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crystal chosen for data collection was removed from the mother liquor
and immediately mounted and covered with epoxy resin to prevent loss
of solvent of crystallization. It was then transferred to a CAD4F dif-
fractometer, and the cell constants were determined from 25 accurately
centered reflections (17.7 < # < 26.2). The cell was identified as triclinic
by using the indexing routines of the instrument, and space group P1 was
chosen on the basis of the centric distribution of the E values.? The
successful solution of the structure supported this choice. Intensity data
were obtained by using the w—26 scan mode and were corrected for
background, Lorentz and polarization effects. Three standard reflections
were monitored every 2000 s, but no systematic decay in their intensities
were observed. The program capaBs?® was used to correct for absorp-
tion.

The positions of the W atoms were obtained from a three-dimensional
Patterson synthesis, and structure factor and difference Fourier calcu-
lations were used to locate the remaining non-hydrogen atoms. The
structure was refined by full-matrix least-squares techniques based on
F, minimizing the function 3" w(|F,| — |F¢|)? where w is defined as {a*(F,)
+ 0.002F 2], Scattering factors were taken from Cromer and Mann,?*
and anomalous dispersion corrections were included for all non-hydrogen
atoms.?’ A refinement of the population parameters for the non-hy-
drogen atoms of the CH,Cl, and HC] molecules revealed that there are

(22) All computations were performed by using the XRAY 76 package of
programs, implemented on a Honeywell Computer with a MULTICS
operating system: Stewart, J. M., Ed. XRAY 76; Technical Report
TR-446; Computer Science Center, University of Maryland: College
Park, MD, 1976.

(23) CcADABS, a local modification of a program: Coppens, P. Acta Crys-
tallogr. 1965, 18, 1035.

(24) Cromer, D. T.; Mann, T. B. 4cta Crystallogr., Sect. A: Cryst. Phys.,
Diffr., Theor. Gen. Crystallogr. 1968, A24, 321.

(25) International Tables of Crystallography; Kynoch: Birmingham, Eng-
land, 1974.

two independent dichloromethane molecules, and half of a molecule of
HCI per asymmetric unit. All the hydrogen atoms, except that of the
HCI half-molecule, were located in a difference Fourier map. These were
included in calculated positions with isotropic thermal parameters set to
be 10% greater than the By of the carbon atom to which they were
bonded. The model converged with a maximum shift-to-error of 0.229
(z of W(2)) and an average value of 0.036. Several peaks of no chemical
significance were found in the final difference map within 0.8—0.9 A of
the tungsten atoms. The Cl atom of the HCI half-molecule was found
to be very close (1.99 (2) A) to the carbon of one of the CH,Cl, mole-
cules, and within 1.83 (1) A of the Cl of its symmetry-related other
half-molecule of HCI. It is possible? that both the solvate sites may be
partially occupied by CH,Cl, and HCI, which would explain this close
C..Cl contact, but we cannot be certain of this point. However, in spite
of this disorder problem it does not affect the structural data for the focal
part of the structure, namely the ditungstate anion, which has no close
contacts with the solvate molecules.
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Visible spectrophotometry at ambient and elevated pressure has been applied to study the kinetics of ligand substitution in
pentacarbonylhalomanganese(I) complexes Mn(CO)sX (X =.C], Br) by bidentate diimine ligands LL (dab (biacetyl bis(phe-
nylimine)), dab-Cl (biacetyl bis(4-chlorophenylimine)), dab-OCHj; (biacetyl bis(4-methoxyphenylimine)), bpy (2,2’-bipyridine),
and phen (1,10-phenanthroline)) in the solvents toluene and 1,2-dichloroethane (1,2-DE). The rate of formation of the product
Mn(CO)4(LL)X is in most cases governed by a one-term rate law, rate = k[Mn(CO),X], and in some cases by a two-term rate
law, rate = (k + k; [LL])[Mn(CO)sX]. Rate constant k is independent of the nature of the incoming ligand LL. The occurrence
of a minor second-order contribution k;; [LL] in some of the systems is attributed to decomposition reactions at higher temperatures
or to the effect of water as introduced in the form of phen-H,0. The activation parameters as derived from the temperature and
pressure dependence of rate constant k in toluene are AH* = 24.5 + 0.9 kcal mol™!, AS* = 8.8 £ 3.0 eu, AV* =20.6 £ 0.4 cm?
mol™! (system Mn(CO);Cl/dab), AH* = 24.4 £ 1.6 kcal mol™}, AS* = 3.7 % 5.3 eu (system Mn(CO)sBr/dab), and AH* = 26.2
% 0.5 kcal mol™!, AS* = 9.9 £ 1.6 eu (system Mn(CO)sBr/dab-OCH,). The results support the operation of a limiting dissociative
(D) mechanism with k describing the rate of dissociation of a cis-CO ligand from Mn(CO);X. Ligand substitution in Mn(CO);Cl
is faster than that in Mn(CQ),Br by a factor of 10. As compared to toluene the solvent 1,2-DE reduces the reactivity of Mn(CO)sBr
by a factor of 2.2. The product Mn(CO),(dab)Cl [C,sH;CIMnN,0;] crystallizes in the monoclinic space group P2,/m with

