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Abstract

As a result of coordination of chlorobenzene derivatives with the (9-C,H¢)Cr™
fragment, the rate of methoxydechlorination was found to increase 14 fold. The
effects of the transannular substituent on the rate of methoxydechlorination of
(n-C,H,Cl)(n-C,H,X)Cr* A~ complexes (1) and on the dissociation constants of
(n-CcH;CO,H)(n-C¢H X)Cr” acids n =0 (2), 1 + (3) has been studied. A strong
effect of X in the above reaction series has been found, which is defined by the
linear correlation equations using the o,, ¢ and o, constants for complexes 1, 2
and 3 respectively. The arene-chromium and -iron complexes show a general
tendency to increase the mesomeric contribution to the transannular substituent
effect with an increase in the electron deficiency in the framework transmitting this
effect. Comparison of the effects of X in complexes 1, 2 and 3 leads to the
conclusion that there is an intermediate-like transition state in the methoxyde-
chlorination of complexes 1, apparently proceeding with intermediate formation of
metallorganic analogues of Meisenheimer complexes.

Introduction
Activation of aromatic compounds towards reaction with nucleophiles by 7-coor-
dination with metal complex fragments opens up new possibilities in the chemistry

of aromatic compounds. This necessitates more profound investigation of the
kinetics of the reactions of w-arene transition metal complexes with nucleophiles [1].

* For part XVIII see ref. [40].
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One of the key problems involved is determining the contribution to the strong
activating effect of the metal complex fragments with the aim of finding quantita-
tive correlations between their nature and the reactivity of the w-arene complexes.
One such contribution is the nature of other ligands which affect the reacting arene
ligand through the metal atom. Earlier studies [2—4] have reported a general method
of synthesis of bis-arene-chromium complexes with different substituents in the
unreacting ligand, which allows a quantitative description of transannular sub-
stituent effects on the reactivity of complexes of this type. The purpose of this work
1s to develop a quantitative relationship for the transannular substituent effects on
the rate constants of the reactions of complexes 1 with sodium methoxide in
comparison with those on the strength of bis-arene-chromium (0, 1 + ) carboxylic
acids of types 2 and 3 in terms of the correlation analysis.

Results and discussion

Regarding complex 1f as an example, it has been found that coordination of
chiorobenzene with the (9-C,H¢)Cr(1 +) fragment raises the rate of chlorine
substitution by the action of sodium methoxide 14-fold. This effect is comparable
with the influence of two ortho-para-nitro groups in a non-coordinated arene.

With regard to this result, all the #-coordinated metal complex fragments studied
up till now may be arranged according to their activating effect in the above
reaction in the series: Cr(CO); < Mo(CO), < Cr*(C4Hg) < Fe " (CsH;) <
Mn*(CO); [1]. In this sequence the influence of the chromium cationic fragment is
4 times greater than that of the neutral Cr(CO), group, and is only slighdy smaller
than that of other cationic fragments. Due to this, complex 1f reacts with sodium
methoxide under mild conditions and the respective methoxy derivative 4f is formed
in a high yield (93% after purification), the amount of chloride ion produced in the
reaction nearing 100% in all cases.

The kinetic studies of methoxydechlorination of complexes of type 1 have
revealed that differences in counter-ions (PF,™ or BPh, ") have practically no effect
on the reaction rate constant (Table 1, Nos. 1 and 2). As shown in ref. 5, the
arenecyclopentadienyliron(l + ) and arenetricarbonylmanganese(l +) complexes

CH3ONa
CH3CN/CH30H (9/1), 23°C

O O

(1a-1i) (4a-4i)

Cr*a™ » Crta-

(X = NMe; (a) ; OPr-i (b), OBu-n (c), OMe (d} , CO,Na (e), H (f),
ClL (g), CO,Me (h), CFy (i) ; A™ = PFg™, BPh, ™)
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Table 1

Influence of counter-ions and reagent concentrations on the rate constant of the reaction of bis(n-chloro-
benzene)chromium(l + ) with sodium methoxide.

