reaction. 

[Rhii(PPt~~)~] is mre active than [RhC1(PPh3)3] and is believed to be produced in 

a&.~ during the reactim [295]. 

The 2:l complex formed between RhCl, and K indigosulphonate (96) catalyses 

(96) 

the hydrogenation of PhN3, to PhN-I,. !the reaction is reported to follow pseudo- 

first order kinetics aud the mechanism is said to involve the fotmation of 

[PhW*]+ followed by PhN3 [296]. 

2.9.2 Dehpipogenation 

[ RhCl (PPh, ) 3 ] catalyses tbs dehydrogenaticn of propau-2-01 when irradiated by 

W radiation at roan teqerature [297]. vlder conditions appropriate to alkene 

hydrogenation the primary alcohols used as solvents were converted into the 

corresponding aldehydes owing to hydrogen transfer. The in situ catalysts 

derived fran [{Rh(diene)C1)2] and phosphines cause the aldehydes to 

decarbonylate and the catalyst is partially omverted into am@exes of the type 

[Rh(CC) (PR3)gC1] and is thereby deactivated [298]. !tbe dehydrcgenation of 

secondary alcohols (e.g. PhCH(Me)CH} to the correspmding carbcmyl ~XQIDW& is 

achieved by the phase-transfer catalysed reaction using [{Rh(CO)2Cl}2] and 

benzene, aqueous NaOR and [PhCH.$Et3]C1. Ometallated ccsrplexes are believed to 

be the intermediates in these reactions [ 2991. photogeneraticn of dihydrogen 

occurs in the W photochemical reaction of water with a triethanolamine 

-RhCl,-bipy-K,[PtCl,] system [300]. 

2.9.3 Hpirofomytation 

A review of the hydroformylaticn of alkenes and alkadienes using rhodim 

catalysts has been ~oduced highlighting the recent advances and developments in 

hydroformylation [301]. 

IJI the hydrofomylatico of ethene (and propene) using [RNI(cc)(PP~~)~], there 
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is said to be no cbservable difference in catalytic activity or activation 

energy between a nm-supported solid catalyst and a supported liquid-phase 

catalyst. It follcws that cclly the rhodium carp?lex at the gas-PPhg phase 

boundary is involved in the reaction [302]. [PhCl(CC)(pPhj)2] catalyses the 

hydroformylaticn of ethene in toluene. At 80-130 ‘C and 5 MPa the reaction was 

found to be first order in ethene with an activation energy of 33 kJ ml-’ 

[303]. 

The hydroformylaticm of pmpene in the presence of [RIH(CO)(PP~~)~] and PPh, 

(toluene solutions) shows a sero order dependence in the partial pressures of 

both CO and Hz. The n-butanal:isobutanal ratio derived depends mly upcn the 

relative qautities of U3 aud triphenylphosphine [304]. The catalyst, 

[“I(m(PP$)J , is reported to undergo decomposition during the reaction into 

{~h(cO)~(~ph~)}, [305]. When supported cn almina or silica, [KhH(CO)(PPhB)J] 

also catalyses the hydroformylaticn of propene: a strong affinity is said to 

exist between the metal mqlex and the support [306]. With an excess of PPh,, 

also supported m silica, it is found that the catalytic activity may be 

modified if additional solvents are present. At high loadings of PPh, the 

overall reaction rate is increased aud the regioselectivity for PrCHO production 

is decreased. At law PPh, loadings both rate and regioselectivity are increased 

for mall additions of other solvents. The results are consistent with an 

increasing tendency for PPh, to bemm highly mobile at sufficiently high 

loadings. fie choice of support appears not to influence the catalytic behaviour 

[307]. When dissolved into me of the various mlten tertiary phosphines aud 

capillary-condensed into the pores of Kieselguhr, [PhH(C0)(pPh3)3] catalyses the 

hydroformylaticn of propene at 90-200 ‘C and 1.6 MPa total pressure. The 

normal/iso- butanal selectivity varies omsiderably with the nature of the 

tertiary phosphine [308]. [FM-I(cc)(PP~~)] has hem anchored to the surface of 

porous polystyrenedivinylbenzene and the hydroformylation of propene tested at 

90 ‘C and atmospheric pressure. It is found that the method of coupling of the 

rhodium amplex to the catalyst support strongly influences the activity and 

selectivity of the catalyst [309]. Catalysts prepared via chloranethylatim 

rather than chlor ophospbonaticm are found to have a higher selectivity to 

n-butanal and the selectivity can be increased further by the addition of a 

small amunt of PPh, to the anchored catalyst [310]. 