= 878.0 (2) pm, b = 1852.3 (3) pm, ¢ = 622.1 (1) pm, 8 = 101.950 (5)°, and Z = 2. The ligands around the manganese form
a slightly distorted octahedron with a facial arrangement of the three CO groups.

Introduction

The kinetics and mechanism of ligand substitution in penta-
carbonylhalomanganese(I) complexes Mn(CQO);X have been
studied extensively. The results of carbon monoxide exchange

with isotopically labeled CO proved the operation of a limiting
dissociative (D) mechanism with labilization of the CO ligands
cis to X.2® The substitution of monodentate ligands L for CO

(2) Wojcicki, A.; Basolo, F. J. Am. Chem. Soc. 1961, 83, 525.

(3) Hieber, W.; Wollmann, K. Chem. Ber. 1962, 95, 1552,

(1) (a) Anorganische Chemie III, Technische Hochschule Darmstadt. (b) (4) Johnson, B. F. G.; Lewis, J.; Miller, J. R.; Robinson, B. H.; Robinson,
Abteilung Strukturforschung, Technische Hochschule Darmstadt. (c) P. W,; Wojcicki, A. J. Chem. Soc. A 1968, 522.
Universitidt Witten/Herdecke. (5) Brown, T. L. Inorg. Chem. 1968, 7, 2673.
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was investigated for Mn(CO); X! and Re(CO);X,!!"1? whereas
the substitution of bidentate ligands LL for two CO groups was
studied!? for Re(CO)sX only.

The overall result is that reaction 1 with M = Mn, Re and X
= Cl, Br, I follows a dissociative mechanism in which the disso-

M(CO);X + L —~ M(CO),LX + CO 0))

ciation of a labilized CO group cis to X, leading to a labile
five-coordinate species M(CO)4X, is rate-controlling and produces
cis-M(CO),LX.27-1012-14  The activation parameters'® AH* and
AS* support this interpretation as well as studies'*'® concerning
the preparation of ¢is-Mn{(CO),LX and fac-Mn(CO),(LL)X.
X-ray structure determinations prove the facial arrangement of
the ligands in Mn(CO);L,X and Mn(CO);(LL)X.!9-2?

In this contribution we extend our studies on ligand substitution
in Mo(CO),(py),?>** and present the results of a kinetic study
on reaction 2 with bidentate ligands LL = dab (biacetyl bis-

Mn(CO);X + LL ~ Mn(CO),(LL)X + 2CO (2)

(phenylimine) and substituted derivatives and X = Cl, Br. The
kinetic investigation was carried out in toluene and 1,2-di-
chloroethane(1,2-DE) and includes temperature-dependence
studies as well as high-pressure studies to add to the limited
information?® on AV* of substitution reactions in neutral carbonyl
complexes. An X-ray structure determination of Mn(CO);{(dab)Cl
adds to the kinetic data.

