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Abstract —A concept is suggested for explaining deviations of certain CH acids from the linear Brgnsted
relationship. The major attention is given to +alipole interaction between the molecules of a polar aprotic
solvent and dissolved carbanions. The concept is based on correcting the experitigntdlps by eliminat-

ing the contributions from electrostatic solvation using data on the ionization constants of CH acids in the gas
phase 4H9). By the examples of acid dissociation of methyl CH bonds under conditions of established equi-
librium in DMSO andkinetic data for deuterium exchange in a solution of an alkali metal amide in liquid
ammonia, it was shown that for a series of compounds PhMJCH and M(CHy), (M = N, O, P, S, CO),

and also for some other methyl derivatives all kinds of deviations from the Brgnsted relationship are realized
(those originating from specific conditions of stabilization of the transition state in the course of reaction;
those due to electrostatic solvation of the equilibrium carbanions; and the deviations resulting from combined
effect of the kinetic and equilibrium factors). Also, the Brgnsted relationships were obtained for ionization of
CH acid series covering compounds with aliphatic, quasiaromatic, and aromatic CH bonds (the deuterium
exchange was performed in liquid ammonia without a catalyst). The Brgnsted coeféicie65 in this rela-

tionship suggests a higher degree of deprotonation of the CH bond in the transition state as compared to the
catalytic exchangeo( 0.3). The revealed difference is due to the different effect of electronic factors: In the
catalytic deuterium exchange, the major contribution to the activation free energy)lig made by the
resonance effects of substituents, whereas in the noncatalytic deuterium exchange the inductive effect prevails.

Quantitative description of the reactivity of com- the same time, various interpretations of this relation-
pounds in protolytic reactions is the subject of numership suggested by now are based on the effect of
ous studies. One of the main aspects of the probleikinetic factors, despite the fact that the results of such
is physical interpretation of the Brensted relationshignterpretations can give little information without ad-
(1) correlating the reaction rate with the parametersgitional consideration of the factors responsible for
controlling the acidity in solutions, and in particular jrregular variation of &, within the reaction series.
elucidation of the causes of frequently observed devia-
tions from (1). One of the goals of this study was revealing the

role of the thermodynamic, factor using an approach

logk = apK, + C. (1)  that, in combination with the previously developed

) ) . method for estimating the energy of electrostatic sol-
Here, k is the rate constant of a protolytic reaction;y ation of carbanions [14], allows convenient classi-

PKq is the acidity parameter usually operative withingcaiion of the reactions under consideration depend-

a group of compounds belonging to the same reactiop o the causes of the observed deviations from the

series; ancb. and C are constants within a reaction gsnteq - relationship. Such a classification should
Series. facilitate successful analysis of the experimental re-

Apparently, in the general case deviations from theults and promote wider use of the Brgnsted relation-
linear Brgnsted relationship (1) can be due to botlship for predicting the rates of protolytic reactions
kinetic (logk) and thermodynamic ) factors. At from the experimental o, data.
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406 TUPITSYN, ZATSEPINA

The approach suggested in this work has no clairthe variation of the Brgnsted coefficiemtand param-
on being universal, as it is based on the key principleters depending on changes in the solvation shell of
that the prevailing type of interactions in solution inthe reactants, redistribution of the electron density,
which pK, was measured is the equilibrium electro-and rearrangement of the molecular geometry. In par-
static solvation of deprotonated charged species of thecular, the model, in agreement with the experiment,
CH acids. Correspondingly, our approach can be apredicts that the curvature of the Bragnsted plot de-
plicable to any kinetic reaction series, but, as for therpends on the sum of the energies of the solvent reor-
modynamic series, its applicability is limited to the ganization and structural rearrangement of the reac-
series involving solutions of CH acids and the conjutants. Unfortunately, the mathematics of Dogonadze
gate bases (carbanions) in aprotic polar solvents witKuznetsov’'s model are sophisticated, which limits its
a low intrinsic acidity. The most promising medium practical use. A closely related approach is based on
in this respect is a solution of potassium or sodiunthe principle of imperfect synchronization of protolyt-
dimsyl in dimethyl sulfoxide (DMSO). The advantagesic reactions (see, e.g., [6, 7]). According to this prin-
of this system are very weak capability for hydrogernciple, factors enhancing the stability of the reaction
bonding with various hydrogen donors and acceptorqroducts (resonance, polar, and solvation effects)
high polarity of the reaction medium, high proton-decrease the reaction rate relative to the rate of the
acceptor power allowing evaluation of the acidity ofBrgnsted relationship if these factors operate after the
very weak CH acids, etc. Furthermore, for DMSO thereaction passes the transition state and increase the
largest body of data is available on the ionization ofeaction rate otherwise. This theoretical approach
various CH acids in it as a solvent. As for dissolvedallows prediction of the effect of the above factors on
CH acids and their carbanions, as a rule, they have tae kinetics of a protolytic reaction and gives insight
polar center susceptible to the electrostatic effect dhto the origin of the curvature of the Brgnsted plot.
the solvent. On the whole, studies classed with the first line, in
accordance with their main principles, are limited to
consideration of the elementary event of proton trans-
li‘ér, whereas the possible effect of the step mechanism
of protolytic reactions on the applicability of the
Bronsted relationship is not discussed at all.

In parallel, by combining our approach to interpre- _
tation of deviations from the Brensted relationship, Studies of the second group form, to a large extent,
extrathermodynamic relationships of the Hammetf Separate field, because in these studies deviations
type, and analysis of the solvent effect on the cHrom the linear Brensted relationships are attributed
acidity, we evaluated the effect of internal and exter!0 Possible changes in the reaction mechanism. More

nal factors on the protolytic reactivity of compoundsPrecisely, it is always possible that, as the structure

between log and @<, can be broken owing to transi-

Because our approach actually supplements thigon from the mechanism in which the limiting stage
concepts developed previously, it is appropriate firsis ionization of the CH bond (at which ldg~ pK,)
to briefly discuss some of the existing interpretationgdo the mechanism in which the reaction rate is deter-
of the Brgnsted relationships, choosing the most adenined not by ionization of the CH bond but by the
guate interpretations. First, it should be emphasizesubsequent stage characterized by different sensitivity
that, on the whole, the existing concepts explain onlyo the reactant structure [8]. In this connection, it
particular aspects of protolytic transformations but noshould be noted that in this paper we discuss the sim-
the whole pattern. Three lines in the existing interpreplest protolytic reaction, hydrogen isotope exchange.
tations can be distinguished. In studies classed witfihis reaction is usually considered as a two-stage
the first line, interpretation of the IdgpK, relation- process. In the first stage, sensitive to hydrogen iso-
ships is associated with the specific features of théope substitutionk), a base detaches proton from a
event of proton transfer from a CH acid to a baseCH acid to form a carbanion, which is neutralized in
Within the framework of this approach, one of thethe second stagekf). Each of the two consecutive
most formalized models for analysis of the origin ofstages of deuterium exchange can be limiting depend-
the Brgnsted relationships was developed [5]. It isng on the structure of the CH acid and protophilic
based on the multiphonon process theory developed properties of the medium. If the rate is limited by the
the 1950-1960s for describing optical and radiation-second stagek§), then the Brensted relationship is
less transitions in one center. A doubtless success abt fulfilled at all, because for different compounds of
this model was revealing a direct correlation betweer reaction series any differences in the rate of the ele-

