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COMPLEXING OF SIMPLE POLYETHERS AND POLYACETALS
WITH DIETHYLALUMINIUMCHLORIDE

Popov A.A., Veinstein E.F., Entelis S.G.

The Institute of Chemical Physics of the USSR
Academy of Sciences, Moscow

Received April 22, 1974

The donor activity of polymeric ligands different in
chemical structure of the class of the simple polyethers
and polyacetals in the reaction of the complexing with

V-acceptor - diethylaluminiumcloride has been studied
by the method of microcalorimetry.

The energy of Pi;conjugation of polyphenyleneoxid
has been measured.

In spite of great progress made in quantitative study
of the reaction of the complexing of low-molecular donors
with V-acceptors, the study of an similar reaction with the
polymeric ligands really is only beginning.

Experiment Methods

The methods of the experiment as well as the prepara-
tion and the purification of polyethyleneglycol (PEG), di-
ethylaluminiumcloride (DEAC) and of the solvent have been
described in detail in an earlier paper.

Polytetrahydrofuran (PTHF), (-O0(CH,),-),, M=7,800 and
M=2]160 was synthesized in mass at the temperature of -30°C,
the system tetrahydrofuran - BF3 - propylene oxide used as
a catalyste.

Polydioxolane (PDO), (-OCH?—OCH2—CH2-)n, was obtained
in mass by polymerization of dioxolane complex compound of
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etner witn BF3 used as a catalyst;

T = 0%, M = 34000, M - 172000.

Polytrioxzlan (PTO), {~OCH,~(OCH,CH,) ) . was obtained
by polymerization ir benzene, c¢cnc. H;\SOq as catalyst;

T = 25°C, M = 5500 and M = 11000,

Polyphenyleneoxide (PPQ), (~0— was obtained
from p-bromophenol; M = 1012,

Specimens of polymers were purified by sedimentation.
Before the research specimens of pclymers were vacuated
(1072 = 10™°na Hg ) in the course c¢f several days in a
tnin layer at T = 50-60°C.

The molal concentration of compensnts was changed
within a wide range from 10 2 vo 5,70 'mol/1l.

Experimental results

Complex-formation heat of compcund 1:1 of polymeric
donors with DEAC being under study were taken on Kalve
micrecalorimeter.

Table 1 shows thermal effects of the complex formation
(2,%. a solvent - tolueme):

1/2 Bt Al1,Cly(solv.) + O, (sclve) = Bt,41C1 -
a— O (solv.)
j
Table 1

Complex-Formation Heat of Compound 1:1 of Different
Lorors with DIAC

Donor Ko AH, kcal/mol

PEG 21 23.3 0.5

PTEW 1 25,0 + 0.3

PTO >8 23.4 0.5

PRO 245 23.7 + 0.5

Pro 17.4 + 0.5

(CZHsfao 21.7 Q.5
(G HG) 50 B 22,2 +05
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Comment: AH is equal to the quantity of heat emitted during
the reacticn and attributed to monomeric DEAC being
in lack (without considering the dissociation heat).
Ko ® ot CA’ where C0 and CA are the molal con-
centrations of the polymer as calculated on a moro-
meric link (or an average fragment with an atom of
oxygen in the case of PDO or PTO) and monomers:.c
DEAC, respectively,

Discussion

A somewhat larger combination heat of a complex com-~
pound (on the average 1.8 kcal/mol) attracts attention in
the case of a polymeric donor.

In the literature »3 numerous cases 0f the difference
in the activity of the reaction cemnters, to be found in the
macrochain of the low-molecular analog are cited. That is
often linked with the electrostatic, spatial and other ef-
fects stimulated by neighbouring links ("chain effect") and
also witvh the configuration, conformation and overumolscular
organizations of macromolecules.,

The difference being observed by us can apparsntiy be
explained by "chain effect" since the diffevexnce im the
heats of the monomeric and polymeric donors was observed
for different Co‘

The difference in the donor-activity of the polymaric
ligands is insignificant, which is z2s well observed Ffor
low-molecular athers in the similar reaction with v-accept-
ors“.

The value of ~AH for PPO is -17.4 + 0.5 kcal/mol, while
the average value of AH fer the rest of polymers amounts to
-23¢8 kcal/mol. The difference ia close %o 6.4 kcal/mol. Such
a great decrease in the hea®% of complexing is apparently as-
sociated with ,z7- conjugation,

Comparing the obtained value with the liverary data“ on
the energy of/»ilconju@ation one can rche the proximity of
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the Ph-O-R type compounds (where R is the aliphatic radical)
to Ec rather than of the Ph-0O-Ph compounds.

The proximity of the energy of pii-conjugation in pol-
ymer, which is 6.4 kcal/mol, to the value of Ec for the com-
pounds of Ph-O-R type is apparently associated with the fact
that in both cases only one phenylic ring is related to the
oxygen atom.
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AN IR-SPECTROSCOPICAL STUDY OF BENZYLIDENEACETONES
AND SOME OF THEIR HETEROCYCLIC ANALOGS

L,P.Pivovarevich, L,A.Kutulya, Y,N.,Surov, L.M,Satanovski,
S.V.Zukerman

Kherkov A,M,Gorky State University

Kharkov, Ukr,.S.S.R,
Received October 1, 1974

Were measured the IR-spectra of 2-furfurylidene-
acetone, substituted benzylidene- and 2-thienylidene-—
acetones in the solutions of carbon tetrachloride,
tetrachlorethylene and in the solid phase, It was found
that in solutions these compounds were represented in
the form of an equiprobable mixture of s-trans gnd
s-cis conformers. In the crystalline state most of the
compounds investigated (with the exception of benzylide-
ne-, p-dimetbylaminobenzylidene—, and 5-nitro-2-thieny-
lideneacetones) have the predominant s-trans form, The
correlation analysis of carbonyl frequency values (VY )
was made and higher transmission of electronic effects
of substituents was found in benzylideneecetones s-trans=
conformers as compared with s-cis ones while for the
inverse 2-thienylideneacetone isomers the contrary ten-
dency was obsgerved.

In studying further the conformations and physicochemi-
cal properties of dQB—unsaturated ketones according to their
constitution /1-3/ we decided to investigate the IR-spectra
of substituted benzylideneacetones and some of their analogs
(see Table 1). Besides the solution of some problems concern-
ing the conformation of these molecules we have aimed at des-
cribing with the help of correlation analysis the influence
of heterocyclic radicals and the substituents in benzene and
thiophene nuclei on characteristic stretching frequency of
the carbonyl group as well as at estimating the transmission
of electronic effects in the investigated systems.
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Experimental

The carbonyl compounds under investigation were synthe-
sized by the Claisen~Schmidt condensation method of the cor-
responding aromatic or heterocyclic aldehydes with acetone
in alkali medium /4, 5/, with the exception of 5-nitro-2-
~thienylideneacetone obtained by nitration of 2-thienylidene-
acetone with nitric acid /6/. All the ketones were ppurified
by cbromatographying their solutions in the benzene~hexan
mixture on aluminium oxide with subsequent fractioning in va-
~uum or recrystallization from the aqueous methanol,

IR-spectra were measured by the UR~20 spectrophotometer in
paraffinum liquidum or KBr tablets and in carbon tetrachlo-
ride and tetrachlorethylene solutions with 0.1 M ketone con-
centration in the 700-1800 cm region in cells with the
path length of 0.01 cm with windows made of NaCl. The Qco
measurements were repeated 6-8 times and the statistical
processing carried out on the confidence level of 0.95 .

Discussion

All the compounds studied here in accordance with the
methods of their production are trans-isomers with respect
to the arrangement of the substituents at the aliphatic
double bonds, This is confirmed by the presence of a charac-
teristic absorption line of extraplane deformation vibra-
tions of trans-ethylene coupling hydrogens at 970-980 cm—q in
their spectra.

For all- the investigated ketones in CCl, and 02014 solu~—~
tions at 1600-1700 cn™? three intense absorption bands are
observed (for instance see Fig.1). We refer the first band
at 1598-1619 cm™ | (see Table 1) to double aliphatic bond
vibration end two others at 1666~1679 cm™ ! and 1684-1706 cm~
to stretching vibrations of the carbonyl group of s-trans
and s—cis conformers of the compounds studied.
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Table 1
Spectral Data for Ketones R-CH=CH-CO-CHz

™ (ger) |9 |V (C201,) V. rerdin

'co 4 c=c| o G4 | Ye=c)lco

s=-cis s-trans s—-cis |s=-trans s-cis|s-trans
Phenyl 1697.6* | 1674,8* | 16141697 |1679 1614 |1695 {1681
4-Tolyl 1695 |1677 1613 |1690 |1670
4-Anisyl 1693,2* | 1670.1* | 1604{1696 |1670 1607* 1660
4-Biphenylyl 1696.9* | 1674,0° 1697 |1676 1610*
4-Dimethylaminophenyl 1688,9* | 1666.0 1603[1690 |1666 1603 |1679 | 1657
4-Chlorophenyl 1699,2* | 1677.2* 1701 |1683 1617 |1685 |1660
4-Nitrophenyl 1702.0* | 1680,8* 1706 |[1684 1614 1691 | 1668
2-Thienyl 1693 1674 160511684 |1675 1604 {1680 {1670
S5-Methyl-2-thienyl 1692 1672 16021693 (1673 1599* [1687 | 1666
5-Phenyl-2-thienyl 1695 1676 16011693 |1674 1598+ 1662
5-Chloro-2-thienyl 1695 1677 160411696 |1677 1601* 1665
5-Bromo-2-thienyl 1696 1677 1600 )1695 1677 1602 *# 1670
5-Nitro-2-thienyl 1702 1681 1607 (1702 |1682 1607 (1696 {1670
2-Furyl 1695 1674 1617(1693 1673 1619 1668

vcotaken from Ref.4 in which the ~\c_c values are not giver | reported only for s—cis=

. €=¢C
form; besides the very weak band or bends at 1612-1614 cm~ for VII, IX-XII, and at
1620-1625 cm—1 for III and IV (Vc_c s-trans) are observed, *** ©Scanned in KBr tablets.
tablets.



Ar-CH=CH « Ar-CH=CH
0=0
Ch

In a similar way the bands observed in this range for
unsaturated ketones are treated elsewhere /4, 7-10/. The low-
-frequency component of the carbonyl doublet should be at-
tributed to s-trans—- and the high-frequency one to s-cis-con-
former /7,8/. The reference of the bands of the investigated
compounds to V.o 8nd Y. given here is supported by the fact
that for some benzylidene- and 2-thienylideneacetones when
passing from solutions in tetrachlorethylene to chloroform
solutions two high-frequency bands /VY., / appreciably shift
down to the low-frequency range, while the band at 1598-1619
/Y. / practically does not change its position, It is note-
worthy that, as a result of +the formation of the
kydrogen bond with chloroform, the s-trans-conformer 4.,
band undergoes a stronger low-frequency shift (6-13 cm'1) than
the Y, s-cis isomer (3-6 cm-1). The same regularity was not-
ed earlier for chalcones /1/ and regarded /11/ as an indirect
proof of the fact that the s-trans-form of  g-unsaturated
ketones possesses larger basicity than s-cis-form, The absorp-
tion at 1598-1619 il /Yc:c / exceeds the carbonyl bands by
its intensity for all the ketones, That is why it should be
referred to s-cis-form /8/, while the ¥ _. vibrations of
s-trans-conformers give in the majority of cases low inten-
sity bands or some bends at 1612-1614 en™? for bheterocyclic
ketones and for benzylideneacetones at 1620-1625 cm™ | (Fig.1).

