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Heats of mixing of ethylenediamine with various 

substances whose electron-donating and electron-accept

ing powers are known were determined. The conclusion 

is drawn that ethylenediamine possesses high electron-

donating and low electron-accepting power. The donor 

number is estimated as 50-3. 

Ethylenediamine (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 JET DA 

may act as a donor of electrons (unshared electron pair 

of nitrogen) and as an acceptor (hydrogen bond via NH2 

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 

its electron donor-accepting power. We chose the 

thermochemical method which is widely used in the study of 

coordination compounds in non—aqueous 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 vacuum at 298°K accord

ing to the technique desribed in /5,6/. EDTA, organic 

solvents, and organoelement compounds were purified and 

I25 



dehydrated following literature methods /7,8/,Fischer's 

method was used to determine the presence of water. Wood 

cellulose (crystallinity << -65% /1/) and polyvinyl alcohol 

(acetate group content 1.28%, molecular weight 40«000) (PVA) 

were dried under vacuum at 373°K and 340°K,respectively. 

The most popular scale of donor numbers is based on 

the comparison of ethalpies of mixing of solvent with 

antimony pentachioride in dichloroethane /9/» Iu the case 

of EDTA this method presents considerable 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 Hiring of Ethylenediamine with Chloroform 

at 298°K 

aol % дH cal/mole of mixt. mol% дH cal/mole of mixt. 

10 -160 60 -580 

20 -300 70 -570 

50 -400 80 -420 

40 -500 90 -260 

50 -570 

moleVo CHCI3 

20 40 60 80 
mole% CHCI3 

20 40 60 80 

5 200 

? 600 

Fig.l Dependence of EDTA enthalpy or mixing with CHCl^ 

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 [H2N(CH2)2NH5]+C2C15~ or [H2N(CH2)2NHj +C1~. A 

considerable thermal effect was also observed when mixing 

ETDA with such acceptors as (C-fl^jSnCl (1:1) д H—13.5(a) 

kcal/mole and (C^H^SnCl (1:1) дH—11.8 (1) kcal/mole. 

The enthalpies of mixing at component ratio of 1:2 were: 

with phenol -14.2(B) 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 organic 

solvents and the donor numbers of solvents (DNRbrl ) was 

reported in /11—14/. Using this correlation we estlmeted 

the donor number of ethylenediamine from the data on.en

thalpy of mixing »ENgbQjc ^or ETDA väs 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 пН-и 

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(CH5)2C-0 + NH2-(CH2)2-NH2 = 2H20 + 

+ (CH5)2-C=N-(CH2)-N-C-(CH5)2 

127 



Table 2 

Enthalpies of Mixing of Ethylenediamine with Organic Sol-

rente with the Known Donor Power at the Component Ratio 

1:1, 298°K 

дH cal/mole 

+410 

+180 

+780 

+890 
+410 

+400 

+370 

Solvent Д H cal/mole 

TimethyIformamide -105 

Dimethylsulfoxide -300 

HexameThylphosphorus _XQQ 
f T*i omi Лй triamide 

icetone -10600 

Solvent 

Nitromethane 

icetonitrile 

Diethyl ether 

Tributylphosphate 

Diethylamide 

Butylamine 

Pyridine 

Formation of quite stable coordination compounds is 

observed when mixing ETDi with hydroxyl-containing 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 . Table 3 

Enthalpies of Mixing of Ethylenediamine with Hydroxyl-

Containing Organic Solvents at the Component Ratio 1:2, 

298°K 

Solvent &H cal/mole 

tert.-Sutanol -1260 

Phenol -14200(e) 

Water -4250 

д H cal/toole 

-3450 

-2520 

-5000 

-3660 

Solvent 

Methanol 

Ethanol 

Ethyleneglycol 

Glycerol 

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 m д H cal/conv.mole of mixture 

in conv.mol# ETDA - PVA HgO - 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.mote*/, 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 weibht of the repeating polymer unit is 

taken as a conventional mole. 
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mole % ; w % ET DA 
100 

o-

w %ETDA 

Fig.3 Dependence of the enthalpy of swelling of celluloee 

on the composition of the water-ethylenediamine mixture 

at 298°K 

Swelling of cellulose in ETDA and its aqueous solutions 

has been studied in several works /1,16/,and 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 a region of sharp variation in the range of 

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

ETDA in excess of the composition of complex ETDA^HgO 

facilitates formation of cellulose complexes and its swell

ing. A similar pattern is observed when mixing EDTA end 

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 concentrations! dependence of enthalpy of mixing of 

PVA with water at 298°K displeyes a maximum at the concen

tration of devitrification or the region of limited solu-
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bility (at given temperature) /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 50^3 

characterizes it as a donor solvent with considerable ba
sicity. 
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THE VALUES OF THE RITCHIE PARAMETERS FOR THE 

NUCLEQPHILE - MIXED SOLVENT SYSTEMS 

V.Kuznetsova, V.Sinev, and O.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 CH^ONa/methanol-organic solvent, 

are determined. 

At the present the Ritchie equation(I) finds 

w i de application in the correlation analysisThe equa

tion connects reactivity of the organic cations with nuc

leophilic parameters, N+. of the nucleophile— solvent 
system4-6; 

lg k± = lg k-i0 + N+ (L) 

where k^ and k^ Q are the rate constants for reactions of 

i-th cation with the given and standard nucleophilic sys

tems, respectively. 

According to Ritchie and coworkers-*'''"^ oon_ 

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

bility oi application of the Ritchie equation for nucleo-

phile-mixed solvent systems. The kinetics of the formation 
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of triarylearbinol 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 (BMSO). Table I 

lists the results obtained. 

ал?** 

0 

I и hi 

СбН5 

озГ'Ц-СНъ 
•с^с=с-сн, 

о 
2 

QHs CfiHs 
Мч л/ 

CHjtf С--0 О*' у<Нг 
CHj'C- С — С~СНз 

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

Table I by equation (2): 

ti* = •£ + ( ig k8 - ig km > (2) 

where s and m are indexis of mixed solvents and methanol, 

respectively. The value of H+ for nucleophilic system 

"OGH^/GH^OH was taken as equal to 7.68 10. 

Table 2 represents the values of H+ for the nuc

leophilic systems "OCH^/mixed solvent.The same Table lists 

parameters of nucleophilicity for tne systems -uh/mixed 

solvent calculated by the analogous procedure using the 

data from Ref. U* the value of N+ for nucleophilic 
10 

system "0H/H20 being taken as equal to 4.75 

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 I 

The Rate Constants of the Formation of Triarylcarbinel 

Methyl Ethers in the Systems ~0CH^/Methanol-Organic 

Solvent (25°C) 

Solvent Content of 
methanol, 
%mass. 

• ' 1 " ч 
Rate constants,"10 ̂ Ijfmol.sec Content of 

methanol, 
%mass. I II III 

Aceto- 83.4 1.58 0.68 3.39 

nitrile- 76.4 1.60 - 3.44 

methanol 68.2 1.78 0.71 3.64 

58.9 2.02 0.84 $.98 

36.8 3.93 1.73 7.36 

10.1 24.2 17.0 31.6 

Dioxane- 60.0 3.89 2.69 10.0 

methanol 50.0 7.24 4.47 18.3 

40.0 12.6 7.24 • 24.0 
30.0 28.8 II. 9 61.7 

DMSO- 72.5 3.52 1.39 8.15 
methanol 53.0 7.66 3.91 15.7 

50.0 9.44 6.50 18.5 
25.0 27.9 19.2 39.8 

Table 2 

The Values of N+ for the Systems "OQ^/Binary Solvent 

1 
N+ 

0.135 
7.79 

0.267 
7.83 

0.352 
7.89 

0.572 
8.12 

0.874 
8.97 

2 5* 
0.135 
8.17 

0.194 
8.44 

0.267 
8.68 

0.352 
9.04 . 

3 N+ 
Õ.135 
8.13 

0.267 
8.47 

0.291 
8.56 

0.551 
9.03 

4 0.002 
4.91 

0.005 
4.95 

O.OII 
5.15 

Ö.03Š 
5.86 

Ö.087 
5.99 

Note: I.CH-jOH-CH-jCN; 2. CH^OH-cHoxane; 3 . CRj OH-DMSO; 

4«HgO-HMPA; JC-m.p. 2-nd component. 
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for Antipyryne Red ( p-dimethylaminodiphenylantipyrylmethyl 

cation) 

lg к = -4.132 + 0.912 H+ (3) 

+0.158 +0.021 

r«0.995; e»0.139; n=2I. 

the nucleophilic вузtema: "0CH^(CH^OH-CH^CN, CH^OH-dioxane, 

CEjOH-DMSO), "0H(H20-HMPA) 

for Antipyryne Orange (diantipyrylphenylmethyl cation) 

lg к = -3.536 + 0.9II Я+ (4) 

+0.318 +0.038 
r=0.989; 8=0.068; n=I5. 

the nucleophilic systems: ~0CH^( CH^OH-GH^CN, CH^OH-dioxane, 

GH^OH-DMSO). 

The above analysis allowed us to state that, within 

the limitations, formulated elsewhere^"2 , the Ritchie 

equation can be applied for kinetic data obtained in sys

tems nucleоphile-mixed solvent. 

As one can see the values of the slope in Eqns. (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 сorrela-, 

tion can be obtained by the two-parameter equations 

lg k± = lg kijQ +^K+ (5) 

where dL is a value dependent on trie nature of electro

phile. 
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ALKYL AND ALKENYL ESTERS OP SULFONIC ACIDS, 
NIL. 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» H-metyl-

propyly 3-methylallyl, 3-methylpropyl and alkaline 

hydrolysis of allyl ester of p-toluenesulfonic acid 

in aceton»water system at the temperature range 0— 

70eC has been investigated.Reactivity of esters is 
shown to obey the Taft equation. By the ana

lysis 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-MFTS), 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 

repulting from complete alcoholysis or hydrolysis. The al

coholysis kinetics was measured titrimetrically, conducto-

metrically, and spectrophotometries!^' 
lecular conditions at the ratio of sster:alcohol (0.01-0.001) 

•(l,0-2.5)mol/l. The working wavelength for 1-MATS and 1-

MPTS was 225 ntn » for 

The author for communications 
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3-маФЯ and. 3-MPTS-261 пт • The reaction rate constants 

were calculated by first-order equations (1 ), (2) or (3) de

pending on the used method of study where 

(1) 

C3) 

( & - X)are changes in the ester concentration in time ̂  \ 

Jt>, 4t. ancL ̂ )0l *2bb are, respectively, values of 

electroconductivities or optical density at the beginnig of 

the reaction, in time ̂  , and after the end of the reaction; 

"6 is time in sec. 

The rate constant of alkaline hydrolysis was studied by 

titrimetric method. The rate constants were calculated by 

equation of second order (4), where ( — X ) are changes 

in the alkali concentrarion in time Ъ . 

/ 2.30Э A 6 f a - X l  ,  .  

* 2  ( A - 6 J t  о  

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"сomputer 

with reliability of О.95. The reaction of esters with water, 

alcohols and KOH in aqueous acetone proceeds quantitative

ly and irreversibly according to the scheme (1)i 

4-CHJO^H^SOGOB + в'ОН 4-CH5G^HVSO(3OH(K) +BOB' 

FI= CH2-0H=CHZi 1-CH(CH3)CH=CH2 ; 1-СН(СН5)СНГСН3 ; 

3-CH^CH = GHOH3 ; 3 - CHPCH^CH^CH^; 

В = К, H, Me, Et, /7-ft- , /7-Bu, i - Pfr , i - Bw . 

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/1, 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),(4) (Fig.1,2). 

