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The heterobimetallic anion, (OC}xCrMn(CO)s M+ (M*=Na*, PPN*), which has a donor-acceptor metal-metal bond,!
was reacted with allyl bromide to yield BrCr(C0O).~ and Mn(CO)(CH,CHCH,). The reaction mechanism has been
proposed in terms of the consecutive reaction pathway in which Cr(CO)THF) is an important intermediate leading
to the corresponding product. Counterion effect on this reaction was also evaluated and the results were compared
with those of the corresponding reaction of the mononuclear carbonyl anion, Ma{CO)s™.

Introduction

Heterobimetallic complexes have been the subject of nu-
merous recent studies in which chemically inert bonds are
activated by two different metal centers in close proximity
in the complexes? The heterobimetallic anion, (OC);CrMn
(CO)~M* (M*=Na*, PPN"), in which a dative metal-metal
bond exists, can be disrupted to give Mn(CO);~ and Cr{(CO)s
PR; upon reaction with PR; at elevated temperature; how-
ever, the feature of the corresponding reaction may be dras-
tically changed by the selection of the ancillary ligand such
as PR,3* Recent interest in heterobimetallic complexes has
been mainly focused on the structural investigations: [MnM
(CONol M=Cr, W)*; [HFeM(CO)]~ M=Cr, WP, [{p-H)
CrW(COol"; [ReMn(CO)jol%; [(Me;PXOC)OsM(CO)] (M
=Cr, W), [(MesP)(OC).0sRe(CO)(Br)); [(OC);CoRh(CO)
(PEt;),1* and so on

For several years we have been interested in the reactions
involving heterobimetallic complexes such as (CO)CrMn
(CO)x"M* (M*=Na*, PPN* (bis(triphenylphosphoranyli-
dene)ammonium ion)). In this paper, we would like to pre-
sent the research results on the reaction pathway in which
(OC):CrMn(CO)s"M* (M*=Na*, PPN*) was reacted with
allyl bromide and also the counterion effect on this reaction
in comparison with that often observed in the corresponding
reaction of a mononuclear transition metal carbonylate such

as Mn(CO)~.22
Experimental Details

General Description. An inert-atmosphere glove box,
Schlenk line, and high-vacuum techniques were employed
for most of sample transfers and manipulations. Infrared
spectra were recorded on a Perkin-Elmer 238B spectropho-
tometer. 'H NMR spectra was recorded on a Brucker 200
MHz FTNMR instrument. Temperature was controlled with
Haake AS81 thermostat. Most of weighing and transfer of co-
mpounds were done under an Ar atmosphere in the glove
box (Vacuum Atmosphere Co.). Photoreactions were perfor-
med using a 450 watt Hg vapor lamp covering a rather broad
range of UV-vis wavelengths. Solvents were distilled under
N. atmosphere from appropriate drying and O, scavenging
agents: tetrahydrofuran (THF), Na°/benzophenone/diglyme;

methylene chloride, P,Os; acetonitrile, CaH, followed by P,Cs;
methanol, Mg®/I;. All reagents were purchased from ordinary
vendors and used as received without further purification.

Preparation of Cr{CO)sTHF. This compound was pre-
pared according the procedure described in the reference®
and checked by IR spectroscopy.

Preparvation of PPN*Mn(CO)s~. A 40 mL THF solu-
tion of dimanganese decacarbonyl (2.0 g) was added to a
THEF solution (5 mL) of 1% Na in Hg. Then the solution
was stirred for about 1 hr at room temperature until the
infrared spectrum showed only the bands from the Na*Mn
(CO)s~ (IR(THF, cm™"), (CO) 1897 (s), 1862 (s), 1829 (m)).
This reaction solution was then passed through a Celite co-
lumn. A slightly excess equivalent of PPN*Cl~ dissolved in
CH:Cl; (5 mL) was cannulated into the mercury-free solution
of Na*Mn(CO);~. Followed by 1 hr stirring at room tempera-
ture, the solution was passed through a Celite column and
the solution volume was reduced to about 15 mL under va-
cuum, Hexane (30 mlL) was added and fine yellow solids
were precipitated. The product was washed with hexane se-
veral times until the washings were colorless. The yield was
692 g (92%). IR (THF, cm™"), v (CO) 1894 (s), 1860 (s)."

