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SUMHMARY

The kinetics of the reactions of the manganese pentacarbonyl halides
Mn(CO)SX, X = Cl, Br, or I, with cyanide to give the [Mn(CO)h(CH)2]— anion
are reported. The respoctive rate laws and rate constants indicate that
the intermediate in the reaction of Mn(CO)SCl is Mn(CO)S(CN), but that the

intermediates in the reactions of Mn(CO)SBr and Mn(CO)SI are the [Mn(co)h

(cw)er]l and [Mn(CO)h(CN)I]— anions respectively.
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INTRODUCTICH

The cyanide ion is a good nucleophile for attack at transition metal
complexes; we have previously reported on the kinetics of its reactions
with such complexes as the Fe(bipy)32+ cationl and Mo(CO)h(SNOQPhen).2
We have also described the kinetics of the two stages of the reaction of
the rheniﬁm(I) pentacarbonyl halides Re(CO)SX with cyanide to give the
Re(CO)h(CN)2— anion.> - We now report on the reaction sequences and
kinetics for the analogous manganese(I) compounds, Mn(CO)SX with
X = Cl, Br, or I, with cyanide in various solvent media.

RESULTS AND DISCUSSION

Mechanisms. The carbonyl halides Mh(CO)SX, X = Cl, Br, or I, react with
. - - . N .
cyanide to give the M’n(CO)h(CN)2 anion. Presumably these reactions,

like those of the analogous rhenium compounds,3 take place in two stages.
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There are two plausible two-step routes, one through Mn(CO)S(Cﬁ), the other
through an Hn(CO)h(Cﬁ)X_ anion. For the rhenium carbonyl helides there is
a considerable body of evidence for the intermediacy of Re(CO)h(CH)X_, rone
for the intermediacy of Re(CO)S(CH).B’5 For the reactions of the manganese
carbonyl halides, the first need is to esteblish the reaction sequence for
each compound, which can be achieved by comparing rate laws and rate
constants for the three compounds. However there is one significant
observation that should precede the description of kinetic patterns, and
that is that carbon monoxide is evolved immediately on adding cyanide to

solutions of Hn(CO)SBr or of Mn(CO)SI, but not on adding cyanide to a

solution of Mn(CO)SCl.

The reaction of Mn(CO)SCl with cyanide (large excess) in methancl
proceeds in one step, following first-order kineties. The vaeristion of
the observed rate constant with cyanide concentration is reported in Table 1.
The Figure shows that the major path is second-order in cyanide; the rate

law is:

—d[:-h(co)SCl]/dt = {51 +53[CN—]2}[:-1n(co)5C1]

This pattern is different from that reported3 for the reaction of He(CO)SCl

with cyanide; an appropriate mechanism is outlined below.

Table 1 The dependence of observed first-order rate constants for the
reaction of Mn(CO)scl with cyanide on cyanide concentration in

methenol at 298.5 K, I = 0.032 mol dm-3 (BuENBr).

3

[EthNCN]/mol dm~ 0.003 0.008 0.016 0.019 0.022 0.026 0.032

3.031_cobs/s"l 0.59 G.69 1.04 1.51 1.84 2.51 3.34
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Figure 1 The dependence of observed first-order rate

constants, k » on the square of the cyanide
—obs

concentration in the reaction of Mn(CO)SCI with cyanide.

The reaction of Mh(CO)SBr with cyanide (large excess) in methanol
follows first-order kinetics after the first few seconds. Observed first-—
order rate constants for the main portion of each run are listed in Teble 2;
we are unable to get sufficiently good data for the Tirst step for a

satisfactory analysis of the consecutive first-order processes to be possible.

Table 2 The dependence of observed first-order rate constants for the

second stage of the reaction of Mn(CO)SBr with cyanide on cyanide

3

concentration in methanol at 298.5 K, I =0.032 mol dm

(BuENBr).