Irrespective of the methyl group location in cO -or jf -

position in esters 1-MATS or 3-MATS the increase in the al
coholysis rate constant is essentially the same as against 

ATS4. In this case the same effect of Bz in alcohols on the 1 

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 

incL or ̂  position increases the resonance stability of 

the transition state in 1-MATS or 3-MATS as a result of. 

carbon atom P orbital overlapping 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 ot or ft" 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 / -

position does not practically influence the rate constant of 

3- MPTS in comparison with propyl ester of p-toluenesulfonic 

acid (PTS)4. The methyl oO - group increases considerably 

the reactivity of 1- MPTS in comparison with PTS and depends 

on Bf- 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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T A B L E  1  

Alcoholysis of 1-MATS and 1-MPTS in Alcohols R# OH 

ky 10* 1/sec 
  Alcoholysis of 1 - MATS 

R# 
30° 40 

Ч
Л
 
0
 
0
 

1. H 447 -9 138О - 32 4169 ± 77 

2. Me 11.6 ± 0.5 36.7 ± 0.6 101 ± 2 

3. Et 6.94 - 0.08 21.9 - 0.5 60.3 ± 0.9 

4. n-Pr 3.89 ± 0.85 12.3 ± 0.2 33.9 - 0.6 

5. n-Bu 3.73 ± 0.04 11.6 ± 0.4 31.6 ± 0.6 

6. i-Pr 2.18 ± 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 

  ; 
R7 40° 50° CTt

 0
 
0
 

1. H 968 ± 29 2876 ±49 8110 ± 120 

2. Me 12.8 ± 0.4 38.0 ± 0.5 ЮЗ ± 2 

3. Et 5.54 ± 0.08 16.6 ± 0.3 45.0 ± 0.6 

4. n-Pr 2.49 - O.O5 7.40 ±0.09 20.1 ± 0.4 

5. n-Bu 2.23 - O.O5 6.61 ±0.09 18.1 ± О.3 

6. i-Pr 1.03 ± O.O3 3.02 ±0.04 8.13 ±0.06 

7. t-Bu О.132-О.ОО2 0.331*0.005 0.772-0.010 
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T A B L E  2  

Alcoholysis of 3-MATS and 3-MPTS in Alcohols R' OH 

  A —1 
1^*10; sec 

Alcoholysis of 3-MATS 

Rz 20° VI
 
о
 о
 

40° 50° 

1. H 188*5 631*18 1950*62 5620*112 

2. Me 3.90*0.08 12.6*0.3 38.0*0.7 106*3 

3. Et 2.75-°»°5 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 41.3*0.8 

5. Bu 1.62*0.03 5.05*0.07 14.5-0.5 38.0*0.6 

6. i-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 

  Rf *1 »10
&, sec""'' 

40° 50° 60° 

0
 0 
IN 

1. H 31 .2-0.08 92.3*1.2 242*4 591*10 

2. Me 1 .05*0.02 3.04*0.08 8.16*0.09 20.6*0.4 

3. Et 0.720*0.010 2.04*0.06 5.38*0.07 13.5*0.4 

4. Pr 0. 486*0.012 1.32*0.03 3.43*0.06 8.24*0.18 

5. Bu 0.477*0.009 1.29*0.02 3.23*0.07 7.53+О.2О 

6. i-Pr 0.274*0.006 
0.721*0.012 1.76*0.05 4.05*0.09 

7. t-Bu 
0.0648*0.004 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 

ß - Jt «0 
Plot of function ty'jfeo - M-t 

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 б'* was studied by the Taft equation (5). 

kjk sr iflko + (5) 

The determination accuracy of jp *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 Rz does not effect the reaction 

rate.Therefore,the correlation by the expanded Taft equa-
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0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

Pig.2. Plot of ф1 vs. time 

for alkaline hydrolysis of ATS in acetone 

water system, at 30°C. Рог numbers of 

lines see Table 3. 

tion which takes into account inductive and steric substit-

uent effects (6) was carried out: 

- ft + (6) 

The satisfactory correlation by equation (6)(Fig.4, 

5) has been obtained, but the comparison of J0* and c? val

ues indicates that the radical R' inductive effect pre

vails in alcohols with 3-MATS and 3-MPTS alcoholysis. The 

§>* value exceeds the value of S more than by 7 times. The 
positive sign of J>* constant indicates the reaction rate 
decrease with increase in electron-donating characteristics 

4 
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1 1 

_ 4 *logksoо 

т 1 1 1 1 1 1 

1 / 1  
уЬ\\ 

У Х 1  

& / /  

5 Л  

1 

у' 5 л  0 4  

А>1 
'  1  1  

d *  
. i i i  1  1  1  

Flg.). The dependence Ujtc^- G* of 3-MATS (1) 

and 3-MPTS (II) alcoholysis 

I - Г 0.975; j**.759« 

II- Y 0.953; j>*.014i 

РОГ numbers of lines see Table 2. 

S0 0.123 

So0.285 

0f в radical in alcohol molecule,1.e. the reaction rate con-_ 

stent 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 

alcoholysis reaction of alkyl and alkenyl esters on sulfon

ic acids alcohol behaves as an electrophilic reagent. 

The rate constant temperature dependences of alcoholy

sis and alkaline hydrolysis over the studied temperature range 

fit the Arrhenius and Byring equations ( %0.998 - 0.999, 
S 0.021 - 0.043). The activation parameter values of the 
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F° 
Flg.4. The dependence -Y—'- J?' ° •-5. . 

(fv °f 

1-MATS (I) and 1-MPTS (II) alceholysis 

I - $ 0.875J * 0.993; Se0.066 

S i . <  

Numbers of lines see In Table 1. 

II - 01.001; Y 0.958; So0.231 

studied reactions are given in Tables 4 and 5.The analysis 

of isokinetic dependence was carried out in the Palm—Xxner 
coordinates by Eq*(7)6 

I= а + (?) 

High correlation coefficients (r 0.99) of equation(7) 

indicate that alcoholysis and hydrolysis proceed by a 

similar mechanism (Fig.6). 

1 



4 

3 

2 

1 

О 

JA, - 4L 
Pig.5. The dependence —tf—"7-r 

0 

of 3-MASS (I) and 5-MPTS (II) 

I - S 0.646; Ъ 0.997» 

II- S 0.556; ^0.980; 

For the numbers see Table 2. 

T A B L E  4  

THiüRMODYNAMICAL PARAMETERS OF 1-MATS, 1-MPTS, 

5-MATS, 3-MPTS ALCOHOLYSIS* 

N* £ Г* : 
а Г AH* ; -A 

1 2 5 4 5 6 

Mcoholysia of 1-MATS 

1. 22.25 21.56 21.46 0.32 14.63 

2. 21.43 21.91 20.75 З.59 12.47 

3* 2I.32 22.21 20.66 4.89 12.19 

4. 21.47 22.60 20.74 5.77 12.00 

log k,-log к, 

£ 
p 

So0.014 

So0.032 
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Table 4 (continued) 
т~ 

2 3 4 5 6 

5. 21.23 22.66 20.55 6.55 11.84 

6. 21.45 22.98 20.83 6.65 11.71 

7. 18.64 24.29 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 15.44 9.88 

4. 21.52 26.53 20.87 17.54 9.42 

5. 21.63 26.61 20.99 17.40 9.45 

6. 21»36 27.10 20.69 19.82 8.91 

7. 18.34 28.53 17.63 33.75 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.ЗО 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 24.1° 17.89 19.23 9.06 

Alcoholysis of 3-MPTS 

20.50 24.92 20.86 17.66 9.84 
2. 21.23 27.11 20.59 20.18 8.85 
3. 20.82 27.36 20e18 22.25 8.40 
4. 20.23 27.64 19.59 24.94 7.81 
5. 19.79 27.66 19.15 26.35 7.5О 
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1 I 2 I 3 4 5 < 6 

6. 19.25 28.03 18.61 29.18 6.88 

7. 18.66 28.98 18.02 33.94 5.84 

average 0.5 kcal/mol; 0.25 kcal/mol; O.3O kcal/mol; 0.75 e.u. 

and O.35I I/eec, respectively. 

As it follows from Fig.6 three straight parallel lines de

pending on ester structure were obtained. Hence, all the sys -

terns studied by us have the same isokinetic temperature. The 

mean value of isokinetic temperature, ß, calculated by equa

tion (8)^ where *£ = ̂ 2^1 for 1-MATS alcoholysis is (114+ 

 ̂ rrt (8) 

T A B L E  5  
Activation parameters for Alkaline Hydrolysis 

of Allyl-p-Toluenesulfonate in Ac et one-Wate* System* 

Aceton 
-water 

(56) 

В 

kcal/mol 

дР* 

kcal/mol 

дН* 

kcal/mol 

-AS# 

cal/mol 
^rad 

Ljk 

l/mol-'sec 

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 4.41 12.25 

30 19.04 20.12 18.46 5.7О 11.97 

20 19.19 19.81 18.60 4.31 12.32 

10 18.82 19.79 19.24 1.89 13.93 

0 18.02 19.33 19.44 1.40 12.82 
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*) Errors of estimation average 0.40 kcal/mol, 0.25 kcal/mol, 

0.40 kcal/mol, 0.85 e.u. and 0.25 l/mol*8®^ respectively*.: 

for 1-MPTS (105^8), 3-MATS (120±5), 3-4ÖTS (120±15), and 

for alkaline hydrolysis of ATS (123^8)eK. It ie noteworthy 

that the reagent nucleophilicity does not affect the depen

dence in coordinates lgk^ -lgkT whether the reagents be 

alcohol, water or hydroxy^. ion."1" 

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 transition 

states in alcoholysis and hydrolysis reactions of each pai#: 

ester-alcohol, ester-water, and ester-hydroxyl ion. 

Hence, observance of the Taft equation, similar value» 

of thermodynamic activation parameters, and the presence 

of the isokinetic correlation allow to conclude that alco

holysis and alkaline hydrolysis of esters proceed by thet 

same mechanism. The alcoholysis of esters when reactivity 

changes are reached by varying structure of a nucleophiMe 

reagent belongs to the third type of Hinshelwood classifi

cation^ 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 composition on 

kinetic parameters of alcoholysis and hydrolysis. The transi

tion from tret—butanol to water, or from acetone to water 

leads to an increase in the rate constant ,but the rate con-r 

stant dependence on a dielectric constant or molar fraction 

of one of components is non-linear.Deviations from the eleo-
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Plot of lgkm vs. lgkT 

Pig.6. У 

I - 1-MATs - a , 30-500 an 

1-MPTS - СЯ , 40-60°' (Table 1); 

II - 3-MATS - A , 20-50° and. 3-MPTS - Ф , 40-70°, 

(Table 2); III - ATS - О , 10-50° (Table 3). 
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Prostatic 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 importance^. 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 Harris10, structures IV 

and V. л л 

X/k50Л---Н-  OR ХЙгЬО г-0—сн гf{ 
I ,  Л  S  
ft _ H—OR' 

H lii 

RCHj- ' •<"' ' ' °X s
/ 0  

\h- • '0 ' \ A X  

RCH'- 0 

/V 

•R /0 

6 1  

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 transition state differ from 

initial reagents is proposed to be a criterion to differ the 

reaction proceeding by 3^2 (n~2) or ^1 mechanism (n~6-y;. The 

number of water molecules was calulated by Eq. (9) 

= n -A const 



It was found that the n 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 

Pig.7. Plot of lgk2 vs. lgfc20] for alkaline hydrolysis 

of ATS, 30°C 

For numbers see Table 3« 

70-50% solutions П is equal to 2, and for 50-0% to 4. 

The value of n?4 indicates apparently that in solutions high 

in 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. 

T A B L E  6  

Comparison of Rate Constants for Catalyzed and Neutral 

Hydrolysis of Allyl-p-Toluenesulfonate in Acetone-Water 

System, at 30°C. 

Acetone 
-water ! 

v/v 

• k#
7-105 

sec"'' 
к*.Ю^ 
sec~# Щ *! А/ 

100 2.02 0.0182 111 

90 2.32+0.04 0.116 ± 0.02 20 
80 2.70+0.03 0.430 i 0.09 6.3 

70 2.94+0.05 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 
4° 

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 1.4 

10 86.4 +0.9 7О.3 - 2.2 1.2 

0 123 ± 7 125 - 23 1 

*) Ц is the first order rate constant calculated in the 

presence of C.02 M К ОН (к, ж k^ + kp^-). 

••) k^ is 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

dynamic al 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 ДН*, 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 witn-

in rather narrow limits. The ratio кц (У^ССН ^00 a* 1 20' 

30, 40, and 50°C equals 75, 69, 62, 58, and 50, respectively, 

w h e r e a s  i n  n e u t r a l  h y d r o l y s i s  t h e  r a t i o  к ^ ^ / к ^ 0 0  

30"C is 6868 12. The marked difference between the values of 

kH O^CH ) 00 for neutral 8111(1 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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T A B L E  7  

Influence of Alkali Addition on Rate Constants of 

1-4EAIS, 1-MPTS.3-MATS and 3-MPTS Alcoholysis. (Bsterjx 
= 1,0 • 1°~3 mol/1. 

Bster 

f— 
T°C KOH, 

^.sec"1 

ВОН n-PrOH t-BuOH 

30 - ШЕХ 447 - 9 3.89 - 0.04 0.372*0.006 

1-MATS6 30 0.002 438 * 7 26.8 i 0.4 3.76*0.05 

30 0.004 445 1 8 58.4 * 0.9 7.63*0.12 

40 -SS* 968 * 29 2.49 - 0.05 0.132*0.002 

1-MFTS** 40 0.002 972 - 28 19.2 * 0.3 1.30*0.02 

40 0.004 962 * 17 41.8 * 0.8 3.42*0.04 

30 - хш 631 * 18 5.10 * 0.08 0.492*0.009 

3-KATS* 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 — ют 92.3*1.2 1.32 *0.03 0.164*0.002 

З-мгаз** 50 0.002 114 -2 18.5 -0.2 3.20*0.06 

50 0.004 133 -2 32.4 *0.6 5.23*0.10 

*) k^.104; k^.106; xöeJ(ц 

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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tiön 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

istic features both of mono and bimolecular mechanisms are 

observed. The mechanism of these reactions may be more 

complicated than a classical one of S^l °r Sj^2. 

