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THERHOCHBMICAL STUDY OF ELBCTRON DONOR-ACCEPTING POWER
OF ETHYLENEDIAMINE IN SOLUTIORS
V.G.Tasvetkov, M.N.Buslaseva,and A.I.Kruglyak

Kurnakov Institute of General and Inorganic Chemistry,
USSR Academy of Sciences, Moscow; Institute of Chemistry,
Gorky State University, Gorky; Kharkov State University,
Department of Physical Chemistry, Kharkov

Received Jume 15, 1980
Heats of mixing of ethylenediamine with various
substances whose electron-donating and electrom-accept-
ing powers are known were determined. The conclusion
is drawn that ethylenediamine possesses high electron-
donating and low electron-accepting power. The domor
number is estimated as 50-3.

Ethylenedismine (ETDA) is being extensively used now
not only as a classical ligand which gives stable complex-
es with heavy metal ions,but also as a solvent with consi-
derable basicity, for example for activation of cellulose
and other polymers /1,2/. Due to its structure ETDA
may act as a donor of electrons (unshared electron pair
of nitrogen) and as an acceptor (hydrogen bond via NH,
protons). In order to elucidate the reactivity of ETDA,
the mechanism of processes occuring in this solvent and
the nature of its compounds it is necessary to estimate
ite electron donor-accepting power. We chose thne
thermochemical method which isg widely used in the study of
coordination compounds in non-agueous media /3,4/.

The enthalpies of mixing of EDTA with various substan-
ces were determined to within -1.5% in an adiabatic
calorimeter under dry nitrogen or vecuum at 298°K accord-
ing to the technique desribed in /5,6/. EDTA, orgsnic

solvents, and organoelement compounds were purified and
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dehydrated following literature methods /7+8/,Fischer's
method was used to determine the presence of water. Wood
cellulose (crystallinity o =65% /1/) and polyvinyl alcohol
(acetate group content 1.28%, moleculsr weight 40,000) (PVa)
were dried under vacuum at 373°K and 340°K,respective1y.

The most popular scale of donor numbers is based on
the comparison of ethalpies of mixing of solvent with
antimony pentachloride in dichloroethane /9/. In the case
of EDTA this method presents considersble difficulties on
due to the intensively proceeding reaction. Following
Refs.10,11 we estimated the donor power of ETDA from enthal-
pies of mixture with chloroform (Fig.l, Table 1).

Table 1
Enthalpies of Mixing of gthylenediamine with Chloroform
st 298°K
mol % AH cal/mole of mixt. mol% AH cal/mole of mixt.
10 -160 60 =580
20 -300 70 =570
30 =400 80 =420
40 =500 90 =260
50 =570

mole%s CHCl3
20 40 60 80

= 200

Y 600

Fig.l Dependence of EDTA enthalpy ot mixing with CHCl3
on chloroform concentration at 298°K
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The enthalpy of mixing of ETDA with an excess of chloroform
was -4.0 kcal/mole. Taking into account the association
energy of pure ETDA, determined previously froa enthalpy of
dissolution in hexane, we estimated the energy of the hydro-
gen bond between ETDA and chloroform, -7.8-0.5 kcal/mole.
It is noteworthy that ETDA interacts with pentachloroethane
with a thermal effect of -21.5 kcal/mole at component ratio
of 1:1. Such a large thermal effect may be due to formation
of salt [HQN(CHZ)ZNHﬂ *czc15‘ or [ﬂan(cna)zrmﬂ *Cc1”. A
considerable thermal effect was also observed when mixing
ETDA with such acceptors as (C.,HS)BSnCI (1:1) g H==13.5(a)
kcal/mole and (C4H9)5Sncl (1:1) gH=~11.8 (1) kcal/mole.

The enthalpies of mixing at component ratio of 1:2 were:
with phenol -14.2(s) kcal/mole; with tert.-butyl peroxide
-8.8 kcal/mole (in this case side chemical processes of
ETDA oxidation occur). A correlation between the enthalpies
of mixing of +the above acceptors with orgsnic
solvents and the donor numbers of solvents (DNanl ) wes
reported in /11-14/. Using this correlation we estimsted
the donor number of ethylenediamine from the data on.em—
thalpy of mixing 'DquC]c for ETDA was found to be 50-3,
Therefore ethylenediamine is a donor solvent with consider-
able basicity /15/.

The acceptor power of ethylenediamine was estimated by de-
termining the enthalpies of mixing with organic solvents
with the known donor power /9,14/. Enthalpies of mixd._

of ETDA at component ratio of 1:2 are listed in Table 2.

As can be seen from the Table, ETDA does not form stable
complexes through H-bonds even with such a strong donor of
electrons as hexamethylphosphorus triamide. An exception

is the enthalpy of mixture with acetone. In this case

the following reaction presumably proceeds:

2(CH3)2C-0 + NHZ—(CH2)2-NH2 = 2H20 +

+ (CH;)Z—C-N-(CH2)—N-C-(CH5)2
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Table 2

Enthalpies of Mixing of Ethylenediamine with Organic Sol-
vente with the Known Donor Power at the Component Ratio
1:1, 298°K

Solvent AH cal/mole Solvent A H cal/mole
Nitromethane +410 DimethyIformamide =105
Acetonitrile +180 Dimethylsulfoxide =300
Diethyl ether +780 Hexamgthylphosphorus -200
Tributylphosphate +890 triemide
Diethylamine +410 Acetone -10600
Butylamine +400
Pyridine +370

Pormation of quite stable coordinstion compounds is
observed when mixing ETDA with hydroxyl-contsining compounds
possessing donor-accepting functional groups and
prone to autoaseociation by means of H-bonds. The
obtained ethalpies of mixture with hydroxyl-containing
substances at component ratio of 1:2 are given in Table 3.
It follows from the experimental data that in these systems
ETDA is an electron donor and alcohols and water are ac-—

ceptors. Pable 3
Enthalpies of Mixing of Ethylenediamine with Hydroxyl-

Containing Organic Solvents at the Component Ratio 1:2,

298°K

Solvent AH cal/mole Solvent AH cal/mole
Methanol -3450 tert.-Butanol -1260
Ethanol -2520 Phenol -14200(e)
Ethyleneglycol -5000 Water =4250
Glycerol -3660

The same type of interaction is observed when mixing
ETDA with hydroxyl-containing polymers, e.g-. with cellulose
and polyvinyl alcohol (Table 4, Figs. 2 and 3).
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Table 4

Enthalpies of Mixing of Ethylenediamine with Polyvinyl
Alcohol and of Water with Polyvinyl Alcohol at 298°K

PVA concn . A H cal/conv.mole of mixture
in conv.mol% ETDA - PVA H,0 - PVA
10 -200 =55
20 -390 =110
30 -580 =155
40 -760 -190
50 =950 -225
60 -1080 =255
70 =920 -280
80 -610 -290
90 =310 =175
conv.mole® PVA
100
ETDA -PVA

Fig.2 Dependence of enthalpy of mixing of ethylenediamine

with polyvinyl alcohol and of water with polyvinyl alcohol
on mixture composition at 298°K

The molecular weipht of the repesting polymer unit is
taken as 8 conventional mole.
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mole % ; w % ETDA
100

.

w % ETDA

Pig.3 Dependence of the enthalpy of swelling of celluloss
on the composition of the water-ethylenedismine mixture
st 298°K

Swelling of cellulose in ETDA and its squeous solutions

has been studied in seversl works /1,16/,snd it has been

shown that considerable swelling takes place only when

ETDA content exceeds 62 w/w and is accompanied by reduction

of crystallinity. As can be seen from Pig.3, the enthalpy

of cellulose swelling in ETDA (-62.5 kcal/g, -10.1 kcal/

conv.mole) is considerably higher in absolute value than

in water (-14.5 cal/g, 1.35 kcal/conv.mole); water does

not interact with the crystalline regions in cellulose

/1,17/. The enthalpy of cellulose swelling in aqueous solu-

tions has 8 region of sharp varistion in the range of

60-70 w/w (30-40 mol%Z) of ETDA. Evidently the presence of

ETDA in excess of the composition of complex ETDA-2H20

facilitates formation of cellulose complexes and its swell-

ing. A similar pattern is observed when mixing EDTA &nd

water with PVA. The enthalpy of mixture of PVA with en

excess of ETDA (-1770 cal/conv.mole) exceeds in absolute

value the corresponding value for water (-540 cal/conv.mole).

The concentrationsl dependence of enthalpy of mixing of

PVA with water a8t 298°K displeyes s msximum at the concen—

tration of devitrification or the region of limited solu-
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bility (et given tempersture) /18/. In the case of

PVA - ETDA mixtures the factor determining the enthalpy of

mixing is ETDA-PVA complex formation at molar ratio 2:1.
Hence, the thermochemical method makes it possible to

estimate the electron donor-accepting power of ethylene-

diamine and therefore its ability to form coordination

compounds in solutions. The donor number of ETDA at 5013

characterizes it as a donor solvent with considerable ba-
sicity.
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THE VALUES OF THE RITCHIE PARAMETERS FOR THE
NUCLEOPHILE - MIXED SOLVENT SYSTEMS

V.Ruznetsova, V.Sinev, and 0.Ginzburg

Leningrad Lensoviet Institute of Technology,Leningrad

Received August 22, 1980

The kinetics of the formation of triarylcarbi-
nol methyl ethers from triarylmethylcations in
mixed solvents is studied. The values of parameters
N* for nucleophilic systems, such as NaOH/water-
organic solvent and CHBONa/methanol-organic solvent,
are determined.

At the present +the Ritchie equation(l) finds
wide application in the correlation analysis The equa-
tion connects reactivity of the organic cations with nuc-
leophilic parameters,N+.of the nucleophile- solvent
systemu H

+
lgk; =1gk.  +N (1)

where ki and ki o are the rate constants for reactions of
i-th cation with the given and standard nucleophilic sys—
tems, respectively.

According to Ritchie and cowc:rkerss""/_9 ocon-
stants for the reaction of an electrophilic reagent with
different nucleophilic systems can differ from one another
by 13 orders of magnitude. Comparison of the experimental
rate constants with the calculated ones (equation I) shows
that they differ by not more, than one order of magni-
tude.

The purpose of the present work is to study the possi-
0ility or application of the Ritchie equation for nucleo-
phile-mixed solvent systems. The kinetics of the formation
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of triarylearbincl methyl ethers from the cations of Ma-
lachite Green (I), Antipyryne Red (II), and Antipyryne
Orange(III)was studied in the systems consisting of sodium
methylate and mixtures of methanol with (I) acetonitrile,

(2) dioxane, and (3) dimethylsulfoxide (IMSO). Table I
lisss the results obtained.

CeHs CHs  Cohs
N,
@ NS, 0=CN-CHs| | cHsN C-0 o.My,
-C/C=C'CH9 CH,'C-C - 'CHg
g 2
I 11 111

The values of N* were calculated by using the data of

Pable I by

equation (2):

+ +
N" =N, + (1g k, - 1g kp )

(2)

where s and m are indexis of mixed solvents and methanol,
respectively. The value of Nt for nucleophilic system
~0CH,/CH,0H was taken as equal to 7.68 I°.+

Table 2 represents the values of N°' for the nuc-
leophilic systems ~OCH,/mixed solvent.The same Table lists
parameters of nucleophilicity for the systems -UH/mixed
solvent calculated by the analogous procedure using the
data from Ref. 11, the value of N* for nucleophilic
system ~OH/H,0 being taken as equal to 4.75 10

We have checked the possibility to  apply

the obtained values N* for description of the reactivities
of II and III by equation (I). As a result, the following
equations were obtained:
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Table 1

The Rate Constants of the Formation of Triarylcarbinel
Methyl Ethers in the Systems 'OCH3IMethanol-0rganic

Solvent (259¢)

Solvent |Content of Rate constants, “10 3llmol.sce
methanol,
%mass . I II II1
Aceto- 83.4 I.58 0.68 3.39
nitrile- 76.4 I1.60 3.44
methanol 68.2 I.78 0.7L 3.64
58.9 2.02 0.84 $.98
36.8 3.93 I.73 T7.36
I0.1 24,2 I7.0 33.6
Dioxane- 60.0 3.89 2.69 I0.0
methanol 50.0 T.24 4.47 I8.3
40.0 I2.6 T.24 - 24,0
30.0 28.8 I11.9 6I.7
DMSO- 72.5 3.52 I.39 8.15
methanol 53.0 T.66 3.91 I5.7
50.0 9.44 6.50 I18.5
25.0 27.9 I9.2 39.8
Table 2
The Values of N* for the Systems _OCHBIBinary Solvent
I . 0.135 0.267 0.352 0.572 0.874
N 7.79 T.83 7.89 8.12 8.97
2 X 0.1I35 0.194 0.267 0.352
N 8.17 8.44 8.68 3.04
3 + 0.135 0.267 0.291 0.551
N 8.13 8.47 8.56 9.03
4 0,002 0,005 0.0I1 0.038 0,087
4.91 4.95 5.I5 5.36 5.99

Note: I.CHBOH-CH3CN; 2.CH30H-dIexane; 3.CH30H-DMSO;

4.H,0-HMPA; X-m.p. 2-nd component.
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for Antipyryne Red ( p-dimethylaminodiphenylantipyrylmethyl
cation)
1g k = -4.I132 + 0.912 N* (3)
+0.I58 +0.02I
r=0.995; 8=0.I39; n=2I.

the nucleophilic syatema: -OCHa(CHBOH-CHBCN, CH
CH, OH-DMS0), “OH( H,0-HMPA)

for Antipyryne Orange (diantipyrylphenylmethyl cation)

lg k = -3.536 + 0.9II N* (4)
+0.3I8 +0.038
r=0.989; 8=0.068; n=I5.
the nucleophilic systems: _OCHB(CHBOH-CH3CN, CHBOH-dioxane,
CHBOH-DMSO).

The above analysis allowed us to state that, within
the limitations, formulated elsewher312 , the Ritchie
equation can be applied for kinetic data obtained in sys-
tems nucleophile-mixed solvent.

3OH-dioxane,

As one can see the wvalues of the slope in Egns. (3) and
(4) differ markedly from unity (see Eqn. 1) and depend on
the nature of the electrophile. Thus, quite possible that
this coefficient could be a quantitative measure of electro-
philic properties of a substrate, e.g. triarylmethylcation.
Similar idea was suggested in Ref. 14.

Thus, the scale of nucleophilicity parameters,N*,can be
used to foretell the reactivity of organic cations not
only in the individual solvents but in mixed solvents,
too.It is noteworthy that the best quality of the correla-
tion can be obtained by the two-parameter equation:

lg k; = 1g ki,o+°<N+ (5)

where £ is a value dependent on tane nature of electro-
phile.
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ALKYL AND ALKENYL ESTERS OF SULFONIC ACIDS.
ALCOHOLYSIS AND ALKALINE HYDROLYSIS OF ALKYL
AND ALKENYL ESTERS OF P-TOLUENESULFONIC ACID.

R.W.Sendega*, N.G.Gorbatenko, and R.W,Vizgert
Odessa Polytechnic Institute

Received September 5, 1980

The alcoholysis kinetics of 1-methylallyl, 1-metyl-
propyl, 3-methylallyl, 3-methylpropyl and alkaline

hydrolysis of allyl ester of p-toluenesulfonic acid
in aceton.water system at the temperature range 0-

70°C has been investigated.Reactivity of esters is

shown to obey the Taft equation. By the ana-
1ysis of dependences in coordinates

it was found that the studied series was isokinetic
The effect of hydroxyl ion additions on the

rate constant has been investigated. The me-
chanism of alcoholysis and hydrolysis is discussed

from the viewpoin of the ion pair conception.

Continuing to investigate the reactivity of alkyl and
alkenyl esters of aromatic sulfonic acids, we studied the al-
coholysis kinetics of 1-methylallyl (1-MATS), “1-methylpropyl
(1-MPTS), 3-methylallyl (3-MATS), 3~methylpropyl (3-MPTS)
and alkaline hydrolysis of allyl ester of p-toluenesulfonic
acid (ATS).

Esters were obtained acc. to Ref.l, alcohols were rec-
tified acc. to Ref.2. The purity of esters was checked chro-
matographically and by titration of p-toluenesulfonic acid
resulting from complete alcoholysis or hydrolysis. The al-
coholysis kinetics was measured titrimetrically, conducto-
metrically, and spectrophotometrically5
lecular conditions at the ratio of ester:alcohol (0.01-0.001)
.(1.0-2.5)mol/1. The working wavelength for 1-MATS and 1-
MPTS was 225 nm , for

The author for communications
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3_MATS gnd 3-MPTS-261 nm . The reaction rate constants
were calculated by first-order equations (1), (2) or (3) de-
pending on the used method of study where

)

(3

( [5 - X)are changes in the ester concentration in time f;
%, #t ) and <Dp, D, are, respectively, values of
electroconductivities or optical density at the beginnig of
the reaction, in time t , and after the end of the reaction;
¢ 1s time in sec.

The rate constant of alkasline hydrolysis was studied by
titrimetric method. The rate constants were calculated by
equation of second order (4), where ( - X ) are changes
in the alksli concentrarion in time ~ .

/[ 2303 4. é(a-x) ..
"2 (a-%)t ¢
The reactions were controlled up to 80-90% of ester trans-

formation. The rate constants of Tables 1-3 were calculated
as arithmetical mean from 3-5 parallel measurements.The ac-
curacy of estimation of the obtained results,the calculation
of thermodynamic parameters and other calculations were car-
ried out by the least squares method on a "Minsk-22"computer
with reliability of 0.95. The reaction of esters with water,
slcohols and KOH in aqueous gcetone proceeds quantitative-
ly and irreversibly according to the scheme (1)

4-CH30¢H,SO,0R + R'OH --—  4-CH3C¢H,S0,0H(K) +ROR'
R= CHp-OH=CHp; 1-CH(CH3z)CH=CH, ; 1-CH(CH3)CH;CH3 ;
3-CH,CH = CHOH3 ; 3 - CH;CH,CHyCHz;

R =K, H, Me, B¢, #h=-P¢ , #h-Bu, i -P, , ¢=Bu,

Special tests have shown that alcoholysis of esters has
the first order in ester.The order in alcohol was not checked
since the kinetic study was carried out at constant al-
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cohol concentrations (1 or 2.5 mol/l,depending on method),
which considerably exceeded initial ester concentrations
(0.01 = 0,001 M), Alkaline hydrolysis in acetone-water sys-
tem obeys regularities of the second order reaction and
is of the first order in ester and alkali., This is confirmed
by the linearity of anamorphosis of Eqns. (2),(#) (Fig.1,2).

