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I INTRODUCTION 

This author was impressed, first of all, by the increase in the number of 

papers in the area of Group VIII3 organometallic chemistry. Almost 200 papers were 

abstracted for the 1975 ANNUAL SURVEYS article; in contrast, approximately 150 

articles were abstracted in each of the last three years. Research interest in 

this area has continued to expand in scope. Perhaps the most interesting new 

developments are several attractive photoch~mical studies an metal carbonyl 

species. Some kinetic and mechanistic work has also appeared which merits special 

consideration. These topics will be discussed in their appropriate sections of 

this review. 

Articles surveying various individual’s work have appeared; these papers, 

usually papers presented at scientific conferences. are cited here. Papers from 

the Ettal Symposium honoring Professor H. Hieber, held in Ettat. West Germany. in 

July, 1974, appeared in this Journal, Vol- 94_ The papers by Behrens (1). 

Bigorgne (21, Brunner (31, Connor (41, and Schriver (5) dealt with some aspects 

of the organometallic chemistry of these metals carried out in these authors’ 

laboratories _ There is another series of conference papers, from a New York Acader 

nf Sciences meeting, which included papers from Brunner (6), Legzdins and coworker: 

(71, Dobson (8). Tsutsui and Hrung (9) and lfojcicki (10) _ Dne paper appeared from 

the Bressanone, Italy, Conference in August, 1974 on rhenium chemistry (111. Two 

reviews of particular note on metal atom syntheses (12,13> part of a larger series: 

on this topic, appeared in Angewandte Chemie. 

Two general review articles were also published; the first discussed metal 

complexes containing sulfur ligands (14), the second metal complexes containing 

Group III el0nents (15). In both areas a substantial amount of work has been 

done involving manganese and rhenium carbonyls, 

II METAL CARBONYLS, AND DERIVATIVES OBTAINED BY CARBONYL SUBSTITIJTIDN 

A study on the reaction of manganese atoms with CO using matrix isolation 

i 



techniques has produced interesting results described in detail ln a full 

paper (16), and mentioned in a review (13). When a COfMn :*atio of < lo4 is used, 

dimanganese decacarbonyl is found as the product. Manganese vapor as produced 

in this experiment is essentially monoatomic , and the dilution of metal atoms 

is such that mononuclear metal complexes would be unlikely to diffuse in the 

solid state to give dimers. It is proposed that diner formation occurs by a 

surface diffusion process, diffusion occurring in a “quasi-liquid” state 

occurring in the transition between vapor and solid. When substantial dilution 

of CO in argon is made, retaining however the manganese to CO ratio such that 

dimanganese species are expected, the new species MnR(C0) and MnR(CO)R are formed; 

they are identified spectroscopically. The infrared spectrum of the former species 

shows absorptions both in the bridging CO and terminal CO regions, and two iSOmeriC 

species are suggested to.be present- According to the infrared data, the structure 

of Mn2(C0)2 has bridging CO groups, coplanar to the metal-metal bond. 

If a CO/Fin ratio > lo4 - is used then the monometallic species Mn(CO)S is 

observed to be formed. Analysis of its infrared spectrum indicates a square 

pyramidal structure. Varying dilution ratios of CO,other monometallic Mn(CO)x 

(x = l-4) species can also be identified. 

The photolytic’reactions of Re2(CO)10 using 3llnm and 3501~1 radiation is 

reported by Byers and Brown (17). Such reactions are believed to occur via 

initial metal-metal bond cleavage to give the radical species Re(CO)S. Reactions 

with PEu3 and P(OMe)3 are found to give dimeric Re2(C.0)gL and Re2(C0)6L2. and 

monomeric Re(C0)3L2. In the presence of Hz, Re3(C0)14H is the primary product 

of the 311nm radiation reaction. With 356~1 radiation the pmducts include 

Re3(C0)12H3- A mechanism proposed for this reaction, which involves fOrmatiOn 

of Re(CO)S followed by CO loss giving Re(C0)4 which undergoes oxidative addition 

with Hz to give Re(C0)4H2. The important feature of this mechanism is the activation 

of molecular hydrogen. 

Other work on the photolysis of Hn2(CO)10. Re2(CO)I0. ReMn(CO)iO, Mn2(C0)9PPh3. 
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and Mn~~CO)~(FPb~)~ in carbon tetrachloride to give the corresponding metal carbonyl 

chlorides, M~~~)4~L~C~ (~=C~,PPh~),consistent with initial metal -metal bond 

cleavage (18). Also reported are photolyses of the M2(CO),o species with I2 giving 

M(CO)gI (Ft = Mn, ffef, and photolyses with benzylchloride or trityfchloride, which 

give the more stable benzyl and trityl radicals. Kinetics of phototysis of 

~n2(~O)~{?Pb3)2 at 39.9” with P(OPh)3 have been studied; the product is 

Mo2~~O)~~PPh~)rP{~Ph)~]. Evidence suggests that dissociation of M~2~CO}~~PPh3)2 

to Mn~CO~~PPb~ precedes Iigand exchange and recombination. 

In contrast to these photoiyses studies the thermal reactions of M2~~~)~~f4far! 

(M = Mn, Re, f4fars = 
r -----------7 

~e~s~=C(As~~*~~F2~F2) or MnRe(CU~*~f~fars) with iodine are 

noted - Bimolecular kinetics are observed in each reaction, suggesting that a 

metal-metal dissociation is not the rate determining step (20). Comparison of 

the ratio of the cleavage reaction of the manganese compound with its rate of 

thermal isomerization is made (21). 

Photolysis of ~o2~C~}l~ or Re+$COf,, with ~C~~~M(CO~~l* (?$ = MO, k’f is 

found to give the bimetallic species (CO)~M~(C~)~C~~~ and (~O)~~eM(CO)~C~H~ (22). 

The photolytic reactions of the pure bimetallic product species also generates 

the carbonyls Mn2fCOlZ0 or RepfCO)IG and CC5HgM(CO)332 when an inert solvent is 

used; in CC14 the metal pentacarbonyl chloride and cyclopentadienylmetal tricarbony’ 

chtortde >re formed (23). AIT of these results are in accord with a general 

mechanik involving metal-metal bond cleavage as the initial step. 

An ihteresting controversy has developed concerning the analysis of esr 

data obtained for solutions of Mn2(CO)t0 which have been subjected to photolysis, 

An earlier reference had suggested that photolysis at 35Onm gave a refatively 

long lived species Mn(CO)g, formed on metal-metal bond cleavage. Howber this is 

contested in a paper by lappert and coworkers (24). They find that irradiation 

of Mn2(CO)lo dissolved ina dry, degassed tetrahydrofuran in an esr spectrometer 

cavity gives an esr signal which doesn’t fade with time_ The signal is ‘identified 

as due to a’ Un’+ compound, presumably formed in a disproportionateon reaction: 
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2 Mn2(CO),0 + 12 Solv. + 2 Mn(Solv)6L’ + 4 Hn(CO)S- + 10 CO 

iowever this suggestion is contested in a later paper by Kwan and Kochi (25); they 

support the earlier supposition that Mn(CO)S is the paramagnetic species present. 

Semiempirical molecular orbital calculations have been carried out for 

M2(C0)lo (M = Mn, Re) and for MnRe(CO)lO, and the results correlated with electronic 

spectral data _ For Mn2(CO)10 the 29,400 cm 
-1 

absorption is assigned to a CT - a* 

transition for the Mn-Mn bond. Also assigned are the33,088 cm -1 
and 38,000 cm -1 

absorptions to u -f n*(W) and drr + n*(CO) transitions, respectively. The very 

intense 50,OOOcm -1 absorption is assigned as dz * pi* (26). 

Another paper discusses MO calculations on Mn2(CO),0 and Re2(CO),0 (27). 

Semi-bridged carbonyls are implied for the manganese compound but not for Re2(CO),o_ 

Bridging isocyanide ligands are the topic of another paper. Adams and 

Chodish (28) have looked at the variable temperature pmr spectrum for the compound 

Mn2(C0)7(CNMe)3. in the range 36°-1180C. In the low temperature spectra two 

methyl resonances are seen, having relative intensity of 2:l. At the higher 

temperature these resonances coalesce to a single resonance, indicating that the 

three methyl groups have assumed the same average environment. The process by 

which this is achieved is assigned to exchange of the isocyanides between metals, 

an intermediate having bridging isocyanides being a reasonable supposition. 

Substantial reaction chemistry of manganese and rhenium decacarbonyls is 

discussed. In the review of Professor Hieber's work cited earlier (1) the 

syntheses of Re2(CO)10. Mn(C0)5H, and Mn(CO)SX are mentioned; the disproportior. 

of Mn2(CO)10 with pyridine is also discussed. Further work on carbonyl ligand 

substitution is seen. Reactions of Mn2(CO)10 with MeNC and t-BuifC give 

Mn2(COJO_x x L species (x = 1, 2, 3. 4); from a reaction of Mn2(C0)8[P(OPh)3]2 

and t-BuNC the compound Mn2(CO),[P(OPh),],(CNBut) can be prepared (29). Reactiol 

of Mn2(CO)10 and [Et4N]C1 in CHC13,.with irradiation, gives two compounds 

Et4N[Wn2(CO)9Cl] and Et4N[Hn2(CO)6C13] (30. 31); the structure of the second 

Rcl- p_ 419 
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anionic complex presumably has two FIri( groups 

chlorine atoms, The route by which this compound 

oxidation of the metal, is not clear. 

finked through three bridging 

is formed, involving a formal 

Reactions of Mn2(CO)10 and various phosphoIes Ii_ = R$wH) are 

complicated (32). Irradiation of these reactants leads to Mr12(C0)~i and 

Mn2(CO)gL2, unstable orange oils, whose structures are like those of other 

phosphine comp‘lexes having these stoichiametry. A third compound, MnZ(CO)-&, 

assigned structure J. below, is also obtained. This latter species can be converte{ 

to another species Hn3(CCi)12L’, structure II, which on heating in vacuum converts 

to compound III- - This last compound is the phosphorus analoque of the known 

nitrogen compound, pyrmlylmanganese tricarbonyl. 

I IL III 

A reactSon between Mn2(C~}~~ and poly-1 -vinyl -2 pyrrol idinone results in 

complete loss of CO, giving a polymeric complex of stoi~h~ome~ry ~fln(C~H~~O~~~o 

(3J). Reactions of ~n*(C~)l~, Re*(CO~,~ and MnRe(CO~,~ with several chelating 

arsine and phosphine ligands (f4fars. f4’fos, fgfars) are reported in a thesis 

(34) - 

When Hn(CO)+%? is treated with RefCG),* and methyl fl uorosul fonate added 

subsequently, the carbene complex ~uRe(C~~~~C~e(~e~] is forme (351, A crystal 

structure study on this compound shows a carbene ligand bonded to’rhenium, cis 

to the metal-metal bond, Hechanisms of transfer of the carbenefrom one metal 

to the other are considered. Syntheses of other carbene complexes are also 

mentioned, 

Oxidative cleavage of &@CO!,,, is reported to occur uith tetracyanoethy1ene.i 

‘. 
: -. 
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(36) - An oxygen-free tetrahydrofuran solution of these reagents has an esr spectrum 

which is due to the presence of the tetracyanoethylene anion radical and another 

product _ The addition of a large excess of Mn2(CO),, causes diminution of the 

TCNE- concentrations and enhances the concentration of 

evidence is presented in support of the second species 

Mn(CO)51tC-C(CN)=C(CN)2; (IJ) represents the bonding in 

bond terminology. 

the second species_ Esr 

being the radical 

such a species using valence 

CN 
/ .CN 

(OC15Mn-N=C=C 
\. 

(OC),Mn-N=c-C’ 

C-CN 
\ 

C-CN 
/ / 

N’ NC 

m 

Oxidative cleavage of metal-metal bonds is a fairly cOrnnon reaction. Electro- 

chemical oxidation of Mn2(CO)10 and Re2(CO)lo in acetonitrile at a platinum 

electrode occurs in this fashion giving [M(CO)6(NCMe)]+ (37). It may be noted 

that the first step in the reaction of Mn2(CO)10 and TCNE mentioned above (36) 

is also believed to proceed in the same way, with one.electron loss by Mn2(CO)10 

generating [Mn(C0)5iolv]i and Mn(CO)6; the later species then combines with TCNE 

to give Mn(C0)6(TCNE), the species identified based on esr evidence. 

