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Reactions of Co-ordinated Nitriles.

J.C.S. Dalton

Part Il.* Nickel(it)- and Cobalt(n)-

promoted Hydrolysis of 2-Cyano-8-hydroxyquinoline

By Charles R. Clark and Robert W. Hay,* Chemistry Department, University of Stirling, Stirling

Base hydrolysis of 2-cyano-8-hydroxyquinoline to the corresponding carboxamide has been studied spectro-
photometrically; ko = 485 x 10-3 | mol-1s-1 at 45 °C and / = 1-OM. The hydrolysis is strongly promoted by
nickel(ii), cobalt(!t), and copper(ll). Thus the 1:1 complex of nickel(il) and 2-cyano-8-hydroxyquinoline
undergoes base hydrolysis 2 x 10% times faster than the uncomplexed substrate at 45 °C. Activation parameters
for the uncatalysed base hydrolysis are AH% = 13-4 £ 0-5 kcal mol-Yand ASt = —27 cal K-*mol-1; correspond-
ing values for the metal-promoted reactions are AH¥ = 14-2 £ 0-5 kcal mol-%, ASt = —-0-8 cal K-1 mol-1

[nickel(11)] and AHt =14-3 £ 01 kcal mol-1, ASt = -3 cal K-1 mol-1 [cobalt(i)].

The substantial rate

acceleration is due to an entropy effect alone and possible mechanisms for the reaction are considered.

RECENTLY there has been considerable interest in the
hydrolysis of nitriles in the co-ordination sphere of metal
ions. Breslow e al.2 first showed that hydrolysis of 2-
cyano-1,10-phenanthroline to the corresponding amide
is strongly promoted by metal ions such as Cu'l, NilI, and
Zn'. Base hydrolysis of the nickel(11) complex was 107
times faster than that of the uncomplexed substrate.
The entire rate acceleration was accounted for by the
change in ASY. Somewhat similar effects have been
observed for base hydrolysis of 2-cyanopyridine to the

1 PartI, K. B.Nolan and R. W. Hay, J.C.S. Dalton, 1974, 914.
2 R. Breslow, R. Fairweather, and J. Keana, J. Amer. Chem.
Soc., 1967, 89, 2135.

corresponding carboxamide. In this case rate acceler-
ations of 10° occurred with the nickel(11) complex.3 In
the presence of tris{(hydroxymethyl)aminojmethane
(Tris) and copper(11) or nickel(rr) the product obtained
was not the expected pyridine-2-carboxamide but 2-(2’'-
pyridyl)-4,4-di(hydroxymethyl)-A2-isoxazoline, (I),*
which presumably arises as a result of formation of a
mixed-ligand complex.

A number of studies have also been made of reactions

3 R. Breslow, ‘ Bioinorganic Chemistry,” Adv. Chem. Ser.,
no. 100, ed. R. F. Gould, Amer. Chem. Soc., p. 25; R. W. Hay
and A. Mudie, unpublished work.

4 R. Breslow and M. Schmir, J. Amer. Chem. Soc., 1971, 93,
4960.
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of nitriles in the co-ordination sphere of cobalt(t). .57
Pinnell ef al. reported 3 that aromatic nitriles co-ordinated
to penta-amminecobalt(111) are rapidly hydrolysed by base
to give corresponding nitrogen-bonded carboxamido-

complexes. Rate enhancements of 2 X 10® were ob-
served in these reactions. Buckingham et al.® recently
]
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found similar effects with aliphatic nitriles; thus base
hydrolysis of acetonitrile to acetamide was promoted by
a factor of 2 X 108 on co-ordination to [Co(NHj);]3*. A
number of papers dealing with synthetic applications of
metal-ion-promoted hydrolysis of nitriles have also been
published.81® In the present paper we report a kinetic
study of nickel(11)- and cobalt(1r)-promoted hydrolysis of
2-cyano-8-hydroxyquinoline to the corresponding carbox-
amide.