Irrespective of the methyl group location in ds ~or J’-
position in esters 1-MATS or 3-MATS the increase in the al-
coholysis rate constant is essentially the same as against
ATS“. In this case the same effect of R’ in alcohols on the:
rate constants of both esters is observed. In passing from
water to tert.-butyl alcohol the rate constant of 1-MATS
decreases by the factor of 1786 at 50°C, the one of 3-MATS
by the factor of 1700 (Tables 1-2). Thus, the methyl group
inel or position increases the resonance stability of
the transition state in 1-MATS or 3-MATS as a result of
carbon atom P orbital ovetlapping with electron pair of
binary bond (bimolecular reaction) or increases the stabi-
lization of a carbon ion owing to an interaction of vacant
P orbital with bond (monomolecular reaction)which leads
to increase in 1-MATS reactivity over ATS. On the other
hand, essentially the same influence of 0( or J‘ methyl group
on the rate constant increase indicates that methyl
group in - and //- position equally stabilizes both the
transition state and the carbon ion-.

The reactivity of 1- MPTS and 3 - MPTS depends marked-
ly on the methyl group location. The methyl group in J -
position does not practically influence the rate constant of
3— MPTS in comparison with propyl ester of p-toluenesulfonic
acid (PTS)4. The methyl o0 - group increases considerably
the reactivity of 1- MPTS in comparison with PTS and depends
on R'- structure in alcohols. The rate constant of 1 - MPTS
in methanol is higher by 1471 times (40°C) and the one  of
tert.-butanol by 220 times than that of PTS. It is also ob-
served that influence of R in alcohols on the reactivity of
1-MPTS and 3-MPTS is different. The rate constant of 1-MPTS
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Alcoholysis of I-MATS and I-MPTS

TABLE 1

in Alcohols R’ OH

O 4!1-104 A/sec

Alcoholysis of 1 - MATS

R’ 30° + 50°
1. 447 - 9 1380 - 32 4169 X 77
2. | Me 11.6 ¥ 0.3 36.7 X 0.6 101 2 2
3. | Bt 6.94 - 0,08 | 21.9 - 0.5 60.3 X 0.9
4, |n-Pr 3.89 £ 0.85 | 12.3 ¥ 0.2 33.9 - 0.6
5. |n-Bu 3.73 ¥ 0.04 | 1.6 ¥ 0.4 21.6 ¥ 0.6
6. |i-Pr 2,18 2 0.03 | 6.90 - 0.1 19.0 * 0.4
7. |t-Bu 0.372-0.006 | 1.01 % 0.02 2.44 ¥0,05

Alcoholysis of 1-MPTS

w | B 40° 50° 60°
V.1 H %8 * 29 287 49 | 8110 % 120
2.| Me 12.8 £ 0.4 38,0 20.5| 103%2
3.|Bt 5.54 ¥ 0,08 16.6 ¥ 0.3 | 45.0 £ 0.6
4,|n-Pr 2.49 - 0.05 7.40 20,09 | 20.1 ¥ 0.4
5. |n-Bu 2.23 - 0.05 6.61 20.09 | 18.1 0.3
6.|1-Pr 1.03 ¥ 0.03 3,02 20,04 | 8.13 *0.06
7+| t=Bu 0.132-0.002 0.331%0,005| 0.772-0.010
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TABLE 2
Alcoholysis of 3-MATS and 3-MPTS in Alcohols R’ OH
g k1.10", sec™’
Alcoholysis of 3-MATS
r’/ 20° 30° 40° 50°
1. |E 18825 631%18  [1950%62 5620%112
2. |Me 3.90%0.08 [12.6%0.3 |38.0%0.7 1063
3. | Bt 2.75-0.05 |8.39%0.09 |24.2%0.5 64.5%1.2
4, | Pr 1.67%0.03 |5.10%0.08 [15.1%0.4 11.3%0.8
5. | Bu 1.62%0.03 |5.05%0.,07 |14.5-0.5 38.0%0.6
6. | 1-pr |1.26%0.04 |3.68%0.07 |10.1%0.2 25.9%0.4
7. | t-Bu [0.174%0.03| 0.492%0012|1.33%0.04  |3.31%0.07
Alcoholysis of 3-MPTS
O | ot k1.1d§s,c-1
40° 50° 60° 70°
1.|8 31,2-0.08 | 92.3%1.2 242ty 591310
o./ue | 1.05%0.02 | 3.04%0.08 8.1620.09 | 20.6%0.4
s.|gs  [p-720%0.010{ 2.04%0.06 5.3820.07 | 13.5%0.4
4,|Pr  |o.486%0.012| 1.32%0.03 3,43%0.06 | 8.24%0.18
5.|Bu  [.477%0.009 1.29%0.02 3,2320.07 | 7.53+0.20
6.|1-pr jo.274%0.006 | 0.72120.012 1.76%0.05 | 4.05%0.09
7.| t-Bu [0064820.004 0.164%0.004| 0.390%0.008| 0.890%0.017
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in passing from water to tert.-butanol decreases at 50°C by
the factor of 8690 and that of 3-MPTS by the factor of 236
only.

min

. 4? Ho -
Plot of <function Ao — He
time of alcoholysis of 3-MATS, 40°C.
For numbers of lines see Table 2.

In order to determine the effect of electron-donating proper-
ties of alcohol nature on the alcoholysis rate the relation-
ship 6 was studied by the Taft equation (5).

[?,é = ‘?éc * (5)

The determination accuracy of f"value characterizing the
inductive effect of R’ in alcohols for 3-MATS and 3-MPTS
proved to be low (Fig.3),but we haven't succeed in find-
ing some regularity for 1-MATS and 1-MPTS, since the sum
of steric factors of R and R’ does not effect the reaction
rate .Therefore,the correlation by the expanded Taft equa-
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Fig.2. Plot of vs. time

for alkaline hydrolysis of ATS in acetone
water system, at 3000. For numbers of
lines see Table 3,

tion which takes into account inductive and steric substit-~
uent effects (6) was carried out:

- %4‘0 + (e)

The satisfactory correlation by equation (6)(Fig.4,
5) has been obtained, but the comparison of Jo‘ and S val-
ues indicates that the radical R’ inductive effect pre-
vails in alcohols with 3-MATS and 3-MPTS alcoholysis. The
J?' value exceeds the value of S more than by 7 times. The
positive sign of vﬂ‘ constant indicates the reaction rate
decrease with increase in electron~donating characteristics

I45



1 1 I 1 T I | T T

| 4 +logkggo 11
S

/i7 1 ! 1 1 1 1 1 16*

Pig.3. The dependence L’gk, — 6 of 3-MATS (1)
and 3-MPTS (II) alcoholysls
I - %00975‘ j"“.?sg; So 00123
II-  *10.953% f'u.mu; 5,0.285

For numbers of lines see Table 2.

of R radical in alcohol molecule,i.e. the reaction rate con-_
stant decreases with increase in electronegative charge of
hydrogen atom in the alcohol molecule and increases with po-
sitive charge increase in hydrogen atom,Therefore,in the
aleoholysis reaction of alkyl and alkenyl esters on sulfon~
je acids alcohol behaves as an electrophilic reagent.

The rate constant temperature dependences of alcoholy-
sis and alkaline hydrolysis over the studied temperature range
£it the Arrhenius and Eyring equations (¢0.998 - 0.999,
Se 0,021 - 0.043). The activation parameter values of the
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. F?
Fig.4. The dependence —d—"=a-d ° - -—?‘%,— of

1-MATS (T) and 1-MPTS (II) alceholysis
b 30.875: % 0.993; 5,0.066

II = 1.001; € 0.958; 800.231
Numbers of lines see in Table 1.

studied reactions are giwven in Tables 4 and S5.The analysis
of isokinetic dependence was carried out in the Palm-Exner

coordinates by Eq-(?)s
l =Qa + ¢))
High correlation coefficients (r 0.99) of equation(?)

indicate that alcoholysis and hydrolysis proceed by a
similar mechanism (Fig.6).



Pig.5. The dependence ﬁ

logk, - log k,

N W

£, - bof.

—m——p e =

0
of 3-MASS (I) and 3-MPTS (11)
I- 0.6463 ¢ 0.997,
II- 8 0.5563 20,9803

For the numbers see Table 2.

£
6*

S,0.014
800.032

TABLE 4
THSRMODYNAMICAL PARAMETERS OF 4-MATS, 1-MPTS,
3-MATS, 3-MPTS ALCOHOLYSIS®

N E AF# : AH#: | —o

1 2 3 4 5 6
Alcoholysis of 1-MATS

1. 22.25 21.56 21.46 0.32 14.63

2e 21.43 219 20.75 3459 12.47

3. | 2132 22.21 20.66 4.89 12.19

4. 21.47 22.60 20.74 5.77 12.00
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Table 4 (continued)

1 2 3 4 5 6
S 21.23 22.66 20.55 6.55 11.84
6. 21.45 22.98 20.83 6.65 1.71
7 18.64 24429 18.00 19.48 9.00
Alcoholysis of 1-MPTS
1. 21.92 24.40 21.16 10.06 12.78
2. 21.56 25.49 20.82 14,45 10.10
3. 21.75 26,02 21,03 1544 9.88
4, 21.52 26453 20,87 17.54 9é842
S 21.63 2661 20.99 17.40 9.45
6. 21.36 27410 20.69 19.82 8.7
7 18.34 28.53 17.63 33475 5.88
Alcoholysis of 3-MATS
1. 21.25 21.90 20,61 3.98 14.13
2 20.67 21.87 20.03 5.71 12,01
3. 19.83 22.23 19.19 9.30 11.23
4, 20,32 22.48 19.68 8.67 11.36
5. 19.47 22.53 18.83 11.47 10,75
6. 18,95 22.78 18.31 13.85 10.24
7. 18,53 24.1Y 17.89 19.23 9.06
Alcoholysis of 3-MPTS
20.50 24,92 20.86 17.66 9.84
2. 21.23 2711 20,59 20.18 8.85
3. 20.82 27.36 20.18 22.25 8.40
4, 20,23 27.64 19.59 24.94 7.81
S 19.79 27.66 19.15 26435 750
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1 2 { 3 4 5 | 6
6e | 19425 28.03 18.64 29.18 6.88
7. | 18.66 28.98 18.02 33.94

5.84

aversge 0.5 kcal/molj 0.25 kcal/mol; 0.30 kcal/mol; 0.75 e.u.
and 0,351 I/eec, ®espectively.

As it follows from Fig.6 three straight parallel lines de-
pending on ester structure were obtained. Hence, all the sys -
tems studied by us have the same isokinetic temperature. The
mean value of isokinetic temperature, ﬁ, calculated by equa-

8 -
tion (8)° whers T =T,/Ty  gor 1-MATS alcoholysis is (114+
),

(8

TABLE 5

Activation Parameters for Alkaline Hydrolysis

of Allyl-p-Toluenesulfonate in Acetone-Water SysimmJE

f::::: E ar* S -as® A
(%) |xcal/mol  |kcal/mol |kcal/mol |cal/mol 1/mol:sec
grad
100 | 19.87 21.79 19.29 8.52 11.35
90 | 19.12 21.71 18.54 10.81 10.86
80 | 19.02 21.61 18.44 10.85 10.85
70 | 19.16 21.57 18.57 10.25 10.98
60 | 19.90 21.28 19.32 6.81 11.75
50 | 19.33 20.94 18.75 7.48 11.58
40 | 19.86 20.57 19.28 441 12.25
30 | 19.04 20.12 18.46 5470 11.97
20 | 19.19 19.81 18.60 4,3 12.32
10 18.82 19.79 19.24 1.89 1393
0 18.02 19,33 19.44 1,40 12,82

I50




*) Errors of estimation average 0.40 kcal/mol, 0.25 kcal/mol,
0.40 kcal/mol, 0.85 e.u. and 0.25 1/lol’s°°, respestively; '

for 1-MPTS (10538), 3-MATS (120%5), 3-MPPS (120%15), and
for alkaline hydrolysis of ATS (12328)°K. It is notewarthy
that the reagent nucleophilicity does not affect the depen-
dence in coordinates lng -1ng whether the reagents be
alcohol, water or hydroxya ion.l
Without going into details in discussing the abnormal,
at the first glance, dependence (Pig.6) we want only to
note that it indicates the common character of transitiom
states in alcoholysis and hydrolysis reactions of each paix:
ester-alcohol, ester-water, and ester-hydroxyl ion.
Hence, observance of the Taft equation, similar values
of thermodynamic activation parameters, and the presensce
of the isokinetic correlation allow to conclude that aleso-
holysis and alkaline hydrolysis of esters proceed by the
same mechanism. The alcoholysis pf esters when reastivity
changes are reached by varying structure of a nucleophilie
reagent belongs to the third type of Hinshelwood classifi-
cation9 with parallel enthalpy-entropy control of the re-
activity with prevailing entropy component. The alkaline
ATS hydrolysis where the reactivity is reached due to com-
position changes in acetone-water mixture belongs, acc.
to Palm-Exner classification, to the isoenthalpy type with
entropy control of the reactivity. One of the main reasons
of changes in thermodynamic parameters both in alooholysis
and hydrolysis are solvation changes in initial ester and
transition state influenced by radical R’ electron effects
in alcohols or composition of acetone-water mixture.
Analysis of the experimental data (Tables 1-3) indicates
that there is much common in the nature of both alcohol
polarity influence and aceton-water mixture compositien on
kinetic parameters of alcoholysis and hydrolysis. The transi-
tien from tret-butanol to water, or from acetone to water
leads to an increase in the rate constant,but the rate con-
stant dependence on a dielectric constant or molar fraction
of one of components is non-linear.Deviations from the eleo-
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pig.s,  TLov of lgm T ey

I - 1-MATS - £ , 30-50°
1-MPTS - (M , 40-60°" (Table 1)

II - 3-MATS - A , 20-50° and 3-MPTS - @ 40-70°,
(Table 2); III - ATS -O , 10-50° (Table 3).

an
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trostatic theory in the reactions studied are due to spe-
cific solvent effect and result mainly from a hydrogen bond
formation. It is supposed , for example, that from a total
variety of effects exerted by a solvent on a reaction me-
chanism its ability to form hydrogen bonds with reagents or
activated complex may be of decisive importance6. The spe-
cific solvation by water or alcohols may exert effect due to
the presence of a hydrogen bond, resulting in the formation

of stuctures II or III or, acc. to Harrialo, structures IV
and V.

e 30.0--H—o8 XﬂzSOz‘Q—-‘ng R
Che H—OR’

R I

+ i{' - 0 0
RCHZ O<H- -0 'S\Az)(
v

R -0

RCH - 0 5

As known11 the value of the angular coefficient,n, in the To-

mmila equation identified with a number of water molecules, by
which hydrated shells of the tramnsition state differ from
initial reagents is proposed to be a criterion to differ the
reaction proceeding by SN2 (n~2) or SNl mechanism (n~6-7), The
number of water molecules was calulated by Eq. (9)

=n + const



It was found that the /7 value for 90-70% acetone is close -
to zero which agrees with a very high rate constant sensi-
tivity to hydroxyl ion additions(Fig.?7, Table 6). For

Fig.7. Plot of lgk, vs. 15[1120] for alkaline hydrolysis

of ATS, 30°C
For numbers see Table 3.

70-50% solutions /1 1s equal to 2, and for 50-0% to 4.

The value of n¥4 indicates apparently that in solutions high
4n water ATS changes the reaction mechanism from bimolecular
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to monomolecular. Solvent effects on the activation para-
meters are given in Tables 4 and 5.

TABLE 6
Comparison of Rate Constants for Catalyzed and Neutral
Hydrolysis of Allyl-p-Toluenesulfonate in Acetone-Water
(¢]
System, at 30 C.

. X100 00
foetome| * it st 2] | of
v/v
100 2.02 0.0182 111
90 2.3240.04 0.116 % 0.02 20
80 2.70+0.03 0.430 % 0.09 6.3
70 2.9%440.05 1.11 - 0.03 2.7
60 5.02+0.08 2.79 - 0.07 1.8
50 8.84+0.06 5.26 = 0.22 1.7
49 17.0 +0.2 9.96 - 0.19 1.7
30 35.2 +0.4 22.5 ¥ 0.4 1.6
20 60.0 +0.7 43,9 - 0.8 I.4
10 86.4 +0.9 70.3 = 2.2 I.2
0 123 £ 7 125 - 23 1

*) k; is the first order rate constant calculated in the
presence of C.02 M KOH (k, mX; + kOH—).

ee) k;, 1is a rate constant of neutral hydrolysis

In all esters the polarity decrease in alcohol results in
marked decrease in the rate constant and changes in thermo-
dynamical parameters of alcoholysis (Table 4). The nature of
activating parameters changes and their numerical meaning
does not depende essentially on ester structure.In alkaline
hydrolysis (Table 5),in contrast to alcoholysis,solvent does
not affect essentially E, AF#, and AH#, but considerable
changes in entropy of activation take place. According
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to the data of Ref.8 this should be Just expected in the
presence of strong interactions of solute and solvent. The
marked difference between activation entropy values depend-
ing on alcohol polarities and composition of acetone-water
mixture may be assigned to the fact that different transi-
tion satates correspond to them. The n value in the Tommila
equation favors this assumption. To confirm this suggestion
we have studied the influence of potassium hydroxide addi-
tion on the rate constant value.

As one can see from Tables 6 and 7 the reaction rate de-
pends markedly on the reagent nucleophilicity and increases
with an increase in the medium polarity. In water the rate
constant for all esters (except 3-MPTS) does not depend on
the presence of hydroxyl ions and indicates that the rate
determining step is not connected with a nucleophile attack
on an ester molecule. Thus the reaction mechanism is mono-
molecular. In n-propanol and tert-butanol rate constants in-
crease with an increase in alkali concentration indicating
the bimolecular reaction mechanism.

The rate constant of ATS alkali hydrolysis in aqueous
acetone in the presence of 0.02 M KOH increases with an in-
crease in medium polarity. However, the rate constant in-
crease dependes considerably on temperature and changes with-
in rather narrow limits. The ratio kg O/k(CH )200 at , 20,

30, 40, and 50°C equals 75, 69, 62, 58, and 50, respectively,
whereas in neutral hydrolysis the ratio k 7k
H20 )200

30°C is 6868 12. The marked difference between the values of
kH o/k(CH ) O for neutral and alkaline ATS hydrolysis in

aqueous acetone indicates great influence of alkali on the
rate constant in the solutions high in acetone and its in-
significant influence in media with high water content
(Table 6).

Since the basicity of OH™ anion depends directly on its
solvation degree, it may be supposed that its influence
on the rate constant is connected with the degree of its
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TABLE 7

Influence of Alkali Addition on Rate Constants of
1-MATS, 1-MPTS,3-MATS and 3-MPTS Alcoholysise. [Elter]z
= 1.0 « 1073 po1/1.

