
205 

MANGANESE, TECHNETIUM, AND RHENIUM 

ANNUAL SURVEY COVERING THE YEAR 1981* 

P. M. TREICHEL 

Department of Chemistry, University of Wisconsin-Madison 

Madison, Wisconsin 53706 (U.S.A.) 

CONTENTS 

I. Introduction 

II. Neutral, Anionic, and Cationic Metal Carbonyl 

III. Metal Carbonyl Halides and Derivatives 

IV. Metal-Hydride Complexes 

V. Complexes with Carbon Ligands 

VI. Derivatives of Metals and Metalloids 

VII. Complexes with Group VA and VI Ligands 

VIII. Hydrocarbon-Metal Complexes 

IX. Isocyanide and Nitrosyl Complexes 

X. Structural Studies 

Derivatives 

205 

206 

210 

212 

215 

220 

223 

226 

230 

230 

I. INTRODUCTION 

This year's Annual Survey article contains over two hundred references 

to work on the organometallic chemistry of Manganese, Technetium, and Rhenium; 

this is up substantially from previous years. The high level of productivity 

seen recently in this area has not only been sustained but has been enhanced. 

Interesting and significant work on a broad range of topics has appeared in 

this past year, as will be evident in this review. 

The organization of this article follows the outline used in the past year. 

A Eew changes have been made in writing formulas to be in accord with current 

practice. 

It is appropriate to mention two specific review articles in this intro- 

duction. Caulton (ref. 1) has constructed an excellent review on the coordin- 

ation chemistry of M(CO)2(~-C5H5) groups (M = Mn, Re). This article should 

prove valuable to workers in this field; an article in this area has long 

been needed. The second reference is to an article by Lukehart (ref. 2) in 

Accts. Chem. Res. This article summarizes this author's work in the area of __-_ 
metallo-B-diketonates. 

The 1979 Annual Surveys article in this area appeared during 1981 (ref. 3). 

At the time of this writing, the 1980 article is still in press. 

*Manganese, technetium and rhenium; Annual Survey covering the year 1980 see 
J. Organometal.Chem., 237 (1982) 61-93. 
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II. XIIUTRAL, AXIONIC, AND CATlOn'IC METAL CARBONYL DERIVATLVI~S 

The solid state structures of Mn2(CO) IO and Re2(CO+O were redetermined, 

providing much mure accurate values for the metal-metal bond lengths (ref. 4). 

Values obtained are: d(Xn-Eln) = 2.9038(6) $. and d(Rc-Re) = 3.0413(11) b. 

Infrared spectra fvr these compounds were recorded at high temperature. It 

was suggested that these molecules have 1) 
4 h 

symmetry under higli pressure, in 

contrast to the D 4d mol~culnr symmetry at one atmosphere (ref. 5). 
The mixed metal carbonyls, MnTc(CO)IC and Ke'J'c(CO)L,) were prepared hy the 

following reactions: 

[M(C0)51- + TcB~(CO)~ ~5 MTc(CO),~~ + Br- 

(M = Mn, ice) 

Conditions were established to provide optimum yields and the products were 

characterized by infrared spectroscopy and mass spectromrtry (ref. 6). The 

formation of Mn2(CO)IO in reactions between MnBr(CO)5 and sodium or lithium 

acetylidc was mentioned (ref. 7). Keferencc was made to Re2<P(O~le)3~,0 and 

Reli~P(OMe)3; i in a thesis (rcl. 8). 

Photolysis of Hn2(CO),0 with pyridine and several substituted pyridines 

gives >ln (CO) (py) and [?ln(CO)3(~y)3]nn(CO)~ initially. 
2 

eventually 1e:ds to [~11~(py)~][~n(CO)~]2. 

Continued photo1 ysis 

The mechanism of this reactjon is 

believed to involve the initial cleavage of tile metal-metal bond (ref. 9). 
There have been a number of other studies in which metal-metal bond clcbavage 

is believed tv play a role. Photolysis of a solution of %2(CO),(, and 

[Rh2(TM4-hridgt)4](~F~)2 in aretone produces [Rh2(TM4-hridgc)411t12(CO)10] (l'F6)2, 

(1); this product is believed to arise by facile addition of Mr1((;0)~ radicals 

to the rlwdium-rhodium bonded precursor. A crystal structure determination 

was carried out on (T), (ref. IO). 

- Rh - Rh- 

= CN CHMeCH,CH,CHMeNC 

Flash photolysis of Mn2(CO)10 (M = Mn, Re) under pressure of one atmosphere of 

CO or more has been shown to generate M(CO)j radicals. These radicals recombine 

in a rapid bimolecular process for which rate constants have been determined. 
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In degassed solutions, under low pressure of CO, the behavior is more 

complicated. Both M2(C0)8 and M2(C0)9 intermediates are implicated; their 

formation is believed to arise by CO dissociation from M(CO)5 followed by 

recombination of M(CO), and M(CO)5 radicals (ref. 11). Additional information 

on flash photolysis experiments involving mixtures of M2(CO)lo (M = Mn, Re) 

and Co,(CO)6(L)2 (L = CO, PBu3) is found in a thesis (ref. 12). 

Wrighton and Hepp (ref. 13) have investigated the one electron oxidation 

of photochemically generated M(CO)5 radicals (M = Mn, Re). They proposed that 

these reactions produce 16 electron species, [M(CO)++ which then add an 

additional ligand, C104- or CH CN, 
3 

to give the final 18 electron products, 

Re(OClO3)(CO)5 and [Mn(CO)5(CH3CN)]'. PO.&, et al. (ref. 14) have studied 

substitution reactions of photochemically generated Re(C0)5 determining that 

these reactions are second order and not dissociative. 

An initial correspondence from Poe (ref. 15) concerning the mechanism of 

substitution reactions of MnRe(CO)10 was followed by an answer and his further 

response (ref. 16, 17). The point of contention is whether the mechanism of 

the reaction involves initial homolytic cleavage of the metal-metal bond. 

The radical species Mn(CO)5 has been generated in a solid CO matrix at 

lo-20K by photolysis of MnH(C0)5. Infrared spectral data indicated that this 

radical has a square pyramidal geometry (ref. 18). 

The formation of Mn2(CO)9[S[Cr(SBut)(r:-C5H5)}2] by irradiation of a THF 

solution of Mn2(CO)10 and [Cr(SBut)(n-C H )] S has been described. 
5s 2 

A crystal 

structure study was carried out on this species (ref. 19). 

Three products were obtained on irradiation of solutions of Mn2(CO)L0 and 

1,3-butadiene (ref. 20). These are Mn2(C0)9(q2-C4H6), Mn2(C0)8(C4H6), and 

MII(CO)~{~~-C~H~CH~M~(CO)~~, (II). The second product contains a bridging 

4=wCHzM” (=O), 
'M"' 

.,/I \‘co 
oc co 

II 

trans-butadiene bonded in a n2-fashion to each manganese atom. Reactions 

between Re2(CO)10 and several dienes (cyclooctatetraene, 1,4-pentadiene, along 

with 1,3-butadiene) produce a number of similar products, with the compound 

Re2(C0)8(C4H6) being the subject of a crystal structure study (ref. 21). A 
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plethora of products were obtained in Low yieLds by irradiating Re2(C0)Lo and 

NO, in both the presen<'e and absence uf i,3,i_cyclooctatricne (ref. .!I!). 

group. 

oc 

oc 

co 

co 

III 

The use of Mn2(CO) 
10 

as an initiator for radical &dition reactions was 

reported in two papers (ref. 23, 24). These papers were foll~~wed by ;In I:Sli 

study on the interaction of M2(CO),o (W = Yn, Re) with sil icon-hydriJr> 

compounds (ref. 25). Dirhenium decacarbonyl was included as ant <of many 

organometallic catalysts studied in cyclopropanaticlri reactions (rc~l-+ 26). 

The preparation of [PhCH2NI<t3]Mn(CO)5 was accomplished in a phase trans- 

fer reaction between [!'hCL12NEt3]Rr, ?ZnBr(CO) r, and KaRlI,, using ‘1 H,O!C112C12 3 4 
two phase system. The anionic complex, in CH2CLL,was then ai lowed t 0 reifict 

with Ph3SnCL, providing a 95;' isolated yield of Mn(SnPh3)(C0)5. An an<11oguus 

phase transfer rcacrion using MnCL(C0)4(PPh3) produced cis-~~nH(Co)4(I'I't~~) 

(ref. 27, 28). 

ionic product, ~Nh21~(C~~)2(r~-C,~1~)41?lnjCi3!_ 1 whose cryst;il struc‘turi, W,~S 

determined. The focus of attention in this paper is the> I at ion; structural 

parameters for the anion are not exceptional (ref. 29). 

Infrared data on several ~n2 (CO)x(L~)2 compound:; (IL = PI)~~H, I’PII(oP~).,, 
PPh(NEt2)2, PP$, P(C6f14F)3) and on Ke2(CO)8(PPh2H)2, suggests that alL 

except Yn2(C0)8(PPh211)2 pc~ssess 114~ or D4d symmetry. The ciipi~~nvll~liosphinr- 

manganese complex appears to be asymmetrical Ly substituted, i.c., 

(CO)ijEl~M~l(C0)3(PPh2H)2; the reasons for this are nut appartant (ref. 30). 

Additional discussion on infrared and WR data for other c>arbonyl ~~ompounds 

is included in this paper. 



LMn (ca61+, have been described in a series of four papers by Riera 

Many new cationic complexes, derivatives of the manganese (I) 

workers (ref. 31-34). 

species 

and co- 

The synthetic scheme reported is the one ordinarily 

used, involving a metal carbonyl halide, halide acceptor, and ligand. Much 

of this work involved bidentate ligands, and there was apparent interest in 

syntheses and conversions of isomers. The complexes fat-[Mn(CO)3{Ph2P(CH2)n- 

PPh,}(L)]C104 (n = l-4; L = various phosphines, phosphites) were prepared 

from fat-MnBr(C0)3(Ph2P(CH2)nPPh2), AgC104, and L. On heating these isomers, 

and with a large excess of ligand they are converted to trans-[Mn(C0)2- 

(Ph2P(CH2),PPh2)(L)2]c104 species (ref. 31). Syntheses of either cis,trans- 

[Mn(C0)2(L)2(N*N)]C104 or [Mn(CO)(L)3(N*N)]C104 (N"N = bipy, phen; L = P(OMe)3, 

P(OEt)3, PPh(OMe)2, PPh(OEt)2) were accomplished by reacting Mn(OC103)(CO)3(N*N) 

with the appropriate ligand in ethanol, the specific product obtained being 

dependent on the identity of L (ref. 32). The same reactions with a potential 

chelating ligand produce the complexes [Mn(C0)3(N*N) (L*L)]C104 and 

[Mn(C0)3(N"N) (;I-L*L)Mn(CO)3(N*N)](C104)2 with the chelating ligand functioning 

in either a monodentate or bridging capacity (ref. 33). Using TIPFG or 

AgC104 as a halide acceptor, cis,cis-MnBr(C0)2(dppe)(L) and L' produced 

either *,a- or trans-[Mn(CO>,(L)(L'>(dppe)]X (X = PF6, C104; L,L' = 

phosphines and/or phosphites; isomer designations are the authors) (ref. 34). 

The syntheses of several cationic rhenium carbonyls has been reported 

(ref. 35) These procedures start with either ReH(C0)5 or ReMe(C0)5 which 

with Ph3CBF4 produces Re(FBF3)(CO)5. Added ligands (L = Me2C0, MeCN, CO, 

C2H4, C3H6, C5Hlo) may then be used to displace the BF4- ion, giving 

ERe(C0)5(L)]BF4. The synthesis of [Re(CNBut)6]C1 by the reaction of 

Re2(0Ac)4Clz and ButNC has been described (ref. 36, 37). 

A zwitterionic compound, IV, is formed in the reaction between 

M~I(CH~CH=CH~)(CO)~ and the designated chelating phosphine. Its structure 

known through a crystallographic study (ref. 38). 

(CH,CH= CH,HCO), 

lY 

PPh, 

PPh2 

IV 
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The complex fRe(C0)3(MeCN) (phen)]+ is inert to thermal substitution, 

but substitution can be accomplished photochemically. It is suggested that 

a substitution-labile excited state is generated during photolysis (ref. 39). 