Experimental Section

Ligands and Complexes. The ligand dab and its substituted derivatives
dab-Cl (biacetyl bis((4-chlorophenyl)imine)) and dab-OCH, (biacetyl
bis((4-methoxyphenyl)imine)) were prepared as described earlier.?® The
preparation of the complexes was carried out under argon in a sun-
light-protected hood. Mn(CO)sCl was prepared from Mn,(CO);,
(Ventron) as described??’ and purified by sublimation in vacuo. Mn-
(CO)sBr was commercially available (Strem). The complexes Mn-
(CO)5(LL)X with X = Cl, Br and LL = dab, dab—-Cl, dab—OCH,, bpy,
and phen were obtained by dissolving 0.5 mmol of Mn(CO)sX in 25 mL
of hot ethanol and adding a solution of 0.5 mmol of LL in 15 mL of hot
ethanol. After boiling, the solution was cooled, which led to crystalline
pure products of yellow, orange, or red color. The complexes did not melt
but decomposed. They were characterized by IR and UV /vis spectra.
The results of elemental analysis proved their composition.

Solvents. 1,2-DE (1,2-dichloroethane) was distilled and stored over
KOH pellets. Toluene (analytical grade) was dried over 4-A molecular
sieves. Before use, the solvents were purged with argon.

Kinetic Measurements. The solution of Mn(CO)sX and LL were
freshly prepared in a glovebox under argon in a dark room. The kinetic

(6) Berry, A.; Brown, T. L. Inorg. Chem. 1972, 11, 1165.
(7) Atwood, J. D.; Brown, T. L. J. Am. Chem. Soc. 1975, 97, 3380.
(8) Atwood, J. D.; Brown, T. L. J. Am. Chem. Soc. 1976, 98, 3155.
(9) Atwood, J. D.; Brown, T. L. J. Am. Chem. Soc. 1976, 98, 3160.
(10) Angelici, R. J.; Basolo, F. J. Am. Chem. Soc. 1962, 84, 2495.
(11) Brown, D. A,; Sane, R. T. J. Chem. Soc. A 1971, 2088.
(12) Zingales, F.; Graziani, M.; Faraone, F.; Belluco, U. Inorg. Chim. Acta
1967, 1, 172.
(13) Dobson, G. R. Acc. Chem. Res. 1976, 9, 300.
(14) Darensbourg, D. J.; Graves, A, H. Inorg. Chem. 1979, 18, 1257.
(15) Abel, E. W.; Wilkinson, G. J. Chem. Soc. 1959, 2, 1501.
(16) Hieber, W.; Schropp, W., Jr. Z. Naturforsch., B: Anorg. Chem., Org.
Chem., Biochem., Biophys. Biol. 1959, 14B, 460.
(17) Wagner, J. R,; Hendricker, D. G. J. Inorg. Nucl. Chem. 1975, 37, 1375.
(18) Staal, L. H.; Oskam, A.; Vrieze, K. J. Organomet. Chem. 1979, 170,
235.
(19) Sarapu, A. C.; Fenske, R. F. Inorg. Chem. 1972, 11, 3021.
(20) Bear, C. A,; Trotter, J. J. Chem. Soc., Dalton Trans. 1973, 673.
(21) Bright, D; Mills, O. S. J. Chem. Soc., Dalton Trans. 1974, 219.
(22) Kruger, G. J.; Heckroodt, R. O. J. Organomet. Chem. 1975, 87, 323.
(23) Macholdt, H.-T.; Elias, H. Inorg. Chem. 1984, 23, 4315.
(24) Elias, H.; Macholdt, H.-T.; Wannowius, K. J.; Blandamer, M. J.;
Burgess, J.; Clark, B. Jnorg. Chem. 1986, 25, 3048,
(25) Van Eldik, R., Ed. Inorganic High Pressure Chemistry. Kinetics and
Mechanism; Elsevier: Amsterdam, 1986.
(26) Brauer, G. Handbuch der Praparativen Anorganischen Chemie;
Enke-Verlag: Stuttgart, FRG, 1981; Vol. III.
(27) Inorg. Synth. 1979, 29, 159.
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Table I. Crystallographic Data for Mn(CO);(dab)Cl

formula CsH,¢CIMnN,0,

mol wt 410.74

cryst syst monoclinic

space group P2,/m

a, pm 878.0 (2)

b, pm 1852.3 (3)

¢, pm 622.1 (1)