'-tu 7°c | KoH, | '::5""_1
(e n~PrOR T=BuOH
30 - wmeE|a47 - 9 [3.89 - 0.04 | 0.372%0.006
M-uaTs® | 30 lo.002 438 ¥ 7 |26.8 ¥ 0.4 3.76%0.05
30 |0.004 |445 2 8 |58.4 % 0.9 72.63%0.12
40 -m|9%8 X 29 |2.49 - 0.05 | 0.132%0.002
1-upTses| 40 | 0.002 [972 - 28 [19.2 % 0.3 1.30%0.02
40 | 0.004 {962 £ 17 [41.8 L o0.8 3.42%0.04
30 -woe{631 £ 18 |5.10 £ 0.08 | 0.492%0.009
3-MATS* | 30 | 0.002 |633 £ 15 |39.4 % 0.3 4,52%0.04
30 | 0.004 |628 - 12 |84.7 £ 0.9 8.63%0.08
50 —me) 92.31.2 [1.32 20.03 0.164%0.002
3-MPTS** 50 | 0.002 |114 -2 18.5 ~0.2 3.20%0.06
50 | o0.004 |133 -2 32.4 20.6 5.23%0.10

*) kj.10% Ky e108  mexf

solvation. However, it follows from Tables 6 and 7 that po-
tassium hydroxide effect on the rate constant depends not
only on the medium polarity but also on the ester structure.
Therefore, an increase or decrease in the reaction rate in
the presence of potassium hydroxide is associated mainly
with changes in the reaction mechanism, i.e. in the solva-
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tion energy of reagents and an intermediate, but not with
changes in the reagent nucleophilicity depending on the
medium polarity. Hence, depending on the medium polarity
and reagent nucleophilicity, for the same ester character-
igtic features both of mono and bimolecular mechanisms are
observed. The mechanism of these reactions may be more
complicated than a classical one of Snl or SNZ.

Hecently the idea of an intermediate mechanism has gain
recognition. It may be successfully applied to the cases
under consideration too, and we may assume the studied al-
coholysis reaction to occur together with the formation of
intermediate (VI) in which, depending on ester structure,
medium polarity, and reagent nucleophilicity, the degree of
covalent C-0 (e) bond-breaking or the degree of bond forma-
tion (n) with a reagent (N) are predominant, i.e. the oL
carbon atom of sulfoester in the intermediate is always
more positively charged than in the initial compound:

N IRAE H\C/H €, ‘OSOQCGHL,X (VI)
[
R

In the alcoholysis and hydrolysis of sulfoesters in low
polar madia changes in the Bond formation order ADg g (pro-
cess n) are larger than changes in the bond breaking order
Ang g (process e). Changes in the ratio A“ﬁ-c/ ans_o de-
pend on the ester structure and mainly on the medium po-
larity. Different effects of potassium hydroxide on the
reactivity of esters depending on the medium polarity may
be accounted for by preequilibrium formation of a polarized
ester molecule as an active intermediate with further slow
step of its interaction with a nucleophile. This may be re-
presented by the following scheme (VII):
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k,
ICH sozocnza--k--- xosn4sozov;'; . %HZR

‘%ﬂ éL:::! 5 *
XC6H4SO O cee ZR ‘:io' 106 48020 + GHZH

fast
==—————-=» reaction products

(111)
fast

,0 ...'UH?R + N-===———» reaction products
slow
where N = H20, ROH or OH. The effective reaction rate con-
stant whose intermediate step is a dissociation of bond
(VIII) into ions or an interaction with nueleophile is de-
termined by equation (10):
k, <k,

k = ——— =K ¢k

obs (10)

3

Hence, the kinetic study of alcoholysis amd alkaline
hydrolysis of alkyl and alkenyl-p-toluenesulfonates allows
to conclude that depending on the reaction conditions they
proceed via mono or bimolecular mechanism. However, a nu-
cleophtiic attack by H20, ROH or OH ion which results in
a covalent bond formation is preceded by a certain level
of a charge distribution (VIII). Intermediate (VIII) with
a distributed charge is stabilized by molecules of a sol-
vating medium. The degree of charge distribution in an in-
termediate is a function of medium and a factor determin-
ing a relative mechanism position within the limits of
boundary cases of mono and bimolecular mechanisms. In the
limiting case the ester polarization occurs before the in-
teraction with nucleophile which corresponds to monomole-
cular mechanism and occurs in hydrolysis of esters in
water, since the rate constant does not depend on the al-
kali concentration.

According to Winstein intermediate (VIII) is equivalent
to an ion pair 5. Hence, different effects of potassium
hydroxide on the rate constant depending both on the ester
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structure and medium polarity are associated with the for-
mation of compounds (VIII) different in their structure
(ion pairs) (scheme IX). In so doing not the formation of
these ion pairs, but thelr further transformation is a
1limiting phase of the process (p-reaction products).

An increase in the medium polarity and process e (vI)

(IX)

P | P [ P ?

A decrease in the medium polarity and increase in pro-
cess n (VI).

Features observed for the same reactions and character-
istic both of mono and bimolar reactions indicate that a
nucleophile attack on ion pairs with different structure is
a more favorable process than their further ionization or
dissociation. Proceeding from ion-pair conception one can
account for the fact that the points for tert-butanol and
water or acetone and water in coordinates 1lgknp -lngl fall
to the same straight line. It becomes also clear why the
experimentally observed dependence of the bimolecular pro-
cess on the solvent effect (bimolecular rate constant in-
creases with an increase in the gsolvent polarity (Table 3))
is in contradiction with the classical theory of SNZ me-
chanism according to which the rate of a charged nucleophile
with a neutral substrate must change insignificantly and
even somewhat decrease with increase in the medium polarity.
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Solvolysis rates of t-BuF, i-PrP, EtF, and
MeF 1in sulfuric acid solutions are measured at
25°Cc. For the acid-catalytic reaction the larger
range of changes in the reactivity than for hydro-
lysis of RF is characteristic of. The ratio of
rates in the sequence t-BuF > i-PrF > EtF is
108:105:1. The increase in selectivity may result
either from the increase in the SN1 character of
the limiting step in the catalytic golvolyeis of
primary and secondary RF, or from the decrease in
the catalytic action of an acid in passing from
tertiary to secondary and primary RF.

Hydrolysis of alkyl fluorides (RF) in water proceeds
slowly, differences in the reactivity of compounds with
primary and tertiary C-F bonds being not large in this sys-
tem (at 25°C rate constants are 3.10 and 0.8.10 sec
for t-BuF and MeF, respective1y1). Increase in the acidity
leads to increase in the reactivity. The data are available
on the acid-catalytic solvolysis of t-BuF in nitric and
perchloric acid golutions 2, of BzF in sulfuric, perchloric3
and nitric4 acid solutions.

In the present work the golvolysis rates of Me- , Et-,
j-Pr-, and t-BuF (including the Cc-F bond heterolysis) are
measured in sulfuric acid solutions:

RF + HY== RF...H'—R*...FH —products (1)

Ie2



Passing from hydrolysis to acid-catalytic solvolysis of
alkyl fluorides is found to lead to sharp increase in the
gelectivity: in the sequence MeF < EtF  i-PrF t-BuF the
rate increases by about 7-8 orders of magnitude.

The kinetics was studied by the GIC method 5,6 by the
consumption of alkyl fluorides by sulfuric acid solutions
from the gas phase. Values of the true rate constants in
the absence of the gas phase were calculated by the
equation:

kK = kﬂ(1+o()) where H

& = [RP]8/ [RF]® 1is a distribution coefficient of
RF between gas and solution; A\ is a ratio of gas and
liquid volumes in the flask. The of values were determined
either from a series of kinetic runs at various A (see
Refs 5,6), or estimated by determining the ratio of concen-
trations of RF " 40 the gas and solution. From the data
obtained (Table 1) one can see that the o values depend
weakly on the sulfuric acid concentration at £ 30
mass per cent, increase in the region of 50-70% sto4 and
decrease in the concentrated sulfuric acid. The ol values
of alkanes 1 and molecular hydrogen 12 change analogously
with increase in the sulfuric acid concentration.

* Alkyl fluorides were synthesized by the known procedures
7’8'9’10. The individuality of RF was established using
GIC, NMR, and mass-spectrometry.
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Table 1.
Solvolysis Rate Constants of Alkyl Fluorides in
Sulfuric Acid Solutions and Distribution Coeffi-
cients of RF between Gas and Solution, 25°C,
k in sec .

RP H,S0,,% -H, 1g k + 5 ol
T ) 3 T 5
t-BuP 13.2 0.64 1.77 1.4
16.8 0.85 2.13 1.9
21.6 1.15 2.33 1.4
25.5 1.50 2.53 1.3
30.5 1.85 2.93 1.8
i-Pe? 53,2 3.70 1.3 22
571 4.15 1.5 32
62.1 4.82 2.4 52
66.8 5.48 3.3 1%
T72.1 6.23 3.9 178
EtP 85.0 8.29 0.02° 0.42
90.0 9.03 0.54 0.2
94.1 9.50 0.91 0.2
96.0 9.88 1.02 0.1
0.1%
98.3 10.35 1.40 0.1
MeP 99.9 11.43 0.73% -

& Egtimated by the method of fef. 11

P calculated by the equation k = 1.67.1'0‘|1 e - 2100 __
RT

from 8 series of kinetic runs at 59.2 , 70°, and 79°C.
© The value of ky at A =1.24 (X< 0.1).

Increase in the sulfuric acid concentration leads to
the exponential growth of the rate. In the case of MeF
the reaction proceeds with the marked rate in 100% H2504
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only (Ho' -11.94). The data for #-BuF, 41-PrF, and BtP
fit the equation:

lg k = -a;H, + by (2)

The values of parameters and b, for these mystems to-
gether with the values for the solvolysis of t-BuF in
perchloric and nitric acids obtained elsewhere 2 are listed
in Table 2.

The reaction rates of t-BuF and i-PrP, i-PrF and EtP
in the solutions of 32804 with close concentrations differ
by scme orders of magnitude (see the Pig.), and the values
of parameters bi allow to estimage the change range of the
reactivity in the series of RF. In the middle of the range
of Ho (HO- -5):

t-BuF : i-PrF : EtF== 10

Table 2

Parameters of Eq. (2) for EtF,
i-PrF, and t-BuP.

Acld and the

RF rsng:/:f conc., a; b1 Refs.
EtF I-.IZSO4 85-90 0.65 -10.4 this work
i-PrFr 50-70 1.1 -8 this work
t-BuF 10-30 0.86 - 3.7 this work
t-BuF  HNO, 3-37 1.06 - 3.7 (2]
t-BuF  HC10,  5-40 1.14 - 3.6 [2]
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The role of HY in
the acid-catalytic
solvolyeis is in
electrophilic contri-
bution to the C-F bond
heterolysis. Analo-
gously, ions of metals,
M*, forming stable
complexes, MX
accelerate the hy-
drolysis of RX and
increase the selectiv-
ity. It should be not-
ed further that in-

1 crease in the select-
ivity in the solvolysis
of RX results from

Pig. Flot of 1g k (k in sec”

vs. H for solvolysis of RF

in sulfuric acid solutions,
25°C.

decrease in the medium nucleophilicity (see Ref. 14),
accompanied, evidently, by decrease in the solvating power
of a solvent relative to carbocations.

Both these effects - decrease in the medium nucleophili-
city and electrophilic contribution into the carbon-halogen
bond fission contribute, probably, into the observed select-
ivity of the RF solvolysis in the sulfuric acid solutions.
The selectivity of the solvolysis reflects the stability of
possible intermediates (carbonium ions of ion pairs) to the
greater extent than the selectivity of the hydrolysis of
these substrates. Formally, this indicates the increase in
the degree of the Sn1-character of the solvolysis limiting
step of primary and secondary alkyl fluorides. However, the
increase in the selectivity can also occur due to the de=
crease (within the framework of the same mechanism) in the
efficiency of an acid catalytic action in passing from
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tertiary to primary C-F bonds. These problems need further
investigations.
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The mezylation kinetics of p-chlorophenol
in the presence of nine trialkylamines in benzene
has been studied at 30°C. The reaction proceeds
by two competing mechaniems, namely by the sul-
rhene mechanism and by the preassociative general
base catalysis. For the first time, separation
of the above pathways has been made frmm the
kinmetie datae The influence of the trialkylsmine
structures on the campeting mechaniem rates is
described by the Brdmnsted equation and by the
modified Taft equation. The reaction parameters
obtained have been used to substantiate the
influence of the catalyst structure on the ra-
tio of the ccmpeting pathways.

Proceeding from the literature data
on catalysis of eather fonnation reactions by tertiary
amines three reaction mechaniems can be asemmed H r meZy-
lation of phenols in the presence of trialkylsnines

CHS0,C1 | 8. CH,S0,CL + ATO-He *FR,
+

- 0,04
R,¥ [cr,50,8R]'C1” + ATOR — +cn3s 2%y
RoNe
*Aror S e CH=S0, + RJN-HCL + ATOH SH-HCL
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where Ia is a general-base catalysis mechaniem, Ib is a
micleophilic catalysis mechanism, Ic is an elimination-
addition or the so called '"gulfene" mechanism.

Earlier, on the basis of the studies of reaction kine-
'I;:l_cs4 and the results of isotope studiess, we showed that
mesylation of phenol in the presence of triethyl esmine pro-
ceeded according to scheme Ic. Thus the reac-
tion order in phenol and, hence, the reaction sensitivity
to the phenol structure are equal to zero. The use of deu-
terophenol practically results in T00% fomation of L-mo-
nodeuterated eather cnznsozocsns.

In passing to dimethyl benzyl emins and triben-
2yl emine” the reaction proceeds by the gulfene mechanism
side by side with the general-base catalysis (scheme Ia) as
evidenced by the decrease in the formation of of, -mono-
deuterated ethers up to 50-80%.

In order to investigate in detail the influence of
the trialkylamine structure on the rate and mechanism of al-
kanesulfoether formation, the mezylation kinetics
of p-chlorophenol in the presence of tributyl- (1), tripro-
pyl- (II), triethyl- (III), diethylmethyl- (1Y), dimethyl
cyclohexyl- (Y), diethylbenzyl- (YI), dimethylbenzyl- (¥11),
tribenzylamine (IX) and triethylene diemine (YIII) in ben-
zene has been studied at 30°C.

Experimental.

Methane sulfonyl chloride, phenol, and p-chloro-
phenol were purified by redistillation under vacuum;phy-
8ical constants are consistent with the literatire ones.

Benzens was purified according tos. "Chemically pure®
I,IT,III,IY,Y,YIT were boiled over p-toluens sulphonyl
chloride, driad over melted potassium hydroxide, distilled
over metallic sodium} mjddle fractions were collected.
The physical constants agreed with the literature ones.

YI was synthesized by the procedurs described in’
using benzyl chloride and disthylamine. The purification
was perfomed as described above. YIIT was purified by
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sublimation under vacuume IX was purified by repeated
recrystallization fram methanol. The physical constants
wers in agreement with the literature onesi

The kinetics of mez ylation of p-chlorophenol in the pre-
sence of trialkylamines was investigated with two methods,
nemely with potentiametric detemination of chloride ions
fonned in the reaction, and with gas chromatographic da-
termination of the end product phenyl methane sulphonate
(LEM-SMD ¥5 chromatograph with 10% silicon SE-30 on chro-
mosorb, gas~-carrier was helium) with an inmternal
standard.

The kinetic studies were carried out at the
following reagemt concerntrationss (a) methane sulphonyl
chloride 04003 mole/l; (b) ArOH 0.02 - 0.06 mole/1; (m)
trialkylamine 0.06 = 0.006 mole /1.

The acylation reaction was perfomed according to the
following technigue. The reagents were placed into a bulb
equipped with a ground stopper and two appendices - 5 ml
of methane sulfonyl chloride was placed into ome appen-
daix, and 5ml of a tertiary emine solution and 5 ml of a
phenol solution into the other. The solutions were mixed
after being thermostated for 10 minutes. The moment
of mixing was considered as the beginning of the reac-
t4on. The reaction was stopped by binding the unreacted
tertiary smine with an excess of nitric acid (I:5 aque-
ous solution) with vigorous stirring. The mixture was quan-=
titatively transported into the cell to be titrated and
the emount of chloride ion was deteminated. Por the GLC
analysis, I-I10 mcl of benzene solution (sulfonates are in-
soluble in water) was collected after stopping the reaction
before titration. Since chloride ions were in the water
layer, collection of such a small quantity of the benzene
solution does not affect the results of titration as shown
by check experiments. The kinetic measurements were repeated
twice, the results obtained coinciding.

The reaction rate constants obtained under the pseudo-
first order were calculated according to the fomula
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k = I/t « 1n a/(a-x) (2)

The reaction rate constants were calculated either by
dividing k! bym (with m>»a) or (with a) using the for-
mula

k, =1/t * 1/(m-a) + 1n a(@-x)/n(a-x) (3)

The accuracy of the obtained data was characterized
by a confidence interval with the probability of 0.95. The
kinetic and correlation parameters were computed by the
least-square methodB using the "Promin-2" computer.

Results and Discussion.

The kinetic data on mezylation of phenol in the pre-
sence of triethylamine (Table I) obtained by both methods
are close(potentiometric titration,GIC),but the yield of
chloride ion is observed to exceed that of sulfonate.The
check runs (without phenol)performed using benzene sulfonyl
chloride which is more reactive than  methane sulfo-
nyl chloride in mcleophilic substitution reactions and for
which the realization of the sulphene mechanism is impossi-
ble showed that hydrolysis did not occur under the experi-
mental conditions. Tho higher yield of chloride ion seems
to be caused by side reactions (the yield of phenol methane
sulfonate equals 90-80%), on the one hand, and ,on the other
hand, by hydrolysis at the moment of the reaction stop due
to the presence of reactive sulfene.

Table I. Data on the Kinetics of Mezylation

of Phenol in the Presence of Triethyl Amimne in
Benzene at 30°C, a 0.003, b 0.0I, m 0.02 mole/1

Method °10] 871 | k,*I0% 1/mole<s
GLC 1.04 - 0.04 5.2 ¥ 0.2
Potenticmetric
titration 1.66 - 0.05 8.3 % 0.3
Potentiometric
titration (without
phenol) 1.50 % 0.04 7e5 = 0.2
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Check runs with methane sulphonyl chlqoride show (Table
1) that the chloride ion is fomed as fast as in the pre -
sence of phenol. Together with the fact that the GIC re-
sults and those of potentiometric titration are close, this
confimms that sulfene is fomed (scheme Ib) in the rate

limiting stepe. The reactive sulfene fomed reacts quickly
with phenol to form sulfonate and in the absence of phenol
is oligomerized undergoing a number of conversions~.