In this paper we present the principles of the devel
oped approach and report on its testing as applied
reaction series with widely varied acidities of methyl
and aromatic CH bonds, as influenced by substituent
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NONTRADITIONAL INTERPRETATION OF DEVIATIONS 407

mentary second stage are possible. In the intermediatiee lowest, by toluenell(, AH? 1600 kJ mot*, pK,
case, when within a reaction series the mechanisdil); fluorene (Il , AH? 1483 kJ mot!, pK, 22.9),
gradually changes in going from one compound taliphenylmethanelY, AHY 1527 kJ mot?, pK3132.1),
another as a result of growing contribution of the secand cycloheptatrieneV, AH® 1570 kJ mot, pK,

ond stage to the overall deuterium exchange rate, tHi#5.1) [1] exhibit intermediate characteristics. Devia-
Bragnsted plot becomes curvilinear (effect of internations of the points from the straight line plotted for a
return). Thus, to elucidate whether the nonlinearity ofeference hydrocarbon series are specific for each
the Bragnsted plot is indeed due to the change in theompound and can be considered as an approximate
limiting stage of the process, it is necessary to thoreharacteristic of the energy of electrostatic solvation
oughly analyze the correlation of the structure of CHof the carbanions.

acids with the reaction kinetics and mechanism, val-
ues of the kinetic isotope effects, experimentally de
termined variations of the Brgnsted coefficientetc.

_ To make certain that deviations from the basis line
AHY = f(pK,) are indeed the criterion of electrostatic
solvation of the carbanions, the values SAG, =

Studies of the third group are aimed at revealing-3RTAPK, (where AG; is the standard free energy
the role of the thermodynamic factor in deviationsOf deprotonation in solution), obtained by the above-
from the linear Brensted relationship. The necessitgescribed simplest procedure, were compared to the
to take into account the thermodynamic factor of ionAAGs values calculated within the modified reactive
association, preventing experimental observation dfeld model using a precisiomb initio method for
the linear correlation between ligand K, (or be- Systems of the type DMS&H;X-CH,X", where
tween logk and the acidity functioH™), was empha- X = SOMe, CN, COMe, NG
_S|zed in many papers concerning behavior of_CH acids The efficiency of the suggested procedure is illus-
in concentrated aqueous solutions of alkalis [8, 9irateq by the fact that the obtained\G, values cor-

On the whole, the thermodynamic factor as one of th?ectly reproduce the order of th&AG, values calcu-

causes of deviations from the Brgensted relationshigied ap initio (deviations do not exceed 15 kJ rmol
is apparently underestimated in the literature. [10, 11]).

It should be noted in conclusion that, to obtain a Of course, deviations from the basis correlation
physically clear interpretation of the nonlinearity of AH9_pK_ correspond to the conditions of the estab-
the Bransted relationship, it is necessary to develogished equilibrium and therefore cannot give full in-
along with rigorous approaches (first group of studiesight into the causes of deviations from the Bransted
according to our classification), also qualitative, maxpjot, but they provide a basis for eliminating the ther-

imally simple approaches, which can supplement eacfodynamic factor from the causes of such deviations.
other and give a more complete and descriptive pat- . . .
tern. The next procedure in our approach is passing from