8, deg 101.950 (5)

zZ 2

degicqr grem™ 1.38

no. of reflens colled 2297

26 range, deg 3-45

index limits -9<h=<9
-19<k<9
0</x<6

no. of sym indep reflcns 1290

Ry 0.0163

no. of reflcns with F > 2¢(F) 1236

R, = IF, - FJ/TIF 0.043

R, = SwiE, = Fj/Swi/AF,| 0.038

abs coeff, cm™! 7.59

range of transmissn factors, caled 0.917-0.948

Table II. Final Positional Parameters (X10% (Excluding Hydrogens)
for Mn(CO),(dab)Cl

atom X y z

Mn 1411 (1) 2500 2809 (1)
Cl 3036 (2) 2500 6371 (2)
C(1) 223 (4) 1816 (2) 3725 (6)
o) -558 (3) 1389 (2) 4288 (5)
C(2) 135 (6) 2500 152 (10)
0(2) ~758 (5) 2500 -1465 (7)
N 2987 (3) 1817 (2) 1931 (4)
C(3) 2777 (4) 1047 (2) 1858 (7)
C4) 2187 (5) 720 (2) -122 (8)
C(5) 1921 (6) -21 (3) -170 (11)
C(6) 2236 (7) —418 (3) 1716 (12)
C(7) 2825 (6) -87 (3) 3659 (10)
C(8) 3094 (5) 652 (3) 3760 (8)
C(9) 4219 (4) 2098 (2) 1478 (6)
C(10) 5564 (4) 1685 (2) 970 (7)

measurements were done with a UV /vis spectrophotometer (Perkin-El-
mer 554) in thermostated quartz cells (¢ = 4 cm) under pseudo-first-
order conditions ([LL] = 20[complex]) at 420~520 nm, where the com-
plexes Mn(CO);(LL)X absorb strongly (e = 1600-3800 M~! cm™) and
the complexes Mn(CO);sX only slightly. The completeness of the reac-
tions (80-90%) was controlled spectrophotometrically.

The rate constants k., were obtained by least-squares computer
fitting of the absorbance/time data to a single exponential function
(calculated error: £0.2-2.0%).

High-Pressure Studies. The experiments were carried out at the
University of Frankfurt in a thermostated high-pressure cell.?® The
reaction was followed spectrophotometrically (Zeiss DMR 10) under
pseudo-first-order conditions ([LL] > [complex]) in the pressure range
50-1500 bar. At each pressure two to four runs were made, leading to
two to four rate constants, which were then averaged to obtain Zpeg. AV*
was calculated from the slope of the straight line obtained upon plotting
kopea Vs pressure by least-squares fitting (see Table IV).

X-ray Structure Determination. Crystals of Mn(CO),(dab)Cl were
grown from an ethanol solution. The crystal used for the X-ray mea-
surement was an orange needle with a cross section of 0.08 X 0.15 mm.
Intensities were measured with a four-circle diffractometer (Stoe-Siemens
AED 2) using graphite-monochromated Mo Ka radiation (A = 71.073
pm). Cell constants were determined by least-squares from the 20 angles
of 64 reflections (T = 298 K), measured on the same instrument. In-
tensities were corrected for background and Lp effects; a numerical
absorption correction was applied.

The structure was solved in space group P2;/m by direct methods and
refined by least-squares techniques to the R values given in Table I. An
attempt to refine the structure in the acentric space group P2, yielded
lower R values, but the atomic parameters were highly correlated and
the interatomic distances and angles showed large deviations from ex-