The hydrofotmylaticn of 5,5,5+-l- and of 5,5,5-d,-2- pentene was carried 

out in the presence of [F&,(cD)~,] as catalyst precursor under low or high 

pressure of CD. Intramolecular H shift decreases with increasing p(C0) and 

intermolecular H exchange (including exchange between substrate and gaseous 

hydrogen) at both low and high partial pressures of carbon mnoxide [311]. 
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‘Ihe catalytic hydroformylation of l-hexene has been studied using 

[RhH(W(PPh,),l in the absence of solvent. The selectivity of the process (the 

ratio of normal- to iso- b&anal) was found to increase with increase in the 

concentratim of PPh, to the CO/H2 feed. The selectivity was also found to be 

independent of the catalyst amentration and to increase with reduction in 

total pressure [312]. V&I-I catalysed by tmm-[RhC1(CO)LI] {L = PPh,, 

(4-EtCgH,,)gP, (4-BuCsH,+),P or (4-C,H,,C,H,),P}, the 1inear:branched aldehyde 

ratio is enhanced by the presence of 4-balky1 groups in the phosphine ligand. lhe 

optimm catalyst, in terms of a aqmxnise between rate and isaner ratio, is 

found to be ~P~YW-[FW~(CO)(~-B~C~H~)~P [313]. M-m dissolved in molten PPh,, 

[RhH(CO)(PPhB)3] produces a similar high 1inear:branched ratio of aldehydes as 

fouud in the bulk hydroformylatim of 1-hexene. When the temperature and 

pressure are reduced au increase in the 1inear:brahched ratio is obtained almg 

with a decrease in the isamzrisaticn of the starting material to its 2-isomer 

[314]. The selectivity of catalysts of the type, [RhCl(CO)(PPh$lRR’)] towards 

1-hexene hydroformylation, depends upm the electron distributim between 

nitrogen, phosphorus, phenyl and carbon nonoxide. Fm increase in *acceptor 

ability of the amino-phosphine ligaud is obtained when R aud R’ are aryl owing 

to the delocalisation of the nitrogen lone pair. ‘Ihis leads to a higher 

selectivity [315]. The polymer-bound material represented by (91) is effective 

in the hydroformylatico of l-hexene in benzene at 90 bar and 110 "C (CO:H2 = 

1:l). Cmplete oznversim to heptanal aud 2-methylhexanal is achieved in less 

than an hour (1inear:brauched = 2:3) [280]. This reaction has also been examined 

using [RhCl(CO)(PPh3)2] supported on silica or alumina. Cm silica, reaction with 

Co is reported to produce a square-planar dicarbonyl species am3 at high CO 

pressures a dimeric species is formed. ch almina, both the square-planar and 

penta-coordinated dicarbonyls are formed. The observed activity and selectivity 

during hydroformylatim is said to correlate with the nature of the rhodium 

species cn both of the supports [316]. 

Rhodiun catalysts formed in situ fmn Ich,O, and au excess of tertiary 

phosphines are found to be active for the hydroformylation of mnjugated dienes 

to dialdehydes. Secondary phosphines are also found to be active in the 

hydrofotmylaticm of 1,3-butadiene to the 1,4-dialdehyde [317]. 

[RhH(CO)(PPhB),], dissolved in molten PPh, or P(4-MeCgH,,)3 aud capillary- 

condensed in the pores of a support material, catalyses the gas-phase 

hydroformylatim of ally1 alcohol, CH2 = CHCH,OH, giving high selectivities to 

4-hydroxybutanal [318]. 

‘Phe =m=x@s [“(WCl(PR,),] (R = Ph, 3- and 4- tolyl or 4-EC,H,) are 

efficient catalysts for the hydrofoxmylaticm of methanal to FDCH,(Ho in 

N,,B-dialkylamide solvents. Methanol formatico (fran the hydrogenatim of CIQO) 
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wedaninates in other solvents. The reaction mechanisms m are outlined in 

Scheme v [319]. 

A 

-HOCH,CHO 

\ 

A 

1 
CH,OH 

oc’ bH 
I 
H 

1 
CHPH 

Scheme V: Prqossd mechanism for the rhodium-catalysed hydroformylaticn of 

methanal [319] 

2.9.4 Carbonylation 

lbe chemistry and applications of rhodim-catalysed carbonylaticns have been 

reviewed by Ebrster [320]. 

