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Comparison of pKBH’ -Values for Weak

Bases Calculated by Marziano and Cox-Yates
Methods.

U. L. Haldna and H. J. Kuus
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University, Tartu 202400 U.S.S.R.

Received January 5, 1979

pKBH’ -Values for 28 hypothetical weak bases
have been calculated, ueing the methods of K. C.
Marziano (Mc ~function) amd of R. A. Cox (X-func-
tion).The H‘?SO4 % (wt/wt) at half-protonation of
weak bases studied lies in the range from 20% to
80%. The solvation parameter in R.A. Cox treatmemt
m has been varied from 0.4 to 1.6. Comparison of
pKBE+ - values obtained by le and X - functiona
shows that they are eesemtielly the sceme,if HQSO#
at half-protonatiom of bmsee ia 20, 40 or 60%
(wt/wt). Very weak baeee, half-protonating in 80%
H2504 (wt/wt) have beem found to give different
pKBB* - values in K.C.Marziamo and in R.A. Cox
treatments. These differeneces are about 2 pKBn'O'-
- units in some cases. Therefore a conclusion has
been drawn that at least ome of the functioms Ic
and X needs to be corrected for the range of 60 -

95% H,S0, (wt/wt)
24 1,2
Two research groups (H. C. Marziamo et al. *" and

R. A. Cox, K. Yates 3 ) have suggested essentially
the same method for estimating pKBﬂ" ~-values of weak bases
which only become significantly protomated in strongly
acidic solutions. Both of these groups used the free energy
linear relationship
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as a common starting point. In Eq. 1 the B and B* are two
arbitrary weak bases. The validity of Eq. 1 has been tested

in a number of papers. 2 In order to derive a generally
applicable method for estimating pKBH* - g one needs a scale
of log (Zy+ / Tp¥u+ ) values for a hypothetical

common reference base B*. This scale should range from wa-
ter to concentrated solutions of strong acid. Both groups
mentioned above were able to solve this problem, using most
of available data about protonation of weak bases and itera-
tion procedures. 23 N. C. Marziano et al 1,2 denoted

e =M (2)

- log B S c
B*H*
and called Mc"activity coefficient function." R.A. Cox and
K. Yates wrote

H* B*
108 = x (3)

"yt

and named it "excess acidity". It is obvious from Table 1
that -Mc:# X. Nevertheless, if Eq. I 1is valid, the PR+
for a weak base B can be estimated as a regression coeffi-
cient: 2

1o _lBL + log Cyy4 =g, - PKpg+ (4)
. [BHY]
[B] - 108 CH+ = m*X + pK,BH+ (5)

- log T—x
og {BH +]

d
where Cacid is the total concentration of strong aci
(mole/de), Cy+ is the concentration of hydrated protons

obtained from Raman spectroscopic measurements (Table 1)
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in Aqueous Sulfuric Acid Solutions

Values for Mc’ X and log C

H*+

Table 1

(25°C).
% H,SO 2
2°¥q M 3
wt / wt c X log cH +
5 0.0172 0.103 -0.205
10 0.0354 0.231 0.117
15 0.0555 0.387 0.315
20 0.0785 0.573 - 0.461
25 0.1053 0.790 0.577
30 0.1358 1.038 0.674
35 0.1706 1.317 0.757
40 0.2096 1.628 0.828
45 0.2526 1.969 0.891
50 0.2999 2.345 0.945
55 0.3514 2.763 0.992
60 0.4075 3.238 1.033
65 0.4682 3.795 1.069
70 0.5338 4.459 1.097
T4 0.5896 5.080 1.118
80 0.6786 6.150 1.143
84 0.7427 6.906 1.133
90 0.8547 T7.985 0.996
95 0.9809 8.989 0.654
99 10.754 =0.153




and ng, m* are the multipliers for Mc and X1,respective1y.

A question of general interest is how close to each
other are the pKEB* - values obtained by Eq. 4 (N.C.
Marziano et al®) and by Eq. 5 (R.A. Cox and K. Yates 3).
The purpose of this paper is to answer that question. The
comparison of pKBH*- values calculated by Eqs. 4 and 5 may
be carried out for aqueous HZSO4 solutions only because
the Mc values for H20 - HCIO4 mixtures are not availablez.

It should be noted that the Mc values are given with
respective confidence intervals but the X values do not
have these intervals.3 For aqueous sulfuric acid solutions
a direct proportionality between Mc and X is not anticipa-
ted because the Mc values have been calculated using cacid
ingtead of + 2 .However, there exists a rather good
linearity between Mc and X in aqueous sulfuric acid solu-
tions (see Fig. 1).

In order to estimate the magnitude of differences
between pKpy+ (Eq. 4) and pKBH* (Eq. 5.) we chose a set of
hypothetical weak bases which would be half-protonated in
204, 40%, 60% and 80% H2804 (wt/wt), respectively. In
addition to this we took into account the second variable
denoted in Cox-Yates treatment as m*. Usually 0.4 £ m* &
41.63 . Therefore the following m*-values have been used:
0.4, 0.6, 0.8, 1.0, 1.2, 1.6. The 'pKBH"' -g for the basis
chosen were calculated from the version of Eq. 5

PEgy + (Eq. 5) = -m*X - 1logCh + (6)
+|
which is obtainea from Eq. 5, taking [B] = [BH] . The pKp 4

- 8 obtained by Eq. 6 are listed in Table 2. The next step
was to estimate the interval of sulfuric acid concentrations
where the log( [B] / [BH*] ) = log I varies from -1 to + 1
as it is usually observed in an experimental study

log I = -m*X - log Cy4 - PKpy, (Eq. 5) (n

where pKgps+ (Eq. 5) is given by Eq. 6. The estimated interval
of sulfuric acid concentrations was divided into 10 equal
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Pig. 1 Plot ot M 2 vs.x> for

aqueous sulfuric acid solutions.

parts which gives us 11 acid concentrations °.L’°2""’°II .

For each of these the following parameters were calculated:

(i) log I by Eq. 7 using respective X and values at the
concentrations cj;

(ii) the Mc -~ value corresponding to the c. (see the Experi-
mental Section) and

(iii) the relative confidence interval E(Mc) in % -8 for the
respective - value (see the Experimental Section).



Table 2

Te pKp.+ (Eq.5) Values for the Bases Chosen™

pKBH+ for bases half-protonated in H20 -
m* -32504 mixtures containing H2804
(wt/wt)

20% 40% 60% 80%

0.40 -.0.69  -148  -2.33 | -3.61
—
0.60 -0.81 - 80 298 | -4.84
0.80 - 0.92 -2.13 ~-3.63 -6.07
T

1.00 - 1.04 ~2.45 -4 28 -7.30
1.20 - 1.15 -2.78 -4.92 -8.53
1.40 - 1.26 -3.10 ~5.57 -9.76
1.60 - 1.38 -3.43 -6.22 ~10.99

* obtained by Eq. 6.

The obtained in this way log I - values were weighted,
using an error function given by Kresge and Chen At leasl
according to the N.C.Marziano et al.treatment . pKpy+
(Eq. 4) was estimated by a standard regression analysis
using the log I and Mc values obtained at Cyqs Cos eves Cqqn
(gee Table 3). In order to show the influence of E(Mc) on
the pKpy+ (Eq. 4) following three pKpy+ (Eq.4) - values
were calculated: the first with , the second with Mc(1+
+ 0.01E(Mc)) and the third witn E(M.)).

I0



The half of the difference between the second and the third
pKBH+-values is denonted as E(A ) and in some approximation
it can be used as an estimate of probable errors in pK,,+

(Eq. 4) - values due to the errors in the (see Table 3)¢

A=

are given in Table 4. This Table shows that for the bases
not weak enough (log I = 0 in 60% H2804, wt/wt) the dif-
ferences (8) are reasonably small.

(Eq. 4) - PKpu+ (Eq. 5) (8)

Table 3
3
The pKyy4+(Eq. 4) Values for the Bases Chosen )

PKoy+(Eq. 4)XE(4 ) for the bases half-protonated in
H20 - H2804 mixtures containing
o H2504 (wt/wt)
20% 40% 60% 80%

0.40 |-0.63-0.01 | -1.40%0.01 [-2,25%0.02| -3.80%0.06
0.60 [-0.75-0.01 | -1.74%0.02 (-2.93%0.02| -5.63%0,11
0.80 |-0.87-0.01 |-2.07-0.02 [-3.61%0.03| -7.35%0.15
1,00 |-1.00%0.02 |-2.41-0.03 |-4.31%0.04| -9.00%0.20
20 [-1.12-0.02 |-2.74-0.04 |-5.02%0.05|-10.67%0.24
1.40 [-1.24-0.02 |-3.08%0.04 |-5.72%0.06|-12.31%0.29
1.60 {=1.36-0.03 {-3.42%0.05 -6.43%0,08(|-13.95%0.34

with respective E(4 )- values due to the errors in M.

For weaker bases which are half-protonated in more concen-
trated H2804 solutions ( > 60% H2804, wt/wt) Eqs. 4 and’5
yield markedly different pKHH* - values. In this case the
A-values are greatly influenced by m - values (see Table
4). It should be mentioned here that the probable errors in
pEpgt (Eq. 4) (E ( 4 )) due to errors in the M - function
do not play an important role at any H2304 concentrations
(eee Table 4).
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Table 4

The Differences / Between PEpy+(Eq. 4) and PR+

(Eq. 5) for the Bases Chosen.

