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I. INTRODUCTION

The organization of this article is the same as that in the previous
year [1]. As in past years the topic of Mn, Tc, and Re organometallic
chemistry rémains fruitful; 223 references were assembled for this review,
up slightly from last year. Extensive effort continues to be directed to
complexes derived from M(C0)3(n-CsHg) and [M(NO)(CO)s(n-CsH5)1*

(Section VIII), to studies pertaining to metal-metal bond cleavage or
retention in reactions of My(€C0)1g-n(L)y (Section II), and to heterobimetallic
and polymetallic complexes including metal cluster complexes (Section vI).
There have been quite significant developments in most other areas, as

will become evident in this survey.

Several review articles with pertinent material are cited. A review of
electron transfer processes for mononuclear organometallic species, long
needed, has appeared [2]; the organization is partially based on the
metallic elements which permits rapid access to work with this group of

metals. Reviews on non-homolytic cleavage of metal-metal bonds in photo-

*Previous review see J.Organomet.Chem.Library, 17(1985)365-397.
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lysis [3], and on complexes with secondary phosphine chalcogenide
(-RyPS-) ligands [4] have appeared; these also contain significant numbers
of references to studies involving organometallic species of manganese,

technetium and rhenium.

I1. NEUTRAL, ANIONIC, AND CATIONIC METAL CARBONYL DERIVATIVES

Homolytic cleavage of the metal-metal bond in M3(C0)1g (M=Mn,Tc,Re),
and in species derived from these dinuclear compounds, was demonstrated
over 10 years ago. It appears,however,that despite extensive study (and
many published papers) the precise details of these photolyses are only now
becoming clear. There is now evidence from flash photolysis experiments
using Mny(CO)1g and Rep(C0)1p in the gas phase that there are two primary
photoreactions for these species; both metal-metal homolysis and CO loss
appear to occur [5]. The same conclusion pertains for photolytic studies
in hexane solution on a variety of Mny(CO)g(L)y complexes (L = CO; PBus,
PBu%, PPr%, P(th)3) [6,7]. A semibridging carbonyl group is suggested
to be present in the binuclear intermediates, Mn3{(CO)7Ls. Kinetic data
for recombination of these species with CO have been obtained [7]. Another
paper in this area defines bimolecular kinetics of recombination for the
radical species M(CO)4(L) in hexane, and corrects an earlier report which
alleged CO dissociation from M(C0)4(L) as a secondary photoprocess [8].

Photolysis of Mny(C0)jg in an argon matrix at 12K has been shown to
give Mnp(CO)g. Based on spectroscopic data, a molecular structure of this
species with a semibridging carbonyl group is proposed [9]. This result
is in accord with proposals in the papers cited above.

Equilibrium constants were obtained for the thermal (170-190°C, decalin)

reaction given as EQ. 1 below:

Mny(CO)1g + Rep(CO)1p < 2MeRe(CO)pg EQ. 1

The value of Al{i for this process is +34.4%1.3 kJ mol'l, while ASI is
80.3+2.5 JK™! mo1-1 {10].

The mechanism of the disproportionation reaction which occurs when
mixtures of Mnp(CO)jg and nitrogen donor ligands (pyridine, NEtj, others)
are photolyzed is the subject of a paper by Steigman and Tyler [11]. Photo-
chemical cleavage of the metal-metal bond is believed to be the first step
in the reaction; rapid carbonyl replacement by the amine then ensues: to
give Mn(CO)s5_ L, species which can react with Mny(C0)jg by electron
transfer to provide the isolated products [Mn(CO)3(L)3]Mn(CO)5. Another
paper from this group describes related studies [12]. Here, photolysis

of {Fe(G0)2(n-CsH5)]2, Mnp(CO)1g and dppe was shown to give
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[Fe(CO)(dppe}(n-Cs5H5) IMn(CO)5 while a photolytic reaction of [Mo(CO)j3-
(n-C5H5) 12, Mny(CO)1g and diethylenetriamine (dien) yields [Mn(cO)3(dien)]-
Mo(CO)3(n-C5H5). Proposed mechanisms of these reactions are similar to

the mechanism of the Mny(CO)jp-amine reactions noted above. (See also the
review article on this topic by these authors [2]).

A mechanism is proposed for the cleavage of My(C0)1g species (M = Mn, Re;
My = MnRe) by halogens in acetonitrile. The products of this reaction,
MX(CO)5 + [M'(CO)5(MeCN)]t, are believed to arise in a two step sequence
of attack of the electrophilic Brt on the metal-metal bond to give a halogen
bridged dimer followed by solvolytic displacement of MBr(CO)s5. The rate of
halogen cleavage is very dependent on solvent. Relative ratee of the
I3-M3(C0) g reaction are in the order Re3(C0)1g > (CO)sMnRe(CO)s > Mny(CO)qg,
which notably is opposite to the order of metal-metal bond energies [13].

The formation of eq-Res(CO)g(CNBut) from Rey(CO)1p and t-BuNC is
catalyzed by PdO [14]. Further reaction yields initially eq,eq-Rey(CO)g-
(CNBut)y which isomerizes at 50° in the presence of PdO to give
fac-(C0)3(CNBut)oReRe(CO)5 [15]. Molecular structures were determined for
this product and also for €q-Rep(CO)g(CNBul). A monosubstituted phosphine
complex, Mny(C0)g(L), is formed from Mny(CO}1g and 4,5-dimethyl-1,2-diphenyl-
1,6-dihydrophosphorin sulfide, along with a second product, a phosphacyclo-
hexadienyl-manganese tricarbonyl, I. Upon heating,the former species
undergoes an orthometallation reaction to give II [16]. A description of
syntheses of Mny(C0)g(u-dmpm) and Mny(CO)g(dmpm); in the reaction of

Mny(CO)y1g and bisdimethylphosphinomethane is contained in a thesis [17].
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Note also papers on the esr spectrum of Mn(CO)5 in a krypton matrix at
low temperature [18] and on the esr spectrum of M(CO)4(BETS) (M = Mn, Re,
BETS = bisethoxythiocarbonylsulfide) [19]. A bonding description for
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Mn,(CO)5(dppm), is given [20].

Primary references to [Mn(CO)5]” and its derivatives are scarce, being
limited to three papers. Rapid electron transfer occurs between [Mn(CO)5]~
and V(CO)g, yielding Mny(CO)1g and [V(CO)g]l™ [21]. The kinetics of the
[Mn(CO)5]~ reaction with methyltrialkylammonium ions was investigated in
terms of its relationship to a catalytic methanol homologation reaction [22].
A paper describing gas phase reactions of oxygen with various metal carbonyl
anions including [Mn(CO)5]~ has also been published [23].

Syntheses of [Re(CO)5(H20)]1Y and [Re(CO)3(L)(H20)1Y (Y = BF,, AsFg;

Ly = bipy, dppe, tmen; L = P(OPh)3) were accomplished through reactions of
either ReBr(CO)s or ReBr(CO)3(L), with AgY in CHyCl,. Crystal structure
determinations of [Re(CO)5(H50)]AsFg and [Re(CO)3(tmen)(H,0) 1AsFg were
part of this study which also included an assessment of the equilibrium
between coordination of water and the BF,4~ counterion. The BF4~ ion
competes effectively for a coordination site on the metal with this ligand
[24]. Another example of a complex with water as a ligand is [Re(CO) 3(bipy)-
Hy0]03SCF3, prepared by solvolysis of Re(C0)3(bipy)0SO,CF3. The reaction
of this cationic complex with borohydride gives ReH(CO)3(bipy) [25].

v Complexes with covalently bonded PFg~ ligands (bonded via a fluorine
lone pair) are formed by reaction of [Ph3C]PFg with MnH(CO)s5_,(L),
(L = P(OR)3, R = Me, Et, i-Pr, Ph; n = 2,3,4). If additional ligand is
added to the reaction mixture, these species are converted to cationic
complexes, [Mn(CO)5_,(L)n4+1]PFg [26]. Cationic complexes with nitrile
ligands, [M(CO)3(RCN)3]Cl04 (M = Mn, Re; R = Et, Pr, CHyPh), have been
prepared from MBr(CO)s5 and AgClO; using the nitrile as solvent. The nitrile
ligands in these species are easily displaced by Group VA bases including
NH3 and dien (with manganese) and triphos (using Re). Formation of
[Re(CO)3(NH3) 3]PFg was achieved in a reaction of [Re(CO) 3(n-CgHsMe ) ] PFg
with NH3 [27]. Synthesis of ggz-[Mn(CO)3(CNButXN“N)]CIO4 and other isocyanide
complexes [Mn(CO)3_n(CNR)n+1(NnN)]0104 are reported in another paper [28].
The formation of [Re(CNR);(MeCN)(L)(PPh3),]BF; (R = i-Pr, t-Bu; L = MeCN, py,
CyNHp, t-BuNH3) and [Re(CNBut),(PPh3),]BF, is mentioned; oxidaéion of
one of these speéies gives [Re(CNBu®);(MeCN)2(PPh3),1(BF,)5, a compound of
rhenium(II), which was also the subject of a crystallographic study [29].