(28) Fleischmann, F. K.; Conze, E. G.; Stranks, D. R.; Kelm, H. Rev. Sci.
Instrum. 1974, 45, 1427.
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Table III. Rate Constants for Ligand Substitution in the System Mn(CO);X/LL/Solvent
system 103k}
no. T, °C X solvent LLe 104k, 71 Mgt x5 %
1 20 Cl toluene dab 2.28 £ 0.02 0.878 + 0.693 1.9
2 25 5.09 £ 0.07 3.00 £ 2.20 3.0
3 30 10.9 £ 0.2 4.70 = 7.70 2.2
4 40 364 x£0.2 6.37 £ 5.41 0.88
5 30 Cl toluene dab-Cl 10.9 £ 0.2 -1.70 £ 4.70 -0.78
6 ) dab-OCH, 10.6 = 0.3 7.40 = 10.0 35
7 bpy 10.6 % 0.1 6.27 % 4.25 3.0
8 phen 11.3 £ 0.1 24.0 £ 3.57 11
9 20 Br toluene dab 0.220 £+ 0.007 2.5+ 210 5.7
10 <30 1.8 £ 0.01 0.466 = 0.410 2.2
11 35 1.66 £ 0.03 9.27 = 0.87 28
12 40 4.43 = 0.04 5.36 = 1.50 6.0
13 45 594 £ 0.19 53.0 £ 6.0 45
14 30 Br toluene dab-Cl 1.01 £ 0.001 0.650 £ 0.230 3.2
15 : 45 8.80 = 0.26 18.0 = 8.40 10
16 20 Br toluene dab-OCH, 0.220 = 0.004 0.220 £ 0.120 5.0
17 30 1.06 £ 0.01 -1.40 = 0.44 -6.6
18 35 2.08 £ 0.02 7.20 £ 0.78 17
19 40 4.54 £ 0.04 5.20 = 1.30 5.7
20 45 8.00 £ 0.12 34.7 + 4.40 22
21 30 Br toluene bpy 1.10 £ 0.02 -0.820 £ 0.510 ~3.7
22 45 10.4 £ 0.35 137115 6.6
23 30 Br toluene phen 1.74 £ 0.07 13.6 1.7 39
24 45 12.2 £ 0.91 45.0 £ 29.0 18
25 30 Br 1,2-DE¢ dab 0.459 = 0.002 0.790 + 0.064 8.6
26 dab-Cl 0.447 £ 0.004 1.13 £ 0.130 13
27 dab-OCH, 0.494 £ 0.006 0.001 = 0.17 0.01
28 bpy 0.426 £ 0.008 -0.28 +£ 0.26 =33
29 phen 0.434 £ 0.017 16.8 £ 0.561 194

“For each system kg Was determined at five concentrations of LL, namely [LL] = 0.625 X 1073, 1.25 X 1073, 2.5 X 1073, 3.75 X 1073, and 5.0
X 107 M; [Mn(CO)sX] = 2.5 X 105 M. *Obtained by fitting of the kg values to the function ke = k + ki [LL). ¢The parameter x describes
the relative rate contribution of the ligand-dependent pathway kpy[LL] at [LL] = 5 X 107 M; ie., x = (kp X 5 X 107 X 100)/k. ¢1,2-Di-

chloroethane.

Table IV. Activation Parameters for Ligand Substitution in the System Mn(CO);X/LL/Toluene

entering pressure, atm AH?, AV?,
complex ligand LL temp, °C (10% gps0, 571 keal mol™! AS*, eu c¢m® mol!
Mn(CO);Cl dab 20, 25, 30, 40 1 24509 8.8 +£3.0
Mn(CO)sCl dab 30 50 (9.94), 500 (6.75), 206 =04
1000 (4.60), 1500 (2.95)
Mn(CO);Br dab 20, 30, 35, 40, 45 1 244+ 1.6 3.7+£53
Mn(CO)¢Br dab-OCH, 20, 30, 35, 40, 45 1 26.2 = 0.5 99+ 1.6
Mn(CO)Cl*  As(CeHs), 1 27.5+£04 157
Mn(CO)Br*  As(CeHy), 1 298+04 189

@Data from ref 10 for the solvent chloroform.

pected values. Hydrogen atoms were positioned geometrically (C-H
distance 108 pm) and not refined. The contribution of the extinction
parameter was not significant. All crystallographic calculations were
performed with the program SHELX 76 on an IBM 4381 computer at the
Technische Hochschule Darmstadt. Scattering factors for C, H, Cl, N,
and O are incorporated in the programm SHELX 76, whereas those for Mn
were taken from ref 34. Table I summarizes relevant crystallographic
data and information on data processing. The final positional parameters
are given in Table II.

Results and Discussion

Kinetic Results at Ambient Pressure. The study of reaction 2
led to absorbance/time data that could be fitted to one exponential
function. The resulting experimental rate constants k.4 are in
most cases independent of the concentration of the incoming
ligand, which corresponds to rate law 3.

rate = k[Mn(CO);X] 3)

Since substitution in carbonyl complexes with monodentate
ligands can have a ligand-dependent second-order contribution;?