A- A) at H,50, concentrations (wt/wt)

a* 20% 40% 60% 80%
0.4 | 0.06%0.01 | 0.08%0.01 | 0.08%0.02 | -0.19%0.06
0.6 | 0.06%0.01 | 0.06%0.02 | 0.05%0.02 | -0.79%0.11
0.8 | 0.05%0,01 | 0.06%0.02 | 0.02%0.03 | -1.28%0.15
1.0 | 0.04%0.02 | 0.04%0.03 |-0.03%0.04 | -1.70%0.20
1.2 | 0,03%0.02 | 0.04%0.04 |-0.10%0.05 | -2.14%0.24
1.4 | 0.02%0,02 | 0.02%0.04 [-0.1520.06 | -2.55%0.29
1.6 | 0,0220,03 | 0.01%0.05 |-0.2140.08 | -2.96%0.34

It is important to realize that the coincidence of pHBH*
valuea calculated by the Marziano et al and Cox-Yates
methods for bases with log I = O in € 60% H,S0,, (wt/wt)
serves as a proof of reliability of these methods derived
both from the same free energy linear relationship (1). On
the other hand, the discrepancies in - values for the
bases having log I = O in > 60% HZSO4 (wt/wt) imply that at
least one of the functions M, and X needs to be corrected in
the range from 60 to 95% H,S80, (wt/wt).

Due to different scaling of M, and X- functions respec-
tive solvation parametere (nB and m ) are different. However,
their ratio (n /m ) is mostly about 8, reaching the value
11,8 for very weak bases (see Table 5).
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Table 5

The Ratio of Solvation Parameters (nB/m‘) Used
in Eqs. 4 and 5.

ng fm’ at H2804 concentrations (wt/wt)
m 20% 40% 60% 80%

0.40 |8.38%0.25 | 8.08%0.13 | 7.95%0.08 | 9.50%0.13
0.60 [8.18%0.27 | 8.05%0.12 | 8.05%0.07 | 10.95%0.13
0.80 |8.06%0.28 | 8.04%0.13 |8.15%0.08 | 11.40%0.14
1.00 [8.00%0.27 | 8.04%0.12 |8.22%0.07 | 11.57%0.15

20 [7.97%0.27 | 8.03%0.12 |8.30%0.07 | 11.69%0.16
1.40 |7.94%0.26 | 8.03%0.11 |8.34%0.07 | 11.75%0.16
1.60 |7.92%0.26 | 8.03%0.11 |8.39%0.07 | 11.79%0.17

Experimental
The X- values were calculated by the corresponding
empirical equation given in the R.A. Cox paper 3:
X = =1.2192(2-1) + 1.74213(2%-1) - 0.629724(23-1) +
+ 0.116376(2%-1) - 0.0104567(2z%-1) + 0.00036118(2%-1)

where Z = 10007 P gng p 4g & 50, % (wt/wb).
A similar equation has been found to hold for M

M = 0.860976(2z-1) + 0.335635(22-1) - o.o950794(z3-1) +
+ 0.0132739(2*-1) - 0.00103897(2%-1) + 0.000037054(26-1)

where z = 10249"? a4 p g & ,50,% (at/wt).
Sulturic acid concentrations expressed on % (wt/wt) were
converted into acid molarity (mole 32804/dn3) by

I3



C = 0.101752 p + 1.57523 . 10 %pcosh (p . 10°2) +

+ 4.85216 . 1074 p2 4 2.8528 . 107 p>

where p is 32804% (wt/wt).
The confidence intervals E(Mc) for llc in %-s from the cor.e-
sponding Hc value are given by

E(M,) = 6.7769 - 12.1946 ¢ - 0.128184(1 + fc)/ c?

- 13.5534 log(1+c) + 6.07738/ Ve -
- 2651 (1 = ¥ (1 + 0.01¢))

where ¢ is 32804 concentration (mole/dm3).

The concentrations of hydrated protoms Cp+ ... pe calcu-

lated by

Coe = p (0.119016 + 0.0169089 Z + 0.020324 22 -

it
- 0.0141916 2> + 0.00314939 z* - 0.000059195 z®)
if p > 65 and by

CH+ = p ( 9.44835 - 6.2132 Z + 0.517897 Z2 +

+ 0.420937 23 - 0.0881593 z% + 0.000713638 z)

if 5 ¢ p< 65 . In the last two equations Z = 0.05 p
and p is 52804% (wt/wt) .
All calculations were carried out omn a "Nairi - 2%

computer ,

I4
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DIFFERENIIAL CONDUCTOMETRIC EFFECT AND STRUGTURE
OF STRON: BASES. VI PROPYL- AND BUTYLAMMONIUM
IONS IN AQUEOUS PERCHLORIC ACID

U. Haldna, L. Oraste, and P, Grichin

Chemistry Department, Tartu State University,
Tartu, 202400 U,S.5.R.

Received January 5, 1979

The differential conductometric effect y,Z539¢
has been determined when n-CBB7NH2, (nFCBHq)ZNH
(n-C H.-,) N, n-C 4Hglt, tert-c4H9NH2 » and
(n—C,‘Hg)ZNH were added to the aqueous perchloric
acid solutions, For the interpretation of data ob-
tained the model of restructured solvent shell
suggested by M.Karelson has been used. The molar
volumes of restructured water shell(v ) around the
jons studied have been estimated.The V values are
found to be in the sequence- Bu iz > PrnNHz_ >

> Ev NE; >

In our previous communicationsl'5 the differential
conductometric effect yzAa's’c for ammonium ions con-
taining different number of methyl and ethyl groups in
agueous HCIOu solutions has been reported. In this paper
y-Mc for propyl and butyl substituted ammonium ions
in H,0 - HCIO, mixtures is studied (see Table 1). Aslit
has been shown in our previous reports of this series -3
the differential conductometric effect has the same value
whether free bases or respective perchlorates were added.
In this paper the differential conductometric effect was
obtained by adding free strong buses n—C5H7Nu2,(n45H7)2NH,

16



The Differential Conductometric Effect of the Basges

Table

Added to Aqueous Solutions of HCloq_

1

% HC10, |y.10® |g HC10, | y.10° | % HC10, | ¥-10%
0-C5H, NH, (n-05H7) oM (n—c,,H7) 3N
4ot 266 2.3 311 2.2 319
8.8 256 8.1 320 6.2 368
14.8 225 15.6 323 14.6 347
20.5 219 21.8 314 20.8 379
27.5 207 28,0 323 29.2 421
32.8 193 32.4 335 31.6 451
40,5 159 40.6 288 37.2 475
46,0 162 45.4 300 42,4 520
52.5 150 52.0 260 49,4 550
58,4 141 58.2 243 57.4 555
n-C 4H9NH2 tert-C 4H9NE12 (n—C4H9)2NEI
1.2 243 1.1 282 2.5 324
5.2 234 5.1 275 7¢3 369
10.4 293 10.2 270 14,7 373
15.4 283 13.9 267 19.5 347
20,2 243 21.7 244 32,3 453
26.3 252 28.0 233 37.5 430
29.9 243 32,4 224 42,2 467
35.2 233 41.4 227
40,8 226 54,1 183
47.6 206 50,2 195
52,7 182 58,2 178
58.2 179
17




(n43H7)3N, n—04H9NH2, tert—04H9NH2 and (n-C4H9)2NH to
the aqueous solutions of perchloric acid. The methods used
for calculations of y=M/c are described in the preced-
ing papers Attempts were made to obtain the y= /e
for (n-CzH,,)uNOH, (n-04H9)3N, and (n-Cq_Hg)q_NOH also. But
they failured because respective perchlorates were found
to be quite insoluble in aqueous perchloric acid solutions.
The dependence of differential conductometric effect
on the number and size of the alkyl groups is shown in
Figs.l and 2 , where Y= A"e/c is plotted as a function of
perchloric acid concentration. These Figures show that at
any given perchloric acid concentration the y value is lar-
ger for ions containing more alkyl groups of the same size.

7ig.l. Dependence of differen-
tial conductometric ef-
fect (y) on the number
of propyl groups:

_ . O - n—C;Ho,NH,

@Q - (n-CzH;) M

O - (n-C5H7)5N

20 40 % HCIO,

Fig.2. Dependence of differen-
tial conductometric ef-
fect (y) on the number
of butyl groups:

O -n<c JHoNH,

- o0 . - tert-C,HoNi,
0
O - (n—04H9)2m

400

20 40 %

18



This is obviously due to the increase in molar volume of
restructured water shells (Vs’ cm5/m01e) caused by a larger
number of alkyl groups, Provided that ions migrated into
the restructured water shells have zero eguivalent conduc-
tancese” the increase in Vg values results in larger y

values2 :

105y =RV, + )H"' - 1)

where >\H+ and are the eguivalent conductances
for HY - and BH* - ions, respectively; ¥ is the speci-
fic conductivity of the solution,

The volumes of the hydration shell around +the ions
studied were calculated by

Vg =§c( 10%y - )\H+ + )BH+) (2)

The AH* values used were obtained from Ref.,8, For the
interval 40 - 55 % (w/w) H0104 the >‘H+ values were

\ Fig.3. Dependence of Vg, on
! the number of propyl
600} groups:
o0l 1 - n-C;H,NH,
| 2 - (n-05H7)2NH
’——/ -
o 1 3 = (0-C;H,);N
20 40 %HCLO,

19



Fig.4. Dependence of Vs on
the number of butyl

groups:
1- n—C4H9NH2
J— 2 - (0=CHy), N
40 %HCIO

determined by the method used in Ref.2. The )\BH"' values

of ions studied are not available for concentrated aqueous
perchloric acid solutions. Therefore they were calculated
by the equation presented in our previous papera. For this

procedure the following values of BH*, 0o VeTe used9:

?
30.6 for n43H7M{2 y 27.0 for (n-03H7)21\IH sy 24.6 for
(o=¢,H-)-N , 25.4 for n- > and for tert-C4H9NHa

too , 22.4 for (n—C4H9)2NH.