3

[EthNCN]/mol dm 0.008  0.016 0.027 0.032

-1
103150bs/s 1.3 2.0 2.9 3.4
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For the main (second) portions of these runs the major reaction path is

first-order in cyanide, the full rate law being
rate = [51 + x [cn 1Y [tn compound}

The reaction of Mn(CO)SI with cyanide (large excess) 1n methanol has
a kinetic pattern corresponding to consecutive first-order reactions. The

3,6

kinetics were analysed by standard procedures to obtain the first-order

rate constants for each step. At 298.5 K, in methanol solution, the rate

- - -
constants were 5.k x 10 I and 5.0 x 1¢ s 1 in 0.016 mol dm 3 KCH, 6.1 x

- A - . y
3 and 6.5 x 10 s 1 in 0.022 mol dm 3 ¥CH (in both cases at an ionic

10
strength of 0.032 mol dm_a, maintained with tetra-n-butylammonium bromide).
Thus in both steps a major route depends on cyanide concentration. The
pattern here is very similar to that established for the reactions of
rhenium pentacarbonyl halides with cyanide (See Fig. 2 ).

The kinetics described in the preceding paragraph indicate similar
mechanisms for the reaction of Mn(CO)SBr and Mn(CO); I with cyenide, but a
different mechanism for the reaction of !A!n(CO)SC]. with cyanide. The

nechenism for the first two must be the same as that established for the

~ .
Ma(COJ,{CN T

s Mn(CU)SI
MRICO),{CN),™
\
0 260 LSD E(.JO 800
time/s —
Figure 2 The time dependence of starting compound, inter-

mediate, and product, for the two-stage reaction

of Hn(CO)SI with cyanide.
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rhenium compounds, with perallel solvolysis¥* and direct cyanide atteck
paths and the intermediates Hn(CO)u(CN)Br_ and Mn(CO)h(CN)I— respectively.
The different rates of the second steps rule out the common intermediacy of

Mn(CO)S(Cﬁ), but the resulis for Mn(CO)5C1 suggest a mechanism:

Mn(CO)SCl + cH _EEEEsMn(CO)S(CN) +Cc1

K

cy | slow (k)

Mn(CO)h(CH)Z + CC

This mechanism, with & perallel solvolysis path, conforms to the rate lew
given above, with K k equal to 53. The different route here suggests that
the trans-labilising trend I > Br > Cl1 leads to such low labilisation
of CO trans— to Cl that in fact the CO labilises the Cl; I > Br > CO > CL
here. Differences in mechanisms and in reaction conditions (solvents and

temperatures) prevent direct mengansse versus rhenium reactivity comparisons.

Reaction in alcohols. The kinetic pattern for the reaction of Mn(CO)SBr

with cyenide in ethanol, n-propanol, and n-butanol is the same as that in
methanol, with a quick Tirst reaction followed by a second.step whose major
component is first-order in cyaznide. Second-order rate constants for this
path, the bimolecular reaction of Mn(CO)h(CN)Br— with CN , increase steadily
but not dramatically in the order MeOH < EtOH < n-PrOH < n—-BuOH. The
chemical potential of the cyanide ion presumably increases steadilyAin the
same order and sense,7 which could qualitatively account for the observed
rate trend. The Gibbs free energy of transfer (AGtr) of cyanide from
methanol to ethanol is 2.8 or 2.9 kJ mol-l,T which, assuming AGtrz 0 for
the Mn(CO)h(CN)Br_ anion and for the transition state, would lead to an

increase in the second-order rate constant of four times. The results in

*®
Uncertainties in estimated values for 51 in the reactions of Mn(CO)SBr

and Mn(CO)sI are too large for a discussion of these to be worthwhile.
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Table 3 Observed first-order rate constants and derived second-order rate

constants for the second stage of the reaction of Hn(CO)sBr with

cyanide in elcohols, I = 0.032 mol dm_3 (BuENBr).

[kcn ] /mol am 3
Solvent T/K 0.00L 0.003 0.006 0.008 0.011 0.016 ©.022 0.027 0.032 x,
10hk _ /s_1 danmol_ls_l
—0bS

Methanol

311.2 aT Lt T2 aL 10k 0.29

318.2 63 80 127 200 0.ho

33Lk.2 27 1Lk 210 290 320 1.20
Ethanol

298.5 20 33 53 66 T 88 0.21
n~Propa-
nol

298.5 2y 34 bk 62 71 93 0.23
n—Butanol

124 0.3k4

298.5 20 - kb 69 90

Table 3 indicate that the actual increase in second-order rate constant is

sbout three times. Thus the Gibbs free energy transfer of the cyeanide

could be the dominent factor determining relative reactivities here.

Unfortunately it is impossible to determine Gibbs free energies of transfer
for the un(co)h(cn)sr' intermediate, so it is not possible to pursue this

initial state—transition state analysis further.

