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I. INTRODUCTION

The number of articles per year on manganese, technetium, and rhenium organo—
metallic chemistry has remained quite constant. For the third consecutive year over
180 articles were available to be abstracted for this review. A substantial number
of references are from the new Journal of Chemical Research. A marked increase in
the number of papers on derivatives of Groups IVA, VA, and VIA with manganese and
rhenium is noted. There has also been a continued and expanded interest in
mechanistic considerations in the descriptive chemistry of this group, particularly
when radical species are implicated as intermediates. Otherwise no substantial
trends are identified, with a balance among synthetic chemistry, studies on

physical properties and theory, and structural studies being little changed from

*Manganese, technetium and rhenium; Annual Survey covering the year 1976
see J. Organometal. Chem., Vol. 148(1978)239-271.
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previous years.

The organization of this review generally follows that establish:d in :revions
years. A minor change is noted wherein Section IV, a larae section ;raviously, is
divided into two new sections. Secction IV now covers hrdrides only, and ne
Section V is on carbon ligands (other than C) and CS8). ‘terall, the orcganization
is based on compound type, with some ef
following two or more classifications. A ligst of compounds hiich have basn sabi ot
of structural studies is given at the end.

The reference to the ANIUAL SURVEY article for last vear, 1u7¢, is noted

(ref. 1).

IVEIIS OBTAINED BY CARBONYL SUBSTITUTION

ITI. METAL CARBCIIYLS AND DERIV

([H(CO)S_nLnj—l (OO} ol BHEM “L“]P)

Work on reactions of the various metal carbonyls and their substituted

derivatives has appeared from Poeé and coworkers (refs. 2,3). This work further

implicates radical intermediates formed bv metal-metal bond dissociation.

rates of reactions of [ﬁn(CO)4P(OPh)3]3 with 02, CQ, PPh_, and P(O?h)3 ware
Z 2

measured in decalin. The rate of the reaction with oxvgen as a function of concen-—

tration of the metal complex supports a mechanism in which the first step is
[

Mn (\,O) bh

metal-metal bond dissociation (ref. 2). Likewise the Xinetics of 35

reactions with CO, 07, and PPn3 are in accord with this tvpe of mechanism (ref. 3).

In solutions cf [In(CO)4 Ph3]j and PPh3 new carbonyl stretching freguencies ac
-1 S . : . 5 -
1988w, 1938m, 1861ls cm are detected, as 1s an absorption in the visible regi

'J

at 425 nm. It is suggested that these data relate to a 1l7e complex .\In(CO)B(PE’h3)7
wnich, however, could not be isolated from these solutions.

Electrochemical reduction potentials for six dinuclear metal carbonvls
(1 (CO)SLZ + 2e = [M(CO)4L]_; Hz = an, Rez, MnRe; L = CO, PPhB) were recorded
(ref. 4). Reduction potential values for the PPh3 substicuted complexes are more
cathodic than the values for the unsubstituted species, and correlate with ultra-
viclet spectral data on G - O%* transitions. This observation is used to support
the assertion that the metal-metal bond is weakened by phosphine substitution.

Two notes have appeared on the reactions of Re (CO) with phosphorus ligands
(refs. 5,6). Reaction with DPh gives either [Re(CO) (DPn )1, or Re(CO)3(PPh3)2H
depending on temperature and on the method of workup (ref. 5); the formation of

products via a radical pathway is suggested. The same result is seen with P(p—tol[3

reactions. However with P(o—tol)3 the only product is an ortho-metallated species

RE(CO)4P(o—tol) (o~C H4C52)- Reactions with several phosphites ( = L) were also
run in refluxing xylene. The products include Rez(CO)BLz, Rez(CO)gL and
Re(CO)3(L)(L—H), the last of the products (found with P(OPh)3 only) also being an

ortho-metallated compound (ref. 6).
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Flash photelysis of 3nq(co)lo in cyclohexane or THF gives as the dominant

photoproduct Mn (Cu) 5 vis:

.. - .o I 2 .
.mz (Cy) 1a . rin (CO) 5
An input of 36 Feal is reguired and the product dimerizes with a rate which is
essentially diffusion controlled (ref. 7). A second long-lived intermediate
is also detected but not identifired. Irradiation of Mn,(CO)lO in the presence of
& spin trapping nitroxyl reagent yields the stable Hn(CO)SNOR radical which can

be characterized by its 18 line esr spectrum (ref. 8).

Reactions of [.‘In(CO),L]2 species (L = various phosphines and PPh(OHe)z) with
~x

(5 - -
c—Bulin in the. dark give Hn(CO)4LKOEu products, again detected by thelr esr signals.

= N - P T .
f these reactions are run in pyridine then Mn(CO)4(py)NOBu is the product (ref. 9)

-

A radical species, Mn(CO)S, is inplicated in reactions of [Hn(CO)S]_ with [Cpha}BF4

and with [CoH_IBF,, but not in reactions of [:m(CO)S]~ with alkyl halides (ref. 10).
This latter result contrasts with the similar reactions of the anion [FQ(CSHS)(CO)7]

which are apparently radical processes. Reactions of [M(CO)S] with M(CO)SX,
H(CO)3(DAL)X, and Re(CO),(py)7X (M = *Mn, Re; L L = bipy, o-phen, dpe), to give the

products MD(CO)ELq, are suggested to proceed with prior electron transfer from
[M(CO) .1 to M(CO) ,L_X (Ref. 11). Finally, photolysis reactions of Re. (CO) and
5 372 Yrok ¥ 2 16

an(co)lo with hydrogen are believed to occur via !-I(CO)5 radicals; in the former
reaction a mixture of products arises including Re(CO)SH, Rea(CO)14H, Rez(CC)BHZ,
R¢3(CO)12H3: in the latter only Mn(CO)SH is a product (ref. 12).

The reactions of :InZ(CC)S(dpm)2 with several isocyanides was studied (ref. 13).

Initially a simple adduct is formed in a reversible reaction; vis:

Hn, (co) 5 (dpm) 5 L — !-In2 (Co) 5 (L) (@pm) 2

(L = MellC, p~tolNC, benzylNC)
In the case of the p-tolNC carbon monoxide can be displaced upon heating; the
product an(co)4(cutol)(dpm)2, I, has the isocyanide in an unsymmetric bridging

position between the two metal atoms.

LJ(-’ H ' CO
\
o€ rRNZS T Co
Ph,P PPh,

References p. 334
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Manganese carbonyl is kEnown to catalvze reactions of carbon monoxide and
primary amines to give urea. In a study related to this reaction the osuilibrium

below was shown to exist:

+ (RG] [Maten) g1

an(CO)lo + BRNHZ Fzm cis—nn(co)d(ﬁxaz)(cct

(R = Cyclohexyl, n-butyl)

Applving CO pressure to the system leads to the formation of urea (ref. 14).

Cobalt-60 gamma irradiation of H,(CO) ) (M = Hn, Re) at 77°K agives a substance
which has an esr signal typical of two strongly coupled nuclei (ref. 15).

Little work on anionic metal carbonvl complexes has appeared. In addition to
the paper referred to earlier on the electrochemical reductions of the dimeric
carbonyls (ref. 4} there is another paper on electrochemical reductions of
an(CO)lO and Rez(CO)10 in 2 molten salt medium (ref. 16). These electrochemical
processes could have some potential in the syntheses cf metal carbonyl anions.

More significant as a synthetic route to the metal carbonyl anions in the laboratorvy,
however, is the procedure described by Gladysz and coworkers (ref. 17). in this k
work LiBHEt3 and an(CO)lo was found to generate a solution of Li[Hn(CO)SI in

high yield. As a preparative method this route is notable for its lack of side
oroducts, and because the use of mercury can be aveoided. An interesting mechanisn
for this reaction, via an intermediate formyl compound, [(CO)SHnNn(CO)4CﬁO]~,

is suggested.

It may be observed that reactions of metal carbonyls with LiBHEt3 is a general
route to formyl complexes; however this reagent does not react with Mn(C5H4Me)(CO)3
(ref. 18).

A further paper has appeared on the highly reduced species M(CO)43_ {3 = Mn,Re),
prepared from either M,(CO), or m(co)S' by reductions using sodium in HMPA (ref.19).
Reactions of these species with bhenzyl chloride gave [M(CO)4(COC52Ph)2] ; organo-
tin, -germanium, and -lead derivatives [Mn(CO),(AR,},] (AR, = Ph Sn, Ph,Pb,

Ph._Ge, Me

3 3
These compounds contain a seven coordinate metal atom. The extensive chemistry .

Ge, MeBSn) were also prepared as were gold complexes H(Co)d(AuPPh3)3.

of highly reduced metal carbonyls is described in a thesis (ref. 20).