No. Counter-ions Reagent concentration CnMeONa Solvent kjzec
of complexes (¢, mol/1) _C;;pT (1/mol s)
complexes MeONa
(¢ x10%)
1 PE,~ 213 4291073 2.0 99x107}
2 BPh,"~ 2.04 430%x107? 2.1 MeCN/MeOH  9.8x107!
3 PF,~ 1.07 1.46 %1073 14 9/1 9.5x 107!
4 PF,~ 1.05 1.43x1072 14 99x107?!
5 PE,” 6.01 2.60x1072 4.3 1.1x10°?2
6 PF,~ 6.21 1.06x107Y 17 MeOH 6.9x1073
7 PF,~ 6.21 267x1071 43 53x1073

can form ionic pairs with the methoxyanion in methanol, less active (~ 0.5 times) in
the substitution of halogen in the arene ligand than the free cations.

. MeO™
(CgHsY IM*L, —_—
Y OMe
- tast
+MeO™| |-MeO —> ———> (CgHsOMe )M*tL
ML
MeO™ n

(CgHsY )M*¥L, + MeO™ (Y = halogen )

In the authors [5] opinion, this ion-pairing is the reason for the decreasing
experimental value of the second order rate constant of methoxydechlorination of
these complexes with the raising of the sodium methoxide concentration and the
approach of this value to a constant. This might complicate the interpretation of the
substituent effects on the rate of nucleophilic substitution of chlorine, which made
us clarify in the case of complex 1g whether the rate constant value of the above
reaction depends on the concentration of sodium methoxide. As seen from Table 1
(cf. nos. 3 and 4, 5 to 7), when the reaction is carried out in acetonitrile / methanol,
the 10-fold increase in sodium methoxide concentration does not change the rate
constant value, whereas in methanol the value decreases with an increase in sodium
methoxide concentration, as reported for the similar case in ref. 5. These results may
be explained by practically complete dissociation in the acetonitrile/ methanol
mixture. According to ref. 6, solvation of the bis-arene-chromium cationic complex
by an aprotic dipolar solvent is rather efficient.

The rate constant values for the reaction of complexes 1 with sodium methoxide
given in Table 2 indicate that variation of the substituent in one arene ligand
strongly influences the mobility of chlorine as a leaving group in another. Qualita-
tively this influence is represented by the series: NMe, < OPr-i < OBu-n < OMe <
CO,” <H < CO,Me < CF,, the difference in the reaction rate constant values for
the extreme members of the series being more than 4 fold [7]. This sequence
(excluding the CO,~ group) is also typical for the para-substituent effect directly
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Table 2

Rate constants for the reaction of complexes (n-CgH s Cl)(1-C¢Hs X)Cr ¥ BPh,,~ with sodium methoxide ¢
and the pK, values of bis-arene-chromium(0, 1+ )carboxylic acids *

No. Substituents k (1/mol s) pK, Values
Acids of Acids of p-XCoH,CO, H [24]
type 3 type 2
1 NMe, L6x10°* - - -
2 OPr-i 93%x1074 415 - -
3 OBu-n 2.4%1077 405 - -
4 OMe 3.2%x107°3 4.61 6.00 5.79
5 Me - 3.76 - 5.69
6 Co, ™" 3.0x1072 3.52 5.80 -
7 H 1.3%x107! 3.65 5.96 5.48(5.68 [23])
8 cl 9.9% 107! 3.80 5.72 5.07
9 CO,Me 1.7 3.53 5.55 .
10 CO,H ¢ - 3.49 5.56 479
11 CF, 3.6 3.46 5.41 470

“ Solvent: MeCN/MeOH (9,1 by volume), 23°C. * 50% ethanol, 25°C. © The pK, values take into
account the statistical coefficient.

through the benzene ring in the nucleophilic substitution of halogen in non-coordi-
nated arenes [8,9]. The electron-donating effect of the CO,™ group in the reaction of
complexes 1, unlike its electron accepting effect in a similar reaction of non-coordi-
nated nitrohalobenzenes [9], may arise from the presumably specific direct interac-
tion between the CO,™ group and chromium in the transition state of the limiting
stage of the reaction and from the use of different solvents in the reactions of
coordinated and non-coordinated arenes. On passing from methanol (for nitro-
halobenzenes) to the acetonitrile/ methanol (9,/1) system, the association resulting
from hydrogen bonding of CO,” with methanol decreases, which leads to the
increased charge on the carboxylate group and its enhanced electron-donating
ability.