Reactions of Mn2(CO)l,, and chelating diphosphines have been investigated. A 

red crystalline product previously believed to be a paramagnetic monomer. Mn(CO)(DPE)2 

(OPE = 1,2-bisdiphenylphosphinoethane), has been shown to be mischaracterized. It 

is diamagnetic; x-ray crystallography has identified it as having structure v 

Y 
- P_ 41s. 



390 

below (38). Reactions of M”2(CO)lO and DPM (DPM = 1.2-bisdiphenylphosphinoatethane) 

or the arSeniC atX%logue give Mn2~CD~~OPM, ~2~CO~~(DPM)2, or MR~~CO~S(DF~)~~ along 

With traces of ~n{CO~~(DF~~H (39). The third compound, Mn2(CO)~(DPM)2 is the most 

interesting of this group. It has an unusually low u(CD) absorption, at 1645 cm-l, 

which arises from an uns~etrically bridging CO group, X-ray crystallography 

has defined the structure of this species as jfY_ (40, 41). 

Various vibrational spectroscopic investigations on the Group VIIB at&al 

carbonyls are reported; these include studies on infrared and Raman spectra of 

MnRe~CO~lD (42, 43), and the Raman spectrum df Re2(CO)lD (441. Solvent dependence 

of the infrared spectra of Mn~(CO~,O and Mn~(~O~~L~ (L = PE~;Q, P(OPbl31 3s aIS0 

mentioned (45f, 

In work on anionic metal carbonyl complexes. the niost surprising results 

‘ave been the characterization of the trinegative anions Mn(CO}43- and Re(COf43- 

(46). These species, isolated as ~a(~PA~~ salts, are’obtaincd by sodium reduction 

of the metal carbonyls in hexa~thylphosphoros triamide. As expected, these anions 

possess very low u(C0) absorptions; for the manganese anion vfG13) falls at 18%~ and 

1670vs,b, and for the rhenium analogue the values are 1825~ and 169Ovs. Some 

reaction chemistry of the manganese compound is described with chock (iI = Ge, Sn, 

the complexes t~-Mn(CD~4(Eeph3~2-, ~-Mn(CD~4~SnPh3)3-, ~-Mn(CO)4(PbPb~)2- 

are formed. With Au(PPh$Cl the unusual compound (Ph3PAu)+4n(CO)4 is found as a 

product. 

Rork from the same research group describes reductive reactions of the metal 
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carbonyls in tetrahydrofuran; the primary products are the pentacarbonylmetallates 

(47) - Electrochemical reduction to these species is also reported (37). 

When ReZ(CO)10 is refluxed in methanol with added KOH, an anionic complex is 

formed which may be precipitated on addition of [Et4N]I (48). The formula 

[NEt4]3[Re4H4(OMe)(C0)16] is assigned to this substance, but no structure is 

suggested. If this compound is allowed to stand in ethanol another complex 

[NEt4]$Re4(CO)lSH4] is obtained, whose structure has been determined by an 

x-ray crystallographic study to be yII, below. 

Another study on the photolysis of Re2(CO)10 in diethyl ether in the 

presence of water is reported (49). The reaction products are Re3(C0)12H3 and 

CRe(C0)30H14S - the former appears to be converted to the latter species as the 

reaction continues_ 

Cationic complexes, derivatives of [M(CO),]+. were studied extensively in 

the last year. In one paper the syntheses of the compounds [M(CO)5(S02)]A~F6 

(M = Mn. Re) are reported (50); these compounds are formed from M(CO)SBr and 

AgAsFS in liquid S02- They are particularly useful precursors to other cationic 

species, since SO2 is easily displaced by other ligands. Complexes prepared 

include [M(CO),L]ASF~ (L = NSF3. N4S4. PF2NMe2. HzO. MeOH, acetone). Heating of 

[M(C_O)SSO~]ASFS to So0 also results in so2 loss; covalent fluoride-bridged 

species M(C0)5FAsFS are products of this reaction. 

The synthesis of [Re(CO)S(NSFg)]AsFS is described in a separate note (51). 

The oxidative cleavage of manganese carbonyl in acetonitrite Using eleCtrO- 
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chemical techniques giving [Mn(CO),(NCMe)]* was mentioned earlier (37). The same 

reaction can be accomplished chemically, using [NO]PF6 as an oxidizing agent (521, 

The chemistry of [Un(CD)5(NCMe)]f has been explored further. Reaction withpyridine 

occurs with CO loss.to form [Mn(CO~3(py)~(NCMe)]*; above 50” the product of this 

reaction is [Mr1(CO),(py),1~. The reaction with DPE gives [Mn(CO~3~DPE~(NCMe)]~- 

Other cationic derivatives of manganese are also described (52). obtained 

in the following reaction sequence 
0 0 

Na ~ [Mn(C0)4L]- crc”oEt l Mn(C0)4LcOEt --A [Mn(C0)5LI* 
HBF4 

(L = phosphines, py) 

A full paper and a thesis describe cationic carbene complexes which are 

obtained oh alkylation of various acyl-manganese complexes with methylfluorosulfoRa 

(53, 54). These include [Mn(CO~3(DPE)CR(O~e)]~ (R = Me, m-FC6H4. p-FC6H4), 

EMn(CO),iF(oMe)332CMe(OMe~]~, and EMn(CD),(PPh,)CMefoMe)3+. These compounds behave 

as typical “oniurn” complexes, donating [Mej* to many basic reagents such as phosphil 

However two different types of reactions are observed with added isocyanides. The 

DFE compounds react with carbene displacement whereas the trimethylphosphite 

compounds react by insertion of the isocyanide into the metal carbene bond. 

[Mn(COl,(DPE)Lf + CNR + [MnK0)3(DPE)CNR]+ + L 

~Mn(CO)3EP(~e)3~2L]* + CNR +MeDH l 
[Mn(CO)3~P~~e~3~2C(NHR~C(~el~e]* 

Other reaction chemistry of cationic metal carbonyl complexes includes the 

addition of primary amines to give carbarnoyl-metal complexes (52) and addition 

reactions witf$a Grignard reagent (55)_ The,latter reactions are found to be 

complex. For example [Mn(CO),]~ and PhCH2!4gCl give Hn(CO),$OCH2Ph. but in the 

presence of additional Grignard a second and then a third addition can occur. 

CHn(COf,l+ a Mn(C0)5COR a Mn(C0)4(COR)2- % . Mn(COjj(COR)32’ 

-. 
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Oxygen destroys the tris-acyl complex, generating the diacyl species. Infrared 

evidence is used to ascribe cis and fat configurations to the second and third - - 

complexes respectively. The same reactions with [Mn(CO),L]+ (L = PPhMe2, P(OMe)9) 

are also reported. The former complex gives first cis-Mn(C0)4(L)COCH2Ph, and then 

[fac-Mn(CO)9(L)(COCH2Ph)2]-; from the latter only the neutral &-complex. 

Hn(C0)4(L)COCH2Ph is obtained- 

Reaction of Mn(CO)5 - with N-methyl-Z-chlorothiazolium salts has been used 
. 

to prepare a carbene-manganese carbonyl compound (56); 

Me 

Mn(COg + CL - [ h4n(CO15-(is~j ] + + CL- 

Reactions of this species with HZ0 in the presence of Et3N gives the hydride 

Mn(C0)4(L)H. A carbene complex of manganese is also the product of the following 

reaction (57): 

Mn(C0)5- + [Me2NCClZ]Cl - [Mn(CO)$Cl )NMe21+ + -2Cl- 

Displacement of arenes from [Mn(arene)(CO)$ complexes occurs readily if the 

arene is substituted with certain electronegative functional groups including 

NEt2, Cl, Br, I. or OMe (58). The known complex [Mn(C0)3(NCMe)3]+ is 

characterized as a product from these reactions. 

The oxidative reaction of another cationic carbene complex [Mn(CO),C&@$]+ 

with iodosobenzene or pyridine-N-oxide has been carried out. The carbene is 

displaced and oxidized giving ethylene carbonate (59). 

. The syntheses of [Mn(C0)5L]+ (L = C2Hq, CO) from Mn(Co)5Cl,AlCl9 and added 

ligand are mentioned in a review paper (5). 

A lone technetium compound is reported. Carbonylation of 

[trans-TcX2CP(OEt)2Ph14]C104 gives a mixture of &and trans-[Tc(CO)2rP(OEt)2- 
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PhI&104, - a crystal structure study on the ecompound has been done (60). 

The infrared spectra of [V(CO), ]-, W(CO)6, and [Re(CO)6]+ are discussed 

in a paper from the Ettal Symposium (2). Phosphorus-31 nmr spectra are reported 

(61) for a number of manganese complexes including the cationic species 

[Mn(CO)3Lz(NCHe)]+ (LP = OPE, OPM, and the arsenic analogue of DPE). Carbon-13 

nmr data for [Re(CO),(NC!le)]+ shows that the trans carbonyl carbon is less shielded 

than are the ecarbonyl carbons (62). 

An empirical correlation is made between electrochemical E,,, values for 

various metal complexes and parameters determined by the nature of the ligands 

and the extent of substitution and the solvent (63). Among the complexes of 

various metals considered were the cationic manganese complexes [Mn(CO)6_n(CNR)n]f 

which are known to undergo one electron oxidations. Approximate MD calculations 

for this same series of complexes have also been reported by Sarapu and Fenske (64) 

who find, interestingly, that the measured El,2 values for these oxidations 

correlate well with the calculated HOMO energy level values. 

There are a few references to complexes wherein manganese or rhenium carbonyl 

groups are linked to other transition metal carbonyls. Photochemical studies on 

reactions forming and degrading (CO)SMM’(CO)$SHS (M = Mn, Re; M’ = MO, U) yere 

mentioned earlier (22. 23). Also of interest is the synthesis of a compound with 

a vanadium-manganese bond, (CO)5MnV(CO),(Diars). from V(C0)4(Diars)- and Mn(CO)5Br 

(65)_ Absorption and laser Raman spectra of (C0)5ReM(CO)5- (M = Cr, MO, W) are 

’ reported. The metal-metal linkage was of primary interest in this work (66). 

III METAL CARBONYL HALIDES AND DERIVATIVES 

Some of the most significant organometallic chemistry reported last year is 

to be found in a thorough study of 13C0 exchange with Mn(CO)gBr and Re(CO)5Br (67). 

It is found that this process is first order in complex concentration, the rate : 

depending on CO dissociation to give a 16 elxtron intermediate. Loss of a carbony 

cis to bromine is substantially preferred, by a factor a? at least 10. This 
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labilization by a group which is a poor-z-bonding ligand is apparently a general 

phenomenon, related to the enhanced j-bonding to the carbonyl trans to the group. 

The 16 electron Scoordinate intermediates are assigned a trigonal bipyramida: 

geometry. with bromine in an axial position; kinetic evidence indicates that 

these’ species are fluxional_ 

The phenomenon of &-labilization had been noted in another reference (8). 

Also studied was the C’*O exchange in the complexes cis-Mn(CO)q(L)Br (L = 

PPh3, AsPhS. SbPhS) (68)_ For the PPhS complex, preferential exchange occurs for 

the two carbonyls in mutually trans positions, &to bromine and phosphine. 

The arsine and stfbine complexes react in a more complex fashion, both CO and 

L exchanging. 

Several syntheses of metal carbonyl halides can be cited. The photochemical 

formation of M(CO),$l and M(C0)4LCl (M = Mn, Re) from the appropriate dinuclear 

carbonyls in CHCIS appears to have synthetic advantages (18). The photochemical 

preparation of the M(CO)SI compounds is also mentioned (18). Adams (28) has 

reported the reaction of Mn2(C0)2(CNMe)8 and bromine to give equal quantities of 

Mn(CO)*(CNMe)Br and Mn(C0)3(CNMe)2Br. The halogenation of Mn(CO),(C&%%Me)H 

by several haloalkanes is reported (56), as are reactions of these species with 

the phosphorus ligands PPh3 and P(OCH2CH2)3CR (=L’) to give Mn(C0)3(C‘%k%We)(L’)H. 

Bridged fluoro- complexes of manganese and rhenium, M(CO)SFAsFS arise on heating 

of [M(CO)SSO~]ASF~ (So). Reference was made earlier to the dinuclear chloro- 

complexes [Mn2(C0)gC1]- and [Mn2(C0)6C13]- (30, 31). The latter reference, a 

thesis abstract, also describes the reaction of [Mn(CO),(NCMe)]' with KI in the 

presence of a crown ether: 

[Mn(CO)6(NCMe)]* + KI + crown ether + Mn(CO)61 + K(cmwn ether)+ + MeCN 

and the photolytic syntheses of M(C0)iX2- (M = Mn. Re; X = Cl, Br. I) anions. 