the experimental I, values to the quantitieskg®" =
Modification of the Brgnsted relationship. ChoicepK, + ApK,, free of the contribution from electrostatic
of appropriate reaction medialhe integrating idea of interactions. The Brgnsted relationship can thus be
our approach is combined study of the effect of strucmodified so that the quantitiesk§®" would corre-
tural and solvation factors on the strength of the CHspond to a hypothetical situation in which they char-
acids in the gas phase\l9) and in solutions (i,  acterize metal interchange under conditions when only
logKp). Pratical realization of this approach startsthe dispersion solvation is manifested throughout the
from considering in a series of similar compoundgeaction series. To conclude, the developed approach
variation of @<, in relation to the ionization constants allows us to simply distinguish what factor (thermo-
in the gas phaseAHY). A new point in this case is the dynamic associated with electrostatic interactions in
use as a basis of the previously found linear correlasolution or kinetic) is mostly responsible for deviation
tion between gas-phase acid ionization constantsf one or another compound from the linear Brgnsted
(AH9) and (K, values in a series of very weakly relationship.
solvated hydrocarbons, for which d_ewatlo_ns toward Then, a problem arises of choosing reaction series
lower K, (ApK,) are due to the manifestation of the ,. . . LS X
. . . (liquid-phase thermodynamic and kinetic) for a wide
energetically favorable electrostatic effect of solvation .
. . g systematic study, based on the above-presented ap-
of the conjugate carbanions-{4]. The AH® values, . S .
: proach, of factors responsible for the limited applica-
along with the K, values of reference hydrocarbonsb”it of the Bransted relationshi
in the system potassium dims§)MSO, cover a wide y P
range of acidity. The strongest CH acidity is exhibited Taking into account one of the main postulates of
by fluoradene I, AH® 1397 kJ mot?, pK, 10.5), and the modern theoretical concepts, according to which
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the curvature of the Bragnsted plot, generally speakinghese substituents are typical acceptors. (3) Benzene
continuously varies with varying structure of CH and fluorobenzene; in the latter, tbeCH group is the
acids, it should be expected that the curvature of thmost active in isotope exchange. The thermodynamic
resultant plot of lod vs. K, should be the most pro- reaction series including these compounds are unique
nounced in the series of CH acids covering the maxin that, depending on the substituent, theft,varies
imally wide range of i, and logk values. The easiest in the range 25 < I§, < 50, and the corresponding
way to assess the efficiency of our approach is to uséH9 values, in the 100 kJ mdi range. To ensure
published sets of the\H9 and K, values, on the measurable isotope exchange of the chosen weak CH
one hand, and of the ldgand @K, values, on the acids, they should be treated with a very strong base.
other hand. Unfortunately, in the overwhelming ma-Therefore, as reaction medium for studying the effect
jority of cases the Brgnsted relationships could bef the structure of the selected CH acids on the rate of
constructed only for a relatively narrow range d€p hydrogen isotope exchange we chose potassium (or
values (810 pK, units). Furthermore, the published sodium) amide in liquid ammonia. This medium ex-
sets of AH9—pK, and K logk data do not afford a hibits a high protolytic activity. Furthermore, its cap-
common set AH*, pK,, logk) suitable for construct- ability for solvation of carbanions is very weak, which
ing reaction series in a wide range. Finally, it shouldsimplifies analysis of this factor on the aelihse
be noted that the experimental data onkggaccum- interactions.
ulated by now are mainly suited for constructing the
Brgnsted dependences only for medium-strength CH Hydrogen isotope exchange in the methyl group at
acids (10 < i, < 25). In this connection, it is inter- the « position to substituents with a solution of an
esting to extend the range oKpvalues in which the alkali metal amide in liquid ammoni&strictly speak-
Brgnsted relationship is studied toward weaker CHng, correlation of the K, data with theAH9 and
acids, preferably compounds that would be weakeogky values should be performed using data on the
CH acids than the solvent. In this case, in order tanetal interchange equilibrium of CH acids in DMSO.
make possible the correlation of the experimental datelowever, at present the available experimental data
on kinetic reaction series including the same comen K, of very weak CH acids are insufficient.
pounds as the thermodynamic series with the resul@Sbtaining reliable [, values is complicated by the
of measuring K, and AH? over the whole required fact that these quantities cannot be directly measured
range of their variation, it is necessary to know kog in DMSO, because the negative logarithm of the auto-
for very weak CH acids (25 <Ky, < 50). Examination protolysis constant of DMSO is 35.1, and this value
of the problem showed that among diverse protolyticestricts the range of acidities measurable in DMSO.
reactions the widest range of lkg values compatible Therefore, we were forced to use the results of indi-
with the K, scale is covered by deuterium exchangeect determination of i, in DMSO for compounds
reactions between various CH acids and various bases, XI, and XIV, performed by the extrapolation pro-
In most cases, the kinetics of deuterium exchangeedure developed by Bordwell and Taft [23]. Further-
were studied with a series of CH acids with variedmore, with the aim of a more complete description of
substituents and a fixed base under identical reactiaime protolytic reactivity, we were forced to combine
conditions. Since usually the sensitivity of a reactiordata on K, in the strongly polar DMSOg(46.6) with
center to electronic effects of substituents consideratata on &, in weakly polar THF § 7.6). In contrast
bly increases with decreasing distance between the DMSO in which alkali metal derivatives of the CH
substituent and reaction center, it is prefereble to studgcids under consideration are, as a rule, dissociated to
hydrogen isotope exchange with CH acids in whichree ions, in THF the carbanions form various ion
the varied substituent is directly linked to the reactiorpairs with the counterions. ThereforelKjpmeasure-
center. ments in the weakly polar THF can give erroneous
views on the absolute values oKpas measure of the
The above facts stimulated us to perform a kinetieequilibrium CH acidity. It was shown, however, that
study with three classes of structurally related CHchanges in the state of the alkali metal derivatives on
acids characterized by knowxH9 and (K. (1) Com- replacement of DMSO by THF do not affect th&p
pounds containing substituents Mfd;), ; and values if these values in THF are calculated using the
M(CH),_, (where M = N, O, P, S) in the: position indicator scale established in DMSO relative to fluo-
relative to the same reaction center, methyl groupene, for which K, 22.9 [15, 24]. This means that the
(Table 1). Substituents M(Els),,_,, beingw donors, solvent properties affect the basicities of the test and
differ considerably in the electron-donor power.reference carbanions similarly. It was shown that for
(2) CH acids in which the substituents at the methyh very large set of organic and inorganic acids000)
group are phenyl, benzoyl, 2-pyridyl, and 3-pyridyl.the relative acidity does not change noticeably in
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Table 1. Deprotonation energy of compounds containing varied substituent at the methyl group, and also of benzene and
fluorobenzene in the gas phaseH?), pK, values, rate constant of deuterium exchange in KMiH4(l.) solution (p),
factors of the partial deuterium exchange rate {Jpgand resonance constants of substituem%)(

. 9 X 0
C?]rg.p Compound kJA rt']o,rl pK, t, °C Cinm, kDS_%OS’ log f [Clyg]
VI Acetophenone 1518 [13] [24.7 (DMSO) -45 0.02 210 4.1 0.19
Vi 2-Methylpyridine 1579 [14] |34 (THF) [15,16] -45 0.02 0.05 0.7 -
VI 3-Methylpyridine 1583 [14] |37.7 (THF) [16] | -45 0.02 2.6 2.4 -
IX Thioanisole 1591 [13] [38.6 (THF) [17] | -60 0.02 200 [18] 6.0 -0.19
X Toluene 1600 [14] |41 (DMSO) -45 0.02 0.5 1.7 -0.10

0 | 0.02 50
Xl Dimethyl sulfide 1645 [13] |45 (DMSO) 0 | 045 30 0.48 | -0.25
Xl Phenyldimethylphosphine - - 0 0.02 110 1.9 -0.08
[19] [20]
X Anisole [21] - 49 (DMSO) 25 | 0.06 4 -1.7 -0.36
XV Dimethyl ether 1709 [13] |(55)° (DMSO) 25 | 0.6 0.4 -2.6 -0.43
50 2.2
XV N,N-Dimethylaniline [21] - - 25 | 0.06 0.09 -2.3 -0.48
XVI Trimethylamine - - 65 0.6 0.27 (-4.1) -0.53
14
XVIl  |Benzene 1680 [13] |47 [22F -45 0.01 0.01 0 0
(44.8) (THF) 0 | 0.02 0.7
0 | 0.05 11
[22]
25 | 0.05 11 [23]
XVIIl - |Fluorobenzene-2D 1625 [13] |41.8 (DMSO) -33 0.6 40000 6 [8]

@ Deuterium exchange was performed in the presence of sodium amide as cgtﬁyﬁmated by Eqg. (2) using the value aH9Y
given in the table® Obtained by extrapolation of data on variation & pTHF) in the series of polyfluoro- and polychlorobenzenes.