The preparations of quite a large number of cationic carbonvl complexes have
been reported. Edwards and Marshalsea (ref. 21) prepared over twenty ggg_—[;\l(co)3L3]+
complexes from [M(CO)B(NCME)3]+ {M = Mn,Re) by displacement of one or more cf the
coordinated acetonitrile ligands with nitrogen, phosphorus, and sulfur donoxrs.

They also compiled infrared (v(CO)),lH and 31? nmr data on these compounds.
Reported in another paper are reactions of Mn(c0)3(o-phen)x with Agclo4 in acetone,
which give [Mn(CO)3(o—phen)acet}C1O4 {ref. 22). 1In a different noncoordinating

solvent, dichloromethane, the covalent perchlorate complex, Mn(co)3(o-phen)0C103,
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is obtained. The acetone complex can be used as a precursor to [Mn(CO),(O‘phen)L]+‘
[Mn(CO)z(o—phEn)L2]? complexes may also be formed on occasion. Reactio; of
Hn(CO)SBr and the bidentate ligand O~C5H4NNHPPh2 {an ortho substituted pyridine,
abbreviated here as N"P) gives both Mn(CO)3(NAP)Br and [Mn(co)2(NAP)2JBr (ref. 23).
A full paper on isomeric cis and trans [Mn(CO)Z(CNMe)4]‘ and mer and fgg;[ﬁn(co)3~

(CKMG)3]~ complexes has appeared (ref. 24). The oxidation potentials (El/z values)

of these complexes were recorded and are correlated with calculated HOMO energies.

L . e = . . + .
The chemistry involved in formation of various [:‘-m(CO)6 n(CNMe) ] complexes is
- n

described in a thesis (ref. 25).
An attempted oxidation reaction of (BuAN)zRe4(CO)16 with AgBF, in acetonitrile

gave an unexpected cationic complex fac~[Re(CO)3(NCMe)3]BF4. A crystal structure

study has been carried out on this complex {(ref. 26). The preparation of several

lRG(CO)G—n(L)n]T complexes (L = CXMe, CMtol) can be accomplished from reactions

of Re(CO)S_anBr, a halide acceptor, and L or CO (ref. 27). This work is part
of a general studvy on isocvanide-rhenium(I) complexes.
A series of cationic halide bridged complexes [ (CO) Mxx' (CO) JASF (M, M*

Re) 1is reported {(ref. 28); they are prepared by three related methods. Reactions

of [M(CO)S(Soz)]AsFG and 5'(co)5x give manganese and rhenium complexes with
bridging chloride or bromide jons. The direct reaction of M(CO)SBr with AgAsF6
can also be used to prepare the bromide bridged species. To prepare the iodide

complex a route is used which involves addition of [M{CQ). (SO, )]AsF_ to I in a
< 5 2 6

stoichiometric (2:1) ratio.
There are three papers from Darensbourg and Froelich describing nucleophilic

reactions at coordinated carbon monoxide in cationic carbonyl complexes. In

= PPhB, P.’-IegPh, Ptolz,

+
)] with NaSH are shown to give the metal

the first (ref. 29) the reactions of [Mn(CO) Ll (L

P(CCHZ)3CEC) and also of [Re(CO)S(PPh3

nyvdrides, cis—M(CO)4(L)H, by initial addition of SH to a coordinated carbonyl-

followed by B8-nydrogen transfer to the metal. A second paper reports 8o exchange

1 . N
between [Mn(CO)SL]+ (L = phos, py. MeCN) and H2 8o (xref. 30). This process is
. . +
found to be slowexr than analogous exchange reactions with [M(Co)6] , the non-
18

carbonyl ligand hindering the f-hvdrogen transfer step. Isotopic 0O-" 0 exchange

reactions are shown (ref. 31) to occur preferentially with a carbonyl group cis

to the substituent group L. These reactions are catalyzed by the hase EtBN.

+ . .
Reaction of [Re(CO)4(dpe)] with Ph3SiLi gave the first known silylacyl

metal carbonyl complex, Re(CO)3(dpe)COSiPh3 (ref. 32). A structure for this

compound was determined crystallographically.
lH nmr spectra of several acetonitrile complexes including [Mn(CO)B(NCMe)3}
An unusual chemical shift for the methyl protons

The
have been reported (ref. 33).
of the coordinated acetonitrile is measured in these compounds.

There are two structural studies on rhenium-osmium mixed metal carbonyls.

(ref. 34, 35). These are discussed in Section VI.

References p. 334
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IIL. METAL CARBUIIYL AL TLRS AL, DLy
Technetium gets little cmphaston

of various technctium carbonyl nalides »

(ref. 36) have run carbonvlation reactions

technetium halides. Addicion of carbon

mer—TcX, (FPhvie,}, and Co,one obtains wcithe
9

_'l
the latter product is obtained exclusively 1 excess phospiiine: s proser

e,) . in cthanel gives a technetium{I1IY carlonyl, ro{c -
= S

Refluxing mcr-'[‘c'cl (frine

(L’Ph_‘le ) "13.

!‘reg;arations of many substituted met

o
1~

cited. Reactions of Mn(CO)_ ¥ conpounds with varicus phosphorus

trans—Hn(CU)BL N spocles; only with sbbha is the fac iscner of
obtained (ref. 37). Vahrenkamp and coworkers have describod corpounds whore a
diphosphine sz‘iq; bridyes two metals. Compounds prepared include (C ) z-'e;—:-zcjz‘-z‘-,z—
HMn (CO) ,Br (ref. 33). pData on BLE’ nmr spcctra for tiheso compounds are reported in
a separate paper (ref. 33).

Lindner and Schilling (ref. 19) have carried out reactions of Xn (D) Broand

4

He(co)sx (X = Cl, Br, I) with secondary :rhosphine oxides, « = PHR, (R = Mc¢, Ph);
very stable monosubstituted metal complexes, M (C @) {PR Oi!).‘i, containing a

P
chosphorous acid ligand result. When Mn (CU)_;(PPh,)()EE)Br iy treated with LH

elimination of HBr occurs with formation of the dimeric compound [Mn (<)

{ref. 11). The crystal structurce of this compound was deternined to e

balow:

O Co
C
O

The structure of a similar complex of rhenium, [Re(CO)4(P: O)] 5t is also reported
(ref. 42). Reactions of these metal carbonvl halides with secondary phosphine
sulfides and selenides have been carried out by the same workers (ref. 43). These
reactions,run at 60°-85°C, proceed differently; thev give M(CO)4(A=PHR°)K
compounds, products where the substituting ligands have not rearranged‘.— The
ligand bonds to the metal through sulfur or selenium. If the sulfur complexes

are heated to 120° they rearrange to M(CO)}, (PR SH)X; however the selenium compounds

eliminate H_Se when heated giving M(CO)4(PR,)H)X. Both phosphine sulfide and

2
phosphine selenide compounds when treated with base are found (ref. 44) to give
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dimeric species [H(Co)‘(Pij)]j X =5, Se), similar in structure to the dimeric
B 2

prosphine oxide compound described above. A different route to these complexes

My

£rom [(CO)AMXSnMQB]qand 1e,PCl is also noted (ref. 45).
2 2
. . - N o~ + .
Substitution products Mn(CO) L, (P N)Br and [Mn(CO)Z(n P)Z] derived from
o-dirphenylphosphinaminopvridine (!"P) and Mn(CO)SBr were described earlier (ref. 23)

Reactions of NOCL with various metal carbonyls have been studied. With

&
)
]
rr

he product obtained is Hn(CO)SCl (ref. 46).
The reactions of Re(CO)SCl with both Melll and tolMNC using various conditions
have been studied (ref. 27). Generally they are much slower than similar reactions
of the manganesc counterparts, and higher temperatures are required to achieve
multiple carbonyl substitutions. Perhaps the most intriguing part of this work
deals with various isomers which can be separated and characterized in these
reaction systems. For example,fggfﬁe(co)3L2Cl is found to rearrange to the
mer—-trans isomer on heating. Also three isomers of the compounds RO(CO)ZLBCI
which arise under different circumstances were identified.

Reactions of -~ and 55— alanine (= al)} with Re(CO) _.Br were found to give

5
fac—Re(CO)3(al)Br where the amino acid coordinates in a bidentate manner through

.
nitrogen and one oxygen (ref. 47). The amino acid ligand is easily displaced

by ?Dh3 oxr P(OPh) Addition of KOH to the w-alanine product gives a polymeric

o=

sp.ecies [Re(CO) (HZNCHmeCCQ)]7 which with added ligands give monomeric

3
e (C0), (L) H NCiMeCO (=0) ; with KO:

in THF the S-alanine product gives

4y

’

—

sl {(,O)J("l‘}ir?‘) HzNC}L‘-XC:CO (=0) .