Reactions of Re(CO)5FBFj3 with 2-butyne and 2-pentyne produce cationic
complexes such as III which contain methylenecyclobutenes as ligands; See

EQ. 2. The ligand is seen to arise by coupling of two acetylenes [30].



Re(CO)5FBF3 + MeC=CMe ————> [(CO)5Re 1BF, EQ. 2

N\

Reduction of [Mn(CO)4(PPh3)5]* by electrochemical techniques yields
[Mn(CO)4PPh3]~. When the reduction is carried out in the presence of
Bu3SnH, a complex is obtained which, though uncharacterized, is believed
to contain a methyl group bonded to manganese [31]. The synthesis, spectra,
and redox chemistry of [Re(bipy),(C0O),]% and Re(CO)5(PR3) »(bipy) ] are
reported [32]. See also the review article on electron transfer reactions

of mononuclear metal carbonyls [3].

III. METAL CARBONYL HALIDES AND DERIVATIVES

Carbonylation of [ReyCl;(PPhMey)4](PFg)y (n = 0,1,2) in 2-methoxyethanol
produces ReCl(CO)3(PPhMes)) in high yield. More complex reactions of these
reagents occur in other solvents, with products such as ReCl1(C0);(PPhMej;)3
and ReCl3(CO)(PPhMey)3 accompanying the aforementioned species [33].
Reactions of potentially bidentate ligand sﬁecies, thioformamides,
(Ph,PCSNRMe) and the isomeric thioformimido esters (PhyPC(SMe)=NR), with
MnBr(CO)g result in formation of MnBr(CO%§L“L) by carbonyl replacement
[34]. Preparations of dinuclear halide bridged bimetallic species are
described in several papers; products include ReX3(C0)g(PhyE;) (X = I, Br;

E = P, As, Sb) [35], MnsBry(CO)g_,(POP), (n = 1,2; POP is (Et0)POP(OEt)j3)
[36], ReyBry(CO)g[PyMos(C0),(n-CsHg)p] IV, [37], and ReyBry(CO)q[(MePNBut),],
V [38]. Reduction of MnyBr)(C0)4(POP), by sodium amalgam followed by
addition of HY yields an(u-Br)(u-H)(CO)4(POP)2 [36]; and IV reacts further
with additional ligand to give ReBr(CO)3(u-P"P)2ReBr(CO)3 [37]. Crystal
structures were obtained for RepBr(CO0)g(PhySby) [35]1, Mnp(u-Br)(u-Y)(CO)y4-
(POP), (Y = Br and H) [36], for IV, for ReBr(C0)3(u-P"P)yReBr(c0)3 [37],

and for V [38].
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Voltammetric studies have been carried out on mer and fac-ReC1(CO)3-
(PPhMey)2, on mer-ReC1(C0)3(PPh3), and on ReCl(CO),(PPhMey)3 {39]. The
temperature dependence of the lH NMR spectra of fac-ReX(CO)3(MeSZSeMe)

(X =¢Cl, Br, I; Z = -CHyCHy- and 0~CgHs) provides information concerning
barriers of inversion at sulfur and selenium [40]. The complex ReCl(CO)3(bipy)
was found to be an efficient catalyst for the electrochemical reduction of

€0, to CO [41].

Products in reaction of acetylenes with ReCl(dppe)y(N3) are described
in two communications. Terminal acetylenes displace Np from this rhenium
species to give trans-ReCl(dppe);(C=CHR) (R = Ph, COZEt, Et); the structure
of the product from phenylacetylene was characterized by crystallography [42].
The reaction of PhC=CMe with ReCl(dppe)o(Ny) yields an n? complex of
an allene, ReCl(dppe)y(n2-HpC=C=CHPh) [42], in which the hydrocarbon
coordinates to the metal through the unsubstituted portion of allene.

Reactions of ethylene oxide or ethyleneimine with MX(CO)g5 (M = Mn, Re;
X = C1, Br, I) result in complexes with carbene ligands, MX(CO)(COCH»CH;Y),
(Y = 0, NH) [44). It is possible to replace a carbonyl group in
[Mn(c0)3(n-arene)]t by a halide ion photolytically to give MnX(CO)y(n-arene)
(with CgMeg, X = Cl, Br, I; and with mesitylene, X = I) [45].

An unusual compound, Re(0)I(MeC=CMe)j, VI, is formed by reaction of
either ReO31(PPh3}y or Re0I3(AsPh3}y with excess MeC=CMe. Its structure

was ascertained by crystallography [46].

7
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A series of quite unusual manganese(II) species, with formulas
MnCl(tmed)(n-CgHs), (tmed = MesNCHpCHypNMes), [MnX(THF)(n-CsHsMe)]s and
[MnX(PEt3)(n-CgHzMe) |5 have been reported. The first compound is prepared
from MnCly, Na[CsH5], and the amine; its crystal structure was determined [47].
Formation of [MnX(THF)(n-C5H4Me)]2 occurs when Mn(n-MeCp)y and MnX; are mixed
in THF. Triethylphosphine displaces THF from these species, giving
[MnX(PEt3)(n-CsHzMe)],. The structure of the chloride complex was

determined in a crystal structure study [48].

IV. METAL HYDRIDE COMPLEXES

Three papers by Bursten and Gatter [49-51] address the interesting
dichotomy of metal hydrides concerning their acidic or hydridic character in
chemical reactions. Using the Fenske-Hall method of calculation, these
authors show that in anions derived by loss of H' from acidic metal hydride
species (for examplé, [cr(CO)3(n-C5H5)]") there is a sizable HOMO-LUMO gap.
With anions derived from hydridic species (e.g., [Cr(N0O);(n-C5H5)]1~, on
the other hand, the HOMO is destabilized and the HOMO-LUMO gap is narrow.
Calculations on [Mn(NO)(CO)(n-C5H5) ]~ suggested that MnH(NO)(CO)(n-CsHs)
should be intermediate in its properties [49]. This idea was extended to
explain the chemistry of ReH(C0)3(n-CsHs). This species is known to lose
a proton to give [ReH(CO)3{(n-C5H5)]~, but the resulting anion appears to be
a hydride donor rather than a proton donor [50]. The third paper in this
series addresses the trend in acidity of members of several series of
complexes including MnH(CO)s5.,(PPh3), [51].

Other theoretical papers on manganese hydride species provide
SCF-Xa-5W calculations for MnH(CO)5 [52] and address dinuclear reductive
elimination reictions (such as [Mn2H2(00)8]2-+ [Ho1) [53].

Nubel and Brown have described photolytic reactions between Rep(C0)1g
and several olefins which produce u-hydrido-u,nz-alkenyldirhenium

octacarbonyl species VII. EQ. 3.

R

Rey(CO0)19 + RCH=CH; ———> (0OC)4Re « Re(CO), EQ. 3

\H/

N
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A mechanism involving intermediacy of Rey(C0)g(n-RCH=CH5); is suggested.

The products are found to be fluxional at room temperature, with the different
bonds of the p-alkenyl group interchanging between rheniuﬁ atoms. Reactions

of these species with various phosphites, phosphines, and pyridine lead to
elimination of the alkene; with hydrogen Res(u-H),(CO)g and the alkene are
formed. Reactions with other alkenes (R'CH=CH3) lead to exchange of organic
groups in the molecule [54]. A later paper describes another reaction of

these species with alkenes in which the end result is alkene dimerization [55].

The same authors [56] report formation of u-alkynyl complexes
Rep(u-H)(u-C=CPh)(CO)g and subsequent reactions of these species with CO, Py,
PPh3j, and PMe3j. The preparation of this type of complex has also been
reported by another research group [57].

Hydride complexes are formed in reactions involving metal atoms. Co-
deposition of rhenium atoms, in a metal atom reactor, with benzene and an
alkane leads to complexes having the formula (n-06H6)Re(u-H)Z(u-CHR)Re(n-Caﬂe)
(R = Et, Pr, Bult, Cy, others). A crystal structure study defined the
geometry and molecular parameters of one of these complexes (with R = But)
[58]. A metal hydride product, MnH(PMe3)y(n-CgHg), is formed from Mn(g),
PMe3j, and the arene. The same reaction with rhenium produces [Re(PMe3) o~
(n-CgHg)l 2. A series of reactions carried out on the former are portrayed in
the scheme below [59].