going from THF to DMSO. As the relative acidity listed in Table 1. Also given are the factors of the
scales are similar,K, measurements in THF make it partial deuterium exchange rate, expressed relative to
possible to follow the deacidifying effect of electron-the rate constant of deuterium excharmkgan benzene
donor substituents up tokKg(THF) ~50. The same is with the same solvent and at the same temperature and
largely true for the [, values obtained in the other amide ion concentration. Note that, with hydrogen
weakly polar solvents used in this work (dimethoxy-isotope exchange in benzene chosen as the reference
ethane, cyclohexylamine). reaction, it is possible to compare the relative acidities
f = kp(CgHsX)/ kp(CgHg), Which are independent, to

Deuterium exchange in the methyl group ¥f—  a first approximation, of the catalyst concentration and
VIIl and X is very fast; therefore, experiments weretemperature (X is a substituent in the ring or a hetero-
performed at very low temperature45°C) in the atom).
presence of poorly soluble sodium amide. With less
acidic compoundXlil andXIV, for which the dedeu- " h\150)  constructed using data in Table 1, is a
teration constants were determined in [21, 22], it wa rgken line with a break atiy, ~38. The linear sec-
feasible to study the reaction kinetics in a more pmtofion covers the ranae of ver weak'CH acksl —XI
philic medium Cyyy. 0.06 M) and at room temper- g y !

ature. Finally, _methﬁl CH acidXIV and XVI show )5%” ég(riw\gbgr?o?s)/(l\/l\lll’l Wgﬁj)e(vibﬁ? rav?/ﬁiecsh Z?én st?g ntg-
a low activity in isotope exchange; with these com- " S acids (25 < K, < 38), show deviation

g,?:nkﬂZ’hdfougﬁgﬁ?agégh;ngriiggﬂggs&perfg?% Omsfom the linearity, which suggests that certain factors
H, ~Y

hinder the deuterium exchange in these compounds;
and at elevated temperatures. The experimental con \ese factors are yet to be revealed.

tions and constants of deuterium isotope exchang
calculated by the first-order kinetic equatiok,) are To interpret, in terms of our approach, the origin

As seen from the figure, the plot of ldégvs.
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It can be readily seen that the length of the linear
section of the curve in the figure increases as a result
of the above procedure, and the linearity range of
pKS®" reaches 19 units. However, for thioanisolX
and fluorobenzeneXVIIl ) deviations from (3) are still
large, despite the fact that in the thermodynamic reac-
tion series [Eq. (2)] these compounds show no devia-
tions from the linear correlation ofAHY with pK,.
Finally, for 2-methylpyridine in going from Ig, to
pKS®™ the deviation from linear relationship (3) de-
creases but remains significandpK, 5.2).

We can present some comments concerning the
electronic and solvation factors responsible for the
linearity of the modified Brgnsted relationship (3) and
for deviations from this relationship.

_ _ Compounds/Ill, X, XI -, andXVIl , for which vari-
Correlation between the factors of the partial rate of ation of the CH acidity obeys both the linear Brensted
hydrogen exchange in some very weak CH acids in the  ya|ationship (3) and the thermodynamic correlation (2)
catalytic system NB-NHj(l.) and the |, values. The — potyeenaH9 and [K,, form a common reaction series
Roman figures correspond to the compound numbering ity the same internal activation barrier and the lack

in the text Clor_"pc’;_”ds de”c:ed by black Circ"ﬁsﬁbe_y tlhe of specific effect from changes in the solvation shell
Brﬂ_nsted re at.lons ip, arldt ose denoted by light circles  5.011d the reacting CH acids [25].
deviate from it. The point foVla corresponds to the

corrected value, KS°™ 30 (acetophenone). From the preceding text, it is seen that deviation

from the linearity for acetophenone (see figure)
of deviations from the linear plot in Fig. 1, we re- has a thermodynamic origin. This can be interpreted
placed the K, values obtained by direct equilibrium using Pearson’s concept of hard and soft acids and
measurements by thep values corrected taking into bases [26]. Namely, the enolate anion of acetophenone
account the electrostatic solvation of carbanions witlin which excess negative charge is localized on the
solvent molecules. For this purpose, available data ooxygen atom (hard nucleophilic center) forms in
AHY and K, of CH acidsVIIl -XI, in total with sim- DMSO solutions stronger solvation complexes than
ilar data for reference hydrocarbohsV, were fitted ions of alkali metal hydrocarbon salts fully separated
by the linear relationship by the solvent.

AHg¢ = (7.41£0.6)pK, + (1308+10); r 0.982,59, n 10. (2) As already noted, thioanisol&X) is peculiar in this
respect in that it is characterized by increased rate of
The points for 2-methylpyridineMll , pK, 34) and deuterium exchange (Id} relative to the Brgnsted
acetophenonéV(, pK, 24.7), deviating from the linear straight line (3), and this fact has a kinetic origin.
plot, were not included in (2). Correlation (2) wasPublished data show that the different behavior of
used as a basis for estimating the corrected values tfioanisole in the series of the kinetic and thermody-
pKSY™ = pK, + ApK,, whereApK, is the shift of the namic CH acidity is due to different manifestation of
points deviating from correlation (2) toward lower the structural features of the carbanion transition state
pK, (see figure). As a result, we obtainetk" 30 and the stable form of the thioanisole carbanion after
for acetophenoneV|) and KS°" 37 for 2-methylpyri- completion of metal interchange. Indeed, in the stable
dine (VII'). In the case of the other compounds inplanar carbanion (similar to the nondissociated thio-
hand, K:°" = pK,. Only the data for acetophenone anisole molecule), despite conjugation of the lone
obey the modified Brgnsted relationship, which carelectron pair of the methylthio group or SGHrag-
be obtained for the seriédl, VIII, X, XI, Xlll , and ment with the phenyl ring, the integral redistribution
XVII using for acetophenoneKf®" 30 instead of ,.  of the electron density is insignificant, because the
The corresponding relationship is as follows: lone electron pair interacts primarily with the filled
n leveles of the ring, forming occupied bonding and
log fy = —(0.32£0.04)KS" + (14.4+1.8); (3) antibonding combinations. Such interaction does not
result in extra stabilization of the thioanisole carbani-
r 0.975,s 0.47, n 6. on [27, 28]. On the contrary, participation of the

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 72 No.3 2002



NONTRADITIONAL INTERPRETATION OF DEVIATIONS 411

phenyl ring in the electron density distribution in theadjacent lone electron pair of nitrogen on theHC
carbanion transition state is insignificant and mainlybond in the methyl group of 2-methylpyridine [29].
has the inductive nature, which is due to the loss of _ , ,
coplanarity of the system. In other words, in this case Thus, the above discussion shows that deuterium
the phenyl group acts mainly as acceptor &, 0.1) exchange in a solution of potassium (or sodium)
favoring a different kind of conjugation: conjugation @Mide in liquid ammonia is a convenient object for
of the vacant orbitals of the sulfur atom with the loneStudying the protolytic reactivity, because the fulfill-
electron pair of the negatively charged carbon atonfne€nt of the Bransted relationship (3) after certain
This results in extra stabilization of the carbanionModifications and the deviations from this relationship
transition state and hence in an abnormally high ratéive insight into effects determined by the structure of

of deuterium exchange in the methylthio group. CH acids.