[ {wl(C0) @}*I catalyses the carbmylatim of cyclcpropane mder CD pressure 

to give cyclobutancne, hr.+ PrCOCIiMep and a Rethylcyclohexanme [321]. 

A katalyst active for the carbcnylatim of MeoH to ethanoic acid has been 

prepared frcm Linde 13X zeolite by exchange with [R~(NH,),u]cz, [322]. 

Imically-supported [Rh(CO),I,]- is fcund to be equal in catalytic activity to 
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the hamgeneous axnplex in methanol carbmylation to ethanoic acid [323]. 

The carbcnylatim of the lactones (97) and (98) is catalysed by FWl, and Me1 

in t4eEXX+H20 uuder U3 at 180 'C to give the dicarboxylic acids 

ED2C(CH2),CHRCD2H quantitatively [324]. 

(97) (98) 

Several rhcdiun carbcnyl canplexes (e.g., [Eh6(CC)16], [Rhc1(CC)(pph3)2], 

[Rhc1(PPh3)3] and RhCl,. 3H20) are found to be effective for the catalysed 

carbonylaticn of alkynes in the presence of alkenes and proton dcnors (H) (e.g. 

alcohol or water) to produce 5-alkyl-2(5H)-furas, (99) and (100) [325]. 

!chus: 

RkCR’ + 2C0 + R’CH=CH, + (Hz) - 

(99) (100) 

In the presence of py, the *Cl,- catalysed reductim and cartxmylatim of 

PhNO, to PhNCC is accelerated by a factor of between 9 and 13. thder the 

experimental conditions (205 *C and 50 bar) RhClg-py is said to be converted to 

a [{Wc~)$l}~]/mp~~l~/py catalytic system [326]. Indeed, [{IWCC)+J~]~]~ 

activated by pyridine 01: pyridinim chloride, catalyses the carbcmylaticm of 

KC,H$$ (R = H, 3-Me, 4-Cl cx 4-MsO) to the isocyanate, X6H,Nco at 205 'C, 50 

bar CD pressure and 40 min reacticn time [327]. Ihe hcmgeneous carbmylaticn of 

nitrobenzene in M&H using either [RhCl(CO)(PPh3)2] or [RhH(CO)(PPh3)3] gives 

methyl-l-@enylcarbmate, PhNHCIB,Me, with a yield of almst 30% [328]. 

The reaction of [Rhs(CO)16] with a @msphinated silica surface at ram 

temperature is reported tc formmetal particles bonded to the suppcrt in the 

Rh6-cluster anf iguration. Carbonylation is thought to pcduce a thermally 
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stable [Rh,(CO)13]. lhe interacticn of [R~~(co)~~] with the support at 80 “C 

forms a mixture of Rh(0) and Rh(1) species which are said to be inconvertible by 

mild oxidation or reduction, respectively [329]. At roan temperature, the {Rhs} 

cluster is said to remain intact during the oxidative decarbonylaticn and 

subsequent carbcnylaticn of [R~,(co),,] supported on alumina. At temperatures in 

excess of 250 “C however, the catalyst is reported to lose its ability to 

undergo the reversible carbonylaticn/decarbonylaticn cycle and the resulting 

material is representative of a highly-dispersed conventional rhodiun catalyst 

[330]. 

2.9.5 Oxiohtion and oxygenation 

[R~,(co),~], deposited from solution onto alumina or silica supports, is 

decarbcmylated fran the surface by exposure to air. Gas adsorption and IR 

measurements cn the AlgOa-suFportsd material indicate that CO and O2 react with 

a surface azmpnent to prcduce CO2 and that the surface rhodium material is 

reversibly converted fran the fully carbonylated [w,(co)~,] form to the fully- 

decarbonylated fcmn which may retain the {Rhs} cluster intact [331]. 

The reaction: 

2m + co-w,0 + co* 

is catalysed by [RWD)2(Pph3)2][PF6] in dmf [332]. (% the basis of infrared 

data, the species [IUI(CC)~(NO)]+ is poposed as an intermediate in the catalysed 

reduction of IW by CD to form N20 using rhcdiun ions in zeolite Y. The species 

{Rh(cO)2]+ and {Rh(No),}+ are also detected cn the zeolite surface [333]. 