25

mole

0

obs

b 192(mole/l)

Fig.T. The influence of the
initial concentration of p-chlo-
rophenol on the mezylation kine-
tics in the presence of tributyl
emine in benzene at 30°C (koba.)'
( © - the GLC method; (@ - the

potentiometric titration method).

With tributyl-,
tripropyl-, diethylben-
zyl-, dimethylbenzyl-
and tribenzylamine (GLC)
when the p-chlorophenol
concentration is increa-
sed the observed second-
order rate constant kob
increases linearly
(Fige1,Table 2), the
straight line cutiing
off an intercept on
the axis of ordinates
rather than pass the
origin. When studying
the interaction between
methane gulfonyl chlo-
ride and the correspond-
ing trialkylamines on
the basis of chloride
jon yield (potentiamet-
ric titration) we ob-
tained second-order rate

constanse ks which coincide numerically with the ké-values
(Table 2). As the fomation of sulphene is the limiting
step of the reaction, ké derived by calculations (Table 2)
from the results of the kinetics of ether fomation (GLC)
and ks obtained experimentally from the chloride ion yield

coincide.
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Table 2.

The Influence of the Trialkylamine Structure on the p-Chlorophenol

Mezylation KFinetics in Benzere at 30°C, a 0.003, m 0.02 mole/l

z'-I?., k,-10* 8) for b(mole/1) | ki-10* |k .10
R.Y ,G*I0 | Pk’ s

o ~ 1/moleve| 0.02 0.03 | 0.045 | 0.06 |l/mole*s [1%moldva
''T |-0.390 |4.50| $.93| 127-3 | 18736 | 21133 | 25535 | 2901 | 130%3 [272%3 [0.99
II[-0.345 4.10(10.65| 67-3 95-4 | 13133 | 16434 | 20418 6023 [230%10 [0.99
1T [-0.300 | 3.80|10.78 | 750-20 - 520-10 - 500¥10 - - -
1Y|-0.200 | 3.00{10.43|5900%290| - 180090 - 1200100 - - -
Y [-0.150 |2.97(10.43(1920%80 |1060%50 | 800%40 | 740%30 - - - -
YI | 0.0I5 | 4.10| 9.44 | 7.0%0.3 [15.5-0.5(17.0%0.8 |22.5%0.5|26.5%1.0(7.8%0.3 | 322 |0.99
YII| 0,215 |2.23| 8.9T| 8.0~0.4 [T1.5-0.5|14.7%0.7|15.5%0.5(20.4%0.8 [7.920.3 | 2021 [0.%
YII| 0.400 |1.30(11.79|3310-100 [1410-50 [1080130 - - - - -
IX 0.645 [4.15| 6.90| 0.009 - - - 0.05 0.009 | 0.7 -




As shown elsewhere4 the reaction order in sulfonyl chlo-
ride and tertiary amine is equal te I. Thus, together with
the sulfene mechanism having general second order (zero or-
der in phenol) the reaction mechanism with general third
order is realized. The third order rate constants (kb) were
determined as the slope of vs. b (Fig.l, Table 2).
Processing of the obtained rate constants, kb’ according to
the Bronsted equation results in correlation equation &4.

1 k = (-8.1%0.9) + (0.7220.09)pK™3%; 5 =0.285 ™=0.97 (4)

As is seen from Fig.2, the
~value for tributylamine
falls out. If this value

is ignored,then good cor- -log k ' l A I -
relation according to the o A
BrYnsted equation is ob~- - -
served. lgkb=(-7.730.5) +

(0.67%0,03)pER3%; 5 0.085 -2r A

r = 0.99 (5) 7
More camplete consi-

deration pof both induction
parametere and steric pa- /
remeters of trialkyl amines
is givem by the modi-
fied Taft equation pro-
posed originally by pKRaN
Bogatkov-Pbpov-Litvinenkc’}lI ! ! ; 1 1 1
where the wteric character- 10 n 12
istic of aliphatic amines

(BN) is given on the basis of
the isosterisity principle. Fig.2.Dependence of the reac-
For the =-values (I,II,¥I, tion rate on the trialkyl
YITII,IX) we have obtained a anine basicity ( A - for
good correlation from this the sulfene mechanism k.,
equation (Fig.3). ® - for the general-base

catalysis mechaniem kb).
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lg k = (=0.7620.07) + (-2.55%0.04)EG™ 4+ (0.18%0.02

Sp = 0.03; r = 0.999 (6)
- logk-6E,,
A -5
A
4
-2
-1
-02 -01 A
] 1 1 1 1 1 1 1
04 -03 01 02 03 04 05 06
ra*
-2

Fig.3. Dependence of the reaction rate on the inductive
(5G*) and steric (2g) characteristics of substituents
in trialkylamine (/A - for the sulphene mechaniam ko,
® =~ for the general-base catalysis mechaniam k‘b)'

An analysis of the obtained and values shows
that the influence of the steric parameters of the catalyst
is rather weak, especially if they are compared with the
influence of the induction characteristics ()Ob/sb = I4).
It is obvious that it is for this reason that a satisfacto-
ry correlation is observed by the Brtnsted equation which
is not very characteristic of alkyl amines. Since the ste-
rical influence of the substituents in RBN is insignifi -
camt for the given reaction, using pK, values as struc-
tural characteristics of tertiary amines which reflect,
in the first place, the induction influence of the gubstit-
uents on the reaction canter, to describe the reaction
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rate dependence on the catalyst structure also gives satis-
factory results.

The insignificant influence of the steric characteris-
tics of the reaction center and the significant influence
of the induction ones on the catalysis by tertiary amines
of alkanesulphonation reaction of phenols are in favor of
the general-base catalysis mechanimm (scheme Ta) and testi-
£y against the alternative micleophilic mechaniem (scheme
Ib) for the steric emviromment of the catalytic center 1s
most important and its basicity is of less importance.

Thus, alkanesulphonylation of phenols in the presence
of tertiary emimes is described by the equation

dx/dt = ks(a—x)(m-x) + kb(a—x)(b-x)(m-x) ¢}

In the case of the reaction proceeding by the general-
base catalysis mechanism the fommation of hydrogen-bonded
amine-phenol camplexes is the first reaction step (scheme
la), the strength of the bond increasing with increasing
basicity (acidity) and steric accessibility of amines (phe-
nols). The reaction mechaniem is defined in this case a8
the preassociative general-base catalysis mechanism o This
mechanism ig confirmed by  the. kinetic data
obtained when catalyzing the reaction by triethyl-, di-
ethylmethyl-, dimethylcyclohexylaemine and triethylenedi -
amine.As seen from Table 2 a decrease 1is observed 1n Ko
when these catalysts are used, and b is increased. This may
be associated with a decrease in the trialkylamine active
concentration as a result of its cemplexation with phenol.
At the same time, whereas fomation of such complexes re-
sults in realizing the preassociative general-base mecha-
niem (scheme %a) for I,IT,YI,YII ,IX, the above mechamsm
fails because of the high rate of the sulphens pathway
(scheme Ic) for ITI,IY,Y,YITI. With ks»kb(m-x) reac
rate equation 7 is reduced to 8.

ax/dat = kB(a-x)(m-x)
Indeed, as Table 2 shows k_  is much higher for III,IY,Y and
Y111 then for 1,11,¥1,YII,IX. In this case , the above phe-
nomenon ssems to be brought about by an increase in the
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steric accessibility when passing from I,IT to IIT-Y
and fram YI,YIT to YIII, which leads to a considerable
increase in resulting in the suppression of the pathway
of the general-base catalyeis. However, an increase in the
steric accessibility also leads to fomation of stronger
complexes with pwchlorophenol resulting in a decrease in
the effective concentration of the catalyst,the higher be-
ing b the more being the decrease.A decrease in the effec-
tive concentration of the catalyst entails decrease in tha
observed rate constant (koba)‘ Therefore we use the k val-
ues obtained with b=0 from the potentiametric titration
method ae a measure of the rate of the sulphens pathway for
IIT,IY,Y,YIITs In the case of the remaining trialkylemines,
as was stated above, coincidence of lcs and k; is observed.
The processing of the kB values according to the Br®nsted
equation for all trialkylamines used gives the correlation
equation

1 k, = (-121) 4+ (£.0%0.2)pE™3", 5_ = 0.72; r = 0.93 (9)

If the most deviating values of L for IY,Y are gxcluded,
then the correlation equation will have the fomm (FPig.2)
1g ky = (-13%1) + (1.720.1)pRE3Y; 5, = 0.45; r = 0.97 (10)

It is possible that the deviation of the kB-valuee for IY,Y
18 associated with the great steric accessibility of the
catalytic center of the trialkylamines in point (Table 2).
Thus, the Br®nsted equation can describe satisfactorily the
influence of the trialkylamine structures on their catalytic
properties in the mesylation reaction of phenols.

The processing of the obtaimed rate constants k accord-
ing to the modified Taft equation for all trialkylamines
used gives the following correlation equation

1g k, = (2.5-0.9) + (-4.6-0.8)sG ™ + (2-4%0.3)Ey ;
S, =08 ; r=0.93 (11)
After excluding the most deviating constant (for dimethyl
bengyl emine) the following correlation (Fig.3)is obtained:

1g kg = (3-420.3) + (-4.4%0.3)£6 + (1.620.1)Ey ;
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S, = 0:3; T =0.99 (12)

A comparison of % and SS—Values indicates a greater
sensitivity of the mechanism to the inductive influence of
the substituents in trialkylamine than to the steric one,
which supports the realization of the sulphene mechanism
and is at variance with the alternative mucleophilic mecha-
nism (scheme Ib).

An analysis of the obtained parameters x’o for
the mechanism of preassociative general-base catalysis and
for the sulphene mechaniam shows that the latter has higher
sensitivity to the basicity and steric accessibility
of the catalyst, tertiary amine. The obtained data imply
that an increase in the basicity (III,IY) leads to a great-
er rise in the ks—Value than in the =71.7;
_Pelb p = I-6), and the pathway of the general-base catalys-
is is suppressed. An increase in the steric accessibility
of the trialkylamine nitrogen atam (IY,Y) results in a
gtill more comsiderable increase in ks as compared with
( ) /S = 9) leading to the complete predominance of the
sulfene mechaniame.

Raferences

1. E.M.Cherkasova, S.V.Bogatkov, and %Z.P.Golovina, Usp.
khim., 46, 477 (1977); V.A.Vasnev and S.V.Vinogradova,
Usp.khim., 48, 30 (1979)

2. V.A.Savelova, V.A.Shatskaya, L.M.Litvinenko, A.F.Popov,
and L.I.Dereza in book "Problems of Physico-Organic
Chemistry", "Naukova dumka", Kiev, 78 (1978)

3, A.Williams and K.T.Douglass, Chem.kevs., 75, 627 (1975)

4. V.P.Bezrodnyi, Yu.G.Skrypnik, and S.N.Baranov, Zh.org.
khim., 16, 1863% (1980)

5. Yu.G.Skrypnik and V.P.Bezrodnyi, 4h.org.khim., 6, 588
(1980)

6. A.Weisberger, l.Proskower, J.Riddik, and k.Toops, Or-
ganic Solvents, 1L, M., 274 (1958)

7. Weygand-llilgetag, Crganisch-chemische Ixperimentierkunst,
"Khimiya", 623 (1968) ,(Rus.transl.)

178



9.
10.
11.

12.

13.

L.M.Batuner and M.E.Pozin, Mathematical idethods in Chem-
ical Technique, "Khimiya", 665 (1971) (in Rus.)
G.Opitz, Angew.Chem., 79, 161 (1967)

Spravotchnik khimika, t.3, "Khimiya", 954 (1964)
S.V.Bogatkov, A.F.Popov, and L.M.Litvinenko, Reakts.
sposobn.organ.soedin., 6, 1011 (1969)

L.M.Litvinenko, A.F.Popov, and Zh.P.Gelbina, DAN SSSR,
203, 343 (1972); S.V.Bogatkov, N.A.Belova, and S.S.Med-
ved, Organic Reactivity, 12, 43 (1975)

A.I.Kiritchenko, Thesis, Donetsk State University,
Donetsk, 1971.



EQUIVALENCE OP THE BASICITY SCALES

Makitra R.G. and Pirig Ya.N.

Institute of Geology and Geochemistry of Fuels
Aqad.Sci.Ukr.SSR, Lvov

Received September 29, 1980

The analysis of the literature sources shows
that the description of solvent effects on
physico-chemical behavior (kinetic and spectral
phenomena, enthalpies of mixing and complex
formation) of solute by means of the basicity
factors only 1is inadequate. The two-
-parameter equations of Fawcett-Krygoweki,
Drago, Kamlet-Taft also do not give accurate
enough results of calculations as these do not
take into consideration non-specific solva-
tion of solute and the medium auto-assooiatim.
Satisfactory results can be obtained only with
the use of five-parameter linear equation of
free energies which takes into account various
aspects of interaction in solutions:

y = a+ay(n 2_1)/(n 2,2) + 32(8 =1)/(28 +1) +

5 + a,B + agE. The applicability of the
above cited equation is illustrated on the
examples of description of the influence of
solvent on various physico-chemical phenomena
in the binary CHCl3 - donors systems.

We have compared different scales of basici-
ty given in the literature (Koppel-Palm, Gut-
mann, Drago, Yohansen, Terentyev, Kamlet-Taft)
and shown the possibility of their mutual
evaluating by means of linear poly-parameter
equations. The By gy scale is the most practi-



cally suitable onme.

Electron-donating power (basicity) is ome of the most
important characteristics of organic compounds. This value
is widely used to evaluate solvent effects on kinetic and
spectral properties of solutes and to characterize the
ability of solutes to complex formations and mixing enthal-
pies with acceptors. Many correlation dependences exist.
To connect substance properties with complex formation en-
thalpies or some spectral characteristics Gutmann 1 has
proposed one-parameter correlation between the above values
and donor numbers DN, i.e. enthalpies of mixing of donors
with SbCls. But this one-parameter dependence is consider-
ably simplified and is suitable only in some particular
cases. Many other one-parameter dependences proposed in
literature, e.g., the correlation between substance proper-
ties and changes in OD-band in MeOD solutions 2 or mixing
enthalpies with CH0133 have only limited validity. Therefore
the equations are proposed which take into account a greater
number of solvent parameters (properties). Fawcett and Kry-
govsky give the two-parameter equation in which the donor
number DN determines the nucleofilicity and the Reichardt
"polarity"® parameter ETS determines the electrofilicity of
solvents:

J =a, +a,Df + 321!1.

In the recently published work 6 for the purpose of more
accurate description of kinetics in different solvents the
authore propose to supplement the one-parameter Grunwald-
Winstein equation with a second term which takes into acco-
unt the basicity of solvents. The latter is tased on the
rate of triethyloxonium ion hydrolysis in these solvents.

The most complete description of various solvation ef-
fects on kinetics or spectral characteristics is given by
V.A. Palm and coworkers 7. They have proposed a four-
parameter equation of free energles:

Y"o"'31 aBB +a4E

g
t %2 0841
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which takes into account separately different effects of
both specific and non-specific solvation. Recently we have
shown that the same equation supplemented with a fifth
term, the cohesion energy density, & , is suitable for the
characteristice of solvent effects on pure thermodynamic
processes of distribution of substances between two
phases,gas absorptions and on mixing enthalpy values of
substances and complex formation enthalpies as well ~. The
sense of 5' parsmeter which characterizes according to
Hildebrand 3 the interaction of solvent molecules consists
in the evaluation of energy loss on the intrusion of a
foreign substance into the liquid structure - the molecule
of soluted gaz, forming complex a.0.

Since linear poly-parameter free-energy equations are
go widely applied in many fields of golvent chemistry, it
ig natural that there appears a problem of some unification
of considered parameters. Whereas the polarizability, polar-
ity, and cohesion energy density parameter concepts have a
theoretical base and are used by many authors in the identi-
cal sense, factors which characterize the specific solvation
are empirical values and different authors use frequently
different scales which hampers the equivalent interpretation
of literature data.

Ref. gives the compendium of ca. 200 values of basici-
tieg "B", i.e. shifts of phenol OH-band in its IR-spectrum
under the effect of studied substances with phenol in CCl4
solution which rules out the possibility of non-specific
golvation. The corresponding data exist in the literature
for several hundreds of less common substances. The authors
of Ref.10 have shown that the scale of "B" values is propor-
tional to some other well known basicity scales with a high
correlation coefficient (R=0,97+0.99), i.e. spectral band
shifts OH or OD of MeOH, MeOD, t-BuOH, p-Fluorophenole,
-Si-OH or shifts XH of HC1l, pyrrole 11, diphenylamine, HCNO.
Thus, the authors of Ref. propose a universal dependence:
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.CCI.
Ab =a + bavy =a + bB

HX PhOH

Ref. 12 establishes also the presence of a linear rela-

tionship between shifts of -OH (0OD) IR-bands of different
hydroxyl containing compounds when forming hydrogen bond
with bases.

We have shown elsewhere 13 that purely thermodynamic
scale of donor numbers, DN, correlates satisfactorily with
the spectral B-scale by means of a two-parameter equation
which takes into account solvent polarizability factors:

_2
DN =8.200 + 0.08768 -35.734 R=0.973; 8=3.32
n +2

As the basicity scale "B" is at present the most repre-
sentative and to obtain data of the OH-band shifts of the
IR spectrum is experimentally easier, we consider it expedi-
ent to compare some other literature basicity scales with
the "B" gcale.

The authors of Ref 10 have shown that the scales based
on shifts of IR-bands of hydrogen bond are equivalent. The
verification of the data on ghifts of H-N bond in HCNS 14
or OD in MeOD (new data in Ref. 15) confirms this conclusion.

The following equation was obtained for H-N band spectral
shifts tor 18 substances 14 (HCRS in 0014 in the presence

of bases: +
Ay =(71.227.2)+(1.908%0.035)B; R=0.997; s=14.5

- Replacement of a one-parameter
- -\
where Ao_ Og z \sol

equation by a five-parameter one increases the R-value to
0.998.

In Ref. for the solvent influenced OD-band shift the
»0llowing relationship was obtained for 54 points

10

AVop = (30%2) + (0.382%0.09)B; R=0.987

The authors of Ref. 15 verified and refined these data.
After mathematical treatment of these data the following
dependence for 47 solvents was obtained.
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M)y =(27.2£3.2)4(0.42£0.01)B; R=0.981; 8=15.0

The use of five-parameter equation increases the R-value
to 0.984., However, since polarity, polarizability, and
electrophilicity parameters are negligible, the same result
may be obtained by useing only two-parameter equation which
uses the basicity end cohesion energy density of solvents
as correlated parameters:

A)OD-12.33+159.938 + 0.420B; R=0.984; s=14.0

However, for weaker H-bonds which are formed by chloro-
form one-parameter dependence on "B" 1s not suitable any
more although the basicity remains the most sgignificant
parameter in that case too. In a series of articles by Se-
arlee, Tamress and coworkers an attempt was made to use
mixing heats of substances with CHCl., at 1:1 ratio as a
scale of their basicity . But the date obtained give no
single dependence on AVqn (the authors established the
presence of three different linear correlations for various
groups of substances - for ethers 3, amines and aromatic
hydrocarbons for a number of substances numerous devia-
tions from linearity were observed ).