The cationic complexes [M(CO),(MeCN)3]PF6 (M = WI, Ke) are precursors to 

some interesting complexes with oxyanions. These cations react with P3Og 3- to 

produce IXnn(co)3(F309)] 
Z- 
,isolahle as a Bu4N+ salt,(ref. 40). A similar reaction 

between [(n-C,H5)TiMo501s] '- and [MII(CO)~(M~CN)~]PF~ produces (Hu~X!)~ 

I (0-CgH5)Til.i05018 Re(C0) 3 ] (ref. 41). The structures of these species have 

tridontate coordination of three terminal oxygen atoms of the anion to fac- _-- 
positions on the metal. 

The rate of 
1. 7 

17 
0 exchange between Hz I70 and [Re(C0)6]PF6 in M&TJ was 

measured using 0 NXR. A rate law was determined, the rate being first 

order in complex and second order in Hz0 (ref. 42). 

III. METAL CARBOWL HALIDES AND DERIVATIVES 

The preparations of the following compounds by carbonyl substitution 

reactions are reported: ReBr(CO)4(PPii2N~~~~e) (ref. 43); MBr(CO)4(L), 

(M = Ilrt, Re; L = FBu~_n(AMej) , n = 2,3, A = Si, Ge, Sn) (ref. 44); fat- 
MnBr(C0)3(P*P) (P*P = Ec(rlCge4SiMc2(:H2PPh2)2) (ref. 45); MnBr(CO)5_n(I,*L) n 
(n = 1,2) and MnBr(C0)4(;I-Z,^1,)?InKr(C0)4 (I. = 1,3- and 1,4- C6H4(NC)2, 

CP;C6H4CH2C6H4NC) (ref. 46); [RhA4]Cl i,;~%vf”P; .p7 > (A = ,.I-CNC$~C~H~NC- 

; KeX(C0)3(Me2Se)2 (X = Cl, Br, I) and ReCi(C0)3(Mc2S)2 

(ref. 48); cis-(CO)4M(I,-A Me) MnBr(C0)3 
2 42 

(M = Cr, Mo, W, A = F, As) (ref. 49); 

trans-iCO)4Cr(~-P2Me4MnBr(C0)4)2 and MnBr(CO)3(\l-P2Me4Cr(C0)5)2 (ref. 50); 
and MX(C0)3(S2CCMe2t'Ph3) (M = Mn, Ke; X = Cl, Br) (ref. 51). Crystal structure 

studies were carried out on two of the Iast compounds (Va and 1~) - - 

a) M = Mn , b) M = Re 

Reactions of fac-MnBr(C0)3(dppe) and fat-MnBr(C0)3(dppm) with various -- 
phosphorus ligands provided the compounds cis,cis-MnBr(C0)2(L)(Y"P) (L = 

P(OK)3, R = Ph,Me,Et; PPh(OMe)2, PEt3)_ Oxidation of several complexes 

using either NOFF6 or NO2 produced unstable L7 electron species, trans- I_- 
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[MnBr(CO)2(L)(dppe) I+; these could be reduced back to 18 electron complexes 

trans_MnBr(C0)2(L)(dppe) which are isomers of the original complexes (ref. 34). 

The reaction of Re2(CO)10 and Et4NBH4 in a phase transfer system (H20, 

CH2C12) produces [Re2Cl(C0)9]- (ref. 28). Similar reactions with MnBr(C0)5 

and Mn2(CO)1C lead to in situ formation of the anionic reactant, [Mn(CO)5]-, 

while a similar reduction of MnBr(C0)4(PPh3) produces MnH(C0)4(PPh3) (ref. 27, 

28). A reaction of Re212(C0)8 and iodine (heptane reflux, 2d.) gives a 

product Re316(C0)6 (VI) while the reaction between Re212(C0)6(THF)2 and 

iodine at room temperature yields Re418(C0)6. Molecular structures were 

obtained for both compounds by x-ray crystallography (ref. 52). The structures 

of compound VI is shown below; the second compound is described as having 

two hexacoordinate Re(C0)3 groups bridged by the Re I 
2- 

28 
anion. 

co 
oc\ ,l\Re/~~Re,Co \ 
ocARe,qy=q \I’ \ ‘co 

co 

VI 

Reactions between MnBr(C0)5 and R2PCSNHPh (R = Me, Et, Ph, Cy) produce 

various complexes, including cis-MnBr(C0)4(PCy2H), &n(CO)4{SC(NPh)~Ph2], 
t 

and l?nBr(CO)3{SC(NHPh)PR2}. As indicated, bidentate coordination from the 

phosphinothioformamideand phosphinothioformamidium ions is believed to occur 

through phosphorus and sulfur atoms (ref. 53). 

Structural determinations by x-ray diffraction methods have been 

reported for Re2Br2(C0)6(Te2Ph2) (ref. 54), and for fac-ReBr(C0)3(NHR2)2 

(R = Me, Et) (ref. 55). The rates of fat- 2 mer- isomerization of [ReC1(C0)3- 

(PPhMe2)]+ have been studied using electrochemical techniques (ref. 56). 

Resonance Raman spectra were reported for several diimine complexes, 

ReX(C0) (N"N), (ref. 57). 3 Photolysis of ReC1(CO)5 in a low temperature 

MeTHF matrix produces ReBr(C0)4(MeTHF), according to infrared data, and 

not Re(CO)5 or [Re(C0)5]+ as had been suggested earlier (ref. 58). The use 

of ReC1(C0)3(phen) as a catalyst for hydrogen peroxide and organic peroxide 

decomposition has been studied (ref. 59). 

An extensive study on the chemistry of MnI(NO)(CO)(n-C5H5) has been 

published. Reactions with several phosphines give substituted derivatives 

of this species whereas with harder bases such as amines and ethers dinuclear 

products having the formula Mn21(N0)3(rl-C5H5)2 are formed. The synthesis of 

References p. 231 
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ReI(NO)(CO)(q-C H ) was accomplished by iodine cleavage of the methyl-rhenium 
55 

bond in ReMe(NO)(CO)(rl-C5115) (ref. 60). Th' IS compound has also heen reported 

to be formed by reaction of [Ke(NO)(CO)2(r;-C5H5)]C with iodine ion. Cyanide, 

bromide, and iodide ions were reported to react with [?~n(NO)(Co)(PPli3)(~~-CjH5)]' 

to produce MnX(N0)2(PPh3)2 (X = CS, Br, 1) (ref. 61). 

Chlorine adds to Kf(CO)2(PPh3)(rl-C5H5) at -15" in CC14 to give the, 

[KeC1(C0)2(PPh3)('l-C;HI,)]' ion, isolable after metatlwsis as a BIcilw salt. 

Heat converts the chloride salt to ReCL2((:O)2(~~-C5Hj) (ref. 62). ‘The reduction 
of ReBr2(C0)2(q-C51i5) using zinc and acetic acid produces lit~H2(C:O), (rl-C5H5) 

‘. 
(ref. 63). 

IV. METAL HYDRIDE DERIVATIVES 

Some of the more interesting chemistry in this area, from four research 

groups, concerns polyhydrido-rheni.um phosphine complexes. Ceoffroy and 

coworkers (ref. 64) photolyzed ReH3(dp~e)~ giving a reactive intermediate 

believed to be ReH(dppe)2. Reactions of this species are summarized in the 

scheme below. When photolyzed in C D 
6 6' 

this complex rapidly undergoes H/D 

exchange between C D 
66 

and the ortho hydrogens on the phenyl rings. Photolysis 

+-It 
2 ReH(N2)(dppe), 

hU(-HZ) / 

ReH3(dppe)* __ [ReH(dppe)2] 
h\,,-N2 

+H2 w Rctl(i.)(dppe)2 

(I> = C2H4, CO, C,H2) 
&. 

Re(02Ctl) (dppe), 

studies were also carried out on ReH L 5 3 and ReH3L4 complexes (L = PPh3, 

PPh2Me, PPhMe2) with phosphine dissociation being the primary initial 

photoprocess. If hydrogen is present ReH3L4 complexes are converted first to 

ReH5L2 and then to ReH,Lz2 upon photolysis (ref. 65). 

Other work in this area has originated in Felkin's (ref. 66) and Caulton's 

(ref. 67) laboratories. The former group described the reaction of I&zH~(T'P~~)~ 

with CH,=CHRut and benzene to give Ret~2(PPh3)2(1:5-C6H7) while the Latter 

described reactions of photogenerated ReH5(PPhMe2)2. This species reacts 
with cyclopentene forming RcH3(PPhNe ) 

2 
23 

(n -C H ); upon further photolysis 
58 

C5H10' ReH2(PPhMe2)2(rl-C5H5) and ReH4(PPhMe2) (iI-CsH5) are formed. The 
intermediate ReH5(PPhMe2)2 also reacts with C H 

t 
6 6' 

CH2=CHRu and N2 giving 

Re(CH2Ct12CMe3)(PP~IMe2)2(r~-C6Hh) and fac-~(o_ChH~MeZ)(PT'hMe2)3(N,). Crystal 



213 

structure studies were carried out on ReH2(PPh3)2(r15-C6H7) (ref. 

(PPhMe2)3(~2-C,H8) and fac-Re(o-C6H4PMe2(PPhMe2)3(N2), (ref. 67). 

66), ReH3- 
_~_.__ 

Walton et al. (ref. 68) described the one electron oxidation of dark red 

Re2H8(PPh3)4 to give blue [Re2H8(PPh3)4]f. Reactions of ReH7L2 (L = PPh3, 

PPh2Et) with cyclohexyl and tert-butyl isocyanides with added KPF6 give 

the products [Re(CNR)4(L)2]PF6. 

It is possible to protonate the metal-metal bond in Mn2(C0)5(dppm)2, 

with concurrent addition of another ligand. The isolable products 

Mn2H(X)(C0)5(dppm) (X = CN, Br) and [~2H(L)(CO)g(dppm)2]', VII (L = CO, CNtol, 

MeCN) may be converted back to the starting material by a reaction with 

LiBHEt3 (ref. 69). 

Ph2P PPhZ 

Mn2(C0)5(dppm)2 + H+ + L - 
I/CO I,L 

OC-Mn-H-Mn-CO 

oc’ I ‘I 
Ph2P ;PPh2 

VII 

The rhenium-rhenium bond in Re2(CO),(o-C5H5)2 can also be protonated 

at low temperature, using a strong acid, CF3S03H (ref. 70). 

Lemanna and Brookhart (ref. 71) have shown that an anionic complex 

K[Mn(CO)3(r14-C6H8)] is formed by reaction of KBHEt3 

(r:-C6H6)]+ or Mn(CO)3(n5-C H ). 

with either [Mn(CO)3- 

-1 6 7 
This complex exhibits V(C0) absorptions at 

1930, 1840, and 1789 cm . Addition of water to this species produces 

Mn(C0)3(r13-C6H9) for which structure VIII was proposed. This compound is 

fluxional on the NMR time scale. Itwill add CO, breaking the unique electron 

deficient Mn-H-C bond. Similar chemistry starting with Mn(C0)3(r15-exo-l-RC6H6) 

(R = Me,Ph) has also been described (ref. 72). 

+co 
H - 

Mn(C0),(q3-C6H,) 

oc ’ I ‘co 

Referencesp. 231 
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Elaborate and extensive chemistry resulting from H2 addition to 

Re3(p-Cl),(CH,SiMe3)6 has been reported (ref. 73). Crystal structure studies 

were carried out on two compounds prepared in this work, K5(l~-Cl'.Ke Re - 3 3 3 
(IJ-Cl)3(H)R4 and Re3('+C1)3(C1) (H) (PPh3)R4 (R = CH2SiMe3). The same group 

reported on reactions of ReC13(NPh)(PMe3)2, with Na/Hg (giving ReH(CH2PMe2)- 

(PMe3)2(NHPh)), with CO (giving Re(NHPh)(CO)2(PMe3)3) and with butadiene 

(giving Rc(NHPh)(~4-C4H6j(PMe3)j) (ref. 74). 