Several papers on carbonyl substitution reactions of the inetal carbonyl 

ha1 ides’ are noted here. The formation of fac-M(C0)3(L?L)X compounds occurs 

(H = Mn. Re; X = Cl, 8r. N03) from 1.8-naphthydridine and l,lO-phenanthroline and 

. 
Ref- p_ 419 
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substituted derivatives of the chelating ligands (69). .The tridentate triphosphine 

(~e2PCH2CH2)2PPh(= PMPFPMi> and Mn(CO)SBr yield Hn(C0)2(PMPFPM)Br (70). Ortho- 

dicyanobenzene (= L) is said to react with Nn(CO)SX (X = Br. I) and Re(CO)5Br 

to give complexes I4(C0)$2X. wherein 

through the nitrogen lone pair (71). 

work in this area. The reactions of 

the ligand is monodentate. coordinating 

This result-, if correct, contradicts earlier 

Re(CO)gX (X = Cl, I) occur in a different 

for which structure VIII is one possible fashion, giving dimeric Re2(C0)6LX2. 

formu? ation. 

Analogous compounds Re2(CO)6(OiW)X2 are formed in prolonged reactions of the 

reagents Re(CO),X and DAM (DAM = Ph24sCH2AsPh2) in refluxing heptane (72). The 

reactions of Re(CO)@- in tetrahydrofuran is described in a review, giving first 

Re(C0)4(THF)Br, and then an equilibrium mixture of Re(C0)S(THF)2Br and 

[Re(C0)$THF)Br]2; the latter is dimeric via halogen bridges (11). Other ligands 

then can displace THF and the halide bridges to give Re(CO)S(L*L)Br. ;jhiophosphite 

esters, P(SR)3 (R = Me, Et, Ph) have been used as iigands for the first time 

with metals of this group (73). Reactions with Hn(CO)EBr or Mn(CO)SCT give 

sequentially &-Hn(CO)4LX.and then mer-trans Hn(CO)SL2X; with Re(C0)6X (X = Br. CT -- 

the facisomers Re(C0)3L2X are obtained. 

The reactions of the thiophosphinous acid PXe2SH with Mn(CO),X (X = Cl, Br) 

are temperature dependent (74). At lower temperatures (T c 4V for X = Cl, T < 50 

for X = Er)-complexes of the secondary phosphine sulfide, Mn(CO),(SPNe2li)X, are 

. 

. .. - ,. 

(. 
_ .: 

_.-_’ . ._ _ 
:‘_ :.. 



formed. At higher temperatures rearrangements occur to give the complex bonded 

to phosphorus, e, Mn(C0)4(PMe2SH)X. 

There is a comnunication describing electrochemistry of several rzanganese 

complexes Hn(C0) S_nLnX (n = 5, X = Cl, 6r, SnC13; n = 3, 4, X = I). These 

complexes exhibit one electron electrochemical oxidations; the values of E l/2’ 

reflecting the ease of oxidation, vary widely. Trends of E,,* values reflect the 

relative electron donor power of the ligands 

Photolysis of Re(C0)3L2X (X = Cl, Br;. L 

3- or 4- PhCH=CH-C5H4N) leads to trans - c& 

on the ligand (76). 

(75) - 

= a substituted pyridine, trans 

interconversion of the vinyl group 

King and coworkers (77) have shown that the compound CSHSRe(C0)2Br2 can be 

separated into its two isomeric forms by chromatography. The first isomer is 

obtained as maroon plates, mp 221-3”, and is said to have bromine groups in 

diagonal positions in the base of the square pyramidal geometry with CSH3 in the 

apex. The second isomer, dark brown microcrystals. mp 117-120”, is the lateral 

isomer, bromine atoms being in adjacent positions- The isomers do not interconvert 

when heated in an inert solvent at llO”, but in refluxing chloroform isomerization 

occurs in minutes. Another paper by different authors describes 1 rl and 2:) AlC13 

adducts of CSHSRe(C0)2Br2 (78). 

There is an interesting study describing the oxidations of [Re(CO)3X]4 

compounds (X = Cl, Br) by halogens (79); Rhenium (III) complexes, [Re(CO)2X4]-, 

are produced. These species have cis octahedral geometries and are paramagnetic‘ - 

to the extent expected for compounds of the metal in this oxidation state. 

A rhenium(I) carbonyl chloride species, Re(CO)(PMe2Ph)2(N2Ph)Cl2, is 

reported (80) _ It is obtained by carbonylation of Re(PMe2Ph)2(NH3)(N2Ph)C12; 

this precursor arises on treatment of met-- Re(PHe2Ph)3C13 with phenylhydrazine; vis: - 

PhNi Re(PMe2Ph)3C13 NH Re(PMe3Ph)2(NH3)(N2Ph)c12 

3 (1-Q.) 

Co 3 Refco)(PMePh2)(N2Ph)Cl2 
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Structural studies by single crystal x-ray diffraction are recorded for the 

isomeric species met--trans and fat- Mn(C~~3~pPh(~e~~~~Er (81)- -- - 

Approximate MO calculations on the compounds Mn(CO)~_x(~[~e}x8r (x = l-4) 

have been reported (65). Work has been underway recording PES spectra of various 

compounds of metals in this group and interpreting these data in conjunction with 

.theoretical and chemical studies. It is appropriate to cite papers here concerning 

PES spectra for Re(CO)SX compounds (X = Cl, Br, If (82, 31) and of various rhenium 

complexes of dinitrogen (83,841_ The latter study provides a correlation of 

electrochemical oxidation potentials of these compounds with electronic charge 

density distribution as determined through the PES study. 

Several papers on other spectroscopic studies are noted. A tabulation of 

carbon-13 nmr spectrat data for various RefCOf6X species including Re(CO)SEr 

is recorded (62), Also reported is the carbon-13 study of isocyanide complexes 

of manganese, such as Mn(C~)(CNPh~4~t (85). Phosphorus-31 spectra of many 

phosphine complexes including Mn~~O~~~PMP~PM)3r (PMPFPM = ~Me~P~~~CH~)~PPh~ are 

noted (86), as are the temperature dependent nmr spectra of ~~~-MR(CO)~(L^L’)X 

(X = Er, Cl, t^C* = Me2AsCF2CFHAsMe2, and x = Cl I i?L’ = Me~s&FHCf~sNe*~ (87). 

Anomalous infrared and Raman data for Mn(~O)~8r is mentioned (88). 

IV METAL COMPLEXES WITH EITHER HYDROGEN OR CARBON GROUPS AS LIGAMS 

Much of the work which has appeared on metal carbonyl hydrides has been 

cited already in this review.. Earlier citations on synthetic work include: 

Mn(CO)SH syntheses describing historical work, from the Ettal Symposium (1,s); 

polynuctear hydrides of rhenium obtained e%%her fKm reactions of Re$CO)l5 with 

base ~48~,photolysis of this carbonyl in water-ether mixtures (49). or photolysis 

Of Re~~~O~,o in the presence of hydrogen (17)s syntheses of traces of Mn~~~)3(darn)N 

Cdam = Ph$sCH#sPhR) (39); and synthesis and halogenation reactions of Mn(~O~4(~~~ 

where t is the it-thiazolium group (56)_ 

Byers and Brown (89) have studied the reaction of Re(CO)$I and PBu3_ Using 

. . . 
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very pure reagents and with light exclusion no reaction occurs, as expected for 

the very inert hydride species. Using less care however, one observes reactions 

at varying rates to give Re(C0)4(PBu3)H and Re(C0)9(PBu3)2H. A radical reaction 

sequence is suggested, whereby Re(CO)S is first generated as an intermediate; this 

species then reacts with the phosphine and abstracts hydrogen to give the products. 

Cxygen is found to inhibit the reaction , probably by scavenging Re(CO)S, with 

formation of Re(CO)S02. 

Two references have appeared on PES work on Re(CO)SH (82) and Mn(C0)9H (4). 

The PES spectra of various compounds including Mn(PF9)gH may also be mentioned 

here (90). Manganese-55 nqr for :qn(CO)gJ (91) and spin echo double resonance 

detection of the deuterium quadrupole resonance in this compound (92) are reported. 

Five papers have appeared from Wilkinson’s group, dealing with alkyl manganese 

and rhenium complexes. The thermally stable manganese compounds Mn(CH2R)2 (R = 

t-Bu, CAe2Ph. SiMe3) are formed from tine appropriate organolithium species and 

manganese halide (93). They are reported to react with O2 to give unstable green 

manganese(N) complexes, possibly having the formula MnR4- The manganese(I1) 

complex, Li(S)2[HnMe4] (S = solvent, either tetrahydrofuran or tetramethylethylene- 

diamine) can be isolated using excess MeLi and MnX2. Synthesis of ReOMe4 from 

MeLi and ReOC14 or ReOC13(PPh3)2 is reported (94). This air sensitive para- 

magnetic species is assigned a square pyramidal (C4,,) geometry. With Me3SiCH2MgX 

and ReOC13(PPh3)2 the compounds ReO(CH2SiMe3)4 and Re203(CH2SiMe3)S are formed. 

The latter, though a rhenium(V1) compound, is diamagnetic and is assigned 

structure IX -- Esr and electronic absorption spectra of ReOMe4 and ReO(CH2SiMe314 

are reported in a separate paper (95). 



Hexamethylrhenium is noted as the product from reaction of ReOMe4 and 

Me$l (96) _ This paramagnetic, d’ compound exists as green volatile crystals. 

cilso reported is the oxidation ReOMe4 with NO giving the diamagnetic. do species 

Re02Me3 - This compound is a yellow liquid at room temperature, solidifying at 

+10X. 

P. WARNING ABOUT POSSIBLE EXPLOSIONS OF R&e, IS NOTED (97). 

There are a few other papers concerned with syntheses of alkyl- and acyl- 

metal carbonyl species. The reaction of Hn(CO)&f and diazotetrachlarocyclopentadi 

to give MII(CO)~C~C~~ and Mn(CO)3(h5-C5C15) is noted (98); a communication on this 

work appeared last year- Reactions of Na[Mn(CO)g] and Ka[Re(CO)g] with l-chloro-l- 

dimethylamino-2-methylpropene lead to several unusual compounds (99). Initial 

products in these reactions are shown below (X, XI) : 

% 
0 =\ 0 Re CMe2 

o= C= 
C 
0 

The rhenium compound is-found to undergo an interesting thermal rearrangement 

on heating to give the vinyl metal compound Re(CO),C(RMe2)=CMe2. This work also 

is reported in a thesis abstract (lDO), Nucleophilic replacement of f7uoride in 

2.2.0-hexafluorobicyclohexadiene(CgFG) by Hn(CO)S- gives Mn(CO)&FS (101). 

Reported in the’same paper are the addition reactions of Mn(CO)SR (R = ph, Me) 

and the fluorinated Dewar benzene giving &II, below: 

XE fR = Me, Ph) 

“ : 
L. 

: 
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Reactions of [Mn(CO)4SC6F5]2 with CF3CsCCF3 give two different products depending 

on temperature, XIII arising at 29, X.IV at higher temperatures. - 

The reaction of [Mn(CO),SCSF5], with CF3sCH gives a third type of product 

(XV). Each product arises by incorporation of the acetylene and the -SR group - 

C 
0 =SF5 

The syntnesis of Mn(C0)2(PMPFPM)COMe by direct reaction of the tridentate phosphine 

(Me2PCH2CH2)2PPh and Mn(C0)5COMe is also reported (70). 