51

The electrochemistry of Egg-Hn(CO)3(dym)x (X = C1, Br) has been looked at in
sbmo detail (ré€f. 48). This complex undergoes a one-electron oxidation to give
initially éﬂgj[MH(CO)B(dpm)X]$. This 17e complex is not stable however, rearranging
to the mer- isomer which is stable and can be isolated. The mer- isomer had
previously been mischaracterized as having fac- geometry. Reduction of mer-
iHn(CO)B(dpm)X * gives mggfun(CO)B(dym)x which cannot be isolated; they decompose
to non-organometallic compounds.

Mencioned earlier were reactions of M(CO)S‘ (M = Mn, Re) with H(CO)SX and
with various substituted derivatives M(CO)S_nLnX. These reactions probably
occur with electron transfer to the metal carbonyl halide species (ref. 11).

This means such reactions are presumably giving transient 19e [M(Co)S—nLnx]~

complexes which lose % ions.

Several interesting rhenium(II) carbonyl halides, Re(CO)Z(PR3)2Cl2 (R =
n~propyvl, ethyl) are formed on carbonylation of Rezxq(PR3)4 (ref. 49). Carbonyl-
ation is occurring here with concurrent cleavage of the metal-metal quadruple
bond. Note that rhenium(II) organometallic compounds are relatively rare as

yet.

References p. 334
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The reactions of Re(CO)SBr and arenes give the ionic species [Ro(arene)(?ﬂ)sl
[RCZ(CO)65r3J as a byproduct (ref. 50), the main product being [Re(arene)(cu)3]8r.
A structure determination for the toluene compound showaed that the anion contains
two rhenium tricarbonyl groups bridged by threc halide ions; no metal-metal bond

is necessary and conseguently the rhenium-rhenium distance in the anion is lonqg.

=}

When Re(CO)3(THF)3Br is reacted with PhS3Ph in THF the commound Rej(Cﬁ)KBrz—
= -— v

(Phs$srh) is formed (ref. 51). TIts structure was determined by X-ray diffraction

technigues and is shown below. The structure determination of a similar compound

derived from MeSSMe is also reported (ref. 52).

PhS —————SPh

O¢ Br cO
G e
ot Br Co
C C
o) o

This latter compound exists in solution in eguilibrium with 1ts precursors; vis:

- s 2. = C ;3 ) b ¢
ReZ(CO)GBLZ(AeSSMe) + 2HF Re(v0)3(TdF)2Br + Messie
AEn eguilibrium constant for this reaction was determined.
Two cyclopentadienvl-manganese halide compounds have lbeen reported. Uhen
Mn(C5H4Me)(CO)2(PPhHe2) is reacted with ilodine the isolated product is
[Hn(CSH4Me)(CO)2(PPhMe2)I]I9 (ref. 53). Treatment of [Mn(CSH,R)(NO)(CO)(CS)]’

this product

~

(R = H, He) compounds with XI gives Hn(CsﬂéR)(MO)(CS)I (ref. 54)
was also subjected to further reactions which are described lat in this review.
The chemistry of [Re(CO)3]2TTP (T?P = tetraphenvlporphin} with sbcl5 has
been studied; this reaction gives [{Re(co)Bcl}ZTTplzsbc16- An X-ray diffraction
study was used to determine the structure of this compound (ref. 55).
Carbon-13 nmr spectra were reported for M(CO)SX and M(CO)SH compounds
(M = tMn, Re) (ref. 56). These compounds are stereochemically rigid on the nnr
timescale. Manganese-55 nmr spectra were recorded for Mn(CO)SX (X = halide, SCN, #H)
(ref. 57). Photolyses of M(CO)SX (M = Mn, Re; X = Cl, Br) were carried out at

77°K in 2-methyltetrahydrofuran. The products arising from carbonyl loss were

investigated by infrared spectroscopy (ref. 58).

Iv. METAL CARBONYL HYDRIDES (M(CO)S—nLnH' Polynuclear hydrides)

Several papers on syntheses of metal carbonyl hydrides have already been cited
in this review. These include: the preparation of Eingn(C0)4(L)H {L. = several
phosphines) and ginge(C0)4(PPh3)H from the appropriate complexes [M(CO)SL]+ and
NaSH (ref. 29); the preparation of ESEfRE(CO)3(PPh3)2H and/or Re2(Co)8(PPh3)2
from Rez(co)lo and PPh3 (ref. 5), and a similar preparation of Re(CO)B[P(p—tol)BIZH
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using E’(;:—tol)3 (ref. ©). A paper on the photolvsis of Rez(co)lO in the presence

of hydrogen civing Re (T0 _I'i Fe, (C( H Re ¢ H, a R 24 t
¥ 3 ziving (CD) 2( D)\r2 Lﬂ(C3)17r3 and ne3(CO)14“ and the
phntolysis of Iin (C) 10 and hydrogen giving Mn(CQ) _Ii wras also referenced earlier
2 5
(r=f. 12). In the same =aper,reactions of Re (CO) 5“ with PPh, and PBu3 using
2

he reactions, giving Le(CO)4(L)H

[z

3

310 nm ultraviolet radiation were noted.

»

and Re(Ca) (L), f, are said to proceed via radical processes. On the other hand,

the Rinetics of thermal reactions of Hn(C3)5H with several ligands (L = PBu3
This

Een AsPh,, €O} 1n nexane, were found to be firsc order in each reagent.
sed to sugyest a mechanism involving hydrogen migration to an

form an intermediate l6e formyl complex, ¥n(CO), (CHO)‘

[
s}
[}
L
9}
0
=
a
0
[}
a
o)
Q
&
“~
= £
.
o

zelative rates of these reactions as a funccion of licand decreased in the order
5} “fention was made of another Zormyl complex, [ (CO)_ Mn

Hn(C2) ,CHel , an intermediate ia the .13&£t3—nn7(CD)]o reaction, carlier in this
E3 et -

were run. Compounds having all nossible

) ii (n = 1-5) are found, all possible isomers being

o]

Manuyanese carbonvl hvdride reduces a-methyl styrene to 2-phenvlpropane. -
Manganese decacarbonyl is also formed (ref. Hl).

An electron diffraction study on Hn(CO)SH is reported (ref. 62). The structure

determined by neutron difrracction; the value for d(dn-H)

i e ey . . .

is L.576(18) A. Carbon-13 nmr spectra for “(LO) (3 = Xn, Re) are reported

(ref. 56) as are PES data on the series of :m(co)5 n(:‘5‘3) H complexes (ref. 63).
- n

sluch work has been carried out on polvnuclear metal carbonyl hydrides. Facile

.
deuterium-hydrogen exchange between D O and Re, (co) H is observed (ref£.64). This
process was monitored by mass swectrometry,and a method of standardization of this

15H4] in ethanol gives the new anionic
- C . 2- .
complexes [Rc (Lu) i,] , [Re3(CO) H_ 17, and [Re3O(CO)9H3] , along with

ing (unt ) [hed(CO)

[RL (CD) ﬁl_ and e,(CO) 7H,] snich had been reported previously (ref. &5).

The structure of the anion [Re O(CO E ] , cryvstallized as the bis-NEt, salt,
3 < 4

was determined by X-rav dlfcractlon techniques; it was found that, its structure

W

consists of a ReBO tetrahedron, with thehydride ligands bridging the metal-metal

adges (ref. 66). The structure of the anionic complex [Reﬂ(CO)l2HG]'~ was determined

as the [N3e3(C52Ph)l+ salt (IV). The metal atoms are in a tetrahedral arrangementc

and the hydrides bridge the six edges; the mean Re-Re distance is 3.157 X (xef. &7).
The compound NEt4[Re3(CO)1 H4] was also studied intensively by a combination of
spectroscopic techniques and X-ray crystallography (ref. 68) . 1Its structure is

drawn below. The rhenium atoms linked by two hydride bridges are found at a distance
of 2.821(7) 5, suggesting double-kond character, whereas the average of the two

remaining rhenium-rhenium distances is 3.18 A, the predicted single bond length.

References p. 334 .
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The structures of two compounds derived from Rez(CO)lo and Et.)SiH7 are

subjects for two papers (refs. 69, 70). These compounds have the formulas

Rez(CO)G(H)4(Slst2)2 and Rez(co)7(n)2(51}3‘t3)2 (VI, VII) and the similarity of

these compounds is clearly indicated by their structure.