The chalkones Ar-CH«CH-CO-CgHs investigated earlier be-
cause of the considerable steric hindrance arising between
O-hydrogen of an acetophenone fragment and g-hydrogen of the
vinylene group, are present in solutions mostly as s-cis-forms
/1, 2/. Since in the case of substitution of the benzene
nucleus by the methyl group the steric hindrance is being eli-
minated, for benzylideneacetones the rotation around the
single C-C bond situated between the double bonds (0=0 and
C=C) is being facilitated and benzylideneacetones exist in
both conformations simultaneously. The relation between the
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Fig.1
Benzylideneacetone IR-
-spectrum in the absorption

region V... and Y¢, @

a) solution in tetrachlor
ethylene;

b) melting;

¢) suspension in ligquidum
paraffinum;g

d) crystalline state,

———— e

1600 1700 1600 1700 cm™!

concentrations of the conformers in solutions to a first ap-
proximation may be characterized by the ratio of their op-
tical densities in maxima of the corresponding carbonyl bands,.
The value of the ratio K=Ds-trans/Ds-cis for the ketones
studied is on the average I.5., Strictly speaking, this ratio
depends not only upon the relative concentrations of two ro-
tation isomers, but also upon the differences in values of mo-
lar absorption coefficients of the corresponding v, bands,
Since it is known that the carbonyl absorption of compounds
with the s-trans-configuration is more intensive than that
for the s-cis-forms /8/, the value obtained for K differs from
unity presumably in the main on account of this factor, Con-~
sequently, one can assume as a first approximation that the
benzylideneacetones investigated here are present in solutions
in the form of an equiprobable mixture of both conformers and
this seems to be a consequence of a negligible difference in
the energies of the conformers. It confirmes the fact that the
ratio of optical densities of ¥, benzylideneacetone bands
in the tetrachlorethylene solution does not change with the
rise of temperature from 20 to 105° *), It is of interest that
for 2-thienylideneacetones and 2-furfurilideneacetone the K
ratio is lower and makes 1.2,
) Only a small decrease of intensity of both bands is observed

with the rise of temperature, which is connected with the
temperature-dependence of their molar absorption coefficients
113/ 553




Earlier /1,2/ it was established that chaslcone and its
analogs exist only in the s-cis-form in solid phase, which
seems to correspond better to the demands of dense packing in
the crystalline lattice, It was interesting to check up
whether this phenomenon would take place in the case of ben-
zylideneacetones and their analogs, In the melt benzylidene-
acetone measured by us, IR-spectrum (m.p. 33°) (Fig.1,b), as
well as for its solutions, the V., band intensity of the
s-trans-form is much higher than that of the s-cis-form, which
is also in good agreement with some recently published data
/10/. However in the case of spontaneous crystallization of
this ketone melt on NaCl plates the s-trans-form turns to a
considerable degree into the s-cis-form, and in the corres-
ponding IR spectrum (Fig.41,d) the v,, band intensity of the
s-cis-isomer considerably exceeds that of the s-trans-confor-
mer, The spectrum of a similar nature is also observed for the
benzylideneacetone suspension in liquidum paraffinum (Fig.1,c).
Thus,in case of penzylideneacetone the s—cis-from dominates
also in the crystalline state over the s-trans-from. It is
interesting that on sharp cooling of benzylideneacetone melt
to the liquid nitrogen temperature, the metastable crystalline
state of this ketone is being presumably obtained, under
which the ketone is in the form of a’'s-trans-conformer /10/.
The quantity of the s-trans-form in the crystalline benzyli-
deneacetone also considerably increases while it is pressed
into tablets with KRr, the ratio of the bands intensities
%o s-trans/Y.,, s-cis being noticeably dependent on the con-
ditions of the preparation of tablets, i.e. the extent to
which the substance is ground with KBr, the time of pressing
and the pressure applied, Similar changes of the conformation
of organic compounds while they are pressed into tablets of
halides of alkali metals was also observed elsewhere /14/.

The possibility of the conformation composition of
crystalline benzylideneacetone change in the above example
seems to be connected with small energy difference between
its s-trans- and s-cis-forms and low melting temperature, the
latter facilitates the formation of the so-called "plastic"

crystalline state /15/.
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In considering the IR-spectra of the substituted benzy-
lideneacetones and their analogs in solid phase it has been
found that there is a strong dependence of molecule confor-
mation on the nature of the substituent in heteroaromatic ra-
dical or on that of the latter. Quite different is the case
with the solutions of these compounds where the conformers
ratio changes to a comparatively small degree. Using the com-
parison 4:0 bands intensity of probable conformers as a
base' one may conclude that for 4-dimethylaminobenzylidene-
acetone (V, Table 1) the s-cis-conformation appreciably pre-—
vails, while 4-chlor-(VI), 4-nitrobenzylidene-(VII) and 4-
-anizalacetones (III) ir the solid phase have mainly the
s-trans-structure, In the spectra of the lastmentioned com-
pounds the s-trans-form ﬁki absorption considerably increases
(in solutions it is revealed in the form of bends in the high-
frequency part of the s-cis-form Y, . band only), becoming
comparable with or even more intensive than the s-cis-form

band, and at the same time the drop of intensity or dis-
appearance of the s-cis-form ‘Qo bands are observed., For
example, it is seen from Figure 2, in anizalacetone spectrum
(III) in the solid phase an intensive band at 1634 cm-1 (the
s-trans-conformer VY., ) is observed, which in solution is
displayed only by a weak bends. At the same time the dis-
appearance of the s-cis-form V., absorption is observed. How-
ever the presence of some amount of this form can still be

| Fig.2
IR-spectrum of
anizalacetone,
a) suspension in
b .liquidum paraffinum;
b) KBr-tablete

1600 1700 1600 1700cm”!

Voo values in the solid phase are by 6-12 cm | lower
than in solutions,
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identified by absorption of \tf at 1601 cm-q, because, as

it is known, the s-cis-forms are characterized by a consider-
ably higher intensity of v,  than v, /8/. Furfurylidene-
acetone (XIV), S5-chloro-(XI), 5-bromo-(XII), 5-phenyl-2-
-thienylideneacetone (X) also have s-trans-conformation in

the crystalline state, but crystalline 5-nitro-2-thienylidene-
acetone (XIII) (EKBr tablets) spectrum indicates that the s-cis-
-form as compared with the s-trans-one prevails substantially.
For the lowmelting 4-methylebenzylidene-(II) and 2-thienyli-
dene-(VIII) acetones the nature of the condensed phase (the
melt) spectra practically does not differ from those for so-
lutions, All these differences appear to be connected with
different crystalline lattice structures of various arylidene-
acetones,

The investigation if IR benzylideneacetones spectra and
of their thiophene and furane analogs in the solid phase
makes it possibleto see a number of other peculiarities as
well, For example, if for the solutions the Vuc absorption
intensity of the s-trans-conformers is considerably lower
than V,, (which is in accordance with the data for other
d, # -unsaturated ketones /8/),then in the solid phase spectra
of furfurylideneacetone (XIV) and some 2-thienylideneacetones
(X-XII) the ﬂnc intensity of these forms is at least compar-
able to the corresponding \bo absorption. The relative dipole
moment changes of these bonds in the process of stretching
vibrations, determining their relative intensity, for the mo-~
lecules in crystalline lattice seem to be considersbly dif-
ferent from those of dilute solutions, Consequently, the ra-
tio of intensities of the ¥,  and Y  bands in the solid
phase spectra, contrary to that of solutions, cannot always
serve as a reliable criterion for the determination of the
conformation, and values should primarily be tsken into
account,

In the spectra of the investigated compounds in the solid
phase there appears at 1637-1645 en™? a distinct absorption
band, but of a very low intensity, which is absent in the
spectra both of the solutions and of melts. In case of 5-

-chloro- and 5-bromo-2-thienylideneacetones (XI, XII) and to
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a lesser degree for 4-chlorobenzylideneacetone (VI) the inten-
sity of this band rises considerably (see Fig,3). The origin
of this band is not connected with the process of pressing as
it is also observed in solid phase spectra obtained during

the melt crystallization of NaCl plates, and as well in the
case of suspension in liquidum paraffinum, It is interesting
that some authors /9/ also point out to the appearance in solid
phase spectra of some (J.p-unsaturated ketones of new bands,
although they neither say anything about their position, nor
do they interpret their origin. The appearance of the 1627-
-1645 en™? band in solid phase spectra of the compounds stu-
died might be connected with the specific interaction in the
crystalline lattices.,

Fig.3

IR-Spectrum of 4-chloro-
-benzylideneacetone:

a) suspension in li-
quidum paraffinum;

b) KBr-tablete.

1600 1200 1600 1200cm™

In the case of halogenesubstituted ketones it is not ex-
cluded that this intensive absorption will appear in the solid
phase at the expense of Fermi resonance of V¥, or Ye.ge OVEr-—
tone with the adjoining V., band, while in solutions the mu-
tusl arrangement of these bands for sug¢h resonance is not fa-
vourable enough.

In the 4-nitrobenzylideneacetone (XII) spectrum in KBr
tablets and in suspension in liquidum paraffinum parallel with
Ye. and ‘%o absorption of the s-trans-and some amount of s-
—cis-conformers a very intensive absorption band at 1712 cm”~
and weak bends at -~ 1625 and 1645 en™? region are observed,
which are absent in solution spectra, in this case the peak in-

tensity at 1712 cm in the spectrum measured for KBr tab-
lets being considerably higher than in liquidum paraffinum,
One can assume that +this compound contains ¢the cis-
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-isomer (‘Jco 1712 cn~V and \L ¢ 1625 cm_q), the amount of

which may increase in the process of pressing teblets. This

assumption is in accordasnce with the data /16/ that the pre-
sence of a nitrogroup in the benzene nucleus stabilizes the

cis-isomers of unsaturated ketones,

Since the relation of the conformers in solutions of dif-
ferent compounds studied here does not substantially change,
it was considered both expedient and possible to investigate
the dependence of ’Eo values of both conformers upon the
chemical structure of the ketones. The data given in Table 1
show that the substitution of the benzene nucleus by the thio-
phene and furan ones in benzylideneacetone is accompanied by
a small decrease of Y., values of both conformers (cf.I with
VIII and XIV),., This fact point out to the electronodonor cha-
racter of 2-furyl and 2-thienyl, which is in agreement with
the conclusions drawn above /17/. By introducing electrono-
donor substituents into benzene and thiophene nuclei of un-
saturated methylketones the values decrease, while the in-
fluence of the acceptor substituents is quite opposite,

In order to make a quantitative estimation of the influ-
ence of substituents in benzene and thiophene nuclei upon the
Yy values, we made a correlation analysis using both mono-
parameter equations of Hammett, Taft and Brown /18/ and two-

. parameter equations introduced by Yukava-Tsuno /18/ and
Swain-Lupton /19/. The results of the correlation analysis

are given in Tables 2 @nd 3. From the data given in Table 2

it is evident that in the majority of cases the V_, values cor-
relate rather satisfactorily with different parameters of the
substituents ( 6,6° 6' ), and no preference can be given to
any of the constants used. In considering the values of re-
action constant m obtained both in solutions in CC1l,

C,Cl,, we can clearly observe the tendency of a somewhat high-
er sensitivity of the s-trans-conformers carbonyl frequency

to the influence of the substituents as compared with the s-
-cis-forms, the ratio of the reaction constants Mg-trans/ -
/mg_cig Peing 1.11-1.32. A similar regularity was recently ob-
served in studying values of the s-trans cinnamyl alde-
hydes and the s-cis-tert.-butylstyrylketones /20/.