From Figs. 3 and 4 it can be seen that all propyl
and butyl substituted ammonium ions have VS O. The po-
sitive Vs values indicate that the solute particles are
surrounded by restructured water shells where the conduc—
tivities ()\) of hydrated protons and perchlorate ions
are decreased (or even zero) over those in bulk water.
An explanation for this phenomenon is suggested in Ref.2.

A comparison of Vg values for propyl and butyl substi-
tuted ammonium ions shows that V, ( Bu NH, , ) >
> Vg (Pr N, ) . That is just the order anticipated
because a larger alkyl group should be surrounded by a
larger volume of restructured water. This is also ilius-
trated by Figs. 5-7, using the respective data for ethyl

20



and methyl groupsl_a.

It should be noted that values of differential conduc-
tometric effect for n—(}‘q_Hgl\lH2 and tert-C4H9NH2 are the
same, Consequently , the vaiues of V., for those amines
are equal too. In this case the branching of carbon
skeleton has no effect on the respective Vs values.

Fig.5. Dependence of Vs on
the size of monosub-
stituted alkyl-ammonia:

l—NH§

- CH5NH2

- GZEBNHZ

2
3
4 - n=
5

- n=C 4H9NH2

Fig.6. Dependence of on
the size of disubsti-
tuted alkyl-—-ammonia:

1l -M
2

3
(GH5)2NH

3 (GZEB)ZNH
4 - (n-03E7)2m
5 = (n-04H9)2m

—
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Fig.?7. Dependence of vV, on
the size of trisubsti-
tuted alkyl-ammonia:
500

1l - HH5

2 - (CH3)3N
300} 3 - (CHg) N

4 - (n-CBH7)3N
100
-100

20 40 %HCIO,
Experimental

n-Propylamine used had bp. 47.0 - 49,0 °C and di? =
= 0.712 g/cx’.

Di-n-propylamine used had bp. 109,0 - 110,0 °C and
dif’ = 0.736 g/cm>.

Tri-n-propylamine was synthesized from n-propylbromide
(grade "Pure") and liquid ammonia (grade "Pure"™)., The pro-
duct was distilled. The collected fraction used had bp.
154.0 - 156.0 °C and a3’ = 0.751 g/em’.

n-Butylamine (grade "Pure™) was distilled,The collect-
ed fraction had bp. 78.0 °C and dﬁs = 0,739 S/cms.

tert =Butylamine (grade "Pure") was distilled., The col-
lected fraction had bp. 44.5 - 45.2 °C and di5 = 0.693 g/cmB.

Di-n-butylamine (grade "Pure") was distilled. The col-
lected fraction had bp. 158.0 - 159.5°C and d27= 0.756 g/cm’.

The concentration of HClOa_ stock solution was deter-
mined by titration (w/w) against borax. All HClOu solutions
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for conductivity studies were prepared from HC10, stock so-
lution by dilution with redistilled water (w/w).

The apparatus and methods used have been described in

previous papersl’

We thank H.Kuura for synthesis of dipropylamine ang

V.Ostrovski for propylamine.
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Regression analysis of the kinetic data for solvoly-
sis (I) of m, p-XC¢H,S0,0CH,Ry with varied substitu-
ents X and Ry in some alcohols R20H and at some tem-
peratures confirms the efficiency of the experimen-
tal plans 32 for constructing, within the correla-—
tion analysis axiomatics,the models describing com-
bined effects of different factors on organic reac-—
tivities.The “inner'scales of the effects of factors
are shown to be very effective also for this pur-
pose. It is found that theeffects of substituents

X, RI and Rz.and of temperature on the solvolysis

of benzenesulphonates are described accurately by
the equation (7) with statistically significant coef-
ficients a9 * 8y, 8, ag and a1g- The regression
analyses of the matrix formed of 6I2 log k,—~values
for process (I) and of I35 log kz—valuea selected
from the matrix lead to the same multiple regression
models for the process. Those I35 values are five
united samples 33 from the experimental data ana-
lyzed for five groups Ry.

Non-additivities in the effects of various factors on organic
reactivities are observed experimentally in many reactionsI-?
For this reason, searching new criteria for mechanisms

of reactions is now the acute problem in formal way to quan-

titative describing organic reactions. A possibie way to

solvel that problem is, in our view,a construction of mul-
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tiple regression models for different reactions. These models
should describe adequately organic reactivities as a function
of all those factors that are available to vary in real expe-
riments. That way requires, however, special multifactorial
experiments. We have proposed~to use plans 32 for these pur-
poses; n is  a number of factors varied (i.e. control—
led) experimentally.

To test the effectiveness of these plans again we try
here to describe (by means of a single multiple regression)
vhe influences of structural factors, temperature and solvent
on solvolyses (I) of m,p-substituted benzenesulphonates

m,p—X06H4sochZRI + RZOH -———9-RZOCHZRI + m,p—XC6B43020H (1)

For that reaction of nucleophilic substitution at C 3 -atom,
there 18 a great body of selfconsistent and reliable kinet-
ic data of Sendega and coworkersq. Under the same con-
ditions these authors studied kinetically the effects
of both temperature (30 - 70°) and structure of sulphonates
(X= p-OMe, p-Me, H, p-Cl, p-Br, m-C1, p-NO,, m-NO,; R =
p-CH=CH,, -c(cn.,)=c&2, -C=CH, Et, i-Pr) in 29 solvents (al-
cohols MeOH, BtOH, n-PrOH, n-BuOH, i-PrOH, t-BuOH as well as
pinary mixtures with compositions varied) on solvolysis (I).
The authors4 did no attempts to describe their data by means
of a single multiple correlation.We have recently showed5
however,that this is possible.The present paper deals with
the process (I) in the alcohols (6I2 rate constants from
Refs. 4) only. A special attention is paid here to check use-
fulness of "inner" scales2’2~7 for describing the effects of
different factors. We attempt also to describe the solvent ef-
fect on the process by means of a single parameter.

The free energy change in the process (I) should follow,
in accordance with PPL2'5'8, the equation

log k = a5 + aTX + azt + a5 + a.Xt + asxs + aGtS +
a,t5X (2)

when a formal mechanism2 of the effect of one of three fac-
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tors, which are varied and are related with a leaving group
m,p—IC6B48020 structure (X), with a reaction temperature (t)
and with a solvent (S), i.e. with a substituent R, in alcohol
RZOH,is the same for all levels of two other factors and when
combined influence of these factors is completely non-ad-
ditive. In that equation, X,S and t denote the general mea -
sures or scales of the effects of the corresponding factors.
Having accepted arbitrary log k(CGHSSOﬁOCH20H=CE2, 40°C, MeOH)=
-4.028 as the standard or "zero" point- log k(0,0,0), we de-
fine theg the "inner" scales of the factors varied as the dif-

ferences

X, = log k(xiceﬂ430200320H=032; 40°C, MeOH) -
log k(0,0,0) (3)
ty = log k(PhSO,0CH,CE=CH,, £.°C, MeOH) - log k(0,0,0) (4)
Sk log k(PhSOzocE2CH=CH2, 40°c, BkOH) - log x(0,0,0) (5)
respectively. PPL imposesz’ the following conditions on
the equation (2) coefficients: ay = log ¥(0,0,0) and a; = ay=
a, = 1. Consequently, it is impossible to judge strictly ap-
plicability of the equation (2) with "inner" scales (3) - (5)
for adequate describing the experimental data4 only on the
basis of good statistical indices (R, So,etc.) of the corres-
ponding regression. Another strong and necessary criterion
of this applicability should be adherence of thecorrespond-
ing coefficients, within their uncertainties, to the above
requirements. As it is, however, seen from these equations,
those conditions are valid only for m, p-substituted allyl
benzenesul phonates, since numerical magnitudes of the equation
(2) coefficients may, in principle, depend on nature of ali-
phatic group CH,Ry; see equation (7).

The results of multiple regression analysis,within a
framework of equation (2), of the experimental data® for
different aliphatic groups CHZRT are summurized in Table I.
Having considered those results one should do some conclu=-
sions.

I. Equation (2) describes rather satisfactorily the complete
sets4 of the rate constants measured for sulphonates with
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each substituent CHZRI and with all leaving groups studied

at all temperatures and in all alcohols investigated. The smal-
lest regression standard is found for allyl sulphonates. A
certain increase in that standard observed for other aliphatic -
groups is apparently a result of unhappy choise of the "zero®
point.

2. The estimates of a5 ¢+ a, in the regression for allyl sul-
phonates obey well the PPL conditions. Some biasing observed
for its coefficient seems to be a response on insignifi-
cant terms included.