Ry far the most extensive work on reactions of al kyl-metal carbonyls is 

concerned with internal metallation (ortho-metallation) reactions. Some of this 

work was reported last year in comunications; other studies are obvious extensions 

of this type of reaction. Primarily three research groups have been active in this 

area _ The Kaesz group describes the reactions of M(CO)5Me (M = Mn, Re) with aryl 

ketones such as acetophenone and benzophenone (103). An x-ray crystallographic 

study on the acetophenone compound shows it to have the structure x (104). A 

similar reaction with acetylferrocene give the product XVII (105). From dimethyl- 

aminomethylferrocene and Re(CO)5Me an ortho-metallated pmduct is formed. However 

the expected analogous reaction of Hn(CO)5Me does not occur, and another reaction 

product. XVIII.is isolated instead. 
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Me 

t 

c;r 

0 

Fe 

Two other papers from this group present the synthesis and characterization 

of various primary and secondary prodticts derived from thermal reactions of 

Mn(C0)4[pR3)CH3 (106. 107)_ Much of this work is contained in two theses 

abstracted in Dissertation Abstracts 1108, tag). Similar work is presented 

Eruce and coworkers who have described the metallations of benzylmethylsulfide 

(110) and of various nitrogen aromatics (711, 112). The structure of a triphenyl- 

phosphine derivative of the product from benzylnethylsulfide has been determined 

by x-ray crystallography and is reported separately (113). Other ortho-metallation 

work by Bruce, Stone and coworkers, concerning various azobenzenes is reported 

in two papers. Reactions of PhN=NCSFS occur wrth metaliation of the Ph-ring 

(114); reactions of azobenzene with a large number of Mn(CO)SR compounds (R = 

alkyl, acyl, aryl, perfluoroaryl) are also described (115). giving XIX- 

it has been determined that the red complex previously Identified as 

MnfCO)(DPE)2 (DPE = 1,2-bis(diphenylphosphino)ethane) is in fact an acyl complex, 

V (38). Possibly the formation of this complex occurs by a mechanism related 

N 
\ 

N-Ph 
J 

Mn (CO>, 

to the ortho-metal lation reaction. The precursor to this product may be the 

salt [~n~CO)~~5PE)~JMn(~O)S whfch OR heating loses the elements of HMn(CO)6 

giving the product, 

i - 
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Other work concerning reactions of the alkyd and acyl metal carbonyls 

spans a wide range of interests. Some of this work was mentioned earlier. 

Of interest are the reactions of Mn(CO)5Me anions with various metal carbonyl 

anions (35). With Mn(CO)5- or Re(CO)5-, the anionic acyl complexes 

[MM’(CO)g(COEle)]- arise. However with the more nucleophilic C5H5Fe(C0)2-, only 

methyl transfer occurs giving Mn(C0)5- and C5H5Fe(C0)pe. Also mentioned earlfer 

were reactions of the acyl compounds Mn(C0)3L2COR (L = P(OMe3). L2 = DPE) and MeOS02F 

to give cationic carbene complexes (53). The reactions of [Mn(C0)4L]- anions with 

ClCOOEt to give Mn(C0)4(L)COOEt are noted. These compounds on protonation give 

[Mn(CO),L]+ species which in turn react with primary amines to form carboxamidc 

complexes Mn(C0)4(L)CONHR (52) - 

Two different studies describe acyl manganese carbonyl reactions with 

nucleophilic organonetallic reagents. The syntheses of [Mn(C0)4(COCH2ph)2]- and 

[Mn(CO)3(COCH2Ph)3]2- from Mn(C0)5COCH2Ph and PhCH2MgCl was mentioned earlier (55). 

It has been noted that [cis-Mn(CO)q(COR)p]- complexes resemble 1,3-diketones and - 

might themselves function as ligands. Reaction of the above complex (R = Me) with 

AlC13 yields the interesting substance [14n(C0)4(COMe)2]3Al, E (116). 

Me 

Me. Ph 

Another paper reports the aldol condensation of MeCOCHRPh induced by Mn(CO)gMe 

(117). The product is assigned strkure XXI. 

Sterekhemistry of carbonyl substitution in Mn(C0)$H2Ph and Mn(C0)5COCH2Ph 
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by PPh3 and P(OPh)g, and the stereochemistry of the reaction products from [MI’I(CO)~L 

and PhCH2COCl are reported (55)_ 

The compounds Fln(CO),R (R = Me, Ph) have been shown to add in a 111 and lr2 

fashion to dicyclopentadiene and bicycle-2,2,1_heptadiene (118). The StrUCtUre 

of the 1~1 adduct of dicyclopentadiene is shown below (XXII). In the 19 adduct 

& / Gus 
,c=o 

the coordination of the ketonic oxygen to manganese is believed not to occur; 

instead the second molecule of dicyclopentadiene coordinates directly to the 

metal through an olefinic group_ A related paper by the same authors is concerned 

with reactions of Hn(CO)gCOR (R = Me, Ph) and dicyclopentadiene (119). Again 

lrl and 2~1 adducts are formed. The structure of the product formed is shows 

in XXIII -- Its formation is rationalized in mechanistic terms. A similar 

product mis formed in the reaction of Mn(CO)g- and MeCOCH2CH2COCl. 

Me 

MnCCO),s 

PMe 
C 

\O 
/ 

M n (CO), 

On heating, the compound o-carbomethoxybenzoylmanganese pentacarbonyl 

Hn(C0)5COC6H4COOf4e, undergoes an unexpected loss of two carbonyls instead of 

one the product being Xxy (120)_ No mono-decarbonylation is observed. The 
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reaction of this acyl complex with P(OCH2)SCEt gives only Mn(C0)SLC6H4COOMe, a 

phosphite substituted derivative of the decarbonylated product XXV. A 

remarkable reaction occurs between M(CO)sMe (M + Mn. Re) and C5H5M’(CO)PPh3 

(M’ = Ir, Rh) (121). Two substances, XXVI and XXVII, are identified as reaction 

products _ 

(M = Mn,Rej (M = Mn,Re; 

M’= Rh,Irl M’ = Rh,‘Ir) 

Insertion and cycloaddition reactions of various metal-alkyl compounds are 

described in a general review paper (10). Particular note is directed in this 

work to complexes of manganese and iron. Another paper has appeared presenting 

some of this work (122). The reaction of Mn(C0)SCH2CsCR and CF$OCFS is found 

to give a 1:l cycloaddition product, as is the reaction of this fluorinated 

ketone with Mn(C0)SCH2CH=CHPh_ The former species are represented as metal 

dehydrofuranato complexes XXIX; the latter are the related hydrogenated complexes 

having a o-tetrahydrofuranato ligand group. 

MnK015 

5C 

F3= 

The unusual bridging carbyne complex H~I~(CO)~(CCQOR)~. is described in 

a full paper (123). Comunication of this work occurred last year. 

Among physical studies on complexes having alkyl or acyl metal bonds are 

PES studies of several Mn(C0)5R (34) and Re(CO)SR (82) compounds. The former 

Rclarrrar p. 419 
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reierence (34) also provides the~o~hemical data on M(C015Me (!I = Nn, Re) and 

Mn(CO)5COPh_ Extensive carbon-13 nmr data for Re(C015R species are record&d 

in another paper (62). 

v METAL CARBONYL OERIVATIVES OF METALS AND HETALLOICIS 

This section will first consider complexes of electropositive metals bonded 

to manganese and r~eni~;t~e~ coverage will proceed from Group IIIA to Group VIA 

element derivatives of these metals. 

There are few references to covalent derivatives of other metals bonded to 

the elements of this group. A review of reactions of lanthanide elements with 

MnfCO)& was mentioned earlier in thissurvey (7). Vibration spectra1 data 

for palladium, platinum and gold complexes of the -Mn(CO), group have been 

reported and frequency assignments to lb-M’ bonds made (124). The reaction 

of Mn(CO)$k and RHgC(N$CQOR is described to give ~n*(~~}~~C~~OR)~ compounds; 

also obtained as products in this reaction, are Mn~~O~~~gEr and ~n~~~~4(RO~~C~C~~~R~ 

f1.23). 

A review of Group IXIA complexes of transition metals was mentioned at the 

beginning of this survey (X5)_ This review contains much work on manganese and 

rhenium complexes of these elements. Two full papers describe work on indium-rheni 

.complexes which was the subSect of a commntication last year. In the first paper 

the reactionoffndium and rhenium carbonyt is described (125) to give two compounds 

The first is Re,(CO~,E~-XnRe(C0)532, and is characterized by a crystal structure 

study (126). The second is also characterized crystallographica‘ify. It has the 

formula Re41_COf~21fr-InRefCOfglq (t25), having the Re4Xn4 unit in the shape of 

a cube (XXX]. 



R 

0 = Re(C0j3 

O-R = InRe(CO)5 

More work is reported on Group IVA derivatives. The first lead-manganese 

compounds to be reported, Mn(C0)4(PPh3)PbR3 and fMn(CO)&PPh3)$PbRp (R=Me,Ph), were 

prepared from the reaction of [Mn(C0)4PPh3]- and PbR4_nXn (127). Other syntheses are 

reported for the fat isomer, - Mn(C0)3(Me2AsCH.$H2CH2AsMe2)GeC13, from 

Mn(C0)3(Me2AsCH2CH2CH2AsMe2)Cl and GeC14 and for mer-Mn(C0)3(0PE)GeC13 from 

Mn(CO)~(DPE)Br and GeC14 (128) - Reaction chemistry of some Group IVA compounds 

is also described. Treatment of Mn(CO)SMPh3 (M = Si, Sn) with halogens leads 

either to M--n or M-Ph cleavage. With Mn(CO)ESiPh3 and either Br2 or Cl2 the 

Si-Xn bond is cleaved; with Mn(CO)SSnPh3, the cleavage of the Sn-Ph bond is 

preferred, and tlie compounds Mn(CO)@Ph3_n n X (X = Cl, Br, I) are isolated (129). 

A kinetic study of the reaction of 12 and Mn(CO)SSnPh3 is reported (130). iialogen- 

ations of Ge-H bonds in Mn(CO)9GeMeH2 and Hn(CO)SGeH3 by CHC13, CC14. or 6r2 are 

reported (131) . From reactions of the former organometallic complex and CHC13 

three products are found; these are starting material 221, Wn(CO)SGe(We)HCl 39%, 

and Mn(CO)SGe(He)C12391. Bromine gives only Mn(CO)gGe(Me)Br2. With CC14, 

Mn(C0)SGeH3 yields Mn(CO)SGeC13_ Substitution reactions of Mn(C0)SSnR3 (R = Me, 

Ph) with PPh3. AsPh3, and SbPh3 are reported in another paper (132) to give 

monosubstituted Mn(C0)4(L)SnR3- 

Four papers on structural studies for representative compounds have appeared. 

Electron diffraction results for Mn(CO)SSiH3 and Mn(CO)SGeH3 show that the Mn-Si 

and Mn-Ge bonds are about 0-l; shorter than expected (133). This result is 

attributed to a Si-Hn or Ge-Hn bond multiplicity greater than one, resulting from 
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pi bonding. The structure of Mn(CO)5SiF3 , also determined by electron diffraction 

(134), shows an evenshorter Mn-Si bond length_ The small difference between 

Mn(CO)5SiF3 and Mn(CO)$iH3. is suggested to be due either to II or a bonding 

differences _ 

A structure determination by x-ray crystallography has been carried out on 

the compound Mn(CO)$nC13 (135). The Sn-Mn distance of 2.590(5)i is 0.08x shorter 

than the reported Sn-Mn distances in Mn(C0)5SnR3 (R = Me, Ph) complexes. 

Crystallography has been used to characterize the distannane compound 

CSnfHn(CO)512H12 (136); this product arises in the reaction of Mn(CO)5H and 

Sn(C5H5)2- The structure off$(CObGeMe2 has also been determined (137); its 

molecular geometry is sketched below. XxX1_ 

Bond energy values for the Re-M bqnb in Re(C0)5t4f4e3 (M = Si, Ge, Sn) have 

been obtained using mass spectrometric appearance potentials (138). Values . 

obtained are 3.1. 3.2, and 3.7 ev for the Re-Si, Re-Ge, and Re-Sn bonds. In 

contrast the Hn-M bond energies for Hn(C0)5MMe3 are about 2.5 ev. 

Carbon-13 nmr on Re(CO)pe3 (H = Si, Ge. Sn.- Pb) and on Re(C0)5SiC13 are 

noted (62). Magnetic shielding, determined by heteronuclear double resonance 

experiments are reported for 35 organotin-transition metal compounds including 

Me,_xSn[!4n(CO)5&~(x = 1,2.3) and ve2Sn[Re(CG)$, (139). 

Moving on to Group VA derivatives of’these elements. the next consideration 

may be directed ta.nitrogen ligands. ‘Hem again there are some interesting and 

diverse studies, Particular r&e ii made here first of seieral paperj dealing 

with unsaturated carbon-nit&en ligands- Abel and Rowley -(140) describe. 
, _ 

. 
_ - _. 