Re(g) + L + CgHg L,R’e—R"e\L + Re(CgHs) (L) (n-CgHg)
L L
1) K, 2) Mel “2 H
v
ReI(L)(n-CgHs) 2+
LiAlH, _Re—Re_
v HYE un

ReH(L) 2(n-CgHg)

(L = PMej)

An elaborate sequence of reactions starting with Rep(u-H)4H4L,; (L =
PPh3, PPhsEt, PPhEtjy, AsPh3) is reported; included among characterized
products from these reactions are several dinuclear species containing

ButNC as a ligand [60]. The crystal structure of one of these products, VIII,
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is described in another paper [61].

t
Buy . .
< H_ H - CNBut
L. N .
el
RPN

(VIII, L =PMe,; PFg sait)

Preparations of MnH(SiHPh3)(CO)(L)(n-CsHsMe) (L = PR3 with R = Me, Bu,
OPh, OEt) were achieved by photolysis of Mn(C0)9(L)(n-CgHsMe) with
PhySiH, [62]. Synthesis and structure of (-)-MnH(SiPhMeNp)(CO)q(n-CsHyMe)
were reported by another group; the paper describing this work aiso reports
synthesis and some chemical reactions of MnH(GeR3)(CO0)2(n-CsHg) [63].

Photolyses of Rep(C0)1p and RCHO (R = Me, Et) gives Re3H3(CO)j5 as a
primary product, along with a small amount of Rej(p-H)(u-RCO)(CO)g; the
structure of one of these species, IX, was ascertained crystallographically
[64]. Photolyses of Re3H3(C0)1p and PhC=CPh yields Rep(CO)1g, ReH(CO)s,
and three other complexes Re3(C0)7(PhC=CPh)y, Rep(C0)5(C4Phy)(PhC=CPh) and
Rep(C0)4(CgPhg) (PhC=CPh). Structures of the last two were also determined [65].

Continuing study of reactions of [Re3(u-H)4(C0)10]l~ has produced several
new species including Re3H3(C0)19(L), (L = CO, MeCN, PhCN) and Re3Hs(CO)1g-
(nS-C7H9). The latter was the subject of a crystal structure study [66].
Reaction of Re3H3(C0)19(PhCN); and [BusNlOH yielded BusiN[Re3H3(CO)jig-
(u,n2-0CPhNH)], whose structure was ascertained by crystallography [67].
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A product Et;N[Re3H3(C0)1g{n4,n2-NOIRejH3(CO)1g] was prepared from
Et4N[Re3H4(CO)1g] and NOBF4; its structure was also determined [68].

Mechanistic features of reactions involving C-H bond activation by
ReH7(PCy3)y are presented with ReH5(PCy3)) being implicated as an
intermediate [69]. Double bondbisomerization and hydrogenation reactions
are catalyzed by MnH(CO)4(PPh3) and also by Mn(Me)(CO)4(PPh3), the latter
by virtue of its reaction with D, under photolysis to give MnD(CO),(PPhj)
[70). Gas phase pyrolysis of MnH(CO)5 with 13¢0 is described [71].

Various bimetallic species with M-H-M' structural units are encountered

including (n-Cs5H5)(CO)Mn(u-HINb(CO)(N-C5H5)9 and its tantalum analogue [72],

(CO)4Mn(p-H) (u-PPhy)Fe(CO)(n-Cs5Hg) [73], and (CO)gMn(u-H)(u-Ptoly)Mo(CO) 4~
(n-CgHs) [74,75]. Crystal structures were obtained for the Nb-Mn and Fe-Mn
compounds. Deprotonation of (CO)4Mn(u-H)(u-Ptoly)Mo(CO)5(n-CsHs) can be
accomplished wusing KOH; the anion thus formed can be protonated with
HBF, [74,75]. Deprotonation of Mny(u-H)(u-PPhy)(CO)g is more difficult,
apparently, but is achieved using NaBH,. The anion produced can be isolated
as a PPNt salt, on which a crystal study was carried out. Reactions with
cu(PEt3)3%, Ag(PEt3)*, and with Au(PPhMe,)* (giving X, the subject of a
crystallographic study [76],) and with PhHgCl and HgClg [77] are noted; the
new metallic group ends up in a position bridging the two manganese atoms

as shown in the example below.

o] o]

o € B2 S o
c.l "~ 1 €
/Mn Mn\
oC” | ~au” L Co
C | C
O pphn ©
Me;

(xX)

The preparation, structure, and reactionsoanz(u-H)[u-P(NPrzi)Z](CO)B
are noted [78]. The reaction of ReH(CO)3(bipy) and €Oy occurs slowly with
heating but rapidly under photolysis, giving Re(CO,H)(CO)3(bipy) [25).
Mention was made earlier in this review of Mnj(u-H)(u-Br)(C0)4(POP), [36].
A thesis (abstract) concerned with large rhenium carbonyl clusters has

appeared [79].
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V. COMPLEXES WITH CARBON LIGANDS

Halogen exchange between BXj3 and Mn(CO)5CH,F3., provides access to a
large variety of halomethyl complexes having formulas Mn(CO)5CH,X3_y4
(X =¢1, Br, I; x =1, 2, 3). Similarly, M(CO)5CF3CF3 undergoes halogen
exchange to yield M(CO)5CXyCF3 (M = Mn, X = Cl; M = Re, X = Cl, Br) [80].
It is possible to convert Mn{(CO)5CBr3 to Mn{(CO)5CH,Br3.y (x = 1,2,3) in
reactions of this species with Bu3SnH [81]. See also a thesis which includes
this work zlong with other studies on reactions of MnMe(CO)5 and Lewis
acids [82].

Preparations of Mn(CO)5CHyR (R = the phthalimide and -CsH4Re(CO)4[84]
groups) have been carried out by standard procedures starting with RCH2X
and Na[Mn(CO)5]. Preparation of a series of complexes Mn(CO)5_,(L),C3CR
(R = H, Ph; L = CNBut, PCy3; Ls = dppe, bipy; n = 1,2) was achieved by
substitution of carbonyl groups in Mn(CO)5C=CR. One of these species,
Mn(C0),4(PCy3)C=CPh was shown to form a complex via the acetylene unit
with dicobalt octacarbonyl. The structure of this species was determined;
it resembled dicobalt carbonyl complexes with other acetylenes [85].

The reaction of Mn(Me)(CO)5 with either bicyclo-2,2,1-heptene or
cyclopentene in the presence of CO occurs with addition of MeCO- and the
metal group to the double bond in the hydrocarbon [86]. Carbonyl loss and
dimer formation is encountered when Mn(CO)5(0-CH9CgH4NC) is heated [87].
‘The complex Mh(CO)APthocHRéHR can be isolated as a product when MnBr(CO)4-
PPhOCHRCHRC1 is treated with sodium amalgam. Numerous reactions were
carried out on this species including CO and SO; insertion into the metal-
carbon bond and cleavage of the organic group with HCl. When heated, olefin

is eliminated and [(CO)4MnPPhy0], is formed; the rates of this reaction was

measured [88]. This chemistry is summarized in the scheme below.
o~ © o~ € ¢
cJ O Cc._T _PPhO Oc 1 _PPhOH
oc” I er C/'\Idn\CHRCIHR min
~
PPh,OCHRCHRCI o~ ¢ ot ¢ T
/ @] \ O
e)
oc_§ _penyo ' 2 2
| 2 O,
~, . - PPh,O
o LT WTTE e ] e [ co
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Carbon dioxide inserts into the metal-carbon bond in ﬁh(CO)4(PPhZCH26H2)
giving Mn(CO)4PPh,CH,CH,CO0 [89]. Various MoR(CO)s5 species (R = Me, CHpSiMejy,

Ph, Np) react with PhyPSiMe3 to give XI; These complexes hydrolyze on silica

gel to form acyl-metal complexes in the manner shown below, EQ. & [90].

o} o}
o ¢ o o~ € co < 5
(SN Sio CL T S T _c
~ -~ 2 ~
C/;\IAn\C/OSIMe3 H*ZO> OC/'\IAn\C/OH —_— oc/l\ldn\CR EQ. &4
o PRP-"NR PhP-" g PhPH i
(XI)

Acyl-metal complexes are also formed by ‘insertion of aldehydes into the

metal-silicon bond in Mn(SiMe3)(CO)5 in the presence of CO, EQ. 5:
Mn(SiMe3)(CO)5 + RCHO + CO > Mn(COCHROSiMe3)(CO)s EQ. 5

Similar.products, i.e., siloxyacyl-manganese carbonyls, result when cyclic
ethers are substituted for an aldehyde in this reaction [91].