Table 2
The Correlation analysis Data of A%o for s-trans (t) and s-cis
(c) Methyl Ketone Conformers by Hammett, Taft, Brown Equations

Equations: y = ax + ﬂ c | 8q I Sp l 8 l B
Benzalacetones
A, = 9.36-0.04 | 098 |07 | 0.8 | 0.9 | 7
Ago = 10.76°- I.4 0.93 I.6 | 0.7 | 3.3 | 7
AVgo = 6.06"+ 1.2 1 0.99 |04 | 03 |08 |7
App = 8436 - I.I 0,98 | 0.8 | 0.4 | I.0 | 7
Moo = 9436°- 2.0 0,92 | I.6 | 0.7 | 3.4 | 7
alg = 5.46%+ 0.3 0,99 |02 |02 0.2 ] 7
Npo* 10.86 - 1.3 0,99 |I.9 | 0.9 |53 | 6
Mgo = 10.36°- 2.5 0.99 |[3.4 | I.3 | 9.2 | 6
Moo = T.16"+ 0.4 0,90 |[I.0 | 0.8 [3.9 | 6
NS = 836 - 0.8 0.88 [ 0.8 | 0.4 |29 | 6
Mo =+ 7.86°- 0.3 | 0.87 | I.I | 04 |2.2 | 6
gy = 5.90°+ 1.0 0,86 (3.2 | I.4 199 | 6
2-Thienalacetones

= 8.80 + 0.6 0,95 |I.4 |05 |11 |6

= 7.86% 0.5 0.94 | I.4 | 0.5 I3 | 6
Avgo = 736"+ 1.5 09I |I.6 |06 |I.9]6
S, = 10,26 + 0.7 0,97 |1.3 | 0.4 |09 | 6
wS = 9.26':+ 0.5 0,97 |I.I | 0.4 |09 | 6
AVgg = 84607+ L.7 0.9 |I.5 | 0.6 |I.7 | 6
Bpy = 9466 - 0.4 0,99 |05 | 0.2 0.1 |6
M, = 8.66°- 0.5 0,99 |05 | 0.2 |02 | 6
Ao = 836"+ 0.6 0,99 |05 | 0.2 [0.2 | 6
aS = 9.96 - 0.2 0,98 |I.I | 0.4 |07 | 6

29,0 6° - 0.4 0,98 | 0.8 | 0.3 | 0.5 | 6
AVG = 8.60'+ 0.7 0,98 |I1.0 { 0.3 |07 | 6

C - the correlation coefficient; 8,s 8, = mean-square errors
of parameters a, bj; s -« B8tandard deviation; n $ number
of points,
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Table 3

The Correlation Analysis Data of A%o for g-trans (t) and

s-cis (c) Methyl Ketone Conformers by Yukawa-Tsune, Swain-Lupton

Equations
Equation: 7 = C + ax + by C Bc Sg S | n
Benzalacetones
Mg = 0.8 + 6.76° + 5,165 10,97 | 0,5 0.7 1 0.9 ) 8
"5 Avco = 002 + 5.0? + IO.ZQ 0095 005 006 0.4 8
S | aAySy = =07 + 4.96° + 5.66* |09 | 0.3 | 0.4 [ 0.5 | 8
Ay’co = 0.4 + 3.4? + ngﬁ- 0096 0.5 0.7 009 8
A, = 0.9 + 4.86° + I7.16710.98 [ 0.3 | 0.7 | 1.5 | 6
M| Mgy =Ll + 547 4 6.7R 0.7I| 3.2 | L4 | 451 6
| oo = 0.5 + 9.56° + 8,56, [0.80 [ 3.0 I.s | 4.6 | 6
A = =03 + 7.5F + 7.,5R [0.88 | 03| I.5 | I.4| 6
2-Thienalacetones
By =0s3 + 8.66° + 5.96; [0.92 | I.I| 3.6 | I.9| 6
Mo = 2¢1 + 547 + 6,IR |0.,79 | 2,1 9.6 | 48 | 6
§ My = 0.1 + 9.66° + 3,267 |0.94 | 0.9] 0.9 | 0,7 ] 6
0 = 0.9 + 5.4~(f~ + II.QK 0.84 I.I 106 4.6 6
Wiy = =0.I + 8.26° + 3.46; |0.99| 0.2 0.5 0.3 | 6
Moo = ~0s + 5ebF 4 9.3R (0,87 | 0.2 I.4 | 2,0] 6
= o +
5| o = 0.0 + 8.66% + 3.50; 10,98 | 0.2 0.9 | 0.7 | 6
S| g 0:2 ¢ 5,07 + I3,IR|0.88| 0.2| I.&4 | 5.6| 6
C = the correlatinn coefficient; B, sb' Sc = mean-square

errors of parameters &, b, c;

n = number of points,

In the case of 2-thienylideneacetones (VIII-XIII) for
V.o values measured in CCl, in particular,

reaction constant m for the g-cig-
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turned out to be somewhat higher than those tor the s-trans-
-formations (the m__. ;  / m_ .. ratio being 1,16-1.18).
For im VIII-XIII in the tetrachlbrethylene solutions m va-
lues are practically equal for both conformers, though here
too the tendency may be observed to a somewhat higher sensi-
tivity of the s-cis-form carbonyl frequencies to the influence
of the substituents in comparison with the s-trans-isomers,

The application of two-parameter equations of the Yukava-
-Tsuno (1) or Swain-Lupton (2) type

= 8V, + M, 6°+mG, (1)

AV, = {7 (2

(where 6° are the constants characterizing the inductive
influence of the substituted phenyl, 6; characterizes
the ability of the substituent to direct polar conjuga-
tion with the reaction centre, F and R = the constants
characterizing the so-called field and resonance effects
of the substituents; mgy, mg, f and r = coefficients of
sensitivity to the sbove-mentioned effects, respectively)

does not essentially improve the correlation coefficients as
compared to those for Hammett, Taft, Brown equations (cf,
Tables 2 and 3). However, the data given in Table 3 show that
of the two types of two-parameter correlation equations for
the carbonyl frequencies of benzylidene - and 2-thienylidene-
acetones the application of the Yukava-Tsuno type of equation
is more prefersble., A similar phenomenon is noted for the
acetyl derivates of thiophene as well /21/. Comparatively low
correlation coefficients in many cases and appreciable errors
of the calculated parameters of the correlation equations 1
and 2 (probably due to insufficient number of data and small
changes in values together with a large absolute error in
their determination) do not enable one to draw an unambiguous
conclusion as to the relative part played by individual compo-
nents of the electronic effects of the substituents (indac-
tion and conjugation effects) in the investigated reaction
series. Nevertheless in most cases as in the case of the ap-
plication of the monoparasmeter equation one masy observe the
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tendency to a higher sensitivity of the carbonyl frequency of
the s-trans-conformers in the benzylideneacetone series and
the s-cis-form in the case of their thiophene analogs - to
the influence of the substituents,

To characterize the influence of the vinylene grouping
in the studied compounds we compared the carbonyl frequencies
of benzylidene- and 2-thienylideneacetones with V., of the
substituted acetophenones and 2-acetylthiophenes /21/. Such a
comparison shows a somewhat different influence of the intro-
duction of the vinylene grouping on ‘Iw values, E.g., in the
case of acetophenones the introduction between the benzene
nucleus and acetyl group of a douvle bond in the s-trans-posi-
tion to the carbonyl group leads to a considerable decrease
of the values (by 7-12 cm-1), while for the s-cis-confor-
mers the opposite phenomenon is observed (cf,, for example,
Yoo 1691 en™ of acetophenone and the same value for I, Table
1). If the first of these facts can be accounted for by the
conjugation of the vinylene group with the carbonyl one /22/,
the second can be attributed to the direct interaction through
the space (the field effect) of the J-hydrogen atom and the
carbonyl oxygen pressgnt in the ss-_cis—conformers:

'°C~Cq
It is not excluded either that the s-cis- and s-trans-confor-
mer molecules are not equally coplaner,

In the 2-thienylideneacetone series the introduction of
the vinylene group leads, as a rule, to the increase of

values of either conformers, as compared to the corresponding
substituted 2-acetylthiophenes, The increase is however consi-
derably higher for the s-cis-form, than for the s-trans-form
(cf., for example, Vg, values of VIII and of 2-acetylthiophene,
1672 en™ /21/). This fact is in keeping with the considers-
tions mentioned above,

We have also carried out a comparison of the values of
the reaction constants for acetophenones and acetylthiophenes
(solutions in CCl,) /21/ and the corresponding values for
both of conformers of their vinylogs (Table 2), Such a compa—
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rison makes it possible to determine the vinylene group
transmission factor:

il - mﬂ ~CH=CH-CO Cis

" g co-cHz
If one takes into account only those reaction series for which

the correlation coefficient (in monoparameter equations) is
not less than 0,94, the L value for the s-trans-benzylidene-
acetones is 0,57-0.58, and for their s-cis-form it .is 0,51,
In the thienylideneacetone series the value for the s-trans-

conformers (0,34-0,37) is considerably lower than for benzy-
lideneacetones, while the s-cis-vinylene group transmission
faccor is 0,40-0,46, These data suggest that the tendency
mentioned above of a lower sensitivity to the substituent ef-
fects of s-trans-2-thienylideneacetones )Y, values as compar-
ed to their s-cis-conformers as distinguished from the oppo-
site tendency in benzylideneacetone series is connected above
all with the different transmission of the vinylene grouping
electronic effects in both conformers. It may well be that in
replacing the benzene nucleus by the thiophene one the steric
hindrance should increase (betwemn g-hydrogen atoms of the
s-trans-vinylene group and those of the thiophene cycle),
which in its turn decreases the coplanarity of these molecu-
les and, consequently, the conjugation degree as well, Such
above-mentioned facts as the decrease of K=D s-trans /
/D Yoo S—¢is values in passing from benzylidene- to 2-thieny-
lideneacetones, the frequency increase of the carbonyl group
valency vibrations of s-trans-2-thienylideneacetones as com-
pared to similar 2-acetylthiophenes are also in agreement
with this assumption.

Thus, with the help of the correlation analysis of the

Y¢o values it was proved possible to reveal some specific dif-
ferences in the transmission of substituent effects in the mo-
lecular systems of benzylidene- and 2-thienylideneacetone s-
-trans and s-cis-conformers, which are probably connected
with some peculiarities of their stereochemistry (the degree
of planarity of these systems, the proximity in space of the
polar and easily polarized vinylene and carbonyl groups).
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REACTIVITY OP COMPOUNDS WITH DIARYIMETHYLOL GROUP,
XXV USE. OF CORRELATION EQUATIONS POR STUDYING I,I-DIARYL-
2 (B-BENZYLAMIKE )ETHANOL IONIZATIOE IK SULPHURIC ACID

V.Shkliayev and B.Alexandrov
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Received June 24, 1974

The ionization of I,I-diaryl-2(E-benzylamine)etha-

nols has been investigated. The nature of ions formed in
concentrated H2504 is defined making use of the corre-

lation equations. It is shown that the ionization re-
sults in forming either doubly charged carbeneammonium
ions or singly charged carbenium ions depending
on the medium acidity and benzene ring substituerts

of the diarylmethylol group.