To determine the character of the substituent effects and estimate the reaction
rate sensitivity to these effects, we have studied the possibility of correlating the
logarithm of rate constants with constants representing various types of substituent
effects in non-coordinated arenes (Table 3).

Comparison of the » and s values listed in Table 4 indicates that the use of o
constants corresponding to one type of effect (inductive or resonance) does not lead
to linear correlations. It is however essential that on passing from the Taft o
constants to the Hammet o,, constants taking into account, along with the inductive
and field effects, the mesomeric effect as well (0.33 M) [10,15], the correlation
coefficient r increases sharply. In the case of oy constants r proceeds to grow but
still 15 not high enough to give a satisfactory linear correlation. Satisfactory linear
correlations (for o, or opo) and the best (o0,) (Fig. 1) are observed only for the o
constants representing combinations of mesomeric and inductive effects with the
former predominating. The fact that the best correlation is that with o, but not o, ,
apparently indicates the smaller contribution of the direct polar conjugation than in
the similar reactions of non-coordinated arenes [8,16].

Thus the results of correlation analysis of log & values indicate that the transan-
nular substituent effect is realised by both the inductive and mesomeric mechanisms
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Table 4

Parameters of correlations between rate constant. Logarithms for the reaction of complexes of type 1
with sodium methoxide and substituent ¢ constants

g-constants o r 3

v, 3.97 0.410 1.53
O 7.69 0.826 0.94
a,’ 4.83 0.964 0.48
a, 3.99 0.991 0.23
g,” 2.04 0.964 0.45
o, 2.92 0.945 0.55
or 3.35 0.876 0.81

and is characterised by about the same sensitivity constant (3.99) as in the case of
similar reactions of 4-X-2,6-dinitrochlorobenzenes (3.7 at 25° C [9]), which are close
in their reactivity to complexes of type 1. Besides, these results do not contradict the
earlier conceptions {2,3,17-21] about the mechanism of the reactions of =-coordi-
nated arenes with nucleophilic reagents and allow us to adopt for the above reaction
a scheme involving the intermediate formation of complex 5.

In the case of an intermediate-like transition state, the character of substituent
effects on the nucleophilic substitution rate is expected to be different from that
observed for the starting arene chromium complexes and is similar to that for the
systems like the neutral intermediate 5. As a reaction series modelling substituent
effects in substrates, it is possible to consider dissociation of bisarenechromium
(1 +) carboxylic acids. Since the complexes S are neutral compounds it might be
possible that in the case of the late (intermediate-like) transition state of methoxy-
dechlorination the substituent effects are modelled by those on the dissociation of
bisarenechromium(0) carboxylic acids.

T
-0.4 0] 0.4 Op

4

Fig. 1. Correlation between log & values and substituent o, constants for the reaction of complexes of
type 1.
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Fig. 2. Correlation between pK, values of acids {n-CgH; CO, H)(n-CoHsX)Cr* PF™ substituent og-

constants.
:: MeO" d

(1) (8) (4)

—Cl'

crt

In this connection we have studied the transannular substituent effects on pK,
values of acids of types 2 and 3 whose synthesis is reported [4,7,22].