3. In all regressions there are no terms related with a,

ag whereas all coefficients ay agree well with experimental
values of log k for the corresponding compounds. All other
coefficients of the regressions do not vary much with varia-
tions in the aliphatic group CHZRI structure.

4. FPor each group CHZRI' the regression found on the basis

of the sample 30 from the data4 does not differ significantly
from that found from the parent experimental matrix for that
group. There are no differences in the estimates for the coef-
ficients of two regressions as well as in their indices R and
So for all groups CHQRI, but one®. However, the coefficients
of the former regression generally have larger uncertainties.
Hence, such samples are well-representative. One can, thence,
use plans 30 successfully to uncover, within correlation
analysis axiomatics, the quantitative relations between or-
ganic reactivities and the factors governing them,

5. The effects of factors related with leaving group struc-
ture and temperature on reactivities of sulphongtes in pro-
cess (I) are well described by means of "inner™ scales X amd

t respectively. It is a direct result of their accurate
representations by Hammett and Arrhenius equations. Having
described the solvent effect on that process by means of sin-
gle scale S, one should then conclude that the effect of al-
cohols studied is qualitatively independent of temperature

and of leaving group structure. That is,ratio of differ- -

*When Ry = -C(CH3)=CH2; see Table I.
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Table I
Coefficients and Statistics of Eq. (2) for Solvolysis4 (1)

Coeffs.and RI = -CH=CH2 RI = -032-033 RI = =C=CH

Statistics e B A B A B
aq -4.,035+ |-4.025+ |-5.680+ |-5.661+ |-5 208+ |-5.I87+
0.005 | 0,009 | 0,047 | 0.062 | 0 040 | 0.067
ar 0.990+| 0.999+| 0.890+ | 0.980+| 0.896+| 0.896+

0.009 | 0.0I3 | 0.074 | 0.098 | 0.068 | 0.I07

I.050+| I.037+| I.04I+| I.042+| I.086+ | I.044+
0.0I3 | 0.024 | 0.08I | 0.I06 | 0.069 | 0.II5

8z 0,959+ | 0.952+| 0.980+ | I.090+ ) I.065+| I.II3+
0.008 | 0.0I4 | 0.076 | 0.090 | 0.064 | 0.098

a, -0.051+ |~0.044+ |-0.0I2+ [-0.025+ |-0.025+ |-0.035+
0.023 | 0.034 | 0.I27 | 0.169 | 0.II6 | 0.I83
a -0.247+ [-0.254+ |-0.192+ |-0.235+ |-0.343+ |-0.366+
0.0I4 |0.I96 | 0.120 | 0.I44 | 0.109 | 0.156
ag 0.I83+ | 0.199+ | 0.I63+ | 0.140+ | 0.20I+ | 0.I78+
0.02I |0.0%35 |0.I3I | 0.155 | 0.IIT |0.I68
8 0.039+ | 0,020+ |-0.0I3+ |-0.0I5+ | 0.064+ | 0.059+
0.036 |0.050 | 0.206 | 0.247 |0.188 | 0.268
n 142° 27 1054 27 144° 27
R 0.9993 | 0.9997 | 0.9826 | 0.9935 | 0.9838 | 0.9924
So 0.028 |0.028 | 0.147 | 0.II4 |0.I%6 |0.I24
blog k 3.477 3,431 3,441

8Mhe results of the analyses of the total bodies of the
data for each substituent Ry « Prhe results of the analys-
es of the samples 3" from the total bodies of the data
for each RI: X = p-OMe, p-Cl1, m-NO2 for each RI except
RI . —CH=CH2. In the last case X = p-OMe, p-Cl,and p-NOZ.
The temperatures chosen are as follows: 30°, 40° and
50°C for Ry = -CH=CH, and -C(CHy)=CH,, 40, 50 and 60°C for
Ry = Et, and-CZCH, 50°, 60° and 70°C for R; = i-Pr. The
alcohols chosen are as follows: MeOH, n-BuOH and t-BuOH
in all cases. °The initial number of the log k-values ana-
lyzed is I44. The k-values for X = p-Br and m—NO2 in
i-PrOH at 30° and in MeOH at 40°C are excluded as sig-
nificant outliers. dThe initial number of k-values is I08.
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Table I (continued)

Coeffs.and RI = -G(CH;)=CH2 RI = -CH(051)9
Statistics X B A
8 -3.598+ | -3.645+ | -6.854+ | —6.807T+
0.0I6 0.054 0.051I 0.098
ar I.047+ I.074+ 0.889+ 0.829+
.0.033 0.087 0.099 0.1I56
a, 0.953«| 0.996+ I.II0+ I.I04+
0.042 0.I40 0.053 0.I03
as I.39I+| I.257+ 0.987+ I.057+
0.028 0.079 0.090 0.I43
a, =0.I04+ | -0.193+ 0.0I6+ 0.0I4+
0.086 0.223 0.I04 0.164
as -0.208+ | -0,00I+ -0.I90+ -0.255+
0.056 0.I27 0.164 0.229
ag 0.237+ | 0.673+ 0.066+ 0.090+
0.074 0.204 0.094 0.1I50
a7 =0.I72+ | -0.752+ 0.038+ 0.028+
0.I49 0.325 0.I72 0.240
n 123 27 838 27
R 0.9935 | 0.9881 0.9927 0.994I
So 0.085 0.I160 0.086 0.I05
Alog k 3.614 3.362

The points for X =
60°C are excluded becanse of their significant devia-
tions from the regression surface. ®There are no ex-
cluded points at the risk level accepted. fThe initial
number of points is I26. The points for X = p-OMe at

40 and 50° and X
significant
log k-values is 90. Those for X =

&The

m-NO, in i-PrOH at 40°, 50° and

= H at 40° in t-BuOH are excluded as
outliers.

initial number of
p-Me and H in t-BuOH

at 30°, 40° and 50° are excluded because of their signi-
ficant deviations.
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ent solvation mechanisms in the total solvent effect on the
process (I) appears to be the same for all those alcohols.

Treating the total matrices of k-values obtained4 for
each aliphatic group CHZRI by the methodI of consecutive one-
variable correlations leads in all cases to the multiple equa-
tions whose coefficients 8 + a8y and standards do not differ
significantly from those listed in Table I.

In Table I it is also noteworthy that the estimates for the
coefficients ay ¢ aq are nearly the same for different groups
GEZRI, the effect of structure of that group on the re-
activities of sulphonates is practically independent ©f both
the leaving group structure and temperature. One can thence
assume that all data for process (I) should obey a single
multiple regression equation when scale R for the effect of

is defined,by analogy with (3)-(5), as follows:

= log k(PhSO,0CH,R, 40°0, MeOH) - log k(0,0,0) (6)

In the case of complete non-additivity of the effects of
four factors considered this equation should have a form:

log k = 8y + aTx + azt + a,S + a4R + asxt + agls + a7XR +
aatS + agnt + aIORS + aIIXtS + aI,XRS + aI,XRt +
ap,RtS + ap RS (7)

In accordance with Table I, most of its coefficients
ag ¢ arg would be statistically insignificant whereas the co-
efficients a; ¢ a, should obey the PPL conditions: a, =
log k(0,0,0) and ar =8, =8; =a, = I.

Collecting together five samples 3" from the parent
data matrices for sulphonates with five groups CH,RI leads to
the new matrix of I35 (27 x 5) values of log k. Its multiple
regression analysis within the framework of Eq.(7) gives
the results listed in Table 2. Having searched that Table one
should draw the following conclusions.

I. That matrix is well described by means of equation (7);
see Reg.I in Table 2. In Reg.I coefficients ag + a, actually
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Table 2
Coefficients and Statistics of Eq.(7) for the Matrix Formed
from Five Samples 3D of the Data4 for Different Groups RI

Coeffs.and |
Statistics Reg.I Reg.2 Reg.3 Reg.4 Reg.5
a, =3.970+ |-3.987+ |-3.955+ |=-3.976+ |-3.943+
0.030 0.027 0.024 0.028 0.027
ar I.007+ | I.045+ | 0.925+ | 0.93I+ | 0.925+
0.046 0.024 0,032 0.034 0.031
a. I.028+ | 0.888+ | 0.905+ | 0.954+ | I.O0I4+
€ 0.072 0.037 0.032 0.046 0.049
a3 I.I05+ I.059+ I.I148+ I1.078+ I.I71I+
0.044 0.031 0.031 0.039 0.04I
a4 0.950+ 0.9I2+ 0.9II+ 0.9I2+ 0.955+
0.029 0.0I6 0.0I3 0.0I4 0.020
ag =-0.I3%6+
0.I07
ag -0.I52+ -0.248+ |-0.2I4+ [-0.24T7+
0.066 0.047 0.050 0.046
&y 0.069+
0.046
ag 0.385+ 0.I26+ | 0.208+
0.I05 0.059 0.072
39 -0.0I5+
0.039
arg 0.044+ 0.084+
0.043 0.030
a -0.300+
1 0.157
a -0.06I+
12 0.060
a 0.074+
3 0.068
a 0.084+
T4 0.057
a 0.160+
5 0.088
n I35 I35 I35 I35 I35
R 0.9935 [0.9908 [0.9933 | 0.9922 | 0.9938
So 0.I42 0.I61 0.I38 0.I49 0.1I34
A log k 5.654 5,654 5.654 5.654 5.654
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Table 2 (continued)