Complexes with the formula M(CECCBuy®C1)(C0O)5 (M = Mn, Re) have been
shown to hydrolyze to M(C=CCBuytOH)(CO)s5. The preparation of these species
involves an initial reaction of Mz(CO)1g with [CECCBU%O]Z- followed by
treatment of intermediate species with COCly. Accompanying the indicated
products is a second product, MZ(CO)Q(C=C=CBU2t). In the rhenium species
the C=C=CBu2t ligand coordinates as a terminal ligand, but with the
manganese complex XII this group bridges two metals; this structure was

verified by crystal structure study [92].
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The reaction of Mn(CHPh),(THF) and oxygen produces Mnz0,;(OH)4(OCHoPh),
[93]. Infrared spectra of M(Me)(CO)5 (M = Mn, Re) are the subject of a
study whose concern is with the methyl group's geometry and rotation [94].

Cited previously in this review are references to (CO)4ﬁn-CGH4-§C5H2He2Ph,
an orthometallation product [16], Re(Ph)(PMe3},(n-CgHg) [59], an unidentified
methyl manganese complex formed by electrochemical reduction of
[Mn(CO)4(PPh3)9]t in the presence of BujSnH [31], and the use of
Mn(Me)(CO)4(PPh3) as a catalyst for hydrogenation and isomerization of
2-butenes [70].

Stabilization of various formyl-metal species, including [ReX(CO)4CHO]™ -
(M*) (X = MeCO, Br), [Mnp(CO)9CHOIK and Mn(CHO)(CO)3(PPh3);, can be
accomplished by addition of Buj3SnH; this material hinders a radical chain
decarbonylation process which forms the corresponding metal hydride [95].
Stable manganese formyl complexes mer, trans-Mn(CHO)(CO)y[P(OPh)3]3 and
mer,trans-Mn(CHO)(CO)3[P(OPh)3]5 can be prepared by reduction of the
appropriate cationic manganese carbonyl species with K[BH(OPr1)3]; a
crystal structure study was carried out on the latter product [96].

Single crystal x-ray diffraction and (in one example) single crystal
time-of-flight neutron diffraction techniques were used to affirm the
anticipated structures of PhC(NH5)5[Re(COCH3)2(C0)s4] [971, Re(CO)4(COMe)-
(CMe=NH)BPhC1 [98], and Re(C0),4(COMe)pH [99]. Compounds KIII were prepared
by deprotonation of M(C0),(COMe)(COR)BF, (M = Mn, Re; R = Me,Pri); the
structure of one of these products was determined [100). Similar reactions
starting with Re(CO)3(COR)3BX (X = Cl, F, R = Me,Pri) yield complexes with

structure XIV [101]. Some of this work is contained in a thesis [102].

O Q Me
C Me ~(
OC_ AV ~o-BF2 OC\'!-(,e/JMe\O
- P |
o7l TR o 120
R N
(XIII, M=Mn,Re; R=Me,Pri) (XIV, X=CI,F)

Reactions of various species of the formula HNCHZ& (X = CRy, NH, 0)
with MnH(CO)4(L) (L = CO, PPhj3) yield (co)3(L)MnCOCH2x?m2 [103]. Somewhat
T
similar complexes, (CO);ReCONR’CR=NR', (R = H, Me, Ph; R' = several aryl

References p. 111



96

groups), are obtained in ReX(CO)s + Li[R'NCRNR'] reactions; heating these

! t .
species gives two products, (CO)4ReR'NCRNR (from decarbonylation) and an
orthometallated species [104]. The carbonylation reactions shown below
(EQ. 6) were carried out, with the trimethylsiloxy reaction being slower
by a factor of sixteen [105]. Formation of Re(CO)3(bipy)COH was referred

to earlier in this review [25].

8 H Q H
2
OC\I ~N OC\? /NZ
C’/ﬁdn\\ + CO B e ——. //ﬁAn
CH ~
O~ ¢ j c G
O OR O
(R=H, SiMe3)

EQ 6

Other complexes having carbon containing ligands to which earlier
———_
reference has been made include ReCl(dppe)y=C=CRy [42], MX(CO),(COCHCH,Y]
{441, Rep(u-H)(u-CHR)(n-CgHg)y [58], Rep(u-H)(n-MeCO)(CO)g [64],
BugiN[Re3(u-H)3(u,n2-0CPhNH) (CO) 19} [67]; see also a paper on C-H activation
using ReH7(PCy3)o [69]. Two papers [106,107] referencing carbyne units

bridging dissimilar metals are discussed further in Section VI.

VI. DERIVATIVES OF METALS AND METALLOIDS

Initial coverage in this section is directed to dinuclear and poly-
nuclear complexes with two different transition metals; this will be followed
by a survey of Mn and Re complexes with lanthanoids. After this, references
to derivatives of main group elements are presented. Overall, the activity
in this area seems to have expanded substantially in the last year.

Two research groups have published reports of a complex trans-Pt(CO)g-
[Mn(CO)5]3. Braunstein et al. [108,109] prepared this species by displacing
benzonitrile in Pt(PhCN)3[Mn(CO)5]l, by CO. Shapley et al. [110] prepared
this species and also the rhenium analogue from the reaction of
PtMe,(COD) and MH(CO)s5; an x-ray diffraction study provided structural
information on the rhenium complex. A thesis containing this work is also
noted [111].

Preparation of PdPtMn3(CO)g(dppm)y was accomplished by reaction of
Na[Mn(CO)5] and PdPtCl3(dppm)s [112]. Dinuclear palladium-manganese species



MnPdX(C0)3(dppm)s (X = Cl, Br, I) are formed from the reactions of MnX(CO)s,
Pd(dba), (dba = trans,trans(PhCH=CH),CO) and dppm. The bromide species was
the subject of a crystal structure study (XV). ‘The exchange of the halide
ion using several other anions was also reported [113]. A product of the
reaction of Na[Mn(CO)5] with RhC1(PPh3)3, has been characterized; it has the
formula MnRh(CO)3(u-C0)2(PPhjy)s and is assumed to contain a manganese-rhodium
double bond [114]. A cobalt-manganese complex, XVI, was prepared from
Na[Co(NO){(n-C5H5)] and [Mn(NO){(CO)(PMe3)(n-CsH5)]PFg and its structure
determined [115]. Reactions of CoMn(CO)g with several acetylenes yielded
MnCo(CO)7(RC=CR) (R=Et, Me, Ph) [116].

PhP o PPh
2] €O T2 o
OC—/—Mn—Pd—Br /N /

OCP L ] —Co -—-—\—Mn\
M2 \/Pth ™~ 8/ PMe5
(XV) (XVI)

Extensive study has been accorded to products formed in a reaction
sequence originating with (CO)5ReW(CO)4=CtolP. Reduction of this species
using K[BHBu3®] followed by metathesis with [PPN]Cl affords PPN[(CO),Re-
(u-CHtolP)W(CO)5] (structure determined). Reactions with phosphines and
phosphites produced a series of derived species; two, (CO)3Re(p-CHtol)(n-CO)-
(p-dppm)W(CO)3 and (CO)3Re(u-tolCHCO) (u-CO) (u-dppm)W(CO)3[P(OMe) 3], were
characterized by crystallographic methods [107]. The compiex (n-Cg5Hs)(CO)Mn-
(1-HCOCO7Me)W(CO),, has also been mentioned; it is formed in the reaction
between Mn{C=CCOyMe) (€0)3(n-C5H5) and W(CO)5(THF) [117].

Reactions of W(Ctol)(CO)3(n-C5Hs) with Rep(CO)1p yields RepW(u3-Ctol)-
(c0)19(n-CsHs). The tungsten species also reacts with ResBra(CO)g(THF)y to
give ResW(u-Br)y(u-Ctol)(CO)7(n-CsHs) and with ReBr(C0)3(MeCN); to give
ReW, (u~Br) (up-Ctol) (u3-Ctol) (u-C0)(c0)3(n-CsHg)y which is found to oxidize
readily in air to a u-oxo species ReWy(u-Br)(uy-CR)(u3-CR)(u-0)(C0)3(n-CsHs).
Structures of the last two complexes were determined crystallographically
[106].
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Reference to formation of (n-CsHs)(GO)oMo(u-H)(u-ProlMn{CO)y4 and to
deprotonation of this species were given earlier in this review [74,75]. Also
cited earlier was a paper on (n-Cs5Hs5)2(COYM(u-H)Mn(CO)9(n-CgHg) (M = Nb, Ta)
f72].

The species (n-C5H5CrSBut)ZS is a precursor to several chromium-manganese
complexes. 1Its reaction with either Mn(CO)(THF)(n-CsHs) [118] or
Mn(n-CsHg)o [119] yields [(n-C5H5Cr)g(up-SBu)(u3-5)2]loMn, while reaction
with Mny(CO)1p gives (n-CgHgCr)g(u~SBut)(u3-S)oMn(C0)3 [120]. Structures
of both species were obtained in these studies.