(29) Howell, J. A. S.; Burkinshaw, P. M. Chem. Rev. 1983, 83, 557.
(30) Taube, D. J,; van Eldik, R.; Ford, P. C. Organometallics, 1987, 6, 125.

however, the k4 values obtained were also fitted to the function
kopsa = k + ky [LL]. The data for k (see column 6, Table IIT)
have rather small error limits in general, the maximum error being
+7.5% (system 24). The error limits for rate constants kp,
however, are very high in most cases. This finding and the negative
sign of some of the ky; values indicate that the contribution of
the second-order term &y [LL] is very small and within the error
limits for k in most cases. In order to have a quantitative measure
for this contribution, the parameter x was calculated (see column
8, Table III), which describes the relative contribution of the
second-order pathway ky [LL] to the overall rate at the highest
concentration of LL (5 X 107> M). In most cases x is rather small
indeed and does not exceed 15%, a percentage considered to be
a realistic measure for the maximum error limits of k. A rate
contribution of x > 15% is observed for systems 11, 13, 18, 20,

(1)
(32)

(33)
(34)

Kitamura, Y.; van Eldik, R.; Kelm, H. Inorg. Chem. 1984, 23, 2038,
Van Eldik, R.; Kitamura, Y.; Piriz Mac-Coll, C. P. Inorg. Chem. 1986,
25, 4252.

Brower, K. R.; Chen, T. Inorg. Chem. 1973, 12, 2198.

International Tables for X-Ray Crystallography; Kynoch: Birming-
ham, England, 1974; Vol. 4.
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Figure 1. View of the coordination geometry of the complex Mn-
(CO)4(dab)Cl projected along [001].

23, 24, and 29 only, which will be discussed.

The rate of ligand substitution according to eq 2 in systems with
x < 15% is described by eq 3. Rate constant & should be inde-
pendent of the concentration and nature of the attacking ligand
LL, which is found indeed for Mn(CO);Cl (see systems 5-8 in
Table III). The systems Mn(CO);Br/LL/toluene behave very
similarily; i.e., there is no significant effect of the concentration
and of the nature of the entering ligand LL on & at a given
temperature (see systems 10, 14, 17, and 21 in Table III). As
compared to Mn(CO);sCl the bromo complex Mn(CO);Br reacts
by a factor of 10 slower.

The kinetic studies carried out in the solvent 1,2-dichloroethane
lead to the following results (see Table III): (i) it is again found
for the system Mn(CO)Br/LL that k is independent of [LL] and
the nature of LL for LL=dab, dab-Cl, dab-OCHj; and bpy; (ii)
at 30°C ligand substitution in Mn(CO)4Br is faster in toluene
than in 1,2-DE by a factor of 2.2.

Considering the systems with a small second-order contribution
one has to consider the following facts: (i) in systems 23, 24, and
29 with LL = phen the ligand was introduced as its mono hydrate,
phen-H,0, which might explain the appearance of the k¢ [LL]
term;?* (ii) the small second-order contributions in systems 11,
13, 18, and 20 were observed at elevated temperatures of 35 and
45 °C, respectively. Knowing the limited thermal stability of the
complexes Mn(CO);X, one has to assume thermally induced side
reactions as the probable reason for the occurrence of the minor
kiy term in these systems.

Kinetic Results at High Pressure and Activation Parameters.
The results obtained for the system Mn(CO)s;Cl/dab/toluene
(30°C) at elevated pressure are listed in Table IV. Rate constant
k decreases with increasing pressure. The experimental activation
volume AV*, is considered to be a composite parameter, namely
AV oot = AV + AV*,.® The term AV, is of major
significance when strong electrostatic interactions with the solvent
are involved. This does not apply to the system studied, in which
uncharged species react in the rather nonpolar solvent toluene:
It is justified, therefore, to assume that AV*, ~ 0, so that AV?
~ AV*,,, = 20.6 £ 0.4 cm?® mol™!. Considering the experimental
error limits, the enthalpy of activation, AH?, is practically the
same for the systems Mn(CO);sCl/dab, Mn(CO);Br/dab, and
Mn(CO)sBr/dab-OCH, (see Table IV). AS* is clearly positive
for all three systems; the limits of error are very high, though.