H Eto H
C)(:\\7’1\Yf/”/'5i c®
ocC Re Re CcO
C)\[/\Si c
O O
H Ets H
(V1) (V1I)

The compounds Mn(C5H4R)(CO)2(PPhHe7) (R = H, Me) are gquantitatively protonated

. . +
in CF3SO3H to give [Mn(CSH4R)(CO)z(PPhMe)ZH] (ref. 71). nNmr spectra of these
that two isomers are present in solution which undergo rapid, non-

products show
The

. . - . . B ¥
dissociative interconversion with a barrier, AG , between 11 and 15 Kcal.

structure of cis—Re(C5H5)(Co)z(H)(Si¢3), (VIII), has been determined (ref. 72).

o

e SiPhy

(VIII)
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V. METAL COMPLEXES WITH CARBON GROUPS AS LIGANDS ((CO) 5-n (L) nR, M(co) 5-n (L) nCOR,

MRn, Complexes with Carbene and Carbyne Ligands)

Several papers describe syntheses of alkyl-manganese and -rhenium complexes.
Perhaps the most interesting paper is from Beck and Olgemoller (ref. 73) who
reacted@ [Re (CO)S]— with [S-I(CSHS) (CO)3(C2H4)]+ [M = Mo, W) to give (0OC) 5R(:‘:CI—IZCliz--
M(CSHS)(CO)3; further reaction of the product with more [Re(CO)S] gave (CO)SRe—
CH2CHzRe(CO)5. In both main group and transition metal chemistry,compounds having
a M-CHECHZ—M framework have been sought after but these syntheses have often proved
difficult or impossible. This straightforward synthesis is impressive therefore.
Other interesting synthetic efforts deserve mention. Reactions of [M(CO)Sf_(ref.
anions with Mn(C5H4c52c1)(co)3 form Hn[C5H4CH2M(CO)5](CO)3 (1 = Mn, Re) derivatives
74) . Reaction of [Hn(CO)5] with I1-bromopentacyanobutadiene gives C4(CN)5Mn(CO)S
a O-bonded percyanobutadienylmetal carbonyl complex (ref. 75). The compound
Mn(CO)SCHZR (R = o-phthalimidyl group) is made by reacting [Mn(CO)S]_ and RC1l
(ref. 76). Fron Ag[C(CF3)=C(CF3)2] and Hn(CSH4R)(NO)(CS)I a perfluorocalkenyl
derivative Mn(C5H4RXNO)(CS)[C(CF3)=C(CF3)2] is obtained (ref. 54). Using
Li(C6H4CH2NHe2) in THF, MnI, is converted to the air sensitive, paramagnetic species
Liz(THF)i[MnIz(C6H4CH2NMe2)2]; this in turn can be converted on heating to
E-ln2(C6H4CH2NMe2)4 (ref. 77). A crystal structure determination was carried out on
this compound and the structure IX, below, was found.

NMe2 MeZN
/
CHs/
2
CH2 \ CHo>
CH3 .
hdezhl NMe>
(IX)
+

Nucleophilic reactions of [:-‘.n(C6H6_nK-Ien) (CO)3] (n =3, 5, 6) with LiA1H4 and
alkyllithium reagents have been carried out (ref. 78). The former are particularly
interesting in that they proceed to Mn(C6H6_nMen)(CO)2CH3, with reduction of a
coordinated carbonyl to a methyl group. This type of reaction has been seen
previously in several instances and has obvious implications. With the latter

reactions, addition of the alkyllithium to a coordinated CO gives acyl-metal

1 4 .
compounds, hn(C%HG_nuen)(C0)2COR

Cited earlier in this review are two references, one on the orthometallation
that occurs when ReZ(CO)lo is reacted with P(o—tol)3 or P(OPh)3 (ref. 6), the
second on the failure to distinguish radical species when [Mn(CO)SJ_ reacts

with alkyl halides (ref. 10).
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Xaesz and coworkers have followed up ecarlier studies which originated in

the reactions of »n(CON)_ e and PPh,. This areca appears to provide a wealth of
5 3 = £

- = - T P S % s
new compouncs. In one paper (ref. 79) the reaction of “n(CO)4?Pn? ,n4 and
25

Hn(CO)4(P?h3)He is reported to give scveral products, one of which was charactorized

by X-rar diffraction as (¥). Second and third pnroducts of this reaction were

identified by crvstallography in a subseguent paper (ref. 29) as XI and XII.

Co
(XD) @ .20 (XID)
Ph,P c©
C PPh
0] ¢ 3
o

- R M oy nd -
The reaction of RE(CO)APPh2C6H4 and Mn(CO)SHe gives ©IITI whose structure was

also identified (ref. 79). Huie's thesis also contains this work (ref. 81).

~———

A crystal structure study on MH(CO)4P(p-tol)2C6H3Me is reported (ref. 82)
Crawford and Kaesz also report the ortho-metallation reactions of Fe(CSHS)(C5H4COR)
(R = Me, Ph) with M(CO)SMe (M = tn, Re) (ref. 83). The products react with

CO or PPh3 with addition or substitution at the metal.
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5-n

Further work on [Re(CD) (CORLJ"(n_l) complexes has been reported by two
Ggroups. Casey and Scheck (ref. 84) prepared NHe4[Re(CO)4(COHe)(COPh)] and
studied its therxrmal degradation. At a temperature of 70° decarbonylation occurs
to give Eiﬁf[Re(CO)4(Ph)(COHe)]_ and Sigj[Re(CO)4(He)(COPh)]’ in a ratio of

97:3. These two complexes are found to eguilibrate at temperatures greater

[Re (CO) 4 (Ph) (COM2) 1™ T2 [Re (CO) 4 (ie) (COPMYT ™

The compound Ei§f[Re(C0)4(COEe)2H] reacts with various hydrazines H2NNHR

(R = H, Me, Ph). Products from these reactions have the composition SEETRE(CO)4'
(3H2R)Coue (ref. 85). A crystal structure was carried out on the aniline compound.
The further use of [Re(CO) (COMNe) (COR)I (R = He, i-Pr, CH,Ph) (ref. 86) and
[RQ(CO)B(COHQ)3]2_ (ref. 87) as ligands to other metals is alsc reported. From
alx, and [Re(co)g(co:e)(cocnzph)]_, Allre(CO) ,(COMe)} (COCH,PR}], is obtained;

from [Re(CO)a(COHe)3]2— hafnium and aluminum compounds, Hf[Re(CO)3(CO:§e)3]2

3;7] respectively, are formed. »3luch of this coordination
aPp

and Nﬂe4[Al{Re(CO)3(COHe)
chemistry is contained in h.D. thesis (ref. 68).

A review on carbon monoxide insertion reactions has appeared (ref. 89). Since
a large amount of this work is on alkyl manganese carbonvls, citation of this review
here is appropriate. The reaction of mn(CO)SR compounds with isocyanides is the
subject of a thesis (ref. 90). In this work the formal insertion of CO or CNR into
a Mn-C bond is t%e topic of primary importance. The reaction of an(co)lo and
primary amines to give Ei§73n(co)4(RNH7)(CONHR) as one product was noted before
(ref. 14). B

Scattered reports of other reactions of alkvyl metal compounds are reported.
Reactions of Re(CO)sR (r = C(=C(CF3)2)C(CF3)=CF2) with P(OPh)3 {= L) gives
rRe (CO) ,L_R;no insertion of CO into the Re-C bond occurs (ref. 91). Treatment

3727
of H(QO)SCOR (1 = Mn, Re; R = e, Ph) with P4Slo or B,S, gives'M(CO)452CR complexes;
the acyl group is converted to chelating dith;oacetate or -benzoate ligands
(ref. 92). Thermolysis of the o-, m-, and p- isomers of Mn(CO)SCH2C6H4CN was
attempted, but no coordination of the CN group intra- or intermolecularly is seen
to occur (ref. 93). Two papers on cyclization reactions of H(CO)SCH2CECPh (1 = Mn,
Re) have appeared. With the electron-rich acetylene Me02CCECC02Me and the
manganese precursor, the product Mn(C5H2—1,2-C02Me—3—Ph)(CO)3 is obtained; the
acetylene and the organic group bonded to the metal add.to give the substjituted

cvclopentadienyl group (ref. 94). With either cis— or trans- CFBC(CN)=C(CN)CF3

two isomers of the formula M(CO)SC=CPhC(CN)(CF3)C(CN)(CF3)CH2 (XIV) are obtained

(ref. 95). Similar mechanisms are involved in these cyclization reactions.
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F3C
3 M(CO)5
NC
F3C
Ph
(XIV) (cis isomer; trans also identified)

xvygen ls binding energies for the carbonyl oxygen atoms in Hn(CO)SR
compounds (R = e, COMe, H, Si3e3, Mn(CO)S) are reported and this data is
correlated to the degree of backbonding to the carbonyl groups (ref. 96). The
electronic spectrum of [Rezmeslz_ is discussed (ref. 97).