The silica-supported species, [Si]-SRh(CO),(solvent)n (solvent = thf or 

EtOH), co-inpregnated with qqer(II) ions, is an active catalyst for the 

oxidation of l-hexene into 2-hexancne [334]. [R~x(PP~~)~] (X = 01, CCN or SCN) 

are catalysts for the co-oxygenaticn of l-octene and PFh,. The catalytic 

oxygenation is less efficient with styrene [335]: 

[W2(C$kg)2(pXH)3]C1.4H120 catalyses the oxygenation of thf to y- 

butyrolactone in the presence of small quantities of water. The sams con@ex 

also catalyses the ccnversicn of FhJP to Ph$O, although (RtO)3P is not oxidised 

but rather substitutes into the rhodiun ccqound to give [Rh(C$+)[ (RtO),P},]2+ 

[336]. 
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2.9.6 Hydrositytation 

[RhC1(PPh3)2], applied as a catalyst precursor to the surfaca Of an aminated 

silica support, has been examined in the hydrosilylaticn of the l-alkenes; 

hexene, heptene and octene [337]. [(RhC,Me,)2Cl,] (and [RhCl(PPh,),]) catalyses 

the reactions of 1-alkenes with Et$iH at < 40 'C as follows [338]. 

2(H2CH2SiEt3 

RCH2 2CH = CHSiEt2 

= CHCH,SiEt, 

The crmnplexes [RhC1(PPh3)3], and those formed between RhCl,.3H,O and PRu2, 

P(CRt)2 or P(CW2, are found to be active photocatalyst precursors in 

hydrosilylation. The substrates examined were sym-tetramethyldisiloxane, 

1,3-divinyltetramethyldisiloxane and simple terminal alkenes. The reacticn rates 

were considerably increased when the photolysis was conducted in the presence of 

dioxygen or soluble oxidising agents [339]. A series of heterogenised catalysts 

was prepared by reaction of [{RhCl(C,H,),},] and phosphinated silica. 'lhe 

activity of the catalysts towards the hydrosilylation of l-hexene was found to 

depend upon the length of the phosphine-alkyl chain, -(CH2),PPh2, used to couple 

the rhodium centre to the silica surface. 'Ibose containing one methylene group 

were sune ten times xore active than those containing between two and six 

methylene groups [340]. [RhCl(PPh2)2] has been studied in the catalytic 

hydrcsilylaticn of styrene by MeR2SiH (R = Et, CMe2H or Me2UlCH2). Steric 

factors are responsible for the change in the distribution of reacticn products, 

PhCH(SiR2Me)CH3, PCH2Ui2SiR2Me, and tmns-FWEI = CBSiR2Me,with change in R 

[341]. 

[RhCl(PPh2)2] or [RhH(PPh3)4] catalyze the hydrosilylation of ethyne: HSiCl,, 

HSi(OEt)2, HSiMeC12, HSi(OEt)2Me and HSi(n-hexyl)C12 are converted into the 

corresponding vinyl silanes in yields of between 40 apul 80% [342]. Rhodium 

catalysts, formed by the displacement of cyclooctene fran [Rh2C12(cyclooctene)4] 

by phosphines were studied for the hydrosilylation of 1-pentyne by 

triethylsilane. !lhe results were interpreted in terms of the iscxnerisatiar of an 

intermediate vinyl rhodium axnplex [343]. 

The hydrosilylaticn of C6HgCOCMej by diphenylsilane to give 

C6H,CH(OSiHPh2)CMe3 is catalysed by [Rh(cod){(-)-diop}][ClO,,]. A kinetic and 

spectrosclopic study of the system reveals that cod is displaced fran the 

catalyst by Ph2SiH2 to give [Rh(Ph){(-)-diop}]+ which oxidatively adds Ph,SiH, 

to form [(Ph2SiH)RhH{(-)-diop)]+. The attack of this species upon PhCCCMe, is 

the rate-determining step of the reactial [344]. The initial rates of the 
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enantioselective hydrosilylatim of CMe+XC6H5 by diphenylsilane to give 

(B)(+)-@&WCWCsH5, catalysed by [Ph+[ (-)-di~}~][ClO,], were determined in 

toluene at 50 ‘C. [(Ph$iH)BhH{(-)-diop}] is considered to be an intermediate in 

the reaction and its reacticn with Me.$CH2CsH5 is believed to constitute the 

rattietermining step [345]. 

