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Synthesis and Reactions

In general, the formst of this section parallels that of the 1970
Survey. Briefly, papers concerned primarily with preparative aspects of
organometallic chemistry of the Group VII elements are dealt with in the
‘following order: mnmetal carbonyls; carbonyl halides; carbonyls with N-donor,
f- and As-donor, O-donor, and S-donor ligands; boron-containing metal
carbonyls; No complexes; metal-metal bonded compounds; nydrides; M~C o-
bonded complexes;- compounds with fluorocarbon ligends; and n-complexes. The
last part of this section does not include those reactions which lead to
substitution on the m-CsHs ring of m-CsHsM(CO)s without affecting the M(CO),
ﬁxoiety. They are covered in the Chapter on ''Organic Reactions of Selected
n-Complexes'?,

Unless indicated otherwise, structures of the complexes referred to
in this section were inferred with the aid of one or more of the following
" techniques: vibrationel spectroscopy, proton (also, where applicable,
191;." u‘B, etc. ) resanance spectroscopy, and mass spectrometry.

A new synthetic procedure for Mna(CO)lo has been patented which uses
( ©-CH2C5Hy )Mn{C0)a, naphthalene, and sodium in diglyme at 80~150° and under
i atm of €O [1]. High-pressure preparative methods for Mnp(CO)io [2,3] and
“Rez(C0)10 [4] have been also reported, the first two in the patent
literature.
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‘ Photochemical reaction between Rez(CO)J_o and I, yields either Re(CO)s'.[
or Res(C0)als depending on experimental conditions [57. The use of Pyrex-
filtered ultraviolet light at room temperature promotes the formation of
Re(CO)sI, whereas unfiltered ultraviolet light and higher temperatures (110°)
favor Rep(CO)gIs.  Treatment of KgRelg in acetone with CO, followed by

addition of R.NI, affords the ionic R.N[trans-Re(C0).T.] [6]. However, if

both KOH and R.,NI are introduced into KpRelg treated the same way with CO in

acetone, then orenge, paramagnetic (RyN)o[trans-Re(C0)sI.] becomes the

product. A longer treatment of KsReIg with CO in acetone and subsequent
addition of KOH and RyNI yield the known ReN[Re(CO)Tnl.

Reported in a dactoral dissertation are reactions of Mn(CO).NO with
halégens and pseudohalogens, -as well as quantum yields for some photochemical
substitution reactions 6f Mn(CO).NO [T]. The l%.tter vary with the ligand L
a.mi with thé concentration of the better nucleophiles. .

Several new halogenonitrosyl complexes of rhenium have been prepared
by Zingales and coworkers [8]. Treatment of [Re(C0),Cl], with NO and HCL
affords chloﬁne-bridged [Re(c0)o(NO)C1,]o, from which the corresponding
bromide and iodide can be synthesized by methatetical reactions.
[Re(C0)5(NO)C1a]s reacts with L (I = P(C4Hs)a, pyridines, and O-donor ligands)
to give Re(CO)s(NO)IC1o. ihe bromo aend iodo complexes react anaiogously
with pyridine. The reaction of Re(C0)4IC1 or Re{CO)sL-Cl with NO end HCl
a.lsor affords Re(C0),(NO)1C1o.

The complexés [#(c0)5(NCCH3)X]a, of proposed structure (1), resuit
when M(co);x (M = Mnor Re, X = (1, Br, or I) reacts with CHaCN in 2,2-
dimetho:qrpmpané [(9]. One member of this series (¥ = Mn, X = Cl) was
reported earlier (AS 9, 162). |

'Severa.l isocya.na.toca.rbonyls of rhenium have been prepared using
anhydrous hydrazine as the source of nitrogen [10]. VRee.ction of trans-

Re(c0) IBr (L = P(CeHs)s) or cis-Re(c0),iBr (L = P(CeHs)s, P(CHs)2Cebs,
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or As(CHg)CeHs) with hydrazine affords Re(CO)sL{NH.NH,)NCO (IT), whereas

that of mer(L's trans)-Re(CO) IoX (L = P(CgHs)s, X = Br; L = P(CHs)aCols
or P(CHg)(CeHs)a, X = C1) gives Re(CO)olo(NHoNHL)NCO (III). Substitution
‘reactions of (IT) and (III) furnish additional dicarbonyl and tricarbonyl

7 :»i.,‘socya.nato complexes. BSome of these compounds were incorrectly reported
e_ar]ier (as 6, 1103) as containing molecular nitrogen. Treatment of

"~ Re(C0)5(PR3)zCL with NaNg or CgHsC(O)N5 affords Re(CO)s(PRs)aNa

(R = P{CH3)aCeHs or P(CH.){CeHs)») rather than isoeyanatocerbonyls.

NH2
NHZT

\l/ \l/
/i\ /I\

NHp

(I (o)

In a related study, mer(P's trans)-Mn(cO);[P(CHs)zCsHs]oBr was found

to react with NHoMH, to give Mn(CO)o[P(CHg)-CoHs ]2{(NHo-NHo)NCO, which affords
. '-IQﬁi(co)atP(CH_o,)acsHsjanco and Mn(C0)s[P{CHs)Csls ]sNCO upon reaction with CO
7 and P(CHz)oCeHs, respectively [11]. The last dicarbonyl yields
m\CO)g[P(C}Ia)gCeHs]sBr when treated with bromide. The stereochemistries
"of these compounds are discussed.

Reaction of M(CO)sBr or Mo(CO)io (M = Mn or Re) with potassium

o »L'»'R'eferences p- 379
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dihydrobis( pyrazolyl)borate affords the crystalline complexes

[HoB(NaCaHa )2 TM(CO)g (pyrazole) (Iv) [12]. Substitution reactions of (IV)

have afforded cis-[HoB(NaCsHs)a]Mn(CO)zls (I = (CaHs)oF CHoCH-P(CeHs )z

or 2P(CHz)oCeHs), fac-[HzB(N.CaHa)zIMn(C0)zX (X = Br or I}, and
(HzB(NoCoHa )2 TM(CO)aln (Vi M = Mo, T = P(OCH3)s or CoHsC(CHz0)sPs M = Re,
L = CHaC(CH20)3P)-

Yy a

H\B/N N\Jd/co H\E/N-———N\i/co
H/ \\N N/ l \co H/ \N N/ \ \CO
J o
(DD (¥)

Chatt and associates [13] report reactions of some benzoylazo complexes
of rhenium. Re[P(CgHs)slz(NoCOCsHs )C1, affords Re(C0)o[P{Csls )a]a(NaCOCsHs )C1o
when treated with CO. Tnis unstable geclden-~yellow. dicarbonyl reacts with
Cls to give Re(CO)[P(CgHs)ala(NaCOCsHs )C1s and decomposes upon chromatography
on silica gel to furnish, among other products, Re(CO)Z(Nz)[P(Cs% )3]2012.

The complexes Ni{saen) and Ni(aben) (saemn = N,N'-ethylenebis-
(salicylideneiminato) and sben = N,N'-ethylenebis(o-aminobenzylideneiminato))
react with Mn(CO)sX (X = C1 or Br) to yield Ni(saen)Mn(CO)5;X and Ni(aben)-
Mn{CO)oX, respectively [14]. The infrared spectra indicate Cp, local symmetry
around manganese in both products.

Two metalloporphyrins bave been isolated from the reaction of
mescporphyrin IX dimethyl ester with Rex(CO)io: p-[mesophorphyrin IX dimethyl
esterato]bis[tricarbonylrhenium(I)] and (monohydrogen mescporphyrin IX
dimethyl esterato)tricarbonylrhenium(I) [15].

Replacement of CO with PF5 in Mn(CO).NO [16], HCF-CF-Mn(CO)s, and

HRe(CO)s [1T] has been the subject of doctoral dissertations. The use of
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Ni(PFs)s in synthesis of PFy-containing metal complexes has been reported [18].
Prepa.red by this general procedure have been Mno(C0)1o-x(FFslx (x = 0, 1,
“or 2) or Mny(CO)g(FFs)s, starting with Mn(CO)sBr, and Re(CO);(PFa3)gEBr, from
‘Re(CO)sBr and excess Ni(PFgle.

" Reaction of Mny(CO)io with P(CgHs)s has been studied under various
experimental conditions [19]. Two compounds analyzing for ''Mn(CO}4P(CgHs)a'"
were obtained: dimeric Mns(COJ)g[P(CgHs)a]n [20] and a monomeric, diamagnetic

11 Mn(CO),P(Cels )5, DOssibly trans-HMn{CO)4P(Cshs)s. The diesmsgnetic species

had been isolated earlier from the interaction of CgHsCHzSO-Mn(CC)s with
P(CgHs)s [21]-

Dirhenium dodecacarbonyl reacts photochemically with 1 mole of
P(CHa ) (CsHs )2 (L) to give Ren(CO)sL, Ren(CO)gls, two isomers of Res(CO)7La,
and Rey(C0)iole [22]. With 2 moles of L, Rex(CO)io affords two iscmers of
Reo(C0)7Ls and Re(CO)aln. By way of contrast, thermal reaction between
Ren(C0)10 and 1 mole of L yields Ren(CO)gls as the only isolable product.
The interaction between Res(CO)gLs, Rez(CO)7Ig, Res(CO)iols, or Re(CO)sIn

and dry HCL leads to the formation of cis- and trans-Re(C0).IC1 and mer (L's

trans)~Re(CO)3I-C1l. Reection of mer-RelsCls with CO in ethanol furnishes

mer(I's trans)-Re(C0)sIoCl and mer(co's cis)-Re{C0)515C1l. The first product

can be also obtained by treating mer-ReLsCl; with Na(Hg) and CO and by the
reaction of ReloCly with CO in 2-methoxyethanol. An unusual paramagnetic

Re(C0)s[P(CHa)oCelts], obtained from Rep(CO)io and P{CH;)zCsHs (> 2 moles),

is also mentioned.