Bimetallic and polymetallic complexes of iron group metals with either
manganese or rhenium include (n-CgMegMn)Fe;(u-C0)9(n3-Te)(CO)q, XVII [120]
and a structurally analogous compound with sulfur instead of tellurium and
the methylcyclopentadienyl ligand instead of the pentamethylcyclopentadienyl
group [122}. Structures were determined for both species. Formation of
ReRu3(u-H)(n3-PPh)(CO)11(MeCN), XVIIIL, from [Ruz(n-H)(u3-PPh)(CO)g) and
[Re(CO)3(MeCN)3]+ is noted [123]. A thesis reports on various ruthenium-

manganese cluster species (and other clusters as well) [124]. The complex

Ph
Te P
©CHFe T\ FelCOl, (OC)LRu 4’1:\7- Ru(CO)3
& —=mr° }?/u(coh
@ Re(CO),(MeCN)
(XVID (XVIID

(n-C5H5Mn)0s 3(u-H) (u-CO) (1p-CH=CHPh)(CO)1; has been prepared and structurally
characterized [125,126] as has the species ReOs3(u-H)(u,n2-C=CPh),(CO) 14
[127].

Various gold(I)-metal complexes including [(CO)sMnAuMn(CO)5]~ have
been prepared; their syntheses are carried out from reaction of R4N[AuXj]
with metal carbonyl anions [128]. Complexes with copper, silver and gold
[76] and mercury [77] atoms bridging two manganese tetracarbonyl units have
been described earlier. The formation of [HgRe(CO);(n-CsHs5)], and a
description of its structure have been published [129]. A ytterbium complex,

(CsMes5)»YbMn(CO)5, was prepared; it has a polymeric structure [130].
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Interest in complexes between manganese and rhenium and elements in
periodic groups III and IV has faded in the last year. One boron containing
complex, Mn(n-C3H3BMeNBut)(C0)3, has been reported [131]. Reference to
complexes with silicon-manganese bonds is limited to four citations. Three
were given earlier: two were on MnH(silyl)(C0);(n-CsH5) species [62,63]
and one on reactions of Mn(CO)5SiMe3 [91]. The remaining reference [132]
concerns reactions of K[Mn(MPh3)(CO)3(n-Cs5HzMe)] (Me= Si,Ge,Sn) with alkyl
halides (MeX, EtX, PhCH5X), giving Mn(R) (MPh3)(CO)(n-C5HsMe). The complex
K[Mn(GeH3)(CO)2(n-CsHs)] was prepared from K[GeH3] and Mn(CO)z(THF)(n-CsHs)
[133]. This species was used as a precursor to [{(n-CgHg)(CO),Mn]oGe and
[(n-Cs5Hg)(CO) Mn]3Ge [134]; the latter species was the subject of a crystal
structure determination. Two papers describe M»(CO)g[u-SnXM(CO),(PPh3)],
species (M = Mn, Re, X = Cl, Br, I) in a study which includes reports of

two crystal structures [135,136].

VII. COMPLEXES WITH GROUP VA AND VIA LIGANDS

This section collects references to species with specific Group VA
and VIA ligands (but choosing to exclude substances containing ligands that
function as simple two electron donors). Some of the references for this
section have already been presented in conjunction with other topics,
including the following: references to phosphido bridged (uz-PRp) species
[73-78,123,124]); references to bridging sulfido, u3-S, and to one n3-Te
species [118-122]; a reference to a radical species (cO) gMn(BETS) [19];
and a reference to a review article on complexes with -RpPS- units [4].

Bis-pyrazolylgallium complexes act as bidentate ligands to rhenium in
the complex Re(CO)4(pzyGaMes) (pz = NCRCHCRN, for R = H, Me). Analogous
species R&(CO),(pzGaMeoOH) [137] and M(CO)3(pzGaMe,XCHoCHpY) (M = Mn, Re;

X =0, S; Y = NHyp, NMez) have also been reported [138]. In the latter,
the tridentate coordination to the metal is from a pyrazolyl nitrogen
and the X and Y donor nuclei; a crystal structure was determined for ome
of these latter species.

Hydrolysis of Mn(CO)5P(05CgHs)o gives Mn(CO)5PO(0-0CgH4OH) 7 which can
be converted to Mn(CO)sPO(0,CgHs), see the scheme below. Structures of both

products were ascertained [139,140].
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A reaction between MnBr(CO)g and RpNP(=NR),; (R = SiMe3) yields

MB(CO)3(RNPBrNR2kR), a 16e species; this complex adds CO at low temperature
but loses it as the temperature ig raised. The structure of

Mn(CO) 3 [RNP(OPh) (NRyINR] (R = SiMe3) was determined; conversion of the
former species to this complex occurs with addition of phenoxide ion [141].

Photolysis of Mny(u-PPhp)3(CO)g leads to CO loss and formation of
Mny(p-PPhjy) 2(p-C0)(CO)¢g (structure determined) [142]. Reactions of
Mny(u-PPhy) (u-n2-CR=CHR)(CO)g (R = H, Ph) with NaBHs;, CNBu' and PEt; have
been carried out. Structures for three products were determined crystallo-
graphically and are reported in the indicated paper; these have the formulas
PPN [Mn, (p-H) (u-PPhg) (p-PhCH=CPhCO0)(CO)g], Mny(u-PPhjy)(r-PhCH=CPhCO)(CO)g-
(CNBut)y, and Mny(p-PPhyCOCPh=CHPh)(CO)g(PEt3). Other complexes identified
in the hydride reaction include the anionic species [Mny(u-PPhy)(CO)gl~
and [Mny(u-H)(u-PPhy),(C0O)gl~ [143].

Reactions between [(CO)4MnSPRy]}5 (R = Me,Ph). and PhNCS have been des-
cribed; the structure of the product, Mny(u-SPPhjy) (u-PhpPSCSNPh) (CO)q, XIX,
was ascertaineﬁ through a crystallographic study [144]. The complex
Mny(u-MePS)(CO)g, XX, obtained from the reaction of MePSCl,, Mey(CO)1g, and
Mg, was also characterized crystallographically [145].
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The PhyPO ligand group, coordinated through phosphorus, is encountered in
the complex [Mn(CO}4(PPhy0)9]1~. This anionic species is formed by deproton-
ation of Mn(CO}4(PPhy0))H which was obtained, in turn, from the reaction
between Nas[Mn(CO)4PPhs] and S02Cls. It was the subject of a crystal structure
study [146]. The compounds Mp[p-(Et0)7P0]2(CO)g (M = Mn, Re) are formed
by photolysis of M3(CO)y1g and Hg[PO(OEt)s], [147]. A similar species,

Mny(u-Ph3P0)7(C0)g, forms on thermal degradation of Mﬁ(CO)4(PPh200HZCH2) [ss].

The NMR spectrum of a phosphole complex, Mn(CO)3(n-3MeG4H3P), is the
subject of another study [148].

An arsenic complex, [(n-C5Me5)Mn(CO)5)9AsH, can be obtained from the
reaction of Mn(CO0)(THF){(n-CsMes) and AsH3. Heating converts this species
to Mng(n-4s2)(C0)4(n-C5Me5);. Structures of both species were determined.
Using Mn(CO)(THF)(n-C5H5), a different complex was obtained in a reaetion
with’AsH3; it has the formula Asz[(n-C5H5)Mﬂ(CO)2]4 [149]. The antimony
complexes [(n-CsH4Me)Mn(CO),]78bBr (structure determined) and [(n-CsHg)-
Mn(CO) 7] 25bC1l were prepared and characterized [150].

A most interesting series of rhenium complexes with oxo ligands has
been the subject of recent, intensive study. Oxygen reacts with Re(CO),-
(THF) (n-C5Mey) to give ReO3(n-CgMes) [151,152]. This species was then found
to undergo numerous reactions [152,153] which are outlined in the scheme
below. Structures of compounds XXI [152] and XXTI-XXIV [153) were

determined crystallographically.

I
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In a related study, photolysis of Re(CO)3(n-CsMes) in THF was shown
to yield two compounds, in addition to ReO3(n-CsMes). These are
{(n-CsMesRe}2(u-0)(€0);4 and (n-CsMesRe)(CO)902; both are converted to
Re03(n-CsMes) if the reaction is continued [154].

In ethanol, indenylrhenium tricarbonyl and hexamethylenetetramine react
to yield [HMTA-Mel* [Re;(u-OEt),(p-OMe)(CO)g]~; the molecular structure of
this species was determined [155). The complex Re(C0),(PPhj3)jy(sal) (sal
is the anion derived from salicylaldehyde) is formed from ReC1(CO)3(PPh3)j
and Li[sal] [156]. Anionic manganese and rhenium tricarbonyl species with a
P3093~ ligand are described in a thesis [157].