EXPERIMENTAL

2-Cyano-8-hydroxyquinoline was prepared by the reac-
tions outlined in Scheme 1, essentially as Krasavin ef al.}!
Crude 8-hydroxy-1-methoxyquinolinium methyl sulphate 1
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SCHEME 1

(18 g) dissolved in water (40 cm?®) was added over a 2 h
period to a cold stirred solution of sodium cyanide (9-2 g) in
water (40 cm?®). The pH of the resulting mixture was
adjusted to 4-5 with glacial acetic acid and the crude product
was filtered off and thoroughly washed with water. After
drying, the product was recrystallised twice from aceto-
nitrile giving ycllow plates, m.p. 135 °C (lit.,1! 134-5—135'5
°C) (Found: C, 70-45; H, 3:7; N, 16:6. Calc. for C;H;N,O:
C, 70-55; H, 3-55; N, 16-5%). Absorption spectrum:
(a) in 0-01M-sodium hydroxide,* A . 270 (¢ 3:9 x 10%),
347-5 (£2-7 x 10%), and 414 nm (¢ 3-5 X 103dm3mol™ cm™);
(b) pH 6-3 (neutral molecule) 253-5nm (e 54 X 10*dm?
mol™ cm™).

? AJJJJ],X.

* 1M = 1 mol dm-3.

5 D. Pinnell, G. B. Wright, and R. B. Jordan, J. Amer. Chem.
Soc., 1972, 94, 6104.

¢ D. A. Buckingham, F. R. Keene, and A. M. Sargeson, J.
Amwmev. Chem. Soc., 1973, 95, 5649.

7 D. A. Buckingham, B. M. Foxman, A. M. Sargeson, and A.
Zanella, J. Amer. Chem. Soc., 1972, 94, 1007.

8 K. Sakai, T. Ito, and K. Watanabe, Bull. Chem. Soc. Japan,
1967, 40, 1660.
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2-Carboxamido-8-hydroxyquinoline hydrate was prepared
by hydrolysis of 2-cyano-8-hydroxyquinoline with potas-
sium hydroxide solution.!! Recrystallisation from acetone—
water (1:1) gave iridescent brown plates, m.p. 212 °C
(lit.,1t 214—215 °C) (Found: C, 58-2; H, 50; N, 13-7.
Calc. for C,H,,N,0,: C, 58:2; H, 4-9; N, 13-6%,).

‘ Hepes ’ (N-2-hydroxyethylpiperazine-N’-2-ethanesulph-
onic acid) was a B.D.H. biochemical reagent, and 2,6-
dimethylpyridine was purified by distillation. All other
chemicals were AnalaR grade.

Kinetic Measurements.—The hydrolysis of the nitrile and
its nickel(11) and cobalt(ir) complexes was followed spectro-
photometrically on a Gilford 2400S instrument. Uncata-
lysed hydrolyses were monitored by the following method.
A solution of the appropriate reaction mixture (3-0 cm?) in a
1 cm silica cell was equilibrated in the cell compartment for
ca. 256 min. The reaction was then initiated by injecting
into the cell contents 10 pl of a solution of 2-cyano-8-hydroxy-
quinoline in ethanol and monitored at 398-5 nm, an isosbestic
point for conversion of the amide to the carboxylate.

Nickel(11)- and cobalt(ir)-promoted hydrolyses were
monitored at 347 and 274 nm respectively. In the latter
reaction scrupulous precautions were taken to exclude di-
oxygen from the system. Buffered cobalt(i1) solutions were
thoroughly flushed with nitrogen and transferred to the
spectrophotometer cells under a nitrogen atmosphere.
Hydrolysis of the cobalt(ir)-nitrile complex (A, 275 nm,
e 49 X 10* dm® mol? cm™) gave initially the cobalt(ir)—
amide complex (A, 276 nm, £ 3:2 X 10* dm?® mol™ cm™?),
which subsequently underwent a further slow reaction
(presumably hydrolysis to the carboxylate). As a result,
stable infinity readings were not obtained, and the first-order
rate constants reported were determined from computer-
extrapolated infinity plots using data collected over the first
two reaction half-lives. The program used was of the
generalised least-squares type based on the Letagrop pro-
grams of Sillén,’? and was operated on an ICL 1430 com-
puter. First-order rate constants for nickel(ir)-promoted
and uncatalysed reactions were obtained from plots of log
(Ao — A;) against time. No evidence of general base
catalysis by buffer species was observed in the metal-ion
promoted reactions. Two-fold variations in the concentra-
tion of 2,6-dimethylpyridine [nickel(11)-promoted hydrolysis]
and ‘ Hepes ’ [cobalt(i1)-promoted hydrolysis] had no effect
on the reaction rates.

Hydroxide-ion activities were obtained from pH measure-
ments on a Radiometer 26 pH meter using the following
values of pKy: 13-997 (25); 13-680 (35); and 13-396 (45
°C).13 Hydroxide-ion concentrations were then calculated
using molar activity coefficients (y) obtained from the
Davies equation (1).