The significant effect of the dynamic solvation fac- . Of particular significance for elucidating the reac-
tor on the rate of proton transfer from the fluorobeniion mechanism is the use of the coefficientn (3)
zene-2D KVIII ) molecule to amide ion is apparently for studying the structure of the transition state. Usu-
responsible for the fact that this compound obeys th@lly, o ranges from 0 to 1 depending on the type of
thermodynamic relationship (2) but strongly deviatedh€ Series, namely, on the reactants and reaction medi-
from the Bransted relationship (3). This problem wad/M- The numerical value of. is interpreted as the
discussed in detail in [6, 7]. Here we will only note exten_t_of the strut_:tural a_n(_j_electronlg similarity of the
that our interpretation is based on the assumption th&@nsition state with the initial CH acid (for low) or
in this case rearrangement of the solvent around tHE€ Stable carbanion (for higl) [25]. For the reaction
reacting system, initiating a protolytic reaction, occurd/nder consideratiory = 0.3, which suggests that the
faster than the system reaches the transition stat§@nsition state is located on the reaction coordinate
Such a nonequilibrium character of solvation, in accloser to the initial CH acid and farther from the ion
cordance with the imperfect synchronization principlePair carbanioametal ion, as compared, e.g., to depro-
should result in the higher rate as compared to thgPnation of the CH bond in substituted benzenes

redicted by the Brgnsted relationship. wherea = 1). A similar result,o = 0.37, was 0b-
P y P tained in [30] from the dependence of llggon K,

As compared to anomalies observed with other CHor a series of fluorenyl compounds. Streitwiesegl.
acids, the fact that for 2-methylpyridin&/Iil ) varia- [30] concluded from this fact that in the transition
tions of logf and K, cannot be described by the modi- state of deuterium exchange the degree of charge
fied Brgnsted relationship (3) and the thermodynamicdlelocalization is only 37% of that observed in the
relationship (2) betweenHY and K, is also broken corresponding carbanions. The close values:dbr
is more difficult to understand. One of the possiblethe reaction series under comparison allow us to con-
explanations is that under conditions of protolyticclude, without considering the different chemical na-
equilibrium a solution of 2-methylpyridine in THF ture of these systems, that in the compounds with the
contains electrostatically solvated carbanions, whicheactive methyl group examined in this work the
should result in lower K, compared to K5°" for free  hybridization of the carbon atom at deprotonation also
2-methylpyridyl carbanions. At the same time, thechanges from the initiabp® state to the transition
effect of liquid ammonia as solvent on the rate ofstate in which thes character of the hybridized orbital
hydrogen exchange in compoundl in which the is more pronounced by 30%. This means that the tran-
methyl hydrogen atom shows increased lability issition state has a pyramidal structure.
manifested in reaction deceleration due to delayed

rearrangement of the solvation shell around the reac- | N€ results of using Bransted relationship (3) form
tion center. only a part of the quantitative basis for discussing the

mechanism of electronic interactions in reacting sys-
Another possible cause of the break of the modifiedems. The Brgnsted relationship by itself does not
Bragnsted relationship (3) with 2-methylpyridine canreflect quantitatively various electronic effects of
be steric destabilization. Namely, in a solution of arsubstituents on the reaction rate. However, these ef-
alkali metal amide in liquid ammonia the dipolar re-fects are reflected by another particular form of the
pulsion between the CHgroup and the lone electron linear free energy relationship: Hammett equation. To
pair of the adjacent nitrogen atom abnormally deobtain a pattern of electronic effects of substituents
creases theinternal’ acidity. A similar but weaker at thesp® carbon atom in the methyl group, we ex-
interaction is probably preserved in the initial nondistended the range of compounds under consideration
sociated CH acidVll , as indicated by the results of and included phenyldimethylphosphinXI(), dime-
ab initio quantum-chemical study of the effect of thethyl ether KIV ), and trimethylamineXVI ). For these
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compounds, published data oK pto be correlated If the M atom in thea-position relative to the anionic
with AHY and logf are lacking, but data on Idgand carbon atom was a lone electron pair, the resonance
on o constants are available. Attempts to correlate theffect arises on mixing of the antibondingf orbital
experimental lod values with various types ef con- formed by the M and Catoms with then orbital of
stants showed that only with the resonance constantise lone electron pair of M (negative hyperconjugation
c% the correlation coefficient is high: [33]). On the contrary, if the first atom of the group
linked to the anionic carbon atom is the carbon atom,
log f = (11.2£0.9p5% + (2.6+0.3);1 0.986,50.42,n 8. (4)  the acidification of the methyl group in the CH acid
molecule is due to the®@r interaction described as

As judged from the trends iy, the kinetic CH bgn-electron hyperconjugation.

acidity increases with decreasing donor power of su
stituents. Consider as example the nature of the electronic

As expected, deviations from relationship (4) ardnteractions determining the CH acidity of dimethyl
observed for 2-methylpyridin¥Il and thioanisoléX  ether KIV) and dimethyl sulfide XI). In this case,
in which a significant contribution to ldgis made by Poth M and C atoms are donors. According to calcula-
the anomalous electronic effects considered abovEOns [34], the low acidity of the CH bond in the

Data for these compounds were excluded fromape (CHa),O molecule is due to the fact that in the con-
analysis. jugate carbanion CHOCH, the electron-rich OCH

_ o _ _ _ group does not noticeably take up the excess negative
~ Correlation (4) is interesting from the viewpoint of charge. The enhancement of the gas-phase and kinetic
increasing the number of studied reaction series ICH acidity in going from dimethyl ether to dimethyl
which variations of the correlated quantities are charsylfide is due to considerable weakening of the coun-
acterized exclusively by thef; constants, and also of terconjugation, with the electron density localized on
revealing c_ommon features in the natqre of resonangfe SMe group appearing to be noticeably higher than
effects of different types. In particular, it follows from on the OMe group. The calculated charge distribution,
the literature that the relationships similar to thatogether with data on shortening of the@H, bond
describing the effect of substituents on the kinetic C"hnd, to a lesser extent, pyramidal geometry of th%_ CH
acidity of the compounds under consideration (4) argroup, is consistent with the description of carbanion

also applicable to studying conjugation in neutral molstapilization by the negative hyperconjugation model
ecules and carbocations in which the reaction centgg3.

and substituents are directly adjacent to each other.