2.9.7 Isomerisation and oligomerisation 

[ctoaoYl J-~-2,3-~-{ 1 ,~-~-(T+~,~-CH,CB~CM~) = CHCH2CH2CH2)}-3+3PPh,-3,1 ,2- 

RhC,B,H,] catalyses the isanerisation of alkenes [265] and [ctoso-1,3-{p-($-3- 

CH2 = CHCIi2CB2)}-3-H-3-PPh3-3,1,2-PhC2BgH1,,] was found to catalyse the 

isanerisation of I-hexene [268]. 

The NMB spectral assignments have been established for [ PhCl(nbd)2] and new 

equilibrium constants have been determined for the reaction: 

[{RhCl(nbd)}2] + 2nM ==22[BhCl(nbd)2] 

At 40 “C, the eguilibriun is sufficiently displaced to the left hand side of the 

equation that the amcentration of mnaner is insignificant with respect to its 

ability to catalyse the reaction (101) to (102). At 1 'C, in the presence of 

(101) (102) 

nbd, the eguilibriun mcentratim of the mcnaner is sufficient 

iscmerisaticn. It is therefore demonstrated that the nkmaner is 

isanerisaticm catalyst thah the dimer [ 3461. 

to observe the 

a mre efficient 

Ba[Ph(edtaH)Cl] catalyses the hydrogenation and ismerisaticm of 

CH2 = CHCB2cH to PLCH and EtCHO, respectively [284]. 

[I?hC1(PPh3 )3]-SnC12 was found to be an especially efficient catalyst for the 

iscsierisation of Me02CCli2C(~2)a)2Ms to (E)- and (Z)-MsO,CCMs = cwl),& at 

100 “c [347]. 

Ibe reaction of [FWl(CO)(PFh,),] with Bt2AlCN gives BhC1(CO)(PPh3).NCAlBt2, 

(Ph3P)(Et2A1)WW(WCl.NCA1Et2 or (Ph3P)(Bt2AZ)Bh(C0)(CW2, depending upon 

the conditions. Reactions of (Ph3P)(Et2Al)Bh(CO)(CN)2 with dmf gave 

(Ph~P)PW~2NCHW(CN2. Tbe cosbinaticn of [BhCl(CO)(PPh3)2] and Bt2AlCN in &nf 



and py catalyses the ccmersicn of 1 J-butadiene int6 4-vinylcyclchexene 

1,5-cyclooctadiene. In EtOH, plybutadiene was formed (3481. 

2.9.8 Miecettaneou8 catatytic rsactione 
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and 

Rhcdium(1) mnnplexes, typically [{RhCl(PFhJ)2}2], catalyse the reaction of 

anthroquinme with alkylamines to give l-(alkylamino)anthzquinones. ‘Ibis 

aminatim occurs through the a-positicm of the anthrcquinone, giving a high 

product selectivity. The formtion of a mareric, cmrdinatively-unsaturated 

rhodimm( I) amp&x is believed to be the inqortant active species for the 

catalysed anination [349]. 

Alkenyl-, alkynyl- and arylmercurials undergo catalytic methylaticm with MeI 

in the presence of MeRh(PPh3)212. Ebr exanple, PhCH = CHI-kgCl gave a yield of 77% 

PhM = CWa [350]. 

‘Ihe anxplex porphyrin (103) behaves as a sterically-hindered alkene 

cyclopropanatim catalyst and shms a remarkable selectivity tmards formation 

of the tie -iaunars of the product esters. Eulyldiazoacetate was used as the 

qclop&anatim reagent [ 3511. 

(103) 

A typical reacticn is the mnversim of (104) to (105). 

(104) (105) 
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[Rhg(tfa),] catalyses the additive of csrbenes (generated fran diazo esters) 

to aromatic manpounds to give cycloheptatrienes (106) and (107) [352]. 

0 0 
+ N&HCO,R - oC;#,a + R’OzC-JqR’ 

(106) (107) 

Although supported rhodiun catalysts (Rh/C or Rh/Al,O,) are effective in the 

mversion of 2-nitrcstyrene into skatole (108) under hydroformylation 

ccnditions, the coqlexes, [RhU(PFh,),] or [Rhcl(~o)(~~hS)2] lead only to a low 

cmversicn of the 2-nitrostyrene even under high pressures snd at high 

temperatures. Clusters, such as [Ph,(cO),,] and [FUI~(CO)~~] are found to be 

ineffective [353]. 

(108) 

[ { (-)-diopjRhcl] catalyses the asymnetric additim of CCl,Br to styrene to 
give (s)-(-)-PhCHBrCHqCCIR [354]. 
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