—logy = Aznz{I}(1 + I*)] — 0-21} (1)

The product of base hydrolysis of the nickel(rr)-nitrile
complex was isolated as follows. The nitrile and nickel(i1)
(1:1) were dissolved in dioxan-water at 45 °C and the pH

? S. Komiya, S. Suzuki, and K. Watanabe, Bull. Chem. Soc.
Japan, 1971, 44, 1440; K. Watanabe, S. Komiya, and S. Suzuki,
ibid., 1973, 48, 2792.

1 P, F. D. Barnard, J. Chem. Soc. (4), 1969, 2140.

1 1. A. Krasavin, V. M. Dziomko, and Y. P. Radin, Mefody
Policheniya Khim., Reactivov i Prepavatov, 1965, 18, 68, 94.

12 1. G. Sillén, Acta Chem. Scand., 1962, 16, 159; 1964, 18,
1085.

13 R. A. Robinson and R. H. Stokes, ‘ Electrolyte Solutions,’
2nd edn., Butterworths, London, 1959.
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adjusted to 8-0 (pH meter). It was found that 2:0 + 0-1
mole of sodium hydroxide per mole of nitrile were required
to attain this pH. Careful acidification of an aqueous sus-
pension of the yellow nickel complex which precipitated
resulted in liberation of the monohydrate of 2-carboxamido-
8-hydroxyquinoline, identical (m.p. and i.r. spectrum) with
an authentic sample.?

RESULTS AND DISCUSSION

In basic solution 2-cyano-8-hydroxyquinoline was
hydrolysed to the corresponding carboxamide which sub-
sequently underwent hydrolysis to the dianion of 2-
carboxy-8-hydroxyquinoline. Base hydrolysis of the
nitrile was studied in isolation by monitoring the reaction
at 398-5 nm, the isosbestic point for conversion of the
amide to the carboxylic acid. Rate data obtained in this
manner are summarised in Table 1. In 1-0M-sodium

TABLE 1

Base hydrolysis of 2-cyano-8-hydroxyquinoline to give
the carboxamide in 1-OM-sodium hydroxide solutions

0./°C 103k,s/s7 * 10%%0u/1 mol-1 51
25-0 1-11 111
35-0 2:48 2:48
45-0 4-80 4.85 1
AH! = 13-4 + 0-5 kcal mol™?
ASt = —27cal K'1mol?tat 308 K
Substrate concentration, 3-2 X 10%M; Zon is defined as
kope/[OH].

* Average of duplicate runs. { Rate comstant corrected for
volume expansion of the reaction medium.

hydroxide, kgus = 4-80 x 102 s1 giving a value of
kop = 4+85 x 10731mol?s™ (corrected for volume expan-
sion) at 45 °C. The hydrolysis of the carboxamide was
studied under the same conditions by monitoring the
increase in absorbance at 360 nm. The value of £y (in
1-0M-sodium hydroxide) was 2:02 x 107 s71 at 45 °C, so
that at this temperature hydrolysis of the carboxamide
is some 24 times slower than that of the nitrile. The
temperature dependence of the nitrile hydrolysis was
studied at the additional temperatures of 25 and 35 °C
(Table 1). For uncatalysed base hydrolysis, AH? =
13-4 1+ 0-5 kcal mol™ and AS* = —27 cal K1 mol? at
308 K.* The large negative entropy of activation is
expected for a base hydrolysis of this type where two
molecules come together in the transition state.

The pK, (phenolic hydroxyl group) of the ligand was
determined spectrophotometrically as 8:73 4- 0-03 at
25 °C and I = 0-01M (Table 2). The cyano-group in the
2-position of the quinoline ring is strongly electron with-
drawing and leads to a significant increase in acidity of the
hydroxyl group compared with that of 8-hydroxyquino-
line (pK, 9-81 at 25 °C and I —» 0). Thus, although
the electron-withdrawing cyano-group leads to a lower
basicity for the nitrogen donor, the effect is partially
compensated by increased acidity of the phenolic group.
As a result 2-cyano-8-hydroxyquinoline retains good
chelating properties.

Nickel(11)-promoted Hydrolysis.—At pH 6-86 and a

*1cal — 4-184 J.