Coeffs,and
Statistics Reg.6 Reg.7 Reg.8 Reg.9
an -3.953+ -3.946+ -3.960+ =3.957+
0.027 0.029 0.027 0.027
ar 0.96I+ 0.93I+ 0.984+ 0,985+
0.033 0.033 0.035 0.035
a, I.045+ 0.965+ I.0I4+ 0.985+
0.049 0.058 0.047 0.054+
8z I.I75+ I.I27+ I.I74+ I.I73+
0.040 0.042 0.039 0.039
a4 0.956+ 0.978+ 0.940+ 0.959+
0.020 0.024 0.020 0.022
ag =0.I06+ -0.039+
0.039 0.05I
ag -0.250+ =-0,215+ -0.250+ =0.249+
0.045 0.049 0.044 0.044
a7 0.053+ 0.042+
0.016 0.021
ag 0.203+ 0.254+ 0.204+ 0.205+
0.070 0.076 0.069 0.069
39 -0.052+ -0.035+
0.023 0.020
a19 0.084+ 0.082+ 0.084+ 0.084+
0.029 0.032 0.029 0.029
a1
812
313
ary,
arg
n I35 I35 135 I35
R 0.9941 0.9929 0.9943 0.9945
_so 0.I31 0.I44 0.I29 0.I29
Alog k 5.654 5.654 5.654 5.654
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obey the PPL restrictions; coefficients at the highest order
interaction term as well as those at all triple terms and some
double ones are statistically insignificant whereas signifi-
cance of ag agrees with the results of Table I. The standard
deviations for all regressions of Table 2 are as large as
those for most of the regressions of Table I.
2. Excluding all cross-terms from Eq. (7) worsens slight-
1y the regression standard (see Reg.2),but leads to large
biasings in the estimates for a, and a,. Those biasings
prove that there are some "non-zero" cross-terms in the mul-
tiple regression of equation (7) type for the process (I).
3. Addition of the terms acXS and agSt (see Regs. 3 and 4),
that are found to be significant in Reg.I, to the additive
model raises the estimate of a, up to the theoretical value
whereas a, remains smaller than that. One can then assume
that the true regression equation would have one cross-term,
at any rate, related with factor Rl'
4. When term aIORS is included into the multiple regression
(see Reg.5) it is found to be significant and ay becomes equal
to its theoretical value as well. Addition of one of the terms
a5Xt (see Reg.6),a7XR (see Reg.8) or agRt (see Reg.7) to the
last regression has no effect on its indices R and S0 and
leads to significant but small estimates for the correspond-
ing coefficients, When one includes all these terms or a
pair of them in Reg.5, the corresponding coefficients are ingig-
nificant statistically whereas all the other coefficients of
the regressions resulted are rather the same as those in Reg.5.
In Regs.5 + 9 it is noteworthy (i) that their estimates
for ag + a, are equal and agree well with the PPL requirements
and (ii) that the estimates found for ag,» ag,and ap, are
stable. The latter fact appears to reflect reality of the cor-
responding cross-terms in the true regression equation. Hav-
ing included into these regression equations+ other double

+Besides,theregressions listed in Table 2 we have also consi-
dered 22 other versions of Eq. (7) for the process of in-
terest.
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and triple cross-terms as well as the highest interaction
tennaISXRt8we found their insignificant effect on the proper-
ty decribed. In Table 2, Reg.7 abeys in the best way all condi-
tions of PPL, from statistical point of view. These conclu-
sions agree with the generally accepted modelsq " of the me-
chanism of the substitution reactions at C 3 -atom and with
the results? of various one-factorial corr%lations+. It is
possible also that an activation energy of the solvolysis (I)
depends slightly on the leaving group structure (see signifi-
cant term asxt in Reg.6) or on the structure of substituent

Rp (see significant term agtR in Reg.9). It is also possible
that there is some non-additivity in the effects of leaving
group and substituent RI in sulphonates on that process (see
significant term a,XR in Reg.8). We are cannot draw

any final conclusion on the basis of the experimental data
analyzed because of their low sensitivity to the corres-
ponding interactions if those really take place.

In Table 3 there are the results of analyses, within the
framework of Eq. (7), of the complete matrix (i.e. 6I2 val-
ues of k) of the data measured in Ref.4.It is evident (ct.
the corresponding regressions.in Tables 2 and 3) that the
regressions found by m:ans of analysis of the matrix formed
from the samples 3° (i.e. I35 values of k) are comparable,in
the indices R and SO as well as in the estimates of the equa-
tion coefficients, with those found on the basis of the to-
tal body of the data. That confirms a good representativeness
of the matrix formed from the samples 3n and proves the effi-
ciency of that way for design of the multifactorial experi-
ments when their aim is to construct, within the correlation

*The constant P in the Hammett equations for leaving group
effect on the process (I) for each substituent RI was found4
to depend on the alcohol used. The constant® in the Taft
equations for solvent effect on the process (I) was also
found4 to depend on the substituent in the leaving group.
These facts prove non-additivity in the effects of these
two factors on the process under investigation.
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analysis axiomatics, the multiple mathematical models de-
scribed the effects of different factors on organic reacti-
vities. On the other hand, the fact of good representation
by means of a single regression equation of the large body of
the experimental data for solvolysis (I) proves that this pro-
cess appears to be, in accordance with the correlation analy-
sis formalism and within the explored variations in the factors
considered, a general reaction series with the same detailed
reaction mechanism.

The computers "BESM-4", "M-222" and "Odra-1304" as well
as the corresponding programs based on the algorythms of Ref.
II with some our modificationsI'8 have been used for the reg-
gression analyses of the data .These programs accurately re-
produce the tests of Ref.II.
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IR SPECTRA OF AMIDES AND HYDRAZIDES
OF OXALIC ACID

V.P.Chernykh, Y.I.Makurina, P.A.Bezugly, and Z.T.Chernykh

Kharkov Pharmacy Institute
Kharkov, Ukr.S.8.R.

Received January 10, 1979

Substituted amides and hydrazides of oxalic acid
which IR spectra had been taken and interpreted
were synthesized. The stretching frequencies
of CO, 502 groups were calculated.

Earlier [1—4] we obtained & number of derivatives of
oxalic acid which acidic and basic properties as well
as spectral ones were studied and correlation of the latter
with Hemmett G-constants was carried out.

Continuing the study of reactivity of derivatives
of oxalic acid we synthesized hydrazides of substituted
arylamides of oxalic acid RCGH NHCOCONHNH (I), Phenyl-
amides of arylsulfohydrazides of oxalic acid p—RCGH 80,-
NHNHCOCONHC ;H, (I1), aroylbydrazides of benzosulfohydra-
zides of oxa.lic acid CgHgS0,NHNHCOCONHNHCOC H,R-p (III)
and substituted aroylhydrazides of p-toluenesulfohydra-
zides of oxalic acid p-CH5C6 QSOZNHNHCOCONHNHCOC ,R-p (1Iv).

Synthesis of hydrazides (I) was carried out as a
result of hydrazinolysis of ethers of aryloxamin acid.
Compounds (II) were synthesized by the reaction
of amiding the ethers of arylsulfohydrazides of oxalic
acid with the primary aromatic amines, and acylhydra-
zides (III) and (IV) were obtained with the help of acyla-
tion of hydrazides of arylsulfohydrazides of oxalic acid
with chloranhydrides of carbonic acid.

The synthesized compounds are colorless crystaline
matters, soluble in aqueous alkalies and orgenic solvents.
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Identification of the obtained compounds wae carried

out by means of IR spectroscopy (see the Table). IR spectro
grams were taken making use of UR-20 spectrometer in the

region of 800-3600 cm

1

pellets, the concentration was 0.5%.

with prizms of NaCl and LiF in KBr

Table
IR SPECTRA OF COMPOUNDS (I-IV)
‘Nos. as 8
cgip. R Vg Veo Vsoz 80,
I-1 | p-CHg 3300 1680
I-2 | m-CHg 3335 1690
1-3 H 3336, 3300 1676
I-4 |p-OCHy | 3330, 3292 1685
I-5 | p-C1 3350, 3300 1670
1-6 |m-C1 3340, 3300 1680
1-7 | p-Br 3350, 3300 1670
I-8 | p-NoO, 3345, 3285 1665
II-1 H 3350, 3320, 3270 | 1712, 1690 (1355 | 1174
1I-2 | CHg4 3310, 3190 1705, 1690 | 1360 | 1170
II-3 | OCH,4 3360, 3305, 3270 | 1712, 1690 | 1362 | 1165
II-4 | Br 3360, 3325, 3275 | 1718, 1692 | 1355 | 1175
II-5 | NO, 3365, 3310, 3275 | 1710, 1690 | 1350 | 1178
01 H 3362, 3268, 3218 | 1690 1355 ! 1180
-2 | Br 3370, 3288, 3218 | 1695 1358 | 1180
-3 | No, 3190, 3130 1710, 1680 | 1358 | 1182
Iv-i} H 3350, 3268, 3212 | 1695 1355 | 1178
IvV-2 | Br 3358, 3285, 3212 | 1690 1360 | 1178
Iv-3 | Nog 3180, 3128 1708 1355 | 1178

The IR spectra

of all the groups of compounds contain

the absorption bands characterizing the valence oscilla-
tions of the NH group (3130-3370 cm'l) as well as those of
carbonyl groups in the region of 1700 cm™I. Besides,

the absorption bands of symmetric (1165-1182 cm_l) and asym-
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metric (1355-1362 cm_l)valence oscillations of the sulfonyl
group are characteristic of compounds (II-IV). For hydra-
zides (II-5), (III-3), and (IV-3) with NO, group the stretch-
ing frequencies of this group are present in the range of
1540 cn™? (V% ) end 1330 cn™? (V3 ).