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 whicb, depending on ester structure, 

medium polarity, and reagent nucleophilicity, the degree of 

сovalent C-0 (e) bond-breaking or the degree of bond forma

tion (n) with a reagent (it) are predominant, i.e. the 06 

carbon atom of sulfoester In the intermediate is always 

more positively charged than in the initial compound: 

M. n .  
H\CZH e- • 0 S 0 Z C 6 H 4 X  ( T I )  

I  

R  

In the alcoholysis and hydrolysis of sulfoesters in low 

polar madia changes in the bond formation order Anjj^ (pro

cess n) are larger than changes in the bond breaking order 

дпС--0 (process e). Changes in the ratio дп^/ Дпс_о 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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XG6H4S020CH2fi==^==i= XOg^SOgO' д. /^HgB 

- S S  * к V L "  
xc6H4so2o ...+ŽH2fi ̂ i^===> xc6H4so2<f Ищу» 

,0 ..Ан. 

* reaction products 

fast 

fast 

(HI) 

,0 ...*C] ••• ̂ pK + N *• reaction products 
slow 

where N = H20, BOH or OH. The effective reaction rate con

stant whose intermediate step is a dissociation of bond 

(VIII) into ions or an interaction with nucleophile is de

termined by equation (10): 

kvk, 
kobs = = K * *3 (10) 

Hence, the kinetic study of alcoholysis a»d 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-

cleophiiic attack by H20, BOH 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 pair1^. 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 their further transformation is a 

limiting phase of the process (p-reaction products). 

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

(IX) 

> > ö j 0 

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 xad 

water or acetone and water in coordinates Igk^-lgk^ 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 solvent polarity (Table 3)) 

is in contradiction with the classical theory of 3^2 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 I" sulfuric acid solutions are measured at 

25°C. 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 > 1-PrF > EtF is 

10®:10^:1. The Increase in selectivity may result 

either from the increase in the 5^1 character of 

the limiting step in the catalytic solvolysis 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 З.Ю and 0.8.10 sec 

for t-BuF and MeF, respectively1). 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 solutions 2, of BzF in sulfuric, perchloric 

and nitric4 acid solutions. 

In the present work the solvolysis rates of Me- , Et-, 

i-Pr-, and t-BuF (including the C-F bond heterolysis) are 

measured in sulfuric acid solutions: 

RF + H+= RF...H+-^ R+...FH -^products (1) 
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Passing from hydrolysis to acid-catalytic solvolysis of 

alkyl fluorides is found to lead to sharp increase in the 

selectivity: 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 QIC method ^' 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: 

к = tCgCn**) «here ! 

öi = [RF]S/ [RF]B is a distribution coefficient of 

RF between gas and solution; X is a ratio of gas and 

liquid volumes in the flask. The oi 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 11 in the gas and solution. From the data 

obtained (Table 1) one can see that the оL values depend 

weakly on the sulfuric acid concentration at ^ 30 

mass per cent, increase in the region of 50-70% HgSO^ and 

decrease in the concentrated sulfuric acid. The cL values 
of alkanes 11 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^ Ttle individuality of RF was established using 

GLC, 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, 

к in sec-1. 

RF H2SO4,% -Ho 
lg к + 5 cL 

T 2 3 4 5 

t-BuF 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-PrF 53.2 3.70 1.3 2a 

57.1 4.15 1.5 3a 

62.1 4.82 2.4 5a 

66.8 5.48 3.3 IIa 

72.1 6.23 3.9 17a 

EtF 85.0 8.29 0.02Ъ 0.4a 

90.0 9.03 0.54 0.2 

94.1 9.50 0.91 0.2 

96.0 9.88 1.02 0.1 

0.1a 

98.3 10.35 1.40 0.1a 

MeF 99.9 11.43 0.73Ъ -

R Estimated by the method of ̂ ef. 11 

k Calculated by the equation к = 1.67«TO11 e - —^122— 
О RT 

from a series of kinetic runs at 59.2 , 70°, and 79°C. 
c The value of kg at Л =1.24 (°^ ̂  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% H2S04 
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only (H0- -11.94). The data for fr-BuF, i-ftrF, and BtP 

fit the equationi 

lg к = -aiH0 + b± (2) 

The values of parameters and b.; for these systems to

gether with the values for the solvolysis of t—ВиУ 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 BtP 

in the solutions of HgSO^ with close concentrations differ 

by some orders of magnitude (see the Pig.), and the values 

of parameters b.^ allow to estimage the change rang* of the 

reactivity in the series of RF. In the middle of the range 

of H0 <He- -5): 

t-BuF : i-PrF : EtF<s= 108 : 105 : 1 

Table 2 

Parameters of Eq. (2) for EtF, 

i-PrF, and t-BuF. 

RF 
Acid and the 
range of conc. 

w/w 
• a± bi Refs. 

EtF H2so4 85-90 0.65 -10.4 this work 
i-PrF 50-70 1.1 - 8 this work 
t-BuF 10-30 0.86 - 3.7 this work 
t-BuF HN03 3-37 1.06 - 3.7 [21 
t-BuF HCIO4 5-40 1.14 - 3.6 M 
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Pig. Plot of lg к (к in sec 

vs. H for solvolysis of RP 

in sulfuric acid solutions, 

25 °C. 

-1 

The role of H+ in 

the acid-catalytic 

solvolysis 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

crease in the select

ivity in the solvolysis 

of RX results from 

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 5^1-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 meeylation kinetics of p-chlorophenol 

in the presence of nine trialkylemines in Ьешепе 

has been studied at 30°C. The reaction proceeds 

by two competing mechanisms, naaely by the sul-

phene mechanism and by the pre associative general 

base catalysis. For the first time, separation 

of the above pathways has been made f rm the 

kimtie data. The influence of the trlalkylaalne 

structures on the competing mechanic® rates is 

described by the Brönsted equation and by the 

modified Taft equation. The reaction paraneters 

obtained have been used to substantiate the 

influence of the catalyst structure on the ra

tio of the competing pathways. 

Proceeding from the literature data 

on catalysis of eather fonnation reactions by tertiary 

amines three reaction mechanisms can be asemed S> r med

iation of phenols in the presence of tri alky lanines 

CH^OgCl a_* CH3S02C1 + ArO-H-• UR-j— 

+R3* — [CH3S02HR^C1" + ArOH — 

+Ar0H r' '» C^-SOg + Rjff«HCl + ArOH 

CHjSOgOAr ^ 

^R^f.HCl 
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where la is a general-base catalysis mechaniem, lb is a 

nucleophilic catalysis mechanism, Ic is an elimination-

addition or the so called "sulfene" mechanism• 

Earlier, on the basis of the studies of reaction kine

tics* and the results of isotope studies'5, we showed that 

mesylation of phenol in the presence of triethyl amine 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

te rophe no 1 practically results in TOO* formation of 06-mo-

nodeute rated eat her CHgDSOgOCgH^. 

In passing to dimethyl benzyl amine and triben-

zyl amine5 the reaction proceeds by the sulfene mechanism 

side by side with the general-base catalysis (scheme la) as 

evidenced by the decrease in the formation of 06-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-chlo rophe no 1 in the presence of tributyl- (I), tripro-

pyl- (II), triethyl- (III), diethylmethyl- (IY), dimethyl 

cyclohexyl- (Y), diethylbenzyl- (YI), dimethylbenzyl- (YII), 

tribenzylemine (IX) and triethylene diamine (YIII) in ben

zene has been studied at 30°C. 

Experimental. 

Methane sulfonyl chloride, phenol, and p-chloro-

phenol were purified by redistillation under vacuumphy

sical constants are consistent with the literatire ones. 

Benzene was purified according to^. "Chemically pure* 

I,II,III,IY,Y,YII were boiled over p—toluene sulphonyl 

chloride, dried over melted potassium hydroxide, distilled 

over metallic sodiun\ middle fractions were collected. 

The physical constants agreed with the literature ones. 

YI was synthesized by the procedure described in^ 

using benzyl chloride and diethylanine. The purification 

was performed as described above. YIII was purified by 
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sublimation under vacuum. IX was purified by repeated 

recrystallization from methanol. Ute physical constants 

were in agreement with the literature ones; 

The kinetics of mez ylation of p-chlorophenol in the pre-

sence of trialkylamines was investigated with two methods, 

namely with Potentiometrie determination of chloride ions 
fonned in the reaction, and with gas chromatographic da

te iminat ion of the end product phenyl methane sulphonate 

(LHM-8MD 15 Chromatograph with 10% silicon SB-30 on chro-

mosorb, gas—carrier was helium) with an internal 

standard. 
The kinetic studies were carried out at the 

following reagent concentrations: (a) methane sulphonyl 

chloride 0^003 mole/1; (b) ArOH 0.02 - 0.06 mole/1; (m) 

t ri alkyl amine 0.06 - 0.006 mole/1. 

The acylation reaction was performed according to the 

following technique. The reagents were placed into a bulb 

equipped with a ground stopper and two appendices - 5 ml 

of methane sulfonyl chloride was placed into one appen

dix, and 5 ml of a tertiary amine 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

tion. The reaction was stopped by binding the unreacted 

tertiary amine with an excess of nitric acid (1:5 aque

ous solution) with vigorous stirring. The mixture was quan

titatively transported into the cell to be titrated and 

the amount of chloride ion was deteminated. For the GbC 

analysis, l-Ю 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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kj = l/t • In a/(a-x) (2) 

The reaction rate constants were calculated either by-

dividing kj by m (with m»a) or (with a) using the for

mula 
kj = 1/t • I/(m-a) • In a(m-x)An (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 method® using the "Promina* 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(Potentiometrie titration,GLC),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 nucleophilic 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 Amim in 

Benzene at 30°C, a 0.003, b 0.01, m 0.02 mole/1 

Method 

и
 1 Ш
 

г
л
»
 
о
 
и
 

>
 

kg'IO^ ,l/molee8 

GLC 1.04 - 0.04 5.2 i 0.2 

Potentiometrie 
titration 1.66 - 0.05 8.3 ± 0.3 

Potentiometrie 
titration (without 

phenol) 1.50 i 0.04 7.5 - 0.2 
. 
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Check runs with methane sulphonyl chloride show (Table 

I) that the chloride ion is fomed as fast ae in the pre -

sence of phenol. Together with the fact that the GLC re

sults and those of Potentiometrie titration are close, this 

confirms that sulfene is foimed (scheme lb) in the rate 

limiting step. The reactive sulfene fomed reacts quickly 

with phenol to form sulfonate and in the absence of phenol 

is oligomerized undergoing a number of conversions^. 

With tributyl-, 

tripropyl-, diethylben-

zyl-, dlmethylbenzyl-

and tribenzylamine (GLC) 

when the p-chlorophenol 

concentration is increa

sed the observed second-

order rate constant koba^ 

increases linearly 

(Pig.I,Table 2), the 

straight line cutting 

off an intercept on 

the axis of ordinates 

rather than pass the 

origin. When studying 

the interaction between 

methane sulfonyl chlo

ride and the correspond

ing trialkylamines oil 

amine in benzene at 30°C (kob8.)« the basis of chloride 

( t> - the GLC method; Q - the ion yield (potentianet-

potentiometric titration method), rlc titration) we ob

tained second-order ratie 

constans kg which coincide numerically with the k^-values 

(Table 2). Л.8 the formation of sulphene is the limiting 

step of the reaction, k^ derived by calculations (Table 2) 

from the results of the kinetics of ether foimation (GLC) 

and kg obtained experimentally from the chloride ion yield 

coincide. 
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tics in the presence of tributyl 



Table 2. 

The Influence of the Trialkylamine Structure on the p-Chlorophenol 

Mezylation Kinetics in Benzene at 30°C, a O.OO3, m 0.02 mole/1 

R,F г.б
Х1° 

1 
1л 
зн 
и 

и 
го 

»Ка3 

а" 
k8.io4 

l/moleeE 

s) for b(mole/l) k^.lO4 

l/nole*s 

VI°3  

l^fool^* 8 

r R,F г.б
Х1° 

1 
1л 
зн 
и 

и 
го 

»Ка3 

а" 
k8.io4 

l/moleeE 0.02 0.03 0.045 0.06 

k^.lO4 

l/nole*s 

VI°3  

l^fool^* 8 

r 

I -0.390 4.50 S.93 127-3 187^6 211*3 255*5 290*1 130*3 272*3 0.99 

H -0.345 4.10 10.65 67-З 95-4 131*3 164*4 204*8 60*3 2 30*10 0.99 

in -0.300 3.80 10.78 7 5 0-2 0 - 52 0-Ю - 500*10 - - -

IY -0.200 з.оо 10.43 5900*290 - 1800*90 - 1200*100 - - -

Y -0.150 2.97 10.43 1920*80 10б0±50 800*40 740*30 - - - -

YT 0.015 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 32*2 0.99 

YII 0.215 2.23 8.91 8 е 0—0.4 II.5-0.5 14-7*0.7 15.5*0.5 20.4*0.8 7.9*0.3 20*1 0.98 

YIIJ 0.400 1.30 11.79 3310-100 1410-50 1060*30 - - - - -

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 to I. Thus, together with 

the sulfene mechanism having general second order (zero or

der in phenol) the reaction mechanism with general third 

order is realizfcd. The third order rate constants (kb) were 

determined as the slope of vs. Ъ (Fig.l, Table 2). 