Influenced by HZSO4 I,I-diaryI-4-phenylbutanols-I and N-
(w-phenylalkyl )amides of diarylglycolic acids are known to

be capable of closing cycles by the intramolecular way.I
Since in this case the intermediates are carbene ions it is

necessary to know +the ionization constants of these com-
pounds in concentrated HZSO4.
This paper deals with the ionization of I,I-diaryl-2(E-

benzylagine)ethanole in the (96% H,S0, + 4% H,0) - CH5COOH
system,

Experimental
The synthesis of 1,1-(N-benzylamine)-ethanols
has been described elsewhere.3 To obtain products with

melting points within 1+O.5°C the compounds were puri-
fied by recrystallization <from suitable solvents. Maximum
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equilibrium values of optical density were determined in a
way described eurlier.4 Values. of “max associated with
measuring optical density and lgE': are given in Table I.
Table I
Values of and 1g ¢ for I,I-DiaryI-2(N-benzylamine)
ethanols I-X in the (96% HaSO4 + 4%H20) - CHBCOOH System

OH
K ‘ H2504 A max
comp. R R concentration (nm) 16
II H (JH3 84-92 430 4,040
II1I H CZH5 86-94 475 4,276
Iv H C3H7 86-94 480 4,021
v H CH30 60-~68 455 4,125
VI H CQBSO 60-68 450 4,090
X Br GH3 86-94 508 4,236
X Br CH50 62-70 498 34955
XIII 0330 CH30 50-62 540 4,108

Spectrophotometric measurements have been made with a
spectrophotometer, type SP-4, at 20 + I°C without using a
thermostat,

Results and Discussions

The ionization of I,I-diaryl-2(N-benzylamine)ethanols-I
in acidity range within the reach of study (HR from -5
to -I8) should be determined by two basic factors - the ef-
fect of a protonized amine group diminishing strongly the
basicity of alcohol hydroxyl, and the nature of substituents
in aromatic rings of the diarylmethylol group. This is con-
firmed by bebaviour of solutions of compounas I-XIII in the
medium of varying acidity. For example, solutions of Comp.
I,VII,VIII,XI and XII do not show the halochromic colour
even with the highest concentrations of H2SO4 being avai-
lable, This points to the fact that the ionization does
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not take place or is negligible. The other compounds gave
coloured solutions during the experiment. Indicator ratios
(Q) were measured and the correlation (HR,ngJ parameters
were estimated for them (Table 2).

Table 2
Correlation Parameters of 1gQ vs. HR
Com-
pound a b pKﬁ# r 8 n
II 16677 I.020 16644 0.998 0.036 5
I1I I5.87 0,970 16436 0,997 0,050 5
Iv 16409 0.986 I663%2 0.999 0,030 5
v II.80 0.967 I2.20 0.994 0.052 5
VI II.82 0.969 12,20 0,997 0,037 5
= 15,82 0.955 16457 0.998 0,041 5
X II.42 0. 942 12,12 0.994 0.056 5
XIII I0.30 0.906 II 18 0,999 0,020 5
0.964

The table illustrated that these compounds behave in the
same manner &s carbinol bases do, Thus, the average value of
the slope of 1gQ = f(HR) is 0.964.

The pxﬁfvulues for compounds II-IV, IX and XIII,estimated
from equation ng=n+bHR are in good correlation with -
constants zccording to equation pKR=-4.02Zd+- I7.47 (1)
(r=C.997, s=0.162). Points for compounds V,VI and X in

coordinates 6*,pKﬁ+of the plot have a deviation of 2-3
pxﬁ'units upwards from this relation. Suc: pronounced devia-
tions have been reasoned after analyzing the data on ioniza-
tion of the studied compounds with the help of equations of
correlation obtained before.5

The ionization equilibrium of compounds I-XIII in 32804
may be presented by the following scheme:
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+ -
AraC-Clip-NHp-CHp-@) St =H20 . Ap - CH-NH,-CHA®)
OH —H* +H20

(A) = e Am C-CH-NH-CH>~D) (B)
(B)

It is believable a priori that the equilibrium state in
this system is apparently dependent on the medium acidity,
the nature of Ar and the degree the nitrogen atom is proto-
nated.For example, there would be doubly charged ion b in the
medium of high acidity, no matter what is the nature of Ar
determining the value of the positive charge on the carbocat-
ion centre.Under these conditions the departure of a proton
from ammonium nitrogen is suppressed by the strong protono-
donor ability of the medium, However, this ability being re-~
duced, splitting out a proton is possible at a definite posi~
tive charge of the carbo-cation centre. In this case ion

-may arise. The decrease of the positive charge on the car-
bo-cation centre below a particular value and, as a conse-
quence, the increase of the nitrogen atom basicity may be
the cause of forming ion & even at comparatively low aci-~
dity of the medium, The ionization of compounds
I - XIII was studied on a basis of these general considera~

tions,
To clear up what ions take part in the equilibrium, the

ionization equations of I,I-di(p-anisyl) and I,I-di(p-tolyl)
alkanols-I 5 were used. The pK‘*value for compound XIII (d*
for CHQ-EH2—CH,,CGH5 wus taken to be equal to the value for
_CHZ—N(CH ) viz.- 190 ) estimated by equation pK = =-1,76 " -
7.62 (2) and being equal to -I0,96 is in good agreement with

the value found by experiment (-II.I8).
Since there was no compound with two p-tolyl radicals at

carbinol carbon in the investigated series, pKR+ value for
it was estimated by the correlation equation (I) showing
the ionization being influenced by substituents in aromatic
rings of the diarylmethylol group (-14.97). At the same time
proceeding from the assumptlon that the amine group is pro-
tonized (3% = -1. 90 ) and using Eq.(3), pE*=1. 748 % _ 1o, ou,
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Characterizing the inductive effect of substituted alkyl
radicals at carbinol carbon5, we obtain pKR+= =15.34 which
is comparatively little to differ from the value estimated
by Eq.(I).

Having performed similar calculations according to Eqs.(2)
and (3) when ions A and B of compound X and I,I-di(p-tolyl)-
-2(N-benzylamine) ethanol-I are in equilibrium, we obtain
pKR+ values being equal to -8.37 and -12.78, respectively.
They are significantly different from that found experimen-
tally for compound X and estimated by Eg.(I) for I,I-di(p-
-tolyl)-2(N-benzylamine) ethanol-I (see above).

The nature of ions taking part in equilibrium during the
ionization of compounds V,VI and X becomes clear when ana-
lysing experimental and estimated pKﬁfvalues. If ions A and
B are in equilibrium, the ionization of compounds V,VI and
X should be given by equation (I). However, the pKﬁ'values
estimated for these compounds according to equation (I) are
greatly different from those found experimentally (-I4.40
and -12,20; -I4,48 and -12,20; -I5,00 and -I2,.I2 respecti-
vely). There is reason to believe that ions of compounds V,
VI and X do not have any charge on the nitrogen atom
(ions B). This assumption may be verified for compound X
and with the helo of equation (3) on the ground that the
sums of electrophilic constants of substituents in the
diarylmethylol groups (E=c* ) of this compound and in the
reaction series of 1,1-di p-tolyl)alkanols-I are practically
equal (Sidt=-0.614 and -0.6026 respectively).

What is more, the pKﬁfvalues for ionizing compound X accor-
ding to pattern (A)s=(B) estimated by equations (I) and (3)
(-I5.00 and -15.35) and being in admissible agreement also
demonstrate that the use of equation (3) for presenting the
ionization of compound X in sulphuric acid is quite lawable,
Comparison of pKﬁ'values estimated by equation (3) for

*  In view of the fact that we have not found the § value for
UH2NHCH206H5 in the literature, tse latter gas equated to G*for
CH, NHCH (0.427), stimated from G for NHCHs with the use

of transmission ratio EE = 0,388.
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equilibria (A)==(B) and (A)==(6) enables one to specify
ionization diagram of compound X « The pKéFvalue for ioni-
ging compound X according to the first pattern is -I2.78
and according to the second ope it is - 15¢35, whereas the
value found experimentally is -I2.I2.

The calculations given above reveal that formation of a
single-charge carbenium ion(B)(see the scheme above) is
the most probable type of ionizing the compound x.

It is evident that a similar conclusion may be drawn
about the nature of ions derived by ionization from
compounds v and VI under experimental conditionse. True, the
equations (3) used for calculation of pKR*values when ioni-
zing nitrogen protonized and non-protonized forms of these
compounds, are less proper than for compound X, since
differences between S gt of substituents in diarylmethylol
groups of compounds v and VI,on one hand,and I,I-di(p-tolyl)
alkanols-I,on the other hand,are greater than for compound
x.

However, the results estimated by equation (I) and
presented above in correlation with the experimental data
give every reason to believe that during ionization of com-
pounds V and VI ions B are formed as well,
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In the present work it is shown that the nature of
substituent in para-position of the aromatic ring of
substituted benzoic acids substantially affects diethyl-
amine group basicity of p-xCGHqCON(R)CHZ—CHZN(Czﬂs)2
aminoamides. The electronic influence of substituents
is transmitted, for monosubstituted amides, via the
intramolecular hydrogen bonds of N—H...:N(CZH5)2 type
and, for disubstituted amides, via the direct dipole-
dipole interaction between the carbonyl and amine groups.
The pKa values for both reaction series correlate with
the Hammett O-constants.

It is known that the substitution of hydrogen at the
amide nitrogen for the hydrocarbon residue in amide of diaryl
glycolic acids substantially affects the spectral character-
istics1, basicity of alcoholic hydroxy12 and intramolecular
cyclization rate3.

It might be suggested that such substitution would also
influence the amine group basicity in aminoamides. In order
to verify the suggestion we studied infrared spectra and basi-
city of a series of N-diethylaminoethylamides of substituted
benzois acid of a common formula p—XCGH4CGN(R)CH2CH2N(C?H5)2
(I-XI1I) where in the first reaction series R=H; X=H(I),
CHB(II), CH30(III), c1(1v), Br(V), N02(VI), NHZ(VII) and in
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the second reaction series R=CH., X=H(VIII), CHB(IX)’
CH,0(X), C1(XI), Br(XII), NO,(XIII).

Experimental

Compounds I-XIII were synthesized by the method of Lii-
ning,“Compounds VIII-XIII, not described in the literature,
are given in Table I.

Ionization constants were determined by potentiometric
titration of compound samples in absolute ethanol with O.I N
HClO4 in the same solvent. The titration was performed with
a potentiometer JIM-60M with a standard glass electrode and
a silvery/silver-chloride electrode filled with saturated solu-
tion of EKCl in absolute ethanol. The potentiometer was adjus-
ted and the pKa value and meansquage error were calculated
as shown by Albert and6 Serdgent " The pKa value for tri-
ethylamine, after Exner equal to 8.33, served as a refer-
ence point for comparison of ionization constants obtained.

The infrared spectra for 0.01 M solutions of the bases

of the synthesized compounds were taken on spectrometer
UR-20.