One of the more interesting results in the past year is found in a paper
describing Mn(CO),(RSH)(n-C5H5) and a product derived from oxidation of this
species. The indicated complex, obtained from Mn(CO),(THF)(n-C5Hs) and a
mercaptan, reacts readily with oxygen to give a violet complex Mn(SR)(CO);,-
("'CSHS) in which the metal has, formally, a 17 electron configuration. The
molecular structure of one such complex, Mn(SBut)(CO);(n-CsMes), was determined
by crystallography [158].

The complex fpCSsRe(CO)s5 (fp = Fe(CO)3(n-CsHs)) can be formed from
[£pCS5]~ and ReX(CO)5. Methylation of this species yields fplc(sMe)sRe(co) 5],
treatment with Mn(CO),fHF)(CsHs) leads to fp[c(SMe)SMn(co)z(ﬁ-c5H5)] [159].
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Another paper [160] reports the reaction of fpCSpRe(CO)s with [fpCS]Br. This

reaction gives [fprC(SRe(CO)5)Fe(CO)(n-C5H5)S]Brwhich was isolated and its
structure determined.

The thiophene complex, [Mn(C0)3(n-C4H4S)]035CF3, is formed from
Mn(03SCF3)(C0O)s5 and thiophene. It is very reactive with nucleophiles such as
CN™, giving products resulting from attack at a carbon atom of the hetero-
cyclic ring [161]. The reaction between Re(CO)(THF)(n-CsHs) with Sg (or COS)
leads to a series of products: Re(C0)3(83)(n-CsHs), Rez(u-8)(C0)4(n-CsHg)y
and Rep(uy-82)(u-53)(C0)9(n-CsHg)y. Molecular structures were obtained for
the last two species [162]. A complex [(n-C5Mes5)(CO)9Mn];Te has been
prepared (structure determined.) This species reacts with RyC=N; to give a
product in which the carbene group derived from the diazo precursor bridges

manganese and tellurium [163].

VIII. DERIVATIVES OF M(CO}3(n-CsHs) AND [M(NO)(CO)s(n-CgH5)]+

The task of assembling references in this section will be simplified
by listing compounds (or topics) mentioned earlier, along with appropriate
references. Even so, the list of references in this area left to be
identified remains extensive. Compounds cited here previously include:
MnH(CO) (NO)(n-C5Hg5) [49]; ReH(CO)5(n-C5Hs) and [ReH(CO)p(n-CsH5)]™ [501;
MnH(SiHPh,)(CO) (L) (n-C5HzMe) [62]; MnH(SiMePhNp)(CO))(n-CsHyMe) [63];
(n-Cs5Hg) 2 (COIM(u-H)Mn(CO)5(n-C5Hs) (M = Nb,Ta) [72]; Re(CO)3(n-C5H4CH X)

(X = €1, Mn(CO)5, -(n-C5HyRe(CO)3) ) [84]; (CO)4W(u-HCOCOOMe)Mn(CO)o(n-C5Hs)
[117]; (n-CgMes)MnFe,Te(CO)g [121]; (n-CsHyMe)MnFeoS(CO)g [122];
(n-Cs5HgMn)Os3H(p-CH=CHPh)(CO)14 [125, 126]; [HgRe(CO)(n-CsH5)l4 [129];
Mn(R)(MPh3)(CO)(n-CsHzMe) [132]; K[Mn(GeH3)(CO)3(n-CsH5)]1 [133];
Ge[Mn(CO)3(n-C5H5)]3 [134]; products of Mn(CO)(THF)(n-CsRs) + AsH3 [149];
XSb[Mn(CO)5(n-CgHg) ]y [150]; Mn(RSH)(CO)9(n-C5Hs) and Mn(SR)(CO)9(n-CsMes)
[1581; £pC(SMe) 5Mn(CO) 2(n-C5Hg) [159]; products of Re(CO)o(THF)(n-CsHs) + Sg
[162]; and Te[Mn(CO)2(n-CsMes)ly [1631].

The synthesis of Mn(CO)3[n-C5(COsMe)s5] has been accomplished by
reaction of MnBr(CO)s5 with K[C5(COpMe)s]. This is one of only a few
complexes with a pentasubstituted cyclopentadienyl ligand with substituents
other than hydrogen or a methyl group. Reactions of this species with
several phosphines were carried out [164]. It has been determined that
Mn(CO)2(THF) (n-CsMes) loses CO spontaneously at room temperature, forming
(n-Cs5Me5)Mn(1-CO) 3Mn(n-CsMe5). A crystal structure study on the product
revealed a very short metal-metal distance of 2.170 Z, in accord with the

formulation of a triple bond between metals in this dimer [165].
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A few new derivatives of Mn(C0)3(n-Cs5Hs) in which one carbonyl has been
replaced by another ligand have been reported in the literature. These
include NEt,[Mn(N3)(CO)5(n-C5Hs)] [166], Mn(CO)5[PH(NPryi),](n-CsHs) [167],
(n-CsMe5)Rh(CO)Me oPPMe sMn(CO) 2( n-C5Hs) [168],

[ (n-C5MesMo) 9S4 1Mn(€0) 2(n-C5Hs) [169], n-Cs5H5MNn{(CO) 9L IMn(CO){n-C5Hs)
with L°L = 4,4'~bipy and other bidentate nitrogen donor ligands [170},
p-C=CHCgH,CH=C [171}] and 1,4-pyrazine [172]. The last listed compound is
of interest because it can be reduced to a radical anion for which ESR data
can be obtained. Complexes of the form Mn(CAry){(C0),(n-CsHzMe) are obtained
by reactions between Mn{(CO)y(THF)(n-CgHsMe) and AryCN; (Ar = aryl groups).
These species add CO which assumes a bridging position between the
carbene carbon and the metal. The structures of two new complexes are
reported in this study [173].

Reaction between Mn(CO0)3(n-CsHs) and triphenylcyclopropene yields the
complex Mn(CO)(n4-C3Ph3CO)(n-CSH5) with structure XXV [174]. Another diene
derivative, XXVI, arises out of the reaction between Me3§iCH=CH-CH=CHMe and

Mn(C0)3(n-CsHgMe) [175].

= |

| SiMe
M Mn 3
Ph Me\\

(XXV) (XXVI)

Addition of HX (X = Cl, Br, BF;, CF3C03) to divalent carbon ligand
in Mn(C0)5(C=C=CRy){n-CsHs5) (R = Ph, Buf) converts it to a carbyne group.
A crystal structure determination was carried out on one complex
[Mn(ECCH=CPh3) (CO)2(n-C5H5) 1BF;. Hydride reduction of these species
produces Mnp(u-C=CHR')(C0)4(n-C5Hs5)p [176]. A reaction of PPhj with the
same precursor gives Mn{(CO),(CPPh3=C=CPh;)(n-C5Hs5) (structure determined)
[177]. A reaction of Mn(CO)3(n-C5H5) with the ylide Me3PCHSiMe3 results
in formation of Mn(CO)9(CHSiMe3PMe3)(n-C5Hg). Other reactions were also
reported in this paper [178].
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Preparations of Yb[n-C5HzMn(CO)3]s [179] and Mn(CO)3[n-C5H4Fe(CO) -
(n-C5H,COoH)] [180] have been carried out. Crystal structures of two
complexes Mn(CO)3[n-C5H4Fe(CO)(L)(C5H5)] (L = CO, PPh3) were completed
[181]. ©Low frequency IR and Raman spectrometry [182], mass spectrometry
[183], ion-molecule reactions with a crown ether [184] and NMR in nematic
crystals [185] of M(CO)3(n-CsHs) are other subjects under study. The
crystal structure of Mn(CO)9(CPhy)(n-Cs5Hs) has been determined. Of interest
here is the conformation of the carbene fragment and comparisons of
structural parameters with those of the isoelectronic species Cr(C0)(NO)-
(CPh3){(n-CsHs) [186].

A crystal structure study on {Re(CO),(NHNMeCgHsMe)(n-Cs5Hs)1BF, provides
the molecular geometry of this species. In solution this and other hydrazido
complexes exist in two stereoisomeric forms which are found to interconvert
by rotation around the nitrogen-nitrogen bond [187]. This work and related
studies are also contained in a Ph.D. thesis [188].