In this context, we should primarily mention the paper The above discussion concerned revealing the role
by Mariott and Topsom [31] who described by thg of the resonance effect in enhancement of the CH
constants the effect of substituents X on the HOMGacidity of the compounds (CHH{M (M = O, S, N).
energy in compounds XCH and XCH=CH. In It can be expected that the similar reaasoning is appli-
these compounds, the electron is mainly removedable to compounds (CH_;MCgHs. It is signif-
from the HOMO localized on the atom with the icant in this context that data in Table 1 do not dem-
strongest donor power. It follows from this relation-onstrate existence of a common conjugation system
ship that the conjugation in the molecular system# the anions (GHg),_;MCHj, favored by coplanar
under consideration can be not only evaluated by tharrangement of the molecular fragments. Actually the
o9 constants, but also directly expressed as the elebeteroatom M fully isolates the anionic center (C
tron density transferred between the substituent angtom) from the donor resonance effect of the phenyl
reaction center. The validity of this conclusion isring (cg —0.1), and the phenyl ring exerts only the
indirectly confirmed by the results afb initio quan- inductive effect §; 0.1). The acidifying effect of the
tum-chemical calculations (at the ST8G level) of phenyl ring can be readily seen from the increase in
the electron transfer q(e) between substituent X logf on replacement of the methyl group by the phen-
and the rest of the carbocation in the speciegl rings in (CH;),M molecules (Table 1).

— + —
XCH=CHCH,, 4-XCeH,CH,, and XCH, (X = NH,, If the methyl group is directly linked to the phenyl

OH, F, Me, Ck, CN, CHO, NQ) [32]. ring (compoundX) or is separated from it by a group
Comparison of the trend in variation of thﬂ con- containing no lone electron pair on the first atom
stants, given by Eq. (4), with the published results ofcompoundsVI-VIIl ), the interaction in the conju-
calculation of the electron density transferred from thgated carbanions is still controlled by electron density
anionic center CKito the fragment (Ck),_;M in the transfer between separate fragments, depending, in
series of carbanions also shows that the resonantern, on thes® constants. Among the considered class
effect strongly depends on the transferred chargef compounds, the largest shift of electron density
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from the anionic carbon atom to the electron-acceptaacids should be chosen in which the heterolytic cleav-
group at thea position is observed in the simplest age of the CH bond as a result of adidse interac-
carbanion of acetaldehyde~@.6 €) [35] and its tion is possible in the presence of a weaker base. In
phenylated analogVl. Correspondingly, the latter this context, we gave attention to the paper by Shaten-
compound is characterized by the reversed sign of thehtein et al. [37] in which attempts to find a correla-
resonance effectofy 0.17). tion between K, and logk; in liquid ammonia with-

. e . out a catalyst were made with two series of com-
Let us then discuss the sensitivity constafitin _ . :
relationship (4). It should be borne in mind that thepounds. (1) fluorendll , diphenylmethand/, indene

sign and value Ob%: 11.2 are associated with gen-XIX’ and triphenylmethaneXX, i.e., hydrocarbons

: R : with a labile aliphatic CH bonds and large extent of
eration of an additional negative charge on the reag elocalization of the negative charge in the carbani-

tion center in the transition state as compared to th ns; (2) isomerico- (XXI), m- (XXII ), and p-carbo-

initial reactants. In our case% is large and positive, : i

i.e., the structural possibilities of the transition state 2NES KXIll ), which are electron-deficient molecules

are manifested to a full extent owing to conjugationw'th an unusual valence state of the carbon atom (the
'CH bonds in these compounds are pseudoaromatic).

f\e C?IT;:EL %at;err?etgtog?onrﬁfev:,agf (;[Eg e:\?sgnarrg/?ojsfl-l nization of the CH bond in carboranes yields carb-
9 P nions with a large extent of delocalization of the

[36] in a system in which the reaction center (methyl . ,

group) is directly linked to the positively charged electron density on the reaction center.
nitrogen atom, which is, in turn, incorporated into the Although the linearity of the plot of lolg, vs. K,
aromatic ring. Kinetic sudy of the deuterium exchangen [37] offered an independent confirmation of the
of the N-CD; group in 3- and 4-substituted 1-methyl- correctness of the previous estimates &, for iso-
pyridinium iodides with aqueous alkali showed thatmeric carboranes, the use of a common Brgnsted rela-
the substituent effect correlates with th constants. tionship for analysis of variation of Idg, and K, in
However, in this reaction serie;ﬁ{ is lower (6.5) than so dissimilar series of compounds provokes questions.
in (4); this is probably due to different charge distri-First of all, in [37] the deuterium exchange of aliphat-
butions in the transition states of these reactions: lonic and quasiaromatic CH bonds can be described by a
zation of the CH bond in pyridinium iodides is ac- common Brgnsted relationship, whereas other pub-
companied by neutralization of the positive chargelished data show that the Brgnsted relationship is in-
whereas in the reaction series examined by us thapplicable to protolytic processes differing in the
negative charge of the methyl carbon atom sharply inmechanism [8]. Furthermore, the kinetic data for each
creases in the transition state of deuterium exchanggroup of the CH acids differing in the character of
stabilization of the reaction center in the course of
deuterium exchange are few. Finally, the results of

;beSOGrg(t:i?:a?r Cﬁ;alg?;ittusuggyog!sauos; t\zﬁl f\?(!':ll(l?i\;vtlir(])?’\ remote extrapolation of the experimentally measured
y imp q ' ate constants of deuterium exchange in fluoréhe

gIrthEJ rgrgf‘o?r;chri?]g[io?\ogeaieo:naml/)darf)z e?lﬁ?scc;[totg%nd indeneXIX cannot be considered as reliable.
he kinetics of deuterium exchange in these com-

exchange? To this end, it is approriate to suppleme%t

Deuterium exchange in liquid ammonia in the

. 9 - .~ pounds were studied at-@5°C, whereas the Brgnsted
the kinetic data on catalytic isotope exchange in elationship was obtained for 12D. The errors of the
solution of potassium amide in liquid ammonia byI '

similar data on the exchange in straight liquid ammo-ngD values were not reported, but they should be

nia. The solvation effect in both reaction media shoulcf7lssurne0| to be relatively large.