The compounds studied have two carbonyl groups which
are bound with each other by a simple bond. As is mentioned
in Ref.5 one band of valence oscillations of the CO groups
in the range of 1700 en™t
pounds, if the compounds have translocation of the carbonyl
groups and two bands in this range in the case of cisloca-
tion of the carbonyl groups. Dublet character of the carbo-
nyl bands in the IR spectrograms of compounds (II) indicates
the presence of symmetric oscillations of the CO group,which
may be due to their cis-location.For hydrazides (I,III,IV)
translocation of carbonyl groups is,probably, characteris-
tic.

should be observed for such com-

The presence of NH, CO, and 302 groups in the com-
pounds under investigation creates favorable conditions for
the formation of both inter-eand intramolecular hydrogen
bonds.

Such an assumption is confirmed by the IR spectrograms
of hydrazides (I-IV). The absorption caused by the NH
groups is of the same order that the one usually occured
during formation of the hydrogen bonds of the NH...O type.

IR analysis of the compounds studied provides a means
for detecting the substituent effects in the benzene ring
of the arylsulfohydrazide moiety upon the characteristic
oscillations of the CO and S0, groups. For hydrazides (II)
a correlation equation between |/ g and Hammett G constants

was obtained: )§, = 1171422.3:6 (zr = 0.971, Sp = 5.3).

The point corresponding to R = NO falls out of the
general correlation. The stretching frequencies of the
CO group of compound (I) correlate with Hammett G constant:

40



Voo = 1679-16.8+06 (r = 0.968, Sp = 6.1). Voo Of the meta
substituents were not included into the general correlation.

Referenoes

1. P.A.Petiunin, V.P.Chernykh, and V.I.Makurina, Reakts.
sposobn. organ. soedin., 9, 1, 153 (1972).

2. V.P.Chernykh, V.I.Makurina, and P.A.Petiunin, Reakts.
sposobn. organ. soedin., 11, 1, 13 (1974).

3. P.A.Petiunin, V.P.Chernykh, and V.I.Makurina, J.0rg.
Chem., 10, 12, 2584 (1974), (Russ.).

4. V.P.Chernykh, V.I.Makurina, and P.A.Petiunin, J.0rg.
Chem., 11, 3, 556 (1975), (Russ.).

5. L.Bellamy, Advances im Infrared Group Frequencies,
M., "Mir", 1971 (Russian transl.) p.l43

41



AIXKYLATION KINETICS OF BENZENESUFONIC ACID
IN THE H2304-1-Pr0H-H20 SYSTEM. EVIDENCE FOR
ASSOCIATION OF SULFONATE ANION

A. Zerkalenkov and 0. Kachurin
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With the purpose to investigate acid catalyzed C-alkyl-
ation of aromatic compounds 12 pedium effect on the iso-
propylation rate of benzenesulfonic acid in the
32804-1-Pr0H-320 system is studied. The range of composi-
tion of this system is chosen to obtain information about
reactivity of both non-dissociated sulfonic acid and sulfo-

nate anion.

Results and Discussion

The reaction was studied under pseudofirst order con-
ditions on substrate and at the constant ratio of benzene-
sulfonic acid (sodium salt) :isopropanol:sulfuric acid
equalled 1:100:300. Amount of water in the system was varied
from 0.18 to 1.35 moles per a mole of sulfuric acid provid-
ing thus a means for covering the range of the system acid-
ity function”, Hg, from -8.8 to -6.14. Table I lists first
order rate constants and isomeric composition of cumene-
sulfuric acids for various media.

Benzenesulfonic acid is known to be half dissociated in
aqueous sulfuric acid solutions at H°= 7.9 .In the stou-
-i-PrOH-H20 system (Fig. 1) there are also changes in the
benzenesulfonic acid spectrum which can occur due to ion-
ization (indicator ratlo aBH/aB =1 at Hy= ~Te1)W
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Table 1
Isopropylation of Benzenesulfonic Acid in the
HZSO4-1-PrOH-HZO System at 25°C

Acid conc. Medium 1:.10E’,rn:|.n'1 Composition of cumenesulfonic acids
(w/w) acidity,H
° ortho meta para

96.85 8.82 140 1.1 88.6 10.3
95.67 8.64 78 1.4 89.9 8.6
94.50 8.45 62 1.5 88.6 10.0
92.95 8.20 33 1.5 88.4 10.1
92.00 8.05 26 1.8 88.6 9.6
90.90 7.87 23 1.6 88.1 10.3
89.91 T.72 15 2.3 87.4 10.3
88.79 T7.54 10 2.3 86.5 11.2
87.05 T.26 5.6 2.9 86.1 11.1
85.03 6.93 3.0 3.9 84.7 11.4
83,07 6.62 1.9 4.8 82.1 13.0
80.12 6.14 0.81 5f6 81.7 12.8




Fig. 1. Plot of molar
€2, extinction coefficient of
300 benzenesulfonic acid in the
H2504-1-Pr0H(n-Pr0H)-H20
system vs. medium acidity
at 25°C.
Cpnso3n = . 10 >mol1/1,

, . , \ the cell length is 0.2006m.
50 60 /—7,.’0 80 90 A-Data for i-PrOH;
° 0 = for n-PrOH

200

100

Thus, the alkylation kinetics of benzenesulfonic acid
was studied over the acidity range including that of sub-
strate ionization.

Fig. 2. Plot of isopropyla-
tion rate constant
logarithm (benzenesulfon-
ic acid)vs. medium acidity

60 65 70 75 80 85 80

Ho

Fig. 2 illustrates the plot of alkylation rate constant
of benzenesulfonic acid vs. medium acidity function. As one
can see in the range 7.8 < -Ho< 8.4 the plot gives a sigmo-
id curve. Therefore, and also taking into account that in
the same acidity range changes in the spectrum of benzene-
sulfonic acid occur (see Fig. 1), the discontinuity in the
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plot of lgk ve. Ho can be related to the substrate Ioniza-
tion. Attention is, however, attracted by extremely small
differences in the reactivity of non-dissociated sulfonic
aoid and the assumed sulfonate ion: mutual vertical biasing
of the curve areas corresponding to the two forms is
Just 0.12 of log unit (about 30% on a constant value)l At the
same time the appearence of a wunit charge on a substituent
changes usually its O constant by 0.5 + 1.3 units which
should be manifested in the changes in alkylation rate
constant not less than by an order of magnitude. Let us

use the known values of - = 0.055 and smso H=O.56

for estimation. The absent in literature value of reaction
constantjD can be calculated on the basis of data on
isopropylation of toluene under various conditions. The
obtained mean value ofJD is -2.5. Taking into account

that the main reaction product at the monosubstitution step
is meta isomer and its amount over the acidity range
T.54 -Ho £ 8,5 changes negligibly (see Table 1), one would
obtain:

SO
£

1g 1g = =2.5.(0.05 - 0.56) = 1.28

Striking discrepancy between experimental and calculated -
dissociation effects of 803H group in the reaction rates
are, probably, due to the nature of a reaction medium,
According to the literature date such discrepancies take

no place in aqueous sulfuric acid system. As an example let
the data on sulfonation of 2-phenyl ethane and 3-phenyl
propane-I-sulfonic acids 15 be considered. These sulfonic
acids are half ionized in 82-84% sulfuric acid and near
this range of medium compositions the plot of rate profile
Ve 328207 activity aleo gives a sigmoid curve (see Fig. 3).
The differences of constant logarithms corresponding to
sulfonic acid and sulfonate anion (interpolated to the point
of curve bend) can be calculated by the data for 3-phenyl
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propane-I-sulfonic acid and roughly calculated for 2-
phenyl ethane-I-sulfonic acid”. In the latter case the
data available do not cover the range of acid ionization
completely. The corresponding experimental values are 0.30
and P 0.70. The values which are in satisfactory agreement
with experimental ones, viz. 0.22 and 0.57,can be calculat-
ed similarly, but with consideration of attenuation factor
of the methylene group, Z=0.39, and the value of [ sulfo-
nation.

Pig. 3. Plot of the
logarithm of sulfonation
rate constant of
3-phenyl- propane-I-sul-
fonic acid(I) and
2-phenyl ethane-I-sulfon-
ic acid (2) vs. 325207

activity 12014,
5 16 13 1211 10 9 8 (I) - C=0;
~log HeS205 (2) - Cs=2.

Different behavior of sulfonic acid in the 32504-1-120 system
and in the triple system with isopropanol (1/3 of mole per
a mole of 52504) is, probably, accounted for by the high
trend of sulfonate anions to association which
gshould be favored by decrease in the medium permittivity.
This explanation is in complete agreement with different
UV spectral behavior of benzenesulfonic acid in the system
studied and in agueous sulfuric acid4. The position and
intensity of absorption band of the non-ionized form of
benzenesulfonic acid in the range of forbidden transition
A are essentially the same in both systems. Molar

Calculated by the interpolated (83% 52504) value of the
selectivity factor S, of toluene sulfonation .
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extinction coefficients in the band maximm gre:

2253 . 1110 for the H,80,~1-PrOH-H,0 aystem and
BH -

= 1140 for aqueous solutions of sulfuric acid.