Preparation of Na*CtMn(COlho . To Na Mn(CO)s~
(1.5 g 5.8 mmol) was added the THF solution (70 mL) of
CrHCO);(THF) (5.8 mmol) freshly prepared from the photoly-
tic reaction. This solution was stirred for 3 hrs at room tem-
perature. The solution was then passed through a Celite co-
lumn and the solution volume was concentrated to about
20 mL under vacuum. Hexane (30 mL) was added and fine
yellow solid was precipitated. The product was washed with
hexane several times until the washings were colorless. The
yield was 1.85 g (77%). IR (THF, ecm™Y), v (CO} 2063 (w),
1988 (m), 1950 (s), 1923 (w, sh), 1894 (m), 1862 {(m)>

Preparation of PPN*CrMn{CO),0~. The iollowing
maodification to the literature procedures was employed to
achieve good yields. To PPN*Mn(CO)s~ (1.39 g; 2 mmol)
was added the THF solution (70 mL) of Cr(CO)(THF) (2
mmol) freshly prepared from the photolytic reaction. This
solution was stirred for 3 hrs at room temperature. The rea-
ction solution was then passed through a Celite column and
the solution volume was concentrated to about 20 mL under
vacuum. Hexane (30 mL) was added and a fine yellow pro-
duct was precipitated. The product was washed with hexane
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several times until the washings were colorless. The yield
was 15 g (81%). IR (THF, cm™), v (CO) 2063 (w), 1988
{m), 1950 (s), 1923 (w, sh), 1894 (m), 1862 (m).>*

Reaction of PPN*CrMn{(CO),o~ with CH.CHCH,Br.

Usually 10 mL. of THF was added to the mixture of
PPN*CrMn(CO)0~ (0.05 mmol) and a 20-fold excess of CH,
CHCH:Br in a 10 mL vol. flask »ta cannula at ambient tem-
perature. This THF solution was shaken for a few minutes
prior to being kept in a water bath set at a specific tempera-
ture. The reaction was monitored by IR v (CO) spectroscopy.
Rates of the reaction were followed by the decrease in ab-
sorption of the intense CO band (1884 cm™?) of the reactant
which does not overlap with the bands of products. Pseudo
first order reaction conditions using at least a. 5-fold excess
of CH,CHCH,Br were employed where appropriate. Rate
constants were calculated using a linear least squares prog-
ram for the first order rate plots of In{A;-A4.) vs. time, where
At is the absorbance at time { and A. is the absorbance
at infinity. Usually ten or more IR v (CO) spectra were ob-
tained for each &, calculation. Products, (CH;CHCH;Mn
(CO)s and BrCr{CO)s~ were identified by their IR v (CO)
spectra as compared with those of the authentic compounds
previously isolated and characterized in our laboratory. (CH,
CHCH2)-Mn(CO)s, IR (THF, cm™"), v (CO} 2063 (m), 1900
(s, sh), 1967 (s), 1845 (s)'%; PPN*BrCr(CO)s, IR (THF, cm™"),
v {CO) 2047 (w), 1913 (s), 1849 {m).">®

Results and Discussion

The heterobimetallic anion, (OC);CrMn(CQ)s~, was prepa-
red by the ligand substitution of labile CH{CO)(THF) with
Mn(CO);~ in THF at ambient temperature in high yields
{75 to 90%). This synthetic approach appears to be very effi-
cient in comparison with either the procedure utilizing the
high temperature thermal displacement of CO from Cr(CO)s
by Mn(CO)s™* or that by the metal exchange reaction (Mn;
(C0)10‘+‘ CI’z(CO)mzv .Sh

Graham® and others® assumed the negative charge resi-
des on Cr{CO)s moiety of CrMn(CO),,~. However, in analogy
with HFeCr(CO),~ anion (HFe(CO),~ 4 Cr(COX(THF)}, it is
likely that the anionic fragment Mn(CO);~ may retain much
of the negative charge.* The deconvolution of the IR (THF)
v {CO) spectrum of CrMn(CO)y,~ into six bands does not
represent two sets of three bands of intensity patterns that
may plausibly be assigned to two non-interacting Cy, centers.
In fact, considerable coupling of CO vibrations may occur
in this heterobimetallic anion?

The reaction of M*[CrMn(CO)]~ (M*=Na*, PPN*)
with PR; (usually 20 fold excess) was carried out in THF
(Eq. 1).