The reactions of PPN[VH(CO)3(~-C5H5)] and MoH(CO)~(I~-C~H~) with various 

metal carbonyl species has been studied. Reactions of the former hydride 

complex with ReMe(CO)5 and Re(COMe)(CO), at 50°C are particularly interesting, 

forming two rhenium complexes, [ReH(Me)(CO)4]- and [ReH(COMe)(C0)4]- along 

with V(CO)4(~-C5H5). These species could not be isolated and were character- 

ized by IR and NMK spectroscopy, and by their reaction with CO t(l give 

[Re(CO)5]- (ref. 75). 

Results of an extensive study on the low temperature photolyses of 

several his-cyclopentadienylrhenium compoulds in Ar or Ar/CO matrices were 

described in a communication (ref. 76). The photolysis reaction of 

Re(CO)2(n2-C5Hb)(~-C5H5) without CO present proceeds through three intcr- 

mediates to ReH(n-C5H5)2. The photolysis of ReH(q-C5H5)2 in Ar/CO is 

dependent on conditions giving either a new monocarbonyl species (uncharacter- 

ized) or Re(q-C5H5)2. 

A useful synthesis of MnH(C0)4(PPh3) by a phase transfer reaction was 

described earlier in this review (ref. 27, 28). The compounds Re3H(C0)14, 

Re3H3 (CO) 12, and Re4H4(C0)12 were identified among products of photolysis 

of Re2(CO)10, NO, and 1,3,5-C8Hl,, (ref. 22). A preparation of ReH2(CO),- 

(n-C5H5) was also mentioned (ref. 63). 

Studies on polynuclear hydride species have continued. The preparation 

of Et4N[Re3H3(OEt)(CO),] from Et4N[Re3H4(CO)10] and EtOH and its structural 

characterization by x-ray diffraction have been reported (ref. 77). Reactions 

of either NEt 4 [Re H (I)(CO) 1 or NEt 44 15 4 [Re H (CO) ] with iodine in ethanol at 
44 15 

room temperature produce Et N[Re H (I)(CO) I (Ix) along with two other 4 33 11 
species. A crystal structure determination was carried out on compound Ix 

(ref. 78). The reaction of [Ph4As12[Re3H(C0)121 with Me2SnC12 gives (x) 

whose molecular structure was also determined (ref. 79). The structural 

characterization of Re3H3(CO)11(PPh3) was also reported, the pph 3 group is 
in an equatorial position, unlike the iodide ion in complex x (ref. 80). GC3S 

phase PES spectra have been reported for Re3H3(C0)12, Re4H4(CO)12 (ref. 81) and 

Mn3H3(CO)l2 (ref. 82) and excited state decay properties of (B~~N)~[R~~M~- 

(CO)12l have been described (ref. 83). Further description and classification 
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IX X 

of metal carbonyl cluster systems (including Re4H4(CO)12) was presented 

(ref. 84). 

The use of MnH(CO)5 as a stoichiometric hydroformylation reagent was 

described (ref. 85). The reagent was also seen to hydrogenate anthracene 

derivatives. A study on this reaction supported a free radical mechanism 

(ref. 86). 

Gas phase proton affinities have been determined for several compounds 

including MnMe(C0)5 (188 Kcal mol -I), ReMe(C0)5 (191 Kcal mol-l), MnH(C0)5 

(204 Kcal mol-I), and Mn(C0)3(n-C5H4Me) (203 Kcal mol-L), (ref. 87). 

Various silanes add oxidatively to Re(C0)3(n-C5H5), producing e- 

ReH(SiR3)(CO)2(n-C5H5) (SiR3 = SiPh3, Si(CH2Ph)3, SiPh2H). The products 

can be easily deprotonated; reprotonation produces the trans- isomer 

(ref. 88). A similar oxidative addition reaction between Ph2SiH2 and Mn(CO)3- 

(n-C5H4Me) yields MnH(SiPh2H)(C0)2(n-C5H4Me). Treatment of this compound 

with PC15 in Ccl4 gives MnH(SiPh2Cl)(C0)2(n-C5H4Me) and pyrolysis of this 

species causes reductive elimination of Ph2SiHCl. The manganese compound 

was regarded by the authors of this paper as a protecting group in this 

silane synthesis (ref. 89). 

V. COMPLEXES WITH CARBON LIGANDS 

Two papers have appeared describing reactions of homoleptic rhenium 

alkyl compounds. Hexamethylrhenium reacts with ButNC and NO. The product 

of the former reaction is Re(CNBu)2(CMe=NBu)3 (ref. 90). A stable, orange-red 

crystalline product having the formula Re(NO)Me6 is formed if the latter 

reaction is run in petroleum ether at -78"; however in ether at room temper- 

ature the product is Re02Me3. Nitric oxide also reacts with Li2ReMe8 and 

[Re(CH2SiMe3)4]2N2 (ref. 91). The reaction between Mn(CH2Ph)2 and NO was 

reported, giving a product of stoichiometry Mn(NO)CH2Ph (ref. 92). Extensive 

chemistry of Re3(,-Cl)3(CH2SiMe3)6 was mentioned earlier in this review 
(ref. 73). 
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(ref. 97). These syntheses were accomplished from MBr(PPh2(Cll,)nCH2Cl)(C0)4 

and sodium amalgam. TWO of the products wet-e subjects of crystalliigraphic 
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complexes decarbonylate smoothly at 20" to give cyclopropenyl-rhenium 

complexes. This decarbonylation is accompanied by an allylic rearrangment; 

this is illustrated by the equation below (ref. 102). 

Vaughan and Gladysz (ref. 104) havepresentedthree synthetic routes to 

hydroxymethyl-rhenium and -manganese carbonyl complexes. These are: the 

borane reduction (BH3.THF) of an acyl-metal complex followed by hydrolysis; 

the reaction of Re(CH2Ph)(CO)S and Ph2P(o-C H,CHO); and the reaction of 
bi 

Re(CH2Ph)(C0)S and Ph2P(o-C H CH OSiMe But) 
64 2 2 followed by hydrolytic cleavage 

of the siloxy group. This last route is described in the reaction scheme 

below. 

Re(CH,Ph)KO), b) 

a) Ph,P(o-CGH,CH20SiMe,Bu’); -PhCH, ; b) Et,NF, H,O ; -Me2ButSiF 

The addition of Mn(SiMe~)(CO)~ to benzaldehyde (2 wks, SDC) produces a 

65-90% yield of Mn(CHPhOSiMeg)(C0)5. This compound decomposes at 80° to give 

Mn2(cO)10. The reaction of Mn(SiMe3)(C0)S and C,,H,CHO did not give an 

analogous product, but produced MIIH(CO)~; however under 10 atm CO the acyl 

compound Mn(COCHROSiMe3)(C0)5 is formed; it is suggested that the alkyl- 

manganese compound is an unstable intermediate in this reaction. 

The compounds [M(CO)~(PR~S)]~ (M = MII, Re; R = Me, Ph) add one equivalent 

of activated acetylene to give the two isomeric products shown below (XI, 

XII), (ref. 106, 107). 
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[Mn (CO),( PR,S)12 - 
OC\MnlP\s 

lsnd’Or oc’ y==$ 
I 

co oc 

XI XII 

Further reaction of XL (M = Mn, R = Me, R' = C02Me) with the acetylene then 

gives XIII. The structures of [Mn(C0)4(PMe2S)]2 (ref. 108) and Xl (?I = Mn, 

XIII (R’ = CO>Me) XIV (R’ = C02Me) 

R = Me, R' = C02Me) were determined by crystallography. Reartions of XIII 

with (NH4)2Ce(N03)6 causes degradation to a substituted thiophene, while 

Raney nickel causes desulfurization of the compound, producing XVI. The 

molecular structure of XIV was also determined (ref. 109). 

The metal atom stereochemistry for CO insertion into the methyl-manganese 

bond in MnMe(CO)5 was determined using 
13 

C NElR spectroscopy. Data were 

consistent with methyl migration to an adjacent carbonyl group (ref. 110, 111.). 
Protonic acids cause an acceleration of methyl migration in MnMe(CO)5 (ref. 112). 

Rates of 3 + 2 cycloaddition reactions in Mn(CH2CZCR)(CO)4(L) (I, = CO, PPh3) 

and other metal complexes, have been measured. The phosphine complex reacts 

more rapidly (ref. 113). Study of cyclization and other reactions was 

presented in a thesis (ref. 114). 

The preparations of a variety of formyl derivatives and a study of their 

rates and mechanisms of decomposition are contained in a paper by Gladys2 et al. 

(ref. 115). This study included the anionic complexes [MnR(CHO)(C0)4]- 

(R = PhCO, MeOCH2C0, ?leOCO, CF3C0, CF3, sn~h3) and [R~R(CHO)(CO)~]- (R = or, 

Ch2Ph). An earlier reference was made in this article to [ReH(COMe)(C0)4]-, 
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formed by a hydride transfer reaction (ref. 75). The review on metalla-8-di- 

ketonates was cited in the introduction (ref. 2). Cyclic voltammetry 

experiments on Cr[Re(C0)4(COMe)2]3, Fe[Re(C0)4(COMe)2]3, and Cu[Re(C0)4(COMe)2]2 

have been reported (ref. 116). 

Gas-phase metal-carbon bond energies were determined for metals in the 

first transition series. This was done by ineasurement of the energetics of 

reactions between the univalent gaseous ions and various molecular species. 

Comparisons among the various metals were provided (ref. 117). 

Several derivatives of cyclopentadienyl-rhenium nitrosyl complexes 

deserve mention at this point. Casey et al. (ref. 118) demonstrated that 

ReMe(NO)(CO)(q-C5H5) and trimethylphosphine exist in equilibrium with a 

o-cyclopentadienyl-rhenium complex, XV, in solution: 

co 

ReMe(NO)(CO) ( ‘I-C5H5) + 2 PMe3 _A 

xv 

An intermediate 1:l adduct of these reactants was detected in solution. A 

U- cycloheptatrienyl-rhenium complex has been prepared by Sweet and Graham 

(ref. 119) in a two step reaction. Addition of R~H(NO)(CO)(Q-C~H~) to 

C7H7BF4 initially produces an olefin complex [Re(NO)(CO)(n*-C7H,)(~-C5H5)]BF4; 

this complex reacts with Et3N to give Re(NO)(CO)(n'-C7H,)(Q-C5H5). The 

carbene complex [Re(CH2)(CO)(PPh3)(r)-C5H5)]PF6 adds dialkyl sulfides to give 

[Re(CH2SR2)(NO)(PR3)(rl-C5H5)]PF6 (R = Me, PhCH2). The sulfide can be displaced 

with PPh3, giving Re(CH2PPh3)(NO)(PPh3)(Q-~5~5)l~~6, and with SMe-, giving 

Re(CH2SMe)(NO)(PPh3)(n-C5H5). A further reaction of the latter compound with 

the carbene complex was recorded (ref. 120). 

Methyllithium reacts with ReCl(CO)2(N2)(PPh,,)2; after protonation a 

carbene complex ReCl(CO)(CMeOH)(N2)(PPh3)2 can be isolated (ref. 121). The 

preparation of the diphenylcarbene complex, Mn(C0)2(CPh2)(n-C5H5) from 

W(C0)5(CPh2) and Mn(C0)2(THF)(~-C5H5) was mentioned (ref. 122). The compound 

reacts with trans-RCH=CHR (R = C02Et) to produce the expected substituted 

cyclopropane. X-ray diffraction studies were reported for MII(CO)~(C=C=CC~~)- 

(n-C5H5) (ref. 123) and for Mn(C0)2(C=CMe2)(n-C5H5) (ref. 124). A discussion 

of the reactions of the former complex with various nucleophiles including 
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ButLi (ref. 124), PPh3, PEt3, Buts- and NMe 2- (ref. 123) is included in these 

papers. The formation of the carbyne complex [ReCl(CNH~e)(dppe)2]B~4 DCCU~S 

on protonation of ReCl(CNMe)(dppe)2; the structure of this product was 

elucidated by x-ray crystallography (ref. 125). 