Discussion

The infrared spectra of compounds I-IV indicate the
presence of intramolecular hydrogen bonds (IHB) of N-He..:
N(Czﬁs)2 type (bands at 3335-3280 cm'I). The compounds VIII-
XIII do not adsorb in this range. Substitution of hydrogen at
the amide nitrogen for methyl group results in reduction of
the valence vibration frequency ( 30:0) which is in accord-
ance with the data obtained by other authors7. At the same
time Yc=o in both series as it is seen in Table 2 in which
the infrared spectra and ionization constants of the com-
pounds are given, depends on the nature of substituents in
the aromatic ring para-position and increases or decreases de-
pending on the electron-donating and electron-withdrawing
properties of the substituents.
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Table 1

P-XCgH, CON/CHo/CHpCHA N/ Cols/5 /YT ~ XH/

C omp. X Yield bep.°C/mm go Calcd. Formula Found

% N,% N,%
yo H 85.2 165/4 1.5162 11.96 Cy 4Hono0 12.06; 12.20
1X CHg 80,7 181-2/6 1.5194 11.28 Cy5HogNo0 11-13; 11.20
X CHa0| 83.5 203/6 1.5262 10.60 Cy5HogN0s 10.90; 10.82
X1 C1 74.6 187/5 1.5348 10.44 Cy4Ho C1N0 | 10.60; 10.52
Xa Bz 86.3 213/10 1.5420 8.94 Cy4HoqBeNg0 | 8.97; 8.90

Xm NO 70.0 125-7° 8.88 C C1N. .92; 8.
o iz 14H2oCINB; | 8.92; 8.74

Compound XIII is a hydrochloride




Table 2

Infrared Spectra and Ionization Constants of Compounds I-IIII

C omp Yom™ Pk, Comp. Yen™! Pk,

1 3415, 3320.1678 7.18-0.01 yo 1645 6.76-0.01
i 3415.3330.1678 7.25%0.01 1X 1642 6.84+0.01
i 3415.3330,1675 7.30%0.02 X 1640 6.90:0,02
1y 3415. 3335, 1682 7.05%0.03 X1 1647 6.63+0,03
y 3415, 3335.1684 7.07x0.02 X 1647 6.68%0.03
n 3400. 3280,1687 6.88:0.01 Xu 1650 6.43%0.01
yo -—- 7.42:0.01 - - -




The data obtained by infrared spectroscopy do not allow
us to regard these variations of ;vc=o0 as a result of action
of any additional mechanisms transmitting the influence of
substituents; thus, they may be interpreted in generally
accepted terms .

It is probable that more reliable information about in-
tramolecular interactions in the compounds of both reaction
series may be obtained in studies of basicity of amine groups.
It might be expected that owing to the absence of IHB Dbasi-
city of the aminogroups of the second reaction series com-
pounds would be higher than basicity of the corresponding
first reaction series compounds.

But what we actually observed was contrary to expecta-
tion (see Table 2) and despite of a considerable distance
from the centre the substituent effect in the second reac-
tion series showed itself rather distinctlye.

This fact may be explained by admitting existance of
direct interaction between the amine group and carbonyl car-
bon in the second reaction series. The possibility of such
intramolecular interaction in open chain compounds has fre-
=14 but the conclus-
ions on the question are contradictory in some cases. Thus,
according to Bogatkov et al.9 in ,j—aminoketones,R—CSHHCOCHz—
CHZN(CH3) the methyl group in sg-position respective to the
amine group leads to an increase of the nitrogen-carbonyl in-
teraction. But Kuznetsov11 has pointed out that the probabi-
lity of such interaction in open chain aminoketones is rather
small, The results obtained in studies of hydrolysis kinetics
and of the carbonyl band properties in infrared spectra of
aminoalcohol esters cast doubt on any direct interaction
between the amine and carbonyl groups suggested by Kundryuts-
kova et al. 2. It is obvious that this effect is more distinct
in the aminoamide seriess

From Table 2 it follows that the pKa values in both re-~
action series depend on the nature of substituents in the
aromatic ring, the difference in pKa for most strong electron=
donating and electron-withdrawing groups (VII and VI, X and

quently been discussed in the literature
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XIII) reaching as much as 0.5 unit. The distance of substi-
tuents from the reaction centre being considerable, the dif-
ference cannot be attributed to the induction effect. The
probable ways of transmitting the influence of substituents
are IHB (1-st reaction series) and direct dipole-dipole in-
teraction between the carbonyl and amine groups (2-nd reac-
tion series). In this case substituent in the benzene ring
will influence the positive charge value of the carbonyl
group carbon causing increase or decrease in the IHB or
dipole-dipole interaction between corresponding groups in
the 1-st and 2-nd series. It is probable that this influence
is analogous to that observed at ionization of benzoic acids.
Indeed, the pKa values for both reaction series correlate
quite satisfactorily with the Hammett ¢ —constants by equa-
tions (I) and (2).

pKa=—0.396+ 7.18 (r=0,980, §=0.033)... (I)

PEg=-0.448+ 6.76 (r=0.989, 8=0.023)... (2)

This may be regarded as a confirmation of the above sug-
gestions about the mechanism of transmission of the substi-
tuent influence on the amine group basicity. It is probable
that the possibility of dipole-dipole interaction between
the carbonyl and amine groups in the second reaction series
compounds results from the amide group relative conforma-
tional "toughness" which increases the probability of con-
formations which are favourable for intramolecular inter-
actions. But in compounds of the first reaction series the

dipole-dipole interaction may be hindered by the IHB be-
tween the amine group and hydrogen at the amide nitrogen.
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INVESTIGATION OF KINETICS OF ALKALINE HYDRO-
LYSIS OF SUBSTITUTED PHENYL p-TOLUENE SULFONATES

IX Hydrolysis of 0-CO0~ - Phenyl p-Toluene Sulfonate.

Quantitative Interpretation of Salt Effect by Elec-

trostatic Model.

V.M. Nummert, V.A. Palm
Chemistry Department, Tartu State University,
Tartu, Estonian S.S.R.

Received October 14, 1974

The rates of the alkaline hydrolysis of 0-CO0~ - sub-
stituted phenyl p-toluene sulfonate in an aqueous solu-
tion at various concentrations of electrolyte at 30,
40, 50, 60, 75 and 85°C were measured. In the case of
0-CO0™ - phenyl p-toluene sulfonate the dependence of
logk on the concentration of electrolyte added had two
"plateaux”which made a difference comparing with data
of all the substrates with charged substituents studied
up to date. The values of second-order rate constants ex
trapolated to pure water, ko, for the first platean,
ko (1) and for the second platean, koo (g)r as well as
corresponding activation parameters Eo’ Eq,(1), ECD(Z)’
log Ao, log Aop and log Aag(z) were calculated. An
electrostatic model which takes into account the step-
wise compensation of the electrostatic interaction pre-
sent for the reaction between 0-COO~ - phenyl p-toluene
sulfonate and OH  ions was suggested. The first plateau
corresponded to the reaction between Na*OH™ ion pairs
and substrate RCOZ_. At higher concentrations of elec=-
trolyte the equilibria of formation of both ion pairs,
Na OH and RCO,".Na' were shifted to the right and in
the transition state of two Na' ions were present. The
reaction between two ion pairs, Na'OH™ and RCOZ'Na+,
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corresponded to the second plateau,Using most plau-

sible model tested for the transition state the calcu-

lated differences of electrostatic contribution of
free energy gave the 4 logk values in quantitative
accordance with experimental values for the differen-
ces loggu M- logk0 and logkoo(a)-logko.

In our preceding papers 1-6 the results of investiga-
tion of the kinetics of alkaline hydrolysis of substituted
phenyl p-toluene sulfonates and phenyl benzoates with charged
substituents depending on the concentration of the neutral
electrolyte added have been reported. It was shown that at
higher concentration of electrolyte the rate constant
reached a limiting value kyp, which did not depend any more
on the concentration of ions. It was stated7 that koy was to
be interpreted as the rate constant for a reaction in which
it took part the ion pairs formed from the substrate and/or
the reagent. In the same report the value of limiting salt
effect, Alogkgy=logkep— logko, was 1interpreted as a measure
of the changes in electrostatic contribution to free energy,
A due to increasing concentration of electrolyte.

Value of A.ng can be evaluated as follows®

AFEy=q -q_ ™

where q and q, denote energies of electrostatic interaction

between ionic charges present in the transition and initial

state, respectively.
The g-values could be calculated using Eq. (2)

2
e rrnn @
€ igj Tij
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where Ne2—331 kcal/mol, z; and are ionic charges at atoms
with subscrlpts iand j and ry 1j is the distance between these
charges (A ). By & the macroscopic permittivity of solvent is
denoted. The sets of ionic charges for substituent as well as
for reaction centre include charges introduced by contra-ions

present in ion pairs formed from ionic reagents.

The influence of the concentration of electrolyte added
on the rate constants of the alkaline hydrolysis of m- and
p- COO™ - phenyl p-toluene sulfonates has been reported pre-
viously. A good accordance of experimental limiting salt
effect, Along)_ logkyy - logko, with the calculated values
of electrostatic contribution to the logk value for the re-
action between free ions has been observed. This fact can
be interpreted as a result ofnearly total compensation of
electrostatic interaction between charged substituent and
reaction centre provided the ion pairs of type RCO2_.Na+ are
the reactive species.

In the present work the influence of the neutral elec-
trolyte added on the rates of the alkaline hydrolysis of
0-C00~ - phenyl p-toluene sulfonate at different tempera-
tures was investigated. An attempt to interpret quan-
titatively the peculiar result obtained (two plateaux ob-
served in the plots of logk vs.electrolyte concentration)
has been made making use of Eg. 11).

EXPERIMENTAL

0-COOH-phenyl p-toluene sulfonate was prepared from
p-toluene sulfonyl chloride and salicylic acid in an alka-
line aqueous solution similary with the preparation of m-
and p—COOH—phenyl p-toluene sulfonates described previously.
M.p 154-157 o¢ (154~ 156°C handbook ). Found %: C 57.86, 58.04;
H 4,03, 4.16. Calculated %: C 57.52; H 4.12.
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The method used for kinetic measurements has been pre-
viously describedz’ The alkaline hydrolysis of 0-CO0 =
phenyl p-toluene sulfonate in an aqueous solution was inves-
tigated,Various NaOH and neutral electrolyte concentrations
at different temperatures were applied under pseudouni-mole-
cular conditions. The range of NaOH concentrations and the
conditions used for the spectrophotometric rate measurements
are listed in table 1. NaCl was used most as neutral elec-
trolyte added. At 75°C some experiments were carried out
using NaClO4, too.

The second-order rate constants k, were calculated from
pseudo-first-order rate constantsq, kI, k=kI/cHaOH‘

The dependence of logk on the concentration of electro-
lyte (expressed conventionally in form of Y, where M is
the ionic strength) at 40, 50, 60, 75 and 85°C are shown
in Fig. 1.

Table 1

Conditions for Kinetic Measurements. The initial value

of the extinction coefficient for 0-COO~ - phenyl p-toluene
sulfonate (25°C) &0 =0, change of the extinction coefficient
during the reaction =4500; wave-lengthe 294 nm,
Temperature ¢ Limits of NaOH concentration
range, M
30.0 1.08 - 2.2
40,0 0.83 - 2.2
50.0 0.014- 1.65
60.0 0,016~ 1.08
75.0 0.022- 0.46
85,0 0,016~ 1,08
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Fig. 1. Dependence of logk on ~/k for the
alkaline hydrolysis of o-COO -phenyl
p-toluene sulfonate 1:85°C; 2:7500;
3:60%C; 4:50°C, 5. 40°C, 6. 30°C

(= without NaCl
@-=FaCl added
l:]=I\TaC‘].O4 added
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As we can see the curves for 0-CO0 - phenyl toluene sul-
fonate representing the plots of logk vse. electrolyte con-
centration form twoplateaux. For all other substrates with
charged substituent investigated previously only one such
a plateau has been observed. It is remarkable that the points
obtained using NaCl0, lie in the curve determined by the
points for NaCl. Therefore one can be quite sure that anions
of neutral electrolyte are not involved in the transition
state.