Processing of the obtained rate constants, k^, according to 

the Bronsted equation results in correlation equation 4. 

lg kh - (-8*1*0.9) + (0.72*0.09)pK®3H; So-0.28; r*0.97 (4) 

Ae is seen from Fig.2, the 

-value for tributylamine 

falls out. If this value 

is ignoredithen good cor

relation according to the 

BrOnsted equation is ob

served. lgkb=(-7.7*0.3) + 

(0.67*0.03)рК?3*$ s 

r = 0.94 

More complete consi

deration pf both induction 

parameter* and sterlc pa-

raneters of trlalkyl amines 

is given by the modi

fied Taft equation pro

posed originally by 

Bogat kov-Bbpov -Lit vi ne nk«?1 

whe*e the etoric character

istic of aliphatic amines 

(Вд) is given on the basis of 

the isosteridity principle. 

For the -values (I,II,Y1, 

YIII,II) we have obtained a 

good correlation from this 

equation (Fig«3)* 

Q 0.08; 

(5) 

-2 

- 6  

-log к 
• !  1 1 J 

А /V" 

-

1 
<3 к
 

-

z л  

у 

-Z Л 

1 1 
PK?" 

I l l i  
10 11 12 

Fig.2.Dependence of the reac

tion rate on the trialkyl 

anine basicity ( Д - for 

the sulfene mechanism kg, 

0 - for the general-base 

catalysis mechanism k^. 
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lg \ ' (-0.76*0.07) + (-2.55*0.04)1 б"* + (0.18*0.02 

S0 = 0.03; г = 0.999 (6) 

1 logk-6EN 

"0 

д -5 

Д 
-4 

-2 

-7 ~°? "° -,7 

Д 
1 1 1 1 1 1 

0.4 -0.3 0.1 0.2 0.3 0.4 0.5 0.6 

r d "  

-2 

Fig*3« Dependence of the reaction rate on the inductive 

(1(5*) and steric (3^) characteristics of substituents 

in trialkylamine (Д - for the sulphene mechanian kQ, 

© - for the general-base catalysis mechanism b^). 

An analysis of the obtained said 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 (.ß^/ & b * 14). 

It is obvious that it is for this reason that a satisfacto

ry correlation is observed by the BrOneted equation which 

is not very characteristic of alkyl amines. Since the ste— 

rical influence of the substituents in R^N is insignlf1 -

cant for the given reaction, using pKa values as struc

tural characteristics of tertiary amines Which reflect» 

in the first place, the induction influence of the substit

uents on the reaction center, 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 mechanism (scheme la) and testi

fy against the alternative nucleophilic mechanian (scheme 

lb) for the steric environment of the catalytic center is 

most important and its basicity is of less importance. 

Thus, alkanesulphonylation of phenols in the presence 

of tertiary amines is described by the equation 

dx/dt = kg(a-x)(m-x) + k^a-x) (b-x)(m-x) (7) 

in the case of the reaction proceeding by the general-

base catalysis mechanism the formation of hydrogen-bonded 

amine-phenol complexes 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 mechanism is defined in this case as 

the preassociative general-base catalysis mechanism . This 

mechanism is confirmed by the. kinetic data 

obtained when catalyzing the reaction by triethyl-, di-

ethylmethyl-, dimethylcyclohexylamine and triethylenedi

amine. As seen from Table 2 a decrease is observed in KQbs 

when these catalysts are used, and b is increased. This ma5 

be associated with a decrease in the trlalkylamine active 

concentration as a result of its canplexation with phenol. 

At the same time, whereas formation of such complexes re

sults in realising the pre associative general-base mecha

nic (scheme la) for I ,II,YI ,YII ,И, the above mechanism 

fails because of the high rate of the sulphene pathway 

(scheme Ic) for III,IY,Y,YIII. With k^k^m-x) reac 

rate equation 7 is reduced to 8. 

dx/dt = kB(a-x)(m-x) 

indeed, as Table 2 shows kg ie much higher for III,IY,Y and 

nil than for I.II.n.m.IX. in this case , the above phe

nomenon ее em s to be brought about by an increase in the 
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steric accessibility when passing free I,II to III-Y 

and fron YI,YII to YIII, which leads to a considerable 

increase in resulting in the suppression of the pathway 

of the general-base catalysis« However, an increase in the 

steric accessibility also leads to foraation of stronger 

complexes with p«-chlorophenol 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 the 

observed rate constant (koba)* Therefore we use the к val

ues obtained with b=0 from the Potentiometrie titration 

method as a measure of the rate of the sulphene pathway for 

HI»IY, Y, YIIT. In the case of the remaining trlalkylanines t 

as was stated above, coincidence of kg and k£ is observed. 

The processing of the k0 values according to the BrOnsted 

equation for all trialkylamines used gives the correlation 
equation 

lg ke « (-12*1) + (I.0*0.2)pK*3*f S0 « 0.72; r « 0.93 (9) 

If the most deviating values of kß for IY,Y are excluded, 

then the correlation equation will have the f ora (Pig.2) 

lg ks = (-13*1) + (I.lio.DpK^i S0 « 0.45} r - 0.97 (10) 

It is possible that the deviation of the kQ-valuee for IY,Y 

is associated with the great steric accessibility of the 

catalytic center of the trlalkylanines in point (Table 2). 

Thus, the BrOnsted equation can describe satisfactorily the 

influence of the trlalkylamine structures on their catalytic 

properties in the mezylation reaction of phenols. 

The processing of the obtained rate constants к accord
ing to the modified Taft equation for all trialkylamines 

used gives the following correlation equation 

lg ke = (2.5-0.9) + (-4»6-0.8)£<J* + (*.4*0.3)3^ $ 

S0 « 0.8 ; r = 0.93 (II) 

After excluding the most deviating constant (for dimethyl 

benzyl amine) the following correlation (Fig.3)is obtained: 

lg ks = (3-4*0.3) + (-4.4*0.3)16* + (1.6*0.1)3^ ; 
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s0 = 0.3; г = 0.99 (12) 

A comparison of J5*- and £g-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 nucleophilic mecha

nism (scheme lb). 

A.n analysis of the obtained parameters 36, & for 

the mechanism of p зге associative general-base catalysis and 

for the sulphene mechanism 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 k0-value than in the = 1*7; 

^ Jb b = 1.6), and the pathway of the general-base catalys

is is suppressed. An increase in the steric accessibility 

of the trialkylamine nitrogen at an (IY,Y) results in а 

still more considerable increase in kQ as compared with 

( £ /$ =9) leading to the complete predominance of the 

sulfene mechanism. 

References 

1. E.M.Cherkasova, S.V .Bogatkov, and Z .P.Gol.ovina, Usp. 

khim., 46, 477 (1977); V.A.Vasnev and S.V.Vinogradova, 

Usp.khim., 48, 50 (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) 

5. A .Williams and K.T.Douglass, Chem.Jxevs. , 75, 62/ (1975) 

4. V.P.Bezrodnyi, Yu.G.Skrypnik, and S.N.Baranov, 2h.org. 

khim., 16, 1865 (1980) 
5. Yu.G.Skrypnik and V.P.Bezrodnyi, Zh.org.khim., ±6j_ 588 

(1980) ' 
6. A.Weisberger, E.Proskower, J'.Kiddik, and hi.Toops , Or

ganic Solvents, IL, M., 274 (I958) 

7. V/eygand-IIilgetag, Organisch-chemische Experimentierkunst, 

"IChimiya" , 625 (1968) ,(Kus.transi. ) 

178 



8. L.M.Batuner and. M.E.Pozin, Mathematical Methods in Chem

ical Technique, "Khimiya", 665 (1971) (in Rus.) 

9. G.Opitz, Angew.Chem., 22» 161 (1967) 

10. Spravotchnik khimika, t.3, "Khimiya", 954 (1964) 

11. S.V.Bogatkov, A.F.Popov, and L.M.Litvinenko, Reakts. 

sposobn.organ.soedin., 6, 1011 (1969) 

12. L.M.Litvinenko, A.F.Popov, and Zh.P.Gelbina, DAN SSSR, 

203, 343 (I972); S.V.Bogatkov, N.A.Belova, and S.S.Med-

ved, Organic Reactivity, 12, 43 (1975) 
13. A.I.Kiritchenko, Thesis, Donetsk State University, 

Donetsk, I97I. 



EQUIVALENCE OP THE BASICITY SCALES 

Makitra R.G. and Pirig Ya.H. 

Institute of Geology and Geochemistry of Fuels 

Ac;ad.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 is 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-aesooiatioa. 

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: 

у a aQ+ai(n^-1)/(n^+2) + ag(<5 -1)/(2& +1) + 

а^ба+ a^B + a^E. 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 CHCl^ - 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 Bp^Qjj scale is the most practi-



cally suitable one. 

Electron-donating power (basicity) is one 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 ^ has 

proposed one-parameter correlation between the above values 

and donor numbers DN, i.e. enthalpies of mixing of donors 

with SbCl^. 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 ^ or mixing 

enthalpies with CHCl^ have only limited validity. Therefore 

the equations are proposed which take into account a greater 

number of solvent parameters (properties). Fawcett and Kry-

gowsky 4 give the two-parameter equation in which the donor 

number DN determines the nucleofilicity and the Reichardt 

"polarity" parameter BT5 determines the electrofilicity of 
solvents: 

У = a0 + a.,DN + a2BT 

In the recently published work ^ for the purpose of more 

accurate description of kinetics in different solvents the 

authors propose to supplement the one-parameter Grtinwald-

Winstein equation with a second term which takes into acco

unt the basicity of solvents. The latter is based 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 energies: 

Y = a° * "1 • *2 Ä77" + a3B * a*E 
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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, <Г , is suitable for the 

characteristics 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*^ parameter which characterizes according to 

Hildebrand ̂  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.o. 

Since linear poly-parameter free-energy equations are 

so widely applied in many fields of solvent chemistry, it 

is 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

ties "B", i.e. shifts of phenol OH-band in its IR-spectrum 

under the effect of studied substances with phenol in CCl^ 

solution which rules out the possibility of non-specific 

solvation. The corresponding data exist in the literature 

for several hundreds of less common substances. The authors 

of Ref."""* 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 HCl, pyrrole 11, diphenylamine, HCNO. 

Thus, the authors of Ref. 10 propose a universal dependence: 
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ХСС14 .CCI. 
ДУ = а + b ду = а + ЬВ 

НХ PhOH 

12 
Ref. establishes also the presence of a linear rela

tionship between shifts of -OH (OD) IR-bands of different 

hydroxy1 containing compounds when forming hydrogen bond 

with bases. 

We have shown elsewhere ^ 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 1 
DN »8.200 + 0.08766 -35.734 R=0.973;s=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" scale. 

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 shifts of H-N bond in HONS 14 

or OD in MeOD (new data in Ref. 15) confirms this conclusion. 

The following equation was obtained for H-N band spectral 

shifts for 18 substances 14 (HONS in CC14 in the presence 
of bases: 

AUhjj =(71.2*7.2)+ (1.908*0.035)B; R=0.997; s=14.5 

where A\) = I) - v • Replacement of a one-parameter 
gaz sol 

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

In Ref. 10 for the solvent influenced OD-band shift the 
j-Ollowing relationship was obtained for 54 points 

A\>od = (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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A!)0D»(27.2±3.2)+(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 using only two-parameter equation which 

uses the basicity end cohesion energy density of solvents 

as correlated parameters! 

A)0D-12.33+159.93S + 0.420B; R-0.984; s»14.0 
However, for weaker H-bonds which are formed by chloro

form one-parameter dependence on *B" is not suitable any 

more although the basicity remains the most significant 

parameter in that case too. In a series of articles by Se

ar lee, 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 Ä^0D (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 CHC1, on the second component properties may be 

satisfactorily described by linear polyparame*er equations 

providing that the data are divided into two groups: un-

associated and associated (alcohols, amines, acids) liquidl. 