CrMn(CO)yo~ + PR3 = Mn(CO);~ + Cr(CO)}PR; (major)
+ Cr(CO)(PR3), (minor) )

The reaction is overall lst order with respect to [CrMn
{CO)o~). The activation parameters (AH'=272% 15 keal/
mol and AS?=57.71 44 e.n) suggest a dissociative reaction
mechanism in which the Cr-Mn bond cleavage may be invol-
ved at the rate-determining step. However, kinetic studies
on the reaction of [{OCKCrMn(CO)PR;]~ with PR; show
the 2nd order rates, £,[(OC)sCrMn(CO),PR,~J{PR;] (Eq. 2).
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Figure 1. Pseudo 1st order plot of the reaction of Na*CrMn

€O~ (6.0 mM) with CH,GHCH:Br (100 mM)} in THF at 55
T.

(OC)sCrMn(CO)PR,” +PR; —
Mn(CO),(PRs)~ + CH{COXPR; (minor)
+ Cr(CO)(PRs); (major) 2)

Since PR; is regarded as a better s-donor than CQO, Mn
(CO)PR;~ appears to be more basic toward the Lewis acid,
Cr(CO)s(THF) than Mn{CO)s"~. This enhanced basicity by PRg
in Mn{CO);PR;~ moiety plausibly creates a stronger Mn-Cr
bond than in the all-CO analogue. The greater electron den-
sity at the Mn-Cr bond could preferentially cause the initial
Cr-CO bond cleavage by the incoming ligand, PR, which
may lead to the major product, Cr(CO).(PR:);, eventually.
However, once one CO is replaced by PR,y in Cr(CO)s(THF)
moiety the Mn-Cr bond may be drastically weakened. Thus
this metal-metal bond can be readily cleaved by another PR;
to yield Cr{(CO)(PR3). and Mn(CO),PR,".

The reaction of CeMn(CO)~ with CHsl was proven to
be overall 1st order with respect to [CrMn(CO)o~ 1.2 The
reaction can be described in terms of the consecutive reac-
tion pathway (Eq. 3, 4, 5) in which CHCO)(THF) is an im-
portant intermediate, leading to the products, Mn(CO)s(CHs)
and Cr(COXI™ (Eq. 3-5).

(OCHCE-Mn(CON 288 CHCOWTHR+Mn(CO) )
Mn(CO)~ + CHyl — Mn(COX(CHa)+1- @

CHCONTHPF) +1™ = Cr(CO)sl~ + THF 5)

Reactions of CrMn(CO);o"M* (M*=Na'*, PPNY)
with CH:CHCH;Br. Reactions of (OC)CrMn{CO);~ with
a 20-fold excess of allyl bromide in THF were monitored
by the IR carbonyl peak change. This reaction follows the
1st order dependence on [(OC):CrMu(CO)~] and the rate
is represented by Eq. 6, as is evidenced in Figure 1, 2 and
Table 1, 2.

rate =&, (OC)sCrMn(CO)s ] (©)
Determination of the Activation Parameters. The
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Figure 2. Pseudo 1st order plot of the reaction of PPN*CrMn
{CON~ 6.0 mM) with CH,CHCH,Br (100 mM) in THF at 55
T.

Table 1. The relationship between CH;CHCH;Br concentrations
and the rates (ks) of the reaction of Na*CrMn(CQ)y~ in THF
at 55 C

Conc. [CrMn(CO)~] Conc. [CH.CHCH,Br]

-1
50 25 358+05
5.0 50 35607
50 100 356+ 05
50 200 371209

Table 2. The relationship between CH.CHCH,Br concentrations
and the rates (k) of the reaction of PPN*CrMn(CO)y,~ in THF
at 55 €

Conc. [CrtMn(COne~]1 Conc. [CH,CHCH,Br]