Metal complexes with carbyne ligands have received much attention. The
carbyne complex [}In(CSHS)(CO)ZCPh]BCI4 is formed from Mn(CSHS)(CO)z(CPhOMe) and
BCl3 (ref. 98). This compound and similar species react with various nucleophiles
:Nu-, to reform the carbene complexes, Hn(CSHS)(CO)Z(C?hﬂu). Reactions'of the
above carbyne complexes with alkoxides give Hn(C5H5)(CO)2(CPhOR) {ref. 98). Other
reactions of both manganese and rhenium analogues with cN~ and SCN are noted in
a separate paper (ref. 99). The dimethylcarbene comple:x, Mn(csﬁs)(co)z(cxez),
formed from [:-In(CSHS)(CO)2C:-Ie]BC14 and MeLi,was the subject of a crystal structure
study (ref. 100). With Me,P as a nucleophile either one or two phosphines add

to [:-m(cSHS) (co)chch1 giving [r-x(CSHS) (CO)Z(CPhP:-Ie3)] (ref. 101) and

4
+
[M(CSHS)(CO)Z(CPh(PMe3),] (ref. 102). A crystal structure study on

[Re(CSHS)(CO)Z(CPhPMe3)]BCl4 shows that this compound has the structure XV below

(ref. 103).

+
(Re)
o¢ & C— Pnh
° |
F’Me3
(XV)

A structural study on a compound having a CPh(PMeB) bridging ligand is

reported (ref. 104). The structure of this compound is shown below (XVI).
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O O
C F’Me3 C
OC / CO
Re Ph w
o€ C Co
@)
C C
O O
(XVI)

The carbene complex Mn(CSHS)(CO)7(CHHeCH2CH2NHe) is reported, formed from

Mn (CSHS) (CO) ,THF and Z-IENCH.)CH,)NE-IeC=C.N}KeCH2CHZNI-Ie (ref. 105). &Another carbene

+
complex fac-[Re (CO) 3 (dpe) (C(OEt) SiPh3)] was mentioned earlier (ref. 32). Reacti

of Mn(CSHS)(CO)Z(CRR') (R = e, Ph, R' = OR; R = R' = Ph) with EtZNCECMe occur

with insertion of the acetylene into the metal-carbene bond to give the products

Mn
C /

e
° |
C

XVIY (ref. 106).

NEts

e
Me \CRR'
(XVII)

From reactions of Re (CSHS) (CO)3 and PhC=CH two products are obtained. The
first is a monomer Re (CSHS) (co) , (C=CHPh). The second, a dimer, has the structure

shown below (XVIII) according to a crystal structure study (ref. 107). Similar

_ARe) H
o
c o //C——H o
O —
ST\ S (X

Ph Ph cO
&
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chemisty: il mang (e £, 1091 . Tl oo
xn(C H.) (CO) , (C=CH from Mn(C.H ) (T0),(PhC CR) (2 = GoPh,, SnPh, or H),
55 2 573 - 3 3

along with a second product [Hn(CSH:)(CJ 21, (. =C=Ciirh) . The former compound can
3 2'2
be converted to the latter iIfF Hn(C,H_)(CU),(?HF is addéed. <Carbonvyl
jo . | Z
substitution reactions of .‘in(CSHS)(CC),'(C=CHP‘;:) are also
i

AT AT IS TerarMTIeTARL Ay e pate sersms e v mT e
2ROV DORITUATIVES °® TALS AND NBETALLSIDS

YI.  NETAL
POSITIVE HMETALS AND OF GROUP IITa AND IVA)
Compounds conta ng either manganese or rhenium honde

i
metal are grouped in thres general categories. 1In the i

with a simple 21-3' bond. There is a reference to the comyp

(1 = Cr, Mo, %W; 1* = ¥Mn, =®c). All six possible combinations of these mctals are

described in this paper. These compounds are prepared from reactions of PhC x(CO) .
}

.

and [M'(CO)S]— (ref. 109) . Compounds with nickel-manganese bonds Xn(CO} ui(gpha
t

are assumed to be intermediates in the reactions of ?i(PPhB)j(HO)x with

(ref. 110). ot isolated, these compounds degrade to :Ii(PP':xB)z(CO)2 and Mn
A second category includes polynuclear carbonyl species. iHere there are two

references to compounds characterized by criystallographic studies. One is to the

substance HOS3R8(C0)1_ (ref. 24) whose styructure is draun below (XIX). The second

compound has the formula H75e7053(co)70 (ref. 25), and is

(X1X) (XX

In each instance the hydrogen atoms could not be located precisely and the positions
as drawn are those inferred to be correct.

There are three references to compounds which possess bridging ligands in
addition to a metal-metal bond. The first reference is to the compound
g 1 b - gt i ich i rmed 1 4 THF
Hn(C5H4he)(CO)(J C0)2C0(P e3)(C5h5) which is formed from ;n(C5H4 e)(CO)Z( HF) and

Co(c5H )(Pr-le3)2 (ref. 111). The structure for this species is assigned based on

infraer evidence for the bridging carbonyls. Reactions with added ligands

(L = PMeB, PhC=CPh) cleave the species asymmetrically to give Hn(CSH4Me)(CO)3 and
Co(CSHS)(PMeB)(L)- The other two reports concern species with Asie, bricdging
groups (ref. 112). The compounds Mn (CSHS) (Co)zza.st\xezm(co),5 (8 = %n, Re) can be

obtained from Mn(CSHSHCO)zASMEZCland [H(CO)S]_. Oon irradiation a carbonyl



is lost to give (CSHE)(CO)OHnAsHejM(C0)4 which has structure Z¥I. Similarly
(ref. 113) photolyses of (co)4§‘eAs:-ze,,:~:(Co)r (31 = Mn, Re) give the dimethylarsenic
< ol -

bridged products, FQH(CO)B(ASHCZ) (xx1I1) .

o O o
C C C
c© Oc c©
o< d As o oC As Co
o Me2 C cC M62
o o O
(XXI) (XXII)

Reports of compounds in this group with boron containing ligands were common
in the last few vears but new work in this area is scarce. Herberich and Bauer
{ref. 114) report manganese and rhenium complexes of l-phenylborabenzene (XXIII)
formed on heating PhﬁEH=CHCHch=CH with the metal carbonyls. In addition the
work of Hildebrandt on manganese and rhenium carbonyl complexes of [B3H8]—’
reported in several papers during the last few years, has been written up in a

Ph.D. thesis (ref. 115).

(XXIII)

In contrast to boron chemistry, work on Group IVA elements bonded to manganese

ané rhenium has continued unabated. There are a number of papers on synthesis

. . .l' " ﬁ‘ . .o -
including preparations of An(CO)451x2CH2CH2PAe2 from Pﬂe2CH2CH251h3 and [Mn(CO)Sl
(ref . ll6),Re(CO)3(dpe)SiPh7R £yom Re(CO)B(dpe)(COSiPh,R)(R = Ph, Me) (ref. 32),

Y - Moo= M = = f: .1 ™ £
and [.1£C0)4(ER3)2] (1 Mn, Re); ER Ph,Sn, Ph,Ge, Ph.Pb, Me.Sn, Me,Ge) from

H(CO)AJ_ and the appropriate R,EX (ref. 19). The reaction of SiH,I, with [M(CO)S]_

3
(3 = Mn, Re) is reported, giving SiH,)[H(Co)S]2 and these compounds react with

CBr CDCl, or Ph CBE‘4 to give the respective Six,[M(CO)SJ, species ref. 117).

a4’ 3 3

1 M Y = ivi -
aAlso the reactions of L!nz(CO)lo and Snx2 [$:4 Br, I) giving an(Co)B[u Snx(Mn(Co)s)]2
are noted (ref. 118), as are the tin (ref. 117) MOssbauer spectra of these compounds

(ref. 119).
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Several cyclopentadienyl-metal carbonyls have been found to undergo oxidative
addition reactions with group IV element halides or hydrides. The reaction of
SnCl, with Hn(CSHS)(CO)ZL'(L = PRy, AsPh,, SbPhB) gives a 2:1 adduct of these
reagents. X-ray crystallography shows that the structure is ionic, vis,
[Hn(CSHS)(CO)Z(PPh3)(SnCl3)]SnC15, with phosphine and SnCl3 ligands trans to
one ancther (ref. 120). The structure of an analogous rhenium complex
gi§jRe(C5H5)(CO)é(H)(SnPhB) (ref. 72) has also been determined. Finally, the
preparation and reactions of Hn(CSHS)(CO)Z(H)(SiHePh—a~Np) are recorted. Interest
in this compound focuses on the asymmetric silicon atom (ref. 121).

Structures of RQZ(CO)6H4(SiEt2)2 (ref. 69) and Rez(CO)7H2(SiEt2)2 ref. 70) were
discussed earlier.

The kinetics of Mn-MR, (MR3 = SnR,, Sire,, Ge!eB) bond cleavage in Mn(co)srm3
by HgBr2 have been studied (ref. 122). Also reported in a separate paper are
similar studies using :-!(CO)SSm'-Ie3 (3 = Mn, Re) and ngz (ref. 123). These reactions
probably occur by initial adduct formation.