In a series of papers King and coworkers report [23, 2k, 25] on reactions
_between various manganese carbonyls and several polydentate phosphines.
»T‘J;'.ea.tment of CHzMn(CO)s and Mn(CO)sBr with [ (Cels)oPCHoCHo]oPCeHs (PE-PE-PF)
yields CHaMn{CO)s(PL-P£~Pf) and Mn(CO).{P£-Pf-Pf)Br, respectively [23]. The
tetradentate (CeBs ) 5PCHLCHP (CsBs JCHoCHoP (Cs% JCHACHP(CeHs )5z (PE-PF-PL-PF)

and [ (CsHs )oPCHCHo]sP (P-(Pf)s) furnish CHaMn(CO)a(PL-PL-PE-PL),

‘References p. 379
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CHoMn(CO) [ P-(Pf)5], and CHCOMn(CO)s[P-P£)s] upon reaction with CHMn(CO)s,
and Mn(CO).(PE-PE-PE-PE)Br and Mn(CO)o[P-(PP)a]Br with Mn(CO)sBr [24]. The
hexatertiary phosphine [(CgHs )sPCH2CHo]2PCHoCHEPL CHoCHoP(Colis )2la (Pa~(PF)s)
yieids: (a) [CHaMn(CO)=]a[P2-(PE),] and/or CHzMa(CO)z[P2-(P£)s] upon
reaction with CHaMn(CO)s in xylene or mesitylene at reflux, and
CHACOMN(CO)a[Po-(PF).] with CHgMn(CO)s in THF; (b) (r-C5Hs ) oMno{(CO) 5=
[Po-(Pf),] when treated with w-CsHsMn(CO)a; and (e) {(mCgHs)oMnz(cO) (NO)o-
[Po-(P£)41} (PFe)2 upon reaction with [ =-CsHsMn(CO)-NOjPFs [257.

Dimenganese decacarbonyl end (AsCHz)s react in the presence of light
at room temperature to give Mr12(CO)8(AsCH3)5 (v1) , whose proposed structure
is based on the 'H NMR and mass spectra [26]. The same reactants yield

[Mn(CO)5(AsCHg)a]a, OF possible structure (VII), when heated at 1500,

CHa
~
. CH A5
CH3 \3As/l
CH3
Asem,, - AS/CH}
\ T T \
As
CH3™
:J/ ‘ (CO)BMn< /Mn(CO)a
As A
\M c S\CH3
(CO)dMn——-A‘S —*C: nCON, CH;TS l
3 A
CHs As— TCH,
cHY
(3¥0) (M)

The reaction between Mn,(C0)ic and As(CHz)sI affords the unsymmetrically-
bridged Mno(CO)g[As(CHa)o]T, wherees that between Mno(CO)io and As(CHa)zX
(X = C1 or Br) yields polymeric carbonyls of unknown structure [é?]. A
series of enalogous complexes Mnn(CO)g[As(CHs)2]X (X = SCFs, SCHa, Cl,
P(CH3)2, and H) has been prepared starting with Mno(CO)s[As(CHs)2]I. Both
Mno(CO)g[E(CF3)2]2 and Mna(CO)g[E! (CHz)2][E(CF3)2] result upon treatment
of Mno(CO)10 with (CH3)oE'-E(CF3)s (E = P, B = As; E = 4s, B' = P).
The infrared, H NMR, and mass spectra of these dimanganese compounds are

reported.



" MANGANESE, TECHNETIUM AND RHENIUM 341

The photochemically generated complexes M(CO)-_-—,[E(.CH:a)eclj (M = cr,
Mo, and W, E = P and As) react with NaM (co)s (M = Mn and Re) to
1;roduce (co)sME(CHL )M (CO)s as yellow-to-orange, air-stsble, crystalline
solids [28]. On heating or photolysis, these products decompose to M(CO)s
aﬁ.d M »(co)alE(CHz)2]) 2.

As part of a broader study, Chiswell, et al. [@] report on the
reaction of Mn(CO)sBr with o-dimethylarsinoaniline (MAA) and 1-amino-2-
(diphenyiarsino)ethane (APE). Diemagnetic, insoluble complexes of formula

#n(CO) 5 (MAA)Br and Mn(CO)o(APE)Br, tentatively assigned structure (VIIT a

or b: N-As = MAA or APE), were isolated.
+ +
N N’-\AS A N7 N\
S AS
/Mn\ . Br /Mn Br-
As ‘ cc N i \co
Cc Cc
o] o
@) (b)
(¥1)
The reaction: (CH3)M - M(CH3),

/
AN

A
/

2rMCHy;]3 - 2Mncolger {COMsMn /Mn(cou
/p
+2CO + 2M(CH,),Br (CHg)M M(CHy, )
M .= Ge or Sm, occurs at 60-T0° and affords ca. 804 yields of the products [30]
The complexes mer(L's trans)-Mn(CO),T-Br (I = P(CHa3)aCgls or
As(CHa)oCels) and fac-Mn(CO)sI Br (L = As(CHg)oCels; In = (CeHs)a-

PCHoCHLP(Cels ) or (CeHs )oPCH-P(CeHs)o) in benzene undergo rapid oxidation
with NOPFs to give green c‘rysfe.l]in.e [fac-Mn{CO);1=Br]PFg [31]. These
Mn(iI) products can be reduced back to Mn(I) with CHClz, Hso, Or alcohols.

The kmown anion [Rep(C0)e(OH)s] (&S 5, 630) has been synthesized

" References p. 319
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via a different procedure which involves reaction of Rez(C0)io or Re(CO)sBr
with 0.1-0.3 M KOH [32].

Several carboxylatocarbonyl complexes of rhenium have been prepared
by Iindner and Grimmer [33]. The reaction between RCOzNa (R = CHz or
CeHs) end Re(CO)sBr in THF at 60° affords the dimuclear [RCOsRe{(CO)z]a.
These complexes can be carbomylsted under 300 atm of CO at 50° to the
corresponding RCO-Re(CO)s. in which the carboxylate is moncdentate. The
reaction can be reversed by heating the pentacarbonyls to 80° Treatment
of [CgHsCO0oRe{CO)5]- with P(CgHs )5 affords CeHsCOzRe{(CO)g[P(Celis)alz.

New acetylacetonatonitrosyl complexes of rhenium, Re(C0).(NO)-
(CsHR0-)c1 (IX), have been prepared by the reaction of [Re(C0)2(wW0O)Ciz]-
with RC(O)cHoC(O)R (R = CHs, CFa3, or CgHs) [34]. [Re(C0)o(N0)C1ls]s reacts
also with cyclooctene to afford [Re(C0)(N0)(cyclooctene)Cly]s, which upon

treatment with N-, P-, and As-donor ligands (L) gives Re(CO)(NO)L-Cln,.

8 R
OC\ { /O C\:\‘\

Re s CH
ow/l \o ——’//

Ct \R

(XX)

A detailed account has appeared [35] of the preparation of RsPS:M(CO)4
(M = Mnor Re, R = CzHs or Cglls) via the reaction of R-PSzla with
M(cO)sBr (AS @, 164-165). The complex with R = CpHs and M = Re was
also obtained photochemically from (CoBs)2P(S)SzP(S)(CoHs)z and Reo(C0)io
Upon heating under reduced pressure (1072m) at 40° it forms
[(Czﬁé )éPSzRe(CO)slz, the reaction being reversed at high pressures of CO.
Upon treatment with P(CgHs)a it affords (CpHs)2PSaRe(C0)sP(Cels)s.

Preparation of new mangsnese camplexes with boron-containing ligands

has received some attention. The reaction:
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:[(éo)4mssn(01ia)3]2 + 2(CH;)sBBr ———3 [(CO) MnSB(CHsz)2]2 + 2(CHz)gSmBr (2)

: aPfords the first thermally sbtable transition metal complex of a B-S system
' v[36:»|. Trestment of B-trichlorcborazine with NaMn(CO)s yields Bs[Mn(CO)s]aNaHg

(x); BgClgNg(CHs)s and NaMn(CO)s g&ve an analogous, but rather unstable,

“campound [37].

Tn(c0)5
H B
\ \
(C0)5Mn/ T/ Mn(CO)g
H
(X)
The reaction:
— —+
CH3 CHy
H
Mn prg NaBH, M 3
ON/ , \CNCH3 ON/I \
c C N-——CH3
N
S| N\,
| N B8——H
/]
CH, H
(X1)

affords a purple, crystalline product which is stable to air, and for which
structure (XI) has been suggested [38]. Trestment of (XI) with (CgHs)aCBFa

‘yields the BF, analog (XII).

_CHj

N—CH3
N—B—F
/ |
/
CHy F

Referv'nces p- 379
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The preparation and characterization of [P(CHs)zCsHs]4ClReN-CrCls{THF ),
have been described [39]. The complex is obtained from trans-
Re[P{CH;)oCeHs ]2 (N2 )CL and CrC1,(THF).; its magnetic moment indicates presence
of Re(I) anmd Cr(III).

The synthesis of and studies on camplexes containing Group VIT metal-
metal and metal-metalloid bonds continued to create interest during 1971.
Displacement of the carbonyl anion with a more nucleophilic metal carbonylate
from (Cels)sSnM(CO), has been used in the synthesis of (CeHs)sSnRe(CO)s and
(CeHs )sSnMn{C0)s from (CgHs)aSrCo(CO), and NaRe(CO)s or NaMn(CO)s,
respectively [L0]. m~C5HsFel(C0)Sn(CgHs)a was prepared similarly from
(CgHs)2SnMn(CO)s and Naf n-CsHgFe(CO)z]. The importance of the leaving
group in the preparation of metal-metal bonded compounds by mueleophilie
displacement reactions is further underscored by O'Brien, et al. [41].

For example, the reaction between (CgHs)z=CeClz and Mn(CO)s gives
[ (CeBs)oC1Ge]Mn(CO)s, whereas that between (CgHs)oGeBre and Mn(Co)s™
affords (Cels)oGe[Mn(CO)s]a.

Treatment of Mn,(CO)io with RsSiH in a sealed tube at 1307 yields
(ca. 20%) the complexes Rs8iMn(CO)s (RsSiH = (CHz)58181(CHa)2H,

[ {CHs3)a511-51(CH5)H, or [(CH3)aSi]aSiH) as white waxy crystals [42]. The
reaction between Mno(CO)y0 and MC1s (M = Sn or Ge) in the presence of
ultraviolet light affords the axially-substituted [Mnp(CO)sMC1ls] [43].
Similarly, [ mCsHsMn(CO)zMC151™ and [ (w-CHaCsHs)Mn(CO)oMC1z] have been
obtained from nCsHsMn(CO)s or (s~CHaCsHy)Mn(CO)s, respectively, and MC1ls .