be similar, because the solvent is the same. At the To find whether the correlation in [37] is occasion-
same time, the catalytic activity of the amide ional or it indeed characterizes the elementary event of
considerably exceeds that of the ammonia moleculgroton transfer, we extended the range of investigation
which is a relatively weak proton acceptoKp9.1. objects by including acetophenoné §, 2-methylpyri-

To reveal common and specific features in the effeadine (V11'), 4-methylpyridine XXIV ), diphenyl thio-

of both proton acceptors, we consider the effect of théormal (GHgS),CH, (XXV), triphenyl orthotrithio-
protophilic properties of the medium on the Brgnstedormate (GHsS);CH (XXVI'), and 2-methylbenzoxa-
coefficienta.. The kinetic data on the noncatalytic andzole (XXVII ), i.e., compounds with relatively low
catalytic hydrogen isotope exchange in the compoundsK, at which the noncatalytic exchange in liquid
considered in the preceding section cannot be conammonia is feasible. Additionally, to examine the
pared because of the kinetic inertness of most of therapplicability of the correlation in [37] to the deuterium
in liquid ammonia (the reaction rates are too low toexchange of the aromatic CH bond, we studied the
be measured). For these experiments, stronger Cékchange kinetics of 1,3-difluorobenzeRVIIl . In
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Table 2. pK, values of selected CH acids, rate constants of their deuterium exchigglgeith liquid ammonia without
catalyst, and inductivec{) and resonanceoﬁ) constants of complex fragments

Comp. o | kox10°, |-logkp, |-logkpy, 0
no. Compound pK, t, °C DS_l 250(19 1200('3: S| o
i Fluorene [37] 22.9 (DMSO) 25 16 3.8 - - -
v Diphenylmethane 32.1 (DMSO) 120 0.0007 - 8.2 0.06% 0.10[12]
Vi Acetophenone 24.7 (DMSO) 0 1.0 -
15 2.4 - 2.8 019 0.17
25 5.8 4.24
Vil 2-Methylpyridine 34 (THF) 120 0.039 - 6.4 - -
XIX Indene [37] 20.1 (DMSO) 25| 135 2.85 - - -
XX Triphenylmethane 30.7 (DMSO) 120 0.02 - - - -
XXI o-Carborane [37] 23.3 60 56 - (0.5)b 0.30 [38]| 0.004 [38]
(dimethoxyethane)] 50 | 140
-30 | 500
25 16000 1.22
XXII m-Carborane [37] 27.9 25 0.3 5.52 - 0.21 [38]|-0.036 [38]
(dimethoxyethane) 120 10 - 4.0
XXI p-Carborane [37] 30 25 (0.04f | (6.4) -
(dimethoxyethane) 50 0.085
120 0.42 - 5.4 - -
XXIV 4-Methylpyridine 32 [16] (THF) | 120 0.018 - 6.7 - -
XXV Diphenyl thioformal 30.8 [39] 120 0.6 - 5.2 0.1 -
(CgH5S),CH, [18] (cyclohexylamine)
XXVI Triphenyl orthotrithio- 22.8 [39] 120 20 - 3.7 0.22 -
formate (GH5S):CH [18] | (cyclohexylamine)
XXVII | 2-Methylbenzoxazole (28) (DMSO) 120 55 - 4.2 - -
XXVIIl  |1,3-Difluorobenzene 34.3 [40] (THF)| 120 0.0073 - 7.14 - -

2 The o) constants were determined by formulas (7) and (8), seettesottrapolation by the Arrhenius equatidhExtrapolation using
data of [37].

its carbanion the negative charge arising on the cyclis not subject to electrostatic solvation. The low-
carbon atom cannot efficiently interact with thesys- temperature correlation between the rate constants of
tem. The results of our kinetic measurements, alondeuterium exchange in liquid ammonia €3 and the
with the values of loggy and (K, from [37], are listed equilibrium constants of metal interchange, corrected
in Table 2. Measurements were performed in liquidfor electrostatic solvation, has the form

ammonia at 25 and 12G; in some cases, the rate con-

stants were recalculated to these temperatures usinglogky = -0.74KS" + 15.97;r 0.927,5s0.7,n 5.  (5)
the Arrhenius parameters. To obviate a limitation

originating from the large differences in the deuterium The point for fluorenel(l ) deviates from correla-
exchange rates for the compounds under consideraen (5). We have no reasonable explanation for this
tion, we studied separately the low- and high-temperdeviation. A similar high-temperature (120) linear
ature Brgnsted relationships. Attempts to correlate theorrelation for weaker CH acids (25 <Kp < 35)
logky and (K, values for the minor fraction of com-

pounds that are moderately strong CH acids (20 <!0gkp = -0.60K, + 12.89;r 0.925,s 0.8, n 8. (6)

K, < 30) result in large scatter of the points. Satis- : : : .
?ac?ory cz)rrelation cang be obtained onI;p/ Witk 8" does not include outlying triphenylmethaneX), tri-

used instead oflg, for acetophenoné/() and indene gir:]eeny(l/ﬂr;hotnth|oformate)(XVI ), and 2-methylpyri-
(XIX, AHY 1488 kJ motY). For XIX, in contrast to ’

fluorene, the experimentalkp is by 6 lower than The fact that the fragments {B:),C and (GH5S),C

the hypothetical value §°" 26) corresponding to accelerate the reaction to a lesser extent than
Eqg. (4), i.e., to thecase when the carbanion 81X  expected by their experimental Kp values is
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probably due to the steric effect: it is known thatpK, are general for deuterium exchange of almost all
introduction of the increasing number of thgHz and  the compounds under consideration in liquid ammonia
CgHsS groups causes growing steric hindrance in thevithout catalyst, let us compare the coefficiemt
transition state of the reaction. in the Bragnsted relationship (5) or (6) found for the
noncatalytic deuterium exchange: (0.65) with the

As for the causes of deviation from (6) of data forestimate of the same coefficient 0.30) for deuteri-

2-methylpyridine VI ), the following should be noted. m exchange of methyl derivatives, catalyzed with
The above-discussed data show that deviations froy_ .~
: . , iy . mide ions [Eq. (3)]. Based on the fact that the coef-
linear relationship (2) and modified Brgnsted relation—. . : ,
. DN ficients o obtained are a measure of the relative
ship (3) can be due to two factors: (i) increased elec, /..~ = : o
: -stabilization by electronic effects of the transition state
trostatic effect of the solvent (DMSO) on the carbani- . L .
" : P relative to the initial and final states, we assume that
on under conditions of established equilibriunkKp . . :
. . : . . the increasedx for noncatalytic deuterium exchange
in combination with slow solvation of the reacting . . . . :
svstems in the course of deuterium exchange is consistent with the theoretical conclusions concern-
y gekidg ing the shift of the transition state along the reaction

or (i specific structural features of the 2-methyl- - o inare with changing strength of the catalyst. It is

pyridyl carbanion, characterized by repulsion betwee . : :

the closely located lone electron pairs of the anioni nown that the theory predicts the shift of the transi-
on state toward the carbanion and not toward the CH

gir?grr: at? (t)?]ms e%nrg scr>r/1%“rce n':g%%%?e ?;OC? éwTT)? tz?aci?an cid with decrease in the proton-acceptor power of the
P b ase, causing a decrease dan[25].