At the same time maximum differences between absorption
coefficients of sulfonic acid and its anion are much less
in the system with isopropanol. The values of -
- 8’B-are 90 and 600, respectively. Taking into account
that substituent effect perturbing nucleous / -electronic
system increases in theoorder: free sglfonate anion(@"so'-
= 0.09°) <1ion pair (6p803-1+ = 0.35'8) non-ionized

sulfonic group GLSO3H = 0-566), the observed in the triple

system decrease in the differences between and -
should be considered quite natural.

A significant difference between the systems studied
is manifested also in the values of angular coefficients in
the plot of indicator ratio logarithm vs. medium acidity.

32504-11204 t 1g I= =(0.73%0.03) .Ho=(7.9-0.1)
H,S0,-1-PrOH-H,0 : 1g Ia -(2.0%0.2) Ho-(15.4 1.5)

Since transition from one system to another influences the
value negligibly, these differences should, probably,
be ascribed +to different behavior of the charged
form of sulfonic acid. In +the <first case it is
similar to that of protonated primary amides ( 1gI follows
the H, function), in the second case to that of ionized
triphenylmethenols (1gI follows the Hyp function). According
to Bunnett2° the two classes of bases are characterized by
significantly different values of a solvation constant i
{& 0.5 for primary amides and -1.5¢ £ =1.0 for triphenyl-
methanola. Assuming that in the H2504-1-PrOH-320 system
sulfonate anion 1s associated, the above. similarity of its
behaviop:with that of triphenylmethanol ions is unexpected.
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Solvation requirements of ion pair should be undoubtedly
much less than those of a free sulfonate anion.

it is significent that changes in the composition of
monoalkylation products observed over the range of the
kinetic curve bend and at lower medium acidities (Fig. 4)
are the most profound for ortho isomer, i.e. in the position
nearest to the arising charged center.

Fig. 4. Medium acidity
effect on the isomeric
compogition of monoalkyl-
ation products of benzene-
sulfonic acid. O, 4 , O
denote relative changes

in the amounts of meta,
para and orthocumene-

sulfonic acids. For each

isomer its content in the

65 70 75 80 85 medium with Ho= -6.14 is
~Ho taken as a unit.

it is interesting that the amount of this isomer continues
increasing beyond the ionization range.Simultaneously devia-
tions from the linzar plot of 1lgk vs. Hj, (see below) to

the increase in the rate constantc are observed. These facts
may indicate that as the system is diluted with water,
changes in the structure or partial dissociation of reacting
ion pairs occur.Within the range of about -0.8 Ho un. from
the region of bend both regions can be approximated with
straight lines with a unit slope.

lgk = -1.00-H -12.5 S, = 0.02 (lower region)
1gk = —0.96'H°-12-3 SO = 0.04 (upper region)

Close values of the angular coefficients were obtained
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earlier on isopropylation of aryl ammonium ioms: -0.92 for
phenyl ammonium® and -1.22 for benzyl ammonium 2. This
result may be considered as an indication that in the reac-
tion transition state not a free carbenium ion but a species
of oxonium-like structure with considerably loosed but still
present alkyl group-oxygen bond participat9521.

Experimental

Experimental technigue and product analysis.

The solution of Na salt of benzenesulfonic acid in sulfuric
acid cooled in the 8lacial bath was mixed with isopropanol
at t° 25°C and thermostated at 25°C during the time needed
for 15-20% conversion degree. The reaction course was mon-
itored by the method of gIc analysis of sulfonyl fluorides
synthesized by a modification of the ordinary techniqueaz.
The latters are volatile derivatives of the corresponding
alkylsulfonic acids formed during the reaction.

Reaction mass samples were diluted with glacig) water,
neutralized with RaOR solution, thickened by boiling, and
dried. From the mixture obtained the salts of sulfonic acid
were extracted with boiling 90% aqueous ethanol. The solvent
was removed then and the salts were converted into sulfonyl
chlorides (POClB, 110°C, 30 min) and further into sulfonyl
fluorides (KF, c014, 150°C, 1 hour in the ampule. Analysis
of the obtained mixture of sulfonyl fluorides was carried
out on an IKhM-8SMD apparatus with flamesionization detector
under the following conditions: column 3 m/3mm with 5% of
sllicone KhE -60 on Chromatone N-AW-DMCS fr. 0.160-0.200
mm, t° = 150°C, helimm rate was 25ml/min. The complete sepa-
ration of isomeric cumenesulfonic fluorides was observed.
The isomeric ratio is established by the data on the Prodw
ucts with the known structure. The conversion degree
is determined on the basis of calculation of chromato-
grams by the method of internal standard. For the reac-
tion products correction for molar sgensitivity coeffi-
cients was introduced. The latters were determined with
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the help of benzenesulfonic fluoride on artificial mixtures.
Spectral measurements. Intrinsic absorption of the HZSOA-
-1-PrOH-H.O system is in the near UV region and increases
with decrease in the amount of water and with time. In this
connection the differential scheme of measurements was
used, 1.e. the substrate extinction was determined as dif-
ference between the total solution absorption at the given
wave-length and the intrinsic system absorption. In each
case to prepare the substrate solution and f£ill the refer-
ence cell in the same freshly prepared mixture of alcohol
and sulfuric acid was used. The length of cells (0.200 cm)
and concentration of benzenesulfonic acid (4.5.10 3 mol/1)
were chosen to provide reliability of measurements over

the whole range of the medium compositions. In the
range with small amount of water in the system isopropanol
was replaced by equimolar amount of alcohol with normal
structure (see Fig. 1)more stable under these conditions.
The correctness of this substitution was shown elsewhere~.
Observance of the Lambert-Bouguer-Behr law was checked for
some wave-lengths in the reglon of co-existence of neutral
and charged substrate forms. In the range of benzenesulfonic
acid concentration from 2.5.10~% to 5.10"2 mol/1 between
the D and CPhSO g values distinct linear dependences are
observed.

Measurements of optical density were carried out on a
SF-4A spectrophotometer with relatively higher sensitivity
than recording devices. This is very lmportant because of
considerable background absorption of the system studied.
Fig. 5 illustrates the scale of changes in the absorption
Antensity in the range of A benzene nucleous transi-
tion, accompanying the substrate ionization (6.16 <-Ho<8.93).
One can see that maximum differences, just as in the case
with aqueous sufuric acid solutions of bensenesulfonic
acid4, are observed on the band "tail"™. Table 2 lists molar
extinction coefficients at wave-length 275 nm.As can be seen
from Fig. 1 both magnitudes &- and SBH, suffer "the

50



medium effect" and their values are linear functions of
the system composition. In this connection indicator ratio
for various media were calculated on the basis of and
gBH valzes extrapolated to the ionization range. It waa
assumed that these values should preserve the linear
nature of their changes aleo in this range.

¥ig.5. Absorption curves
of benzenesulfonic acid
0.800 in the media with vari-
ous acidity. HO values
for 1,2,and 3 equal
-6,16, -7.96, and -8,93,
respectively.

0.600

250 260 270 280
Anm Table 2

Molar Extinction Coefficients of Benzenesulfonic
Acid in the Media with Various Acidity at A=275 mm

A275  -Ho A275  -Ho N5 -Ho
49 5,3 190 7,7 300 8.8
87 6,2 220 8.0 300 8.9

110 7.0. 250 8.1 320 9.1

150 7.5 270 8.3

180 7.6 280 8.6

Reagents.For kinetic experiments the following compounds
were used: isopropanol ("Pure" grade), sulfuric acid ("Pure"
grade), monohydrate of Na-salt-of benzenesulfonic acid
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("Pure for analysis" grade). Spectral measurements were
done with isopropanol ("For UV-spectroscopy" grade) and
n-propanol ("Pure® grade ); sulfuric acid was distilled

two times (the first time over K20r207). Sulfuric acid so-
lutions of the needed concentration were prepared from three
stock solutions with concentrations 40, 95, and 100%. The
exact concentration of these solutions was established on
the basis of pycnometric measurements of specific gravities.
The concentration for the first solution was established
directly. The more concentrated solutions were diluted with
the knewn amount of the first one up %o concentration
55-60%. Mean error of determination is - 0.03%.
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KINETICS AND MECHANISM OF DIENE CONDENSATION OF HEXACHLORO-
CYCLOPENTADIENE WITH CYCLIC DIENOPHILES.
XVII. Effect of Substituents on Reactivity of N-Aryl Imides
of Endo- Bicyclo/2.2.1/ -Heptene-5-Dicarboxylic-2,3 Acid.
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Institute of Organochlorine Synthesis, Academy of Sciences
of Agerbaijan, Sumgait
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Substituent and temperature effects on the
reaction rate of diene condensation of hexachlo-
rocyclopentadiene (HCP) with N-(p- and m-aryl)
imides of endo-bicyclo/2.2.1/-heptene-5-dicarbo-
xylic-2,3 acid (BHDA) in nitrobenzene is studied.
Kinetic and thermodynamic parameters of reaction
activation are determined. The linear correlation
between logarithms of rate constants and Hammett
& -constants of substituents is found. The obser-
vance of isokinetic relationship is examined and
the value of isokinetic temperature for the reac-
tion series is determined.It is shown that the
reaction rate increases with increasing electron-
donating activity of substituents.