Jets and Graham [44] have obtained n~CsHzMn(CO),(H)SiCls photochemically
from w-CsHsMn(CO); and HSiCls. Analogous oxidative addition reactions have
been employed in the synthesis of (n-CHaCsHe)Mn{C0)o(H)Si(CsHs)s ana
( 7-CH5CsH, IMn(CO) = (H)SiCla, but the lest complex was not fully charé.cterized.
n-CsHsMn(C0) 2 (H)SiCls can be deprotonated with (CoHs)aN or (CoHs)aNCL to

produce [ m-CsHsMn(C0)o5iCls] (45]. This anion reacts with SnCl, to afford
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,,#—Cs}%m(CO)E(SiCIS)Sn01S. Several analogous compounds, Viz., (m-CHaCsHg)-
Mn(c0)o(8iC1a)8nCls, [(7-CHoCsH,)Mn(CO)25iC15]28nC1n, (7-CHCsHy)MA(CO)o-
" {8iCiz)[Sn(CeHs)2C1], and {m~CHzCsH.)Mn(CO)o(Sicis)sn{CgHs)C1:], have been
also prepared.
Attempts to insert CFp into the Mn-M (M = Ge and Sn) bonds of
(CH3 ) 5MMn(CO}s using (CHs)3MCF5 have led to the isolation of

[cF4(CHs) oS 0jMn{CO)s and M(CHs), [46]. When M = Sn, the reaction:
[ (CF3)(CHa)2SnIMn(CO)s + (CHa)aSnMn(COls ——m—y
(cHz)oSn[Mn(CO)s], + (CHs)sSnCFs ()

was also observed to occur.

Thermel reactions of (CgHs)aM(CO)s (M = Si and Ge) with P(CeHs)s
result in the formation of trens-(CgHs):MMn(CcO),P(CgHs)s [47]. Similar
substitution reactions were used in the synthesis of fac-(CgHs)sMin{co)s(daipy)
and mer-(CgHs ) sMM(C0) 5[ (CaHs ) oPCHCHoP(CgHs)2] (M = Si, Ge, or Sn).

In contrast, (CsHs)sSiMn(CO)s reacts with P(OR)z (R = CHa, i-CsHy, oOT

'cslg) at 80° to give mer(P's trans)-RCOMn(CO)a[P(OR)s]- and OP[0Si(CeHs)s]a

(‘AS 6, J_'LOS). Evidence is presented that this unusual process first involves
formation of RMn(CO)s via a Michaelis-Arbuzov reaction.

In a preliminary commmunication, Marks [48] reports the formation of
[ (ceHs )FGeMn(CcO)s from [(CsHs)oC1Ge]Mn(CO)s and AgBF4.

Indium(I) chloride and bromide (X) undergo insertion into the Mn-Mn
bond of Mnp(C0)10 when allowed to react in dioxane et reflux to afford, in
g‘odd vield, XIn[Mn(CO)s]> [49]. InX also insert into the Mo-Cl bond of

Mn(CO0)sCl. Infrared spectroscopic evidence is presented [50] for the

ionization schemes (X = Cl or Br):

Taf Mn(C0)s]e = In[Mn(CO)s]z” + Mn(CO)s™ (5)
XIn{Ma(Co)sToe==2 In[Mn(c0)s]z" + X~ (6)
zcaiﬂm(co)s‘_ﬁ In[Mn(CO)5]2+ + InX, (7

References p. 379
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in CHaCN. Further support for the formation of such metal carbonyl cations
is derived from the isolation of (CHSCN)aln[h&n(CO)5]2+ €10, .

The previocusly reported (AS 9, 169-170) Ti[Mn(cO)s1s has been also

synthesized, virtually gquantitatively, by the reaction [51]:

THE
371C1 + 3NaMn(co)s "_"’250 T1I[Mn(CO)s]s + 2T1 + 3NaCl (8)
Reactions between M Mn(CO)s], (M = 2n, Cd, or Hg) and Group IIB

metal halides, lewis bases, halogens, hydrogen halides, or organic halides
have been investigated by Hsieh and Mays [52]. The prepared camplexes
include (dipy)znfMn(CO)s]z, (CsHsN)oZn[Mn(Co)s]ls, (digiyme)ca[Mn(cO)s]o, and
a mumber of related M[Ma(CO)s]--Iewis base adducts.

The same suthors have studied [53] various preparative routes to
M Re(cO)s]s (M = 2Zn, C4, or Hg). They include, inter alia, reactions of
Hg(CN), with NaRe(CO)s to give Hg[Re(Q0)s]n, of HRe(CO)s with zn(CzHs)s to
vield Zn[Re{(CO)s]a, of HRe(cO)s with Cd(CHz)z to afford Cd[Re(CO)s]s, of
Re5(C0)10 with Zn to give Zn[Re(CO)s5]s, and of Hg[Re(CO)s]s with zn to
yield Zn[Re(CO)s]2. The trimetallic Hg[MnRe(CO);o] was obtained from
He[Re(COJs]2 and Hg[Mn(CO)s5]; in THF at reflux, whereas XHgRe(cO)s (X = c1,
Br, or I) resulted upon heating Hg[Re(CO)s]- with HgX= in acetone. Several
lewis base adducts of M[Re(co)sjé such as {(diglyme)calRe(CO)s]o,
(csBsN)aCd[ Re(CO)5]n, and (dipy)Cd[Re(CO)s]s were also prepared.

Treatment of CgFsHgBr with Mn(CO)s~ leads to the formation of
CoFsHgMn(CO)s, which is thermally stable to 100° [5k].

A study of reactions between metal-metal bonded complexes and sulfur
dioxide has revealed that Mno{CO)io is inert to S05 at 509 [55].

Several complexes containing Ru-Re bonds have been synthesized by
Stone and associates [56, 5T7]. Treatment of (CHa)aSiRu(C0),T with Re(cO)s™
or of [(CHs)gS8iRu(C0)s]™ with Re(CO)sBr yields (64 and 239, respectively)

(CH5)sSiRulco)Re(co)s (xx1T) [56]. The synthesis of the analogous, known
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;né.nga.nese complex (AS 6, 1107) (CHs)sSiRu(C0) Mn(cO)s from (CHa)sSiRu(CO).T
ahd Mn(CO)s~ is also given. The germenium analog of (XIII), (CHg)aGeRu(CO)s-
ke{CO)s, also having a trans (Dsq) strueture, was obtained via the reaction

" of [(CHa)sGeRu(C0),] with Re(CO)sBr [5T].

The complex [P(CeHs)s]oNilMn(CO)s], undergoes a substitution reaction
with P(Cells )5 to give [P{CaHs )alaNi[Mn(C0) . P{CeHs ) 512 [581. The same product
is also obtainsble from [P(CgHs)a]-NiCly and Na[Mn(c0),P(CeHs)sl.

A new heteronuclear cluster, [ (=-CsHs)oNizMn(CO)s] of proposed
structure (XIV), can be obtained when (mCsHs)pNi»(CO)p and Mn(cO)s™ are
allowed to react in THF at reflux [59]. Its isolated, green (CHy)sN' salt

is extremely air-sensitive.

| /8\Ni@

<Y
\C/Mn(CO)3

o

(W) .

Treatment of NeMn(CO)s with UCls produces orange, very air-sensitive
U[Mn(CO)s ], which reacts with Brp to yield UBrg and Mn(CO)sBr [60]. In
contrast, only Re(CO)sCl was cbtained from reaction of Re(CO)s with UCl,.

:  Thermally-induced reactions of Mnp(CO)io and Rea(CO)io with various

" metal carbonyls and other organometallics have furnished several new, as

V well as previously-synthesized polymetallic compounds [61]. Heating a
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mixture of Mna(CO)io and Rug{C0)1z at 205° in an evacuated sealed tube
affords (CO)sMnRu{CO) ,Mn{CO)s (XV); prepared similarly were (CO)5MnOs(CO),-
Mn(CO)s and (CO)sRe0s(CO)4Re(CO)5. The reaction between Mn,(CO)io and

E

I'4 Pl B
1 LLOS UL

{:‘I—G_sHs)aFéZ\CO)a_. or (71'051‘15/2”102\60)6 yields small gquant
7~CsHsFe (C0) oMn{C0)s and n-CsHsMo(CO) Mn(CO)s, respectively, in addition
to mCsH=Mn(C0)a. The last compound is obtained as the sole product of

the reaction of Mnp(CO)io with (n-CsHs)aNiz(CO)z or (n-CsHs)oFe.

CgHs CeHs
oC CcOOoC cooc CO ocC cO
\ / N/ \
OC-——/Mn Ru\ /Mn—CO OC——Fe Mn\—-CO
ocC cooc cooC Cco CoO CO CO CO

(X¥) ¢XVT)

The known compound (CO).FeP(CgHs)aMa(C0), (XvI) (a5 5, 636) was
synthesized by an alternative route involving reaction of Fe(C0).[P(CgHs ) H]
with Mn(CO)sBr in the presence of (CoHs)oNH [62].

Metal carbonyl hydride clusters have continued to attract attention
during 1971l. A significant finding is that Reo{(C0)1o reacts with hydrogen
at atmospheric pressure at 90-1700 in hydrocarbon solvents [63]. In this
fashion HaReg{CO)ip and HyRe,(CO):- have been obtained in 50-60¢, yields.

Photolysis of Mnp(CO)io in acetone under nitrogen, followed by
addition of (CsHs).NC10,, has afforded ionic [ (CoHs)aN][HzMnz{(CO)io], which
is thought to possess a triangular arrangement of the manganese atoms [6l4].

Acidification of the products of the reaction of 053(00)12 with
M(éo)s- (M = Mn or Re) under various conditions has afforded four new
types of he£erometa.l.‘!ie polyruclear carbonyl hydrides [65]. They are:
HMD55(C0)as (XVIT: n = 0), HMDs5(C0)1s (XVITT 2 or b), HReOss(CO)is (XIX),
and kHaMOss(CO);_a (xxX), the suggested possible structures not showing the

positions of the hydrogens. In addition, the anions [MOsz(C0)in]  (XvIi:
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T + . 5
n = -1) were isolated, as the (CH3),N salts, from the reaction solution

. prior to acidification.

M(CO)s
n
M(CO), /OS(CO)a (CO)s0s—MI(CO)s
(COIOS————0s(CO)y (COZ08————0s(CQ); (CO)g05—Os(CO)q
(a) (b)
(XVI) (X))
M(CO
Os{COY4 {Co3
RN _}—-0s(CO)3
(CO}0s———Re(CO), {(CO)0s™ /
obicoy, \ £505(CO;
o
(ZIX) (XX)

Several new monoruclear hydridocarbonyls of rhenium were synthesized
starting with HaRela (L = F{(CeHs)z) [66]. Treatment of this hydride with
CO affords HRe(CO)oLs and HRe(CO)sLn. HRe(CO)oLa, of 2 probable mer (CO's
eis) structure, reacts with CS, to give Re(C0)sLo(SoCH) (see structure IIIT)
and with H{ (X = Cl, Br, and I) to furnish Re(CO)sIz-X(soivent) (solvent =
CoHsOH or acetone). HRe(CO)zIp affords Re(CO)zIz=X with HX and [Re(CO)zIz]a
with L.