Cr
x_©

crt PFg™

O

(2) (3)

(Complexes 2: X = OMe, H, CO,™, Cl, CO,Me, CO,H, CF,. Complexes 3: X = OPr-i, OBu-n, OMe,
Me, H, CO,", Cl, CO,Me, CO,H, CF,.)
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Table 5

Comparison of the pK, values of coordinated and non-coordinated benzoic acids (50% ethanol, 25°C)
No Acid pK,

1 (n-CeHsCO,H)(n-CoH )Cr 5.96

2 C,H,CO,H 5.68 23]

3 (n-C¢HsCO, HYCr(CO), 4.77 (23], 4.52 [24]

4 p-NO,C¢H,CO,H 4.48[23)

5 (n-C¢H;CO, HY(n-C4Hg )Cr* PF,~ 3.65

6 (n-C¢HCO, H)(n-CsHs)Fe™ PF,~ 3.05 [25]

The chosen substituents X allow the estimation of both the inductive and
mesomeric contributions, as well as the effect of direct polar conjugation with the
reaction centre. It is important that some substituents (CO,”, Cl. OMe) have
opposing inductive and mesomeric effects, and if one of them is suppressed, quite a
pronounced manifestation of the character of the transannular substituent effects on
the dissociation constants of acids will be expected.

Table 2 lists the pK, values determined by potentiometric titration of 50%
ethanol solutions of acids at 25°C in argon. Determination of these values for
compounds of type 3 might be complicated by their hydrolysis as salts. But it has
been found that the solutions of complexes containing no carboxylic groups, such as
bis(n-chlorobenzene)chromium(1 + ) hexafluorophosphate, are neutral, which indi-
cates that there are no such complications.

The pK, values for benzoic acid coordinated with the (n-CoH,)Cr(0, 1+)
fragments considerably expand the general picture of the influence of 7-coordina-
tion and charge of metal complex fragments on the strength of aromatic acids. As
seen from Table 5 coordination of benzoic acid with the neutral fragment (7-C H, )Cr
even decreases the dissociation constant, which indicates the weak electron-donating
effect of this fragment (cf. nos. 1 and 2), comparable with the effect of methy! in
non-coordinated acids. This result is in agreement with the data of IR studies of
neutral bis-arene-chromium complexes [26,27]. At the same time coordination with
the cationic fragment (n-C¢H,)Cr* increases the dissociation constant of benzoic
acid about two times {cf. nos. 2 and 5). The effect of this fragment is 4 times as
weak as that of the group (n-CsH)Fe™, but an order stronger than that of the
tricarbonylchromium group. The latter is comparable with the influence of the
para-nitro group (cf. nos. 3, 4, 6). These data suggest that the positive charge makes
the greatest contribution to the effect of the (n-C,H)Cr™ fragment in the reaction
of nucleophilic substitution of halogen in the arene ligand of bisarene chromium
(1 +) complexes.

Investigation of the transannular substituent effects on the dissociation constants
of acids of type 3 revealed some qualitative differences from the substituent effects
on the strength of non-coordinated benzoic acids. Though in this series, as in the
series of non-coordinated compounds, the strength of acid increases with the
electron-accepting ability of the substituent, the general tendency is not true for the
carboxylate group and the chlorine atom (nos. 6 and 8, Table 2). Indeed, in contrast
to the non-coordinated acids, in this series the chlorine atom shows an electron-
donating effect comparable with that of the methyl group (cf. nos. 5 and 8) and the
carboxylate group has an electron-accepting effect comparable with that of the
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Fig. 3. Correlation between pK, values of acids (9-C4HsCO, H) (9-C4HsX)Cr and substituent opo—con-
stants.

methylcarboxylate group (cf. nos. 6 and 9). By contrast with the results for the
cationic acids of type 3, the substituent effects on the pK, of uncharged acids of
type 2 and non-coordinated substituted benzoic acids are qualitatively similar
(Table 2).

In order to determine the character of the substituent effects on the strength of
acids of types 2 and 3, we analysed the possibilities of linear correlations between
the pK, values of these acids and various sets of substituent constants (Table 3).
Comparison of the » and s values (Table 6) shows that linear correlations for acids
of type 3 are observed only in the case of o constants corresponding mainly to the
resonance effect of substituents (og, ox 7 (Fig. 2) and op+). This is also confirmed
by the existence of a correlation with the combined parameter 0.76R + 0.01F. The
use of constants representing only (or for the most part) the inductive effect (o;, 0,,)
or the comparable contributions of the inductive and resonance effects of sub-
stituents (o, opo) does not lead to a satisfactory linear correlation.