-1
M (X109 M (X109 ko X 10, s
50 2% 179+ 04
50 50 194+ 07
50 100 187+ 08
50 200 202+ 0.8

first order rate constants, &, were also obtained for the reac-
tion in THF at various temperatures (Table 3 and 4) in
which the rates are linearly dependent upon the tempera-
ture. The activation parameters were calculated from the
Eyring plots (Figure 3, 4). The activation parameters (AH' =
316+ 2.0 keal/mol and AST=15.6%6.3 e, for PPN*CrMn
(COo™; AH'=204%+20 kcal/mol and ASt=10.3+6.1 e
for Na*CrMn(CO),c ™) together with the rate being the first
order on [CrMn(CO)y,~] strongly suggest a dissociative char-
acter at the rate-determining step, which may involve the
initial cleavage of Cr-Mn bond leading to the intermediates,
Cr(CO)(THF) and Mn(CO)s". Polar coordinating solvent may
stabilize the possible intermediates, Cr{CO)s(solvent) and Mn
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Table 3. Temperature dependence on the reaction of Na*CrMn
(CO)o~ with CH,CHCH,Br in THF*

Complex Temp. (C) ko X108, 571
Na*CrMn(CO)yy~ 45 7.7£ 06
50 143+ 0.3
55 356+ 06
60 614t 1.1

*{CrMn(CO)~]=5.0 mM; [CH.CHCH,Br]=100 mM.

Table 4. Temperature dependence on the reaction of PPN*
CrMn(CO)o~ with CH,CHCH,Br in THF

Complex Temp. (C) Ry X106, s~!
PPN*CrMn(CO)0~ 45 34+ 02
50 79+ 04
55 1871 0.8
60 321+ 1.0

*[CrMn(CONo™1=50 mM; (CH,CHCH;Br]=100 mM.
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Figure 3. Eyring plot for the reaction of Na*CeMn(CO),o~ (5.0
mM) with CHCHCH,Br (100 mM) in THF.

(CO)s™; however, in case of Mn(CO);~ the small protic polar
solvent (CH;0H) may be the best choice for the stabilization
of the metal carbonylate through intermolecular hydrogen
bonding interactions while CH;CN may not be so effective
in this respect (Table 5, 6).

For the reaction of (OC);CrMn(CO);~ with CH;l, the reac-
tion rate of Mn(CO)s~ with CHyl is extremely faster (Eq.
4) than that of the first reaction step involved (Eq. 3); how-
ever, the situation does not apply to the corresponding reac-
tion involving CH,CHCH,Br because Mn(CO);~ reacts with
CH,CHCH,Br slowly but slightly faster than the dissociation
reaction of (QOC):CrMn{CO);~ in the presence of allyl bro-
mide; therefore, the difference in the enthalpy of activation
(AHY=316% 2.0 kecal/mol vs 19.4% 0.3 keal/mol) may repre-
sent an extra energy barrier for the reaction of Mn(CQ)s~
with CH,CHCH:Br in addition to the enthalpy of activation
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Figure 4. Eyring plot for the reaction of PPN*CrMn(CO)0~

(5.0 mM) with CH,CHCH,Br (100 mM) in THF.
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Table 5. Solvent dependence on the reaction of Na* CrMn{(CO),o~
with CH,CHCH;Br at 55 C*

Complex Solvent (gf kus X 10F, 57!

Na*CrMn(CO)y™ THF (7.3} 35605
MeOH (32.7) 973%5.1
CH,CN (36.2) 525+ 2.8

*[CrMn(CO¥o~1=5.0 mM; [CH.CHCH,Br]=100 mM. *measu-
red at 25 C.

Table 6. Solvent dependence on the reaction of PPN*CrMn
(CONy~ with CH,CHCH.Br at 55 T*

Complex Solvent (g) R X108, 87!

PPN*CrMn(CO)o~  THF (7.3) 187+ 0.8
MeOH (32.7) 95.5% 6.5
CH,CN (36.2) 515+ 24

¢[CrMn(CO)o~1=5.0 mM; [CH,CHCH,;Br]=100 mM. *measu-
red at 25 T.

for the Cr-Mn bond cleavage.
Mechanistic Considerations. To account for the ki-
netic data obtained, three reaction pathways were proposed.

Single Electron Transfer (Radical Process)
{OC):CrMn{CO)s~ + CH,=CH-CH;Br — (OC)sCrMn{(CO)s

+[CH,=CH-CH,Br]~ 7
[CH,==CH-CH,Br]™ - CH,=CH-CH,- +Br- 8)
(OC):CrMn(COX T Cr(CO)s(THF)+ - Mn(CO)s ©

CH;=CH-CH;* + +Mn(CO); = (CH,=CH-CH)Mn(CO); (10)
Cr(CO)X(THF)+Br~ = BrCr(CO)s~ + THF (11)
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Figure 5. ESR spectrum of the reaction mixture of (OC);CrMn
(CO)%"PPN* with CH.CHCH;Br in THF in the presence of
DMPO at ambient temperature.