: . .._I 
: - _.. . _ .- 

_ _ .-_ - __..- . ‘. 
. _ -_ . ._. .-. . .- 
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reaction products derived from K(CO)SX (K = Kn, Re) and Ke3SnCH2NR2 (R = Me, Et, 

C&ill, H). A general molecular formula Kn(C0)4(CH2NR2) is assigned, with 

structure XXX11 being suggested. A somewhat similar product, Mn(CO)4(CH2H(Me)CH2Ph) 

was mentioned earlier (105). This compound was obtained from PhCH3NKeR and 

Kn(CO)SMe in an attempted ortho-metallation reaction. Also of note is the 
r I 

compound, XXX111 (99)_ This compound is obtained from Kn(CO)4COC(=CMe2)NR2 

on thermal decarbonylation. Compound XXXIV was also reported in this paper. 

\+ 
N- - 

It was obtained from the same precursor on treatment with Fe2(CO)g. 

Two papers which are concerned with metal porphyrin complexes have appeared. 

The first is a general review (9). The second (141) deals with rhenim and 

technetium complexes derived from the dinuclear carbonyl and either meso-porphyrin 

(IX) dimethyl ester (H3.KP) or meso-tetraphenylporphin (H3TPP). Complexes of the 

formulas TPP[K(CO)3]3 (K = Hn, Re) are reported; structural studies by x-ray 

crystallography have been done for both compounds. The complexes K(HKP)(C0)3 are 

al so reporttd. These are found to be fluxional by nmr studies, the metal and 

hydrogen exchanging between the ligand sites. 

Diphenyltriazenido-complexes. of several metals including manganese and . 
rhenium were prepared, These &nqlex_es. ‘K(C0)4(PhN3Ph). structure XXXV. are _ 

formed from the mehi carbonyl halide and Na[P~N3~h]-.(.l42)... Another complex, 
, ‘ 

somewhat related, is prepared by photolysis of Kn(CO)4CONPhCPhNPh,.which is 

itself prepared from K$Co)SX and Li[PhNCPhNPh]. This compound probably has 

structure XXXVI (143): . 
- . 

_- 
Etrfmnorp_4ls : . _- - 

_- .- . _. -. 
_ . _ -._ 

_ _ . ._ : ..__ _ - 
_. -Y . .- .- ._ _.- _ _ _ -I 
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The reaction products of Mn(C0)6Br with Me3SnN=C(CF3)2 and with Me3SiNNPh 

having the stoichiometries Mn2(C0)7[NC(CF3)2]2 and Mn2(C0)8(NNPh)2. respectively. 

They are found to have the structures XXXVII (144) and XXXVIII (145) by x-ray 

crystallography. 

Ph \ 

The chemistry of -P(CF3)2 or -As(CF3)2 complexes of manganese is the subject 

of a recent study_ Reactions of Mn(C0)9H and A2(CF3)4 (A = P, As) give the 

complexes Mn(C0)6 A (CF3)2 , which may be decarbonylated by heating or ultraviolet 

irradiation, giving Mnp(CO)8[A(CF3)2]2_ The mixed complex Mn2(CO)&P(CF3)2]- 

[AS(CF~)~] is also described (146). Gas and liquid phase infrared and.Raman 

spectra of the monomers Mn(CO)9A(CF3)2 are reported in another paper (147). 

The ‘synthesis (121) and a structure study (148) of an unusual compound 

Mn(C0)3(PPh2)(OCMe)(OCPh)IrC6H5 are reported-The complex reaction sequence when 

Mn2(CO)10 is reacted with phospholes is the subject of another study, cited 

earlier (32) _ Noteworthy is the phospholyl compound C4H4PMn(C0)3. 

An x-ray crystallographic study has determined the structure of MnFe(CO18PPh2 : 

(149). The manganese-iron bond in this compound is rather long, because’of steric 
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hindrance between carbonyls on adjacent metals. 

The structure of the complex Mn2(C0)5(AsMe2)3C4Fg has been ascertained by 

crystallographic methods (150). The synthesis of this compound was described 

last year. Kinetics of the thermal rearrangement of Mn2(CO)R(He2AsC(CF3)C(CF3)AsMe2) 

to form this compound are noted (21) _ 

Several reports occur concerning derivatives of rhenium carbonyl with 

fl-diketones as ligands. The reaction of Re(C0)5Cl and Tl(acac) in monoglyme 

gives the red to yellow crystalline complexes [Re(CO)3acaclp*solv (151)_ The 

solvent could not be removed- Further reaction with added PPh2Me gives mono- 

nuclear Re(CO)3(PPh2Me)acac. Other authors report the similar formation of the 

dinuclear complex as a dihydrate from methanol-water with added methoxide (152). 

Ligand reactions to give Re(CC)3Lacac or Re(CO)2L2acac occur with Aph3 (A = P, As, 

Sb) and with P(OPh)3. A third paper on the reaction of Re(C0)5Cl and B-diketones 

reports formation of [Re(CO)3acac-j2 along with [Re(CO)$l-acacH12 (153). The second 

product is suggested to be a halide bridge dimer, with one coordination position 

on each metal occupied by an oxygen donor atom of the diketone in the enol form. 

An anionic complex with a bridging OMe group was tentatively characterized 

(49). This compound is formed from Re2(CO)10 and basic methanol. The tetranuclear 

CRe(C0)30H14 was also mentioned earlier (49). 

The ‘topic of organosulfur ligand complexes of metal carbonyls has been 

reviewed (14) _ Several sulfur containing complexes, products of addition of 

either CFSCsCCF3 or CF3CsCH to [Mn(CO),SC,F,],. are reported and the crystal 

structure of one of these products, Mn[C,(CF,),SC,F,](CO)3 has been determined 

(154). The attempted ortho-metallation of PhCH2SMe by Re(CO)5Me gives 

[Re(CO)3SCH2Ph14 instead (110). 

The pentacarbonylmanganate ion is found to add to methylisothiocyanate (155); 

methylation of the product with Me1 gives the dinuclear species #n(CO),iSC(SMe)NMe)]2 

in 31% yield. Its structure is -shown below, XxX1X. 
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Also reported is the synthesis of Mn2(CO)8S2 from Mn2(CO)10 and (FCO)RS2 (156). 

and the s_ynthesis of dithio- and diseleno-carbamate derivatives Mn(CO)4(X.$NMe,) 

(X = S, Se). These decarbonylate on heating to give dimeric compounds 

[Mn(C0)&CNMe& (157) - . 

VII HYDROCARBON -METAL COMPLEXES 

As in previous years much has been reported on cyclopentadienyl-metal 

tricarbonyl complexes and their derivatives. However, there have been other 

interesting developments as well which concern the complexes of other hydrocarbon 

groups. The former subject will be considered first. 

Papers have appeared which describe compounds obtained from C5H5Mn(C0)2THF, 

added ligand displacing the weakly coordinated ether group. For example the 

syntheses of various acetylene derivatives C5H5Mn(CO)RL (L = PhCsCMPhS for 

M = Si, Ge. Sn, PhCsCH) and C5H5Mn(CO)R(PhCsC-CsCPh)Mn(CO)RC5H5 is accomplished 

by this route-(158, 159). A pentamethylene-diazirine complex is also formed from 

MeC5H4Mn(C0)2THF (160). The curious reaction of C5H5Hn(CO)RTHF (and MeC5H4Mn(C0)2 

and CH2N2 at low temperature is noted (161) wherein tuo products are formed. The 

first is C5H5Mn(CO)2(C2H,,), the olefinic group being formed by coupling of two 

methylene groups- The second is the dinuclear compound [C5H5Mn(C0)&3i2~ a COmpol 

having the Cl$ group bridging the two metals andpccompanied by a metal-metal bond 

The geometry of the complex dictates that isomers of this compound should exist 

: 
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depending on relative orientations of the C5H5 rings in aor trans configurations 

(XXXX). 

n (ck isomer) 

A seleno carbonyl derivative of CSHSMn(CO).$Se is described by Butler et al_ 

(162). This is obtained by reaction of CSHSMn(CO)RTHF, CSeR and PPh3. 

Various complex reactions of diazonium compounds with C5H5Mn(C0)2THF or 

MeC,SH4Mn(C0)2THF are the subject of another study (163). Using MeCOC(N2)Me, 

a single product is obtained having the formula MeCSH4Mn(C0)R(CH2=CHCOMe). The 

vinyl methyl ketone is complexed through the olefinic bond. Reaction with 

PhCOC(N2)Ph give first the carbene complex CSHSMn(CO),C(COPh)ph. A crystal 

structure study of this compound is reported in a separate paper (164). On 

irradiation this compound rearranges to a complex of diphenyl ketene, C5H5Mn(C0)2- 

(Ph$=C=O) . A diphenylcarbene complex is also obtained from PhRCNR; this has 

the formula CSHSMn(C0)R(CPh2). Some chemical behavior of this complex is 

described. Thermal degradation gives Ph2C=CPh2 , and ceric ion oxidation gives 

PhZCO. 

Several vinyl ketone complexes CSHSMn(C0)2L (L = CH2=CHCOMe. trans- 

PhCH=CHCOMe, cyclohexenone) are reported, obtained from reactions of the ligand 

and _CSHSMn(CO)RTHF (165) _ A crystal structure study on the first compound has 

been carried out (166). 

A kinetic study on substitution reactions of C6HSMn(CO).$RR (R - Me, Et) 

is reported (167). Reactions involving displacement of the sulfide by phosphines 

and phosphites were studied, and found to be first order in complex. 
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A series of four papers from Huttner and coworkers reports reactions of 

CSHSMn(CO)2PPhH2 and HeCSHqMn(CO)2PPhH2. Lithiation with butyliithium occurs to 

give either the mono_ or $iJ ithio species. These may be deuterated with D20 (168). 

However, a more interesting reaction-is seen with C6H,,NCt2 which gives the 

compound P~Ph~[~(CO~~~SHS~~ (169)- The structure of this substance has a PSPhS 

ring with each phosphorus bonded to a manganese atom. Structure XXXXI (note 

stereochemistry) has been verifiedoby a crystal structure study. Heating this 

compound at IlO* in vacua gives another compound PhP[Mn(&O~*CSHS~~- A structural 

study shows it to be a phosphinidene complex XXXXII (170). The P-Mn bond in 

this species is unusually short, indicating multiple bonding. Hhen CSHSMn(CO)2PPhlf 

is treated directly with C6HIlNC12 two compounds, CsH5Mn(C0)2PPh~H)C1 and 

~~H~~n(~O)*PPhC~ R are obtained (I 71) _ The former is not obtained pure, it is 

shown to react with C6HlfNH2 to give C,HSMn(CO)2PPh(NKC6HllfH. Also reported in 

this paper is the reaction of CSHSMn(C0)2PPhH2 with I2 in THF; an unusual compound 

CSHSIin(&O)2PPh(H)OCff2CH2CH2CH21 is the product- 

/\ 
c c 

!\ 
0 0 oc =0 

Reactions of diazocyc’lopentadiene and Mn(COj5X produce CSH4XMn(C0)S (X = 

Cl, Br, I] (172). The analogous reaction with tetraphenyl diazocyclopentadiene 

and Mn(CO)$3 to give C5Ph4ClMn(CO)3 also is reported, The synthesis of 

C,ClSKn(C0)3 by a simiiar route (98) has been mentioned earlier in this review. 

Studies on AlCfS adduct formation with CSHSM”(CO)S_x(pPh3~x (x = 0, 1, 2) 

are reported (78). This work complements earlier studies on the basicities of 

these species toward protonic acids. 

: 
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Oxidative chemistry of substituted cyclopentadienyl manganese carbohyls has 

drawn some attention. The one-electron oxidation of CSHSMn(CO)(DPE) to the 

paramagnetic, d5, complex [CSHSMn(CO)(DPE)]f by Ag* is noted in a comnunication 

(75) and in a thesis (54). The methylcyclopentadienyl ccmpound reacts in 

like manner- These oxidations had to be anticipated based on electrochemical 

data. Oxidations of mono- and bis- substituted CSHSMn(C0)3 and CSHSRe(C0)3 

compounds have also been studied using electrochemistry (173). Again one electron 

oxidations appear to be facile processes. The complex CSHSMn(C0)RPh2PCH2CH2PPhP, 

in which the potentially bidentate phosphine bonds to the metal through one 

phosphorus, is subjected to chemical oxidation_ The phosphine oxide complex 

CSH,Mn(CO)2Ph2PCH2CH2POPh2 is formed (174). 