that data for 4-methylpyridineX(XI1V ) in which there
is no such repulsion do not deviate from the common . . .
Brgnsted relationship (6) for deuterium exchange irbeIn the previous section, we have examined the

o . . pendence of the rate constants of deuterium ex-
IZK-qurjwlgth?/mrynr?dr;lnaé V:;[Qogttl?:rt:lyst whereas data forchange catalyzed with NHions on the resonance

cs% constants as applied to compounds whose mole-

Existence of both correlations (5) and (6) showsules were conventionally divided into fragments. One
that the varied structural factors affect similarly theof them, methyl group, was considered as a fixed re-
kinetic and thermodynamic CH acidity of aliphatic action center, and the other, as a varied fragment (sub-
and quasiaromatic CH acids. For aliphatic CH bondstituent). We restrict the correlation analysis of com-
this is quite natural, whereas for quasiaromatic CHpounds exchanging in liquid ammonia without cat-
bonds a different Brgnsted plot could be expectedalyst to a group of compounds of different classes:
taking into account different, according to the gener{V, XX-XXIII , XXV, andXXVI . In these molecules,
ally accepted views, mechanisms of deuterium exthe hydrogen atom of the CH bond being deprotonated
change of these CH bonds. The point is that in hydroacts as the reaction center, and the rest of the molecule
gen isotope exchange in isomeric carboranes the Dfits core) is considered as an integral complex substit-
kinetic isotope effect was close to unitigz/ky ~ 1.1 uent. Attempts to use complex molecular fragments
[37]. This fact gave Shatenshteet al. [37] grounds for simplified op analysis requires certain comments.
to conclude that the transition state in this reaction ifirstly, the available set of resonanef constants of
different from the common three-center model. At thesuch fragments is not representative; it includes only
same time, for deprotonation of an aliphatic CH bondV, XXI, and XXIl (Table 2). Nevertheless, even
(e.g., in indene or fluoreneky/kw is within 2.0-2.2  these data are sufficient to state that, in contrast to
[37]. Such a value can be attained only if in the lim-the reaction series of deuterium exchange in a solution
iting stage of proton transfer from the CH acid to theof potassium amide in liquid ammonia, for noncatalyt-
ammonia molecule the structure of the three-centdc deuterium exchange the? constants do not char-
transition state is approximately symmetrical and thecterize the electronic effects in molecules (Table 2).
internal return has an insignificant effect on the exSecondly, among the compounds of the considered
change mechanism. We think that the viewpoint oferies the inductives, constants were determined
Shatenshtein et al. is controversial. The fact that CHxperimentally only for the- and m-carboranyl frag-
acids of two different groups form a common reactiorments KXI, XXII ). However, it is possible to take
series suggest gradual rather than jumpwise structurgito account indirectly the inductive effect of the other
changes of the three-center transition state in the stagemplex fragments by summing up the contributions
of proton transfer. In particular, in the limiting case,to o, made by separate substituents forming the frag-
when the isotope effect is virtually lacking, the tran-ments. Indeed, a large body of data accumulated by
sition state can be considered as an extremely asymew shows that the inductive effects in compounds
metrical three-center system. After making sure thaXX?CH, and X'X?X3CH are approximately addi-
the linear relationships (5) and (6) betweenkggand tive, even for substituents*%XX?, and X of different
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chemical nature. The inductive, constants of the agreed with reference data. The purity of the initial
fragments containing two and three substituents wereompounds was checked by ghguid chromatog-
estimated by the additive scheme using the formulasaphy. As solvent we used NIX99.5 at. % D) pur-
obtained in [41] for di- and trisubstituted methyl chased from the Pilot PlantPrikladnaya Khimiya
groups: Russian Scientific Center. Weighed portions of the
initial substances were quickly dissolved in liquid
o,(XIX2CH) = 0.297F,(XY) + &,(X?)] + 0.005, (7) ND; in the presence of alkali metal amide (all the
Ty 2v3my 1 5 tested compounds are soluble in ammonia even at
GIXTXEXTC) = 0.248p(X7) + &(X7) ~50°C). The g-atom ratios of the solvent to test com-
+ c,(X3)] + 0.004. (8) pound ranged from 40 to 70. The reaction was stopped
by adding excess anhydrous ammonium chloride to
In our case, X = X2 = X3 = CiH; or X! = X? the strongly cooled solution. After evaporation of
X3 = SGH:. ammonia, the samples were extracted with diethyl
ether and distilled. The position of deuterium in the
Ymolecules was checked by a decrease in the intensity
f the absorption bands of aliphatic CH bonds (2900
100 cn1?) in the IR spectra. The deuterium concen-
tration in the methyl group was determined by low-

aliphatic CH bond in compoundd/, XXI, XXII . .
s ' ' ', voltage mass spectrometry with an MI-1201 instru-
XXV, andXXVl , containing complex fragments, with ment. The procedure of kinetic experiments and

the inductives; constants can be expressed as fO||OWSéquipment for working with liquid ammonia are des-

logk, = 30.35, — 9.94; r 0.980,s 0.61, n 6. (9) cribed elsewhere [22, 42]. The experimental results
were treated by the least-squares method. The rate
Thus, in contrast to the above-discussed reactioconstants calculated by first-order equations were
series of the catalytic deuterium exchange, in whiclstable in all the examined systems.
logky correlates with the resonane constants, in
the case under consideration the effect of complex REFERENCES
molecular fragments on the reaction center is purely
inductive. Because the molecular core is directly 1. Tupitsyn, I.F., Zatsepina, N.N., and Kaufman, V.Z.,
bonded to the hydrogen atom being removed, the in- Zh. Obshch. Khim.1995, vol. 65, no. 9, p. 1500.
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bond lies in the nodal plane of the system, which Obshch. Khim.,1994, vol. 64, no. 2, p. 313.
excludes any conjugation. At the same time, the 4. Tupitsyn, L.F., Popov, A.S., Zatsepina, N.N., and
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