For the uncharged acids of type 2 the case is different (Table 6). The use of
o-constants specifying the effect of one type (o,, 0,, og) does not lead to linear
correlations between the pK, values and these o-constants. A satisfactory corre-
lation is observed only in the case of o-constants representing a combination of the
inductive and mesomeric effects of substituents (opo, 0,). The fact that the best
correlations are those with the op0 values (Fig. 3) apparently indicates the absence
of a contribution of the direct polar conjugation between the substituent and the
reaction centre in the dissociation of acids of type 2. This is in agreement with a
significant decrease in the R contribution in the corresponding two-parameter
correlation as compared with acids of type 3.

Thus the mechanism of transmission of substituent effects in the dissociation of
acids of type 2 is similar to that in the reactions of non-coordinated arenes having
no conjugation of the substituent with the reaction centre, for example in the
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dissociation reactions of phenylacetic or arylphosphonic acids [10]. Detachment of
the carboxy group from the aromatic ligand containing the substituent by the
Cr(n-C4H;) fragment has an effect similar to the introduction of the CH, group
between the para—substituted phenyl radical and the reaction centre. At the same
time, a better correlation of pK, with opo constant of substituents than with o; or g,
presumably suggests that the arene ligand containing the substituent transmits its
effect mainly by the conjugation mechanism. In contrast with the uncharged
complexes 2, the character of substituent effects on the strength of cationic acids of
type 3 is similar to that in the reactions leading to electron-deficient systems like
benzyl cations or arenonium ions [28].

On comparison of our results with literature data on the character of substituent
effects in bisarene chromium complexes, our attention was drawn by the statement
that the "H and *C NMR chemical shifts of the non-fluorinated benzene ring of
(n-CeH YCr(n-CeF,Hg ) complexes (x =0, 4-6) correlate with o,, constants of
fluorine [29]. However, as the effect of fluorine atoms is additive, the characteristics
of the benzene ligand should correlate with any values taken as the parameters
specifying fluorine influence. At the same time, the combined analysis of the
transannular effects of fluorine atoms and carbomethoxyl groups on the chemical
shift values of the benzene ligand, reported in the same study [29], reveals that the
best correlation is observed in the case of oj,o constants (7= 0.980 for §(*H) and
0.995 for 8(**C); in the case of a,, constants r=0.897 for §('H) and 0.986 for
8(3C)). Thus the character of transannular substituent effects in this case is similar
to that found by us for the pK, values of uncharged bis-arene-chromium carboxylic
acids of type 2. It was shown for arenechromium tricarbonyl complexes [30-32] that
the influence of arene ligand substituents on the force constant of the carbonyl
ligand C-O bond is well defined by correlation with the ¢, and opo constants of the
substituents. As follows from these data, the character of transannular substituent
effects in bis-arene-chromium(0) complexes is similar to that in arene-chromium
tricarbonyl complexes. Indeed, we found that between the pK, values of acids of
type 2 and changes in the force constant of the carbonyl ligand bond (Ak%, = k&
— k&) in arene-chromium tricarbonyl complexes under the influence of the arene
ligand substituent X, averaged as shown in [30,31,33], there is a satisfactory linear
correlation (r = 0.977, s = 0.063).

Thus the analysis of our results and the above literature data leads to the
conclusion that with growth of the electron deficiency in the framework transmit-
ting the transannular substituent effect in chromium arene complexes (Cr® — Cr®+
— Cr™), the relative inductive contribution to the general substituent effect de-
creases and the relative resonance contribution increases.