» Treatment of HMn{CO)s with (CF4)oPX (L; X = €1, Br, or I) leads
to the formation of Mn(CO)sX, Mnz(CO)eXz, and Mnz(CO)g[P(CF3)2]X [67]. 1In
_contrast, when X = F, CFy, or CHa, a cis-frans mixture of BMn(CO).L results.

Several publications in 197l were concernad with synthesis of compounds
containing metal-carbon bonds and with investigation of their reactions.

: The preparation of (CHz)gzSiCHzMn(CO)s from Mn(CO)sBr and mm231(m3)3 is
déscribed [68]. This alkyl undergoes carbon monoxide insertion upon treatment
{qith CO. The observation that CHzMn(CO)s reacts with Mn(CO)s according to

. the equation [69]:
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Mn(co)s~ + CHzMn(CO)s —=—== [(CO)SMnl\'m(CO)4]- (9)
Lo

CHg

further attests to the generality of the CO insertion in reactions of metal
alkyls with nucleophiles. Addition of (cHs)soBFd_. +to the above solution gives
the xnown (A8 6, 1115) (CO)sMnMn(CO).[C(CH2)OCHg]. It appears very likely
that the carbene '*(CO)sMn(CHz)aMn(cO)s'' (AS 9, 173) is formed similarly.

When Mn(CO);—,Br reacts with 1-Ii-10-CHa-1,10-BgCoHg, bright yellow
1-[Mn(C0)5]~10-CHa~1,10-(g-BgCaHg) (XXI) is obtained in 6hg, yield [T70]. A
related carborane complex, 1-[Mn(60)5]-2-CH3-1,2‘(0‘51002H10) (xx11),

results (5T¢) from reaction of Mn(CO)sBr with 1-1i-2-CHa-1,2-BicCzHio-

Q
O ¢ (o]
N
OC/ ' \CO

C.
A3y D
H

BH C
' QBKX
8
8H

=BH
T-BH I BH/BH

(XZ1) (XXT11)

The £irst member of a new class of o-carborane derivatives of metal
carbonyls containing a boron-metal g-bond was obteined via the following

sequence of reactions [T1]:

G FH NaRe(CO) HG cH heat HG FH
\Q/ R Os - \(}/ - \C)/ 10)
ByoH,oCOC!H -70°

B4o0H10CORe(CO)g Byt gRe(COlx
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Insertion reactions of the oxides of sulfur into tramnsition metal-carbon
b;:hds were the subject of two papers. Spectroscopic evidence has been presented
:.ihat CSI—%CHEI‘M(CO)s reacts with SO, initially to form the O-sulfinate
| CelsCHoS(0)0Mn(CO)s, which then isomerizes to the isolsble S-sulfinate [T72].
Other transition metal-carbon compounds appvear to exhibit similar behavior
toward SOs. The first example of insertion of SO; into a transition metal-~
carbon bond has been reported [73]- RRe{cO)s (R = CHs, CeHs, and R‘C5H4CH3)

~ react with SOg in CCl, at 0° to yield the sulfonato complexes RSOszRe(CO)s
(Poanud N

(ZXID)

Considerable interest has developed in reactions of transition metal
propargyl complexes with electrophilic reagents. Wojcicki, et al. [Th4]
‘describe the preparation of RC=CCH-Mn(CO)s (R = H and CHz) from Mn(CO)s~
and BrCHxC=CR. These products react rapidly with SO to yield
Mn(c0)s (CaH-RS0,) having a vinyl-sultine structure (XXIV) [75] rather than
ﬁ;at proposed originally (A4S 5, 623; structure IV with R = H). When the
:ﬁ.rrwl-sultine compiex with R = H is heated in vacuc, it loses SOp and
reverts to the parent 2-alkynyl. A similar reaction with SO has been
observed [76] for HC=CCHzMn(CO),P(Cgls)a, which elso reacts with RCOH
(R = CHs, CoHg, Or CHgCl) to yield RCOCHp(CHz)cMn(CO).P(CeHs)s (X0IV).
In contrast, treatment of HC=CCH-Mn(CO0),P(CgHs)s with HX (X = cC1, Br, I,
or CFaC0,) affords Mn(CO)4[P(CsHs)alX. Unexpectedly, the disubstituted

complex HC=CCH-Mn(CO)a[P(Calis)s]s failed to react with SO5 at -T8%
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T
C\ /0 CHa

. . / S

(CO)gMn—oC, | [PicgHa; JicorMn—c
o
cHz CHa—O—C—R
(@]
(XXTW) (XXV)

An extension of the foregoing cycloaddition reactions to SO; has
led to the isolation of manganese vinyl-sultone complexes [77]- RC=CCH=Mn(CO)s
(R = CHs end CgHs) react with SOgz*dioxane in CHoCly at 0° to produce
¥n{cO)s (CaHpRS05) (¥XVI). Oxidation of (XXIV: R = CgHs), obtained from

the propargyl carbonyl and SOp, with KMnO, in aqueous CHaCOsH yields (hog)

XXVI: R = CgHs).
R
L
/C\s—-—-—o
(CO)Mn—C ]
O
cHs
(XXV1)

Other vinyl derivatives of manganese and rhenium carbonyls have
been reported during 1971. The reaction between NaRe(CO)s and trans-
RCOCH=CHC1 (R = CHs or CgHs) furnishes three complexes: ¢is-RCOCH=CHRe{CO)s

(XXVII), trans-RCOCH=CHRe(CO)s (XXVITI), and RCOCH=CHRe(CO), (xx1X) [78].

(XXVII) reedily loses CO yielding (XXIX) and isomerizes in the presence of
HCL to (XXVITII). (XXVIII: R = CHa) reacts with Fep{(CO)s to give
CHACOCH=CHRe (C0)sFe(C0), of proposed structure (XXX). The reaction between
NaRe(CO)s and cis-CHACOCH=CHCL alsc yields (XXVII, XXVIII, and XXIX:

R = CHy), the last compound being the mag‘ér product (65¢) (79]. Vinyl
ketone complexes of mangenese of the type represented by (XXIX) can be
prepared by the reaction of RMn(co)s (R = CH; or CgHs) with the alkynes

HC=CCHo0H, HC=CC(CHg)o0H, and HOCHLC=CCigO0E [76].
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o) o
R Y R Y
\c/ Re(CO)s \c/ H
\ v
c c c c
/ AN
H H H Re{COJg
(XXVIl) (XEVII)
H H
\ /
C c CHy—C——CH==CH—Re(CO)s
/ I
/ \ /Re(cm,, ° Fe(CO),
(XXIX ) (XXX)

In two preliminary communications, Bennett and Watt report on

reactions between the ligand g_-styryldiphem’lphosphine (sP) and HM(CO)s

(M_= Mn and Re) [80] or CHzMn(CO)s [81]. The reaction of HMn(CO)s at 35°
gives initially HMn(CO)é(SP), which contains an uncoordinated vinyl group.

§n heating, two isomeric products Mr(CO),.[ (CeHs )aPCeH,CoH.] (XXXT and XXXTI:
M = Ma) are obtained. HRe(CO)s and SP afford initially HRe(CO).(SP), which
at higher temperatures isomerizes to (XXXII: M = Re). Treatment of

(XKT: M = Mn) or (XXXIT: M = Ma or Re) with (CaHs)sCBFs gives the cabion
(XXXITI: M = Mn or Re); reaction of (XXXIIT: M = Re) with NaBH, furrishes
(XOXT: M = Re). CHzMn(CO)s and SP afford two isomeric products
_ Mn(CO),«t[ (Csﬁs )ZPCSH‘,,CgHSCHS] whose structures have been elucidated by X-ray

erystallography (vide infra: LVIT and LVIII).

co CHZ“

=
; TR
CGH5 CGH5 CGHS CGH
(ZXZ1) (XXXI1)
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XL

72\ ,,._/ I\co

B Cels  GeHs ]
(XXXT0)

The stoichiometry and rate of decompesition of alkylmangenese species,
R=Mn, prepared in situ from MnCl, and RMgBr, have been examined [82]. The
decomposition has bheen shown to proceed principally by w,Pf~eliminstion of
2 hydridomanganese species. Reactions have been also reported [83] of
Mn(II) with o-diethynylbenzene to give polymeric, parsmagnetic (5 unpaired
electrons), and pyrophoric products.

Ff'_uorocaz-bon derivatives of menganese carbonyl have been the subject
of two papers during 1971. Treatment of Mn(CO)s  with octafluorocyclo-
pentene, CsFa, affords the perfluoro complex (CO)sMnCsF, (XXXIV), which
reacts with P(CgHs)s to give the c¢is and trans isomers of [P(CeHs)g]-
(cO).MnCsF~ [847]. The trans isomer alone is cbtainable from
[(M0(CO).P(CeHs )51 and CsFe. The reaction between NaMn(CO)s and 3,3,L4,k4-

tetrafluoro-1, 2-dichlorocyclobutene has yielded (CO)sMnC.F.CL (XXXV) [85].

£ EF
F F
{COIMR (COJsMn _
£ £
F F
FOF <]

(XXX ) (XXXV)

Preparative investigations on m-complexes of the Group VII elements
constituted the subject of a variety of papers during 1971. Several new

(-XCsH. )Mn(CO) o1 derivatives have been reported. The photochemically-
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‘;r_xduced reaction between K-Cng,Mn(CO)S and 2, 3-diazabicyclof2. 2. 1heptene-2
'affbi-ds orange, sublimable n-CsHsMn{CO)p(CsHeNz) (X00(VI) [86]. Treatment
,éf iﬁ-cs}gMn(CO)a(cycloheptene) with AsFs at 55° or a photochemical reaction
between -CoHsMn(CO)s and AsFs affords yellow, sublimsble n-CsHsMn(CO)zAsF3
[87]. This product undergoes ethanolysis to yield the corresponding
’aica.'rbonyl complexes containing AsF»(0CHs) and AsF(0CoHs )p. The ionization
.potentials of n-CsHsMn(CO)zEFg (E = P and As) show that the electron
density at menganese is lower in the AsFg than in the PF, derivative, and

therefore AsF, is a better macceptor than PFa.