The molecular structure of the complex Mn2(CO)4(u-CH2)(r,,-C5H5)2 was 

identified in a crystallographic study (ref. 126). PES on this compound 

(ref. 127) and on the methylcyclopentadienyl analogue (ref. 128) were 

reported. ?lolecular orbital calculations were presented for a series of 

carbyne complexes, [M~(CR)(CO),(~-~5~5)1+ (R = Me, Si, Me?, Ph, NEt2) in 

another paper (ref. 129). Four papers on compounds having carhyne groups 

bridging manganese and another metal have appeared Erom Stone and coworkers 

(ref. 130-133); this work is discussed further in the next section. 

VI. DERIVATIVES 01‘ METALS AND METALLOIDS 

Various compounds having simple (7 bonds between manganese or rhenium 

and another transition metal have been encountered. Compound (I), 

[Rh,(TM4-bridge)4~n2(C0)101(PF6)2, was mentioned earlier in this review 

(ref. 10). A compound having the formula K[Os3MnH2(C0)15] was formed by 

the reaction of 0s3H2(CO)10 and K[Mn(C0)5]; the anion was believed to have 

structure XVI (ref. 134). 

K+ 

XVI 

A compound of similar structure, Os3ReH(CO) 15(>leCN) was formed when OS Re H - 
3 22 

(co)2o was heated in MeCN (ref. 135, 136). I.ts structure was confirmed 

in a crystallographic study (ref. 137). Reactions of OS~R~H(CO)~(M~CN) 

were reported with various reagents including CO (which gives 0s3ReH(CO) 12' 
a molecular species containing a tetrahedron of metal atoms). 

Data on the infrared and Raman spectra of (C0)5ReM(C0)4CPh (PI = Cr, MO, W) 

have been published (ref. 138). The compounds (CO)5ReM(C0)4CPh (M = Cr, Iv') 

react with PMe3 to give dinuclear products (CO)4Re(,-CO)(!I-CPtIP~e/3~(CO)4; 

a crystal structure determination was carried out on one of these compounds, 

XVII (ref. 139). 
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oc O co 

XVII XV!II 

The unusual structure of MnCo(C0)6(tBuN=CHCH=NB& XVIII, is shown 

above; this was determined by x-ray diffraction (ref. 140). This and related 

complexes had been prepared earlier by reaction of [COG]- with MnBr(C0)3(DAB) 

(DAB = various 1,4 diazabutadienes). The fluxionality of these species was 

studied by 
13 

C NMR techniques (ref. 141). Field desorption mass spectra of 

these compounds were described in a separate paper (ref. 142). 

Complete assignments of the IR absorptions for the three compounds 

MCO(CO)~ (M = Mn, Tc, Re) have been made (ref. 143). 

Photolysis of Mn2(CO)10 and Fe2(C0)6S2 in THF leads to the formation of 

a new tetrametallic compound, Mn2Fe2S2(CO) 14' 
The structure of this species 

was established to be XIX, below (ref. 144). A manganese-iron cluster 

compound, (rl-C5H5Fe)2Mn(C0)6(u-CMe), XX, was prepared from Fe2(C0)3(p-C=CH2)- 

(11-C5H5)~ and Mn3H3(CO)12 (ref. 130). The reaction of Mn(C0)3(rl-C5H4Me) and 

Co(CO)(PMe3)(rl-C5H5) yielded C5H5Co(PMe3)(p-C0)2Mn(CO)(n-C5H4Me) (ref. 145). 

Mn(CO), 

XIX xx 

The structural determination of three compounds having phosphido-groups 

bridging manganese and platinum was the subject of a paper by Braunstein 

et al. (ref. 146). These compounds were obtained in the reaction between 

cis-PtC12(PPh2C1) and Na[Mn(C0)5]. Complexes having carhene and carbyne 

References p. 231 



222 

I.igands bridging manganese and platinum were described (ref. 131-133). 

The synthesis and structural characterization of two manganese-mercury 

derivatives was reported. The complex (CO)~~FI~(N~P.~) (fl=0-C6H4Cl) was 

prepared in a disproportionatinn reaction between Hg[Pin(C0jsj2 and Hg(N3K2) 

(ref. 147). A cyclic tetramer, [Hg~~(COf2(ri-CjH4Me)]4, was obtained from 

KI~~(GeH3j(CO)?(~-CgHg)] and Hg 2+ (ref. 148). The precursor was prepared by 

the reaction of K[GeH3j and Mn(C0)3(~;-C5114Fle), (ref. L49). Short IIg-Hg 
distances of 2.888 H were identified in [H~Mn(C0)2(~-C_51~~51~) 14, suggesting 

delocalized bonding hetwcen these atoms. 

Several group IV'A derivatives of manganese and rhenium have been 

mentioned in earlier discussions; these inclrrdc ?Fn(H) (SiPI~2S)(C0)2('~-CsI14Me) 

(X = 11, Cl) (ref. 89), Reii(SiR3)(f:0j2(!l-CjF151 (R = I'h, PhCtI2) and ReU(SiPh2H)- 

(CO),;rl-C,H,), (ref. 88). Ttwsc rhenium cumplexcs are formed by photolysis 

of Re(C0)3(r~-C H j and the specific silane. 
5 5 

They are acids, b;iving up a 

proton to various bases. The anionic complexes ~Re(SiR3,(cO)L(~~-CgH5)]- 

which farm were shoir7t to react with a variety of species R'X to give 

RefR')(SiR3)(C0)2("-Cg115) compounds (K' = Me, Cl, iir, I, SnR3). The complex 
Ke3H(SnMe2) (CO)12 was rcaferred to earlier, with synthesis and structure 

determination being described (ref. 79). Also mentioned was d reaction of 

Mn(SiMc3)(CO)5 and benzaldehyde to form Mn(CH['hOSiNe3)(COjii (ref. 105). 
The attempted protunation of K[~n(CO):!(GeH3)(‘l-CgH4M~)] with acetic 

acid at room temperat:lre produces Ge[?fn(C0)2(1!-C~H~EIc)]2 (XXI). This coiiipound 

reacts with ‘ilg 2-t ion to give a second new species, Cc[Mn(CO)~(r.l-C,I14Plej] 3 
(Xx11). Crystal structure> studies were carried out on both compounds (ref.l5(!) 

4 13 co 

Mn=Ge-- Mn 
/p” 

oc 
b 0 

xxi 

XXII 

1 I 
The preparation of :~n(SiT?CH=C!3utSilr‘2f(C0)2(n-Cg~i4~~f) was accomplished by 

photolyzing ~~n(COj3(~-C~H4~e) and the disilacyclobutene (ref. 15L). Redis- 

tribution reactions between organo-lead derivatives of manganese and rhenium 

have been studied; 
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Me4Pb + Me2Pb[M(C0)5]2 + 2Me3PbM(C0)5 

(M = Mn, Re) 

the rate for the reaction of the manganese complex is faster, and the rates 

for both manganese and rhenium complexes dependon solvent (ref. 152). A 

crystallographic study was carried out on the compound ClSn[Mn(CO)4(PPh3)]3 

(ref. 153). 

The reaction between MnH(C0)5 and Ph2(Me)SnH gives a 407 yield of 

Mn(SnPh2Me)(C0)5, Mn2(CO)lo was also obtained. When the same reaction was 

carried out with an optically active tin compound, S:(Ph)(Me)(CH2CPhMe2)H, 

optical activity was not retained in the product (ref. 154). The compound 

trans-Mn[S~(Ph)(Me)(a-Np)](C0)4(PPh2NMeC~McPh) was prepared. The two di- 

astereomeric forms could be separated by fractional crystallization (ref. 155). 

VII. COMPLEXES WITH GROUP VA AND VIA LIGANDS 

In accord with previous Annual Survey articles by this author, the 

coverage in this section will not consider complexes with simple Group VA 

and Group VIA donor ligands. Emphasis is placed on those complexes in which 

organo derivatives of these elements function in some other capacity, such 

as bridging two or more metals or as part of a delocalized ligand. This 

classification includes compounds of many and various structural types. 

Coverage in this section is presented in the order: N, P and As, 0, S and 

Se. 

A group of compounds having the formula Re(C0)2(PPh3)2(N3R2) (R = Ph, 

tol, p-C6H4F, p-C6H4Cl) was prepared from Li[N3R2] and ReCl(C0)3(PPh3)2, 

(ref. 156). A structural study was carried out on the tolyl derivative; 

rhenium assumes octahedral coordination, and the diary1 triazenide anion 

functions as a bidentate ligand. The phosphines are cis to this ligand, 

and trans to each other (ref. 157). 

The bibenzoimidizolate and bisimidizolate dianions are capable of bridging 

two metal atoms. The structure of one such complex, Mn2(CO)8(C6H4N4) is 

shown below, XXIII (ref. 158). A crystal study was carried out for the 

compound Mn(N=N=CR2)(C0)2(~-C5H5) (R = C02Me). This compound was prepared 

from Mn(CO)*(THF)(n-C5H5) and the disubstituted diazoalkane (ref. 159). 

The nitrogen atom in pyrrolylmanganese tricarbonyl can function as a ligand, 

and the complexes Mn(C0)3{q5-C4H4NM(CO)5) (M = Cr, MO, W) were prepared 

(ref. 160). Molecular orbital calculations have been carried out on slipped 

and skewed out of plane metalloporphyrin complexes [Re(C0)312N4 (N4 = 

porphyrin) and derived species (ref. 161). 
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XXIII 

Other references to complexes having nitrogen ligands were cited in 

earlier sections of this review (see ref. 114, 140-142). 

Manning et al. (ref. 162) observed that when Mn2(C0)8(AsPh3)' is heated 

in butanol, a degradation occurs with the organometallic product, >ln2(jl-AsPh2),- 

(CO)*, being obtained. They suggest a mechanism fur this reaction involving 

intermediate formation of Mn(CO)4(AsPh3) radicals followed by As-C bond 

cleavage. This reaction is not found with phosphine complexes. Dinuclear 

M2(~-PR2)2(C0)8 species (M = Mn, Re; R = GeMe3, But) were sometimes obtained 

in reactions between MBr(C0)5 and PBukGeMe3 and P(GeMe3)3 (ref. 44). An 

electrochemical study on complexes with bridging phosphido and arsenide 

complexes, Mn2(p-AMe2)2(CO)8 (A = P, As), has been completed (ref. 163). TWO 

papers on the preparations and structures of several complexes with phosphido- 

groups bridging between manganese and other elements were cited previously in 

this article (ref. 50, 146), as were six papers on complexes with -PR2S- 

bridging groups (ref. 100, 101, 106-109). 

The crystal structure of a phosphabenzene complex, Mn(i;-C5H5)(11-2,4,6- 

PC,Ph&, was identified (ref. 164). Raman and infrared spectra on several 

phospholyl-manganese tricarbonyl complexes indicate that the C4B4P ring is a 

weaker n-donor than the C H 5 5 ring (ref. 165). A paper describing reactions 

spectra, and structures of XAs[Mn(C0)2(rl-C5115)]2 compounds (X = Ph, Cl, 1) 

has appeared (ref. 166). Molecular structures of Me2Ge(OCH2CHZSPir)(C3HMe2N2)- 

Mn(co)3, XXIV, (ref. 167), Mn(CO)3iC4H4NMn(CO)3(C6H2(N02)30)~, XXV, (ref. 165), 

and Mn(CO)3iC4H4NMn(C0)3NC4H4Mn(CO)3Bu} XXVI, (ref. 169) were obtained 

through crystallographic studies. Synthetic procedures for XXV and XXVI 

were also reported. 
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XXIV xxv 

Bu CO 

XXVI 

X-ray diffraction techniques were also used to identify the structures 

of Et4N[Re3H3(~-OEt)(CO)g] (ref. 77), [Re(C0)30H]4'2C6H6 (ref. 170), and 

Mn(02CCF3)(C0)5 and Mn(02CCF3)(C0)3(py)2 (ref. 171). Other complexes with 

ligands having oxygen donor functions were cited earlier in this review; 

this includes the anionic complexes (BU~N)~[M~(CO)~(P~O~)] (ref. 40) and 

(Bu4N),[C5H5TiMo5018Re(CO)3] (ref. 41). Various sigma bonded perchlorate 

complexes Mn(OC103)(CO)3(L^L) were used as precursors in syntheses of many 

cationic carbonyl complexes (ref. 31, 32, 33). 