Supposing that the consistencies revealed here may be of a general character, we
considered the data concerning the substituent effects on some properties of iron
m-complexes. The transannular substituent effects in arenecyclopentadienyliron
complexes and ferrocene on the proton chemical shifts of the cyclopentadienyl
ligand were shown to be well defined by the combination of the o, and oy’
constants of substituents. It is not out of the question that in this case there is also
an increase in the resonance contribution from ferrocene (the best correlation is
with 0.390; + 0.2165° [35]) to the charged arenecyclopentadienyliron complexes (the
best correlation is with 0.460, + 0.316x" [34]). Studying the transannular substituent
effects on the pK, values of ferrocenecarboxylic acids it was concluded [36] that for
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most substituents used they are of the inductive character. A limited number of
pK, values of ferrocenecarboxylic acids used in correlations with substituent o, and
0, constants (number of points n = 6), small correlation coefficients (r = 0.936 and
0.952 with the use of g, and 0, constants) and the literature data [37] indicating
possible transmission of the resonance substituent effect on the strength of acids
through the ferrocene framework prompted us to carry out a more detailed
correlation analysis of pK, values of ferrocenecarboxylic acids using various sets of
substituent o constants. In this analysis only the data of ref. 36 were used as they
give dissociation constants for a much larger number of compounds than ref 37.
Besides, the pK, values of acids containing electron-accepting substituents signifi-
cantly differ in refs. 36 and 37. As seen from Table 6, the best parameters are
observed for the correlation with subsituent ap0 constants (n = 12). Thus, in this
reaction series there is also a certain resonance contribution to the transannular
substituent effects which is similar in nature to the ones observed in the dissociation
of acids of type 2.

On the whole the results obtained in this treatment possibly indicate that in
neutral arene chromium and iron complexes the metal complex fragment hinders
transmission of the substituent conjugation effect to the reaction centre, like
interposing the CH, group between the benzene ring and the functional group. But
interaction of a substituent with the ligand in which it is located seems to occur to
some extent by the conjugation mechanism (see also refs. 30, 31, 34). At the same
time, an increase in the electron deficiency of the framework, the resonance
contribution to the transannular substituent effect grows, which is especially evident
in the dissociation reaction of bisarenechromium(1 + ) carboxylic acids.

The above picture of substituent effects on the strength of acids 2 and 3 provides
the basis for considering the question of the character of the transition state in the
nucleophilic substitution in complexes of type 1. The reactions with an early
transition state may be expected to show chiefly the resonance substituent effects
like those in the dissociation acids 3. As a matter of fact substituent effects on the
chlorine substitution rate in complexes 1 are best defined in terms of the correlation
approach using the Hammet o, constants and between the log k values for this
reaction and the pK, values of bisarenechromium(1 + ) carboxylic acids there is no
linear dependence (r = 0.845, s = 0.156). These data suggest that the transition state
in the nucleophilic substitution reaction is not early (reagent-like).

As shown above, the transannular substituent effects on the pK, values of
bisarenechromium(0) carboxylic acids, which, owing to the absence of charge, might
model the intermediates and, respectively, late (intermediate-like) transition states
for the nucleophilic substitution reaction of complexes 1, are best defined in terms
of the correlation approach with the help of opo constants. This indicates a
somewhat different character of substituent effects as compared to the halogen
nucleophilic substitution in bisarenechromium(1l +) complexes, which shows a
correlation of log k values with substituent o, constants. Actually, between the pK,
values of bisarenechromium(0) carboxylic acids and log k for the halogen substitu-
tion in complexes 1 there is no linear dependence (r = 0.864, s = 0.66). The analysts
of possible reasons for this inconsistency reveals a number of essential differences
between the reaction series being compared. Firstly, o-complexes of type 5 are free
radicals and the adopted diamagnetic model acids of type 2 are not isoelectronic
with them. Secondly, o-complexes of type 5 and bisarenechromium(0) carboxylic
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acids 2 differ in the character of one of the ligands; for the former this is the
cyclohexadienyl ligand, for the latter, the arene one. Nucleophilic substitution with
a late transition state might be more adequately modelled by the reactions produc-
ing stable o-complexes 5 as a result of the nucleophilic addition to bis-arene-chro-
mium(1l + ) complexes or the dissociation of phenols and anilimum salts coordi-
nated with the (ArCr)* fragment.