We have shown recently that tne dependence of heats of
mixing of CHCI. on the second component properties may be
satisfactorily described by linear polyparamejer equations
providing that the data are divided into two groups: un-
associated and associated (alcohols, amines, acids) liquida.
While for 45 substances R is equal to 0.693 only, for sepa-
rate groups the following equations with a satisfactory
correlation were obtained:

a)non-associated compounds (see Fig. 1a)

2
= AH=95.53 =1157.68 "+ 2.43B; R=0.974 (r,p=0.964)
a)associated compounds (see Fig. 1b)
— AH= 0.558 -2478.6 25— + 2.462B ; R=0.973 (rpp=0.93).
n-+2

%uch a subdivision into two groups of associated and
unassociated substances is necessary for the description of
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Fig.1. Relationship between functions a) y'=- AHgpay
1157.6 for unassociated solvents or b) F'=~A +
+2478.6f(n) for associated compounds gnd solvent 3 ba=

sicity "B". The solvents:‘I—CClq_; 2—0112012; 3- o-dichloro-
benzene; 4- dichloroethane; S=bromobenzene; 6-nitromethane;
7- oK-chloronaphthalene ; 8- chlorobenzene; 9-benzoylchloride;
10-benzene; 11-nitrobenzene; ‘12—30012;13—toluene; 14—
802012; 15- m-xylene; 16— o-xylene; 17- p=xylenet* 18- mesi-
tylene; 19-acetic anhydride; 20-benzonitrile; 21-methylace-
tate; 22-methylpropionate; 23-acetone; 24—ethylacetate; 25-
POClB; 26-diethylcarbonate; 2@-dioxane; 29—Et20; 30-DMS0Y
31-THF; 32- i—Pr20; 33—131120; 34—lleGONIde2; 55- i-BuOH; 36-
acetic acid; 37- i-AmOH; 58—PhNHZ; 39-n-PrOH; 40-EtOH; 41-
MeOR1% 42—Pthe2; 43-Pyr; M—Eth; 45-pyrrole; 46-diethyl-
sulfate; 47-Y -butyrolactone; 48-tetrahydropyrane; 49-tri—
methylene oxide; 50—(Et0)3P0. According th Ref.l19
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Table 1

PMR CHEMICAL SHIFTS OF CHClB IN SOLVENTS

AND THEIR PARAMETERS

N° Solvent ppm 557 o B E
1 Cyclohexane 0 0.2563 0.203 0.068 0O 0
2 CCI, 0.128 0.2742 0.225 0.076 O 0
3 CHGIB 0.178 0.2563 0.359 0.088 14 343
4 Bu20 0.538 0.2421 0.289 0,061 285 0
5 Dioxane 0.578 0.2543 0.223 0.110 237 4.2
6 Bt20 0.680 0.2167 0.344 0.057 280 0
7 Ethylacetate 0.744 0.2275 0.374 0.082 181 1.6
8 i—Pr20 0.716 0.2256 0.329 0.052 293 0
9 Methylacetate 0.723 0.,2218 0.395 0.091 170 3.6

10 THF 0s765 0.2451 0.404 0.076 287 O

11 Cyclohexanone 0.914 0.2699 0.461 0.104 242 0.5

12 MeCOEt 0.922 0.2309 0.461 0.085 209 2.0

13 Et N 1.158 0.2430 0.243 0.051 650 0

Piperidyne 1.608 0.2703 0.381 0.075 706 0




the second component effect on shifts of deformation fre-
quencies of C-H bond of CHCl, V=1210 &' in solvants
(our data) or valent frequencies C=D of CDCI3 V =2252 cn".
The latter value ie proposed in Ref. 20,21 ae a measure of
substance basicity, but our calculations show that it may
be matsched with "B" or "OD" scales only by means of poly-
parameter equations. For data of Ref. 20 (8 pointa):

The H-bond formation between CHCI3 and organic donors
is studied by the PMR-method toozz. However, PMR changes
do not correlate satisfactorily with the basicity "B"™ due
to perturbing influence on non-specific solvation. After
treating mathematically the most complete list for 14 sol-
vents from Ref, 3 (Table 1) the following relationships
were obtained:

8 =(0.229%0.080)+(0.0018120.00025)B; R=0.904;8=0.186

A= =0.105+2.279 + 1.340 + 6,0158" + 0.00185B-

n +2
-0.0262E; R=0.987; 8=0.040 or

A= -0.54541.597 + 3.068 4+ 0.00182B; R=0.986;

5-0.081 (Fig-Z) .

Although the basicity of solvents remains the most sig-
nificant parameter and determines the value of chemical
shift of CHCIBprotame in ppm, a satisfactory correlation
between these factors can be realized only with taking into
account perturbing effects caused by suto-association of a
solvent determined by its _cohesion energy density and its
polarity. Excluding the 5'parameter from calculations de-
creases the correlation coefficient R to 0.979 and excluding
the polarity parameter reduces this value to 0.937. Thus,
for weaker H-bonds one-parameter correla tion between the
bond characteristice and the basicity parameter "B" is
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impossible.

Since one-parameter
correlations of some
physico-chemical prop-
erties with separate
properties (character-
istics) of solvents are

satisfactory only for
some particular cases,

0 many authors propose the
G300 500 B use of two-parameter
equations.
Pig. 2. Plot of 2 Here first of all we
g'a B-1.5982(8) -3.068  vs.  should refer to the
basicity B for PMR shifts of above mentioned model by
CHCI ;. Fawcett and Krygowski

which is based on a
linear dependence on two parameters of solvents - the basi-
city DN according to Ref.1 and the electrophilicity (polari-
ty) ET according to Ref.5. Krygowski has shown convincingly
that solvent effects on the chemical kinetics, equilibrium
and spectral phenomena cannot be satisfactorily described
by physical models of solvation only. But one cannot agree
with the proposed model, as it takes into account specific
solvation phenomena only:

Q= Q, +d.ET + BDN

Though the proposed model is applicable both for kinetic
and spectral and some thermodynamic data (ion activity coef-
ficients, ion solvation enthalpies, solution enthalpies),a
satisfactory correlation (R 2> 0.95) is obtained only in
55% of all studied cases 24 1n 35% of cases the authors
consider the correlation as reasonable (0.9 > R> 0.95) but
according to Ref. such a value of R should be considered
as unsatisfactory. In 10% of cases the value of R is less
than 0.9. Thus in every second case a two-parameter equa-
tion gives an unsatisfactory correlation or gives no corre-
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lation at all, whereas the use of a four-parameter equation
which takes into account both the non-specific and specifie
solvation produces much better results as shown in Ref. 7
and other later articles. However, more perfect picture of
solvent effects may be obtained if using a five-parameter
equation which includes the factor of cohesion energy densi-
ty of solvent i.e. its "resistance" against the influence of
external factors. Though the ET parameter includes partially
the factors of non-specific solvation (as shown in Ref. )y
they are rigidly connected with the electrophilicity parame-
ter E and are not differentiated depending on the character
of process or solute nature. Therefore the E; parameter does
not describe correctly the influence of non-gpecific solva-
tion.

Hence, other one- or two-parameter equations based on the
use of the data on complex formation enthalples do net give
a satisfactory description of solvent effect on processes in
the solvents. This concerns in particular the multiplicative
rule of V.A. Terentyev proposed for characteristics of H-
bonds. According to this rule the H-bond formation enthalpies,

AH, the logarithms of complex formation equilibrium con-
stants, IgK, and the corresponding shifts of spectral band
of X-H groupe in the IR spectra may be described by the
following equation:

J=AXD

where A and D" are characteristics of donor and acceptor
powers of interacting components. The appropriate values of
"A™ and "D" were obtained on the basis of averaged data for
many H-bond formation reactions; the reaction between pyrid-
ine and phenol was assumed as an initial one. But such a
rule is observed not in all cases or frequently with unsatis-
factory accuracy only. This will be clear,if to take into
account the technique of evaluating AH and K values
which is realized always in the presence of some excess of

a second component » L.e. under conditions when non-specif-
ic solvation is possible to a certain degree. The relative
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value of deviations called by this effect depends on the
strength of the H-bond. It is clear also that the multipli-
cative rule gives the best results for the values of spectral
shifts,Ao , for which experiments are possible in the inert
gsolvent medium with only insignificant excess of a second
component. Indeed, as we have shown previously for strong
H-bonds, in most cases a satisfactory linear interdepend-
ence may be observed, though introduction of additional terms
into the equation may slightly improve correlation in many
cases.

Besides, the inapplicability of the multiplicative rule
towards the equilibrium constants was demonstrated recently
in Ref.28 on the theoretical grounds.

The same reasonings should be applied towards the one-
parameter "rule of base-acid function multiplications" of
A.V. Yohansen and the two-parameter B-C scale of Drago. The
first scale 23 uses the formula: AX =A4X,, PiEj for the
description of H-bond formation enthalpies, IR specira
intensities or band changes.

Here ® A X" are changes in the studied properties under
standard conditions. The author proposed the interaction of
phenol with diethyl ether as a standard reaction. and
parameters characterize the acidic (electrono-accepting)
ability of A;H moledule and basic (electrono-donating) abili-
ty of molecule B, in t he H-bonds. The values E=0 for CCl4
and E=1,0 for Et20 were used as standard electrono-donating
parameters (E-factors).

Thus, the scale from Ref.29 does not differ essentially
from the scale of Ref.2 and for it the same reproofs are to
the point. Really, the picture cited by the author of Ref.
i{llustrates the interdependence of different H-bond energies
vs. the bond energy with phenol, but at the same time in the
figure one may see a significant dispersion of experimental
points.

We made an attempt to realize a correlation between "E"-
factors and corresponding values of Koppel-Palm basicities

"Bn (1.e. Aomu = 8V, op) for 27 points (Table 2), but the
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Table 2

"E-FACTORS" OF SOLVENT BASICITIES ACCODING TO
YOHANSEN Ref.29 AND THE SOLVENT PARAMETERS

na-1 E 1 X

§° Solvent “E" B 2, — 82 Palm
1 0014 0 0 0.2742 0.225 0,076 0
2 Et20 1.0 280 0.2167 0.344 0.057 0
3 THF 1.04 287 0.2451 0.404 0,076 0
4 Dioxane 0.94 237 0.2543 0.223 0.110 4,2
5 PhOEt 0.62 158 0.,2979 0.341 0.100 0.8
6 tho 0.42 123 0.3340 0.321 0.068 0
7 DMF 1¢17 291 0.2584 0.488 0.198 2,6
8 l9200 0.90 224 0.,2201 0.465 0.095 2,1
9 Ethylacetate 0.88 181 0.2275 0.374 0.082 1.6

10 (Bu0)3P0 1.24 283 0.,2555 0.397 0,040 6.3

11 DMSO 1.27 362 0.2826 0.485 0.225 3.2

12 Sulfolane 0.92 157 0.2849 0.483 0,133 2,3

13 Methylnitrate 0.55 65 0.2327 0.480 0.170 5.1

14 Et3n 1.70 650 0.2430 0.243 0.051 0

15 Pthe2 0 70 422 0.3225 0.362 0.095 0

16 Pyridine 1.53 or1.30 472 0.2989 0.441 0.104 0

17 MeCN 0.75 160 0.2106 0.480 0.140 5,2

18 PhCN 0.68 155 0.3084 0.471 0.123 0

19 Benzene 0.27 _48 0.2947 0.231 0.085 2.1

20 Et-0-t-Bu 1.22 298 The values of* "E-Palm"

21 (-Bu),0 1.38 321 are absent in the lite-

22 propylene oxide 0.82 282 rature and the corres-—

23 Furane 0.35 103  ponding data are not

24 Bu,S 0.80 252  included into the cal-

25 Ph,CO 0.85 192  culations by means of

26 Dimethylsulfate 0.68 75 five-parameter equation.

27 MezNO 1.47 467
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E Yohansen
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700 200 300 400 500 6008

-Fig. 3. Plot of "E-Factor" Fig.4. Plot of the
of Yohansen 29 ve.basicity function y'-"E-Factor"-
B. -0.830 £(& )-0.0314 E
Palm

vs. basicity B.

obtained results were unsatisfactory (Fig.3).

The use of a five-parameter equation for 19 points for
which all the necessary parameters were present improves the
correlation markedly (R=0.937) and after excluding from
calculations the nworst" point N°15 (dimethyl-aniline)
one obtains an excellent correla tion (R=0.982). It is quite
possible that the initial data for dimethylaniline are
incorrect, as this point is the most deviating also in the
case of one-parameter dependence between the "E-Factor" an
wgn, When excluding this point, R increases immediately up
to 0.924!

For 18 points the following equation was obtained:

wE-Factor™ = 0.107 + 0.011 + 1.009 %77-
n +2

0.621 & 2+0.0026B+0.034 Ep i R=0.982% 820.092;
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ro1-0. 234;1‘02-0. 278;r03-0.062;ro4-0.939;r05-0.048

The exclusion of unimportant factors allows to simplify
the following equations:

"E-Factor"= -0.100 + 0.830 gzw + 0.00262B + 0.0314 E B
1 Palm

R=0.9801 8=0.093 (Pig.4), or some worse:

nE-Factor"s -0.097 + 1.030 &27- + 0.00255B;R=0.970;
8-0.115-

Thus the "E-Factor" scale is reduced to the same "B"
scale based on H-bond, but the former values are subject
to perturbing effect of non-specific solvation (caused by
polarity of solvent) and somewhat less to electrophilic
solvation.

Analogous considerations are valuable for the E-C scale
of Drago . This author states that proportionality between
the enthalpies of complex formation of different acceptors
with the seme donors and their donor numbers DN suggested
by Gutmann is not observed in many cases. With the purpose
to correct these disagreements he proposed the following
two-parameter equation founded on the theory of "soft" and
"hard" bases and acids:

AH = EAEB + CACB

where A and B are indices referring to reagents (Lewis acid
and base) and E and C are the corresponding characteristics
obtained by statistical data handling of many reaction
series. However, the author himself shows that when treating
the literature data with the purpose to obtain E and C
values, one obtains significant standard errors in many
cases. The physical sense of the proposed parameters is

also not quite clear (electrostatic and covalent contribu-
tions). However, when performing calculations by the formula
from Ref. , significant disagreements with the experimental
values are found in many cases. With a view to eliminate

the influence of these discrepancies Drago in posterior
letters refused from the spectrophotometric determination
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Table 3
OOVALENT CB AND ELECTROSTATIC Ep CHARACTERISTICS

OF SOLVENTS ACCORDING TO DRAGOC AND CORRESPONDING

BASICITIES “B"

N Solvent CB EB B
1 Pyridine 6.40 1.17 472
2 NH5 3,46 1.36 473
3 EtNH2 6,02 1.37 667
4 Et2NH 8.83 0.866 637
5 Et5N 11.09 0.991 650
6 MeCN 1.34 0.886 160
7 DMFA 2.48 1.23 291
8 MeGONMe2 2.58 1.32 343
9  Ethylacetate 1.74 0.975 181
10 Methylacetate 1.61 0.903 170
11 M6200 2.33 0.987 170
12 Et20 3.25 0.963 280
13 i-Pry0 3,19 1.1 279
14 Bu20 3.30 1.06 285
15 Dioxane 2.38 1.09 237
16 THF 4,27 0.978 287
17 DMSO 2.85 134 362
18 Sulfolane 3,16 1.38 157
19 MezNCONMe2 3.10 14.20 336
20 Benzene 0.681 0.525 48
21 p-Xylene 1.78 0.416 68
22 Mesitylene 2.19 0,574 77
23 (MeZN)3P0 3.55 1.52 471
24 Piperidine 9.32 1.01 706
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of AH values and proposes to use only calorimetric results.
However, as a matter of fact, Drago's formula suffers from
the same intrinsic sin as other one- or two-parameter depen-
dences where the non-specific interaction is not taken into
account.

When verifying the dependence between the characteristic
of basicity CB according to Drago and the basicity "B" for
24 compounds (see Table 3) for which all the necessary
characteristics are present, only a low correlation co-
efficient was obtained R=0.872.

Cp= -(0.0789%0.5353)+(0.0119%0.0014)B; R=0.872

The use of a five-parameter equation slightly improves
the correlation (R=0.933) and after excluding the most
deviating points N°KN°3,5,24 (EtNHZ, Et3N, piperidine) from
considerations one obtains for 21 points an equation with
satisfactory correlation coefficient:

Cp= =3.049+15.345 + 3.988 fw ~25.4840° + 0.0123B-

-0.0386E;R=0.969;8=0.6381; =0.O29;r02=0.064;
r03=0.176; ro4=0.894; r05=0.557

Since the polarity and electrophilicity parameters are
negligible,

Cp= =0.86T7+9.277 -15.393 2844 * 0.124B; R=0.964;

n 42 {

8=0.645

The excluding of f(n) or'gzparametera decreases the
correlation more considerably - the R value falls to 0.951
or 0.898, respectively.

It is of interest that the dependence between the ther-
modynamic characteristic CB and spectral one B is markedly
affected by the polarizability and cohesion energy density
parameters. The first parameter is, as shown above, of
importance for the correlation of the thermodynamic scale
of donor numbers with the spectral "B"-scale and the
parameter improves this dependence too, though is less im-
portant . The role of the cohesion energy density factor,
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i.e. the energy of autoassociation of solvent molecules
becomes clear,if assuming that a cavity in an associated
structure of liquid An is necessary in order to introduce
a soluting gaz molecule 8'32, for passing of a solute from
one phase into another or the complex formation. The stron-
ger is the interaction between the solvent molecules the
more is the emergy loss required to form the cavity; the
coefficient at the cohesion energy density term correlates
with the sign "minus". The scale of Drago is constructed m
the base of complex formation enthalpies. We have shown the
game role of 8' parameter when considering golvent effects
on the enthalpies of complex formation with iodine

Unlike the Cg scale, the scale for electrostatic contri-
butions EB (for bases) proposed by Drago does not correlate
neither with the considered parameters nor with their combi-
nations. The most closely this paremeter is, probably, con -
nected with the solvent polarity. For 24 points from Table
3 the following relationship ig obtained by a five-parameter
equation:

E.= ~0.147 0.129 + 1.631 + 0.51582+ 0.00057B+

B

+ 0.0068E; R=0.811;8=0.184; r01-0.014; Top 0.705;

ro3-0.502; r04-0.483; r05-0.276

To achieve a satisfactory correlation (R=0,970) 6 points
should be excluded from the consideration, i.e. 25% of total
quantity which is unlikely correct. The pair correlation
coefficient with the polarity term increases to 0.925. As
the parameters of polarizability and basiclty are negligible,
we may suppose with a considerable probability that the EB
factor is mainly associated with a non-specific solvation
of considered in Ref. 3 complexes caused by the polarity
of the second compound.