The diethylcarbamate complex, Re(02CNEt2)(CO)3(NHEt2), was prepared from 

ReBr(C0)3(NHEt2)2 and CO2 (ref. 55). A 17 electron complex Re(C0)4(3,5-Bui- 

C6H202), has been isolated and its esr spectrum recorded (ref. 172). 

Derivatives of 17 electron complexes having optically active phosphine ligands 

have also received recent study (ref. 173). 

The reaction between ReBr(C0)5 and cesium-dithiooxalate gives 

Cs4[Re2(CO)6(C2s202)31. The anionic complex is believed to contain both 

chelating and bridging dithiooxalate ligands (ref. 174). Photolysis of 

References p. 231 



226 

Mn2(CO)10 with Ph2S and Ph2Se produces the pseudo-cubane complexes, 

[Mn(C0)3SPh14 and [Mn(C0)3SePh14 (ref. 175). Manganese and rhenium 

carbonyls react with (R2NCSe)2Se compounds (n = 1,3, R2N=Ct2N, O(CH2CH2)2NH) 

giving the dimers, [M(co)~(S~~CNR~)]~ (ref. 176, 177). The seven-coordinate 
rhenium(II1) species, RIZ(CO)(S~~CNK~)~, were also characterized. Various 

manganese and rhenium carhonyl complexes having formulas l!lw?,$NR) 

and [M(C0)3(SPPh2CSNR)]2 were prepared from MCl(CO)5 and NHKCSPSPh2 (ref. 178, 

179). The complexes MBr(CO)3(S2CCMe2PPh3), (M = Mn, Re), were mentioned at 

an earlier point in this review (ref. 51). Also identified earlier was the 

compound k2Mn2S2(C0)14, a compound with bridging sulfido groups (ref. 144), 

and various compounds derived from the ligands [R2PCS2]- and [R2PCSKR]- 

(ref. 53). 

VlLI. HYDROCARBON COMPLEXES 

Again, as in past years, studies on cyclopentadienylmanganese tricarbvnyl 

derivatives dominate this area. Many articles have already been cited including 

a valuable review in this area (ref. 1). The following references have been 

discussed already: the preparation and reactions of several cumulene deriv- 

atives, Mn(C0)2(C=C=CR2)(7-C5H5) (ref. 123, 124); the preparation of 

Mn(CPh2)(C0)2(q-C5H5) from W(CO)5(CPh2) (ref. 122); the preparation and 

structure of ~n(Co)2(N=N-CR2)(~-C5H5), (R = C02Me) (ref. 159); reactions of 

C~AS[M~(CO)~(Q-C~H~)]~ (ref. 166); the preparation of K[?in(GeH3)(CO),(rl-C5H5)] 

and reactions of this species (ref. 148-150); the preparation and reactions 

of several complexes of the form ReH(SiR,)(CO)2(fl-C5H5), (ref. 88, 89). a 
3 

preparation of M~(Si~2CBut=CHSiF,)(C0)2(~-(:5H4Me) (ref. 151); the preparation, 

reactions, and structural characterization of various cyclopentadienyl- 

manganese-platinum complexes (ref. 132, 133) and the preparation of 

bimetallic manganese-chromium (ref. 50) and manganese-cobalt related species 

(ref. 145); the reaction of Re(CO),(PPh3)(n-C5H,) with chlorine (ref. 62); 

and an MO study on a number of rarbyne complexes, [M~(cR)(co)~(TI-C~H~) 1 
+ 

(ref. 129). Also mentioned earlier was the preparation of ReH2(CO)2(r1-C5H5) 

(ref. 63) and the protonation of R~~(CO)~(T~-C~H~)~ (ref. 70). The dinuclear 

compound, ~ln2(CO)4(li-CM2)(11-C5~15)2, was the subject of a crystal structure 

determination and two PES studies (ref. 126-128). 

The compound Mn(CO)3(rl-C5H5) was obtained as one of two organometallic 

products from the photolysis of Mn2(CO)10 and Ti?le2(n-C5H5)2 (ref. 94). .4 

number of new derivatives of Mn(CO)3(ri-C H ) have been prepared and character- 55 
ized. This includes [Cr2(SBut)2(~-C5H5)2S]~n(C0)2(?_C5H5), a compound in 

which the lone sulfilr atom bridging the two chromium atoms acts as a Ligand 

to manganese. The structure of this compound was determined by crystallography 
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(ref. 180). The compound (~-CgH5)(C0)2Mn(M~2PPMe2)Mn(CO)2(~-CgH5) was 

reported (ref. 49), as were several isocyanide complexes including MnfCNCOPh)- 

(C0)2(n-C5H5) (ref. 181). The indenyl complexes Mn(C0)3(n-C9H6X) (X = Cl, Br, 

I) were prepared by reactions of C9H6N2 with MnX(CO)5 (ref. 182). 

It is possible to prepare an olefin compound of manganese by the reaction 

of ally1 alcohol and Mn~CO)2(THF)(~-C5H5). Protonation at oxygen followed 

by loss of water gives the cationic ally1 complex, XXVII. This species exists 

in two isomeric forms, the exo isomer being shown, (ref. 183). 

Mn(C0)2(THF)(rl -C,H,) a) MntCO),(02- C,H,OH)( 1 -C,H,) 
b) 

- 

a) CH 2sCHCH20H ; b) H+, -H,O XXVII 

A paper on the redetermination of the structure of Mn(C0)3(?-C5H5) has 

been published (ref. 184), as has a paper on the structure of Re(CO)3(~-C~H~) 

(ref. 185). Crystal structure determinations were reported on two nZ-olefin 

compounds, Mn(C0)2(n2-C8H8)(n-C5H5) (ref. 186) and Mn(CO)2(q2-C7H,)(n-C5H5) 

(ref. 187). Helium I and II PES spectra have been recorded for 

MG0)3('1-C5H5_n n Me ) (M = Mn, Re; n = l-5) (ref. 188) and for the olefin 

derivatives Mn(C0)2(;2-olefin)(n-C5Hj_nMen) (olefin = C2H4, C3H6) (ref. 189). 

A mass spectral study on various Re(C0)3(q-C5H4R) derivatives has been 

published (ref. 190). Photolysis of Mn(C0)3(n-C5H5) in glassy solids at 

77K leads to Mn(C0)2(n-C5Hg) and Mn(CO)(n-C5H5) (ref. 191). 

Various types of studies concerned with the cyclopentadienyl ring in 

~(~0)3(~-C~H~) and its derivatives have been carried out. The compound 

Mn(C0)3{fi-C5I$+CPh=SMn(C0)2($-C5H5)j was prepared and its structure determined 

by crystallography; the carbon (13) NMR spectrum on this compound was also 

discussed (ref. 192). The identity of L in [Mn(CO)(L)2(n-C5HqCR2+)l (L = pPh3, 

dppe, CO), markedly influences the stabilities of these carbonium ion species 

(ref. 193). The new compound ~(CO)3(~-C5H4CH2~H2~~CH) has been made; 

photolysis af this compound displaces CO and the acetylenic group of side 

chains on the cyclopentadienyl ligand coordinates to the metal (ref. 194). 

Metallation (using butyllirhium) of the ring in Mn(CO)3(n-CgH4CH2NMe2) occurs 

in the 2-and/or 3- positions. Several derivatives were prepared from the 
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lithiated intermediates (ref. 195). An esr study was carried out on the 

radical species ~(CU)3(ri5-C5H4C6H2Bu:0.) (ref. 196). 

Various studies on cyclopentadienyl-metal nitrosyl complexes and their 

derivatives have already received comment in this review. This includes: 

preparation and reactionsof [Mn(NO)(CO)(L)(r~-C5H5)]+ and [M(NO)(CO)(L)- 

(q5-CVH7)]+ (L = CO, PPh3, C9H7 is the indenyl ligand), (ref. 61); various 

reactions of MnI(NO)(CO)(i.~-C5Hg) (ref. 60); the reaction of KeMe(NO)(CO)- 

(rl-C5H5) and PMe3 (ref. 118); the preparation of [Re(NO)(CO)(r2-C7118)(r-C5H5)]- 

BF4 and R~(II-C,H,)(NO)(CO)(~-C~H~) (ref. 119); and various reactions of 

[Re(CH2)(NO)(PPh3)(rj-C5H5)]PF6 with sulfides (ref. 120). Diasteromers of 

the compound [Mn(NO)(norphos)(q-C5H5)]PF6 were prepared and separated by 

fractional crystallization from benzene (ref. 197). 

Complexes with arenes coordinated to a metal are considered next. TWO 

useful preparative methods for [Mn(CO)3(f16-arcnc)] 
+ 

complexes have been 

described. The first method uses the AlBr3 catalyzed exchange of the methyl- 

cyclopentadienyl group in Xn(C0) 3 (r,-C H Me) 54 
with an arene. The I i’i*’ cost of 

the precursor is advantageous; the reaction is limited to arenes which are 

compatiblewithaluminum halides (ref. 198). It was dso shown subsequently 

that some methyl benzenes (C H 6 6_nMe6) isomerize and undergo intermolecular 

methyl exchange using these reaction conditions (ref. 199). The second 

method involves the reaction of Mn(OC103)(CO)5 and an arene in CH2C12 

(ref. 200). The a- perchlorate ligand is easily displaced. This method is 

useful for preparations of complexes of arenes having electronegative 

substituent groups; viz. 

Mn(OC103)(CO)5 + C6H5R + [Mn(C0)3(q-C6H5R)]C104 + 2C0 

(c~H~R: R = H, F, N(CH2)5, OEt, OH) 

The phenol complex undergoes deprotonation with base giving Mn(CO),(q-C6H50). 

Bonding in this species is described in terms of the two resonance structures 

shown below. 



229 

Various complexes with the general formula Mn(CO)2(CN)in6-arene(CH2)nXj 

were prepared by standard methods (ref. 201). Interest in these compounds 

centers on their ability to undergo internal reactions to form isocyanide 

derivatives. 

Kinetics of reactions between [Mn(CO)3(n-C6H6)]' and several nucleophiles 

(N3-, OH-, CN-) were investigated. The relative rates of these reactions are 

in the order given, with the reaction of azide being the fastest. Rate laws 

were determined for the reactions of OH- and CN- (ref. 202). 

Field desorption mass spectra were recorded for several manganese-hydro- 

carbon complexes (ref. 203). 

Papers have appearedfrom two groups describing the synthesis of penta- 

dienyl-manganese (ref. 204) and -rhenium (ref. 205) tricarbonyls. The same 

method was used in each case; this utilizes a reaction of Me3SnCH2CH=CHCH-CH2 

and MBr(C0)5 (M = Mn, Re). 

Three compounds are described from a reaction between Re2(CO)10 and 

PhCXPh (ref. 206). These have the formulas Re2(CO)7(C2Ph2)2, Re2(C0)6(C2Ph2)3, 

and Re2(CO)4(C2Ph2), whose structure was identified in a crystallographic 

study and shown below (XXVIII). 

Various allyl-manganese compounds have been made in phase transfer 

catalysis reactions. For example, Mn(CO)3(PPh3)(n3-C3H5) can be made from 

MnBr(C0)3(PPh3)2, ally1 bromide, and hydroxide ion with a tetraalkylammonium 

bromide salt as the phase transfer reagent (ref. 207). PES data for several 

n3-allyl-manganese compounds were presented in another paper (ref. 208) 

Ph 

Ph 

/ 
CNR 

Re 
-co 
\ 

CNR 
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Other references to hydrocarbon-metal complexes have alrcsdy been 

mentioned. Various olefin, diolefin, and atl.yl compounds were prepared by 

photolysis of manganese and rhenium carbunyls with several dimes (ref. 20-22). 

Other olefin, diene, and dienyl complexes have been reported as products in 

reactions of phospbine-rhenium hydrides (ref. 64, 66, 67). Al so nlclnt ioned 
was the interesting reaction sequence starting with hydride additiutl to either 

[Mn(C0)3(~-~6~6)l +- or Mt(CO)3(+i7), from which diene- and allyt-manganese 

carbonyl species evolved (ref. 71,72). Reactions of the ethylene complex 

~WO);($2-C2H4)!C with [Re(C0)5]- gives (C0)5RfCH2CH2Ke(C0)5 (ref. x5,96). 