The complexes (n-XCsHe)Mn{CO)oL (X = H or CHz, L = P(t-CuHs)s,
P[si(CHa)sla, PLGe(CHz)zla, end P[Sn(CHs)sls) have been obtained photo-
chemically from ( n-XCsHe )Mn(CO)s ard L [88]. Similarly, n-CsHsMn(CO)o-
IA_'7>(lCH30)ZC=C(OCH3)23 arises when n-CsHsMn(CO); undergoes a photochemical
reaction with tetremethoxyethylene [891. Also obtained photochemically has
been n-CsHsMn{(CO)s(CaHaCoFa) (XXXVII), which can be hydrogenated to
n-CsHsMn{CO) o (CgHaCsF 4 ) (XXXVITI) [907.

o £ £

N )
- IOk O R
S Z
C s F cco F H Cc co
o L [e) £ o]
. { XXX (EXXYII)
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Kursanov, et al. [91] have prepared a series of complexes

{ =XCsHy )Mn(Cc0)oP{CgHs)s (X = CoHs, CHoCeHs, SCHs, Cl, Br, I, COCHg, CO=H,

and COoCHz) via photochemical reaction of {n~XCsHy)Mn(CC)s with P(CgHs)a.

{n=XCsHy )IMn(co)oP(Celis)a (X = Cl1 and Br) reect with BFg® HpO or CFzCOzH to.

give ﬂ-c_sH._—,l\m(CO)gP(CsI-IS )a- A novel triferrocenylphosphine complex,

1-CsHsMn(C0) oP[g~( n-CsHyFe--CsHs )15, was synthesized by a similar photo-

chemic¢al reaction [92]. Treatment of (n-XCsHs)Mn(CO)s (X = H or CH3)

with (CgHs)zP(CHL),P(CeHs)p, also under photochemical conditions, hes

afforded (n-XCsHy)Mn(CO)[ (CsHs)2P(CHo)eP(CsHs)21 [93]- 1In contrast, the

diarsines {(CeHs)o8s(CHalp 8s(CeHs)2 (n

2 and k&) give [ {n-XCsH,)Mn{CO)z]a-

[ (Cels )oAs(CHz ) pas(Celis )21 (0CKIX: X = Hor CHs, m = 2 or 4) under
similar experimental conditiouns.
pd X
Ts“s Csle
P I
oCc C CeH CgH C co
S eHls eHs S

Two interesting ligand reactions have been effected using =CsHsMn(CO) 5 L.
Treatment of n~CsHsMn(CO)o(NoH.) with Ho0, in the presence of CuZ* at -L0°
in THF yields the reddish-brown, air-steble dinitrogen complex n~CsHsMn(cO)o(No)
[94]. The known (&S 6, 1119) w~CsHsMn(CO) PHs and new n-CsHsMn(CO)o-
[P(CgHs)Ho1 have been synthesized by the reaction of n-CsHsMn(CO)a(PC1X)
(X = cC1 and CgBs, respectively) with NaBH, in THF [95].

The ligand CEHSOC(O)CN (CFE) reacts under Photochemical conditions
with n~CsHsMn(CO); to yield a violet solid whose mass spectrum is consistent
with the formula n-CsHsMn(CO)(CFE), yet whose infrared spectrum shows two
v(cO) bends [96]. Thermal reaction between Mn,(C0)10 and CF2 affords
[Ma(co)(cFE) 1o '
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: :'"ff‘. - New synthetic procedures have been reported for substituted
‘ﬁ;éyclopentadiervlmanganese and -rhenium tricarbonyls. Reaction of
5-~acetyl-1,2,3,k, S-pentamethylcyclopentadiene (XL) with Mns{(CO)i0 in
.'yboviling 2,2, 5~trimethylhexane gives (125{,) pale yellow, crystalline
[n—i(CH;a)sCs]I-‘m(CO)s [97]. The phosphine derivative [‘n-(CHs)sCs]Mn(CO)g—
"P(CgHs )3 was also synthesized. The complexes [ n-(CHs)3SiCsH,]M(CO)s arise
when Mp(CO)1o (Mx = Mn, and Rep) are heated with (CHz)gSiCsHs [98]. The
manganese reaction also affords (CHs)sSiMn(CO)s and n-CsHsMn(CO)a.
Interaction of [(CHs)aSn1(R)CsH, with M{CO)sBr (M = Mn or Re) has yielded
the foregoing and other silyl-substituted n-cyclopentadienyl complexes {991.
Obtained in this fashion have been (n~RCsHs)M(CO)z (M = Mn or Re,

R = (CHg)aSi, (CHa)sSin, and (CH3)aSiCHp). The dinuclear

{cHg)zsil n-CsH.M(CO)5]- and disubstituted {n~[{(CHsz)aSi]aCsHalM(CO)s

(M = Mn or Re) derivatives result when [ (CHs)s5nCsH,]-8i(CHs)s and

'[(CHs)sSi]z[ (CHa)ssn]C5H3, respectively, are employed in conjunction with

M(CO)SBr.
CHgy CH3
C—CH3
CH, "
CHj (o}
(XL)

- A doctoral dissertation is concerned with the polyme rization of
‘vinyleymantrene, (n-CHo=CHCsH, )Mn(CO)s; [1001, while a journal article deals
witlvi copolymerization of N-vinyl-2-pyrrolidone with vinylcymantrene in
‘tﬁepresence of the initiator azobisisobutyronitrile [101].

Thioxanthate complexes of formula n~CsHsMn(NO)(S,CSR), obtained from

[ ~CsBsMn(C0)»(NO)JPFs and NaS-CSR (R = 1-C,Hs, sec-C4Hs, n-CsHe, i-~CoH7,

Réfemnces p. 379
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and n-CsHz), have been shown by voltammetry to undergo & reversible one-

electron oxidation [102]. The dinuclear merceptide complexes

[ m-CsHsMn(NO)SR]s (R = &-CuHs, sec~CaHg, and i-CsHy) can be oxidized in
two one-electron steps. The cations [n-csHsm(NO)LL']+(I:, ' = o,
P(CeHs )a, P(OCeHs)as P(CHa)oCsHs, and h-methylpyridine; LL' = dipy,

o-phen, inter alia) also undergo & one-electron voltammetric oxidation

process. Comparison of these voltammetric data and the +{(NO) values
indicates that the n-CsH;Mn(NO) group is significantly responsible for the
redox behavior of the complexes.

The reaction between (CHs)sSnCHoCH=CH, and M(CO)sX (M = Mn and Re,
X = Cl and Br) has been employed in the synthesis of n~CaHsM(CO)s in
good yields [1037. Prepared similarly have been the substituted r-allyl,
-CsHsy #~CH3CsH,, m—indenyl, and .n-fluorenyl carbonyls of manganese and
rhepium.’

Nucleophilic attack of X (X = H, OCHs, OCgzHs, t-OC.Hs, N(CHgz)s, CN,
CHa, and CgHs) at the cycloheptatriene ring of [ n~C7HgMn(CO)51BF, has
afforded the 6-exo isomers of (m=XC;Hg)Mn(CO)s (XII) [104]. When X = OCHa,
OCoHs, or £-0C.Hg, treatment of (XLI) with HBF, reverses the above reaction.
interaction between (XII: X = H) and P(CgHs); under photochemical

conditions has yieided the phosphine derivative n~C;HgMn(C0)-P(CaBs)a.

H H
X
H
oc , <¢o
o
(0.4 %))

The reaction of C,H7COCL with Mn{CO)s affords the acyl C7H7COMn(CO)s
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"(XI‘.:I-I)‘, which can be converted photochemically at -68° to n-C,H,Mn(CO)s
(XIIII) [105]. The orange, air-stable (XILIIT) exhibits only one proton
51grxa1 in its NMR spectrum at 88°; the limiting spectrum is obtained at -47°.
Tﬁé--i’lu:d.ona.l process in (XLITI) is slower than that in the isoelectronic
:’L;"on + 1 ion, suggesting that the degree of backbording is an important

dei:ermina.nt of the rate of rotation.

X

P ﬁ—‘M"(CO)S

(XL (XL

: A facile interconversion of arene- and cyanocyclohexadienylmanganese
complexes has been reported by Mawby [106]. Treatment of [ n-(CH3)5CsHs ]~
, Mn(co);f with NaCN in aqueous solution at 0P leads to the Pormation of
- [=(cHz )3 (M) CelIMn(CO)5 (XLIV), which upon heating generates
_ [ 1=(CH3)aCaH3Mn(CO),CN (XIV). The infrared spectrum of an agueous

solution of (XIV) is consistent with the presence of protonated

[ 7~(CHs )aCeHa]Mn(CO)2CNE " [107].  m-CaHeMn(CO)ACN behaves similarly.

' Further evidence for the ability of (XiIV) to act as a Iewis base is

provided by its reactions with (CaHs)s0 to yield [ n-(CHa)sCeHs]Ma(CO)2CNCoHs s
with (Calis)aC” to give [ n-(CHs)aCoHsIMn{CO)aCNC(Calis)s™, and with HBF, to
afford [ 7~(CHa)3CeHs IMn(CO),CNBF5. The two cations were isolated as

their PFs~ salts.

CN y o
- 4 CH,
.CHjy @ CH3
CH3
Mn M3 ma
OC/ é\CO OC/ (Ié\CN

(XLiV) (XLV)



360 A, WOICICK!}

In a doctoral dissertation, Iewis [108] describes the reaction of

These campounds interact with CsHsN or P(CgHs)s (L) to give fac-Re(CO)3LoBr.

Several n-carborane and related derivatives of manganese and rhenium
were reported during 1971. The preparation of (m-CH;CsBaHs )Mn(CO)as,
already published in 1969 (&S 6, 1116}, is given in = Ph.D. thesis {109].

The metallomonocarborane complexes [ (CHg)sNH]o[ ( -BicHioCH)Mn] (anion XLVI:

2 - -
R = H) P [(«_n AT _enrrr Y e (a.“ XIivi: =

=]
e

L. ) we
‘112’

:

prepered by the reaction of (CHz)aNHBicH1oCH or BigHinCNHg, respectively,
with n-C.HeIi and MnCly [110]. w=(3)-1,2-Divinyl-1,2~dicarbollylmanganese

-h

tricarbonylete ion (XTVIT) was cbiained [11171 b

<
ot
1
&

procedure analogous to that reported (88 5, 630) for the unsubstituted analog.
The polyhedral phosphaborane B;cHisPCgHs upon treatment with 2 equiv. of Nal
and 1 eguiv. of Mn(CO)sBr in THF yielded [ (5~BicHioPCsis)Mn(CO)5] , which

+
was isolated as the pale yellow, air-sensitive (CHz) N salt [1127.

BH BY
S iNps
BH N, /
L . l 8H |
{(XLvi) (XLvin

Kinetic and Stereochemical Studies

There was a significant increase in the number of mechanistic studies
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of feactions' of organometallic compounds of manganese and rhenium during
1971. Particularly noticeable has been a marked growth of interest in
' §té:£-eochemical problems.