From appearance potential data, bond dissociation energies were calculated
for Re-Si, Re-Ge and Re-Sn bonds in Re(CO)SEMe3. The values reported are, in order,
3.1, 3.2, and 3.7 ev. (ref. 124). The pyrolysis of Mn(CO)SSiH3 at 773°K in a

-2,

flow system gives two solid phase materials identified as :-1n55i3 and Mnsi (ref. 125).
VII. METAL COMPLEXES OF GROUPS VA AND VIA LIGANDS

Considered in this section are, in order, comnrlexes of nitrogen ligands,
complexes with phosphorus and arsenic ligands, and finally complexes with oxygen
and sulfur ligand groups. Consistent with previous guidelines, complexes where
compounds of these elements serve as simple electron pair donor ligands are
excluded in this section.

Complexes that possess nitrogen containing ligands include Mn(2-methylindolyl) -
(co)3 (ref. 126) and Mn(CO)4(nLCH2=NCH2C5H4FeC5H5) (ref. 127). Both compounds
were subjects of crystallographic studies, the structures determined are sketched
below (XXIV, XXV). The structure of the compound [(Re(co)3c1)2’er](sbc16)2

(TPP = tetraphenylporphyrin) was also reported (ref. 55).

::C:::::::BL\
(:P12(:5F{4F}E(:5P45
OoC CcO
o¢ “o < T
C o . O
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The chemistry of some bis(aryldiazo)manganese carbonyl complexes is reported
+
in a communication (ref. 128). Treatment of Hn(CO)3(PPh3)2H with [PhN2] followed
by methoxide gives the starting complex Mn(CO)Z(PPh3)2N7Ph. In turn this compound
reacts further with [PhN2]BE‘4 to give either [Mn(CO)(PPh3)2(N2Ph)2]BF4, or, if
halide ion is present, Mn(PPh3)2(N2Ph)2K-

Two molecular structures that were determined for phosphole-manganese

compounds (ref. 129) are shown below (XXVI, XXVII)

Me t
—— /BU
[ P 0
\
Me
(aoy—<°
oc—&0)
C
C ¢ O C%)
O o
(XXVI) (XXVID

vahrenkamp and several coworkers have published a large amount of work on
compounds having AsMez groups bridging two metals. Papers describing the
syntheses of the following compounds are cited: Mn(CSH5)(CO)2AsMe2—m' (m' =
#o (CgHg) (CO) 4, w(CSHS)(C0)3, Fe(CSHS)(Co)z) (ref. 130); u(co)4(AsMe2M'(co)s)2
(41 = Cr, Mo, W; M' = pMn, Re) (ref. 131, 132); (CO)SReAsMeZM(CO)4ASHe2Cl and
(CO)SReAsMezn(co)4ASMezu'(CO)S (M = Cr, Mo, W; ' = Mn, Re) (ref. 132);
Fe, (CO) ; (Sile) ,AsMe M (CO) 5 (M = Mn, Re) (ref. 133); Mn (CgHg) (COY Me As-m
(m = Mn(CO) 5. Re(CO) 5, Fe(CgHL) (CO),, MO(CSHS)(CO)3, W{C HS) (CO) 5, Co (CO) ,)
(ref. 3132); and (CO)4FeAsMe2M(CO)5 (M = dn, Re) (ref. 113). A crystal structure
study has been carried out on the compound cis-W(CO),(AsMe Mn(CO)g), (ref. 134).
Ultraviolet irradiation of (CO)4FeAs .‘-!eZE«I(CO)5 leads to carbonyl displacement

and formation of the metal-metal bonded dimers, (CO)AE‘eAsMeZM(CO)A (M =M

, Re)

(ref. 113). Similarly, irradiation of Mn(C5H5)(CO)2AsMe2M(CO)5 produces the

metal-metal bonded compounds Mn(CsHs)(CO)zAsMeZM(CO)4 (M = M, Re) (ref. 112).
Work on various dinuclear metal complexes, [#(CO),(PR,X)], with bridging

329x (X = S, O0) groups was mentioned at an earlier time in this survey (refs.

41, 42, 43, 44, 45).

Several papers describing complexes with C52 as a ligand have been
published. Addition of C52 followed by PPh3 to Mn(C5H4R)(CO)2THF (R = H, Me) gives
a mixture of five products including Mn(CSH R)(Co)zL (L =co, PPh3r cs),

n =1 S 3 F= ~—
[An(C5H4R)(CO)2]205, and [Mn(CSH4R)(CO)2]2CSZ- addition of these reagents
together gives only Mn(C5H4R)(CO)2(CS). The chemistry involving the rhenium
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analogue is similar (ref. 135). Infrared data suggests that an - °-CS, ligand is
a stronger T acceptor than CO (ref. 136). It has bheon observed that the

carban-13Y nme spexcira of dpdC G300, {08
- o 2 -
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At the higher temperature limict the nmr pattern consist
for the carbonyl and cyclopentadienyl carbon atoms.
Preparation of the anionic comglex [Mn(csﬁ,ﬁe)(go)qsst} 1s acorilished by
1 2

reaction of SEt with Hn(CSH_He)(CO)j(THF) (ref. 130). This compound reacts with

perchloric acid to ¢ive a dinuclear compound having structure (XXVIII) according to

O
C

(XXVIII)

a crystallographic study. This compound is seen by clectrochemistry to underco two
reversible one electron oxidations but no products from these oxidations have vet
been isolated.

Reactions of MHn (CO)SBr or Re (CO)SCl with (E-IeBSn)zE E = Se, Te) give
[éln(CO)4ESm1e312- When heated the selenium compound loses carbon monoxide to form
the tetramer, [M(CO),SeSnMe,] . With HCl the tin-selenium bond is cleaved and
compounds with bridging -SeH groups are formed (139).

Other papers from the same grxcup describe further work in this area (refs. 140,
141, 142, 143). The sulfur bridged products [:-1(co)45312 (31 = 3n, Re; R = H, Me,

SnMe;) react with PMe; to form either [M(CO),(PHe,)SR], or M(CO),(PMe,),SR depending
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on condrtions (ref.14%) . Prom H(CO)B(PHev)
3

St and M° (CO)6 (1* = Cr, Mo, W) the

i8]

products H(CU)3(PHQj), ;—sn)n'(CO)S form (ref. 141). Also reported is the oxidation
of [Hn(CO)dSSnHe3]7 with iodine. A complicated polynuclear manganese carbonyl
sulfade, Mnn(CO)lSS can be obtained. Tts structure, XXNIX, was determined bv

4

e
2
x-ray crystallogravhy {(ref. 142). Another structure determination was renorted
for a product Re3(CO) S. Snile (XxXX), one of nmany complicated products from the

1372 3

reaction of Re (C0)_.Cl and (He3Sn)7S, obtained when the reaction is run in a 1:2

5

rolar ratio {xef. 143).

OC CO _
Oc cO
s < Meg
o) Sn o
\ C | C
()(: S. (:C) C%: S (:CD
C Mn C E; fge E5
@) (COs) @) CO)s
(XXIX) (XXX)

concluding this section, mention is again made of the compounds M(CO)452CR
(1 = Mn, Re) (ref. 92} and Rej(CO)G(Br)ZRSSR {(ref. 51, 52) cited earlier in this

review.

+
t ROCH ON META MPLEXES (M(C_ B > , [M(C }(C B E )
IX. HYDROCARBON METAL COMPLEXES (M(CgH) (co)3 [ 1(c6u6 (coryzt . m (CG:{_I) (col 5,
olefin, allyl complexes, others) .
There are rather a large number of papers pertaining to M(CSHS)(CO)3 or

derivatives thereof; however many have been cited earlier.

Several papers report unusual syntheses of cyclopentadienyl metal carbonyl

complexes. The preparation of a complex of the tricyanovinylcyclopentadienyl ligand
is reported (ref. 144). This ligand is prepared from TlCSH5 and TCNE; its reaction

wich Mn(CO)SBr gives the product, Mn(C5H4C(CN)=C(CN)2)(CO)3. The preparations of
various polyhalocvclopentadienyl complexes are noted; these are formed by degrading
the polyhalodiazocyclopentadienylidene in the presence of Mn(CO)SK (ref. 145). A
similar reaction with diazoindenylidene gives Mn(l—‘naloindenyl)(CO)3 (ref. 146). 1In
addition the reaction of Mn(CO)SCH C=CPh and Meozcczcc07Me to give Mn(1,2—C02Me—3*

2
. ; £ a i i £ = N
Ph CSHZ)(CO)3 is noted (ref. 94), as 1is the reaction o thP( S)CSH5 and Llnz(CO)10

i 4
to give Mn(C5H4PPh2)(CO)3 and Mn(C5H4PSPh2)(CO)3 (ref. 147).
tlext, consideration will be given to carbonyl substitution reactions and the

products derived from these reactions. A study recently carried out suggests

References p. 334



328

that HH(CSHS)(CO)Z,the intermediate in sukstitution processes of Hn(CSHS)(CO)3, nas
a trigonal configuration (counting a bond to the C.ii. centroid as one of three
directed bonds from the metal). The dvnamics of the inversion process are defined
(ref. 148). This process involves a planar intermediate.