J.C.S. Dalton

ligand concentration of 1-7 X 107M, essentially constant
values of Z,s were found when the concentration of
nickel(ir) was varied from 5256 X 107 to 2-63 X 1073m
(Table 3). The zero-order dependence on the metal-ion

TABLE 2

Determination of pK, of 2-cyano-8-hydroxyquinoline at
25°Cand I = 0-0lm *

pH A (414 nm) pK,
6-3 (phosphate) 0-053
8:065 0-181 8-76
8-290 0-252 8-73
8:495 0-343 8:70
8-770 0-451 8-72
9-040 0-563 8-72
9-290 0-625 8-73
12 (NaOH) 0-809

Mean 8:73 +~ 0-03

* Measurements made using Tris and borate buffers described
by D. D. Perrin, Austral. J. Chem., 1963, 16, 572.

TABLE 3

Nickel(11)-promoted hydrolysis of 2-cyano-8-hydroxyquino-
line at 7 = 0:-Ilm and 45 °C (2,6-dimethylpyridine
buffer), using a ligand concentration of 1-7 X 107m

(a) Nickel(11) dependence at pH 6-86

[Nilf]/m 10% a5
525 x 1074 3-25
1-31 x 102 3-33
2-63 x 107 3-45

(b) pH Dependence at a nickel(11) concentration of 2-63 x
1073m *

10%hom/
pH 104 pe/s™t 107[OH-]/m 1 mol1s?
6-27 0-872 0-971 8-98
6-54 1-77 1-81 9-78
6-86 345 3-78 9-13
7-18 6-97 7-89 8-83
7-60 19-4 20-8 9-33

Mean 9-2 + 0-4

* All solutions were 2:63 X 10-3m in Ni(ClO,), and 2-0 x
10-2m in 2,6-dimethylpyridine. The supporting electrolyte
was NaClO,.

concentration at metal : ligand ratios in excess of 3:1
confirms that the ligand is fully complexed under these
conditions presumably as a 1:1 complex, [NiL]* (L= =
2-cyanoquinolin-8-olate). Rate constants obtained at a
nickel(11) concentration of 2:63 x 1073m (metal : ligand =
15-5:1) as a function of pH are also shown in Table 3.
Values of kog (= %&uws/[OH™]) were sensibly constant,
confirming a first-order dependence on the hydroxide-ion
concentration. The 1:1 nickel(11) complex underwent
base hydrolysis some 2 X 105 times faster than did 2-
cyanoquinolin-8-olate. The rate acceleration was some-
what less than the figure of 107 reported for nickel(1r)-
promoted hydrolysis of 2-cyano-1,10-phenanthroline.l
It is possible that this lower rate acceleration is due to
electrostatic effects. The 2-cyanoquinoline-8-olate com-
plex has a single positive charge while the analogous
phenanthroline complex carries a dipositive charge. In
reactions involving negatively charged nucleophiles rate
differences of 10% would not be unexpected.
Temperature-dependence studies of the nickel(11)-
promoted base hydrolysis (Table 5) give AH? = 14-2 4
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0-5 kcal mol? and AS?t = —0-8 4 2 cal K1 mol? at
308 K. As values of AH? for both promoted and un-
promoted reactions were the same within experimental
error, the entire rate acceleration is due solely to the more
positive contribution of the entropy term.
Cobalt(11)-promoted Hydrolysis—The cobalt(i1)-pro-
moted hydrolysis was followed by monitoring the in-
crease in absorbance at 274 nm. A subsequent slow
reaction of the cobalt(i1)-amide complex was observed
(presumably hydrolysis to the carboxylate). Such a
reaction, however, did not occur in the presence of nickel-
(1i1). It is probable that the carboxamide complex with
nickel(11) occurs as the deprotonated species (II) at the
pH values of the measurements, while deprotonation does
not occur with cobalt(11) until higher pH values are

AN

NT~c P
O—Ni—NH

bHp -

(IL)

reached. The deprotonated species (II) would be ex-
pected to be inert to base hydrolysis, and hence a subse-
quent reaction was not observed in the presence of
nickel(11).

At a ligand concentration of 4 x 1075M and cobalt(11)
concentrations of 2:0 X 103—8-0 x 103M essentially
constant values of &, were obtained at pH 6-89. The
zero-order dependence on the metal-ion concentration at
metal : ligand ratios in excess of 12: 1 confirms that the
ligand is fully complexed under these conditions (Table 4).