Acyl substituted compounds RCOC,H4M(CO)3 have received special attention. 

Crystal structure studies on the acetyl compounds of manganese and rhenium, 

MeCOCSH4M(C0)3 (R = Mn, Re) are reported (175). These two compounds differ 

slightly based on the orientation of the CO groups relative to the ring 

substituent. The acyl carbonyl group is coplanar with the ring. Ultraviolet and 

visible spectroscopy and nmr spectroscopy have been used to examine XC6H4COCSH4Mn(CO): 

(176). The radical anion, [PhCOCSH4Mn(CD)3]= has been prepared, its esr spectrum 

recorded, and these results compared with Huckel MO CalCulatiOns (177). 

Molecular orbital calculations for the series of compounds C6H6Cr(C0)3, 

CSHSMn(CO)3. ‘and C4H4Fe(CO)3 are reported (178). An attempt is made to correlate 

these calculations with relative reactivities. 

Parker (179) reports on a study of the vibrational spectrum of MeCSH4Mn(C0)3. 

‘Deuteration of the ring allows assignment of the MeCsH4-vibrational modes. A 

study of the intensities of w(C0) and v(G) in CSHSMn(CO),CS is noted (180). Mass 

spectra are reported for RC,H,Mn(CO),CX (R = Me, H; X = 0, S, Se) (181). These 

data confirm that the dissociation energy of the M-CS bond is much greater than 

for the H-CO bond; this had also been suggested by chemical behavior. 

Two variable temperature pmr spectral studies are to be noted. The first 
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is on the compound CSHSMn(CO),[C,(OMo)4] (1821, the second on CSHSMn(CO12L 

(L = dimethylmaleate and fumarate) compounds (183). Both studies note that there 

is hindered mtationfhr the metal olefin bond, For the latter compounds a 

barrier to rotation (&G’) of 11-12 Kcals is determined. Phosphorus-31 chemical 

shift and coupling constant data is present for several compounds including 

MeC5H4Mn(CO)(~L) (TL = DPE, DPM, and DPA) (61) and also a series of C,HSMn(CO)2L 

(L = PPh3_xMex, AsPh3, SbPh3. P(OPhj3f compounds (284). 

Reference was made at an earlier point in this review to two studies on 

C5HSRe(C0j2Br2 (77,78). A mass spectral study on these and analogous compounds, 

RCSH4Re(C0)2XY (R = H, He, COOMe; X,Y = several combinations of H, Me, COMe, Br, 

I, HgCl) has been concluded (185), Fragmentation occurs in two pathways, with 

either carbbnyl or X.Y loss. 

Various studies on [c~H~M~(No)(co).$ and on compound derived from this 

species are reported. Tuo general survey papers by Brunner, conference abstracts, 

were noted earlier (3,6). A full paper from Brunner and Langer (186) reports 

reactions of ~C6H~~n(NO~(CO)PPb3]* with organolithium compounds. Two products 

are obtained. The first is an acyl-manganese compound, arising by addition of R- 

to the carbonyl; the second is a cyclopentadiene compound, formation occurring 

by R' addition to the CSHS ring, The acyl compounds are generated from 

optically active starting material nithout loss of configuration. They are 

found to racemize slowly by phosphine dissociation. Synthesis of 

[RSCH4Mn(NO)(CO)CS]+ (R = H, He) compounds from RCSH4Nn(C0)2CS and [NO]SbF6 or 

[N~.$PF~ has been reported (187)_ These complexes react with APh3 (A = P, As, Sb) 

with carbonyl displacement. The phosphorus-31 nmr of CC6H~(NO)~P(CH*CH~PPh~)~3]Pl 

is described (86). 

Complexes of various other hydrocarbons are next considered here_ The 

synthesis of Mn(C6Hg)(C6H6) and derivatives thereof using metal atan reactor 

techniques is reviewed (121, -The mass spectra of this compound uas recorded, 

wherein the secondary ion formation (Mn2(CSH6}2C6H6*, Mn2(C6H5)2+. Mn(C6H&’ 

:. .i 
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The compound Hn(CSHS)C7H8 has been 

CSHSMn(C0)3 (189). Formation appears to 
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(188). _ 

prepared photolytically from 

occur stepwise with sequential loss 

of CO. Using 7-substituted C7H7R compound the compounds-Mn(CSHS)(C7H7R) are 

formed primarily as exe isomers. The compound Mn(CSHS)(C7H8) loses hydride ion 

to [CPh3]+, giving [M~(cSHS)(C~H~)]+; however exo-substituted Mn(CSHS)(C7H7R) 

compounds resist hydride loss. Lithium aluminum hydride regenerates Mn(CSHS)(C7H8) 

Cyclooctatriene and a cycloctatetraene derivatives are also mentioned in this 

study- 

A study on the PES spectra of various fluxianal manganese compounds 

. (C7H7Mn(C0)3. Mn(pentadienyl)(C0)3) are reported, and data correlated with 

molecular orbital calculations (190). For C7H7Mn(C0)3 it is suggested that there 

is a low lying virtuai level resulting from interaction of a ring n* and a a” 

metal orbital (e2) which may play an important role in the fluxional process. 

At low temperature several isomers are observed by rum- for the compounds 

MnCC,H,(CH,),I(Co),_, x L (L = P(OCH2)3CEt; C5HS(CH2)x = cyclohexadienyl, cyclohepta- 

dienyl. etc_ (197). These isomers arise because of the orientation of the ligands 

relative to the hydrocarbon group. At room temperature the isomers are not 

discernable, owing to a scrambling process. 

A crystal structure is reported for C8H8Mn2(C0)b, compound XXXXIII below 

(192). A long Mn-Mn bond 3.045(2)A is found; this is compared to 2.923i in 

Mn2(CO)10- 

Ed-p. 41s 

. . 
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Directive effects toward ring substitution are noted in reactions of the 

compounds [Hn(transMeC6H4X)(CD)3]C with organolithium compounds and LiAlH4 (193). 

Isomers arise by ring substitution at carbon adjacent either to Me or to X (X = 

halide,OR, t:R2)_ The syntheses of [Mn(C6HgX)(CO)3]+ by nucleophilic substitution 

of chloride in [Mn(C6HSCl)(C0)3]+ by OMe-, OPh-, N3-, and NRH- are reported (58). 

The complexes [Hn(C6HSNHR)(C0)3]+ deprotonate readily and reversibly. 

The photolytic reaction of Mn(CO)4NO and butadiene is reported to give three 

products (194) _ These are known Mn(CD)(N0)3, Mn(C4tt6)(N0)(CO)2 a yellow volatile 

oil, and Mn(CO)(C4H6)2. The last substance is paramagnetic and has been the 

subject of a crystal structure study (195)_ 

The complex Mn(PhCHCHeCHC(CH2Ph)O)(C0)3, XXI, was mentioned earlier, arising 

from an aldol condensation of MeCOCH2Ph using Mn(CO)6Me (117). 

The pmr study of Re(allyl)(CO)4 in a nematic phase has been carried out 

(196)_ 

VIII VARIOUS ISOCYANIDE AND NITROSYL COMPOUNDS 

The only paper in the area of isocyanide-complexes which has not previously 

been cited is concerned with descriptive isocyanide-rhenium chemistry (197). 

Freni and Romiti find that reaction of WeI with p-tolylHC gives either Re(CNR)SI 

if excess isocyanide is used or Re(CNR)413 and Re(CNR)313 if there is a deficiency 

of this reagent, Reaction of KReBr6 and this ligand gives only Re(CNR)3&3. 

Carbonylation of Re(CNR)313 in ethanol is said to give the unusual rhenium(I1) 

complex Re(CNR),(CO)I,. A diamagnetic non-electrolyte, Re(CO),(CNR),I. is describe 

as the product of the reaction of [Re(C0)412]- and isocyanide. whereas the isocyanl 

reaction with [Re(C0)214]- gives ionic [ReL4(C0)2]I. 

Other work on isocyanide metal complexes cited earlier includes: formation 

of Hn2(CD)10_x L (29); MO calculations on [Mn(CO)6_x(CNMe),]C and Hn(C0)6_x(CNMe)xf! x 

(64); the carbon-13 nmr of Hn(CNPh)4(CO)Cl (85); and reactions of CNR with several 

manganese carbene complexes (53). 
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A new synthesis of the nitrosyl compound Mn(NO)(C0)4 from Mn(CO)5- and 

NOCl is reported (198). Reactions of this compound with butadiene were carried 

out and a new derivative of this compound, Mn(NO)(C4Hs)(C0)2, was prepared (194). 

Various studies on [C,H5Mn(rr0)(C0)21+ were cited already (3, 6, 86, 186, 187). 

IX STRUCTURAL STUDIES 

The compounds that have been subjects of structural studies by x-ray 
. 

crystallography and electron diffraction are listed below: cis(CO)$WRe(CO)4CMe(OMe: 
‘ 

(35); M@n(CO)(DPE)(Ph2PCH2CH2PPhC6H4CO) (38); Mn2(CO)$DPM)2 (40, 41); (Et4N)2- 

[Re4(C0),5H4] (48);*-[Tc(CO)2{PPh(OEt)214]ClO4 (60); facand mer-trans- 

-I 
Mn(CO),[PPh(OMe)2]26r (81); M-0 (iO4), f&(C0)3(PPh3)(C6H4CH2SMe) (113); 

Al[Mn(C0)4(COMe)2]3 (1161; Re4(CD112~InRe(CO)5~, (1251; Re,(CO),CInRe(CO),l, 

(126); fat-Mn(C0)3(Me2AsCH2CH2CH2ksMe2)GeC13 (128); Mn(C0)5SiH3 and Mn(CO)5GeH3, 

electron diffraction (133); Mn(CO)5SiF3. electron diffraction (134); Mn(CO)5SiC13 

(135); Sn2H2[Mn(C0)514 (135); Mn2(C0)7GeMe2 (137); TPP[Tc(CO)~]~ and TPP[Re(C0)312 

TPP = tetraphenylporphin (141); Mn2(C0)7CNC(CF3)212 (144); Mn,(CO),(~~,Ph)2 (145); 

Mn(CO)3PPh2(COMe)(COPh)IrC5H5 (1481, - MnFe(CO)8PPh2 (149); Mn2C0)6(AsMe2)3C4F5 (150); 

Mn(CO)3C4(CF3)4SC6F5 (151);[Mn(C0)3fSC(SMe)NHe1]2 (155); C5H5Mn(CO)2CPh(OPh) (1641, 

C5H5Mn(CO)p(CH2=CHCOMe) (166); [C5H5Mn(CO),],P3Ph3 (159); PhPLMn(C5H5)(C0)212 

(170); MeCOC,H4Mn(CO), and MeCOCSH4Re(C0)3 (175); C8H8Mn2(C0)6 (194); and 

Mn(CO)(C4H6)2 (197)- 

X REFERENCES 

1. H. Behrens, J. Organometal. Chem., 93 (1975) 139. 

2. H. Bigorgne, J. Organometal. Chem., 9,4 (1975) 161. 

3. H. Brunner, J. Organometal. Chem.. 99 (1975) 189. 

4. J. A_ Connor. J. Organomtal. Chem.. 9g (1975) 195. 

5. D. F_ Shriver, J. Organometal- Chem.. 93 (‘1975) 259. 
. 



420 

6. 

7_ 

H. Brunner, Ann. N. Y. Acad. Sci . , 235 (1974) 213. 

A. E_ Crease, P. Legzdins, and E. R. Sigurdson, Ann. N. Y. Acad. Sci., 239 

(1974) 129. 

8_ 

9. 

lO_ 

11. 

12, 

CL 

M. 

A_ 

F. 

E_ 

R_ Dobson. Ann_ N_ Y. Acad. Sci., 239 (1974) 237. 

Tsutsui and C_ P. Hrung, Ann_ N_ Y_ Acad. Sci., 239 (1974) 141. _-_ 

Wojcicki. Ann_ N. Y. Acad. Sci.. 239 (1974) 100. w-m 

Calderazzo and D. Vitali, Coord- Chew. Rev_. Ii (1975) 13. 

A. Koerner von Gust&f, 0. Jaenicke, 0. Bolfbeis. and C. R. Eady, 

13_ 

14_ 

15. 

16. 

Angew_ Chem. Bl (1975) 300_ 

E. P_ Kundig. H_ Moskovits, and G_ A_ Ozin. Angew_ Chem_. 82 (1975) 314. 

l-l. Yahrenkamp. Angew- Chem.. gz (1975) 363. 