We have also to consider the fP" scale of basicities of
Kamlet and Taft based on shifts of UV spectra of p-

nitroaniline in different solvents. To characterize the
H-bonds, ("the influence of solvent polarity") these authors

19



Corresponding Solvent Paremetere

Table &
Scala of H-Bond Acceptor Ability accordimg %o

-1 &-1
§° Solvent 8 o 2erd §23 =
1 PhOCH 0.247 0.3030 0.345 0.097 155 1.4
2 Dioxane 0.386 0,2543 0.223 0.110 237 4,2
3 PhNO, 0.393 03215 0.479 0.113 67 ©
4 PhCN 0.409 0.3084 0.470 0.123 155 O
5 Methylacetate 0.456 0.2218 0.395 0.091 170 1.6
6 Ethylacetate 0.481 0.2275 0.385 0.082 181 1.6
7 Et,0 0.488 0.2167 0.344 0.057 280 O
8 Bu,0 0.490 0.2421 0,289 0.061 285 0
9 Me,00 0.499 0.2201 0.465 0.105 224 2,1
10 MeCOEt 0.504 042309 0.461 0.084 209 2,0
11 Tetrahydropyrane 0.512 0.2531 0.440 0.081 290 (0)
12 THF 0.523 0.2465 0,405 0.076 287 O
13 GOyclohexanone 0.534 0.2699 0,460 0.104 242 0.5
14 Pyridine 0.661 0.2989 0.441 0,104 472 0O
15 Et,K 0.686 0.2430 0.243 0.051 650 O
16 DMFA 0.710 0.2584 0,488 0,198 291 2.6
17 MeCONMe, 0.749 0.2627 0.480 0.199 343 2.4
18 N-methylpyrrolidone 0.754 0.2773 0.488 0.121 319 1.3
19 DMBO 0.752 0.2826 0,485 0.225 362 3,2
20 (Me,N),PO 0.990 0.2730 0.475 0.096 471 0
21 t-BuOH 0.950 0.2343 0.434 0.110 247 5,2
22 i-PrOH 0.920 0.2302 0.460@ 0.131 236 8,7
23 n-BuOH 0.850 0.2421 0.467 0,112 231 10.8
24 EtOH 0.770 0.2214 0.469 0.167 235 11,6
25 MeOH 0.620 0.2034 0.478 0.201 218 14.9
26 PhCH,OH 0.560 0.3139 0.445 0.169 208 10.9
27 BEthylenglycole 0.510 0.2593 0.481 0.388 224 15,0
28 H,0 0.140 0.2051 0.491 0.592 156 21.8
29 Ethylbenzoate 0.431 0,2966 0.385 0.064 142 27
30 CH,C1COOEt 0.363 0.2545 0.463 0.096 125 7




proposed first a two-parameter d’fp scale of donor-accep-
ting power of H-bonds which was later supplemented with
the third i’-parameter which should characterize the non-
specific solvation term. We shall not consider in details
this scale proposed in Ref.34 but just point out some of
ite defects, namely: 1) the scale is valid for a small
number of solvents only(ca.30); 2) shifts of absorption ma-
xima in UV spectrum are usually registered with less preci-
sion than in IR spectra and the proposed in Ref.34 gcale is
based on the difference of frequency shifts of two compounds:
‘p=nitroaniline and N,N-p-nitrodiethylaniline; 3) the common
parameter of non-specific golvation // does not differ
geparate and in most cases different influence of polarity
and polarizability of medium on physico-chemical processes;
4) in a number of cases, as shown by the same authors ’
it is necessary to separate the.p-scale into 2 scales: for
alcohols and non-associated solvents.

The p-scale may be connected with the basicity "B"-scale
by means of a polyparameter equation. If considering all
28 points listed in Table 4, the total correlation coeffi-
cient is very low (only 0.817). But if congidering separate-
1y non-associated solvents N°N° 1-20 and alcohols N°K°
21-28, the correlation is much better. For the first class
of solvents R=0.915 and when excluding the most deviating
points N°18 (N-methylpyrrolidone) and N°20 (HMPA) R value
grows up to 0.966:

P = 0,267 - 1.267%"—1— + 0.585 ——— * 1.238&

+ 0.000818B = 0.00I8E; R=0.960; 8=0.043; r01=0.121;

r02-0.306; r03=0.526; r04-0.715; r05-0.103.
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If excluding im turn

05 separate parameters, the
R value decreases, resped-

04 tively, to 0.929; 0.926;

03 0.918; 0.658; and 0.965.

Thus the electrophilicity

a2 o1 parameter turns out to
be negligible. The most
valuable one is the
700 200 300 400 500 600 B basicity parameter but
introduction of non-spe-
Pig. 5. Plot of function cific solvation and
7'=B+1.243£(n)=0.593£(& )+ cohesion energy density
+1.1928've. the basicity B terms into calculations
for non-associated solvents. improves the correlation
N°N° refer to points as considerably:

listed in Table 4.

2
P = 0.257 = 1.243—*
n +2

+ 0.593 £erg- + 1.1925"+ 0.00081B; R=0.9651% 8=0.041.

The reliability of the proposed regression equation is con-
firmed by the fact that the data for p.p. 29 and 30 not
taken into account in the initial calculations because of
unknown electrophilicity parameter "E" coincide excellently
with the equation.

For alcohols (points N°N° 21-28) the following equation
was obtained:

8-1 -0.5218%-0.0558
= =0.697 - 1.131 + 5.226 ¢ T =Y. i
P n +2 Za+1

R=0.988; 8=0.063 (the basicity term 1is negligible) or
a little worse:

B = 2.058 + 7.740 -0.5218  -0.061E;R=0.981;8=0.063

The exclusion of polarity parameter lowers the R value to
0.952, when excluding R=0.970 and when excluding E R=
= 0.920. Thus the }Fecale for alcohols approaches more
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likely the Reichardt's ®»polarity" eoale.

Hemoe, for the desaription of solvent effects on phenom-
ena which ogeur in solutioms, in general case it is neces-
eary to use a five-parameter equation which takes into ac-
count both the specific and nom-specific solvation and the
cohesion energy demsity aa well. The beeicity eoalea proposed
by differemt authors are equivalent and their reciproca.
evaluating is possible.

To our miad the use of the scale of domor numbers (DN)
or basicities (B) is the most expedient. Both these scales
are wubject to perturbing effect of nmon-specific solvation
only insignificantly. The former scale is practically in-
wensitive to small perturbing effects of non-specific sol-
vation as it is based on the considerably higher values of
thermal mixing effects of substances with SbCl5 which are
of the order of many units or dozens of kcal/mole. However,
the DN values are cited for only ca. 70 compounds and to
obtain them precious calorimetric measurements are necessary .
On the contrary, the basicity "B" values are listed for many
hundreds of compounds, corresponding spectral values may
be obtained easily and with great precision and the condi-
tions of spectral measurements which are carried in dilute
solution of CCI. with relatively small excess of donor to-
wards phenol provide almost complete suppression of non-spe-
cific solvation process. Both scales supplement each other.
One cannot obtain the "B" values for acid chloroanhydrides,
inorgenic chlorides, and many othe r similar substances due
to chemical reactions which take place. In its turn the
listed values of DN, i.e. the mixing heats with SbCl5 for
water and alcohols are hardly precise as these compounds
decompose SbCl.. But gince both scales are readily convert-
eible13 the needed values in one scale may be easlly obtained
on the basis of corresponding values in the other scale.

The general shortcoming of DN and B scales, as of any
other among the above considered scales, is their empiricity.
They have no direct connection with the structure of mole-
cules and no theoretical base. Some objections may arise
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as to the solvent used: the donor numbers are measured 3Iin
dichloroethane solution but we know that in the CCl4

medium the heats of mixing of donors with SbCl5 are differ
ent3)'36. On the other hand, OOI4 used as a solvent for
spectral determination of "B" values is itself a weak accep-
tor, i.e. can compete with phenol or other electron accep-
tors for a donor molecule. Probably the most correct from
the methodical point of view should be a scale based on the
values of free energies of electron solvation57 but to ob-
tain these data experimentally is rather difficmult. At pres-
ent they are available for water, methanol, and DMF only.
Therefore now one should be recommended to use the BPhOH
scale to calculate solvent effects on the behavior of so-
lutes by means of polyparameter equations, as this scale is
the most representative and precise one.
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ALKYL AND AIKENYL ESTERS OF SULFONIC ACIDS
XXV. CORRELATION OF HAMMETT-TAFT SUBSTITUENT
CONSTANTS WITH SOME PARAMETERS OF PMR, NQR, IR,
AND UV SPECTRA AND DIPOLE MOMENTS OF SULFOESTERS

AND OTHER SULFOCOMPOUNDS. |

Sendega R. V.
Polytechnical Institute, Odessa.
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PMR spectra of substituted propargylbenzenesulfo-
nates were studied. Linear correlations are estab-
lished between proton chemical shifts in benzene
ring or -methylene group of propargylbenzenesulfo-
nate, which is a reaction center, and substituent
constants in benzenesulfoacid. Influence of struc-
tural factors X and Y in X—SOQ-Y compounds on the
correlation between physical parameters of molecules
and 6 -constants of the Hamme tt-Taft equation 1is
compared on the basis of PMR, NQR, IR, and UV spec-
tral data and dipole moments.

Much attention is paid to studies of correlations between
the values of physical parameters of sulfocompounds and
Hammett & -constants based on changes in NQR spectrum fre-
quencies -3, changes in IR spectrum frequencies and inten-
sities 7~ 2. on displacements of electronic absorption band
maxima in UV spectra 13—18, and on changes in dipole moment
values 19-22,

Recently we have shown ' °  that there exists a quanti-
tative dependence between changes in dipole moment values
and GO -constants of the Hammett equation and that a satis-
factory linear dependence exists between the displacements
of symmetric ( U ) and asymmetric ( vas) bands of S0, group
valent oacillations in sulfoesters and the electronic sub-

Btituent effects 6. The position of frequencies and the intem
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sity of OE and baa bands of S-0 bond in XSOé! compounds
depends considerably on the character of X and Y substit-
uents and on the aggregate state. Correspondingly there
exists a correlation between the Hammett © constents end
the OB or bas frequencies. One may observe the splitting
or redistribution of absorption band intensivities in the
region of Ds and ¥, too.

It is interesting to investigate the reasons of breaking
of correlations, of band splittings and of redistribution
of its intensities. Therefore we have studied the PMR spec-
tra of substituted propargylbenzenesulfonates and compared
the dependencies of physical parameters of molecules on the
Hammett constants for many compounds including the 502 group
and consider the reasons which have lead to those phenomena,

EXPERIMENTAL

The esters were obtained according to Ref 23. The purity
of esters was verified chromatographically. The PMR gpectra
were obtained on Varian T-60 spectrometer with frequency
60 mHz in CCl4 solutions. Tetramethylsilane (TS at 30%1eq)
was used as an internal standard. The proton chemical ahifta
are determined in & scale relatively to TMS.

RESULTS AND DISCUSSION

The investigation of esters by means of PMR method per-
mits to obtain valuable information about the electron den-
sity distribution in their molecules. The values of chemical
shift in PMR spectira depend markedly on the sulfur atom sta-
tus in C-S and S-0 ester bonds, on the state of 2p orbitale
of an oxygen atom and on the influence of X-substituents in
benzene ring.

The data from Table 1 show that with an increase in the
electron-accepting power of X the chemical shift of protons
in the aromatic ring and o{ -methylene group increases too
which indicates their electron deshielding in the studied
series of esters. The aromatic protons are the most sensi-
tive to substituent effects, since the transmission of elec-
tronic influence of substituent "X" is realized immediately.
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Table 1

PROTON CHEMICAL SHIFTS OF SUBSTITUTED PROPARGYL-
BENZENE SULFOESTERS ANB RATE CONSTANTS OF THEIR
ETHANOLYSIS. 4-XCgH,S0,0CH,C = CH.
| X |68, |S-cn- | &-cH x.10%,1/sec,50°
1. | MeO- | 7.36 4.61 2.56 3.72
2. |pro- | 7.38 4.61 2.56 3.80
3, |Me= | 7.50 4.62 2.56 4.19
4. |n-Bu- | 7.49 4.62 2.56 4.20
5. | Bt- | 7.49 4.62 2.56 4.20
6. |B- 7.60 4.65 2.57 7.16
7.{c1- | 7.70 4.68 2.57 18.6
8. |Br- | 7.T1 4.68 2.57 19.0
9. | CN- 8.10 4.74 2.58 63.2
10. | 0,- |8.20 4.76 2.58 93.3

In the series of p-substituted propargylbenzene sulfoesters
a linear correlation between the values of aromatic proton
chemical shifts and the 6 values of substituents "X"
(see Fig. 1) is observed. This dependence may be described

by equation (1):

1 Q g =760 + (0.794£0.078)0 ;r=0.984
Fig.1. Plot

of PMR chemical shifts
of benzene ring pro-

8.0
tons vs.& values.

7.8 Numbers refer to
points as listed

76 in Table 1.

74
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Values of chemical shifts of the propargyl group protons
indicate that the transmission of the substituent "X"
effects through the 'SOZ' group and the ester oxygen atom
takes place only on the -methylene group of alcoholic
component which presents a reaction center in the nucleo-
philic substitution reactions The correlations of
-CH,- group & withGor 6 constants of the Hammett equation
are linear and the following equations are obtained:

S_cH. = 4:64 + (0.155-0.096)G" ; r=0.985 (2)
2
4.65 + (0.143%0.082)6 ; r=0.982 (3)

"

é ~CH,-

The influence of the substituents "X" on the aromatic
protons is five times stronger than on the ol -methylene
group protons of the alcoholic component. The noted substit-
uent effects on the ester reaction center - the ol -carbon
atom of alcoholic component - manifest themselves also in
their reactivity which is illustrated by the comparison of
the ethanolysis rate constants in Table 1.

Thus, the correlation between chemical shifts of aromatic
protons and the & constants indicates the presence of a
conjugation effect. The correlation 5 'G'is at least much
better (r=0.984) than the correlation 0 (r=0.954).
There exists a correlation between chemical shifts of the

-methylene group protons and both the 6 and éraconstants
of substituents "X", the correlation coefficient for G and
6’ being essentially the same. This phenomenon is caused
first of all by steric peculiarity of sulfoester structures;
alkyl- and arylsulfoesters exist in a conformation with the
gauche location of alkyl and aryl radicals. On the basis of
the dipole moment investigations we have established that
the alcoholic component of sulfoesters is taken out from
the C-0-5 plane on angle of 40—60° in the direction of the
oxygen atom of SO group 14,26,27 and, as a result, the
conjugation between two fragments of the molecule, XAlk
(C6H )SO2 and OAlk(06H5), is interrupted. The same conclu-
sion was made by the authors of Ref. 28 on the basis of

studies of the Kerr effect for arylmethanesulfonates.
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CORRELATION BETWEEN

Table 2

PHYSICAL PARAMETERS
OF SULFOESTER MOLECULES AND CONSTANTS OF THE HAMMETT-
-TAFT EQUATION

Correlated Nature of [Ref,
Compound Hethod parameters correlation|

A1180,1%° NQR -6 linear 1
106343020135 NQR -6 linear 1
11121 406350291 NQR . linear 2
I, XXX 4C6HSOLF NQR In-6 linear 2
BS0,C1 NQR Im - linear 3
ICGB‘SOZCF3 IR - linear 4
106348020F3 IR linear 4
ICGK4SOZF IR no linear| 5
IR linear 5

10634802032032033 IR no linear| 6
IR linear 6

XC H, S0,CH,CH=CH, IR Vg -0O° no linear| 6
IR Yos - 6° linear 6

XC¢H,S0,,CH,C=CH IR vy -6° no linear 6
IR linear 6

AlxSO,NHC gHg IR B linear 7

2

IR Yos -6 linear 7

CzﬁssozNECGK‘I IR Qs -Er no linear| 7
IR no linear| 7

- i 8

XCgH,S0,CcH, T IR Vs linear

IR linear 8

1—2-01063330206340E-4 IR no linear| 9
IR linear 9

ICGH4SO201 IR no linear] 10
IR no linearx| 10

»

Alk(Ar)S0.Alk(AT) IR Vg -56" | 1inear | M
I® Yas - 26"" linear 1"

IR linear 12

XCGH4802NHZ
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Table 2 (continued)

T 2 3 4 o
XCGH4SOZF uv A- 6; linear 13
XCGH4SOZCHQCECH uv - fif non-linear 14
XCGH450201 uv A - linear 15
HC¢H,S0,Br uv A linear 16
XC¢H,S0,NH,, uv i linear 17
XCgH, SO, NHNH,, uv A -G, linear 18
XCgH 4SO, NHC B uv X -6  non-linear 19
XC4H,50,0CHg uv A G¢  non-linear 19
XCgH,CeH,50,C1 uv L G6r non-linear 19
XCgH, 50,01 v A -6  non-linear 19
X06H4802F Dip.mom, -(5° linear 20
XCgH,S0,0CH,CH= Dip.mom. N 6°® 1linear 21
XC¢H,SO,NHC¢H,  Dip.mom. - G inear 22
CgHgSO,NHCGH,X  Dip.moms M ~ linear 22
XCGH4SOZOCHecECH Dip.mom, linear 14

They have shown that the polarity and polarizability of
ester molecules correspond to the perpendicularity of aro-
matic ring and C-0-S group planes ( ¥ =90°) and to the
predominance of gauche-confornation of ¢-S-0-C chain.

Many investigations were carried out dealing with the
influence of substituents in the maromatic ring on changes in

physical parameters with the purpose to determine the ability
to transfer the electronic effect. Table 2 lists some cor-

relations of sulfocompounds, XSOZY, where effects of sustit-
uents X and Y are studied. As one can see from Table 2 cor-
9,10 leu'l9 spectra.
But it is surprising that for one and the same substance

relations are absent for IR5_7’

under the same conditions of studying spectra one observes
the absence of correlation for one of the bands only, main-
ly for 05. This does not agree with observation of Bel-
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11mv29 that for sulfocompounds x-soa-x there exists, analo-
gously to carbonyl compounds 0’ a correlation between sym-
metric and asymmetric valent frequencies of S0, group.later
Robinson A has established that other sulfocompounds also
obey this regularity. The correlation \)5 = i’Cl)a;) proved to
be very useful and then it was found possible to operate
with the position of ome band only or with the halfsum of
the bands V2( D  + ), )1231-33,

A disturbance in the correlation when studying IR spectra
may be accounted for by some causes:

1. The bands of symmetric vibration of 802 group are
placed in the spectrum region 1260-1160 cm . In the same
region the absorption bands of many other groups (e.g. C-H,
¢-Cl) are placed. Hence, the interpretation of spectra in
this region is difficult °:9+34:

2. One may observe the splitting of Vg and y, g bands of
sulfocompounds in suspension or solid state and the same
bands are very wide and flat on their peaks. The conclusion
can drawn that such a form of the band is formed by super-
position of two or more neighbouring bands. In gsolutions the
progression of narrow bands is observed .