Brief mention was made of two diene compl.exes, KriC:O)2(r,i,-Ci:ih)(!l-i:iR'j), 

trrf. 761, and Re(NHPh)(7ii-C4Hg)(PMe))3 (ref. 74). 

Complexes of rr-heterocyclic molecules as ligands have heen considered 

in this review. This includes compLexes of the pyrrolyl (ref. 160, 168, 169) 
and phosphaiyl (ref. L65) ligands, of a phosphabenzene (ref. lh4), and of a 
phosphorus-sulfur containing six-membered heterocycle (ref. 107, LOO). 

INDO-SCF molecular orbital calculations on Mn(rj-C5H5)2, [Ft("-CgH5)2jt 

and [Cr(rl-C5H5)2]- have been mentioned (ref. 209). 

IX. ISOCYANIDE AND NITROSYL COMPLEXES 

Gladfelter, et al. (ref. 210) have identified !PPNlN(+ 3s a mild versatile 

nitrosating reagent in dipol.ar solvents. Jts reaction with [Mn(CO)6]+, at 

-40" in El&N, occurs rapidly to give >ln(NO)(C0)4; subsequently PPN[~~~l(NO)~(CO)~] 

forms upon addition of a second equivalent of this reagent. The PES spectrum 

and molecular orbital calculations (%x-SW) on &fn(EO)fCO)4 arc reported in 

another paper (ref. 211). Other references to nitrnsyl complexes include 

two papers on the reaction of NO with homoleptic metal alkyl species (ref. 91, 

92), and several papers on the various complexes derived from 

[Mn(NO)(CO)Z(?-CjHg)jt (ref. 60, 61, 118-120, 197). 

All papers on complexes with isacyanide ligands have Seen cited earlier 

in this review. The preparations of [R~(CNB~~)~]+ (ref. 36, 37) and 
i 

[R~(CWR)~(PP~ ) 1 (R = ~~~ 3 2 t, Cy) (ref. 68) were described. Complexes from 

several diisocyanides and MnBr(C0)5 were mentioned (ref. ii6, 47). Other 
complexes cited inciude Re(CNBut)2(CMe=NUutf3 (ref. XI), ~~lnln,(C0)5(CNto?f(dppm)2H]+ 

(ref. 69), ReC1(CNR)(dppef2 (R = Me, But) (ref. 1?5), ~fn(CO)2(CNC0Ph)(r;-~;'gf.15) 

(ref. 181) and Ke2(CO)r,(CNC~f7S0,C,H4Ne)2(C2Ph2)3 (ref. 206). 

X. STRIJCTLIRAI, STUDIES 

Compounds whose structures were determined by x-ray crystallography, or 

by other diffraction methods are listed: ~~12(CO)~~ and Ke2(CO)Z0 (ref. 4); 

[Rh2(TM4-bridge)4Mn2(CO),,01(PFb)2, (I), (ref. 10); Mn2(CO),[S~Cr(SI~ut)(~-C~H~)~~~ 

(ref. 39): Re,(CO)8(C4H6) (ref. 21); Re3("")14t"OZ) and R+CO)L4:"02") 
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(ref. 22); ~Nb2H(C0)2(11-C5Hg)4]M"(C0)5 (ref. 28); MBr(C0)3S2CCMe2YPh3), M = 

Mn, Re (ref. 51); Re3L6(C0)6, VI, and Re414(C0)6 (ref. 52); Re2Br2(C0)6(Te2Ph2), 

(ref. 54); ReBr(C0)3(NHR2)2, R = Me, Et, (ref. 55); ReH2(PPh,),(r!'-C6H7) 

(ref. 66); fac-Be(o-C6HqPMe2)(PPhMe2)3(Np) and RfH?(PPhMe*)3(~2-Cg~18) (ref. 67); 

R,(v-C1)3Re3Re3(~-Cl)3(H)Rq and Re~(~-Cl)~~CL)(H~(PPh~)R~, R = CH2SiMe3 

(ref. 73); Et4N[Re3H3(OEt)(CO)9](ref. 77); Et4N[Re3H3(I)(CO)ll] (ref. 78); 

Re3H(SnMe2%CO)12 (ref. 79); Re3H3(CO)ll(PPh3) (ref. 80); (cO)5ReCHZCH2Re(C0)5 

(ref. 96); ~n(FPh2CH2CH2~H*)(CO)4 and ~e(PPh2CH2~H~)(cO)4 (ref. 97); 
t I 

I%n(PPh2CH2CH2CH2CH2)(CO)4 and Mn(PPh2CH,CH2CHCH3)(C0)4 (ref. 99); l!in(PMe20CH2)- 

(CO)& and ~~n(PMe20C~~~2_~X2>(C0)4 (ref. 101); cis-Xn(CIl2CO::e) (C0)4(PPh ) 

(ref. 102); G2CR=(?'R)(C0)4, R = C02Me (ref. 105, 106); 
43 

Mn(c0)3(~1 -C4R4pMe2). 

R = C02Me (ref. 109); Mn(C0)2(C=C=CCy2)(n-C5H5) (ref. 123); Mn(CO)2(C=CMe2)- 

(n-C5H5) (ref. 124); ~2(CO)4(~-cH~)(~-C5H~)2 (ref. 125); ~(cO)2(~-c5H5)(~~-cS)- 

Pt(PPh2Me)2 (ref. 130); [Mn(C0)2(n-C5H5)(n-CtolP)Pt(PMe3)2]BF4 (ref. 131); 

[~P~~u-c(PH,~)~~~P~(co)~(PM~~)~(~-C~H~!~BF~ and ~Pt(stulp)t~-C(PMe3)t~lp~- 

(&I-CO)(PMe3)(n-C5H5) (ref. 132); Os3ReH(CO) 
t15 

(M~CN) (ref. 136); (C0)4Re(wcO)- 

(u-CPhPMe3)'W(C0)4 (ref. 138); MnCo(C0)6(Bu N=CHCH=NBut) (ref. 139); 

Mn2Fe2S2(cO)14 (ref. 144); Mn2Pt(PPh2)2(CO)9, Mn,PtH(PPh2)3(c0)8 and 

Mn2Pt2(PPh2)r+(co)8 (ref. 146); (CO)5MnHg(N3R2), R = o-ClC6H4, (ref. 147); 
[HgMn(C0)2(n-C5H4Me)]4 (ref. 148); Ge[Mn(CO)2(n-C5H4Me)]2 and 

Ge~Mff(CO)*(n-C5H4Me)]3 (ref. 150); ClSn~Mn(CO)4(PFh~)l~ (ref. 153); 

Re(CO)2(PPh3)2(N3to12) (ref. 157); Mn(N2CR2)(C0)2(r)-C5H5) (ref. 159); 

Mn(rpC,H,) (n-2,4,6-C5PPh3H2) (ref. 164); Me2Ge(OCH2CH2SPh)(C3HMe2N2)Mn(cO)3 

(ref. 167); Mn(CO)3~C4N4N~n(CO)3(C6~2(N02)30)} (ref. 168); Mn(C013- 

CC~H~NM~(CO)~NC~H~M~(C~)~BU~. (ref. 169); [Re(C0)30H]4'2C6H6 (ref. l-70); 

~(O~CC~~)(CO~~ and Mn(O2CcF3)(cO)3(py)2 (ref. 171); icr,(SBut),(D-c,H,),S]- 

Mn(CO)2(n-C5H5) (ref. 180); M~I(CO)~(I-I-C~H~) (ref. 184); Re(cO)3(VC5H5) 

(ref. 185); Mn(CO)2(n2-C8H,)(ri-c5Hs) (ref. 186); ~(CO),(l12-CTHR)(~-CgHg) 

(ref. 187); ~n(CO)2{~-C5H4CPh=S~(cO)2(~-c~H5)} (ref. 192); 

Re2(CO)4(CNCH2S0,C6H4Me)2(c2Ph2)3 (ref. 206). 

REFERENCES 

1 K. G. 

2 C.M. 

3 P.M. 

4 M. R. 

1609. 

5 D. M. 

Chem. 

6 G. D. 

Caulton, Coord. Chem. Rev., 38 (1981) 1. 

Lukehart, Accts. Chem. Res., 14 (1981) 109. 

Treichel, J. Organomet. Chem., 211 (1981) 177. 

Churchill, K. N. Amoh, and H. J. Wasserman, Inorg. Chem., 20 (1981) 

Adams, P. D. Hatton, A. C. Shaw, and T. K. Tan, J. Chem. Sot., 

Commun. (1981) 226. 

Michels and H. J. Svec, Inorg. Chem. 20 (1981) 3445. 



232 

7 

8 

1 (I 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

M. C. Manning and W. C. Trogler, Inorg. Chim. Acta, 50, (1981) 247. 

H. W. Choi, Ph.D. Thesis, Cornell U., 1981; Diss. Abst., 42, (1981) 1.44hB. 

S. B. XcCullen and T. 1,. Brown, Inorg. Chem., LO (1981) 3528. 
D. A. Bohling, T. P. Gill, and K. K. Mann, Inorg. Chem., 20 (198lj 194. 

R. M. Wegman, R. 3. Olsen, D. R. Gard, L. R. Faulkner, and T. L. Brown, 

J. Am. Chem. Sm., IO3 (1981) 6089. 

R. W. Wegman, Ph.D. Thesis, U. of Illinois, 1981; Diss. Abst., 42 (1981) 

627. 

A. F. Hepp and I?. S. Wrighton, 3. Am. Chem. Sot., 103 (lW81) 1258. 

A. Fox, J. Malito, and A. Poe, J. Chem. Sot., Chem. Commun., (1981) 1052. 
A. PO;, Jnorg. Chem., 20 (1981) 4029. 

J. D. Atwood, Inorg. Chem., 20 (1981) 4031. 

A. Poe, Inorg. Chem., 20 (1981) 4032. 

S. P. Church, M. Poliakoff, .J. A. Timney, and J..J. Turner, ,J. Am. Chem. Sot., 

103 (1981) 7515. 

A. A. Pasynskii, 1. I,. Errmenko, II. Orazsakhatov, Yu. V. Rakitin, 

V. M. Xovotortsev, 0. C. Ellert, and V. T. Kalinnikov, J. Organomct. Chem., 

214 (1981) 351. 

C. G. Kreiter and W. Lipps, Angew. Chem., 93 (1981) 191. 

1:. Guggolz, F. Oberdorfer, and M. L. Ziegler, Z. Naturforsch., 36b (1981) 

1060. 

R. K. Balbach, F. Helms, F. Oberdorfer, and M. L. Ziegler, Angew. Chem., 

lnt. Ed. Engl., 20 (1981) 470. 

A. B. Terent'ev, N. A. Moskalenko, and R. Kh. Friedlina, Bull. Acad. Sci., 

USSR (En@.), 30 (1981) 293. 

M. A. Moskalenko, A. II. Terent'ev, and R. Kh. Pricdlina, Buli. Acad. Sci., 

USSR (Engl.), 30 (1981) 479. 

R. G. Gasanov and R. Kh. Friedlina, Bull. Acad. Sci., USSR (Engl.), 30 

(1981) 980. 

W. H. Tamblyn, S. R. Hoffmann, and M. P. Doyle, J. Organomet. Chem., 216 

(1981) C64. 

Il. H. Gibson, I:. U. Ahmed and K. R. Phillips, .J. Organomet. Chem., 206 

(1981) CL7. 

I). H. Gibson, F. U. Ahmed, and K. R. Phillips, .J. Organomet. Chem., 218 

(1981) 325. 

S. Baral, J. A. Labinger, W.K. Scheidt, and F. .J. Timmers, J. Organomet. 

Chem., 215 (1981) C53. 

A. Kaceci and D. Rehder, 7,. Xaturforsch., 36b (1981) 20. 

G. A. Carriedo and V. Riera, ~J. Organomet. Chem., 205 (1981) 371. 

G. A. Carriedo, .J. Gimeno, M. Laguna, and V. Rirra, J. Organomct. Chem., 

219 (1981) 61. 



233 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 D. R. Ryler and D. Petrylak, Inorg. Chim. Acta Lett., 53 (1981) L185. 

59 A. Vogler and H. Kunkley, Angew Chem. Int. Ed. Engl., 20, (1981) 469. 

M. P. Gamasa, M. Laguna, D.Miguel, and V. Riera, Trans. Met. Chem., 6 

(1981) 374. 