. Substitution reactions of metal carbonyls have continued to attract

~attention. In a Ph.D. thesis, Spendjian [113] describes isotopic CG .

‘ exchange reactions of cis-Mn{(CO).IBr (L = P(CeHs)a, As(CeHs)a, and
Sb(CgHs )a) and the kinetics of the thermal decomposition of mer(P's
trans)-Mn(c0)a[P(Cells)s]aX (X = €1, Br, and I) to cis-Mn(C0) [P(CaHs)s]X
(38 9, 185-186).

The kinetics of the reaction:

Re(CO)sX + P(CgHs)y ———> Re{CO).[P(CsHs)3]X + cCO (11)

(x = ci, Br, or I)

wére studied in CHCl;, CCl., and n-octane [1ih]. The substitution proceeds
by a dissociative mechanism with the rate constants decreasing in the order:
Re(CO)scl. > Re(CO)sBr > Re(CO)51 and the activation energies increasing
7 from the chloride to the iodide. These compounds react about 60 times more
slowly than their manganese counterparts.
Angelici [115] has prepared Re(CO)sNCO via the resction of Re(CO)s’

'with N5 or NHNH-. The pentacarbonyl reacts with L-L (I-I = o-phen,
dipy, and (CgHs)sPCHoCHoP(CsHs)s) to give fac-Re(CO)5(L-L)NCO. Kinetic
studies on this reaction in toluene have shown a dissociative mechanism, AH*

being 23.5 keal/mole and aS™ 1.8 e.u. At 60°, Re(CO)sNCO undergoes

substitution more rapidly than Re(CO)sCl.

The reaction:

(Céﬁé)smm(co)s + PRs;:;%%%%r) trans-{CgHs ) sMMn(CO) 4 PRy + CO (12)
, (M = Geor Sn, R = CgHs or n-CuHs)

V_ij@;_icws a two-term rate law of the type Ik;[CsHs)gMMn(CO)s] +

'.kéfer?nces p. 379
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kol (Cols )aMMn(CO)sT[PRs] [116], suggesting two competing mechanisms in
which the rate-determining steps involve slow fission of Mn~CO bonds and
nucleophilic a’c‘bacs‘s of . on the substrate.

The exchange of 300 with HMn(CO)s was followed by infrared spectroscopy
[117] and, contrary to the previous report [118], found to proceed extremely
slowly. At LO° in benzene, the radial: axial rete constant ratio is between
0.25 and O.5.

The kinetics of the reaction:
[Re(co)p(NO)C12]. + 2L — 2Re{co)x(mO)1C1, (13)

in CGl. and trichloroethylene were investigated by infrared spectroseopy [119].
The rates are first order beth in ccmplex and ligend concentrations, and

AH# = 11-15 kcal/mole whereas AS* = =16 to -30 e.u. The raie constants
decrease with decreasing polarizability of L in the order: CsHsN >

3-C1lCsH N > 2-ClCgHN ~ L~CICsH.N > 2-FCsHaN > 3-CNCsHyN. A rate-
determining attack of I upon the dibridged or Cl-monobridged dirhenium

complex is pProposed.

The red, sublimsble CHacOCOMn(CO)s was synthesized by the resction
of pyruvoyl chloride with NeMn(CO)s [1207. It decarbonylates on heating
in benzene solution to an equilibrium mixture of CHaCOMn(CO)s and CH:Mn(CO)s.
The rate of its decarbonylation at T5° is 21 times slower than that of
CHzCOMn(CO)s; therefore, Dyruvoyl-type structures cannot be intermedistes
in the substitution reactions of CHyCOMn(CO)s.

M~C bond cleavage in the compounds trans-RCH=C(R)Mn{cO)s (R = CFa,
COo-CHs, and COZH) with HMn(CO)s occurs with complete retention of configuration
to yield the corresponding trans-olefins and Mnz(C0);0 [121]. Reection of
trans-CFaCH=C{CF5 )Mn(CO)s with Brp occurs similarly with retention of

configuration to give trans-CF5CH=C(CF3)Br, whereeas cleavage of the compound

trans-(HO,C)CH=C(COsH)Mn(CO)s with Br, proceeds with complete inversion of

configuration. gis~(CH30,C)CH=CHMn(CO)s5 and &rans-(CH;0-C)CH=C(CO,CH, )Mn(CO)s
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‘react with Bro, to give mixtures of the corresponding eis- and frans-bromcolefins.
Véfious possible mechanisms of these reactions are considered. The stereo-
fe_he'mistry of the reactions of HMn(CO)s with substituted acetylenes to afford

: tﬁélcbrresponding olefins has also been studied and is discussed.

Tack of stereospecificity in the reactions of gig:CHéMn(12CO)4(13CO)
with X, or BX (X = Br or I) to yiela Ma('2c0),(**C0)X has been commnicated
by Wojcicki, et al. [122]. These electrophilic cleavage reactions result
in a statistical distribution of 3co among the five positions of the product
molécule. The insertion of S0, into gis-CHzMn('2c0),(*3c0) gives a
_substantial amount of trans-CH;S0,Mn(1200),(3C0) in addition to the cis
isomer.

By carrying out the following sequence of reactions:

D-{~)-CeHs CH({CH5 )Br -Nim&_o_)?_) CoHs CH(CH, )COMn(CO) 4P (CaHs )

P(CsHs )

— 22 3 D-(-)-CotsCH(CHz )<OMH (1)
, Ho0

Johnson and Pearson [125] have been able to demonstrate inversion (> 80%)
at g-carbon in nucleophilic attack of Mn(CO)s  upon the alkyl bromide.
Using this result in conjunction with the observation of inversion of

cohfiguration in the twWwo-step process:

(-)-CHZCH(COLCoHs )Br MS;; CHaCH(CO.CHs JMn(CO)s

7 ‘—]32—) (+)-CH,CH(COLCoHs JBr (15)
tﬁey concluded that the Br, cleavage of the manganese alkyl proceeds with
retention (> 604) at o-carbom.

. In another paper concerned with cleavege of manganese~carbon bonds,
;ohnsbn and Pearson [124] describe a kinetic study of reactions between
éﬁ_s\éi)@(co)s and various nucleophiles. With methoxide in CH,OH, the reaction
islfifsf order in each reegent. The corresponding reaction of CFaCOMn{CO)s

 References p. 379
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is mch faster. Cleavage of CHgCOMn(CO)s with NaOH and NH-OH in Ho0 also
occurs and has been studied; in contrast, no Mn-C bond scission takes place
with imidazole, CsHsN, CgHiiNHp, NHs, HPO4Z , F , CHsCOz , or NOz . The _
kinetics of the acid cleavage of CHsCOMn(CO)s with HCL in CHaOH were found

to be consistent with the mechanism:

CHgCOMn(CO)s + H& = [CH3-C'1=Mn(CO)5]+ —EHaOH 5 oroducts (16)
OH

Overall, the behavior of CH,COMn(CO)s toward the above reagents resembles

that of the orgenic amides. The rate of the reaction of CHzMn(CO)s with

HC1 in CH.OH to give Mn{CO)5C1l and CH, is dependent on the acid concentration

and is significantly increased by additions of KCl. Mercury(II) chloride

cleaves CHyMn(CO)s about 10 times as rapidly as HCl; Hg{0oCCHz), is even more

reactive. Johnson’s doctoral dissertation [125] treats the subject of the

foregoing reactions in considerable detail.

H2(C10, )5 and T1(C1l04)s readily displace Ma(CO)s  from 3- and
h-pyridiniummethylmanganese pentacarbonyls in aqueous solution at 25° [126].
These reactions are believed to proceed by an SEE mechanism with an open,
unbridged trensition state. Added chloride slows down the rate of Mn-C
bond scission. The reactivity of various Hg(TI) and TL(IIT) species in
solution has been estimated.

An interesting reductive elimination reaction:

+ F(CgHg)ly ——————o— @ - HSi(CgHals “17)
Mn
VRN

oC” C SiCeHY, oC C  PlCeHgs

Mn —H

has been the subject of a kinetic study [127]. The rate-determining step

is dissociation of the silane molecule; in hexane, pHT = 29.2 keal/mole
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' am_ilAS# = 16.3 e.u. The reaction is retarded by added }Bi(CsH5 )3;
* competition experiments indicate that P(CgHs)s is 3.6 times as reactive
as HSi(Cgls)s toward the intermediate n-CsHsMn(CO)p. The kinetic isotope

) 'efi’_evct is smell for both forward and back reactions: kH

"B ) = Q.97
. kD bl
end (;E ), = 106, n-CsHsRe(CO)o(H)S1(Cals)s reacts with P(CeHs)s at

least 10° more slowly than its menganese analog when allowance is made
fo;j a difference in temperature.

Kinetic studies of the racemization and epimerization of the optically-
wctive m-CsHsMn(NO)[P(CeHs)3](COOR) (R = CHs and CigHia) are the subject
cﬁ‘ two papers by Brunner [128, 129]. The enantiomeric n~CsHsMn{NO)-~
[P(Cé}ﬁs)sj (COOCHa) were prepared by a transesterification of the diastereomeric
menthyl derivatives (+)- and (-)-m-CsHsMn(NO)[P(CgHs)5]1{CO0C1cH1s) and by
reection of (+)- and (-)-[ n-CsHsMn(cO) (NO)P(CaHs )a]PFe with CH30 [128]. The rates
of the racemization and epimerization were followed by polarimetry and found
ktob-v be only slightly solvent dependent [129]. Moreover, the alkyl group R
éxerts little infiuence on the rate of scission of the Mn-P(CeHs)s bond,
which is the slow step of this reaction. For the R = CHz complex in
benzene, 1:% at 30° is 170 min and E, = 31.1 kcal/mole. The rate of the
'exchange of m-CsHsMn(NO)[P{CeHs)2]1(COOCH;) with P(CeDs)s is equal to its
rate of racemization [128].

The optically-active cymantrene (ﬂ—C4H6005H3)Mn(CO)3 (XxIviIiz) does
not: undergo acid catalyzed racemization, in contrast to the behavior of

uptijc_a.l_'ly-a.ctive acylferrocenes [130].

O

A- OC/hin\C

R (XLvi)
" References p. 379



366 : A. WOICICKI

Hydrogen-deuterium exchange in (n-RCgHy)Mn(CO)oL has been investigated
using CFsCOsD and DsSO, {131, 132, 133]. For a series of R = H complexes,

a correlation exists between the rate cdﬁstant for the exchange and the Taft

polar substituent constant of Rin I = PRy [131]. AL 27.7°, the exchange

in w-CsBsMn(CO)oL (I = P(CasBs)s and P(0CeHs)s) is, respectively, 2000

and 70 times faster than that in m©CsHsMn(CO)s5 [132]. Moreover, when I = CO,
the R = CHxCgHs complex exchanges about 35 times faster than the R = H

complex [133].