3. Changes in molecule coplanarity are possible which
results in desturbing the electron effect transmission or
in the existence of compounds in the form of two rotatory
isomers 3

4. An error in determining the 502 group valent vibration
frequencies (2-4 cm'1) and the relatively insignificant in-
terval of changes under the influence of substituents also
leads to disturbance in the correlation, e.g. the absence of
correlation between the Vs values and the G -constants ad-
duced in Refa?® »9 may be explained by errors in frequency
determinations.

The electron absorption spectra of sulfocompounds with the
general formula XOgH,SO,R (R=C1,Br,F,NH,,NHNH,, OR,0CgHs,
NHAXK, lHCBHS) have two absorption bands of unlike intensity:
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a short wave intensive band (K-band) and a long wave band
with the small intensity (B-band). The K-band proved out to
be shifted batochromically in the correlation with the
constants of substituents. This displacement is accompa-
nied by an increase in the K-band intensity with an increase
in 6: values. The small intensive B-band is almost inde-
pendent of the substituent nature in the bengzene ring.

The breaking of the linear dependence between the benzene
ring absorption band and substituent effects may be associ-
ated with the often observed overlapping of K and B bands
which can lead to errors in the band identification and, as
a result, to the correlation breaking as one observes in
Ref. Another reason of the disturbance of the correla-
tion between AA values and the influence of substituents in
the benzene and biphenyl sulfochlorides, arylsolfoesters,
and arylsulfoanilides 9 may be in significant errors when

determining the position of absorption maxima for these
compounds. As shown in Ref.I5 a satisfactory linear correla-

tion is observed between the &% values and the batochromic
shifts of K-bands for benzenesulfochlorides with the growth
of +M effect of p-substituents "X".

Thus, on the basis of the analysis of NQR,PMR,IR, and
UV spectra or dipole moments of compounds with S0, group
the conclusion can be made that the disturbance of the
correlation for some XSOZY compounds is caused by the viola
tion of molecules coplanarity, the presence of rotational
isomers or errors in determining frequencies.
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Note of the Editor.

Application of the correct procedure of multilinear re-
gression analysis to the values from Table 1 leads to the
following results.

The equation used is

I=!°+_pG°+ Pr6g +

Point samples are 1, 3, 6 ¢ 10

Y T, JD _Pﬁ 8 n
8u 7,607 0.486 0.246 0.456  0.012 7
Ar  #5%016  %0.029  *0.025  %0.053
4,645 0.135 0 024 ¥ 0.0034 7
5“’52‘ $0.004  *0.024 0 007
lgk+6  ,0.83 JLeal —* > o.o4 7
$5.04 #0.04

®phe parameter is excluded in the course of data handling
as statistically insignificant on the confidence level of

0.95.
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Solvent Effects on the Reactien Kimetics ef
Dialkylmagnesium with Epoxides
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The reactiom kimetics of diethylmagaesium
with 3-phenyl-1,2-epoxypropane is studied im
ethyl ether and its mixtures with tetrahydre-
furan, m-heptane, benzene, and chlorobenzeae.
The reaction mechanism is verified. Dialkyl-
magnesium dimers are more reactive tham monomers.
The reaction rate is not semnsitive to changes ia
the medium polarity amd polarizability. Additioas
of mnon-solvating solvemts accelerate the reactiom
via shifting the associatiom equilibrium position.

I. Introductiom.

One of the most imteresting problems im the field of
organomagnesium compounds is a relatiomship between their
reactivity amd medium. In this laboratory solvent effects inm
the reactions of orgamomagnesium compounds with ketomes and
acetylenic compournds are studied quantitatively 1-3.In some
cases a quantitative separation of specific and non-specitic
solvation effects was reached. Them reactioms with epoxides
were subject to studies.

The reaction between organomagmesium compounds and epoxides
is of interest as a gemeral method of obtaining alcohols .
Therefore a lot of works (Refs. 4,5) are devofed to preparat-
ive aspects of this reaction. However, few kimetic studies
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have beenm carried eut. Iittle ia ksown about solvent effects
on this reactiom. This is acceuated fer by the fact that

the reactioa betweem Grigmard reagemt and epexides is rather
cemplicated. Only with symmetric ergamomagmesium compounds
the reactien leads practically te ome er two products.

The group ef French scientists 6 has studied the reaction
kinetics of diethylmagmesium with 3-phenyl-1,2- epoxypropane
in ethyl ether. Havinmg determined the reactiom initial rates
under equimolecular or close conditions the authors have
come to the comclusiom that the total trimolecular reaction
has the secomd order inm organomagaesium compound. The same
work shows that im stromger golvating solutioms thanm ethyl
ether the reactioa 1is very slow or does not occur at all.

Our goal waa to elucidate separately the role of specific
and mom-specific solvatioms in the reactiom of diorgasomagme-
sium compounds with epoxides. As a model process we used the
reaction of diethylmagnesium with 3-phenyl-1,2-epoxypropane
which leads practically to 1-phenyl-3-pentanol omly and isa
studied partially by the French sciemtists. The kimetic
measurements were carried out umder pseudomonomolecular
conditions at high excess of dlethylmagmnesium. This minimises
reaction product effects and, if varying the concentration
of a reagemt im excess, gives more pleces of information om
the reaction mechanism. Ethyl ether, mixtures of ethyl
ether with tetrahydrofuramesg and mixtures of ethyl ether
with various polarity mom-solvating solvents (heptame, bem-
zene, and chlorobenzeme) were used as reactionm media.
Kimetic measurememnts were carried out by the method of
samples. Further analysis was dome with the use of GIC.

2. Experimemtal Technique.
Reagents and Solvemts.

All operatioms with purified substances and solutioms
of orgamomagnesium compounds were carried out in the atmos-
phere of pure dry argom.
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3-Phenyl-1,2-epoxypropane was synthesized by oxidizing al-
lylbenzene with benzoylhydroperoxide7.The product was dis-

tilled im the argon curreat,the fraction 92-93.5°C (14 mm
Hg) waa collected, d42°- 1.0181; #,2% 1.5229.
Diethylmagmesium waa obtained in the form of ethereal solu-
tion from the solution of ethylmagaeaium bromide prepared as
usually. Magnesium bromide waa aettled by adding slowly 1.5
mole of dioxanme per a mole of ethylmagnesium bromide.
Diethylmagmesium solutioms were prepared by adding weighed
portions of corresponding solveants to an appropriate amount
of the ethereal solution of dialkylmagnesium. Solution con-
centrationa in basic magnesium were determimed by titratiom.
Solvents (ethyl ether, tetrahydrofuran, bemzene, chloro-
bemzene , heptane) were purified, if necessary, from per-
oxides, dried, aad before use were distilled in the argonm
current over metallic sodium or calcium hydride.

Kinetic Measurements

The reaction betweem diethylmagsesium and 3-phenyl-1,2-
-epoxypropane was carried out under pseudomonomolecular
conditions. The excess of diethylmagnesium averaged 20 molea
per a mole of epoxide. Measurements were dome at 30%0.2°C,

The reaction flask placed into the thermostat waa closed
with a teflon stopper with holes to let argon and reagents
in and to take samples. The holes were closed with silicome
rubber stoppers. Hypodermic syringes were used for transfer
of solutions.

The reaction kinetics was followed using the method of
samples. At appropriate moments of time from the reaction
mixture samples (2 ml) were collected and hydralized by 2
ml of 20% aqueous solutiom of NH401. The ethereal layer was
separated and dried by anhydrous magaesium sulfate. The
samples were aaalized by the GILC method.

The analysis was dome on a "Voruchrom" chromatograph
with flame-ionization detector. Statiomary phase-5% silicome
oil "XE-60" on chromatone N-AW 0.20-0.25 mm. Gas-carrier is
nitrogen. Temperature of the column is 165°C, Heptadecane
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and acenaphthene were used as an internal standard.
The reaction course may be monitored both by the consumption
of epoxide and the formation of alcohol (1-phenyl-3-pentas-
ol). However, more reproducible results were obtained by
the first method. The first order rate constants, k, were
calculated by the least squares method from the linear rela-
tionship:

1ng = 1n (foo ~fo) - Kt

where‘p is a ratio of peak heights of epoxide and the
ijmternal standard on the chromatogram.

Fig. 1 illustrates an example of such a relationship.
Accuracy of determiming the rate constant averages 1 10%.

Pig. 1. Semilogarithmic
plots of the reaction

1.0 of diethylmagnesium (0.35
mol/l ) with 3-phenyl-1,2-
-epoxypropane. f is a
0¢ ratio of peak heights of
epoxide and the internal
standard on the chroma-
togram.

1
0 t. min

-05 o
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3. Ethyl Ether. The Reaction Mechanism .

The reaction kinetics of diethylmagnesium with 3-phenyl-
-1,2-epoxypropane im ethyl ether was studied under pseudo-
monomolecular comditions over the concentration region of
diethylmagnesium from 0.06 to 0.56 mol/l. Table 1 lists the
first order rate constants obtained. The dependence of the

latters on the diethylmagnesium concentration is illustrated
in Pig. 2.

k, min

015 Pig. 2. Plot of first order
reaction rate constants of
3-phenyl-1,2-epoxypropane
010 with diethylmagnesium vs.
molar concentration of the

latter in ethyl ether.
005

01 02 03 04 05

The shape of the curve in Pig. 2. indicates that the
reaction mechanism is complicated. The French scientists6
have studied the same process under equlmolecular conditions
by the reaction initial rates at diethylmagnesium concen-
tration 0.145 and 0.336 mol/l. At these concentrations di-
ethylmagnesium was assumed to be essentially in the monomer
form. Comparing their results with various reaction schemes,

the authors have suggested the following mechanism involving
the monomeric form only:

fast
Etzug + epoxide —_——— complex
complex + Et Mg ———— product
slow



Pgeudomonomolecular Reaction Rate Constants

Table 1

of Diethylmagnesium with 3-Phenyl-1,2-Epoxy-
propane in Ethyl Ether at 30°C |

Concentration (mol/l) <Eﬁin-1
diethylmagnesium monomer dimer
0.06 0.05 0.005

0.006

0.09 0.07 0.009 0.007

0.008

0.010

0.11 0.09 0.013 0.010

0.013

0.15 0.11 0.020 0.012

0.17 0.12 0.025 0.016

0.018

0 20 0.14 0.031 0,016

0.2 0.15 0.038 0.021

0 26 0.17 0.044 0.029

0.27 0.18 0.047 0.028

0.030

0.28 0.18 0.053 0.031

0.32 0.20 0.058 0.035

0.037

0.32 0,20 0.060 0.038

0.038

0.34 0.21 0.065 0.039

0.040

0.38 0.23 0.077 0.058

0.42 0.24 0.090 0.067

0.070

0.46 0.23 0.115 0.091

0.52 0.26 0.132 0.138

0.55 0.25 0.150 0.175

0.180

0.56 0.25 0.155% 0.175

83

220



To our mind; at diethylmagnesium concentration af 0.3
mol/l, dimers cannot be neglected and with higher concen-
trations the suggested mechanism doee not account for the
dependence of the first order constants on the diethylmag-
nesium concentration found by us. Therefore an attempt has
been made to take into account the association of diethyl-
magnesium in the ethereal solution.

Data on the association of diethylmagnesium are scanty
and contradictory. For the equilibrium

K
(Etzlg)z . 2Et20 + 2Et20 ::::2Et2lg . 2Et,0

2

Westera et al. have found the value of K=3.3.10"> l.mol”! in
benzene and K~8.10"% 1.mo1"! in cyolohexane. Unlike this,
Ducom 2 has obtained the value of K=6.3 1.mol”! in benzene.
Ashby and coworkerslo have published the dependence of the
apparent degree of the diethylmagnesium association on the
molal concentration of the latter in ethyl ether determined
ebullioscopically.

To convert these data into the molarity scale we have
determined experimentally the dependence of the density of
diethylmagnesium ethereal solution on its concentration and
them assuming values to the association equilibrium constant,
K, calculated dependences of the association degree on the
concentration. The beet agreement of the calculated curve
with the experimental one was obtained at K=6.60.10"> 1.mol™)
To our mind the agreement of this value with the data of
Westera is reasonable. Further it is not difficult to obtain
monomer and dimer concentrations with any titrated concentra-
tion of diethylmagnesium (Fig.3, Table 1). Realizing that
these data are of rather approximate character, we assume,
nevertheless, that they characterize, qualitatively at least,
the diethylmagnesium state in ethyl ether.

To compare our experimental data with those of the French
group we have used the titrimetrical concentrations of di-
ethylmagnesium which were equated by the French scientists
to the monomer concentration. Calculation with the assumps
tion of the reaction being trimolecular by the formula
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k° cf
k

obs

has proved to be possible only within the concentration
range from 0.06 to 0.3 mol/l. The values of k°= 0.265%0.017
l.mol” ' min ~

Pig. 3. Plot of diethylmag-
nesium monomer and dimer
concentrations vs. titri-
mon metrical diethylmagnesium
concentrations in ethyl
ether.

[Et,Mg | moles!
01 02 03 04 05

and K=12-2.1 1.m01'1 have been obtained. This result ie close
enough to that obtained elsewhere by the French groupt
k=0.275%0.005 snd K=6.2-0.6.

Substitution of monomer or dimer concentrations for the
total concentration of diethylmagnesium has producsd no rea-
sonable results. However the observed first ordsr resction
rate constant has been found to depend essentially linearly
on the square of dimer concentrations beginning with the
total diethylmagnesium concentration of 0.15 mol/1 ( ig.4).
On this basis the following reaction mechanism may be sug-
gested:
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+ mon.

ep. + MON¢ ——— compl, ———mm— prod.
fast + dim, prod.
+ mon.
ep. + dime ———— compl, — prod.
fast
+ dim prod.

2
kllxl/mon/2+(k121t1+ k,.K,)/mon//dim/ + k,,K,/dim/

obs. 1 + Ky/mon/ + K,/dim/

Pig. 4. Plot of the
reaction rate constant

010 observed vs. dimer
concentrations in
diethylmagnesium

005+ solutions.

In this case, evidently, equilibria of coordination
complex formations between diethylmagnesium and epoxide
are strongly shifted to the left, i.e. (K1/mon/ + K2/dim/)
«1, reactivity of dimeks exceeds markedly that of
monomers (k12,k222> k11,k21). The laet conclusion is, to our
mind, of especial interest. Quite possible that with the
other reactions involving organomagnesium compound this fact
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should be also taken into account.

It should be emphasized that above the reaction rate
constant was assumed to be independent of the medium polar-
ity. Dielectric constant of diethylmagnesium ethereal solu-
tions is known 11 %o increase significantly with the solu-
tion concentration. We have established (see section 4)
that the reaction rate constant is not sensitive to the
solvent polarity (dielectric constant).

4. Mixtures of Ethyl Ether with Tetrahydrofuran.

In strongly solvating solvents the reaction of diethyl-
magnesium with epoxide proceeds very slowly. Thus, e.ge,
according to Ref. 6 the reaction yield with 3-phenyl-1,2-
-epoxypropane (1:1) at 35°C for 24 hours is 95% in ethyl
ether, 2% in tetrahydrofuran, and 0% in hexamethapol. These
solvent effects are accounted for by specific solvation
and the necessity of coordination of epoxide with a magne-
sium atom. However, the question about non-specific solvent
effects on the reaction remained open.

With reactions of organomagnesium compounds with ketones
we used 1 adding non-solvating solvents, e.g.heptane,
varying thus the reaction mixture dielectric constant with
specific solvation being constant. This method allowed to
£ind out mediuvm polarity effect on the reaction studied.

In the given case this method, however, cannot answer
unequivocally to the question about the role of non-specific
solvation, since additions of inert solvents can shift
markedly the position of the association equilibrium, and
the reaction rate with epoxide (as shown in section 3) is
sensitive enough to the ratio of monomer and dimer concen-
trations.

We have studied the reaction kinetics in various mixtures
of ethyl ether with tetrahydrofuran at constant concentration
of diethylmagnesium (0.35 mol/l). On the one hand, diethyl -
magnesium 1in tetrahy drofuran is known Y to be always mono~
peric. On the other hand, we found elsewhere 2 that with
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2,1( 103 min! '
Fig. 5. Plot of pseudo-
monomolecular reaction

.| rate constante of diethyl-
magnesium (0.35 mol/1)
with 3-phenyl-1,2-epoxy-

10 propane vs. tetrahydro-
furan content in ethereal
g& e 0 N‘I"HF solution.
05 7 Table 2

Pseudomonomolecular Reaction Rate Constants of
Diethylmagnesium (0.35 mol/l) with 3-Phenyl-1,2-
-Epoxypropane in Mixtures of Ethyl Ether with

Tetrahydrofuran
Molar fraction -1 D-1 *

° arTH§a k,min 2D+ A

0 0.040" " 0.345

0,01 0.0083 0.346
0.0082

0.04 0.0036 0.349
0.0032

0.10 0.0025 0.353
0.0016
0.0012

0.30 0.0022 0.369
0.0020

0.50 0.0025 0.382
0.0022

0.70 0.0016 0.392
0.0015

* Kirkwood function of the medium dielectric constant
calculated proceeding from the assumption about

«x 8dditivity of component molar fractions
from section 3.
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propylmagnesium bromide beginning with the amount of tetra-
hydrofuran of 20 mol% the resolvation equilibrium was com-
pletely shifted to tetrahydrofuran as a stronger base. We
proceeded from the assumption that with diethylmagnesium an
analogous picture should be observed. Table 2 lists the
results of our kinetic measurements. Fig. 5 illustrates the
dependence of pseudomonomolecular rate constants.