F. Bombin, G. A. Carriedo, J. A. Miguel, and V. Riera, 3. Chem. Sot., 

Dalton, Trans. (1981) 2049. 

K. Raab, B. Olgem6ller, K. Schloter, and W. Beck, J. Organomet. Chem., 

214 (1981) 81. 

G. S. Girolami and R. A. Andersen, Inorg. Chem., 20 (1981) 2040. 

T. E. Wood, Ph.D. Thesis, Purdue U., 1980; Diss. Abst., 42 (1981) 205B. 

D. Fenske, K. Brandt, and P. Stock, Z. Naturforsch., 36b (1981) 768. 

D. P. Summers, J. C. Luong and M. S. Wrighton, J. Am. Chem. Sot., 103 

(1981) 5238. 

C. J. Besecker and W. G. Klemperer, .I. Organomet. Chem., 205 (1981) C31. 

V. W. Day, M. F. Fredrich, and M. R. Thompson, J. Am. Chem. Sot., 103 

(1981) 3597. 

R. L. Kump and L. J. Todd, Inorg. Chem., 20 (1981) 3715. 

L. K. Peterson, I. W. Johnson, and J. K. Hoyano, S. Au-Yeung, and B. Gour, 

J. Inorg. Nucl. Chem., 43 (1981) 935. 

H. Schumann and H. Neumann, Z. Naturforsch., 36b, 708 (1981). 

N. E. Schore, L. S. Benner, and B. E. LaBelle, Inorg. Chem., 20 (1981) 3200. 

A. Efraty, I. Feinstein and L. Wackerle, J. Organomet. Chem., 220 (1981) 333. 

A. Efraty and I. Feinstein, Inorg. Chim. Acta Lett., 54 (1981) L211. 

E. W. Abel, M. M. Bhatti, K. G. Ore11 and V. Sik, J. Organomet. Chem., 208 

0981) 195. 

A. Trenkle and H. Vahrenkamp, Chem. Ber., 114 (1981) 1343. 

A. Trenkle and H. Vahrenkamp, Chem. Ber., 114 (1981) 1366. 

U. Kunze and R,Merkel, J. Organomet. Chem., 219 (1981) 69. 

F. Calderazzo, F. Marchetti, R. Poli, D. Vitali, and P. F. Zanazzi, 

J. Chem. SOC., Chem. Commun., (1981) 893. 

K. G. Steinhauser, W. Klein, and R. Kramolowsky, J. Organomet. Chem., 

209 (1981) 355. 

F. Calderazzo,D. Vitali, R. Poli, .I. L. Atwood, R. D. Rogers, and 

J. M. Cummings, J. Chem. Sot., Dalton Trans., (1981) 1004. 

F. Calderazzo, D. Vitali, J. P. Marani, F. Marchetti, I. Bernal, J. D. Korp, 

J. L. Atwood, R. D. Rogers, and M. S. Dalton, J. Chem. Sot. Dalton Trans., 

(1981) 2523. 

R. Seeber, G. A. Mazzocchin, E. Roncari, and U. Masai, Transit. Met. Chem., 

6 (1981) 123. 

R. W. Balk, D. J. Stufkens and A. Oskam, J. Chem. Sot., Dalton Trans., 

(1981) 1124. 



234 

60 

hl 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

a2 

83 J. L. Graff and M. S. Wrighton, J. Am. Chem. Sot., 103 (1981) 2225. 

B. W. Hames, B. W. S. Kolthammer, and P.Legzdins, Inorg. Chem., 20 (1981) 

650. 

N. E. Kolobova, I. A.Lobanova, V. I. Zdanovich, and P. V. Petrovskii, 

Bull. Acad. Sci. USSR (Engl.), 30 (1981) 707. 

2i. E. Kolobova, Z. P. Valueva, and E. .J. Kazimirchuk, Bull. Acad. Sci., USSR 

(Engl.), 30 (1981) 325. 

P. C. Adair, Ph.D. Thesis, Li. of Illinois, 1980; Diss. Abst., 41 (1981) 4108B. 

?f. B. Bradley, D. A. Roberts, and G. I,. Geoffroy, 3. Am. Chem. Sot., 103 

(1981) 379. 

D. A. Roberts and G. L. Geoffroy, J. Organomet. Chem., 214 (1981) 221. 

D. Baudry, M. Ephritikhine, H. Felkin, Y. Jeannin, and F. Robert, 3. 

Organomet. them., 220 (1981) C7. 

M. A. Green, J. C. Huffman, K. G. Caulton, W. K. Rybak, and .I. IT. Ziolkowski, 

~J. Organomet. Chem., 218 (1981) C39. 

J. D. Allison, C. J. Cameron, R. 13. Wild, and R. A. Walton, J. Organomet. 

Chem., 218 (1981) C62. 

H. C. AspinwalL and A. J. Deeming, &J. Chem. Sot., Chem. Commun., (1981) 724. 

I... N. Lewis and K. G. Caulton, Inorg. Chem., 20 (1981) 1139. 

W. Lemanna and M. Brookhart, .T. Am. Chem. Sot., 103 (1981) 989. 

I’. Bladon, G. A.M. ?lunro , P. I,. Pauson, and C. A. L.. Xahaffy, _J.Organomet. 

Chem., 221 (1981) 79. 

K. Mertis, P. G. Edwards, C. Wilkinson, K. M. Abdul Nalik, and M. B. 

Hursthouse, J. Chem. Sot., Dalton Trans., (1981) 705. 

K. W. Chiu, W-K. Wang, and 6. Wilkinson, J. Chem. Sot., Chem.Commun., 

(lY81) 450. 

W. 1). .Jones, J. M. Huggins, and R. G. Bergman, .J. Am. Chem. Sot., 103 

(1981) 4415. 

J. Chetwynd-Talbot, P. Bragenik and R. N. Perutz, .I. Chem. Sot., Chem. 

Commun., (1081) 452. 

G. Ciani, G. D'Alphonso,hl. rreni, P. Romiti and A. Sironi, ~J. Organomet. 

Chem., 219 (1981) C23. 

G. Ciani, 6. D'Alphonso, M. Freni, P. Romiti, and A. Sironi, .I. Organomet. 

Chem., 220 (1981) C7. 

B. T. Huie, S. W. Kirtley, C. B. Knobler and H. D. Kaesz, .J. Organomet. 

Chem., 213 (1981) 45. 

C. Y. Wei, L. Garlaschelli, R. Bau, and T. F.Koetzle, J. Organomet. Chem., 

213 (1981) 63. 

J. C. Green, D. M. P. Mingos, and E. A. Seddon, Inorg. Chem., 21 (1981) 2595. 

K. S. Wang, D. K. Dutta, and T. P. Fehlner, J. Organomet. Chem., 215 (1981) 

c48. 



235 

84 J. W. Lauher, J. Organomet. Chem., 213 (1981) 25. 

85 T. E. Nalesnik and M. Orchin, J. Organomet. Chem., 222 (1981) C5. 

86 R. Sweany, S. C. Butler and J. Halpern, J. Organomet. Chem., 213 (1981) 

487. 

87 A. E. Stevens and J. L. Beauchamp, J. Am. Chem. Sot., 103 (1981) 190. 

88 D. F. Dong, J. K. Hoyano and W. A.G.Graham., Can. J. Chem., 59 (1981) 1455. 

89 U. Schubert, B. Worle, and P. Jandik, Angew. Chem., Int. Ed. Engl., 20 

(1981) 695. 

90 K. 

J. 

91 A. 

92 K. 

93 c. 

94 M. 

95 D. 

W. Chiu, R. A. Jones, G. Wilkinson, A. M. R. Galas and M. B. Hursthouse, 

Chem. Sot., Dalton Trans., (1981) 2088. 

R. Middleton and G. Wilkinson, J. Chem. SIX., Dalton Trans., (1981) 1898. 

Jacob and K. H. Thiele,Z. anorg. allgem. Chem., 479 (1981) 143. 

Botha, J. R. Moss, and S. Pelling, J. Organomet. Chem., 220 (1981) C21. 

Pankowski and E. Samuel, J. Organomet. Chem., 221 (1981) C21. 

Astruc, J.-R. Hamon, E.Roman, and P.Nichaud, J. Am. Chem. Sot., 103 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

(1981) 7502. 

B. Olgemuller and W. Beck, Chem. Ber., 114 (1981) 867. 

E. Lindner, G. Funk, and S. Hoehne, Chem. Ber., 114 (1981) 2465. 

E. Lindner, G. Funk, and S. Hoehne, Organomet. Chem., 214 (1981) C7. 

E. Lindner, G. Funk, and S. Hoehne, Chem. Ber., 114 (1981) 3855. 

E. Lindner, G. Von Au, and H.-J. Eberle, J. Organomet. Chem., 204 (1981) 

93. 

E. Lindner, HrJ. Eberle, and S. Hoehne, Chem. Ber., 114 (1981) 413. 

J. Engelbrecht, T. Greiser, and E. Weiss, J. Organomet. Chem., 204 (1981) 79. 

P. J. Desrosiers and R. P. Hughes, J. Am. Chem. Sot., 103 (1981) 5593. 

G. D. Vaughn and J. A. Gladysz, J. Am. Chem. Sot., 103 (1981) 5608. 

D. L. Johnson and J. A. Gladysz, Inorg. Chem., 21 (1981) 2508. 

E. Lindner, A. Rau, and S. Hoehne, Chem. Ber., 114 (1981) 3281, Angew. Chem., 

Int. Ed. Engl., 20 (1981) 787. 

E. Lindner, A. Rau, and S. Hoehne, J. Organomet. Chem., 218 (1981) 41. 

E. Lindner, C. P. Krieg, S. Hoehne, and A. Rau, Z. Naturforsch., 36b 

(1981) 1487. 

E. Lindner, A. Rau, and S.Hoehne, Angew. Chem., Int. Ed. Engl., 20 (1981) 

788. 

T. C. Flood, J. E.Jensen, and J. A. Statler, J. Am. Chem. Sot., 103 (1981) 

4410 

J. E. Jensen, Ph.D. Thesis, Univ. S. Cal., 1981; Diss. Abstr., 42 (1981) 

1019B. 

S. B. Butts, T. G. Richmond, and D. F. Schriver, Inorg. Chem., 20 (1981) 277. 

P. B. Bell and A. Wojcicki, Inorg. Chem., 20 (1981) 1585. 

T. W. Leung, Ph.D. Thesis, Ohio State U., 1980; Diss. Abst., 41 (1981) 3779B. 



236 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

L34 

135 

136 

137 M. R. Church:11 and IF. ~J. Hollander, Inorg. Chem., 20 (1981) 4124. 

J. C. Selover, M. Yarsi, Ii. W. Parker and ,J. A. Gladysz, J. Organomet. 

Chem., 206 (1981) 317. 

B. D. Beaver, L. C. Hall, C. M. Lukehart, and I.. D. Preston, Inorg. 

Chim. Acta, 47 (1981) 25. 

P. B. Armentrout, H. r. Halle, and .J. T,. Beauchamp, .J. Am. Chem. SCN., 

103 (1981) 6501. 

C. P. Casey, W. D. .Jones, and S. C. Harsy, J. Organomet. Ctwm., 206 

(1981) C38. 

.J. R. Sweet and W. A. (:. Graham, J. Organomet. Chem., 21: (1981) C37. 

I:. B. PlcCormack and J. A. Gladys, .J. Organomet. Chem., 218 (1981) C57. 

G. J. Leigh, R. Ii. Morris, C. .T. Pickett, D. R. Stanley, and .J. Chatt, 

.J. Chem. Sot., Dalton Trans., (1981) 800. 

R. H. Edwards and 'I. I). Rausch, .J. Organomet. Chcm., 210 (1981) 91. 

Ii. Berke, G. Huttner, and J. van Seyerl, Z. Naturforsch., 361, (1981) 1277. 

11. Eerke, G. Huttner, and .J. van Seyerl, .J. Organomet. Chem., 218 (1981) 

193. 

A. J. Pombiero, >I. F. X. N. Carvalho, P. B. Hitchcock, and R. I_. Richards, 

.T. Chem. Sot., Dalton Trans. (1981) 1629. 