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) 

- ДН-95.53 -1157.б£2+ 2.43B; R=0.974 (^OB*0*^6^ 

a)associated compounds (see Pig. 1b) 

- АН» 0.558 -2478.6 ^— + 2.462B ; R=0.973 (rOB«0.93)« 
n +2 

•buch 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* — AH qHG1 

1157.6 for unassociated solvents or b) у' — д ^ 

-4-2478.6f(n) for associated compounds and solvent ^ ba

sicity "B". The solvents;1-CC14; 2-CH2C12; 5- o-dichloro~ 

benzene; 4— dichloroethane; 5-bromobenzene; 6—nitromethahe; 

7- 0<-chloronaphthalene;8- chlorobenzene; 9-benzoylchloride; 

10-benzene; 11-nitrobenzene; 12-SOC12;13-t oluene; 14-

S02012; 15- m-xylene; 16- o-xylene; 17- p-xylene? 18- mesi-

tylene; 19-acetic anhydride; 20-benzonitrile; 21-methylace-

tate; 22-methylpropionate; 23-acetone; 24-ethylacetate; 25-

POCl^; 26-diethylcarbonate; 27-dioxane; 29-Et20; 30-DMSQt 

31-THJ?; 32- i-Pr20; 33-Bu20; 34-MeG0NMe2; 35- i-BuOH; 36-

acetic acid; 37- i-AmOH; 38-PhNH2; 39-n-PrOH; 40-Et0H; 41-

MeOH1 42-РЫШе2; 43-I^r; 44-Et^N; 45-pyrrole; 46-diethyl-

sulfate; 47— jf-butyrolactone; 48—tetrahydropyrane; 49—tri-
methylene oxide; 50-(Et0)^P0. According th Ref.19 
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Table 1 

Plffi CHEMICAL SHIFTS OF CHClj H SOLVENTS 
AND THEIR PARAMETERS 

Solvent ppm в E 
7ZT? О Te* 

Cyclohexane О 0.2563 0.203 0.068 О 0 

V 

l5 

0C14 0.128 0.2742 0.225 0.076 О 0 

CHC1T 0.178 0.2563 0.359 0.088 14 3.3 

Bu20 0.538 0.2421 0.289 0.061 285 0 

Dioxane 0.578 0.2543 0.223 0.110 237 *.2 

Bt20 0.680 0.2167 0.344 0.057 280 0 

Ethylacetate 0.714 0.2275 0.374 0.082 181 1,6 

i-Pr20 0.716 0.2256 0.329 0.052 293 0 

Methylacetate 0.723 0.2218 0.395 0.091 170 3.6 

THF 0-765 0.2451 0.404 0.076 287 0 

Cyclohexanone 0.914 0.2699 0.461 0.104 242 0.5 

MeCOEt 0.922 0.2309 0.461 0.085 209 2.0 

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^ Ö-1210 ̂ йГ1 in solvente 

(our data) or valent frequencies C-D of CDCl^ V -2252 ев™1. 

The latter value ie proposed in Ref» 20»21 ae a measure of 

substance basicity, but our calculations show that it may 

be mateched with "B" or "OD" scales only by means of poly-

parameter equations. Por data of Ref. 20 (8 points): 

The H—bond formation between CHGl^ and organic donors 

is studied by the FMR-method too22. However, PUR 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.23 (Table 1) the following relationships 

were obtainedi 

Д-(0.229*0.080)+(0.00181±0.00025)B; R«0.904;s=0.186 

A- -0.105+2.279 + 1.340 + 6»015^ + 0.00185B-
n +2 

-0.0262E; R=0Š987; s*0.040 or 

Д» -0.545+1.597 + 3,068 * 0.00182B; R-0.986; 

s-0,081 (Pig.2). 

Although the basicity of solvents remains the moot sig

nificant parameter and determines the value of chemical 

shift of CHCl^protane in ppm, a satisfactory correlation 

between these factors can be realized only with taking into 

account perturbing effects caused by auto—association of a 

solvent determined by its^cohesion energy density and its 

polarity. Excluding the S parameter from calculations de

creases the correlation coefficient R to 0.979 and excludii^ 

the polarity parameter reduces this value to 0.937. Thus, 

for weaker H-bonds one-parameter correlation between the 

bond characteristics and the basicity parameter "B" is 
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Impossible. 

Pig. 2. Plot of 2 
y«=, Ä-1.598f(&) -3.068vs. 

basicity В for PMB shifts of 

0' 

CHC13. 

700 300 500 8 

Since one-parameter 

correlations of some 

physico-chemical prop

erties with separate 

properties (character

istics) of solvents are 

satisfactory only for 

some particular cases, 

many authors propose the 

use of two-parameter 

equations. 

Here first of all we 

should refer to the 

above mentioned model bsr 
4 

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: 

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 ̂  0.95) is obtained only in 

55% of all studied cases 24. In 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

Q = Q0 +clET + BDN 

188 



lation at. all, whereas the use of a four—parameter equation 

which takes into account both the non-specific and specific 

solvation produces much better reaalts 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. )9 

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 Ef parameter does 

not describe correctly the influence of non-specific solva
tion« 

Hence, other one- or two-parameter equations based on the 

use of the data on complex formation enthalpies do not give 

a satisfactory description of solvent effect on processes in 

the solvents. This concerns in particular the multiplicative 

rule of V.A. Terentyev 26 proposed for characteristics of H-

bonds. According to this rule the H-bond formation enthalpies, 

ÄH, the logarithms of complex formation equilibrium con

stants, IgK, and the corresponding shifts of spectral band 

of X-H group8 in the IR spectra may be described by the 
following equation: 

J = A x D 

wiiert 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 ДН and К values 

which is realized always in the presence of some excess of 

a second component , i.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, Al) , for which experiments are possible in the inert 
solvent 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.2® 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 29 uses the formula: AI = AI^ ̂ iEj ̂ or ttie 

description of H-bond formation enthalpies, IR spectra 

intensities or band changes. 

Here • ÄX" 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 AjH moledule and basic (electrono-donating) abili

ty of molecule Bj in t he H-bonds. The values E-0 for CCl^ 

and E» 1.0 for EtgO were used as standard electrono-donating 

parameters (E-factors). 

Thus, the scale from Ref.29 does not differ essentially 

from the scale of Ref.26 and for it the same reproofs are to 

the point. Really, the picture cited by the author of Ref. 

illustrates 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 

"B" (i.e. A*)pjjQH " A^ieOD^ for 27 Points (Table 2), but the 
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1 
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3 
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5 
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7 

8 

9 

10 
11 

12 
13 

14 

15 

16 

17 

18 

Л 

20 

21 
22 

23 

24 

25 

26 
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Table 2 

"E-FACTORS" OF SOLVENT BASICITIES ACCODING TO 

YOHANSEN Ref.29 AND THE SOLVENT PARAMETERS 
гЗ 

Solvent "En В 
n-1 

n2 2 
^ if о 2. 

Õ 
T— 
Palm 

0C14 0 0 0.2742 О.225 0.076 0 

Bt20 1.0 280 0.2167 О.344 0.057 0 

THF 1.04 287 0.2451 0.404 0.076 0 

Dloxane 0.94 237 0.25*3 0.223 0.110 4.2 

PhOEt 0.62 158 0.2979 0.341 0.100 0.8 

PhgO 0.42 123 0.3340 O.32I 0.068 0 

DMF 1.17 291 0.2584 0.488 0.198 2.6 

Me2C0 0.90 224 0.2201 0.465 0.095 2.1 

Ethylacetate 0.88 181 0.2275 О.374 0.082 1.6 

(BuO)^PO 1.24 283 0.2555 0.397 0.040 6.3 

DMSO 1.27 362 0.2826 0.485 О.225 3.2 

Sulfolane 0.92 157 0.2849 0.483 0.133 2.3 

Methylnitrate 0.55 65 0.2327 0.480 0.170 5.1 

Et3H 1.70 650 0.2430 0.243 O.O5I 0 

PhNMe2 о
 

•ч
з 
о
 

4*
 

г
о

 
rv
 

0.3225 0.362 О.О95 0 

Pyridine 1.53 ori.30 472 0.2989 0.441 0.104 0 

MeCN 0.75 160 0.2106 0.480 0.140 5.2 

PhCN 0.68 155 0.3084 0.471 0.123 0 

Benzene 0.27 48 О.2947 0.231 0.085 2.1 

Bt-O-t-Bu 1.22 298 The values of- "E-Palm" 

(t-Bu)20 1.38 321 are absent in the lite
Propylene oxide 0.82 282 rature and the corres
Furane 0.35 юз ponding data are not 
Bu2S 0.80 252 included into the cal
Ph2C0 0.85 192 culations by means of 
Dimethylsulfate 0.68 75 five-•parameter equation, 
Me^NO 1.47 467 
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E Yohansen 

100 200 300 4-00 500 600В * 

-Fig. 3. Plot of "E-Factor" 

of Yohansen 

В. 

29 vs.basicity 

100 200 300 Ш 500 600В 
Fig.4. Plot of the 

function у'-"E-Factor"-

-0.830 f(£ )-O.O314 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 "worst" point N»15 (dimethyl-aniline) 

one obtains an excellent correlation (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 
"B". When excluding this point, R increases immediately up 

to 0.9241 
For 18 points the following equation was obtained: 

"E-Factor" = 0.107 + 0.011 + 1.009 §777" " 
n +2 

-0.621 $ 2 +0•OO26B+0.034 Epalm; R-0.9821; в=0.092; 
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r01 -0.234; г02-0.278; г 03-0. Об 2; r04-0.9 39; I-Q5 -0.048 

The exclusion of unimportant factors allows to simplify 

the following equations: 

"E-Factor"= -0.100 + 0.830 §ТТГ + 0.00262B + 0.0314 E ; 
"O * Palm 

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

"E-Factor"» -0.097 + 1.030 Д~*j + 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 same 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: 

ДН = EAEB + cAcB 

where A and В are indices referring to reagents (Lewis acid 

and base) and E and С 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 С 

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 spectrophotometrie determination 
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Table 3 

OOVALENT CB AND ELECTROSTATIC Eß CHARACTERISTICS 

OF SOLVENTS ACCORDING TO DRAGO50 AND CORRESPONDING 

BASICITIES "B" 

  Solvent °B EB 
В 

1 Pyridine 6.40 1.17 472 

2 NH3 
3.46 1.36 473 

3 EtNH^ 6.02 1.37 667 

4 Et2NH 8.83 0.866 637 

5 BtjN 11.09 O.99I 650 

6 MeCN 1 .34 0.886 160 

7 DMFA 2.48 1.23 291 

8 MeC0NMe2 
2.58 1.З2 343 

9 Ethylacetate 1.74 0.975 181 

10 Methylacetate 1.61 О.9ОЗ 170 

11 Me2C0 2.33 0.987 170 

12 Et20 
З.25 0.96З 280 

13 i-Pr20 З.19 1.11 279 

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 1.34 362 

18 Sulfolane 3.16 1.38 157 

19 Me2NC0NMe2 
3.10 1.20 336 

20 Benzene 0.681 O.525 48 

21 p-Xylene 1.78 0.416 68 

22 Mesitylene 2.19 0.574 77 

23 (Me2N)5P0 3.55 I.52 471 

24 Piperidine 9.32 1.01 706 
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of Д H 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 Cß 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. 

Св= -(0.0789*0.5353)+(0.0119±0.0014)В; R-0.872 

The use of a five-parameter equation slightly improves 

the correlation (R=0.933) and after excluding the most 

deviating points   3,5,24 (EtNH2, Et^N, piperidine)from 

considerations one obtains for 21 points an equation with 

satisfactory correlation coefficienti 

CB- -3.049+15.345 + 3,988 fp7" ~25*484o2+ 0.0123B-

—0.0 386E;R=0.9 69;8=0.6381;=0.029;rQ2=0.064; 

Гоз=0.17б; го4=0.894; TQ^=0.557 

Since the polarity and electrophilicity parameters are 

negligible, 

CR= -0.867+9.277 -15.393 + 0.124B; R=0.964; 
n +2 66t{ 

s=0.645 2 

The excluding of f(n) or S parameters 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 Cß and spectral one В 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 autoaeeociation of solvent moleculee 

becomes clear, if assuming that a cavity in an associated 

structure of liquid 31 is necessary in order to introduce 

a soluting gaz molecule ®'^2, for passing of a solute from 

one phase into another or the complex formation. The stron

ger is the Interaction between the solvent moleculee the 

more is the energy 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 cn 

the base of complex formation enthalpies. We have shown the 

same role of $ parameter when considering solvent effects 

on the enthalpies of complex formation with iodine 

Unlike the Cß 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 parameter is, probably, c on

nected with the solvent polarity. For 24 points from Table 

3 the following relationship is obtained by a five-parameter 

equation: 

EB* -0.147 0.129 + 1.631 + 0.515<T2+ 0.00057B* 

+ 0.0068E; R-0.811;s»0.184; r01«0.014; rQ2 0.705; 

r03=0.502; r04-0.483; rQ5=0.276 

To achieve a satisfactory correlation (R=0.970) 6 points 

should be excluded $rom 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 basicity 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. 30 complexes caused by the polarity 

of the second compound. 
We have also to consider the "ß" 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 
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Table 4 
Scale of H-Bond Acceptor Ability according to 