The values of ko obtained by ectrapolation of second-order
rate constants to pure water from dependences of logk vs. ﬂ&a
initial slope, P, of these dependences; the values of rate
constants k03(1) and koo(z) related to the first and second
plateau, respectively; and corresponding parameters of Arr-
henius equations Eg, Eco(g)’ loga,, 1OE$CU(1),
lOgAaa(z)' are given in Table 2.

Table 2

Values of Slopes Rate Constants, ko’ kco(1), k00(2)
and corresponding Parameters of Arrhenius Equation, Eo’ qu1y
E“)(z)’ long, 1°8foo(1)v and 108A00(2), for Alkaline Hydro-

lysis of 0-COO - Phenyl p-Toluene Sulfonate

- 4 B
Tempera 0¥ k,. 10 kCO(1)' 107} k(X)(z) . 1
ture C -1 1 - -1 -1 -1
M ', sec M~ o, sec M . sec
30.0 0.51+0.04 1.32+0,06
40,0 1.29+0.05 3.32+0,17

50.0 1.2240,46 0.76+0.,09 | 2.84+0,09 6.81+0,90
60.0 0.80+0.47 1.80+0,90 | 6.07+0.34 [15.0 +0.7
75.0 0.93+0.16 4.80+0.42 [ 14.4 +0.4 43,5 +1.4
85,0 1.3740.16 8.50+0.51| 32.2 +0.9 778 +2.4

E,=15.527 + 569 logh, = 6.42 + 0.37
Eo0(4)=15-711 + 343 loghgo (q)= 7.07 + 0.23
Eqo (2)=15+819 _ 200 10BAgo(py= 7.55 + 0.13

xExperimental initial slope of the dependences of logk on ﬁﬁ
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Fige 2.
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48

33 32 371 30 29 28

Dependence logk on 1/T for the alkaline
hydrolysis of 0-COO -phenyl p-toluene
sulfonate
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Limits of the vjc change used for calculation of values K.,
kp (1) Eo(p) are given in Table 3.
Table 3

Range of Variable 4 Used in Calculating the koy
%(1), km(a), and Y’Values

Temp%géfure and kg kuo(q) kuo(g)
30.0 1.04 -~ 1.05 | 2.10 - 2.20
40.0 0.90 - 1.20 | 1.80 ~ 2.50
50.0 0 - 0.330 0.60 - 1.10 | 1.70 ~ 2.60
60.0 0 - 0.240 0.70 -~ 1.40 | 1.80 - 2.20
75.0 0 - 0.330 0.65 = 1.50 | 1.80 - 2.30
85.0 0 - 0.235 0.60 = 1.20 | 1.40 -~ 2.20

The dependences of logk,, logkao(1) and loglqu) on 1/T
are represented in Fig. 2.

DISCUSSION

In the case of alkaline hydrolysis of m- and p-C00~ -
phenyl p-toluene sulfonates the experimental difference
A logkeg =logkeo~logk, and electrostatic contribution to the
logk for the reaction between ions calculated from Eq.(1)
were found to be very close to each other. This fact shows
that the formation of ion pairs at higher concentration of
electrolyte leads to AF€1=O. This simple approach applied
to 0-CO0 -phenyl p-toluene sulfonate enables us to estimate
the limiting value of salt effect only. The presence of two
plateaux can be considered as a result of the partial and
stepwise compensation of the electrostatic interaction be-
tween charged substituent and reaction centre. Proceeding
from this assumption corresponding calculation were carried
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out for different plausible models of the transition state
in reactions between free ions, the OH™ ion and ion pair
RCO ~. Na* , ion palr Na*OH™ and substrate BCO2 , and ion
palrs RCO2 . Na* , and Na *OH™. The total reaction scheme was
assumed as follows:

k

RCO,™ + OH~ » 3

RCO,”™ . Na* + OH™ ] N )

BCO,~ + NatoH™ —_ (5)
- + + — k’)

RCO,” . Na' + Na OH (8)

2

The values of g, and q were calculated using the com-~
puter "Nairi-2", The special programme has been prepared to
calculate Cartesian coordinates of atoms im the molecule,
the distances between those atems and the sum of all cou=-
lombic interactions between ionic charges, localized cn
atoms. These calculations were performed using following
sets of interatomic dis tances.1 CA Ar_1.4OA°. C -CO
=1.40A%(bencoic acJ.d) Cgq 3-0=1.23A (in the (.02 gv‘oub/-
§-0=1,70A%; S=0(82*-07)= 1 43 (See Ref, 11,12); €, ~0=1. J474°
(amino phenol) and of valency angles10'/ s50C. —410. bAro =

=£0,.0,.(C03) = £(000)™ = 120°,

In the model of the initial state a tetrahedric coufig-
uration for sulfur atom was accepted. In the model of the
transition state the oxygea atoms of the 2+S(O')2OH grovp
were symmertrically localized around the sulfur atom 21l in
ons and the same plaue perpendicular to the plane defined
with the help of atoms in the fragment, S-0-C ) and to the
vhenylic cycle bonded to the sulfur atom (Table 5).

In the transition state the distance between the sulfur
and the phenoxy oxygen atoms was assumed tc de equal the
arithmetical mean value calcalated as follows:

rk + rk . rs ry

s 0 = [
I‘:_a - -—2—-— 2.46A

By r and ro the covalency radii of the sulfur and oxygen
atoms use denoted respectively; rs and T, are the correspond-
ing Van-der-¥aals radii.
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Two different models for the charge distribution of the
reaction centre were tested:

Initial state Transition state

o No_§.

OH

Model II*

For reaction (5) the Na+ ion present in the transition
state at the reaction centre was considered to be located at
equal %gstances from both the negatively charged oxygen atoms
of the S(07),0H group.

In the case of the model I {initial state) the oxygen
atoms of the 2+S(O')20H Zroup were regarded as situated at
the maximum distance from the COp substituent. In the model
of ion pairs of type RCOa'. Na* the Na® ion was considered
to be located in the same plane with the CO2 group at equal
distances from both the oxygen atems. For the Na jon the
cristallographic radius TRa+ =0.98 A® (see Ref. 10) and for
oxygen aton the Van-der-Waals radius r°_=r°=1,38A° (see Ref.
13) were used. The distance between the centres of charges
of opposite sign present in ion pairs Na¥OH™ was set equal
to the sum of the values of ry + and ré‘(2,36)A°).

For the initial and the trarsition state €is- and trans-
conformations, caused by the rotation around the CAr-O bond
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were considered:

S

\.

002

trans

Conformations with sulfur atoms shifted out of the plane of
the o—C6H5 group were not considered. _ .

For the reaction between ion pairs RCO2 « Na' and
Na*. OH™ different positicns for the Na' ion in transition
state were tested:

1. In one and the same plane with the phenylic cycle, the
phenoxy oxygen atom and the COZ_ group between negatively
charged phenoxy and carboxy oxygen atoms (A).

2. In that plane at the negatively charged oxygen atcm at
the greatest possible distance from the 002_ group (B).

3. Between negatively charged oxygen atoms of phencxy, 002_,
and 2+S(O_bOH groups in the plane perpendicular to the
plane for phenylic cycle and the phenoxy oxygen atom (G).

4, Between negatively charged oxyger atoms of the +S(O_)2OH
group in the same plane with those and sulfur atom (D).
For models A, B C ard D the trans-conformation was con-

sidered, only.

For model II different localizations for the second Na*
ian in the transition state were tested as shown in schemes
A, B and C.

The q and qQ, values were calculated according to Eq(1)
taking into account the temperature dependence of the macros-
copic value of permittivity

The values of A Féi(defined by Eq.(1)) for reactions
(3)-(6) and different mcdels and conformations were calcu-
lated. In the case of reactions (5) and {(6) tke electrostatic
interaction in the ion pair Na+OH_ initial state was taken
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(a) Ar-slé\)

(8)

(D}
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into account, The change in tke slectrcstatic energy,
AA F"'1 , due to the substituent effect, was calculated from
the difference:

AAF =AT,, -AF o

where Ar‘f © ig the charge in the electrostatic energy for
the unsubstltuted compound {for model II A F:1°=o)

From the AA. F:l values obtained the corxzesponding val-
ues of A logk or A logk(cis) and Alcgk(trans) were calcu-

lated:
pA FE, -AAFOF

A Jogk = - S5
logk(cis) = T (2is)
L AFE - L&Feo*( trans)
logk(trans) = el 55 RTL

ir which AAF*]_ is the change in the electrostatic energ'y
for any reacticn of the set (4)-(6), AAF, °F op A&Fl {cis)

and AA trang) correspond to the reactions between two
icns (reactior 3) in accordance with model Il and with cis=-
and trans-conformations of model I, »espectively., Trese cel-
culated A logk values can be compared with the differeunces
A logkay (1y=10gkao logk._ aud Alogkm(z)=log]qb(2) -
-logko, calculated from the experimental data,

The total electrostatic contiribution to the free enerpy

of activation expressged in logk scale was calculeted as
Foltonss A logk_(calc) w AA}G,:OJI
2 JRT

The results of the calculations are listed in Table %.

For the sake of well-defined localization of iomic charges
for models A,B,C and for v of the transition state the Car-
tesian coordinetes ot the corresponding atoms are given in
Table 5. The origin of cocrdinates was fixed at the ca:born
atom in o-position of the phenylic cycle {with index 1), the
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Table 4

Experimental Alogkgy, (,Dand Alogke, (2)Values and Calculated Alogk, A logk, A logk(cis)

A logk(trans) Values for Different Models of the Transition State. Numbers (1) ard (2) in
the first column correspond to the number of Na* ions in the Sransition state (fcr reactions
involving ion pairs). For reaction (6) the first Na" ion is always localiged at 002- group,
for the localization of second Na‘ ion different positions are considered (see Text).