Crystal Structure of Mn(CO);(dab)CL. The complex exhibits
mirror symmetry in the crystalline state, with the atoms Mn and
Cl and one of the CO groups lying in the reflection plane. The
hydrogen atoms of the methyl groups of the ligand dab seem to

(35) Taking into account the known reactivity of the complexes Mn(CO)sX
toward protic partners such as alcohols,? the exceptional behavior of
these systems could be due to reactions induced by the hydrate water
of the ligand. It is worthwhile to note that the rate constant for ligand
substitution in Mn(CQ)sBr by B-alanine and glycine as studied in
aqueous methanol (50%) is reported to be independent of the concen-
tration of the entering ligand: Burgess, J.; Duffield, A. J. J. Organomet.
Chem. 1979, 177, 435. The activation volume was found to be 20 &
5 cm? mol™!, which could be in agreement with an associative attack of
a water or methanol molecule. A large positive AS* value, however, was
obtained for this reaction.
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Scheme I
L]
Mn(COMsX === Mn(CONX + CO (a)
k-q
k2
MRCOX + L-L == (COMXMn-L-L )
-2
P
tast
(CONXMn-L-L —2% (CO)3XMn\| + CO ()
L

be disordered. As shown in Figure 1, the coordination around
the manganese atom is octahedral with a facial arrangement of
the three carbonyl groups. It follows from the bond angles that
the octahedral coordination is slightly distorted. The packing with
two formula units per unit cell is such that there is no interaction
between neighboring complex molecules. The facial arrangement
of the three carbonyl groups in Mn(CO);(dab)Cl is in line with
the facial coordination in Mn(CO);(CNCH,),Br,* Mn(CO),-
(P-P)CI (P-P = Me,P-(CH,);-PMe,),2® Mn(CO),(CNPh),Br?!
and Mn(CO),{P(OMe),Ph}Br.??

Mechanism of Ligand Substitution. The results prove that ligand
substitution in Mn(CO)sX according to reaction 2 is governed
by a ligand-independent rate law; i.e., rate = k[complex]. This
is in line with the findings of Zingales et al.!2 for the systems
Re(CO)sX/LL. The large positive AV* value of +20.6 cm® mol™
strongly supports the operation of a dissociative (D) mechanism
according to Scheme I, in which step ¢ is a fast consecutive reaction
and the back-reaction of step b can be neglected, due to [LL] >
[Mn(CO)sX]. Considering the well-known cis labilizing effect
of X in Mn(CO)sX"™ and the facial arrangement of the ligands
in the product Mn(CO)4(LL)X, it is plausible to assume that both
steps a and c describe the loss of a CO ligand oriented cis to X.
Rate constant k = k; is therefore a measure for the Mn—CO bond
cleavage as the rate-controlling step.

The fact that k(X = Cl) = 10k(X = Br) for Mn(CO):X can
be interpreted as being due to the stronger electronegativity of
Cl, which reduces the electron density on the manganese and,
hence, the extent of bond-stabilizing w-back-bonding to CO.

The observed solvent effect, k(toluene) = 2.2k(1,2-DE), for
Mn(CO),Br is in line with the solvent effects reported;!° i.e., the
more polar solvent decreases the rate. The slightly higher AH*
values for Mn(CO);sCl and Mn(CO)sBr reacting in chloroform!?
instead of toluene (see Table IV.) are not surprising, therefore.
One might conclude from these findings that the transition state
of reaction 2 is less solvated than the ground state.!”
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(36) The large and positive value of A¥* is also in line with this. Very similar
results were recently reported®® for the rate-limiting loss of CO in
HRug(CO)“' and Ru,;(C0O),;(CO,CH;), viz. +21.2 £ 1.4 and +16 =
2 cm® mol™l, respectively. In that study™ it was argued that CO has
a partial molar volume of ca. 23 cm® mol™}, which would mean that a
AV* of ca. 20 cm?® mol™! results from the release of the CO molecule.
Furthermore, this also means that the partial molar volumes of Mn(C-
0);5Cl and Mn(CO),Cl are indeed very similar, an observation that was
also reported for five- and six-coordinate cobaltammine complexes.?!+*?
Brower and Chen?? found AV* values of +10 and +15 cm® mol™ for
the dissociation of CO from Mo(CO)4 and Cr(CO)s, respectively, in
substitution reactions with PPh;.