The use of pMe, lI0 to promote carbonyl substituticon is becoming common 1n

3
carbonyl chemistry. This reagent was used with Mn(CSH4He)(CO)3 to effect substi-
tution and the compounds Hn(C554Me)(CO)?L (L. = PPh., pv¥, norbornadicne) were

prepared (ref. 149).
Most other substituted compounds were made via the THF complex, formed in situ
by irradiation of Mn(C5H4R)(CO)3 compounds in this solvent. Prepared were

M(CSH4R)(CO)7(CSQ) (M = Mn, Re; R = H, Me), formed using CSe., and PPh3 (ref. 150):

2
the analogous thiocarbonyl comolex was made by the same procedure (ref. 135). It

is necessary to add the reagents CS2 and PPh3 together to maximize the yield;
if added sequentially a mixture of products is obtained. Two olefin complexes
were made from the THF complex. One is a complex of an enone, Mn(CSHS)(CO)z-
(CH2=CHCHO) (ref. 151), the second a complex of fulvenallene (ref. 152). The

latter has the structure shown below (XXXI). Using ultraviolet irradiation it is

(XXXI)

possible to substitute all three carbonyls in !-m(CSHS)(CO).J by isocyanides, giving

Mn(CSHS)(CNR)3 (ref.153). Compounds were prepared from four ligands (CMR:; R = Me.Ph,
9_C1C6H4,C6C15)- Similar complexes with phosphine and phosphite ligands are also
reported, but these were prepared in a different manner displacing a hydrocarbon
ligand from either Mn(CSHS)2 or Mn(CSHS)(C7H8) (ref. 154).

syntheses of several compounds were referenced in earlier sections of this
review. The preparation of [Mn(C5H4Me)(CO)ZSEt]_, from SEt and the THF complex
is noted. A dinuclear compound is derived from this species on protonation (ref.
138). Also mentioned was a carbene complex, Mn(CSHS)(CO)Z(éﬁﬁgaﬁzaﬁzﬁMe) {ref. 105),
and a carboalkylidene species Re(CSHS)(CO)Z(C=CHPh) (ref. 107). The latter compound
is one of two products obtained from Re(CSHS)(Co)3 and PhCZCH: the second is a dimer
of this formula. The use of several m-AsMe2 compounds as ligands (m = W(CSHS)(CO)3,
MQ(CSHS)(CO)3, Pe(CSHS)(CO)z) to manganese was also mentioned earlier; the compounds

Mn(CSHS)(CO)zAsMe —-m were described (ref. 130).

2
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A crystal structure study was carried out on the olefin compound Mn(CSHS)—

(CO),CBH8 (C8H8 = cyclooctatetraene) (ref. 155). Electronic spectra of various
AS t 3}

.1(C5 5)(CO)2
CNDO calculations were performed on a number of hydrocarbon complexes (Cr(CGHG)(CO)3,

L (M = 4n, Re; L = CO, amines, py, substituted py) are reported (ref.156).
Hn(C5H5)(CO)3, Fe(C4H4)(CO)3-.-) (ref. 157). Calculations of 13C nmr paramagnetic
shielding constants were also performed in several of these compounds (ref. 158).
Reference was made to the T acceptor character of C52 ip the Mn(CSHS)(CO)Z(CSZ)
(ref. 136), and also to the fluxional characters of this compound and [“n(CSHS)(CO)2]5

C52 (ref. 137).
A second general area of interest for compounds in this category involves
reactions of cooxdinated ligands. Again much of this work has been cited earlier;
note specifically the references to nucleophilic additions at the carbyne ligand
in the carbyne complexes [M(CSHS)(CO)ZCR]+ (refs. 93, 99, 100, 101, 102, 103), the
insertion of Et2NCECMe into the manganese carbene bond of various Mn(CSHS)(CO)Z—
(carbene) complexes (ref. 106), and the conversion of Mn(Csﬂs)(CO)Z(PhCECGePh3) to
Mn(C5H5)(C0)2C=CHPh (ref. 108). Other work in this area is concerned with reactions
at nitrogen,‘phosphorus, or arsenic ligands. It was shown that I-ln(CSHS)(CO)zNZH4
reacts with Cr(CO)STHF giving a product, Mn(CSHS)(CO)ZHN:NHCr(CO)S, having a
diimine ligand bridging the two metals (ref. 159). One P-H unit of Mn(CSHS)(CO)Z—
PPth is capable of addition to acetylenes (C2H2, PhC=CH, PhC=CPh, MeSi(CECH)Z); the
products are compounds having a phenylvinylphosphine ligand, Mn(CSHS)(Co)Z—
(PPhH-CR=CHR) . An x-rav structural study was performed on the product which was
formed from PhC=CPh (ref. 160). In the presence of Et3N, acetylacetone reacts with

the product is shown below XXXII (ref. 161). The reaction of

M i P .
Mn (Cshs) (CO)Z- PhClz,

(XXXII)

[Mn(CSHs)(Co)ZPMezs]— with various silicon, germanium, or tin halides is shown to

give Mn(CSHS)(CO)zPMeosERB derivatives (ref. 162). Air oxidation of Mn(CSHS)(CO)Z-
AsMe,H occurs in a unique fashion to give a species with AS2Me4 bridging two

Mn(CSHS)(CO)z groups {(ref. 163). Reactions of Mn(csﬂs)(co)zAsMezcl with several

References p: 334
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metal carbonvl anions to give Mn(C. 'S)M:d

(ref. 112).

As usual, there s much work on reactions at the cyclor entadienyt liea
“'!n(CE.HS) (Cu),- Considerable emvhasis during the lasc vear has seen d.rfected to
po 3
making compounds with metallic substituents on the crclopentadionyl ving.  Uhe

compounds Mn(C HJCH7H(CO)5)(CD)7 wore cited ecarlier (ref. 74). As another
3

example, compounds W(C Jh)(CO)’ (4 = %n, Re; R = Pt(FPhB)zCl) are formod Yrom

Mn (C H,Li)(CO) and “t(r"’nB),)(.l2 (ref. 16.1) . Similar oompounds H(CBE RE(CJ)Z(?Ehz)
are formed from .1((_5:( BGH) (Co) :»Pn and Pt Phﬂs)l“ (ref. L65) . The compound
4n(C5",Cdge)(CO) (P?13) (fe = “e(( h,)(CO) ) is shown to decarbonvlate (ref. 156),
and tnlis product #Mn(C 514Le)(CO) (?fi has been reacted with H or with r:,
producing ring-iron cleavage, and wit& BEPh_,causing CO insertion into the iron-rine

unit (ref. 167)._
Other examples of bimetallic systems include Br(?o)‘w‘ccsﬁlnn(u“)q (ref. 16R),
5 C B - (CO = > —CH=Chi- ref . Q). The lacter
and (CO)B‘.-XnCSh [ H,_:-.(() gLy ((_=,.)3 (< cG, .!!,), CH=Cii-) (ref 169) 1 Y

systems were studied to evaluate the transmission of electronic effects from on

metal system to the other.

Borohvdride reduction of an acyl substituced cyclopentadienyl compound,

is found to be stereospecific. The product has an endo O group, (ref. 170) so

the hydride is attacking exo, on the side opposite the metal.

(XXXIIT)

Electron-rich character is indicated for various phosphine substicuted
derivatives of M(CSHS)(CO)3- The compound Hn(CSHS)(CO)(dpe) is readily oxidized

4+
by one electron loss to the isolable 1l7e species [Mn(C,H 7 (CO) (dpe) ] (refs. 53,171)

5
P ol M M = 2

4+ PPhy, PPhMe, P(OMe), n 1,2) also
oxidize. Esr can be used to detect the product, a 17e species, at lower

Other complexes Mn(C )(CO) Ln (L = PEt

temperatures, but the products cannot be isolated (ref. 53). An nmr study on
Mn(C5H4Me)(CO)2(PPhMe2) has shown that this compound is protonated quantitatively
in CF3SO3H (ref. 71). Two isomers are detected. These isomers undergo rapid

non-dissociative interconversion, with a AH* between 11 and 15 Kcal.
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The ior Mn (CoH PPh, witl i CoHo n,)-
The reaction of !r(C5P5)(CO) hy with SnCl4 to give [Mn(‘SHD)(CO)Z(PPnB)

2
(SnCl3)]SnCl is obviously related to the protonation work (ref. 120).

5
Various Mn (C5HI,P.) (coynn' (R

COQH, Me, etc.) complexes have been synthesized.
pra and V{CQ) values were measured and correlated with the characters of the
ligands L and L' (ref. 172).