A. T. T_ Hsieh, 

H. Huber, E. P_ 

(1975) 308_ 

8. H. Byers and 

Inorg- Chim. Acta. 14_ (1975) 87. 

Kundig. G. A. Ozin, and A. J. Poe, J. Am. Chem. Sot., 97 __ 

17. 

18. 

19_ 

T. L. Brown, J. Am. Chum_ Sot_, sz (1975) 3260_ 

M_ S_ Urighton and D_ 5. Ginley, J. Am. Chem. Sot., 92 (1975) 2065_ 

J. P_ Fawcett, R. A. Jackson, and A. Poe, J. Chew. Sot- Chew. Ccumun., 

(1975) 733. 

20_ 

21- 

22. 

23. 

24_ 

W. R. Cullen and F. L_ Hou, Inorg- Chum.. 14 (1975) 3121_ 

W. R_ Cullen and F, L_ Hou, Can, J_ Chew.. $3 (1975) 1735. 

Cf. S. Wrighton and D_ S. Ginley, 3. An. Chem. SOC.. 92 (1975) 4246- 

D. S. Ginley and M. S. Wrighton, J. Am. Chew. SOC., 92 (1975) 4908. 

A_ Hudson, M_ F_ Lappert. and 0_ K_ Nicholson, J_ Orqanumetal_ Chew_. 92 

(1975) Cll. 

25. 

26_ 

27_ 

C. L. Kwan and 3. C. Kochi, J_ Orqanometal. Chem.. I@ (1975) C9. 

R. A. Levenson and H. B. Gray, 3. Am..Chem. Sot., s (1975) 6042. 

D_ A_ Brown, N. J. Fitzpatrick, and A. R. Manning, J. Organometal- Chem., 

ug (1975) c29. 

28. R_ 0. Adams and D. F. Chodosh, J. Organometal_ Chem.? a (1975) C48. 



421 

29- S- Grant. J_ Hewman and A. R. Manning, J- Organometal. Chem.. 9,6 (1975) Cll. 

30- J. L- Cihonski. M- L. Walker, and R- L- Levenson, J. Orqanometal. Chem., 102 

(1975) 335- 

31 - J- L- Cihonski, Ph.D. Thesis, Texas A 8 M Univ., (1975); Diss. Abst., $j&, 

(1975) 2210. 

32. F. Mathey, J. Organometal. Chem.. 93 (1975) 377. 

33. H_ 6. Biedermann and W. Graf. Z. Naturforsch., SQb (1975) 226. 

34. F. L- Hou, Ph.D. Thesis, Univ. of British Columbia (1974); Dfss- Abst., 3,!jB 

(1975) 5308. 

35. C. P. Casey, C. R. Cyr, R. L. Anderson, and D. F. Marten, J. Am. Chem. Sot.. 

9-z (1975) 3053. 

36. P. 

97 __ 

37. c. 

38. M. 

39. R. 

40_ R. 

J. Krusic. H. Stoklosa, L. E. Manzer, and P. Meakin, J. Am- Chem- Sot-, 

(1975) 667. 

J. Pickett and D. Pletcher, J. Chem. Sot. Dalton, (1975) 879. 

Laing and P. !I. Treichel, J. Chem. Sot. Chem. Cornnun., (1975) 746. 

Colton and C. J. Commons, Aust. J. Chem.. 28 (1974) 1673. __ 

Colton. C. J- Commons. and B- F. Hoskins, J. Chem. Sot. Chem- Cornnun-, 

41. 

42. 

43. 

44_ 

45. 

46. 

47. 

48. 

(1975) 363. 

C. J_ Conznons and B. F. Hoskins, Aust. J_ them., 28 (1975) 1663. __ 

W. T. Wozniak. G. 0. Evans, and R. K. Sheline. J. Inorq- Nucl. Chem., 37 __ 

(1975) 105. 

G. Sbrignadello, 6. Battison, and G. Bow-, Inoro- Chim. Acta, 14 (1975) 69. __ 

B. I_ Swanson. J, J_ Rafalko. O_ F_ Shriver. J_ San Filippo, and T_ G_ Spiro. 

Inorg- Chem-) 14 (1975) 1737- 
---. 

N. J. Gould and D. J. Parker, Spectrochim. Acta. 31A (1975) 1785. ___ 

J_ R. Ellis and R_ A. Faltynek. J. Chem- Sot- Chem. Cofmwn.. (1975) 966. 
. 

J. R. Ellis and E. A. Flom, J- Organometal- Chem-. !I (1975) 263. 

V. 6, Albano, G_ Ciani, I4. Freni, and P. Romiti, J. Or9anunetal. Chem.. 2,6 

(1975) 259. 



49_ M. Herberhold and G_ Suss, Angen- Chem. Internat. Edit., 

50- R_ Hews. Angew_ Chem_ Internat- Edit_. ‘2 (1975) 640. 

51- R_ Mews and O_ GTemser. Angew_ Chem, Internat. Edit., 14 __ 

52. 

53_ 

54. 

55. 

56_ C; H. Game, I+_ Green. and F_ G. A. Stone. J_ Chem. Sot- Dalton (1975) 2280_ 

57. A. J. Hartschorn, M. F. Lappert, and K. Turner, J. Chem. Sot. Chem. Comnun., 

(1975) 929_ 

58. 

59_ 

60. 

61. 

62_ 

63_ 

64_ 

65_ 

66. 

67_ 

68. 

69_ 

70. 

71_ 

i2. 

14 (1975) 700. __ 

(1975) 186. 

-D_ Drew, D. J_ Darensbourg and M. Y_ Darensbourg, Inorg. Chem., __ 14 (1975) 

1579. 

P_ M. Treichel and K. P. Uagner, J. Organometal. Chem., 55 (1975) 199. 

K. P. Uagner, Ph. D_ Thesis, Univ. of Wisconsin, (1974); Diss. Abst., 358 ___ 

(1975) 3334. 

D. Drew, M. Y. Darensbourg, and D. J_ Darensbourg, J_ Organometal. Chem_. 

85. (1975) 73_ _- 

P_ L. Pauson and J. A. Segal , J. Chem. Sot. Dalton,(1975) 1677. 

C_ M_ Lukehart and J_ V. Zqile. J. Drganometal. Chem., 97 (1975) 421. __ 

H. B. Cingi, D. A. Clemente, L. Hagon. and U. Mazzi, Inorg. Chim. Acta, 13 __ 

(1975) 47_ 

D. A. Edwards and J. Marshalsea. J. Organometal- Chem., 96 (1975) C50. __ 

M_ J_ Webb and W. A. G_ Graham, J. Organometal. Chem.. 22 (1975) 119. 

C_ J_ Pickett and D_ Pletcher, J. Organometal. Chem.. 102 (1975) 327. ___ 

A. Sarapu and R. F. Fenske, Inorq. Chem.. 14_ (1975) 247. 

J_ E_ Ellis and R_ A_ Faltynek. J_ Oroanometal- Chem-. 9_3_ (1975) 205. 

3. R. Johnson, D. H. Duggan, and W. M. Risen, Inorg. Chem.. 14 (1975) 1053_ 

J_ D_ Atwood and T_ I__ Brown, J_ Am. Chem. Sot_, 9-l (1975) 3380. 

I. S_ Eutler and H. K- Spendjian, J_ Organometal. Chem., ICll (1975) 97_ 

J. R. Wagner and D. 3. Hendricker, 3. Inorq. Nucl. Chen;. 37 (1975) 1375. 

R. B. King, J. A. Zinich, and J. C. Cloyd. Inorg. Chem., 12 (1975) 1554. 

J_ G_ Dunn and D. A_ Edwards, J. Organometal- Chem.. 102 (1975) 199. 

C. J. Comrmns and B. F. Hoskins, Aust. J. Chem.. 2_8_ (1975) 1201. 



423 

73. 

74. 

75. 

76. M. S. Wrighton, D. L. Morse, and L- Pdungsap, J. Am- Chem- Sot., 91 (1975). 

77. R- 8. King, R- H. Reimann, and D. J- Oarensbourg, J_ Organometal. Chem., 

78. 8. V. Lokshin, E- B. Rusach, Z. P. Valueva, A- G. Ginsburg, and N. E- Kolobova, 

79. 

80. 

81. 

82. M. B. Hall, J- Am_ Chem- Sot-, 5++ (1975) 2057. 

83. J. Chatt, C. M. Elson, N. E. Hooper, and G. J. Leigh, J- Chem. Sot- Dalton, 

J. R- Wagner and 0. Hendricker, J. Orqanometal. Chem., 21 (1975) 321. 

E. Lindner and H. Dreher. Angew. Chem. Int. Edit., 1% (?975) 416. 

P- M_ Treichel, K- P. Wagner, and H. J. Mueh, J- Organometal. Chem., 86 

(1975) c13- 

2073. 

93 (1975) C23. 

J. Organometal- Chem., 102 (1975) 535. ___ 

R. Colton and J. E- Gerrard, Aust. J. Chem.. 28 (1975) ‘1923. 

P. G. Douglas, A. R. Galbraith, and B- L. Shaw, Trans. Metal Chem-. 1 (1975) 

17. 

G_ J_ Kruger, R. 0. Heckroodt, R. H_ Reimann and E. Singleton, J- Organometal- 

e., 81 (l-75) 322. 

(1975) 2392_ 

84. C. K. Elson, J - Chem- Sot- Dal ton, (1975) 2401. 

85. D- L. Cronin, J- R. Wilkinson, and L. J- Todd, J. Mag- Res., lz (1975 

86. R. 8. King and J. C. Cloyd, Inorg. Chem., 14 (1975) 1550. 

87- W. R- Cullen. L- D_ Hall, and J. E. H- Ward, Can- J. Chem.. 53 (1975) 

88- W- F. Edgell, Spectrochim. Acta, 31A (1975) 1623. ___ 

89- 8_ H- Byers and T. L- Brown. J- Am_ Chem_ Sot-,zz (1975) 947. 

) 353. 

1038. 

90. R. A. Head, J_ F_ Nixon, G_ J_ Sharp, and R. J. Clark, J. Chem- Sot- Dalton, 

(1975) 2054. 

91: P. S- Ireland and T. L- Brown, J. Mag- Res.. $0 (1975) 300. 

92. P. S. Ireland, L. W. Olson, and T. L. Brown, J. Am- Chem. Sot-, sz (1975) 3548. 



424 

93. 

94- K, Hertis, D. H. Uilliamson. and 6. Wilkinson, J. them. Sot. Dalton, (1975) 

95. 

96. 

97. 

98. 

99. 

R. Andersen. E. Cannona-Gumnan. K- Mertis. E. Sigurdson. and 6. Wilkinson, 

J. Organometal. Chem., 99 (1975) C19. 

607. 

J. F. Gibson, K. Hertis, and G. Yilkinson, J. Chem_ Sot_ Dalton, (1975) 1093. 

L. Galyer, K. Mertis, and 6. Uilkinson, J. Organometal. Chem., 85 (1975) C37. 

K. Hertis, L. Galyer, and G. Wilkinson, J. Organometal. Chem.. S_z (1975) C65. 

K. J. Reimer and A-Shaver, Inorg. Chem_. 14 (1975) 2707. __ 

R_ 8. King anu K. C. Hodges, J _ Am. Chem. Sec. - 97 (1975) 2702. __ 

100. K- C. Hodges, Ph.D. Thesis, Univ. of Georgia, (1975); Diss. Abst.,35B ___ 

(1975) 4322. 

101. B. L. Booth, R. N. Hazeldine, and N. 1. Tucker, 3. Chem- Sac- Dalton. 

(1975) 1439_ 

102. J. L. Davidson and D. W_ A. Sharpe, J. Chem. Sac- Dalton, (1975) 2283. 

103. R. J. McKinney, 6. Firestone, and H. D. Kaesz, Inorg. Chem.. 14 (1975) 2057. -_ 

104. C. 8. Knobler, S- S- Crawford, and H.-D_ Kaesz. Inorg. Chem_. 14, (1975) 2062. 

105_ S- S_ Crawford. G- Firestone, and H_ D_ Kaesz. J_ Organometal. Chem.. 91 

(1975) c57. 

106_ R J- HcKinney. R. Hoxmeier. and H. D. Kaest. J. Am. Chem. Sot., 97 (1975) __ 

3059. 