Model ’ Quantity Reaction Teaperature Og

' + 0.0 50,0 85.0

Experiment A iogke (1)f | 0452 0,57 0.59
A logkeo 0.89% 0.95 0.98

I, cis, (0) Alogko 3 0,90 -0.93 -0.97
trans, (C) FAN logko 3 -1,15 -1,18 -1.23

II A logko 3 -1,02 -1.,05 -1.10
I, cis, (1) A logk (cis) 4 0.30 0.32 0.33
A 10gk (trans) 4 0055 0'57 0.59

trans, (1) A logk (cis) 4 0.50 0.52 0.53
Alogk (trans) 4 0.75 0.76 0.79

II, (1) AN logk 4 0.6b 0,68 0.71




1, trans, (1) Alogk (cis) 5 0.24 0.25 0.26
A logk (trans) 5 0.49 0.50 0.52
I, trans, (2), A A logk (cis) 6 0.70 0.73 0.75
A logk (trans) 6 0.95 0.98 1.01
I, trans, (2), B A logk (cis) 6 0.25 0.25 0.27
A logk (trans) 6 0.50 0.50 0.53
I, trans, (2), cP A logk (cis) 6 1.01 1.05 1.09
A logk (trans) 6 1.26 1.28 1.35
I, trams, (2), C° A logk (cis) 6 0.81 0.84 0.88
A logk (trans) 6 1.06 1,09 1.14
I, trans, (2), ¢ A logk (cis) 6 0.88 0.91 0,95
A logk (trans) 6 1.13 1.16 1.21
I, trans, (2) D A logk (cis) 6 0.59 0.6 0.64
Alogk (trans) 6 0.84 0.86 0.89
II, trans, (2), A A logk 6 Ool4 O.45 Q.47
II, trans, (2), B A logk 6 0.19 G.20 0.21
II, trans, (2) cP A logk 6 0.34 0.36 0.138

8Calculated from data at higher
Ppigtance Na*(10) - 0(3)=2.364°
®Distance Na*(10) - 0(2)-2.364%; £ Na*(10)0(3) €(2)=90°
dpissance Nat(10) - 0(3)=1.854%; £Na*(10)0(3) C(2)=150°

_eConfiguration (cis, trans) for the reactive compound is shown

temperature using Arrhenius equation

; LNat(10)3(3) ¢(2)=140°

Configuration (cis, trans) for the reaction (3) is shown



Cartesian Coordinates of Charged Atoms for Transition State in
Accordence with Models A,B,C, and D

Indexes of atoms and models X Y
0~ (3 2.135 1.273
82 (4 0.903 3,404
0~ (5) -0.167 2.784
0;2_(6) 1.973 4,023
0'e7(7; 4,175 -0.147
Na” (8) 6.24C -1.212
o/27(9) 4,175 2,278
Na* (10), a 4,377 2.087
Na* (10), B -2.049 0.907
Nat (10), ¢® 3,047 2.852
§a™ (10), C° 2,135 1.273
Na' (10), ¢° 3.315 3.334
Na® (10), D 0.863 3.380

=0.715
0,715

< O

-1.530
-2,380
-1.552
-2.776

8pistence Na'(10)-0(3)=2.364°%; L. Nat(10)0(3)C(2)=140°
) stance Nat(10)-0(3)=2.364°; L¥a*(10)8(3)c(2)= 90°
Cpistance Na¥(10)-0(3)=2.854%; £ Na*(10)0(32)C(2)=150°



X-axis proceeds along the bond between carbon atoms with
indexes 1 and 2, the x,y plane was determined by atoms with

indexes 1,2 and 3. The Z-axis was directed perpenticularly
down from this plane.

OH ¢ ¢

Na

Examination of the data from Table 4 enables us to draw
following conclusion.

1. Using model II for the reaction centre it is impos-
sible to explain the presence of two plateaux characteristic
for the experimental dependence of logk on Yu.

2. Calculated value of z&lozko for cis-conformation is
in good agrement with the experimental value of /\logkgo
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Nevertheless, the absolute F values calculated show that the
trans- conformation is more stable. Consequently, the latter
is to be considered more plausible. The calculated value of
z}logk for trans-conformation exceeds thelﬁlogku) value.
Therefore one can say the presence of two Na® ions in the
transition state for the reaction between ion pairs (reac-—
tion 6) does not result in the total compensation of the
electrostatic interaction between the 002' substituent and
reaction centre, characteristic for the reaction between two
ions (reaction 3). Nevertheless, these two Na* ions compen—
sates the major part of this interaction.

3. The calculated value of Alogk(trans) of the reac-
tion between ion RCOZ' and ion pair Na*OH™ (reaction 5) is
in good agreement with the experimental value of zkloghx
Evidently, the first platean may correspond to reaction 5.
But a parallel pathway viz. the reaction between RCOZ-. Na*
on the OH™ ions (reaction 4) is not necesserily impossible.

4, The second plateau corresponds to the reaction be-
tween two ion pairs RCOE-. Na* and Na*OH™ (reaction 6). As
much as the trans-conformations is considered structure (A)
for the transition state is to be regarded as the most plau-
sible (see Table 4). But the difference between calculated
and experimental values of Z&logkoo(z) is not substantial
either for structures(C)and (D),

The results of our investigation demonstrate the appli-
cability of the electrostatic model for the qualitative (two
plateaux)and quantitative (heights of these plateauX) inter-
pretation of the dependence of the rate constants of the al-
kaline hydrolysis of 0-COO -substituted phenyl p-toluene sul-
fonate upon the concentration of neutral electrolyte. It is
also possible to draw some conclusions on the detailed struc-
ture of the initial and transition states. The most probable
scheme for processes determining the peculiarity and the pa-
rameters of total reaction can be represented by the sum of
reactions (3), (5) and (6) with following specifications:
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b) The transition state of the reaction (5) is expressed

by the following structure:

o 9

trane - CH

COH
co.

c) RCO2 o Nat = trans - CHB-
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a)

The transition state of reaction (6) is expressed by the

structure:

RGO2 . Na¥ = trans - CH3

It is not superfluous to mention that the primary salt

effect as additionaly shown in the present work cannot be
described even qualitatively in terms of Debye-Hiickel-

-Bronsted
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INVESTIGATION OF KINETICS OF ALKALINE HYDROLYSIS
OF SUBSTITUTED PHENYL p-TOLUENE SULFONATES

X Hydrolysis of o- and p-SOB-Phenyl p-Toluene

Sulfonates at Various Temperatures in Water
V M Nummert, M.K.Uudam

Chemistry Department, Tartu State University
Tartu, Estonian S.S.R.

Received October 17, 1974

The rates of the alkaline hydrolysis of o- and p—SO3
-substituted phenyl p-toluene sulfonates at 40, 50, 60,
75 and 85°C were measured. The influence of the elec-
trolyte added was studied at 60 and 85°C. No conside-
rable dependence of the values of the second-order rate
constants on the added electrolyte concentration in the
range of 0,004 to 4.5 M was dedected.

From the second-order constants the values of acti-
vation parameters E and logA, as well as the 6° con-
stants for o- and p-SOa_ - phenyls were calculated.

In our preceding papers 1-7 the investigation of the

dependences of the alkaline hydrolysis rates of o-, m-,

p-N(CH3)3+—, o-, m-yp-0" -, o-, m- and p-COZ' - phenyl p-tol-
uene sulfonates, m-, p-N(CH )y * -; m- and p-0_ - phenyl benzo-

atesy and N(C )} - substituted alkyl benzoates on the con-

centration of neutral electrolyte added, have been reported.

In most cases at the higher electrolyte concentration the
rate constant reached a limiting value, kg, which did not

depend any more on the concentration of ions, However, no con-

siderable dependence of the alkaline hydrolysis rates of o-

and p-O~ - phenyl p-toluene sulfonates on the added neutral
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electrolyte concentration was observed.2

It was stated® that the value of the limiting salt
effect, Alogkg =logky -logk,, was to be interpreted as the
difference between the reactivity of free ions and ion pairs
or other interionic associates. The limiting change in logk,
Alogky, , should be calculated, as an electrostatic con-
tribution to the free energy of activation expressed in the
logk scale.

This study was undertaken in order to get information
on the influence of the neutral electrolyte added upon the
alkaline hydrolysis rate constants of o- and p-SOB— -substi-
tuted phenyl p-toluene sulfonates.

p-SOBNa- phenyl p-toluene sulfonate was prepared from
p-toluene sulfonyl chloride and Mg-salt of phenol-p- sulfonic
acid.9 Found %: C 43,623 43.36; H 3.21; 3.15. Calculated %:
C 44.57; H 3.17.

o-SO3K—phenyl p-toluene sulfonate was prepared by an
analogous way from K-salt of phenol-o-sulfonic acid. Found
%s C 42,22; 41.97; 0 28,18; H 3.27; 3.26, Calculated %:

C 42.74; 0 26,30; H 3.01.

The method used for kinetic measurements has been pre-
viously described.1o The alkaline hydrolysis rates of o- and
p-SO,- phenyl p-toluene sulfonates in an aqueous solution av
various NaOH concentrations was investigated under pseudo-
unimolecular conditioms at 40, 50, 60, 75 and 85°C. The de-
pendence of the rate constant on the electrolyte concentra-
tion was examined at 60 and 85°C. NaCl was used as neutral
electrolyte added. The range of NaOH concentrations and the
conditions used for the spectrophotometric rate measurements
are given in Table 1.

In the case when NaCl was not added the values of the
second-order rate constants were obtained as slopes of the
straight lines in coordinates k; and CraoH (see Fig.1). When
NaCl was added the second-order rate constants k were calcu-
lated from the pseudo first-order rate constants kps
k=kI/CNaOH‘ For comparision the arithmetical mean values
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Table 1

Conditions for Kinetic Measurements. Limits of NaOH
concentration range, used wave-length, A ; the initial val-
ue of the extinction coefficient (25°C), EO; change of the

extinction coefficient during the reaction

P-SO_ - phenyl p-tolu-|o0-SO. - phenyl p-tolu-
ene “sulfonate ene “sulfonate
Temperature ¢ NaOH concentration range, M
40,0 0.23 - 1.10 0.06 - 0.23
50.0 0.08 - 0.23 0.06 - 0.23
60,0 0,016 - 0.11 0.023 - 0.12
75.0 0,016 - 0,058 0.012 - 0,060
85.0 0.004 - 0.16 0.0058- 0,04
N (om) 255 255
fo 1800 3300
A€ 25200 9800

from all the secondeorder constants including constants meas-
ured in the presence of NaCl were found at 60 and 85°C.

The values of the second-order rate constants of the al-
kaline hydrolysis of o- and p-SO} - phenyl p-toluene sulfo-
nates and corresponding parameters of the Arrhenius equation,
E and logA, are given in Table 2.

Fig. 2 and 3 illustrate the dependences of logk on
(M =ionic strength) for p- and o- S0, - phenyl p-toluene sul-
fonates at 60 and 80°C. The plots of logk vs. 1/T for p- and
0-S0” - phenyl - p-toluene sulfonates are given in Figure 4.

As shown in Figs. 2 and 3 no significant dependence of
the bimolecular alkaline hydrolysis rate upon concentration
of electrolyte added in the range from 0,002 to 4,5 M
for p- and - o—SO3 - phenyl p-toluene sulfonates was obser-
ved. The data in Table 2 allow us to draw the same conclusion.
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40— kr‘,o,

3.0

20

NaOH

001 0.03 0.05

Fig. 1. The dependence of the pseudo-first-order
rate constant for the alkaline hydro-
lysis of p—SOB_—phenyl p-toluene sulfonate
upon NaOH concentration at 8500

12
14
16

18
20

Fig. 2. The dependence of logk on y& for the alkaline
hydrolysis of p—SOB—phenyl p-toluene sulfonates
O = without NaCl
@ = Y¥aCl added
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Fig. 3. The dependence of logk on for the alkaline
hydrolysis of o-Sog'-phenyl p-toluene sulfo-

O = without NaCl
@ - NaCl added

20

26

Fig. 4. The dependence of logk on 1/T for the alkaline
hydrolysis of p- and o-SOB'-phenyl p-toluene

sulfonates
O = point for p—SOB'—phenyl p-toluene sulfo-
nate

O= point for 0-S0,"—phenyl p-toluene sulfo-
nate 607



Table 2

Values of the Second-Order Rate Constants and Parameters
of Activation for Alkaline Hydrolysis of p- and o—SO3 -
Phenyl p-Toluene Sulfonates

p-SO05-phenyl p-toluene 0-803 -phenyl p-tolu-
3 sulfonate ene “sulfonate
Temperature °C k.10° (M—1.sec_1)
40,0 2.11 + 0.23 2.19 + 0,07
50.0 514 + 0,06 4,40 + 0,10
60,0 10.8 + 0.6 10,0 + 0,04
M4 + 0.5% 9.90 + 0,30%
750 24.0 + 0.9 22,0 + 0.3
80,0 50.3 + 0.9 44,0 + 0,5
! 50.6 + 0,2% 43,6 + 0.4%
E 15 135 + 490 14 520 + 400
loga 7.92 + 0,32 749 + 0.26

% Calculated including the k values obtained in the presence
of NaCl

The values of rate constants calculated including rate con-
stants in case of NaCl added, are not essentially different
from the values of rate constants obtained as slopes of the
straight lines in coordinates kI and CNaOH‘

In preceding papers ' the eiectrostatic model has been used
for calculation of the limiting salt effect including the case
distinguished by two plateaux in the relationship between the
logk and wvalues.In the case of alkaline hydrolysis of p-and
o-SO3 - p-toluene sulfonates the positive salt effect was
assumed. However, it was not dedected, Considering the elec-
trostatic model the independence of the interionic reaction
rate constants can be observed in two cases: either there is
no ion pair formation from both ionic reagents or the forma-
tion of ion pairs from both reagents is almost completely
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s8hifted to the right. The former or the latter condition
must be satisfied in the whole electrolyte concentration
range. So far no other facts were available to prove any of
the conditions mentioned above,

The results of our preliminary work demonstrate that
the equilibrium Na* + OH™ Na'OH™ was shifted to the left
at the lowest electrolyte concentrations and to the right at
the highest.