Small additions of tetrahydrofuran turned out to strongly
slow down the reaction. However, beginning with the fraction
of tetrahydrofuran of 10 mol% the reaction rate constant is
independent of the tetrahydrofuran content in the mixture
and, hence, independent also of the medium polarity measured
in terms of Kirkwood function (see Table 2). On this basis
the conclusion can be made that a solvent influences the
reaction studied via specific golvation and the medium polar-
ity effect may be neglected. Simultaneously the pseudofirst
order rate constant for 0.35 molar solution of diethylmagne-
sium in tetrahydrofuran can be estimated : 0.0019-0.0004 min-1

5., Mixtures of Ethyl Ether with
Non-Solvating Solvents

As established elsewhere 13,14 , additions of n-heptane
to dipropyl- and diphenylmagnesium solutions in different
donor solvents accelerate markedly the reaction with ketones.
Logarithm of the reaction rate constant depends linearly on
the reaction mixture Kirkwood function up to relatively high
content of heptane. This indicates that the solvent polarity
influences the reaction rate.

For the reaction of diethylmagnesium with epoxide the
reaction rate is found to be independent of the solvent
polarity (section 4). Nevertheless, additions of n-heptane
to the ethereal solution of diethylmagnesium influence mar-
kedly the reaction rate, the rate constant increasing with
the heptane content in the reaction mixture.

The reaction rate constants were determined under pseudo-
monomolecular conditions at diethylmagnesium concentration
0.2 mol/l. Table 3 lists the results. Fig. 6 illustrates
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the plot of rate constant vs. the reaction mixture composi-
tion. The reaction mixture composition is calculated tak-
ing into account that not less than a mole of ether is coor-
dinated with a mole of diethylmagnesium.

Correlation of the rate constant logarithms with the
Kirkwood function 6f the medium dielectric constant calcu-
lated proceeding from the assumption of additivity of com-
ponent mole fractions has revealed no linear dependence,
Just as should be expected on account of the results from
section 4. Hence, the role of heptane in this case 1is in
decreasing ether concentration and shifting thus the associ-
ation equilibrium position. As assumed in section 3 an in-
crease in dimer contents in the reagent leads to increase in
the reaction rate constant which can aecount for the above

results.
Table 3

Pseudomonomolecular Reaction Rate Constants of Diethyl-
magnesium (0.2 mol/l) with 3-Phenyl-1,2-Epoxypropane
in Ethyl Ether - n-Heptane Mixtures

Mole fraction k,min Conc.,mol/1 et
of heptane ether Hiﬁ. mon. Xkife
0 0,017 0.032 0.14 0.017 0.017

9.3
0.08 0.040 8.6 0.039 0.12 0.037 0,025
0.20 0.064 7.5 0.047 0.11 0.051 0.037
5.4
4.2

0.42 0.098 . 0.060 0.080 0.057 0.060
0.55 (0.106) 0.072 0.056 (0.048) 0.086

Precipitation begins
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k-102
10|~ min’* Fig.6. FPlot of the
reaction rate constant
of diethylmagnesium

(0.2 mol/1) with 3-

5 ~-phenyl-1,2-epoxypropane
ve. ethyl ether-heptane
mixture composition.

05

To verify this assumption we calculated concentrations of
ether, dimer, and monomer in the reaction mixture with
various additions of heptane. Calculations were done using
the association equilibrium constant of diethylmagnesium in
pure ethyl ether (determined from the data of Ashby (section
3)) amd the constant for the system diethylmagnesium-ethyl
ether in cyclohexane (from Ref. 8). Additivity of mole frac-
tions of medium component effects on the association
equilibrium was assumed. Table 3 lists the obtained con-
centrations of species.

Further we proceeded from the following assumptions.

If recoordination equilibria of ether for epoxide at mag-
nesium atom are actually strongly shifted to the left (see
gscheme in section 3), i.e. (K1/mon/ + K2/d1m/)‘é 1, then

2
k11K1/mon/ + (k4 K4 + k21K2)/mon//dim/ +
obs”™  /ether/ /ether/
2
koK, /dim/
ether

k

Multiplying the observed rate constants by the ratio of
ether concentrations for this mixture /ether/ and the solus
tion in pure ether /ether/oz
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/ether,

‘ethe
one finds specific rate constants depending only on the
association equilibrium position in the solution (the last
but one columm in Table 3).

On the other hand, if the reaction rate constant is
actually determined mainly by the square of dimer concen-
tration (see section 3), the same specific constants should
be approximately equal to the constant in pure ether multi-
plied by the square of the ratio of dimer concentrations in
this mixture and in pure ether:

Data in two last columns in Table 3 agree satisfactorily
encugh which confirms the probability of our assumptious
and above explanation of influence of heptane additions on
the reaction rate.

To verify finally whether medium polarity and polariza-
bility effects on the reaction rate are absent, some mea-
surements of rate constants in the mixtures of ethyl ether
with benzene and chlorobenzene were done . Since diethyl-
magnesium concentrations in these experiments were varied
from 0.08 to 0.17 mol/l, the values obtained by dividing
the first order rate constant by diethylmagnesium concen-
tration are compared.This is associated with the fact that
the plot of pseudomonomolecular rate constants vs. concen-—
tration in pure ether within this concentration range is
essentially linear (section 3).The plot of these conven~
tional rate constants vs. medium composition (Fig.?7) has
the same character as with ethyl ether-heptane system (Fig.
6),i.e. an increase in the content of a non-solvating sol-
vent leads always to an increase in the reaction rate.At the
same time additions of heptane and benzene decrease and

*With the assistance of V. Alt.
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those of ghlorobenzene increase medium dielectric constant
as compared with pure ether.As to the polarizability of
ether medium, it increases with adding benzene and chloro-
benzene but changes little with additons of heptane. Thus,
the non-specific solvation effect on this reaction may be
neglected.

It should be, however, noted that non-specific solvation
exerts, apparently, certain effects on the association
equilibrium constant of organomagnesium compound. This
follows from different values of equilibrium constants de-
termined in different inert media (mee section 3). The
same follows from different values of rate constants with
equal additions of different solvents to ethyl ether (Pig.
7) which comes in the end to differences in association
equilibrium constants in mixtures. The question about the
role of solvent polarity amnd polarizability separately re-
mains still open.

—_— Fig. 7. Plot of reaction
rate constant of diethyl-
magnesium with 3-phenyl-
-1,2-epoxypropane Vvs.
content of:
A-chlorobenzene

B-benzene

in the mixture with ethyl
ether.

6. Conclusion.

Phe carried svut studies of the reaction kinetics of
diethylmagnesium with 3-phenyl-1,2-epoxypropane in different
media have extended and verified concepts about the reactio
mechaniem between symmetric organomagnesium compounds and
epoxides.
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In the first fast reaction step coordination of epoxide
with organomagnesium compound and ejection of a solvent
molecule occur. Equilibrium of a coordination complex for-
mation is shifted to initial substances. The equilibrium
position and thus the reaction rate depend significantly
on the solvating ability of a solvent. In strong donor sol-
vents the reaction rate falls essentially to zero.

In the second reaction step a complex of epoxide reacts
with a second organomagnesium compound to form alcoholate.

Dialkylmagnesium dimers are more reactive over monomer
species. Since an increase in the dialkylmagnesium concen-
tration in the solution is accompanied by increase in the
reagent association, at high concentrations of the latters
an abnormal increase in the reaction rate is observed.

The reaction rate is not sensitive to changes in the
medium polarity and polarizability. However, the lattere
influence the association equilibrium constant. Additions
of non-solvating solvents to ethyl ether increase the
reaction rate by shifting the association equilibrium to
the formation of dimers.

Hence, for this reaction the dependence of reactivity
on a solvent comes to specific solvation effect and associ-
ation equilibrium position of dialkylmagnesium in a concrete
medium,
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The analysis 1 of pKBH+ values calculated by Marzia-
no and Cox-Yates methods has been re-examined because of
the erroneous use1of H,,SO4 molarities in Marziano treat-
ment previously. It has been found that the use of
[H+] values from Ref. 4 in the Marziano treatment did
not lead to smaller differences between pKBH+ values
calculated by Marziano and Cox-Yates methods for very
weak bases protonated in concentrated 52304 solutions.
A conclusion has been drawn that at least one of the
functions lc and X needs to be corrected for the range
60-95% HZSO4 (wt/wt) .

In our previous analysis 1 the pKBH* values for weak
bases calculated by the Marziano~and Cox-Yates> methods have
been compared. It has been shown that they are essentially
the same, if H2804 % at half-protonation of the bases studied
is <60 (wt/wt). Very weak bases half protonated in > 60%
52504(wt/wt) have been found to give remarkably different
PEpy+ values in Marziano and Cox-Yates treatments. But

theaezconclusions have been drawn using in the Marziano equa-
tion

+
log - + loglH" ngM - pRg+ (1)
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H_SO. molar concentrations (cacid' mole/dm3) as estimates
for |B*] . 1 0n the other hand, it has been overloocked
that the activity coefficient fUnction,Hc,hau been calcu-
lated 2 using the hydrated protons molar concentrations
[a*] ae given in Ref. 4. A comparasion between log[H']
and 1log C_.;4 in aqueous sulfuric acid is shown in Fig. 1.

70% 80°%
50% 0%
40%, °
30%, 35%!
0%
log cqcid

Pig. 1. Plot of log[H" ] 4 46. log Cacld (mole/dm>)
for aqueous sulfuric acid golutions. The
points show the 325045 (wt/wt) .

The rupture of linearity log [H*] ve. log Cacid in concen-
trated H,S0. golutions causes some doubts about the claimed1
large differences in pKpu+ values in these solutions if the
experimental data were processed according to Eq. 1 and
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the excess acidity method 3

-log -[B] = log Cp+ = 4 SN PEpgr+ (2)
[BH
In order to clear up this question we repeated all the
calculations described in our previous paper 1 with the only
difference that now the [H*] values from Ref. 4 were used
in Eq. 1. The PEpy+ calculations were perforr:ed with the
same set of 28 hypothetical bases as before '. The differ-
ences obtained

A= PEgp+(Eq.1) - 2) (3)

are represented in Table 1. This Table shows that for bases
not weak enough (log I=0 in <£60% 52504' wt/wt) the differ-
ences (Eq.3) are reasonably emall. For weaker bases which
are half-protonated in more concentrated HZSO solutions

( >60% H2804, wt/wt) Eqs. 1 and 2 yield markedly different
PKpy+ values (one can find the respective pKBH+(Eq.2) values
in Table 2 in Ref.1). Compared with the 4 values reported
previously (see the 4 values in parentheses in Table 1)
the use of {Hﬂ values from Ref.4 in Eq.l has lead to even
larger discrepancies in pKBH" values. Surprised by this
result we carried out the pKBH+ calculations by Eqns. 1 and
2 for following two real weak bases: 1-cyanoazulene (I) and
1,3-dihydroxy-2-methylbenzene (II). The indicator ratio
vaiues in aqueous sulfuric acid solutions for these bases
were faken from Refs. 5 and 6, respectively. The [H*] values
from Ref. 4 were used. For 1-cyanocazulene we obtained pKBH+'
=,~7-54-0.41; ng= 13.54-0.87 (Eq.1) and PR+ =—6.55%0.39;
D = 1.41-0.10(Eq.2). A similar discrepancy in PKpy+ values
was found in the case of 1,3-dihyroxy-2-methylbenzene:

PEpg+ = ~8.37-0.33; ng=12.49-0.59 (Eq.1) and PRgy+ = -6.68%
-0.24; m = 1.11%0.05(Eq.2). The errora are given at the
confidence level P=0.95 and the half-protonation takes place
at 66% 82804 (wt/wt) and 73.4% 32804 (wt/wt) for I and II,
respectively. The differences in pKBH+ values for bases
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Table 1

The Differences /A (Eq.3) Between
pKBH+(Eq.1) and pKpp+ (Eq.2)
the Bases Chosen

at

H.SO, concentrations (wt/wt)

24
20% 40% 60% 80%

-0.06(0.06) =-0.06(0.08) =-0.08(0.08) -0.62(=0.19)
-0.06(0.06) =0.07(0.06) ~0.11(0.05) =1.19(=0.79)
-0.07(0.05) =-0.08(0.06) -0.15(0.02) =1.66(-1,28)
-0.07(0.04) =0.10(0.04) ~0.20(=0.03) =2.10(=1.70)
-0.08(0.03) =-0.10(0.04) ~0.26(-0.10) =2.53(-2.14)
-0.10(0.02) =0.12(0.02) =0.32(-0.15) -2.96(=2.55)
-0.10(0.02) =-0.13(0.01) -0.38(-0.21) =-3.39(-2.96)

The values in parentheses are those from our

previous paper

1 where instead of |H ]

HZSO‘ molar concentrations have been used in
Marziano treatment .
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I and II are quite as large as one can anticipate using the
A (Eq.3) estimates given in Table 1.

The results obtained in this paper with [H+] from Ref.4
in Eq. 1 can be summed up as follows. There seems to be no
other way as to confirm the conclusion drawn in our previ-
ous paper 1 about the differences in pKBB+ values calculated
by Eqns.1 and 2. If so, at least one of the functions in-
volved (lc G and X 3) needs to be corrected in the range

60-95% HZSO4 (wt/wt),

Experimental

The same computer and software were used as in our
previous paper o The [H+] values from Ref. 4 used now
instead of sulfuric acid molarities in Eq. 1 have been
calculated by the equation

[H+] = p/r
where
r = =1.6958 + 872.96/(93 + p) + 1.2453(0.01p)* +
+ 30.879(0.01 p)?° 4+ 5.816(0.01 p)28 + 0.022638 p
where p is the 32504% (wt/wt) .

The author is grateful to Dr. R.A. Cox for turning our

attention to the erroneous use of 32804 molarities in
the Marziano equation in our previous paper
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The interpretation of the experimental data
on the alkaline hydrolysis rate of a series of
phenyl acetates in aqueous - ethanol solutions
reported in the communication of Istomin et al
is discussed. The attention is paid to the fact
that the experimental data used in this work
involve "mixed" effective rate constants with-
out a common content within the whole series
studied.

In the work of B. I. Istomin and coworkers1 hydrolysis
rates of a series of phenyl acetates are measured. Kinetic
measurements were carried out spectrophotometrically under
pseudomonomolecular conditions. Bimolecular rate constants,
k2’ were calculated from the relationship k2 = k1 * CNaOH®
On the basis of the data obtained the authors have found
non-additivity in structure and medium effects on the hydro-
lysis of phenyl acetatee in aqueous - ethanol media which
results in a reversal of the solvent effect with changes in
the leaving group structure (realization of the isoparamet-
ricity phenomenon). The work considered suggests a trifac-
torial regression model which describes adequately the ex-
perimental data obtained.

However, the data published by other authors raise some
doubts whether such an interpretation of the rate constants
observed for this reaction is correct.

1l. In aqueous - alcohol solutions concentration of

239



hydroxide ions is, on the whole, not equal to the concen-
tration of the base added (°N30H) but is determined by the
equilibrium:

OH™ + ROH

RO™ 4+ H,0, €9

i.e. this concentration is always lower. The degree of this
disparity (concentration of alkoxide ions) de-
pends on a concrete alcohol, on tne concentration of this
alcobol in the solution, and temperature 2’3'4. The works
of Hurtoz’B'4 list the values of for aqueous - ethanol
solutions (Khe)' Since the value of the equilibrium con-
stant, Khe' changes with temperatupe and alcohol mole frac-
tion from 0.33 to 0.98, neglect of equilibrium (1) results
in a significant error, especially at high alcohol concen-
trations. From the Khe values available3 it follows, e.g.,
that at temperature 25°C in 50 v/v ethanol the ratio

Cgpto = * CoE” * 0.12(Khe¢3 0.40), and in 90% ethanol
Cgto~ * CoE” * 2.0 (Khe 0.73). This means that in 90%

ethanol concentration of hydroxide ions is about three time s
lower than that of a base added. Thus, calculation of the
second order rate constants by dividing first order rate
constants by the concentration of sodium hydroxyl added(as
it was done in Ref.l) should lead to erroneous results.

2. Since due to equilibrium (1) concentration of etoxide
ions in ethanol solutions is high enough, the parallel
reaction of ethanolysis (overetherification) is inevitable .
Only some quantitative data on the alkaline overetherifica-
tion rate of phenyl acetates in aqueous - ethanol solutions
are available. However, as known from the works of Bender
and Jencks7’8'9' in aqueous solutions nucleophilicity
of alkoxide ions relative to carbonyl carbon exceeds usual-
ly that of hydroxide ion. For example, the reaction of
p-nitrophenyl acetate with etoxide ion proceeds 14.6 times
faster than with hydroxide ion (according to the calcula-
tions of Koskikallio’ on the basis of experimental data of
Iurto4 and Jenckse). The overetherification rate constant
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of phenyl acetate in ethanol at 25°C eqnals11 k2 =

= 1.25%0.07 1/mo1~! sec™! and 1s rather close to the rate
constant for the reaction of the same ether in 90% aqueous
ethanol determined in the work of Istomin et al's Ik,

= 1.370%0.034. It seems to be much more probable that the
latter rate constant characterigzes solvolysis rather than
hydrolysis rate or is, at least, a sum of hydrolysis and
overetherification rates.

On the basis of the above the conclusion may be drawn
that in the work of Istomin et a11 only hydrolysis rate
constants for pure water have simple physical sense; the
other constants are complex. Surely on the basis of formal
constants one can construct any formal models including
multiparameter cross correlation equations as done in the
work of Istemin et 511. However, these models characterige
complex processes as a whole, and on their basis one can
say nothing about influence of different factors on the
course of concrete hydrolysis and ethanolysis reactions.
For example, originally described in Ref. 1 non-additivity
in the effects of the medium and the leaving group structure,
manifestation of isoparametricity in the structure and
medium effects on the alkaline hydrolyeis of esters with
the experimentally observed reverse in the dependence of
reactivity on medium when passing through the isoparametriec
value of a substituent effect measure could be due to dif-
ferences in the leaving group effects for hydrolysis and
ethanolysis reactions. In this case one should check wheth-
er the appearance of cross terms in the multiparameter cor-
relation equations is caused by changes in the physical
content of the rate constants within the series studied or
by the presence of parallel processes possessing different
sensitivity to changes in the reagent structures and reac-
tion conditions.

Difficulties appearing in measuring alkaline hydrolysis
rates of esters in aqueous-alcohol solutions have been
known for a long time (see, e.g., the work of Tommila12).
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with the equilibrium (1) constants knowm, Ko+ One can
easily determine the hydrolyseis rate constants of ethyl
ethers of acids in aqueous-ethanol golutions. In this case
the overetherification reaction does not prevent from esti-
mating the constants as the productse are identical with
the reagents. With ethers of other alcohols both the values
of ¥ and relative concentrations of reaction products
(ester and acid salt) are necessary. Spectrophotometric
technique of kinetic measurements used in Ref. 1 does not
allow to solve this problem, gince the reaction is monitored
by following changes in the solution optical demsity caused
by the difference of extinction coefficients of a substi-
tuted phenolate ion on the one hend, and an initial ester,
on the other hand. Since the former substance results both
from the hydrolyeis and alcoholysis reaction, just an over-
all reaction rate can be measured.
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