The dependence of k, for the reaction of Mn(CO)h(CN)Br_ with CN on

temperature (Tables 2 and 3) indicetes an ectivation enthalpy of 58 + 5 kJ
-1

mol end en activation entropy of -TO i_lh J K_l mol—l

in methanol. These

. . ¥
velues seem reasonzble in the light of the reported velues of AH = 61 kJ
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=1 —_ -— —
mol T and AS* = -BL J ¥ mol 1 for the reaction of Re(CO)h(CH)I with CH

Reaction in (aguecus) dimethyl sulphoxide. Solvolysis of Lh(CO)SBr in

édimethyl sulphoxide occurs at e negligible rate compared with cyanide
attack. Hence the observed first-order rate constants for cyanide attack
(second stage) can be converted dirsctly to second-order rate constants
for the reaction of Ma(C0)) (Ci)Br with CN (Table 4). The value of k,
for reaction in dimethyl sulvhoxide is much smaller than that for the

3 3

reaction in methanol, 2.5 x 10 - and 1.2 dm mol—ls—l respectively at
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334,2%. This result is surprising in view of the higher chemical potential

7

of the cyvanide ion in dimethyl sulphoxide than in water. Presumably this

Table L Observed first—order rate constants and derived second-order rate

constants for the second stage of the reaction of Mn(CC)SBr with

cyanide (0.032 mol am 3 E%) NCH) in dimethyl sulphoxide.

5
4

T/E 298.5 302.6 30L.7 306.2 309.0 318.2 3
1%k, /st 3.0 4.1 5.8 7.5 13 5k 2
0%, /mo1 dm s~ 0.9 1.3 1.8 2.3 L1 16.9

3h.2
50

78

chemical potential difference is over-ridden by changes in chemical potent

ials

of the Mn(CO)h(CN)Br_ anion end (or) the transition state. Speculation here

is ruled out by the enormous difference between the two available estimate

S,

+2.5 or +1k 1J mol—l, for the Gibbs free energy of transfer of cyanide from

methanol into dimethyl sulphoxide.T

Addition of water to solvent dimethyl sulphoxide results in an increa
in the second-order rate constant for the reaction of Mn(co)h(CN)Brf with

(Peble 5). Increesing resctivity with increasing solvent polarity here is

se
N

a



#(CO) Br with cyanide (0.0322 mol dam "tLTCF) in dlmethyl
sulphoxids + water mixtures at 33L.2 =.
% water (v/v) 0 10 20 30
10°x . /st 250 320 14O 570
—obs
3 -3 -1
10 52/mol dm s 78 100 138 178

trend consistent with the above comparison of dimethyl sulphoxide with

methanol. However this guelitative correlation of rate constant with solvent

polarity cannot be turned into a satisfactory quantitative correlation with

such established empirical solvent parameters as the kinetically based Y
I .8 . - ompt iati

values of Grunwald and Winstein. Unfortunately attempts at correiation

with spectroscopically based solvent E, values” or thermochemically based

Gutmann donor nurmbers Qg}o are precluded by the lack of values for dimethyl
sulphoxide — water mixtures.

The temperature dependence of rate constants (Teble %) indicates
activation parameters AI’{.‘F = 106 + S kJ mol L end ast = +52 + 1hkJ g1
mol © for the reaction of Mn(CO)h(CN)Br- with CN in dimethyl sulphoxide
solution. These values are remarkably different from those in methanol
(v.s.), showing that enthalpies and entropies of solvation of the
reactants and/or transition state are important in determining reactivities
here. 1In the absence of enthalpy of solution and trensfer date for CN
and for Mh(CO)h(CN)Br-, en absence which could feirly reaedily be remedied
for the former but not for the latter, it is not possible to discuss this

difference in activation parameters satisfactorily.

EXPERIMENTAL

Manganese pentacarbonyl chloride was prepared from dimanganese deca-—

. 1
carbonyl and’chlorlne;l" manganese pentacarbonyl bromide was purchased
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Solvents were rurified by standard procedures.
Kinetic runs were conducted in 10 mm cells in the thermostatted cell
compartment of a Unicam SP300A or SP3-100 spectrophotometer. First-order
ratz constants for one—step processes were computed (Cyber 72) using a

tandard least-mean—-squares progran; rate constants for the consecutive

3,6

(7]

-first-order processes were computed as described previously.
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