Concerted Reaction Pathway

(OCKCEMn(CO)- OCKCr-Mn(CO)%

+ — e 12)
CH,;=CH-CH,Br Bresees- CH,CHCH,

o
(I) — BrCr(CO)s~ +{(CH,CHCH;)Mn(CO)5 (13)
Consecutive Reaction Pathway
(OC)CrMn(CO)- ot CHCOW(THF)+ Mn(CO)~  (14)
Mn(CO)s~ + CH,CHCH,Br ~— (CH;CHCH)Mn(CO);+ Br~
as)

Br- + Cr(CO)(THF) —— BrCr(CO)- + THF a6)

The first proposed reaction mechanism, SET, was supported
by the allyl radical formation; To see if any radical was for-
med or not, the reaction of (OC);CeMn(CO)s"PPN* with allyl
bromide was performed in THF at ambient temperature with
{or without) DMPO (5,5-dimethyl-1-pyrroline N-oxide), the
radical trapping agent (Eq. 17).

CH, CHy CH,CHCH,
oo + T3 — WL
cHy” | o’ Bk an
'.95 19;

Without DMPO no appreciable ESR hyperfine splitting
patterns due to allyl radical were observed; however, in the
presence of DMPO, the spectrum exhibits two groups of trip-

det arising from one “N (I=1) and one 'H (I=1/2) nuclei

(Figure 5). The large proton coupling constant {ay=20.03G)
and the small nitrogen coupling constant {ay=14.20G) were
obtained, which are similar to those (gy=20.02G; ay=14.01
G) of the propyl radical formation from the reaction of the
manganese hydride with propyl iodide in the presence of
DMPO in THF at ambient temperature® as well as those
of the methyl radical formation (2,=23.00G; ax=16.25G).
The g value (g=2.0093) of the possible allyl substituted
DMPO radical is very close to the free electron value (g=
2.0023).%

This ESR spectrum partly supports the SET mechanism;
however, the fact that no ESR peak were observed without
DMPO in the reaction mixture and the kinetic data (overall
first order dependence of the metal complex concentration,
etc) may disapprove this SET reaction pathway. To confirm
this hypothesis, several back-to-back kinetic reactions were
performed with and without radical scavengers such as
DMPO, benzoquinone, or benzophenone. The kinetic run
without DMPQO at 60 C gave the observed rate constant



314 Buil. Korean Chem. Soc. 1995 Vol. 16 No. 4

of 32.3(1.5)X107% s~*, and the run with DMPO gave 33.6(0.6)
X107% s7!, both values are within an experimental error
range. The reactions employing other radical scavengers gave
similar resuits.

The sharp contrast between these data sets could lead
us to draw the conclusion that this reaction may involve
the SET reaction pathway; however, this may not be the
major reaction pathway, but, a minor one, if any, instead.

The proposed concerted reaction pathway appears to be
possible; However, the overall first order rate dependency
on [(OC)CrMn(CO)~] may rule out this possibility. The
dependence of solvent polarity on the rate may also be re-
lated to the stabilization of the possible polar intermediates,
which also disfavor the concerted reaction mechanism, The
proposed intermediate (I in Eq. 12) may involve a consider-
able steric hindrance due to the bulky allyl bromide approa-
ching to the coordinatively saturated (OC)sCeMn{CO)s~ com-
plex.

The kinetic data together with the results from the ligating
ability comparison studies'” could lead us to propose the con-
secutive reaction pathway. First of all, the overall first order
rate dependence upon [(OC)CrMn(CQ)s~ ] supports this me-
chanism. The polar solvent stabilizes the polar intermediates,
Cr(CO); (solvent) and Mn(CO);™; moreover, the polar protic
solvent such as CH;OH seems to be very effective in stabi-
lizing Mn(CO)s~ through the intermolecular hydrogen bon-
ding interactions. This polar solvent participation in the polar
intermediate stabilization further supports this reaction path-
way. The moderately positive entropy change of activation
(AS'=156% 6.3 e for PPN* salt; 103+ 6.1 eu. for Na*
salt) may suggest the initial Cr-Mn bond cleavage (Eq. 14)
is an energetic step, In these reactions Br~ reacts rapidly
with Cr(CO)s(THF) in THF even at ambient temperature to
vield Cr{CO)Br~ (eq. 16).