Five papers on various cyclopentadienylrhenium nitrosyl cations have
appeared, three from the Gladysz group. One reference [189] identifies
retention of metal stereochemistry in cleavage of the rhenium-carbon bond
in Re(Me)(NO)(PMe3)(n-CsHs) by acids. In reactions with halogens, however,
the metal stereochemistry is lost [189]. A second paper [190] examines
the carbene complexes [Re(CHAr)(NO)(PMe3)(n-CsH5)]PFg (Ar = Ph, o-tol, Mes)
with respect to the conformatién of the carbene group; NMR techniques were
used to study rotation around the carbon-metal bond in these species. In
the third paper [191], there is a report on the interesting reaction
sequence shown below. Deprotonation of the cyclopentadienyl group in the
starting material is followed by migration of an acyl group from the metal;

the sequence is completed by alkylation at rhenium.
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Deprotonation of ReH(NO)(CO)(n-C5H5) has been shown to occur using n-Buli
in TMEDA at -40°. The anionic species was then allowed to react with MeX,
Me3SiCl, or COp/HF to give Re(R)(NO)(CO)(n-CsHs5) (R = Me, SiMey,or COpH)
{192]. Reactions of [Re(NO)(PPh3)(CH;)(n~-C5H5)]PFg with PPh3Se or KSeCN
yield two products, Re(CH3X){(NO)(PPh3)(n-Cs5Hs) (X = CN, Pphg) and
[Re(NO)(PPh3) (no-CHy=8e)(n-C5Hs) |PFg; the latter was the subject of a

structural investigation [193].

IX. OTHER HYDROCARBON-METAL COMPLEXES

Organization of this section is based on size of the hydrocarbon ligands.
First considered are complexes of alkenes and acetylenes (n2); then progress
is charted through complexes with ligands of increasing size, n3+nb,

Most references to complexes having nz-alkene or acetylene ligands have
already been encountered in this review in other contexts. This includes
references to: n2-methylenecyclobutene complexes [30]; ReCl(dppe)s,-
(n2-32C=C=CHPh) [43); ReI(0)(n-MeC=CMe)y [46]; several dirhenium carbonyl
complexes with m,n2-alkenyl and alkynyl groups [54-57]; complexes derived
from ReqH3(C0)1p and PhC=CPh [65]; and olefin hydrogenation and isomerization
catalyzed by MnH(CO)4(PPhj3) [70]. In addition to these references, there is
also a report of the synthesis of ReH3(n-CjHg4)p(PR3)p and its hydrogenation
to ReHg(n-CoHg)(PR3)y (PR3 = P(c-CsHg)3 and PPhPr%) [194], and the synthesis
of XXVII, drawn below. This species is the product of photolysis of

Mny(C0)1p and allene at low temperature [195].

v4:=:=:<:
Oc__ M/n/CO\C‘ @Mn(CO):,
oC7T T~ I n/co I\ldn/
% Oc/cl ~co OC/ \oco
e (@
(XXVII) (XXVIIT)

A study related tc that just cited, by the same authors, involves
photolysis of Mn(C0)1g with trans,cis-2,4~hexadiene. 1In addition to three
compounds with n3-hexeny1 ligands, product XXVIII is also obtained. The
structure of this species has been confirmed by a crystallographic study

[196]. Note also that one of the products from the Re3H3(G0)j5-PhC=CPh

reaction [65] has a structure similar to XXVIII.
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A rhenium-diene complex is formed when ReH7(PPh3); is heated with
propene. Photolysis converts the mixture of reactants and products to
ReH(n3-C3H5)2(PPh3)2 [197]. Extensive study is accorded to diene-rhenium
species, ReH3(n4-diene)(PPh3)2. An NMR study indicates fluxional behavior
for the hydrocarbon unit [198]. The crystal structure of ReH3(n%*-CgHg)(PPh3),
was determined [199]. The ESR spectrum of Mn(n%-C4Hg)o(PMe3) in a host
matrix of the diamagnetic iron analogue has been observed. This shows that
in the manganese species the unpaired electron resides primarily in the d,2
orbital [200,201].

Complexes with n’-pentadienyl ligands include Re3H2(C0)1g(n>-CyHg),
mentioned previously in this review [66]. The complex Mn3(n5-3-Me05H6)2 is
described in a thesis [202]. Phosphines add to Mn(CO)3(n3-CgHy) at room
temperature to produce Mn(CO)3(L)(n3-CSH7) (L = PMej, PPhMes, PBuj). The
structure of the PMe3 adduct was verified by crystallography. If the
reaction mixture is heated (cyclohexane, reflux) carbonyl loss occurs to
give Mn(CO0)5(L){n5-C5H7) [203]. Cycloheptadienylmanganese complexes are
formed upon nucleophilic addition of various enolates to [Mn(C0)3(n6-1,3,5—
CyHg) 1PF¢ [204].

References to complexes of thiophene, [Mn(CO)3(n-C4H45)]+ {161], and

a complex with a phospholyl ligand, Mn(C0)3(n-3-MeC4H3P) [148], were given
earlier in this review.

It has been shown that manganocene forms 1:1 adducts with a variety
of phosphines [205] and also with nitrogen bases like pyridine (a thesis,
ref [206]). Crystallographic studies have defined the molecular structures
of Mn(L)(n-C5H5)9 (L = PMe3, PPhoMe, and dmpe). In the third species the
dmpe ligand, a bidentate ligand, is found to chelate to the metal. The
oxidation of Re(n-CsHs)oLi has been under study [207]); the product is a
dinuclear species Rep(n-CsHg)y. Thermolysis of this species gives XXIX,
along with ReH(n-CsH5)y while reaction with PhCHpBr leads to metal-metal bond
cleavage forming Re(CHgPh)(n-CsH5)p and ReBr(n-CsHg)j.

/Re Re._ @

(XXIX)
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Kinetic measurements on carbonyl substitution of n indenyl- and
n? fluorenyl- manganese tricarbonyl show an associative pathway for these
reactions which implicate n3 and nl- intermediates [208]. The kinetics
and mechanism of the n® - n> haptotropic rearrangement of Mn(CO)3(n6-Cl3H9)
are the subject of another paper from the same research group [209].
Reference to the reaction of Re(C0)3(n3-CgH;) with (CHy)gN,; was given
earlier [155].

Other significant complexes of these metals having cyclopentadienyl
ligands include MnCl(TMEDA)(n-CsHs) [47] and [MnX(L)(n-CsH5)], (L = THF,
PMe3) [481, and Re03(h-CsMes) and related species [151-154]. ‘

Arene complexes including MnR(PMej);{n-CgHg) (R = H, Ph) [59] and
Rep{u-H)9{(u-CHR)(n-CgHg) [58] are found as products in metal atom reactions.
Another reference in this area describes the reaction of rhenium, CgHg,
and cyclohexene; products include ReH(n%-CgHg)(n-CgHg) and Rep(n-H)g-
(n4-C6H8)2(n-C6H6). Both species were subjects for structure determinations
f210].

A new synthetic method for preparation of [Mn(CO)3(n-arene)]? species
involves the reaction of Mny(CO)1g and the arenme in CF3COgH. The acid
presumably functions as an oxidizing agent [211]. Synthesis of complexes
{Mn(CO)3(n-arene}]* are explored using polycyclic arene species. The
reaction of MnBr(CO)5 and AlClj3 with naphthalene or anthracene yields
only complexes of tetralin and 9,l0-dihydroanthracene. The former can
also be prepared using tetralin as the arene in this reaction. Species
XXX was also formed by this type of reaction. It reacts with methyllithium
to give the cyclohexadienyl-manganese complex XXXI (structure determined)

[212]. The synthesis of various arene complexes [Re{(CO)3(n-arene)]AlBry

QO e

| s
Mn + MelLi —_— Mn
<~ co oC” \=Co
(@) O
(XXX) (XXXI)

18 described in another paper along with a report of the molecular

structure of the mesitylene complex [213].



Sequential hydride addition and protonation starting with catiomic
arene manganese tricarbonyl complexes has been studied [214,215]. It is
possible to deprotonate [Mn{(CO)3(n-CgMeg)lt, according to a thesis [216];
characterization of the products of this reaction are described.

Note also an earlier reference to carbonyl substitution in:[Mn(CO)3-

(arene) ]t species [45].

X. TISOCYANIDE AND NITROSYL COMPLEXES

In the area of nitrosyl complexes there are seven references, all
have been identified in earlier sections in this review. Note the
reference to an unusual polynuclear complex with an u4,n2 nitrosyl group
[68], the reference to a species n-CsH500(u-NO),Mn(PMe3)( n~CsHs) [115], and
references to various derivatives of [M(NO)(CO)(n-CsHg)]t [189-193].

Most of‘the reported chemistry of complexes with isocyanide ligand
groups has come from Walton and coworkers. Complexes derived from reaction
of Rep(u-H)4H4(PR3),4 and isocyanides were mentioned already [60,61], as
was the series of complexes formed by reactions of [ReH(MeCN)3(L)(PPh3)sy]-
(BF4) , with isocyanides [29]. Reactions of several aryl isocyanides with
either ReyCly(OAc), or [RepClg]2™ (methanol, reflux) yield [Re(CNR)g]PFg
complexes [R = Ph, Mes, tol, 2,6-MejsCgH3). Intermediates in these reactions
can be isolated if a lower temperature ié employed [217]. Raman and IR
spectra of [Re(CNR)g]PFg [R = Ph, tol) are discussed in a separate paper
[218]). Abstracts of three theses containing this work are available [219,
220, 221].