II. A. Clementi, 13. iiees, C. Bandoli, M. C. Biagini, fl. Reiter, and W. A. 

Herrmann, Angew. Chem., int. Ed. ~ngl., 20 (1981) 887. 

G. Granozzi, E. Tondello, M. Casarin, and D. Ajo, Inorg. Chem. Acta, 48 

(1981) 73. 

D. C. Calabro, D. L. Lichtenberger and W. A.Herrmann, .J. Am. Chum. Sot., 

103 (1981) 6852. 

N. ?I. Kostic and Il. '. Fenske, .J. Am. Chem. Sac., 103 (1981) 4677. 

I' . Erun, G )I . . DsukiIs , ‘I. Green, K. “1. Mills, .J. V. Salaun, I-. G. A. 

Stone, and P. Woodward, J. Chem. Sot., Chem. Commun., (1981) 966. 

.J. C. .Jeffery, H. Rnzay, and F. G. A. Stone, J. Clwn. Sue., Chem. 

Commun., (1981) 243. 

J. A. K. Moward, .J. C. Jeffery, "I. Laguna, R. Navarro, and !'. G. A. 
Stone, .J. Chem. Sot., Dalton Trans. (1981) 750. 

.J. C. .Jeffery, K. N'avarro, F-1. Razny, and I:. i;. A. Stone, .J. Chem. Sot., 

Dalton Trans. (1981) 2471. 

S. Kennedy, J. J. Alexander, and S. G. Shore, J. Organomtzt. Chem., 219 
(1981) 385. 

M. K. Churchill, 1:. .J. Hollandcr, G. A.Pearson, and ,I. R. Sirapley, 

.T. Am. Chem. Sot., 103 (1981) 2430. 

G. A. I'carson, Ph.D. Thesis, I'. of lllinois, 1Y80; Diss. Ahst., 41 

(1981) 4113~. 



23’7 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 K. Tatsumi and R. Hoffmann, Inorg. Chem., 20 (1981) 3771. 

162 H. Ashton, B. Brady, and A. R. Manning, J. Organomet. Chem., 221 (1981) 71. 

163 T. Madach and H. Vahrenkamp, Chem. Ber., 114 (1981) 513. 

164 J. Fischer, A. de Cian, and F. Nief, Acta Cryst., 37B (1981) 1067. 

165 0. Poizat and C. Sourisseau, J. Organomet. Chem., 213 (1981) 461. 

N. Q. Dao, E. 0. Fischer, and T. L. Lindner, J. Organomet. Chem., 209 

(1981) 323. 

W. Uedelhoven, D. Neugebauer, and F. R. Kreissl, J. Organomet. Chem., 

217 (1981) 183. 

L. H. Staal, J. Keijsper, G. van Koten, K. Vriese, J. A. Gras, and W. P. 

Bosman, Inorg. Chem., 20 (1981) 555. 

L. H. Staal, J. Keijsper, L. H. Polm,and K. Vrieze, 3. Organomet. Chem., 

204 (1981) 101. 

L. H. Staal, G. van Koten, R. H. Fokkens, and N. M. M. Nibbering, 

Inorg. Chim. Acta, 50 (1981) 205. 

G. Sbrignadello, Inorg. Chim. Acta, 48 (1981) 237. 

D. Seyferth, R. S.Henderson, 3. P. Fackler and A. M. Mazany, 3. Organomet. 

Chem., 213 (1981) C21. 

H. Werner and B.Juthani, J. Organomet. Chem., 209 (1981) 211. 

P. Braunstein, D. Matt, 0. Bars, M. Louer, D. Grandjean, J. Fischer, 

and A. Mitschler, J. Organomet. Chem., 213 (1981) 79. 

P. Jaitner, P. Peringer, G. Huttner, and L. Zsolnai, Transit. Met. Chem., 

6 (1981) 86. 

W. Gade and E. Weiss, Angew. Chem. Int. Ed. Engl., 20 (1981) 803. 

W. Gade and E. Weiss, Chem. Ber., 114 (1981) 2399. 

W. Ggde and E. Weiss, J. Organomet. Chem., 213 (1981) 451. 

Y. Chi and C.-S. Liu, Inorg. Chem., 20 (1981) 3456. 

W. Kodel, F. Huber and H.-J. Haupt, Inorg. Chim. Acta, 49 (1981) 209. 

H. Pruet, and H.-J. Haupt, Acta Cryst., 37B (1981) 688. 

M. Gielen and I. Vanden Eynde, Transit. Met. Chem., 6 (1981) 128. 

M. Gielen and I. Vanden Eynde, J. Organomet. Chem., 217 (1981) 205. 

R. Rossi, A. Duatti, L. Magon, and L. Toniello, Inorg. Chim. Acta., 48 

(1981) 243. 

R. Graziani, L. Toniolo, U. Casallato, R. Rossi and L. Magon, Inorg. 

Chim. Acta, 52 (1981) 119. 

R. Uson and J. Gimeno, J. Organomet. Chem., 220 (1981) 173. 

W. A. Herrmann, G. Kriechbaum, M. L. Ziegler and P. Wulknitz, Chem. Ber., 

114 (1981) 276. 

N. I. Pyshnograeva, V. N. Setkina, and D. N. Kursanov, Bull. Acad. Sci., 

USSR (Engl.), 30 (1981) 496. 



238 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

.I. van Seyerl, B. Sigwarth, H-G. Schmidt, G. Bohr, A. Frank, M. Marsili , 

and c. liuttner, Chem. Ber., 114 (1981) 1392. 

S. .J. Rettig, A. Starr, and .J. Trotter, Can. ,J. Chem., 59 (1981) 2391. 

\‘. G. Andrianov, Y. 1’. Struchkov, X. I. Pyshnograeva, V. N. Setkina, and 

D. N. Kursanov, J. Organomet. Chem., 206 (1981) 177. 

N. L. Pyshnograeva, V. N. Setkina, 1’. G. Andrianov, Y. T. Struchkov, and 

I). S. Kurssnuv, ,I. Or-ganomet. Clwm., 206 (lY81) 169. 

x. B. Nuber , IF. Oberdorfer, and M. L. Ziegler, At~ta Cryst. 378, (1981) 2062. 

i’. A. Cotton, I). J. Darensbourg, and I:. W. S. Kol thammer, I nilrg. Chem. ) 
20 (IYXl) L287. 

K. A. N. Crcber and J. I(. S. Wan, .J. Am. Chem. Sue., 103 (1981) 2101. 

T.-I. Ho, K. A. y. Creber, and .J. K. S. Wan, ~J. Am. Cliem. Sue., 103 (L981) 

6524. 

K. Yattes and II. We&r, %. anorg. allgem. Chem., 474 (1981) 216. 

P. .Jaitner, .J. Organomet. Chem., 210 (1981) 353. 

I’ . I)ePlano and 1;. I‘. Trogu, J. Inurg. Nut I. Chem., 43 (1981) 711. 

I’. DePlano and E. I-. Trogu, J. lnorg. Nucl. Chem., 4’3 (1981) 1213. 

1.. Kunze and A. Antoniadis, Z. Naturfursch., 36!) (LY81) 1117. 

U. Kunze and A. Antoniadis, .J. Organomet. Cbem., 215 (1981) 187. 

A. A. Pasynskii, 1. I,. Eremenko, 13. Ornzakhotov, \‘. T. Knl innikou, 

C. G. Aleksandrov, and Yu. T. Struchkov, .J. Organomtt. Chcm., LL6 (1981) 

211. 

I’ . LeMaux, 6. Simonnieux,and G. .Jaout:n, .J. Organonet. Cllem., ?L7 (1’18L) 61. 

S. Quinn and A. Shaver, Inorg. Chim. Acta, 50 (1981) 141. 

A. 31. Ilosan, J. Chem. Sot . , Chcm. Commrin. , (198L) 31 1. 

P. .J. Pitzpatrick, Y. l.ePage, .J. Sedmnn, and I. S. Butler, Inorg. Chem., 

20 (1981) 2852. 

I’. .J. Fitzpatrick, Y. LePage, and I. S. Uutler, Acta Cryst., 3711 (1981) 

1052. 

L. B. Benson, s. A. K. Knox, R. I:. I). Stansf ield, and I’. Woodward, 

.J. Chem. Sot., Dalton Trans., (1981) 51. 

I’. A. VeLla, >I. Beno, A. J. Schultz and .J. M. Williams, J. Urgnnomet. 

Chem., 205 (1981) 71. 

D. C. Calabro, .J. 1 . ~lubbard, C. 11. Blevins, A. C. C.xnpbrLl , and 
D. I,. Lichtenberger, .J. Am. Chem. Sot., 103 (L981) 6839. 

I). C. Calabro 2nd D. L. Lichtenherger, J. Am. Chem. Sot., 103 (1981) 6846. 

V. F. Sizoi, Y. S. Nekrasov, Y. N. Sukharw, and N. I:. Kolob\,va, 

J. Organomet. Chem., ?LO (1981) 97. 

J. I). Black, M. .J. Hoylan, and I’. S. Braterman, .J. Chem. Sot., Dalton 
Trans., (1981) 673. 



239 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

V. G. Andrianov, Yu. T. Struchkov, P. V. Petrovskii, E. I. Fedin, 

D. N. Kursanov, S. P. Dolgova, and V. N. Setkina, J. Organomet. Chem., 

221 (1981) 183. 

A. G. Ginsburg, Sh. G. Kasumov, V. N. Setkina and D. N. Kursanov, 

Bull. Acad. Sci. USSR (Engl.), 30 (1981) 664. 

A. N. Nesmeyanov, L. M. Korneva, P. V. Petrovskii, and M. I. Rybinskaya, 

Bull. Acad. Sci. USSR (Engl.), 30 (1981) 321. 

N. M. Loim, P. V. Kondrat'ev, N. P. Solov'eva, V. A. Antonovich, P. V. 

Petrovskii, Z. N. Parnes and D. N. Kursanov, J. Organomet. Chem., 

209 (1981) 233. 

A. G. Milaev, V. B. Panov, 0. Yu. Okhlobystin, Proc. Acad. Sci. USSR 

(Engl.), 257 (1971) 151. 

H. Brunner and A. F. M. Mokhlesur Rahman, J. Organomet. Chem., 214 

(1981) 373. 

P. Bachmann, H.-W. Furk, J. Lb;sch, and H. Singer, J. Organomet. Chem., 

212 (1981) 237. 

H.-W. Furk, J. Lgsch, and H. Singer, J. Organomet. Chem., 218 (1981) 361. 

K. K. Bhasin, W. G. Balkeen, and P. L. Pauson, 3. Organomet. Chem., 204 

(1981) C25. 

M. I. Rybinskaya and V. S. Kaganovich, Bull. Acad. Sci. USSR (Engl.), 

30 (1981) 1303. 

D. J. Evans, L. A. P. Kane-Maguire, and D. A. Sweigart, J. Organomet. 

Chem., 215 (1981) C27. 

N. B. H. Henis, W. Lamanna, M. B. Humphrey, M. M. Bursey and M. S. 

Brookhart, Inorg. Chim. Acta Lett., 54 (1981) Lll. 

D. Seyferth, E. W. Goldman and J. Pornet, J. Organomet. Chem., 208 

(1981) 189. 

M. de 10s Angeles Paz-Sandoval and P. Powell, J. Organomet. Chem., 219 

(1981) 81. 

M. J. Mays, D. W. Prest, and P. R. Raithby, J. Chem. Sot., Dalton Trans., 

(1981) 771. 

D. H. Gibson, W. L. Hsu, and F. U. Ahmed, J. Organomet. Chem., 215 (1981) 

379. 

S. D. Worley, D. H. Gibson, and W. L. Hsu, Inorg. Chem., 20 (1981) 1327. 

D. W. Clack and K. D. Warren, J. Organomet. Chem., 208 (1981) 183. 

R. E. Stevens, T. J. Yanta, and W. L. Gladfelter, J. Am. Chem. Sot., 

103 (1981) 4981. 

B. E. Bursten, J. R. Jensen, D. J. Gordon, P. M. Treichel and R. F. 

Fenske, J. Am. Chem. Sot., 103 (1981) 5226. 