Mentioned earlier in this survey were Re(CSHS)(CO)z(H)(SiPh3) (ref. 72),

Mn(C.H )(CO)Z(H)(SiHePh—i-ﬁD) (ref. 121), and Mn(CSHS)(CO)—(U—CO)ZCO(PHe3)(C )

Cglig S
(ref. 111).

5

Thermal decompositions of several metallocenes including Mn(CSHS)2 have been
reported (ref. 173). Also a Raman spectral study has been carried oul on these
compounds (ref. 174).

It is appropriate to turn next to complexes of hydrocarbons other than the
cyclopentadienyl anion. There are, however, only a scattering of references to
consider.

There are éwo papers on arene complexes. One reports a secondary product of

arene—Re(Co)SBr reactions to be [Re(arene)(CO)BlReO(CO)6Br (ref. 50). A crystal

3

structure study was done on the toluene compound. The second reference is about

reactions of [Mn(C_H _ He )(CO),1" reactions with LiAlH, and with RLi (ref. 78).

The former reactions give Mn(arene)(CO)2CH3 while the latter gives Hn(arene)(co)2COR

complexes; both’ reactions occur with nucleophilic attack of coordinated carbonyl.
The reaction of [Mn(fluorene)(CO)3]+ with bases is reported in a paper and

a thesis (refs. 175, 176). Bases as weak as Et3N will remove a proton from the

Ci,, group in the nydrocarbon to give a red crystalline species in which the

meZal remains bonded to one 6-membered ring on the hydrocarbon. This compound

can be reprotonated or alkylated (exo) in the 9 position. It is also seen to

reafrange slowly to give a new complex in which the metal coordination is now

to the S-membered ring of the ligand. This reaction is not reversible.

S

C C
O & O
O

3 (C7H8Ph) ,

shown below, XXXIV, along with small amounts of the cycloheptadienyl complex

Addition of Mn(CO)SPh to cvcloheptatriene gives the product Mn (CO)

9)(co)3 (ref. 177). The reaction with Re(co)SPh proceeds similarly.

Mn(C7H
- - - + .
Hydride abstraction with [Ph_C] gives a l-phenylcyclohexadienyl metal complex.
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Crystal structure scudies have been reported on [Hn(azulene)(CO)BIO (ref. 178)

and ClAHlOMn,)(CO)6 (XXXV) (ref. 179). The former compound contains D-En(CO)3 groups
4 2

bonded to the five membered ring of each azulene, with the azulenes linked by a born:

between the 4-positions.

(XXXV)

There have been five papers concerned with hydrocarbons having heteroatoms

(pboron, phosphorus, nitrogen) as ligands. Four of these were referenced earlier

Mn, Re) (ref. 114), Mn(2—methylindolyl)(CO)3 (ref. 126),

(CSHSBPhM(CO)3,(M =
PBu ")

Mn(CH2=NCH°fc)(CO)3 (ref. 127)), and two phosphole compounds an(CO)7(C6H8

and Mn3(CO)11(C6H8P) (ref. 129). 1In addition there is reported a compound from

Hn(pyrollyl)(CO)3 and acetic anhydride which has the structure XXxVI (ref. 180).

ON CO (XXXVI)
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IX. VARIOUS ISOCYANIDE AMD NITROSYL COMPOUNDS ([M (CNR)61+, Mn (CO)4 nL NO,
- n

Mn(NO) 3L, [3(CgHg) (CO) o] )

Compounds in these categories are not being as actively investigated now as
they were in the last few years. Consequently there are only a few referencses to
be cited here, and these are primarily with isocyanide complexes.

Major work has appeared on [Mn(CNR)6]+ compounds. Electrochemical oxidations
of 11 complexes were studied and correlations determined between El/2 and substit-
uents on the aryl group (ref. 181). This work is also available in a thesis (ref. 25)
along with other chemistry concerning Mn(CNR)SX, [Mn(CO)G_n(CNR)n]+ and
Hn(CSHS)(CNR)3 species. A paper on the Mn(CSHS)(CNR)3 was cited earlier in the
review (ref. 153). Also cited was work on reactions of Mn(CO)SR with isocyanides
(ref. 90).

simiiar chemistry on Re(CO)S_n(CNR)nx and [Re(CO)G_n(CNR)n]+ is noted (ref. 27).

An interesting theoretical paper on aryl isocyanides originates in the
manganese isocyanide chemistry described above (ref. 182). 1t is noted that the
interaction of the aryl T system with one of the #* (CN) orbitals causes a splitting
degeneracy of T* levels, with one orbital stabilized. Interaction of this 7*
orbital with a filled metal d orbital allows aryl isocvanides to be quite good T
acc=2ptors relative to alkyl isocyanides.

The compound MnZ(CO)S(dpm)Z,it may be remembered, has a unique structure in
wnich a CO bridges the two metals utilizing its T electrons. This compound can add
CNR (R = tol, benzyl, Me) reversibly. In the case of the CNtol adduct, heating
leads to CO loss to give an(CO)4(CNtol)(dpm)2,a compound in which the isocyanide
has assumed the unique bridging role (ref. 13).

Sevaral new rhenium isocyanide complexes are reported. From KReI6 and cyclo-
hexyl isocyanide (=L) a compound of the formula Re_L_I_ is formed. Other reactions

3’6 6

. . . L R
of ReI, give either RejL;fjor Re3L319. From K,ReBr and L one gets the rhenium(II)

3

derijivative ReL4Br2, an orange crystalline compound (ref. 183).

The three papers on nitrosyl complexes have been cited in earlier places in
the review. These include: the use of NOCl as a nitrosating reagent with
Mn(C5H5)(CO)3 (ref. 46); the syntheses and reactions of [M(C5H4R)(NO)(CO)(CS)]+
species (ref. 54); and the synthesis of Mn(NO)3(PPh3) from Ni(NO)(PPh3)2Cl and

[Mn(CO)sl_ (ref. 110). &ilso cited was a paper on aryl-diazonium complexes of

rhenium (ref. 128).

X. STRUCTURAL STUDIES

Compounds whose structures have been determined by x-ray crystallcgraphy or
electron diffraction are listed: fac—[Re(CO)3(NCMe)3]BE'4 (ref. 26); Re(CO)B(dpe)—
COSlPh3 (ref. 32); HOS3R8(CO)15 (ref. 34); H2053Re2(CO)20 (cef. 35): [Mn(CO)4PPh20]2

41) ; B . .
(ref. :l), [Re(MeCGHS)(C0)3][R32(CO)6BI3] (ref. 50); Rez(CO)6Br2(PhSSPh) (ref. 51);

References p. 334
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he (Cﬁ) Bz (HlesSlle) (ref. 52); ['Rn(uc),fl O”TF]ﬂSbC]( {re. 55); Hn(C“)SH (byv

echLron dJLtraction (ref. 62)); (Et4ﬂ)2{ﬁe3)(Cﬂ)“H3] (ref. 5
Re (CO) bl (ref. 67); NEE, [Avﬂ( )10 4] (ref. 0&); nnZ(L‘)
Rez((_f))_/ E) (Sii.t,)j (ref. 70); nc((.siis) (C«’l)z(?I)Sii‘h3 (ref. 72
(ref. 77); ﬂn,(CO) (Pzn ) (Pr'h (G ?), HnRe (Co) (DPW ‘d3) (ref.
(Prh 6 ) and -In (C())_.(I”’n } (E- 12('6i53) (ref- 10); Mn (XD I P('\—tul) (C 319)
(ret. 82 ), Re(cﬂ)4(ﬁuzpn)Lﬁﬂ (ref. 85); Mn(C. ? ) (C) (CJCz) (ref. 100‘;

[RC(C_HP)(CO)O(CPhPHej)]HCI‘ (ref. 103); (C0)4Fc(h—CznPA03)(H—CO)H(CH)A (ref. 104);

Re (CS! =) (CO) =CPh(CFPh= CE!ZRC (CSEXS) (Ct‘;)2 (ref. 107), [¥n (C,I' ) (L‘()):2 (z"!'h3)SnCl3]S'n(“]5
(ref. 119); mn(Z—Hethylindolyl)(CO)3 (ref. 126); 1n(c0)4
{(ref. 127); =n_(CO)_(C il P—But) and n (C”) (( h P) (ref. 129
2 7 6 8 3

(As!-[ezt-ln((_'l))s)2 (ref. 1331); HnZ(C5H4HG)2(C”)JSLEJC]U4 (ref.

2 H £ 43); M C_H [&(D] (C
(ref. 142); Rc3(CO)13 ZSnJe3 (ref. 143) in { 5 5)( ()2 &
Hn(CSHS)(CO)2(PPhHCPh—CHPh) (ref. 160); [Mn(azulenc) (CV)

o]
o

4HlOMnZ(CO)6 (res. 179); *h) (LO) Q;arollyl)(c H KC”JQ)
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