TABLE 4

Cobalt(i1)-promoted hydrolysis of 2-cyano-8-hydroxyquino-
line at I == 0-1m and 45 °C {(Hepes buffer), using a ligand
concentration of 4-1 X 107Mm

(a) Cobalt(ir) dependence at pH 6-89

10°[Colt} /M 10%%ops/s™1
20 1-05
4-0 1.03
8-0 110

(b) pH Dependence at a cobalt(11) concentration of 2 x
103m *

10-2kog/
pH 104 gps/s71 106[OH-]/m 1 mol-1 st
6-89 1-056 0-404 2-50
7-08 1.72 0-627 2-74
7-44 3-95 1-44 2-74
7-69 6-30 2-56 2-47
8-:02 131 5-46 2-40

Mean 2-6 4 0-2

* All solutions were 2 X 103M in Co(NO,), and 10"2M in
‘Hepes.” The supporting electrolyte was KCl.

Within the pH range 6-89—8-02 values of £,s/[OH ] were
constant, again showing a first-order dependence on
hydroxide-ion concentration for the metal-ion promoted
reaction. The mean value of kog was (2:6 4 0-2) x 102
1 mol™? s? at 45:0 °C and I = 0-Im. Base hydrolysis of

2151

the 1:1 cobalt(i1) complex is thus 5 X 10 faster than
that of the anionic form of the ligand. The data in the
latter part of Table 5 give AH? = 14-3 - 1-0 kcal mol™?
and AS? = —3 4 4 cal K mol™ at 308 K. Thus the
rate enhancement exhibited in the cobalt(11)-promoted
process is also due primarily to a more positive entropy
of activation.

TABLE 5

Temperature dependence of the nickel(1)- * and
cobalt(ir)-promoted reactions }

(@) Nickel(1r) at I = 0-108m

10%k4s/ 10°[OH-]/ 10-2kom/
6./°C pH st M 1mol-1st
250 7-97 1-97 1-20 1-64
35-0 7-82 6-61 1-80 3-67
450 7-66 19-0 2-39 7-97
AH? = 14-2 + 0-5 kcal mol~?
ASt = —0-8 cal K1 mol! at 308 K

(b) Cobalt(i1) at I = 0-108m

10,0/ 10°[OH-]/ 1072kom/
6./°C pH s M 1mol1s™t
25-0 8-00 0-697 1-30 0-536
35-0 7-87 2:32 2-02 1-16
450 7-77 8-40 3-07 2:74
AH? = 14-3 £ 1.0 kcal mol?
ASt = —3-0cal K-'mollat 308 K

* Solutions were 2:63 x 1073M in Ni(ClO,); and 4 x 1072M in
2,6-dimethylpyridine. The substrate concentration was 2-1 x
10-4M; supporting electrolyte, NaClO,. 1 Solutions were 1-6 x
10-*M in Co(NO,;), and 1072 in ‘ Hepes." The substrate con-
centration was 4-1 X 1075M; supporting electrolyte, KCl.

The reaction was also catalysed by both zinc(11) and
copper(i1). In the former case the formation constant of
the zinc—nitrile complex was appreciably lower than those
for the corresponding nickel(11) and cobalt(11) derivatives.
Attempts to increase the zinc(11) : nitrile ratio to achieve
full complexation of the substrate were frustrated due to
precipitation of zinc(11) hydroxide. A kinetic investig-
ation of base hydrolysis of the copper(i1)-nitrile complex
in aqueous solution was also prevented due to its very
low solubility in water. A limited study of the copper-
(11)-promoted reaction using NN-dimethylformamide
(6%, v/v) in water as solvent indicated a rate acceleration
of 107—108.

Mechanistic  Comsiderations.—Base hydrolysis  of
nitriles is considered to occur by the mechanism shown
in Scheme 2. The reaction is generally first order in the

N~ NH

— - “ % -
R-C=N+0H = R-C +H20:R—C + OH
\ N\
OH OH
_ANHp
2
Yo
ScHEME 2

nitrile and first order in hydroxide-ion concentrations
over a wide range of base concentrations. The observ-
ation that the mnickel(11)- and cobalt(11)-promoted
hydrolyses of 2-cyano-8-hydroxyquinoline are first order
in the hydroxide-ion concentration and are not susceptible
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to general base catalysis is consistent with either of two
general mechanisms: 2 () nucleophilic attack of external
hydroxide ion on the complexed substrate (‘ bound
substrate—free nucleophile ’) fequation (1)]; or (b) attack

_ . _ -
AN § ~
IN/ 4 Pon — | _oH| M
c N e
L Y Lk
B x_/ ] B i
_ - _ _
~
| . | (2)
R et
0—M-—0H 0—M—OH
| - — — + —d

of co-ordinated hydroxide on the complexed substrate
(‘ bound substrate-bound nucleophile ’) [equation (2)].
Here M = Co™ or Nill and co-ordinated water molecules
are not included for the sake of clarity.