107_ R_ J_ &Kinney and ti. 0. Kaesz. J. Am_ Chem. Sot., 97 (1975) 3066. - 

108. R. J. &Kinney, Ph.D. Thesis, UCLA (1974); Diss. Abst., 358 (1975) 4381. ___ 

109_ J_ R--6lickensderfer. Ph. D. Thesis, UCLA, (1974); Diss. Abst-. 358 (1975) _- 

4818. 

110. R. L. Bennett, H. 1. Bruce, and I. Matsuda. Aust. 3. Chem.. 25 (1975) 2307. 

ill_ R. L. Bennett, H. I. Bruce, and I_ Matsuda. Aust. 3. Chem.. 28 (1975) 1265. 

112. H- I- Bruce, B. L- Goodall, and I. liatsuda, Aust. J. Chem., z (1975) 1259. 

113_ R- J- Doedens, J- T. Veal. and-R. 6. Little, Inorg.- Chem.. 14 (1975) -1138. 

-’ 



425 

114. M. I. Bruce, B. L. Goodall, G.-L. Sheppard, and F. 6. A. Stone, J. Chem. Sot. 

Dalton (1975) 591. r 
-9 

115. R. L. Bennett, M. I. Bruce, and F. G. A. Stone, J. Organometal . Chem., 24 

(1975) 65. 

116. C. M. Lukehart, C. P. Torrence, J. V. Zeile, J. Am. them. Sot.. sz (1975) 6903. 

117. R. L. Bennett and M. I. Bruce, Aust- J- Chem.. 28 (1975) 1141. 

118. B. L. Booth, M. Gardner, and R. N. Hazeldine, J. Chem. Sot. Dalton, (1975) 

1856. 

119. B. L. Booth, M. Gardner, and R. N_ Haszeldine, J. Chem. Sot. Dalton, (1975) 

1863. 

120. 

121. 

122. 

123. 

124. 

125. 

126. 

127. 

C. 

J_ 

D. 

W. 

P. 

H. 

H. 

lf. 

P. Casey and C. A..Bunnell, Inorg. them., ‘,4 (1975) 796. 

R_ Blickensderfer and H_ D. Kaesz, J_ Am_ Chew Sot_. 97 (1975) 2681. 
__ 

W. Lichtenberg and A. Uojcicki, Inorg. Chem.. Jl (1975) 1295. 

Herrmann, J. Droanometal. Chem.. _9_7 (1975) 1. 

Braunstein and J. Dehand, J. Organometal . Chem., $3 (1975) C24. 

-J. Haupt, F. Neumann, and H. Preut, J. Oroanometal. Chem.. 92 (1975) 439. 

Preut and H. -J. Haupt, Chem. Ber., 108 (1975) 1447. ___ 

Schubert, H.-J. Haupt. and F. Huber, 2. anorg. allgem. Chem., 412 (1975) ___ 

77. 

128. W. R. Cullen, F. W. B. Einstein, R. K. Pomeroy. and P. L_ Vogel, Inorg. 

_., 13 (1975) 3017. Chem 

129. J. R. Chipperfield. J. Ford, and D. E. Webster, 3. Organometal. Chem., ‘,0,2 

(1975) 417. 

130. J. R. Chipperfield, J_ Ford, and D. E. Webster, J. Cheer. Sot. Dalton.(1975) 

2042. 

131. B. W. L. Graham, K. W. Mackay, and S. R. Stobart, J. Chem. Sot. Dalton, 

(1975) 475. 

132. 

133. 

S. Onaka and H. Sane, Bull. Chem. Sot. Japan, -9 (1975) 258. 

D. H. H. Rankin and A. Robertson, J.~Organometal. Chem., 85 (1975) 225. 



426 

134. 

135_ 

‘136. 

137_ 

138_ 

139_ 

140. 

141_ 

142_ 

143. 

144_ 

145_ 

146_ 

14?_ 

148_ 

149_ 

lSO_ 

151_ 

152. 

153. 

154. 

155. 

D. W. H. Rankin and A. Robertson, J. Organometal. Chem.. 82 (1975) 191. 

S. Onaka, Bull. Chem. Sec. Japan, 38 (1975) 319- 

K. D. Bos, E. J. Bulten. J_ G_ Noltes, and A_ L. Spek. J _ Organometal . Chem., 

_92 (1975) 33. 

K_ Triplett and M_ D_ Curtis, J. Am. Chem. Sot., _9_7 (1975) 5747. 

R. A_ Surnham and S_ R_ Stobart, J_ Organometal. Chem.. _8_6 (1975) C45. 

D. H_ Harris, M. F. Lappert, J. S. Poland, and W_ McFarlane, J. Chem Soc- 

Dalton, (1975) 311. 

E. Abel and R. J. Rowley, J. Chem_ Sot. Dalton, (1975) 1096. 

M_ Tsutsui, C_ P. Hrung. D. Ostfeld, T. S. Strivatava, D_ L. Cullen 

and E_ F_ Meyer, J_ Am. Chem. Sot_ , 92 (1975) 3952. 

R_ 8_ King and K_ C_ Nainan, Inorg. Chem.. 12 (1975) 271. 

T. Inglis, M. Kilner, T_ Reynoldson. and E. E. Robertson, J. Chem- Sot_ 

Dal ton -3 (1975) 924_ 

M_ 

H_ 

J_ 

R_ 

J_ 

zz 

H_ 

F. 

G_ 

A. 

M. 

M. 

F. 

S_ 

R_ Churchill and K--K_ G_ Lin, Inorq. Chem.. 14 (1975) 1675. 

R. Churchill and K.-K. G. Lin, Inorg. Chem.. 14 (1975) 1133. 

Grobe and R. Rau. Z. anorg. allgem. Cha., 414 (1975) 19. 

Demuth. J. Grobe, and R. Rau, Z. Naturforsch., 30b (1975) 539. ___ 

R. Btickensderfer. C. B_ Knobler, and H_ D_ Kaesz. J. An%. Chem. SOC-, 

(1975) 2686. 

Vahrenkamp, Z. Naturforsch., 30b (1975) 814. _-_ 

W. B. Einstein and J. S. Field, J. Chem. Sot. Dalton. (1975) 172. 

Doyle, Inorg. Chem., 14 (1975) 2008. 

A. Ioganson, J; Gen. Chem. USSR.Enql. Edit., 42 (1975) 464. 

C. Fredette and C. J. L. Lock, Can. J_ Chem., 22 (1975) 2481. 

3. Barrow. A_ A. Freer, U_ Harrison, 6. A_ Sim, D. W. Taylor, and 

8. Wilson, 3. Chem. Sac. Dalton, (1975) 197. 

R. Finnimore, R. Goddard, S. D. Killops, 5. A. R. Knox, and P. Woodward. 

J. Chem. Sot. Chem, Coamun., ( 1975) 391. 



156. 

157. 

158. 

159. 

160. 

161. 

162. 

163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

171. 

172. 

173: 

174, 

427 

M. K. Chaudhuri, A. Haas, and N. Uelcman, J. Organometal. Chem.. 85 ( 1975) -- 

85_ 

K. Tanaka, Y. Miya-uchi, and T. Tanaka, Inorg. Chem., 14 (1975) 1545. 

A. N. Nesmeyanov, A. B. Antonova, N. E. Kolobova, and K. N. Anisimov, 

Bull. Acad. Sci- USSR. Engl- Edit., 2_3(1974) 2781. 

A. N. Nesmeyanov, N. E. Kolobova, A. B. Antonova, and K. N. hnisimov, 

Doklady Chem- English Edit., 220 (1975) 12. --- 

W. Beck and W. Danzer, Z. Naturforsch., 308 (1975) 716. --- 

W. A. Herrmann, B. Reiter, and H. Biersack, J. Organometal. Chem., gz 

(1975) 245. 

1. S. Butler, D. cozak, and S. R. Stobart, J. Chem. Sot. Chem. Cornnun.. 

(1975) 103. 

W. A. Herrmann, Chem. Ber-, 108 (1975) 486. ___ 

A. 0. Redhouse, J. Organometal. Chem., 9l (1975) C29. 

M. Giffard and P. Dixneuf, J. Organometal. Chem.. 85 (1975) C26. 

G. le Borgne, E. Gentric, and D.Grandjean, Acta Cryst., 31B (1975) 2824. -_- 

I. 5.. Butler and T. Sawai, Inorg. Chem., 14 (1975) 2703. 

G. Huttner and H. D. MGller, 

G. Huttner, H. D. MiIller, A. 

14 (1975) 572. 

Z. Naturforsch.. 30b (1975) 235. --- 

Frank, and H. Lorenz, Angew.Chem. Internat Edit., 

6. Huttner, H. D. MiIller, A. 

14 (1975) 705. 

Frank, and H. Lorent. Angew- Chem. Internat. Edit., 

6. Huttner and H. D. Miiller, Anqew. Chem. Internat. Edit., Il (1975) 571. 

K. J. Reimer and A. Shaver, J. Orqanometal. Chem., _9l (1975) 239. 

L. I. Denisovich. N. V. Zakurin, S. P. Gubin, and A. 6. Ginsburg, J. Organometal. 

_., 10; (1975) c43. Chem 

1. B. Nemimvskaya. A. 6. Ginsburg, V. N. Setkina, and D. N. Kursanov, J. Gen. 

Chem. USSR, Engl. Edit., $2 (1975) 875. 



175_ T_ L, Khotsyanova, S. I- Kuznetsov. E. V. Bryukhova. and Y. V. Makarov, 

J_ Organometal- Chem., @ (1975) 35. 

176- N. J_ Gogan and C- K. Chu, J- Organometal- Chem-. 2-3 (1975) 363. 

177. a_ J. Gogan, C. K. Chu, and P. A. Narayana. J.‘ Organometal- Chem.. 9,2 (1975) 

207. 

178_ D_ A_ grown?N_ J_ Fitzpatrick, and N. 3. Mathews, J. Organometal. Chem., 88 

(1975) C27. 

179, D. J. Parker, Spectrochim. Acta, 31A (1975) 1789_ __- 

180_ I_ S. Butler and D_ A. Johansson, Inorq. Chem.. a,4 (1975) 701. 

181. A_ Efraty, M. H. A_Huang. and C. A. Weston, Inorg. Chem., 19 (1975) 2796. 

182. H. Herberhold, C_ G_ Kreiter, S. Stuber. and G. 0. Wiedersatz, & 

Organometal. Chem., ,9,6 (1975) 89. 

183_ H. Alt, H_ Herberhold. C_ G. Kreiter. and H_ Strdck. J_ Orqanometal. Chem.. 

100 (1975) 491_ 

184. G. M. Bodner and H. Gaul, J. Orqanometal. Chem_. 101 (1975) 63_ -a_ 

185. V. F. Sizoi, Y- S. Hekrasov. Y. V. Makarov. and N. E. Kolobova, 

J- Organometal- Chem-. _% (1975) 425. 

186. H. Brunner and H- Langer, J_ Orqanometal- Chem_. 82 (1975) 223. 

187. A. Efraty. R. Arneri, and J. Sikora, J. Organometal. Chem.. _91 (1975) 65. 

lB8- J- Muller. W_Holzinger, and W. Kalbfus, J. Organometal. Chem., 27 (1975) 213. 

189- P. L- Pauson and J. A. Segal. J. Chem. Sot. Dalton, (1975) 2387. 

190. T- H- Whitesides, D. L. Lichtenberger, and R. A. Budnik. Inoro. Chem., 

-j- (1975) 68. 

191, T. H. Whitesides and R. A. Budnik, Inorg- Chem-, 19 (1975) 664, 

192, H. R. Churchill, F. 3. Rotella; R. 6. King, and H- N- Ackennann. 3. Organomet 

_., sz (1975) c15. Chem 

193, P- L- Pauson and J- A- Segal, J- Chem. Sot- Dalton.(1975) 1683. 

194. H. Herberhold and A. Razavi, Angeu. Chem., gl-(1975) 351. 

195_ G- Huttner. D- Neugebauer, and A- Razavi, An&w- Chem.. 87 (1975) 353, 

1 I 



4zY 

196. 1. R. Beattie, J. W. Emsley, J. C. Linder, and R. M. Sabine, J. Chem. Sot. 

Dalton, (1975) 1264. 

197. M. Freni and P. Romjti, J. Organometal. Chem.. ,82 (1975) 241. 

198. P. Legzdins and J. T. Malito, Inorg. Chem.. 14 (1975) 1875. 

: ; 