Corresponding Solvent Paresetere 

  Solvent ß ICT a - *  
8* В 2 Solvent ß 

n2+2 BL+4 8* В 2 

1 PhOCH^ 0.247 0.3030 О.345 0.097 155 1.4 

2 Dioxane 0.386 0,2543 0.223 0.110 237 4.2 
3 PhNOp 0.393 O.3215 0.479 0.113 67 0 

4 FhClf 0.409 0.3084 0.470 0.123 155 0 

5 Methylacetate О.456 0.2218 0.395 0.091 170 1.6 

6 Ethylacetate 0.481 О.2275 0.385 0.082 181 1.6 

7 Bt2° 0.488 0.2167 О.344 0.057 280 0 

8 Bu^O О.49О 0.2421 0.289 0.061 285 0 

9 Me200 О.499 0.2201 0.465 0.105 224 2.1 

10 MeOOBt 0.504 О.23О9 0.461 0.084 209 2.0 

11 Tetrahydropyrane O.512 О.2531 0.440 0.081 290 (0) 

12 THE О.52З 0.2465 0.405 0.076 287 0 

13 Oyclohexanone О.5З4 0.2699 0.460 0.104 242 0.5 

14 Pyridine 0.661 0.2989 0.441 0.104 472 0 

15 Et5E 0.686 0.2430 0.243 O.O5I 650 0 

16 UTA 0.710 0.2584 0.488 0.198 291 2.6 

17 MeC0NMe2 О.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 DM60 0.752 0.2826 0.485 О.225 362 3.2 

20 (Me2N)^P0 О.99О 0.2730 0.475 0.096 471 0 (Me2N)^P0 

21 t-BuOH О.95О О.2343 О.434 0.110 247 5.2 

22 i-PrOH О.92о 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 Ph0H20H 0.560 0.3139 О.445 0.169 208 10.9 
27 Ethylenglycole O.5IO 0.2593 0.481 0.388 224 15.0 

28 н2о 0.140 O.2O5I O.49I О.592 156 21.8 

29 Ethylbenz oat e O.43I 0.2966 0.385 0.064 142 ? 
30 GH2GlG00Et 0.363 О.2545 0.463 0.096 125 ? 
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proposed first a two-parameter d -ß scale of donor-accep

ting power of H-bonds which was later supplemented with 

the third ^"-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 

its 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 Ш spectra and the proposed in Ref.34 scale is 

based on the difference of frequency shifts of two compounds: 

lp-nitroaniline and N,N-p-nitrodiethylaniline; 3) the common 

parameter of non-specific solvation Jl does not differ 

separate 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 J3-scale into 2 scales: for 

alcohols and non-associated solvents. 

The J)-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 considering separate

ly non—associated solvents    1—20 and alcohols  H° 

21-28, the correlation is much better. For the first class 

of solvents RaO.915 and when excluding the most deviating 

points  18 (N-methylpyrrolidone) and  20 (HMPA) R value 

grows up to O.966: 

JI . 0.267 - 1.267-23=1- • 0.585 * 1-23^ 

+ 0.000818B - 0.0018E; R-O.96O; s=0.043; rQ1»0.12l; 

r02s0,306; *03=0.526; r04=0.715; ^=0.103. 
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If excluding la turn 

separate parameters, the 

R value decreases, resped-

tively, to 0.929; 0.926; 

0.918; 0.658; and 0.965. 

Thus the electrophilicity 

parameter turns out to 

be negligible. The most 

valuable one is the 

basicity parameter but 

introduction of non-spe-

cific solvation and 

cohesion energy density 

terms into calculations 

improves the correlation 

considerably: 

2 
ß = 0.257 - 1.243 + 

n +2 
+ 0.593 5^77- + 1.1925*+ 0.00081B; R=0.9651; s.o.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    21-28) the following equation 
was obtained: 

p , -0.697 - 1.131 • 5.226 iji , -0.521 £*2-0.055E; 
n +2 2S + 1 

R=0.988; s=0.063 (the basicity term is negligible) or 

a little worse: 

В = 2.058 + 7*740 ~0»521 & -0.061E;R=0.981 ;e=0.063 

The exclusion of polarity parameter lowers the R value to 

0.952, when excluding R=0.970 and when excluding E R= 

= U.920. Thus the J3-scale for alcohols approaches more 
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likely the Reichardt•s *polarity" eoale. 
Henoe, for the description of solvent effects on phenom

ena which oeeur in solutions, in general case it is neces-

eary to use a five-parameter equation which takes into ac

count both the specific and non-specific solvation and the 

cohesion energy density ее well. The beelclty eoalea proposed 

by different authors are equivalent and their reciprocal 

evaluating is possible. 

To our mind the use of the scale of donor numbers (Off) 

or basicities (B) is the most expedient. Both these scales 

are subject to perturbing effect of non-specific solvation 

only insignificantly. The former scale is practically in

sensitive 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 Ш values are cited for only ca. 70 compounds and bo 

obtain them precious calorimetric measurements are necessaiy . 

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 "BM values for acid chloroanhydrides, 

inorganic chlorides, and many othe r similar substances due 

to chemical reactions which take place. In its turn the 

listed values of ОТ, i.e. the mixing heats with SbCl5 for 

water and alcohols are hardly precise as these compounds 

decompose SbCl«-. But since both scales are readily convert-

äble13 the needed values in one scale may be easily obtained 

on the basis of corresponding values in the other scale. 

The general shortcoming of DN and В 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 In 

dlchloroethane solution but we know that in the CCl^ 

medium the heats of mixing of donors with SbGl^ are differ

ent3'''3^. On the other hand, 001^ 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 solvation^ but to ob

tain these data experimentally is rather difficult. At pres

ent they are available for water, methanol, and BMF only. 

Therefore now one should be recommended to use the Вр^он 

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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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-S02-Y compounds on the 

correlation between physical parameters of molecules 

and б'-constants of the Hammett-Taft equation is 

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 6" -constants based on changes in NQR spectrum fre

quencies 1~3, changes in IR spectrum frequencies and inten

sities 4~12, on displacements of electrohic absorption band 

maxima in UV spectra 1>18, and on changes in dipole moment 
19-22, 

values 
Recently we have shown ' ' that there exists a quanti

tative dependence between changes in dipole moment values 

and &-constants of the Hammett equation and that a satis

factory linear dependence exists between the displacements 

of symmetric ( V>8) and asymmetric ( Vag) bands of S02 group 

valent oscillations in sulfoesters and the electronic sub-

fetituent effects 6. The position of frequencies and the intea 
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sity of j)g and ^q8 bands of S-0 bond in XSO^Y 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 6"constentв end 

the 0a or ̂ a0 frequencies. One may observe the splitting 

or redistribution of absorption band intensiv!ties in the 

region of Dg and ^as 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 speo-

tra of substituted propargylbenzenesulfonates and compared 

the dependencies of physical parameters of molecules on the 

Hammett constants for many compounds including the SOj group 

and consider the reasons which have lead to those phenomena* 

E X P E R I M E N T A L  

The esters were obtained according to Ref 23. The puritj 

of esters was verified chromatographically. The PMR spectra 

were obtained on Varian T-60 spectrometer with frequency 

60 mHz in CC14 solutions. Tetramethylsilane (TMS at 30±1°С) 

was used as an internal standard. The proton chemical ahiftä 

are determined in S 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 spectra 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 oC -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 AND KATE CONSTANTS OF THEIR 

ETHANOLYSIS. 4-XC6H4S020CH2Ca CH. 

  X ^Ar 
S -сн2- 8'-он k.106,l/sec,50c 

1. MeO- 7.36 4.61 2.56 3.72 

2. prO- 7.38 4.61 2.56 3.8О 

3. Me- 7.50 4.62 2.56 4.19 

4. n-Bu- 7.49 4.62 2.56 4.20 

5. Et- 7.49 4.62 2.56 4.20 

6. H- 7.60 4.65 2.57 7.16 

7. 01- 7.70 4.68 2.57 18.6 

8. Br- 7.71 4.68 2.57 19.0 

9. 0N- 8.10 4.74 2.58 63.2 

10. 

1 (
\ 
о
 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) 8 HAr =7,6° + (°*794±0e078)^ ;r=°*984 

8.0 

7.8 

7.6 

74 

Fig.1. Plot 

of PMR chemical shifts 

of benzene ring pro

tons vs. 6* values. 

Numbers refer to 

points as listed 

in Table 1. 

206 



Values of chemical shifts of the propargyl group protons 

indicate that the transmission of the substituent "X" 

effects through the -S02~ 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 c0rreiati0ns of 

-CH2- group S withGTor 6"constants of the Hammett equation 

are linear and the following equations are obtained: 

<$*— cH2«-i = 4*64 + (0» 155~0#09б)(? ; r=0.985 (2) 

§-сн2- = 4*65 + (0.143*0.082)6" ; r=0.982 (3) 

The influence of the substituents "X" on the aromatic 

protons is five times stronger than on the qL -methylene 

group protons of the alcoholic component. The noted substit

uent effects on the ester reaction center - the o6-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 6" constants indicates the presence of a 

conjugation effect. The correlation £нд -6" is at least much 

better (r=0.984) than the correlation Õ (r=0.954). 

There exists a correlation between chemical shifts of the 

-methylene group protons and both the 6" and ̂ constants 

of^ substituents "X", the correlation coefficient for 6" and 

to 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 G-O-S plane on angle of 40-60° in the direction of the 
oxygen atom of S02 group 14,26,27 ̂  Qg q regultf the 

conjugation between two fragments of the molecule, XAlk 

(C6
H
4)S02 and OAlk(C6H5), 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. 
207 



Table 2 

CORRELATION BETWEEN PHYSICAL PARAMETERS 

OF SULFOESTER MOLECULES AND CONSTANTS OF THE HAMMETT-

-TAFT EQUATION 

Compound Method 
Correlated 

parameters 

Nature of 

correlation 

Ref, 

35 
35 

AlkS02Cl 

XCgS4S02Cl 

ri12I3I4C6H302C1 

X1I2I3I4C6HS02F 

BS02C1 

ic6H4S02GF3 
IC6H4S02CF3 
IC6E4S02F 

rC6H4S02CH2CH2CH3 

XC^SOgC^CHsCHg 

XC6H4S02CH2C=CH 

AlkSOgNHCgH^ 

C^SOgNHC^X 

IC6H4S02C6H4T 

X-2-C1C6H^S02C6H40I-4 IR 

NQR 

NQR 

NQR 
NQR 

NQR 

' IR 

IR 

IR 

IR 

IR 

IR 

IR 

IR 

IR 

IR 
IR 
IR 

IR 

IR 
IR 

IR 

XC6H4S°2C1 

Alk(Ar)SO«Alk(Ar) 

XC6H4SO2NH2 

IR 

IR 

IR 

IR 

IR 

IR 

- 6-

- 6" 

\m - ^ 

"im -
- <o 

h -<э° 

jas - &
0 

й - 6 °  

h 
i a s - V  

h -6" 

h -

Ь -I#* 
W-Z^+ 

linear 

linear 

linear 

linear 

linear 

linear 

linear 

no linear 

linear 

no linear 

linear 

no linear 

linear 

no linear 

linear 

linear 

linear 

no linear 

no linear 

linear 

linear 

no linear 

linear 

no linear 

no lineal 

linear 

linear 

linear 

1 

1 

2 

2 

3 
4 
4 
5 
5 
6 

6 

6 

6 

6 

6 

7 
7 
7 

7 
8 

8 

9 
9 

1 0  

10 

1 1  

11 

1 2  
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Table 2 (continued) 

1 5 3 3 Г"1 

linear 13 

поп-linear 14 

linear 15 

linear 16 

linear 17 

linear 18 

non-linear 19 

non-linear 19 

non-linear 19 

non-linear 19 

linear 20 

linear 21 

linear 22 

linear 22 

linear 14 

They have shown that the polarity and polarizability of 

ester molecules correspond to the perpendicularity of aro

matic ring and C-O-S group planes ( f =90°) and to the 
predominance of gauche-confomation of c-S-0-С chain. 

Many investigations were carried out dealing with the 

influence of substituents in the earomatic 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, XSOgY, where effects of sustit-

uents X and Y are studied. As one can see from Table 2 cor

relations are absent for IR^-? «9,10 yyl4,19 Sp0Ctra. 

But it is surprising that for one and the same substance 

under the same conditions of studying spectra one observes 

the absence of correlation for one of the bands only, main

ly for l)g. This does not agree with observation of Bel-
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XC6H4S02F 
XC6H4S02CH2C5CH 
XC6H4S02C1 
HCgH^SO^r 

XC6H4SO2NH2 
XC6H4S02NHHH2 
xc 6H 4 S0 2®C 6®5 
xc6H4so2oc6H5 

XC6H4C6H4S02C1 
XC6H4S02C1 

XC6H4S02F 
XC6H4S020CH2CH= 

=CH2 

XC6H4SO2NHC6H5 
c6H5so2rac6H4x 
XC6H4S020CH2CH0H 

UV Л-67 
67 

UV X-
67 
67 

UV X -
UV X 
UV X 
UV X - &c 
UV JL - бс* 

UV X <3? 