To sum up, the transformations of complexes 1 in nucleophilic substitution
reactions are not adequately modelled by the dissociation reactions of bis-arene-
chromium(0.1 + ) carboxylic acids. At the same time, the general tendency shown
above of the decreased resonance contribution of the transannular substituent effect
with a decrease in the electron deficiency in the framework transmitting this effect,
and differences in the character of substituent effects between all the reaction series
studied here seem to indicate that in the transition state of nucleophilic substitution
in complexes 1, the substituent and the reaction centre are separated by a frame-
work that is more similar in character to that in the electro-neutral intermediate of
type 5 than in the starting system. This supposition is supported by the good
correlation between the rate constant logarithms of chlorine nucleophilic substitu-
tion in complexes 1 and by changes in the force constant of the C-O bond of
carbonyl ligands of arenechromium tricarbonyl complexes upon variation of the
substituent in the arene ligand [31,32,34] (r = 0.983, s = 0.35).

Earlier, in the studies of substituent effects on the rate constant of chlorine
nucleophilic substitution in the arene ligand of arenoceneiron(l +) complexes
reacting with substituted phenoxides [21], the intermediate-like transition state has
also been suggested to be close to the intermediate o-complex the #-coordinated
analogue of Meisenheimer complexes. It seems that such a transition state is typical
for the reactions of w-coordinated arenes with nucleophiles.

Experimental

The recording conditions for the IR, UV and ESR spectra of the complexes are
described [4]. To determine the chloride ion content in the reaction solution, it was
sampled and sodium methoxide was neutralised with sulphuric acid. The amount of
chloride ion was determined by potentiometric titration with silver nitrate. The
products of the reactions of complexes 1a, 1d, 1g with sodium methoxide, complexes
4a, 4d, 4g have been reported in our previous work [4], the characteristics of new
compounds, d4b, 4c, de, 4h, are given in Table 7. The kinetic measurements
procedure is described [3].

The pH measurements of acid solutions were carried out using the universal
EV-74 ionometer with a glass electrode. As a reference electrode, the saturated
calomel electrode was used. The pH scale was established according to standard
buffer solutions of acidic potassium phthalate (pH 1.68) and potassium tetraoxalate
(pH 4.01). The titrated solution was placed under argon, the solution temperature
was kept at 25+ 0.5°C. 5-6 mg of the acid was dissolved in 30 ml of 50% (by
volume) ethanol and titrated with an alcohol solution of sodium hydroxide. The pK,
values for monobasic acids were calculated according to the Cummler formula for
three neutralisation degrees, 30, 50 and 70% [38]. For dihydridic acids the pK,; and
pK,, values were calculated by the graphic method [39]. For each acid, 3 to 6
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Table 7

Elemental analysis and spectral data for complexes of type (n-C4HsX)(n-C¢HsOCH4)Cr™ BPh, .

No. of X Analysis (Found ESR“ Spectraldata [R* (3, cm™1)

Complex (calc.)(%)) “Hie) A (loge) Cr-Ar  C-C(An) 0
C H

4b OPr-i 77.84 6.48 3.7 347(3.78) 420,460 14451515 1245
(78.04) (6.55)

4c OBu-n 78.00 6.83 3.8 348(3.71) 430,470 1455,1530 1250
(78.21) (6.72)

de CO,H 75.85 569 34 350(3.63) 425475 1430.1535  1265,1280.
(75.88) (5.70) 1305

4h CO,Me  76.28 588 34 353(3.67) 425,475 1435,1530 1260,1275,
(76.10y  (5.90) 1290

“ The number of spectral lines for all the complexes is 9. * Positions of absorption bands corresponding
to counter-ion vibrations are not given. The values of 7 (C=0) (em™1): 1715 (complex 4e) and 1733
(complex 4h).

titrations were carried out. The standard deviation for the pK, values of acids 3
does not exceed +0.03, of acids 2, 4-0.05.
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