Therefore it is apparent that in the present case the
equilibrium

RS020™ + Na* —  RSO,07Na"

must be shifted to right in the range of the whole electrol-
yte concentration of 0.004 to 4.5 M. Such a kind of condition
seems to be quite improbable. So far no respective conducto-
metric measurements have been made.

Consequently, including the previously dedected absence
of the salt effect in the case of the alkaline hydrolysis of
o- and p-0 - phenyl p-toluene sulfonates, four cases are
known so far in which the addition of a neutral electrolyte
over a wide range of concentration does not influence the
rate constants of the interionic reactions at all. Therefore
the feature of so called primary salt effect requirs further
investigations.

As to the Bronsted - Debye - Hiickel theory it is evident
that its applicability to quantitative or even qualitative
interpretation of facts observed previously and in the present
work, is out of the question.

From the second-order rate constants the values of do
constants for p- and o-SOS - phenyls were calculated (Table 3).
The values of logk (for unsubstituted compound) and 9, re-
ported previouslys'm’11 were used. The calculated values of
do for p- and o-SO3 - phenyls are given in Table 3.
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Table 3

Values of O° Constants for p- and o-SOB - Phenyls

Temperature On|—~Substituted phenyl
p-SOB— O—SOB—
For p-SO B-phenyl the
40,0 0.335 0.359  following G° values
50,0 0.379 04339 hnave been reported
60,0 0.386 04367  0.37T(#=0.1)*
75.0 0.307 0.281  0,19(u=0.01)*
85.0 0.358 0.294 0.09 (& =0,0001)*

ve=0,351 av.=0,328

¥ Values of 3° constants calculated frum the values of pKa

1.

3.

4.

Se

6,

7-
8,

9.

for p-SOa—-sulfobenzolu acid.
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INVESTIGATION OF KINETICS OF HYDROLYSIS OF
BENZOATES

V Alkaline Hydrolysis of p- and m-CO0” -Phenyl
Benzoates

V.M. Nummert, I.G. Alakivi

Chemistry Department, Tartu State University,
Tartu, Estonian S.S.R.

Received October 21, 1974

The rates of the alkaline hydrolysis of p- and m-C00 -
-substituted phenyl benzoates in an aqueous solution
at various concentrations of electrolyte at 15, 25,
40, and 50°C were measured. The influence of added
electrolyte upon the hydrolysis rates in detail was
studied at 25 and 50°C . No significant dependence of the
values of the second-order rate constants on the con-
centration of electrolyte added in the range of 0.002
to 4.5 M was dedected. From the second-order rate con-
stants obtained the values of the activation parame-
ters E and logA as well as the values of o° constants
for p- and m-COO~ - substituted phenyls were calcu-
lated.

This study is a continuation of the systematic examina-
tion of salt effects in reactions between substrates with
charged substituents and ionic reagents.1_q In most cases
studied up to now higher electrolyte concentration the rate
constant reached a limiting wvalue, kg , which did not de-
pend any more on the concentration of ions. At the same time,
no considerable dependence of the rates of alkaline hydro-
lysis of p-0"-, 0-0"-, p-SOB_- and o-SOB--substitutea phenyl
p-toluene sulfonates on the concentration of the neutral
electrolyte added was observed.z’8 Therefore it seemed desii-
able to examine the influence of the concentration of neutral
electrolyte oun the rates of the alkaline hydrolysis of p- and
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m-CO0 -phenyl benzoates. Benzoates were prepared from benzoyl

ckloride and corresponding oxybenzoic acids in pyridine solu-

tion,.

p-CO0”—phenyl benzoate, m.p. 227°C,

Found %: C 68,11; O 26.84; H 4.19. Calculated %: C 69.42;

0 26,423 H 4.16.

m-C00 - phenyl benzoate, m.p 132°C. Found %: C 67.14;

0 26.43; H 3.93. Calculated %: C 69.,42; O 26.42; H 4,16.
The spectrophotometric rate measurements were carried

out using spectrophotometer C#® - 4A equipped with a photo-
electric multiplier and a recorder of type LP as earlier des-
cribed. An aqueocus solution under pseudounimolecular conditions
at 15, 25, 40 and 50°C was investigated, Various NaOH and neu-
tral electrolyte (NaCl) concentrations applied. The dependence
of the rate constant on the electrolyte concerntration was ex-
amined at every temperatures,in detail at 25 and 50°C. The
range of NaOH concentrations and the conditions for the spec-
trophotomectric rate measurements are given in Table 1.

Table 1

Conditione for Kinetic Measurements. Limits of NaOH

concentration range, used wave-length, A4 the initial
value of the extinction coefficient (2500).£c ; change
in the extinction coefficient during the reaction, A&,

Temperature oc p-COC=phenyl benzoate { m—-COO-phenyl benzoate
NaOH concentration range, M.1O3

15.0 2.47 - 19,6 2.47 = 18.5
25.0 2,47 - 24.7 247 = 18,5
40,0 2.47 -~ 19.6 2.45 - 12.3
50.0 1.2 ~ 9.82 245 - 12,3

A (om) 275 310

& 3 990 720

AE 7 280 2 800
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In case without NaCl the values of the second-order rate
constants were obtained as slopes of the straight lines in

coordinates kI and CNaOH (see Fig. 1). In cases with NaCl.

Fige 1 The dependence of the pseudo-first-order
rate constant kI of the alkaline hydro-
lysis of p-CO0 - phenyl benzoate on NaOH

concentration at 25°C

the values of second-order rate constants k were calculated
from the pseudo-first-order rate constants kI; k‘kI/CNaOH‘
From these calculated values the arithmetic means were found.

The values of ordinary second-order rate constants and
the activation parameters E and logA are given in Table 2.
For comparision the values of the second-order rate constants
measured in the presence of NaCl are presented in Tahle 2.

Figs. 2 and 3 illustrate the lack of dependence of logk
on (M-ionic strength) for p- and m-CO0~ — phenyl benzo-
ates,

The plots of logk vs. 1/T for p- and m-CO0™ - phenyl
benzoates are given in Fig. 4.
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Fig. 2. The dependence of logk on for
the alkaline hydrolysis of p-CO0 -
-phenyl benzoate
O = without NaCl (+um £ 0.10 )
@ = ¥aCl added
gk
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Fig. 3. The dependence of logk on for
the alkaline hydrolysis of m-CO0~—
-phenyl benzoate

O = without NaCl (¢ 0.15)
@ = NaCl added
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Table 2

Values of Rate Constants and Activation Parameters

Temperature C p-CO0 -phenyl benzoate | m~-C0O0 -phggzl benzo-
k10 (M ' sec™! )

15.0 2.20 + 0,04 1.69 + 0,19
3,40 + 0,08% 2.55 + 0.10%

25.0 3.09 + 0.41
4,00 + 0,09% 3.47 + 0.11%

40,0 8474 + 0,28 6.38 + 0,60
10.2 + 0.4% 6.35 + 0.22%

50.0 13.4 + 0.2 10.8 + 0.9
14,7 + 0.0% 10.0 + 0.3%

E 9 576 + 190 9 670 + 240

logh 6.61 + 0,14 6.57 + 0.17

Values of k for reaction NaCl added

04
02

30 37 32 33 34 35 36

Fig. 4. The dependence of logk on 1/T for the
alkaline hydrolysis of p- and m-CO0 -
-phenyl benzoates

- point for p-CO0 -phenyl benzoate

C = point for m-COO”-phenyl benzoate

61
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As one can see in Figs. 2 and 3 no significant depen-
dence of the values of rate constants on concentration of
electrolyte added ir the range of 0.002 to 4.5 M for p- and
m-CCO™ -phenyl benzoates was dedected. The data in Table 2
allow us to draw the same conclusion. The values of rate con-
stants in case of NaCl added are not essentially different
from the rate constants obtained as slopes of the straight
lines in coordinates k._I and CNaOH (not more than 0,07 loga-
rithmic units),

Earlier6 the dependence of the rate constants of the
alkalire hydrolysis of p- and m-COO -phenyl p-toluene sulfo=
nates upon the concentration of electrolyte added has been
investigated. For both p- and m-=CO0 -phenyl p-toluene sulfo-
nates a plateau has been appeared in the dependence of logk
onwuf . From the rate constants extrapolated to pure water,
k”, and from these for plateau, , the corresponding val-
ues of 0°° and 6z  have been calculated.

For comparision the & ° values for p- and m-COO -phenyls
were calculated from the rate constants of the alkaline hy-
érolysis of substituted phenyl benzoates. The comparing of
two gets of values obtained from the alkaline hydrolysis
cate concstarts of p-toluene sulfonates and bezoates, respec-
tively, enables us to clarify the nature of reacting species
in studied hydrolysis. The 0° values calculated from the rate
constants of the alkaline hydrolysis of p- and m-COO -phenyl
benzostes and the Go values obtained from the alkaline hydro-
lysis rate ccnstunts for p- and m-COO -phenal p-toluene sul-
fonates after their extrapclation to pure water, ko, were
found %c be very close to each other (see Table 3).

The following expression
(6°)S = ©"° _ 4 (@ )s _
COoo CO2 cC,
is valid for both, p- and m-COO -phenyls Symbols B and S
denote the alkaline hydrolysis of benzoates and p-toluene
sulfonates respectively used fer calculating the 0’0 values.
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Tatle 3

Values of G“)Constants for p- and m-CO0-Fhenyls

The cS’o values calculated from the alkaline hydro-

Tempega- lysis rate constants, k, for
ture ¢ phenylbenzoates phenyl p-toluene sulfonate
p-C00 n-C00 p=-C00 m-C00
15.0 -0.051 -0.172 |av. §°=-0.122 |av. 0°%=-0.195
25.0  |-0.043 | -0.164 |av. qy =0.207%|av. =0,122%
40,0 -0.090 | -0,203
50.0 0,129 -0.237 |For the calculation of 60 see
ﬁv.: av.= Ref. 6.
=-0.078 | =~0.194

® Calculated from the kg values

It is assumed that the rate constante ¢f interionic
reaction, extrapolated to pure water belong to the reaction
between free ions. Consequently, the reaction of alkaline
hydrolysis of p- and m-COO” -phenyl benzoates car be cousid-
ered as a reaction between free ions - reagent OH and sub-
strate of type RCOZ_. Nevertheless it is not superfluous to
note that for the proof of such a conclusion conductometric
measurements are needed. Hitherto i% is impossible to under-
stand why an interionic reaction can be insensible to the
concentration of neutral electrolyte.
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