UV X 6-

UV X --GZ 
Dip.mom. 

r 
r 

-<э° 

Dip.mom. 
r 
r -6" 

Dip.mom. r -б' 
-6-Dip.mom. r 

-б' 

-6-

Dip.mom. Г 

-б' 

-6-



lamy2^ that for eulfocompounde X-SOg-Y there exists, analo

gously to carbonyl compounds^0, a correlation between sym

metric and asymmetric valent frequencies of S02 group.Later 

Robinson 31 has established that other sulfocompounds also 

obey this regularity. The correlation 1)5 = f С Ve$ ) proved to 

be very useful and then it was found possible to operate 

with the position of one band only or with the halfsum of 

the bands 1/2( frg + ̂ aa)12'31~^. 

A disturbance in the correlation when studying IR spectra 

may be accounted for by some causes: 

1. The bands of symmetric vibration of SC>2 group are 

placed in the spectrum region 1200-1160 cm . In the same 

region the absorption bands of many other groups (e.g. C-H, 

С-С1) are placed. Hence, the interpretation of spectra in 

this region is difficult ^»5»34. 
2. One may observe the splitting of Vg and Vaa 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 solutions 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 
35 

isomers 
4. An error in determining the S02 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 X values and the G"-constants ad

duced in Bef&5»6>9 may be explained by errors in frequency 

determinations. 
The electron absorption spectra of sulfocompounds with the 

general formula XOg^SOgR (Н=С1,Вг,Р,Ш2,ШШ2, ОК.ОСД, 

NHA$fc, HHC6H5) 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 6c values. The small intensive B-band is almost inde

pendent of the substituent nature in the benzene 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 К and В bands 

which can lead to errors in the band identification and, as 

a result, to the correlation breaking as one observes in 

Ref. 1Another reason of the disturbance of the correla

tion between дА 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.15 a satisfactory linear correla

tion is observed between the G>* values and the batochromic 

shifts of K-bands for benzenesulfochlorides with the growth 

of +M effect of p-substituents "Xм. 

Thus, on the basis of the analysis of NQR,BUR,IR, and 

UV spectra or dipole moments of compounds with S02 group 

the conclusion can be made that the disturbance of the 

correlation for some XSOgY 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 

Y * Y0 + _p6° + .PfiCfi + 

point samples are 1, 3, 6 • 10 

Y To f К Я 
s n 

4r 
7.607 
±0.016 

0.486 
±0.029 

,0.246 
±0.025 

0.456 
±0.053 

0, .012 7 

8-CH2" 
4.645 
±0.004 

0.135 
±0.024 o

o
 

o
o
 

О
 r
o 

<
1
 -F

^ _x 0 .0034 7 

lgk+6 .0.83 
±0.04 

1.41 
±0.04 

_3E jf 0 .04 7 

»The parameter is excluded in the course of data handling 

as statistically insignificant on the confidence level of 

0.95. 
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The reaction kinetics of diethylmagaesium 

with 3-phenyl-1,2-epoiypropane is studied in 

ethyl ether and its mixtures with tetrahydro-

furan, n-heptane, benzene, and chlorobenzeae. 

The reaction mechanism is verified. Dialkyl-

magnesium dimers are more reactive than monomers. 

The reaction rate is not sensitive to changes ia 

the medium polarity and polarizability. Additiaas 

of non-solvating solvents accelerate the reactien 

via shifting the association equilibrium position. 

I. Introduction. 

One of the most interesting problems in the field of 

organomagneslum compounds is a relationship between their 

reactivity and medium. In this laboratory solvent effects in 

the reactions of organomagoesivm compounds with ketones and 

acetylenic compounds are studied quantitatively ^"•'.In some 

cases a quantitative separation of specific and non—specific 

solvation effects was reached. Then reactions with epoxides 

were subject to studies. 

The reaction between organomagneslum compounds and epoxides 

is of interest as a general method of obtaining alcohols . 

Therefore a lot of works (Refs. 4,5) are devofed to preparat

ive aspects of this reaction. However, few kinetic studies 
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have bee* carried out. Little la ksown about solvent effects 

on this reactloa. This is acceuated for by the fact that 

the reactioa between Grignard reagent and epoxide» is rather 

complicated. Only with symmetric organomagnesium compounds 

the reaction leads practically to one or two products. 

The group of French scientists 6 has studied the reaction 

kinetics of die thy Magnesium with 3-phenyl-1,2- epoxypropane 

in ethyl ether. Having determined the reaction initial rates 

under equimolecular or close conditions the authors have 

come to the conclusion that the total trimolecular reaction 

has the second order in organomagnesium compound. The same 

work shows that in stronger aolvating solutions than ethyl 

ether the reactioa is very slow or does not occur at all. 

Our goal waa to elucidate separately the role of specific 

and non-specific solvations in the reaction of diorgaaomagno-

.ium compounds with epoxides. As a model process we used the 

reaction of die thy lmagn e sium with 3-phenyl-1,2-epoxypropane 

which leads practically to 1-phenyl-3-pentanol only and ia 

studied partially by the French scientists. The kinetic 

measurements were carried out under pseudomonomolecular 

conditions at high excess of die thy Magnesium. This minimises 

reaction product effects and, if varying the concentration 

of a reagent in excess, gives more pieces of information on 

the reaction mechanism. Ethyl ether, mixtures of ethyl 

ether with tetrahydrofurane? and mixtures of ethyl ether 

with various polarity non-solvating solvents (heptane, ben

zene, and chlorobenzene) were used as reaction media. 

Kinetic measurements were carried out by the method of 

samples. Further analysis was done with the use of GLC. 

2. ExperMental Technique. 

Reagents and Solvents. 

All operations with purified substances and solutions 

of organomagnesium compounds were carried out in the atmos

phere of pure dry argon. 
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3-Phen.yl-l.2-epoxypropane was synthesized by oxidizing al-

lylbenzene with benzoy Hydroperoxide ̂.The product was dis

tilled 1ж the argon curreat,the fraction 92-93»5°C (14 mm 

Hg) waa collected, d420« 1.0181; aD20= 1.5229. 

Diethylmagaeslum 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 dioxane per a mole of ethyImagoeslum bromide. 

DiethylmaCTeslum solutions were prepared by adding weighed 

portions of corresponding solvents to an appropriate amount 

of the ethereal solution of dlalkylmagnesium. Solution con-

centrationa in basic magnesium were determined by titration. 

Solvents (ethyl ether, tetrahydrofuran, benzene, chloro

benzene , heptane) were purified, if necessary, from per

oxides, dried, aad before use were distilled in the argon 

current over metallic sodium or calcium hydride. 

Kinetic Measurements 

The reaction between diethylmagaeslum 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 done 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 silicone 

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 solution of HH^Cl. The ethereal layer was 

separated and dried by anhydrous magaeslum sulfate. The 

samples were aaalized by the GLC method. 

The analysis was done on a "Voruchrom" Chromatograph 

with flame-ionization detector. Stationary phase-5% silicone 

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 ! 

Inf » In (f*. - $ ) - k t  

where f is a ratio of peak heights of epoxide and the 

is temal standard on the chromatogram. 
Pig. 1 illustrates an example of such a relationship. 

Accuracy of determining the rate constant averages ± 10*. 

0.5 

7.0 

I 
L 0 t. min 

Mg. 1. Semilogarithmic 

plots of the reaction 

of diethylmagnesium (0.35 

mol/1 ) with 3-pheny1-1,2-

-epoxypropane. i| ie » 

ratio of peak heights of 

epoxide and the internal 

standard on the chroma

togram. 

-0.5 о 
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3. Ethyl Ether. The Reaction Mechanism . 

The reaction kinetics of die thy Magnesium with 3-phenyl-

-1,2-epoxypropane in ethyl ether was studied under pseudo-

monomolecular conditions over the concentration region of 

die thy Magnesium fron 0.06 to 0.56 mol/1. Table 1 lists the 

first order rate constants obtained. The dependence of the 

letters on the diethyMagnesium concentration is illustrated 

in Pig. 2. 

0.15 

0.10 

0.05 

k, min" 

Pig. 2. Plot of first order 

reaction rate constants of 

3-phenyl-1,2-epoxypropane 

with die thy Magnesium vs. 

molar concentration of the 

latter in ethyl ether. 

0.1 0.2 0.3 0Л 0.5 

The shape of the curve in Pig. 2. indicates that the 

reaction mechanism is complicated. The French scientists^ 

have studied the same process under equMolecular conditions 

by the reaction initial rates at diethyMagnesium concen

tration 0.145 and О.336 mol/1. At these concentrations di

ethy Magnesium 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 
EtgMg + epoxide — • complex 

complex + EtpMg product 
slow 
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Table 1 

Pseudomonomolecular Reaction Rate Constants 

of Diethy Magnesium with 3-Pheny 1-1,2-Bpoxy-

pa^opane in Ethyl Ether at 30°C . 

Concentration (mol/1) w1 

die thy Magnesium monomer dimer 

0.06 0.05 0.005 

0.09 

0.006 
0.07 0.009 0.007 

0.008 
0.010 

0.11 0.09 0.013 0.010 

oloi3 
0.15 0.11 0.020 0.012 

0.17 0.12 0.025 0!016 

O!O18 
О 20 0.14 0.031 0.016 
0.1° о!15 0.038 0.021 

о 26 0.17 0.044 0.029 
О о? 0.18 0.047 0.028 
0 е 2 /  о.озо 

0.18 0.053 0.031 0.28 

0.32 

0.32 

0.34 

0.38 0.23 0.077 0.058 

О д? 0.24 0.090 0.067 
0,42 0.070 

0.46 0.23 0.115 0.091 

0.26 0.132 0.138 

0.20 0.058 0.035 
0.037 

0.20 0.060 0.038 
0.038 

0.21 0.065 0.039 
0.040 

0.52 

0.55 

0.56 0.25 0.155 О. Ig 

0.25 O.150 0.175 
5 0.180 
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To our mind* at diethylmagnesium concentration of 0.3 

mol/1, dim ere cannot be neglected and with higher concen

trations the euggeeted mechaniam doee not account for the 

dependence of the first order constants on the diethyImag

ine slum concentration found by us. Therefore an attempt has 

been made to take into account the association of diethy1-

magnesium in the ethereal solution. 

Data on the association of diethylmagnesium are scanty 

and contradictory. For the equilibrium 

К 
(EtgMgjg . 2Et20 + 2Et20 ̂ ip^EtgMg . 2Etg0 

Westera et al. have found the value of K«3.3.10~3 l.mol™1 in 

benzene and K~8.10~4 l.mol*1 in cyolohexane. Unlike this, 

Ducom 9 has obtained the value of K=6.3 l.mol™1 in benzene. 

Ashby and coworkers10 have published the dependence of the 

apparent degree of the diethy lmagnesium 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 

then assuming values to the association equilibrium constant, 

Kt calculated dependences of the association degree on the 

concentration. The beet agreement of the calculated curve 

with the experimental one was obtained at K»6.60.10~3 l.mol™1. 

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 diethy lmagnesium (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 assump* 

tion of the reaction being trimolecular by the formula 
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к° с' 

kobs 

has proved to be possible only within the concentration 

range from 0.06 to 0.3 mol/1. The values of k°= 0.265*0.017 

l.mol"1 min ™1 

mon 

[Et2Mg\ mole/1 

Pig. 3. Plot of diethylmag-

nesiw monomer and- dimer 

concentrations vs. titri-

metrical diethylmagneslum 

concentrations in ethyl 

ether. 

0.1 0.2 0.3 OA 0.5 

and K-12-2.1 l.mol"1 have been obtained. This result le close 

enough to that obtained elsewhere by the French groupi 

*•0.275*0.005 snd K-6.2-0.6. 
Substitution of monomer or dlmer concentrations for the 

total concentration of diethylmagneslum 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 diethylmagneslum concentration of 0.15 mol/1 С ig.4). 

On this basis the following reaction mechanlan may be sug-

gesteds 
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ep. + шоп. 

fast 

coapl, 
+ mon. 

+ dim. 

prod, 

prod. 

ep. + dim. 

fast 

compl. 

+ mon. 

+ dim 

prod, 

prod. 

k 11K i/mon/2 +0c 12s 1 + k21K2)/mon//dim/ + k^Kg/dim/2 

kobs.= 

1 + K1/mon/ + Kg/dim/ 

0.Ю 

0.05-

Pig. 4. Plot of the 

reaction rate constant 

observed vs. dimer 

concentrations in 

diethylmagneslum 

solutions. 