The reaction product was confirmed to be (n'-CH,CHCH,)
Mn(CO)s which was evidenced by the 'H NMR spectrum
('"H NMR in CDCl,: & 4.86-4.66 (m, 1H), 2.76 (@, /=7.13 Hz,
2H), 1.79 (d, /=1220 Hz, 2H)). The reaction of Mn(CO)s~
with CH;CHCH.Br did not produce any detectable amount
of (n*-CH;CHCH;)Mn(CO), with the concomitant evolution
of CO from (n*-CH,CHCH; )Mn(CO)s even at the elevated
temperature (30-60 C).

The contro! reaction of Mn{CO);~ with the photochemically
prepared Cr{(CO)(THF) produced (OC);CrMn(CO)s~ very fast
and almost in quantitative yield because Mn(CO)s~ is assu-
med to be a very reactive Lewis base towards the Lewis
acid, Cr(CO)s(THF), at ambient temperature in THF.

Counterion Effect on Reaction Rates. It seems ob-
vious that bulky cation such as PPN* can hardly penetrate
the coordination sphere of (OC)sCrMn(CO)s~ so as to interact
with either coordinated CO ligands or metal centers invol-
ved. There is some electron density build-up on Cr-Mn bond
though much of it may be drained into the carbonyt bonds
through back donation. Similar situation may be expected
from the corresponding reaction involving Na* salt in the
presence of excess 18-crown-6.

For the reactions of the mononuclear transition metal carbo-
nylates (Mn{C0)s~,2 CpMo(CO)~ 2 Co(CO),~,® CoW(CO);~2)
with alkyl halides, a “normal” counterion effect was obser-
ved; the less associated the anion is with its cation, the grea-
ter is.its nucleophilicity. However, the “inverse” counterion
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Table 7. Activation parameters from the reaction of M*CrMn
{CO)o~ (M*=Na*, PPN*) with CH.CHCH,Br' in THF*

Complex

Activation Parameters’

Na*CrMn(COho™ AH'=294+20 kecal/mot
ASt=103t61 eu
PPN*CrMn(CO);~ AH'=316%20 kcal/mol

AST=156%63 eu.

*[CrMn(CO)o ]=50 mM; [CH,CHCH;Br]=100 mM. *Error
limits represent 99.5% confidence limits.

Table 8. Counterion dependence of kinetic data for the reaction
of CrMn(CO)o~ with CH,CHCH,Br in THF at 55 C*

Counterion Rass X 106, !
Na* 35605
PPN* 18.7+ 08
Na*+[18-C-61* 200+ 0.7

¢[CrMn(COYo~]=50 mM; [CH,CHCH.Brl=100 mM. *[18-C-
6); 100 mM.

effect was observed in the similar reaction involving the acti-
vated organic halides such as benzyl halides?® or allyl hali-
des® In such cases, the contact ion pairs were to enhance
the corresponding reaction rates vie the leaving group assis-
tance by the less bulky cation which is the dominant factor
determining the rate, though the tight ion pairing deteriora-
tes its nucleophilicity to some extent.

With this in mind, we tried to evaluate the specific role
the counterion may play in this heterobimetallic complex;
however, the drastic difference in the reaction pathway of
the reactions between the mononuclear species and the het-
erobimetallic ones has made the direct comparison impossi-
ble. It seems, however, not surprising that Na* must interact
with Cr-Mn bond in which high electron density resides,
which may show the faster reaction rate than that of the
PPN™ salt (Table 7). The leaving group (Br~) assisted by
Na*, namely “inverse” counterion effect?®® may be presum-
ed to be possible in the case of the second reaction step
of Mn(CO)s~ with CH,CHCH,Br (Eq. 15), which may also
tielp enhance the rate.

It is of importance and of interest to see whether Mn{CO)s~
attacks the y-carbon or a-carbon of the CH;CHCH,Br; how-
ever, the previously studied reaction of CpMo(CO),~ with
allyl halide showed 'H NMR evidence which confirms the
a-carbon attack® Any appreciable interaction between Na*
and the coordinated carbonyl ligands in (OC);CrMn{CO)s~
could not be detected, which may not lead to the (n*-allyl)Mn
(CO)..
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