Miscellaneous Chemical Studies

Photcpolymerization of a vinyl monomer initiated by Mno{(CO)ic in
association with ethyl trichloroacetate is followed by a prolonged after-
effect if acetylacetone or cyclohexanone is used as a solvent [134]. These
observations are consistent with unsymmetrical fission of Mna(CO)lO on
photolysis and subsequent reaction of Mn(CO)g with solvent to give a species
of relatively long life which generates radicals by reaction with the halide.

Nuclear recoil reactions in organomanganese compounds have been studied
by Wiles and associates [135]. Manganese atoms in neutron-irradiated
7-CsHsMn(CO)5 often form HMn(CO)s, whereas in (n-CHaCsHy)Mn(CO); they form
both HMn(CO)s and CHzMn(CO)s. In Mn(CO)sI they primarily reform the
original substance, whereas in Mn-{(C0)io, a considerabie proportion of -
them appear in the fom of the Mn(CO)s* radical. This radical was shown not
to exchange with the Mn,{(CO)yo matrix molecules and to decompose above 60°,
Irrsdiation with neutrons of HMn(CO)s, DMn(CO)s, CHaMn(CO)s, and CgHsMn(CO)s
leeds to formation of H°°Mn(CO)s in 2311 four cases, but in a much smaller

quantity with the last two compounds [136].

£ 3
A method is described [137] for the labelling of Mn(CO)s for use
in exchange studies. Neutron-irradiated HMn(CO)s is treated with I-> and
Mno{(CO0J}10 in petroleum ether to give Mn(CO)sI; the yield of 5SMn in this

form is 20f of the total ®°Mn. It has been shown that the exchange:
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%Mn(cO)sT + HM(CO)s === ¥*°Mn(c0)s + Mn(cO)sI (18)

B is ‘c':omplete in < 30 sec at room temperature. In contrast, CHzMn(CO)s and
CeHsMn(CO)s are relatively inert to such an exchange with S®Mn(CO)sI. A
‘method is also given for enrichméht of °®Mn by the Szilard-Chalmers reaction
with neutron-irradiated Mns(CO)10 [138].

Ton-molecule reactions have been described between n—cs};sbm(co)g
an.d PPy, AsF5, SbFg5, or SF. (L) inserted into the ion source of a mass
sprectrometer [139]. They are of two types, depending on the excitation
energy and the fluoride employed, and give the secondary ions [ m-CsHsMn(co)Ll™
and [ n-ColgMaL]

' MeCleverty, et al. [140] report on the voltammetric oxidation of
{ 7-CHaCs He JMn(c0)o[C(0CHZ)R] (R = 1-ferrocenyl and CgHs) and
[n-CsBsMa(NO)1Lt]” (I,1' = PR, Dyridines, apd ENC; LL' = dipy, etc.).
By employing a rotating Pt electrode in CHzCly solution, it was shown that
-thé carbene complexes undergo two one-electron oxidations, whereas the nitrosyl
cations are oxidized in a one-electron step.

Cat ic Studies
A paper by Andrianov [I41] is concerned with the catalytiec action of
n-cgrgun(co)s on the isomerization of 2-methyl-l-pentene to 2-methyl-2-
pentene., 7-CsHsMn{CO)z also promotes addition of HSiCl, to iscbutene.
. The oligomerization of CgHsC(CH5)=CH, in CCls in the presence of
Mnp(C0)10 has been studied at 95-150° [1h2].

: ' Polymeric catalysts containing phosphorus have been prepared by using
Re;(co)m in conjunction with & polymer obtained from CgHsPClp and
poly(vinyl alcohol) [143].

‘X-Ray and Flectron Diffraction Studies
o 'i‘he number of papers concerned with determinstion of structure of

oréanmnetal]ie compounds of manganese and rhenium by diffraction methods

Refer_ences p- 379
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has quintupled in 1971 compared to 1970. Many of the articles mentioned
in this section deal with both preparation and structure.

The molecules of Mn(CO)SCl in the crystal exhibit small deviations
from Cey symmetry [144]. The Mn-C (ax) bond distence is 1.807 i, whereas
the Mn-C (eq) distance is 1.892-1.893 A. In the substituted derivative
cis-Mn(c0).[P(Cels)3]CL, the Mn-C (trans to CO) distance is 1.84 &,
epprecizbly longer than the Mn-C (frans to C1 or P{CgHs)s) distance, which
is 1.75 & [145]. This is consistent with the greater trans-effect of. CO
than C1 or P(CgHs)a.

The complex GicHidN.OsMns, prepared in the course of studies on
(CsH5 )Mna(NO),, was shown to possess structure (XI1ix) [146]. The nitrosyl
bridges are strikingly unsymmetricel (N-Mn(1) = 1.775 & and N-Ma(2) = 1.943%),
suggesting that each NO donates two electrons to Mn(i) and one electron to

Mn(;)- The manganese-manganese distance of 2.526 i is normal.

Mn((—>hdn(2)/
S~

NO2 g

NO

(XLIX)

The reaction between Mn(CO)sBr and NaNs in Ho0-CoHsOH at 20° affords
Na[Mn>(C0J)s(N3/3] LI4T]. The structure of the corresponding '(‘GHE)@+ salt
was determined by X-ray crystallography. In the anion (L) each azide
bridges through one nitrogen, the Mn-N-Mn separatior is 2.893 i, identical
within experimental error to the Mn-Mn bond length in Mny(CO):o [148].

The synthesis of several other azido and isocyanato complexes of manganese

and rhenium is also provided.
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The complex CeHsN=CHCgHaMn(c0), (L1), prepared from CHzMn(CO)s and
benzylideneaniline, has been the subject of a crystallographic study [149].

The Mn-C and Mn-N bond distances in the chelate ring are almost identical.

0,

H
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oc/ \co

N—Z—00
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Photochemical reaction between Mns(CO)10 and (CHz)aAsC = CAs(CHa)2CFolFs
"(f4fgrs) yields (féms)[Mn(Co)4]2 (111), whose structure has been
elucideted by X-ray crystallography [150]. The reaction of (L11) with iodine
affords (£.fars)[Mn(C0),1]2; Dreliminary structural results on this product

are also reported.

¢ co /CH3
8 OC\J”‘{_./AS/CHa
I S
77 o /Mn 8 / \C/
.oc l\“s/c\ / s
s / N
o CH3 CH3 F F
w
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Molecular structures have been determined of two dithiocarboxylafo
complexes of rhenium(I). In the compound CgHsCS-Re{CO)., the Re-S distance
is 2.9 A [151], whereas in HCSoRe(CO)a[P(CsHs)a]- (IIIT), prepared from
HRe(c0)-LP(CeHs)s]s and S [66], the Re-S distances are 2.500 and 2.532 A&
[152].

P(CgHsty
ocC. I S
N / \C—
~ Re\ =
oC l S
P(CeHs)3

13

[ERHY

The sulfinate CH3S80:Mn(CO)s(dipy) has been shown [153] to adopt
structure (LIV); this canfirms the previously made assignment of molecular

geomeiry and Mn-S bonding from infrared spectral data [154].

Mn

o NN
8 —
(LiV)

The crystal structure of (CHs)oN[ ™CeHsMn(CO)2COCeHs] (anion IV) shows
the Ma-C (acyl or carbene) bond distance to be 1.96 & [155], slightly

shorter than that expected for an Mn-C single bond.

CO CeHs
=
- M{I___‘\C\\
\CO \‘O

(Lv)
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. The transition metal ylide Mn{c0).[CoP(CgHs )5]Br, whose- preparation

-'v:‘és_‘ réported last year (AS 9, 175-1Th), has been shown to possess structure

(1¥1) [156]. The C=C bond distance of 1.20 i, essentially acetylenic,

prompts formulation of the (CeBs )sfcz ligand as a phosphonium acetylide.

Br
ocC MA——C==C——P(CgHxg)3
oC
C
(]

(LVi)

The structures of two previously-mentioned [81] isomeric cormlexes
Mn(c0) 4[ (CeHs ) 2PCeH,CoHaCH,] (IVIT and IVIII) have been elucidated by
X-ray erystallography [157). (IVII) contains a m-oxopropyl group which is

essentially symmetrically bonded to the manganese.

- CeHs Cgls CgHs CgHg
N Y N~ 2
S Gy e &'
n Mn
. / o 1 > co
NS | o
CHy Cc—=0 CH /
3 {C .
CH
3 \CH3
(Lvin) ’ (LvHn

The first reéOgnizéd example of an open-chain n-pentadienyl complex
" of manganese, CazH11MnOs (LIX), results when Mnp(CO)io reacts with tropone
- [158]. The molecular structure of this purple solid contains a nearly

',-pia.n_.af‘ca.rbon framework with approximately equal C-C distances of the

 asenyd group.

- References p. 319
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w3
3
|8

(LX)

The structure of BraGeMa(CO)s (4S 2, 188) was determined by gas-phase
electron diffraction [1597. The equatorial CO's are bent toward the
germenium and the Mn-Ge distance is 2.43 A.

Single-crystal X-ray diffraction studies have established that
Hg[Mn{CO)s5]> is centrosymmetric and has approximate D,y symmetry [160].
Again the equatorial CO's are bent imwards, toward the mercury by 5.3°%

Ultraviolet irradiation of & hexane solution of rr-CSHSRe(CO)g affords
yellow (n-CsHs)oReo(CO)s (IX), whose structure was elucidated by
erystallography [161]. The rhenjums are held together by 2 symmetrically

bridging CO and by a long Re-Re bond of 2.957 i.

Foco
Re ———————Re
oc/ | \c/
5
@]
(LX)

The reaction between CHaMn(CO)s and (ﬂ-CSHs)ZLbHZ in warm benzene
affords CisHeOsMoMn (IXT), which is moderately steble to air in the solid,
and whose structure has been determined by X-ray methods {162]. An

unusual feature of the molecule is a very short Mo-Mn bond distance of
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2,961 . CHsMn(CO)s undergoes a similar reaction with (7=CsHs)oWHo and
" (n-CsHs )oReH, the product of the latter interaction probsbly containing

‘hydrogen instead of a CO group bonded 4o rhenium.

@g/m .