In this case, evidently, equilibria of coordination 

complex formations between die thy Magnesium and epoxide 

are strongly shifted to the left, i.e. (K^mon/ + Kg/dim/) 

^ 1» reactivity of dimets exceeds markedly that of 

monomers (ki2'k22'S> 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 diethylmagneslum ethereal solu

tions is known 11 to 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

magneslum with epoxide proceeds very slowly. Thus, e.g., 

according to Ref. 6 the reaction yield with 3-pheny1-1,2-

-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 * adding non-solvating solvents, e.g.heptane, 
varying thus the reaction mixture dielectric constant with 

specific solvation being constant. This method allowed to 

find out medium 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 diethylmagneslum (0.35 mol/1). On the one hand, diethyl т 

magnesium in tetrahydrofuran is known 0 to be^always mon CM 

meric. On the other hand, we found elsewhere that with 
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1 
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-

Чг. « о _ _ Nthf 
ы ~ v 1 

0.5 1 

Pig. 5. Plot of pseudo-

monomolecular reaction 

rate conetante of diethyl-

magnesium (0.35 mol/1) 

with 3-phenyl-1,2-epoxy-

propane TS. tetrahydro

furan content in ethereal 

solution. 

Table 2 

Pseudomonomolecular Reaction Rate Constants of 

Diethylmagnesium (0.35 mol/1) with 3-Phenyl-1,2-

-Epoxypropane in Mixtures of Ethyl Ether with 

Tetrahydrofuran 

Molar fraction 
THF к ,min~1 

D - l  *  
2D-h 1 

0 
* *  

0.040 
Õ.345 

0,01 0.0083 
0.0082 

0.346 

0.04 0.0036 
0.0032 

0.349 

0.10 0.0025 
0.0016 
0.0012 

0.353 

0.30 0.0022 
0.0020 

0.369 

0.50 0.0025 
0.0022 

0.382 

0.70 0.0016 
0.0015 

0.392 

* Kirkwood function of the medium dielectric constant 

calculated proceeding from the assumption about 

** additiv!ty of component molar fractions 
from section 3. 
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propylmagnesium bromide beginning with the amount of tetra

hydrofuran of 20 mol% the reeolvation equilibrium was com

pletely shifted to tetrahydrofuran as a stronger base. We 

proceeded from the assumption that with diethylmagneslum an 

analogous picture should be observed. Table 2 lists the 

results of our kinetic measurements. Pig. 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 solvation and the medium polar-

ity effect may be neglected. Simultaneously the peeudofirst 

order rate constant for 0.35 molar solution of diethylmagne-^ 

situn in tetrahydrofuran can be estimated : 0.0019-0.0004 min 

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 diethylmagneslum 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/1. Table 3 lists the results. Pig. 6 illustrates 

226 



the plot of rate constant vs. the reaction mixture composi

tion. The reaction mixture composition is calculated tak

ing into account that not lees than a mole of ether is coor

dinated with a mole of diethylmagnesium. 

Correlation of the rate constant logarithms with the 

Kirkwood function öf 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 is 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 account for the above 

results. 

Pseudomonomolecular Reaction Rate Constants of Diethyl

magnesium (0.2 mol/1) with 3-Phenyl-1,2-Epoxypropane 

in Ethyl Ether - n-Heptane Mixtures 

Table 3 

Mole fraction k.min 
of heptane ether dim. mon. к 

Cone..mol/1 jüüj 
0.08 
0.20 
0.42 
0.55 

О 0.017 9.3 0.032 0.14 0.017 0.017 

0.040 8.6 0.039 0.12 0.037 0.025 

0.064 7.5 0.047 0.11 0.051 0.037 

0.098 5.4 0.060 0.080 0.057 0.060 

(0.106)* 4.2 0.072 0.056 (0.048) 0.086 

Precipitation begins 
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/о - m/n"1 

«•'О? о 
Pig.6# Plot of the 

reaction rate constant 

of diethylmagnesium 

(0.2 mol/1) with 3-

5 
-phenyl-1,2-epoxypropane 

vs. ethyl ether-heptane 

mixture composition. 

0.5 

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)) and 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 

scheme in section 3)» i»e. (К^/mon/ + Kg/dim/)^ 1, then 

k11K1/mon/2
+ (k12K1 + k21Kg)/mon//dim/ + 

Multiplying the observed rate constants by the ratio of 

ether concentrations for this mixture /ether/ and the solu* 

tion in pure ether /ether/0i 

kobs~ /ether/ /ether/ 

kp2K2 /dim/ 2 

+ /ether/ 
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/ether/ 
/ether/ 

one finds specific rate constants depending only on the 

association equilibrium position in the solution (the last 

but one column 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 

enough which confirms the probability of our assumptions 

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/1, 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 ehlorobenzene increase medium dielectric constant 

as compared with pure ether.As to the polarizability of 

ether medium, it increases with adding benzene and ehloro

benzene but changes little with additons of heptane. Thus, 

the non-specific solvation effect on this reaction may be 

neglected. 
It should be, howevey, noted that non-specific solvation 

exerts, apparently, certain effects on the association 

equilibrium constant of organomagneslum compound. This 

follows from different values of equilibrium constants de

termined in different inert media (see section 3). The 

same follows from different values of rate constants with 

equal additions of different solvents to ethyl ether (Fig. 

7) which comes in the end to differences in association 

equilibrium constants in mixtures. The question about the 

role of solvent polarity and polarizability separate!» re

mains still open. 

Fig. 7« Plot of reaction 

rate constant of diethyl

magnesium with 3-pheny 1-

-1,2-epoxypropane vs. 

content of $ 

A-chlorob en z en e 

B-benzene 

in the mixture with ethyl 

ether. 

6. Conclusion. 

The carried out studies of the reaction kinetics of 

diethylmagnesium with 3-pheny1-1,2-epoxypropane in different 

melia have extended and verified concepts about the reactioi 

mechanism between symmetric organomagneslum compounds and 

epoxides. 
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In the first fast reaction step coordination of epoxide 

with organomagneslum 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 lattere 

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 pKgg+ values calculated by Marzia

no and Сох-Yates methods has been re-examined because of 

the erroneous use of H„S0. molarities in Marziano treat-
1 4 

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 рК^д+ values 

calculated by Marziano and Сох-Yates methods for very 

weak bases protanated in concentrated HgSO^ solutions. 

A conclusion has been drawn that at least one of the 

functions Mc and X needs to be corrected for the range 

60-95% H2S04 (wt/wt). 

In our previous analysis 1 the pKflH+ 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 HgSO^ % at half-protonation of the bases studied 

is <60 (wt/wt). Very weak baees half protonated in >60% 

H2S0^(wt/wt) have been found to give remarkably different 

pKprc+ values in Marziano and Сох-Yates treatments. But 

these conclusions have been drawn using in the Marziano equa

tion 2 

l0g [вн+] + 1os *"H+ ПвМс ~ pK]BH+ *1 * 
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H-SO, molar concentrations (С
ас1д» mole/dm3) ae eatimatea 

for LH4-] . 1 On the other hand, it has been overlooked 

that the activity coefficient function,McЛае been calcu

lated 2 using the hydrated protons molar concentrationa 4 

[И*] aa given in Ref. 4. A comparaaion between log[H+J 

and log caĉ d in aqueoua sulfuric acid ia shown in Fig. 1. 

70% 80% 

50% 
90%< 

40%, 

30%, 95%« 

r10% 

log cacia[ 

Pig. 1. Plot of log[н+ I 4 vs. log cacld (mole/dm3) 

for aqueous sulfuric acid solutions. The 

points show the HgSO^/fc (wt/wt). 

The rupture of linearity log [н+] vs. log cacld in concen- ^ 

trated HpSO. solutions causes some doubts about the claimed 

large differences in pKßH+ values in these solutions if the 

experimental data were processed according to Eq. 1 and 
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the excess acidity method 3 

[B] * 
~l0g "[внЧ " log V • ш 1 + vhm+ <2) 

In order to clear up this question we repeated aT* the 

calculations described in our previous paper 1 with the only 

difference that now the [н+ ] values fro» Ref. 4 were used 

in Eq. 1. The pKgjj+ calculations were performed with the 

same set of 28 hypothetical bases as before 1. The differ

ences obtained 

/1= P^BH+(Eq* 1) ~ 2) (3) 

are represented in Table 1. This Table shows that for bases 

not weak enough (log 1=0 in 460% Н^Од, wt/wt) the differ

ences (Eq.3) are reasonably email. For weaker bases which 

are half-protonated in more concentrated HgSO^ solutions 

( > 60% HgSO^, wt/wt) Eqs. 1 and 2 yield markedly different 
pKBH+ values (one can find the respective pKßH+(Eq.2) values 

in Table 2 in Ref.1). Compared with the A values reported 

previously (see the A values in parentheses in Table 1) 

the use of [h+J values from Ref .4 in Eq.l has lead to even 
larger discrepancies in pKyH+ values. Surprised by this 

result we carried out the P^-gjj+ 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 

values in aqueous sulfuric acid solutions for these bases 

were taken from Refs. 5 and 6, respectively. The [H+] values 

from Ref. 4 were used. For 1—cyanoazulene we obtained pKgjj+ж 

%~7*54~°*41; nB= 13.54-0.87 (Eq.1) and pKgH+ -—6.55*0.39; 
ro - 1.41-0.10(Eq.2). A similar discrepancy in pKßg+ values 

wRß found in the caae of 1,3—dihyroxy—2—methylbenzene: 

PSh* = "0*37-0.33; nB= 12.49-0.59 (Eq.1) and рКуц* « -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 takea place 

at 66% H2S04 (wt/wt) and 73.4% H2S04 (wt/wt) for I and II, 

respectively. The differences in pKßH+ values for bases 
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Table 1 

The Differences A (Eq.3) Between 

pKBH+(Eq.1) and pKßH+ (Eq.2) 

the Bases Chosen 

* 
m 

at HgSO^ concentrations (wt/wt) 

20% 40% 60% 80% 

0,4 

0.6 
0.8 
1.0 
1.2  
1.4 

1.6 

-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) -0.2б(-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) -З.Э9(-2.9б) 

The values in parentheses are those from our 

previous paper 1 where instead of [H j 

HgSO^ 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 

Л (Eq.3) estimates given in Table 1. 

The results obtained in this paper with [н+] 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 pKgg+ values calculated 

byEqns.1 and 2. If so, at least one of the functions in

volved (Mß 2 and X 3) needs to be corrected in the range 

60-9596 H2S04 (wt/wt). 

Experimental 

The same computer and software were used as in our 

previous paper . The [H+J values fron Ref. 4 used now 
instead of sulfuric acid molarities in Eq. 1 have been 

calculated by the equation 

[H+J = p/r 

where 

r » -1.6958 + 872.96/(93 + p) + 1.2453(0.01p)4 + 

+ 30.879(0.01 p)20 + 5.816(0.01 p)28 + 0.022638 p 

where p is the HgSO^fc (wt/wt). 

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

attention to the erroneous use of HgSO^ molarities in 

the Marziano equation in our previous paper 1 
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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 seriee 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 : о^а0Н. 

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. 

1. In aqueous - alcohol solutions concentration of 
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hydroxide ions is, on the whole, not equal to the concen

tration of the base added (cNa0H) but is determined by the 

equilibrium: 

OH" + BOH RO" + H20, (1) 

I.e. this concentration is always lower. The degree of thiä 

disparity (concentration of alkoxide ions) de

pends on a concrete alcohol, on tne concentration of this 

alcohol in the solution, and temperature 2'3,4. The works 

of Murto2,3,4 list the values of for aqueous - ethanol 

solutions (Kfae). Since the value of the equilibrium con

stant, К е̂, changes with temperature 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. Prom the K ê values available3 it follows, e.g., 

that at temperature 25 °C in 50 v/v ethanol the ratio 

Cgto - : e0H- = 0.12(Khe<5f 0.40), and in 90% ethanol 

cEfc0- : c0H- = 2.0 (Khe 0.73)• This means that in 90% 

ethanol concentration of hydroxide ions is about three times 

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.1) 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 Jencks ,̂8,<̂ 'in aqueous solutions nucleophilicity 

of alkoxide ions relative to carbonyl carbon exceeds usual

ly that of hydroxide ion. Por 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 Koskikallio5 on the basis of experimental data of 

Murto4 and Jencks8). The overetherification rate constant 
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of phenyl acetate in ethanol at 25°C equals11 kg • 

« 1.25*0.07 l/mol~1 вес*"1 and is rather close to the rate 

constant for the reaction of the same ether in 90% aqueous 

ethanol determined in the work of Istomin et al1. kg» 

= 1.370*0.034. It seems to be much more probable that the 

latter rate constant characterizes solrolysis 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 al1 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 Istomin et al1. However, these models characterize 

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 isoparametric 

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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nth the equilibrium (1) constants known, Khe, one can 

easily determine the hydrolysis rate constants of ethyl 

ethers of acids in aqueous-ethanol solutions. In this case 

the overetherification reaction does not prevent from esti

mating the constants as the products are identical with 

the reagents. With ethers of other alcohols both the values 

°f w and relative concentrations of reaction products 

(ester and acid salt) are necessary. Spectrophotometrie 

technique of kinetic measurements used in Ref. 1 does not 

allow to solve this problem, since the reaction is monitored 

by following changes In the solution optical density caused 

by the difference of extinction coefficients of a substi

tuted phenolate ion on the one hand, 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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