It has been suggested 2 that mechanism (a) applies in
the case of 2-cyano-1,10-phenanthroline. In case (a)
involving external attack, the reaction scheme can be
represented as in equations (3) and (4) and the rate

L

M-OH,* + OH~ —» products (3)
ks

M-OH? + OH~ —» products (4)

expression takes the form (5), where M-OH,* and
Rate = %,[M-OH,*][OH"] + &,[M-OHY[OH"] (5)
M-OH? represent the aqua- and hydroxo-forms of the
Ky
complex (M-OH,* === M-OH° + H*). Thus we ob-
tain equation (6). Ior mechanism (b), involving intra-
ko = kKo[OH™) + kyK,[OH?/
(K + K,JJOHT]) (6)

molecular attack by co-ordinated hydroxide ion, the
reaction scheme may be represented as in equation (7),

Ka k
M-OH,* === M-OH® - H* —» products (7)

in which case rate = A[M-OH?] and it can readily be
shown that equation (8) is applicable. Equations (6)

kobs = kiKa[OH—]/(KW + Ka[OH‘]) (8)

and (8) have similar forms indicating a plateau region in
plots of k4, against pH when significant concentrations
of M—OH? are present and 2, << #;. In principle it might
be possible to resolve some of the mechanistic ambiguities
of these reactions by measurements at high pH, since
absolute values of the constants obtained might shed

1 F, Basolo and R. G. Pearson, ‘ Mechanisms of Inorganic
Reactions,’ 2nd edn., John Wiley, London, 1967, p. 32.
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some light on the problem. However, in the case of
nickel(11) at least, this was not possible owing to precipit-
ation of nickel(11) hydroxide in solutions above pH 8-5
when nickel(it) concentrations exceeded 1-5 x 1073um.

The acid dissociation constants of the aqua-ions
[Co(H,0)g]?* and [Ni(H,0)¢]%* are 89 and 10-6 mol 1
respectively.’ The present complexes carry a single
positive charge and it would therefore be expected that
the pK, values would be somewhat greater than those for
the aqua-ions. (In the case of intramolecular hydroxide
attack, the function Z,,s/[OH~] will only remain constant
provided that no more than ca. 109, of the complex is in
the hydroxo-form, as only under these conditions will the
concentration of M~OH be proportional to [OH-].) It
could be argued that, since ionisation constants of the
cobalt(mr) and nickel(11) complexes probably differ by
ca. 2 pK, units, hydrolysis by mechanism (&) does not
occur since similar catalytic effects are observed with
both metal ions.

IFor base hydrolysis of 2-cyanoquinolin-8-olate AH* =
13-4 + 0-5 kcal mol™? and AS? = —27 cal K mol? at
308 K. These values are comparable to those for base
hydrolysis of other nitriles, e.g. AH* = 15-1 kcal mol*
and AS* = —20 cal K! mol™? for 2-cyano-1,10-phenan-
throline.2  For both these reactions the catalytic effects
of metal ions is due to a more positive AS*. Similar
observations have been made for many other metal-
promoted reactions.!® Bimolecular reactions have AS*
values in the range —5 to —15 cal K1 mol1.1® The
entropy of activation is extremely sensitive to solvent
effects. The orientation of solvent molecules around
charges, or developing charges, results in a negative
entropy change and the effect may be as large or larger
than that resulting from the molecularity of the reaction.
‘The more positive values of AS* in the promoted reactions
can be partially rationalised in terms of desolvation aris-
ing from charge neutralisation in the metal complex-
hydroxide ion transition state.

For steric reasons, bonding of the cyano-group to the
metal ion cannot occur in the initial state of the reaction.
It therefore appears that the transition state must involve
bonding of the developing imino-anion to the metal ion,
possibly resulting in displacement of a co-ordinated water
molecule. The metal ion can be regarded as ‘ solvating '
the developing negative charge on the nitrogen atom of
cyano-group. These effects would lead to more positive
entropies of activation and thus account for the observed
rate accelerations.
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16 .. L. Schaleger and F. A. Long, Adv. Phys. Org. Chem., 1963,
1, 1


http://dx.doi.org/10.1039/DT9740002148