-

\M<
oc / ~~co
ocC cO

(Lxt)

The air-steble, diamegnetic complex (n-CsHs)zReaMon(C0)118s (IXIT),
obtained from {Re(C0).[SSn(CHz)3]}z and n-CsHsMo(CO)5CL in benzene or 1,2-
- dimethoxyethane at 759, has been investigated crystaliographically [163].
A nonlinear trimiclear metal framework and presence of both triply-bridging,
four-electron donating, and quadruply bridging, six-electron donating

sulfurs are some of the salient features of this structure.

(LXih

A doctoral dissertation is concerned with several structures; among
ifhen’g is _that of HRes(CO)u, in which the Res fragment possesses & gis
'cpnf;iguration [164].

o N - In the molecular nitrogen complex g.-;-gg_-Re[P(CHs)ZCGHs]4(N2)Cl,
wi.i-.ofs"ej sfrueture was examined by X-ray crystallography, the Re-N-N méiety
is ‘eérsentie.l]y linear [165].

_“References p. 379
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Electronic Spectra and Structures
The electronic spectra of M(CO)sX (M = Mn and Re, X = (1, Br, I,

H, CH,, and CFs) have been investigated in the range 5000-1900 & [166].
Rand assignments have been made and qualitative molecular orbital energy
diagrams are given to account for charge-transfer bands. The electronic

structures of M(CO)sX (M = Mn and Re, X = Cl1, Br, and I) have been

also discussed by application of the self-consistent charge and configura.t@on
molecular orbital method [16T7]. The relative reactivitles of these
pentacarbonyls to CO substitution were found to correlste with M-C overlap
populations in a satisfactory mamner.

Molecular orbital calculations have been made to determine the bonding
characteristics of CO and GN_ in the isoelectronic series Ma(C0)s’, Ma(CO)sCN,
[Mn(cN)sC01%”, and Mn(CN)e® [168]. Trends in carbonyl bonding can be
attributed essentially to variations in n~acceptor ebility, whereas the
bonding of cyanide appears to be a function of both g-donor and m-acceptor
abilities which vary according to the total intramolecular environment.

The polerized electronic spectra of Mns(CO)io and MoFe(CO)y,

(M = Mn or Re) are reported in a2 Ph.D. thesis [169]. The nature of the
metal-metal bond in Ma{CO)io (Mo = Mno, Rep, Ten, and MnRe) has been
described by application of the self-consistent charge and configuration
molecular orbital method [170]. An important contribution to the M-M bond
energy is that from the cross-interaction between a metal atom and ligands
directly bonded to the other metal atom.

Molecular core binding energies have been measured for some organc-
metallic compounds, including m-CsHsMn(CO)s [171]. Electron transfer from
the ring to the CO groups via the metal orbitals is clearly discernible
and the Ci;s and O3s levels for the CO groups are shifted considerably to
lower binding energy compared with Cr(co)g, Fe{CO)s, or Ni(cO),.

The ionization potentials of n-csHSFm(CO)gPXS increase as a function of
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X‘ii:i,_the order X = H < Br < Cl1 < F, reflecting a decrease in the
dorior properties of PXg [172]. The compound n-CsHsMn(CO)sPFs was prepared

for the first time, photochemically.

The complex [Mn(CNCH5)g]T and the dipositive [Mn(CNCH;)g]12" have
been ‘imestigated according to the self-consistent charge and configuration
molecular orbital method with the aim of interpreting the electronic spectra
(1751

ViBré.‘bional Spectra

_ Spectroscopic evidence has been presented [1T4] which casts doubt
on t_hé originel formilation (A4S 9, 162) of M(CO)s(dinitrilelX (M = Mn and
Re, X = Cl and Br) as m-bonded dinitrile complexes. It appears now that
the band at 2066 cm * in the infrared spectrum of Mn(CO)s[NC(CHo)-CNIBr,
assigned previously to y(CN), is actually due to e CO stretching mode.

The aﬁthors propose to reformulate these complexes as (IX1II).

\/

n—a—o=z—3—N0
0
0

/N
e
A
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~
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z

wxi)

: The previously reported [175] infrared spectra in the ,{(CO) region
of  n-qsi;jw(co)shm(co)s and MnRe{CO)10 have been found [176] to be in error.
I appcc.rs thet n-CsHsW(CO)3Mn(CO)s had partially reacted with the solvent
.ccié/,‘_'?whereas "1 MnRe(CO)10'! was a mixture of Mn,(CO)io and Rex{(CO)ic.

» : - The infrared spectrum of mCgHsMn(CO)o[C(OCH;)CsHs] in hexane shaws
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4 y(cO) bands indicating presence of isomers; in contrast, the spectrum of
(K~C}!3C5H4)Dﬁ(co)2[c(ocﬁs)c}l3] exhibits only 2 CO stretching absorptions [17T7].

There were many studies of the vibrational spectra of various types
of carbonyl compounds of manganese and rhenium that dealt with the assigmment
of bands, calculation of force constants, and analysis of the absolute
intensities. The infrared and Raman spectra of Mn(CO)sBr and Mns{CO)io
have been recorded and assignments of bands made with the aid of isotopic
suinstitution [178]. Another doctoral dissertation [179] is concerned with
the Raman spectra, force ccnstants from an approximate normal coordinate
analysis, and Raman intensities of the complexes (CHz)zM'M(cO)s (M = Mn
and Re, M = Ge and Sn).

An assignment of bands has been made [180] in the vibrational spectra
off Re(CO)sx (X = C1 and Br). By using an approach described earlier
(a5 9, 190-191), Delbeke, et al. [181] have calculated CO stretching force
constants for a variety of Mn(CO)sX complexes (X = SnRs, SnRsCl, COR,
ete. ). These force constants were then used o obtain o and 1 Graham
Darameters.

Available data on the absolute infrared jintensities of y(CO) of
M(CO)sXx (M = Mn and Re, X = Cl, Br, or I) have been analyzed [182].

The infrared spectra in the 2200-60 em * region have been investigated
for X:SoMn(CO)s (X = C1, Br, CHy, or Cels) [1835]. Normal coardinate
analyses of the first three complexes using & modified Urey-Bradley force-~
Tield showed that the force constents for the Mn-Sn stretch decrease with
X as: Cl> Br > CHs.

The Raman spectra and normal coordinate analyses are reported in a
Ph.D. thesis [184] for Mns(CO)i0, Teni{CO)i0; Res{CO0)i0, and MnRe(C0)ic.

Also given are the absolute Reman intensities and molecular polarizability
derivatives for the M-M stretching modes of Mha(CO)lo anmd Re»(C0)ic-. Remen

data are presented [185] for solutions, powders, and oriented single crystals
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.o‘f Muo{C0)30 and Rep(CO)1o which allow a consistent assignment of the
vibrational spectre.

- .. .The infrared and Raman spectra of the linear Mn-Fe(C0)i,, ReoFe(CO)i4,
and MnFeRe(CO)1, have been examined in the £2200-1800 cm * region and a
tentative assignment of the y(CO) modes proposed [1861.

- .Inelastic neutron scattering speciroscopy has been epplied to assign
molecular structures and force fields for HaM;(CO)in (M = Mn or Re) [187].

Three papers were concerned with vibrational spectra of ﬂ'CSHsMn(CO)a

and derivatives. The infrared spectra of (mCHaCsHg)Mn(CO)oL (L = P{CgHs)as
£s(CgHs )5, and Sb(CgHs)s) have been investigated in the regions 2100-1850
and TOO-225 cm ¥ [188]. Absorption bands due to vibrations of the
(n—ring)Mn(CO)z moiety have been assigned. The infrared and Raman spectra
of solid m-CsHsMn(CO)m in the 3000 cm ' region have been investigated [1897;
fa.ctqr-group splitting is observed and the correlation between this and
the crystal structure has been considered. The relative Raman intensities
and the depolarization behavior for the A and E (CO) modes in
-C5HsMn(CO)5 differ considerably from those of n-CgHgCr{CO)s; this
observation is interpreted in terms of a bond~derived polarizsbility model
[190].
MR, NQR, and MSssbauer Stndies

"_I'he 15 NMR spectra of n-cycloheptadienylmanganese tricarbonyl and its
6-exo-methoxy and 6-exo-methyl derivatives have been analyzed in some detail
[191]. It appears that the skeleton of the ring carbons in the two derivatives

: lacks a plane of symmetry.

The H NMR spectrum of ft—csHsMn(CO)s oriented in the liquid crystalline
nemstic phase has been reported [[192].

" Presented by Stewart in his doctoral dissertation [193] are the 9% yMr
A.s'pectra. of m- and p-fluorophenyl derivatives of manganese carbonyl. The

CO stretehing frequencies cof these and related compounds are also given.
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Onaka and coworkers [19%,1957] have investigated the electronic
configuretion daround the tin atom in a series of {Rg-xXxSn)Mn(CO)s complexes
(R = CHz or CgHs, X = CL or Br) by H and ®“Mn NMR and **°Sn Myssbauver
spectroscopy. The results obtained indicate that the Mn(CO)s group is a
stronger electron donor than CHy, CgHs, or halogen [1941]. The SMn NMR
date further show that in the series of [ (CHg)s-xBrySn]Mn(cO)s pentacarbonyls,
Mn - Sn w-interaction is most pronounced for BrzSmMn(cCO)s [1957.

Single crystals of Mn{CO)sX (X = Cl1, Br, and I) and wCsHsMn(CO)5
were studied by broadline NMR spectrosecopy at room temperature [196]. For
Mn(CO)sX, the 55Mn quadrupole coupling constant increases in the order:

X = C1l < Br < I. The anisotropic chemical shifts of 55Mn in these four

complexes were also determined.

The room temperature 5°Mn NQR spectra have been recorded [197] for
14 different ring-monosubstituted and one ring-disubstituted derivatives
of m-CsHsMn(CO)z. An attempt was made to correlate the Mn resonsnce
frequencies with infrared, ¥MR, and UV data which measure variations in the
ring m-electron density.
Thermodynamic Studies

Temnerature dependence of vepor pressures, heats and entropies of
fusion and sublimation, melting points, and other thermodynamic data have
been obtained for Mnz(CO)io [198,1997, Rex(C0)i0, MnRe(CO)1o [199], and
n-CsHsMn(CO) 5 [200].
Applicetions to Technology

A U.S. patent is concerned with the use of (mCHsCsH,)Mn(CO)4 as
an additive to natural gas fuel [201]. Another patent reports that
eddition of CeHsNSO to a w-cyclopentadienylmanganese tricarbonyl (used as
a smoke-repressing agent) in jet fuel reduces manganese-~containing deposits
in the engine [202].

The use of (n-CHaCsHs)Mn(CO)5 as a photosensitizer for the light-

induced cure of epoxy resins has been described [203].
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