Two papers by Nielson and Wherland have been published. One provides
information on manganese-55 to carbon-13 NMR coupling constants for
[Mn(CNR)]BF,4 [222] while the second contains information on the rate of
electron exchange between [Mn(CNR)(,]n+ (n = 1,2), obtained from 33Mn
NMR measurements [223].

Other work on isocyanide complexes includes: formation of Rep(C0)jg-x-
(CNR)y (x = 1,2) [14,15], [Mn(CO)3(CNBu)(N"N)]Cl04 [28] and Mny(CO)g-
(0-CHCgH,4NC) o [87].

XI. STRUCTURAL STUDIES

Compounds whose structures were determined by x-ray crystallography
(or by other methods) are listed: eq-Re(CO)q(CNBut) [14]; fac-(CO)3-
(CNBu) yReRe(C0)5 [15]; [Re(CO)5(H20)] AsFg and [Re(CO)3(tmed)(H,0)]AsFg
[24]; all trans-[Re(CNBut),(MeCN),(PPh3)3](BF4)s [29]; ResBry(CO)5(PhsSby)
{3515 Mny(u-Br)(u-Y)(cO)g[(ELO),POP(OEt)5]s ¥ = Br, H [36]; ReyBr(CO)g(P P)
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and ReBr(C0)3(u-P"FhReBr(C0)3 with P"P = PMoy(C0)4(n-Cslsg)y [37];
Re)Bry(CO)g [ (MePNBut) ;1 [38]1; ReCl(dppe);C=CHPh [42]; Re(0)I(MeC=CMe)j;
MnCl(tmed)(n-CsHs) [47]; [MnCl(PEt3)(n-CsHzMe)ly [48]; (n-CgHg)Re(u-H) -
(u~CHBut )Re(n-CgHg) [581; [Rey(n-H)3H(CNBu)q(PMes)41PFg, V, [61];
(-)-MnH(SiPhMeNp) (CO)2(n-CsHsMe) [63]; Reg(u-H)(u-MeC0)(CO)g [64];
Rey€0)5(C4Ph, ) (PhC=CPh) and Rez(C0)4(CgPhg)(PhC=CPh) [65]; Re3Hz(CO)yq-
(n°-CyHq) [66]; BuyN[Re3H3(CO)1g(n,n2-0CPhNH)] {67]; Et,NiRe3H3(CO)qq-

(ug > % -NO)Re3H3(CO)19] [68]; (n-CsgHg5)(CO)yMn{u-HINb(CO)(n-C5H5)o [72];

(C0) 4Mn(u~H) (u-PPhy )Mo (CO) 5(n-C5Hg) [73]; PPN[Mn(u-PPhy)(CO)g] and
Mnp(u-PPhy) (u-AuPPhMe,)(CO)g [76]; Mnp(u-H) (u-P(NPri),)(codg [78]1;

C0,(C0) g (PhC=CMN(CO)4(PCy3)) [85]; Mny(p-CO)(n-C=C=CBu3)(C0)g, IX, [92];
mer,trans-Mn(CHO)(CO)3[P(OPh) 3]y [96]; PhC(NH3)9[Re(COMe)9(CO)4l, [971; Re-
(COY,(COMe ) (CMe=NH)BPhC1 [98]; Re(C0O)4(COMe)H [99]; Mn(C0) 4 (CoPricocMe,)BF)y
[100]; ReWy(u-Br){(ny-Ctol)(u3-Ctol)(1-C0)(CO)3(n-CsHs)o and ReWy(uBr)-
(u9-Ctol)(u3-Ctol) (u~0)(C0)3(n-CsHs)s [106]; PPN[(CO)4Re(u-CHtolP)W(CO)5],
(€c0) 3Re(nu-CHtol) (u-C0) (u-dppm)W(CO) 3, and (CO)3Re(p-tol'CHyCO)(u-CO) (u-dppm)-
wW(co)a[P(0Me) 3] [107]; Pt(CO){Re(CO)5]a [110]; MnPdBr(cO)j3(u-dppm)y, XXI,
[112]; (n-CsH5)Co(p-NO)oMn(PMe3)(n-C5Hs), XIII, [114]; [(n-C5H5Cr)p(up-SBut)-
(u3-5)2]19Mn [117]; (n-Cs5H5Cr)(np-5But)(u3-8)yMn(C0o)3 [119]; (n-CsHgMn)-
Fep(u-C0)o(u3-Te)(CO)g [120]; (n-CsHsMn)Fep(u-C0)2(n3-8)(CO)g [121];
(n-C5HsMn)0s3(pu-H) (u~CO) (u-CH=CHPh)(CO)11 [125]; ReOs3(pu-H)(u,nZ-C=CPh);,-
(co)14 [127); [HgRe(CO)2(n-Cs5Hg)], [128]; [(CsMes5),¥bMa(CO)s5ly, [129];
[(n-CgHg) (CO)pMn]3Ge [134]; Rep(CO)g[SnXRe(CO)4(PPh3)]1s X = C1 [135] and

X = T [136]; Re(CO)3(pzGaMeoOCHoCHyNHs) [138]; Mn(CO)5PO(0CgHLOH), and
Mn(C0)5PO(02CcH,) [139,140]; Mn(CO) 3[RNP(OPh)(NRy)INR] (R = SiMe3) [141];

Mng (u-PR2) 2(u-C0)(CO)g [142]; PPN[Mny(u-H) (u-PPhy) (u-PhCH=CPhCO)(CO)g],
an(u-Pth)(p-PPhZCOCPh=CHPh)(CO)é(PEt3) and Mny{u-PPhy)(n-PhCH=CPhCO)(CO)¢-
(CNBut)s [143]; Mny(p-SPPhy) (n-PhsPSCSNPh)(CO)g [144]; Mny(p-MePS)(CO)g
[145); Mn(CO)4(PPhy0)yH [146]; [(n-CgMes)(Mn(CO),]7AsH and Mnp(u-Asy)(CO)y-
(n-CsMes)p [149]; [(n-CsHiMe)Mn(CO)2]25bC1 [150]; Re03(n-CsMes) [1521;
Rep(u-0)(C0)4(n-CsMes5)p, Re(02C=CPhy)(C0)(n-C5Me5) and (n-CsMesRe),{(u-0)y-
(ORe03)20 [153); [HMTAMe] [Rey(p-OEt),(n-0Me)(CO)g) [155]; Mn(SBut)(c€0),-
(n-CsMes) [158]; [£pCSC(SRe(CO)5)Fe(CO)(n-Colg)SIBr [160]; Rep(u-S)(COY4-
(n-C5Hg5)y and Rep{ny-55)(1u2-83)(CO)2(n-CsHs)y [162]; [Mn(CO)2{n-Cs5Mes5)]oTe
{163]1; (n-CgMes)Mn@-CO3Mn(n-CsMes) [165]; Mn(CO)5(L)(n-CsHs) in which

L = GCghyCHpCHEEH, and Mn(CO)2(L)(n-CsHgMe) in which L = 0-dceH, CH,CH,CgH,,
[173};5 Mn(co)(n3-C3Ph3c0) (n-C5Hs) [174]; Mn(CO) (Me 35 iCH=CHCH=CHMe J(n-C5H,Me)
[175]; [Mn(CO)2(=CCH=CPhy)(n-C5H5)IBF,; [176]; Mn(CO) 5 (CPPh3=C=CPhy)(n-CsHs)

[177]; Mn(CO)3[n-C5H4Fe(CO)(L)(C5H§)] L = CO and PPh3 [181];
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Mn{CO)2(CPhy)(n-C5H5) [186]; Re(CO),(HNNMeCgHsMe)(n~-CgHs)]BF, [187];

[Re(NO) (PPh3) (np-CHy=Se) (n-CsHs5) IBF4 [193]; Mny(CO)g(n,n%-CgHy1g), XXVIII f196];
ReH3(n%-CgHg)(PPh3)y [199]; Mn(CO)3(PMe3)(n3-CsHy) [203], Mn(PR3)(n-CsHs)j
(PR3 = PMej, PPhyMe) and Mn(dmpe)(n-CsHs), [205]; ReH(n“%-CgHg)(n-CgHg) and
Rep(p-H) 2(n%-CgHg)o(n-CgHg) (N-CgHg ) [210]; Mn(CO)3(n3-Cy5Hyy) [2121;
[Re(CO)3(n-CgH3Meq) JAL1Br, [213].
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