We have recent1y1_3 reported the results of kinetic
studies of diene condénsation of hexachlorocyclopentadiene
(HCP) with anhydrides of cis-4-cyclohexene-1,2-dicarboxylic
acid (4-CHDA) and endo-bicyclo/2.2.1/-heptene-5-dicarboxy-
lic-2,3 acid (endo-BHDA). We have shown that anhydride of
endo-BHDA is 1.5-1.8 times as active as anhydride of cis-4-
CHDA. Further comparison of these data with those for anhy-
drides of cia,cia- and cis,trans-3-methyl-4-CHDA has shown
that the dienophilic activity of anhydride of endo-BHDA is
higher than that of the given anhydrides (by a factor of 2-
=3).0n the basis of these data it has been concluded that
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endo-methylene bridge makes a significant positive contri-
bution into the activation of double bond of endo-BHDA.

It is an object of this paper to compare the dienophilic
activity of N-aryl imides of endo-BHDA with that of similar
imides of cis—4-CHDA4 in the course of reaction with HCP,
N-(p- and m-aryl)imides of endo-BHDA with the general
formulas

where X is p-OH(I); p-OCH

(I1); p-CHB(III); H(IV);

m=0CH,(V); p-Br(VI); p-NO
eo 3 2
- (viI),

I-vil
were used as dienophiles.

The obtained values of the rate constants together with
the known oneaq"6 can be used for establishing tlie quanti-
tative relationship between the reactivity and structure of
the compounds.studied.

RESULTS AND DISCUSSION

Reaction kinetics  of imides (I-VII) of endo-BHDA
with HCP is studied polarographically in nitrobenzene
as described in our previous papers, The dienophile to
diene ratio is 2:1, temperature range is 110-150°C, dura-
tion is 6 hours.

-he rate constants are estimated as mean values of
2 = 3 parallel runs, using the methods of mathemati-
cal statistics (reliability is 0.957). These constants are
given in Table 1.

As can be seen from this Table the reaction rate re-
gularly decreases with a decrease in degree of electron-do-
nating ability of substituents; for p-OH and p-NO, substitu-
ents the reaction rate decreasing by a factor of 3-4
depending on temperature (with increase in the temperature
the difference was observed~to decrease).

Data of Table 1 show that ths reactivity of dienophiles
studied changes with substituent nature in the
following order: p-OH p-OCH3 p-CH3 H m-OCH3 p-Br p-NO2
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Table 1.

Rate Constants of Piene Condensation of HCP with N-(p- snd m-Aryl)Imides of Endo-
Bicyclo/2.2.1/~5-Heptene-2,3~Dicarboxylic Acid in Nitrobenzene.

¥%.10°, 1/mol.sec, at T, O
x 110 120 130 140 150
p-OH 13.24-0,13 | 23.56%0.10 | 39.40-0.22 71.33-0.,22 | 130.63%0.78
p-0CH, 10,470,115 | 19,02%0,26 | 33.99-0,26 61,19%0,25 | 111,11%0,46
p-CH, 8,70-0.11 | 16,22%0,13 | 30,33%0,26 | 56,07%0,25 | 102,19%0,54
H 6,48-0,08 | 12,49-0,17 | 19,52-0,22 41,57%0,31 77,39%0,21
m—OCHB 5055'0009 10059“0.16 19v35"‘°039 36.25+0.19 69'19t0'34
p-Br 4,21-0,07 | 8,53%*0,09 | 16,58%e,12 | 32,05%0,38 | 61,65%0.71
p-¥O,, 1.70-0.06 | 3.28-0.11 | 7.06%0.25 | 14.65%0.20 | 31.93%0.36




The comparison of obtained results with our previous data
concerning reactivity of N(p-aryl)imides of cis-4-CHDA%
indicates the higher reactivity of N(p-aryl)imides of BHDA

(see Table 2),

Table 2.

Rate Constants of Diene Condensation of HCP with N(p-Aryl)
Imides of Endo-BHDA and Cis—4-CHDA in Nitrobengene.

120 130

140 150

OH 1,60 1,80
OCH 1,55 1,66
CH 1,69 2,29

H 1,89 1,88
Br 1.71 1,89

2,05 1.89
1,89 1,70
2,11 1,82
1,98 1.88
2,02 1.98

42

52
54
56

Pig.1 Logarithms of rate con-
stants vs, v -constants of sub-
stituents.
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Pigure 1 shows a depen-
dence of logarithms of rate
constants upon Hammett
é -constants of substituents.
The linear nature of this
dependence is indicative of
induction effect of substit-
uent exerting an influence
upon the reactivity of com-
pounds (I-VII).

To check this assumption
we have carried out correla-
tion analysis of values of
logarithms of rate constants
(1gk) with -constants of
substituents. It was estab-
lished that 1gk of compounds
(I-VII) in the reaction with
HCP are well correlated with
Hammett constants which
is in agreement with our



previous rosu1t04'6.

Table 3 liste correlation equations describing the lin-
ear dependence of lgk upon substituents,

It ie interesting to note that these correlation depen-
dences (Teble 3) combined with those established previous-
ly4'6 for reaction with HCP describe correctly the be-
havior of varied X subetituent in N-aryl fragment of
imides of the corresponding acids.Electron-donating substit-
uents within the range of reaction series gtudied increase
the rate constant and electron-seeking ones decrease it.
This is also confirmed by the negative values of the reac-
tion constant (Table 3).

The obtained values of reaction constant are close to simi-
lar constant given in our previous papers4'6 for N-aryl
imides of cis—4-CHDA and cis,cis-B-Me-4-CHDA.Hence,transition
gtates in the diene synthesis with participation of imides
of these series have similar structure.
Table 3.

Correlation Dependences of Logarithms of Rate Constants

upon Hammett O Constants of Substituents.

T,°C Correlation Equations r s

110 | 1gk = -5,183 = 0,7646 0,998 0,016
120 | 1gk = =4.908 - 0,7246 0.998 0,014
130 | 1gk = - 4.647- 0.645¢ 0,995 0,028
140 | 1gk = -4,393 - 0.5904 | 0.998 0,015
150 | 1gk = -4.089 - 0.5246 0.997 0,015

Table 4 1lists activation parameters of reaction studi-
od estimated from lgksf(1/T)(£ig.2), It was found that the
changes in the activation enthalpy (AH") and entropy (AS?)
are similar to those found in the previously studied reac-
tion series

In spite of relatively small discrepancy in numerical
vaiues of activation energy (Ea) and preexponential (Igh)
the regular increase in these parameters with decrease in
electron-donating properties of substituents (Fig.2) is ob-

served.
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Table 4,

Kinetic and Thermodynamic Parameters for Activation of Diene Condensation of HCP with
N(p~ and m-Aryl)Imides of Endo-BHDA in Nitrobenzene.(T,110-150°C; X =0.,95; n=6; 4 =2.5T7)

Cpd ) Ea,kcal/mol 1gA aH*,kcal/mol | -25%,eu 4P*(4039K),
kcal/mol
~ 18.17%0.12 5.48%0,31- 17.42%0.46- 35.96%1,16
1| p-oH =0.998| §-0.024 T=0,998 ~  S20.991| 3192
~ 18.07£0.09 | 5.76%0.22- 18.07%0.36 | 34.71%0.89
11 | p-0CH, 1-0.999 320,017 =0.999 S=0.0T0| 32.06
= wmj o= = am = q e em A as e e e o e s e e e e e om] e e e e o - e LB B R T ——— q
- 19.71%0.11 | 6.18%0.27- 18.95%0.28 32,79%0.70
T p-CHy r=0.999 $=0.022 ~ 10.999 520.055| 3216 |
Iv H I‘-O.996 800043 h .997 90-159 °
_ r 20.11%0.10_ | 6.21%0.25 19.30%0.42 | 32.77%1. 04
V | m-0CHy 120,999 §20.020 r=0.999 '5=0.082| 3250
_ 21.39%0.13 X .88%0,32 20.64%0. 26 29.80%0.65
VI | p-Br 20.998 520.025 120,999 S=0.051| 3264
. 23, 49-o 23 7.61%0,56" 22.76%0.81 26.19%1.99
ViI| p-FO, 20,997 520,045 r=0,998 S=0.153| 3331




The values of free activation energy'(‘AF#) within
limits of the reaction series studied change slightly due
to the presence of a compensation effect.

The examination of the observance of isokinetic re-
lationship is effected by some procedures.

A common point of intersection of extrapolated Ar-
rhenius straight lines (Fig.2), a compensation nature of
changes in the activation enthalpy and entropy at relative-
ly small changes in free activation energy in N-aryl imide
fragment (Fig.3a) indicate that the reactions studied be-
long to the same isokinetic series. This is also confirmed
by the linearity of Exner dependences8 /1ng2=f(lng2)/

where T>Ty (Fig.3b), reaction constant on temperature (Fig.
3c), activation energy on preexponential (Fig.3d), activa-
tion enthalpy on free activation energy (Fig.3e). The pres-
ence of these relationships enables to estimate the values
of isokinetic temperature with enough reliability.

From the data of Table 5 one can see that the mean
value of isokinetic temperature (554+5°K) is markedly higher
than experimental ones; this suggests that the substituent
effects on the entropy component of free activation energy
should be basicq.

These results led us to the conclusion that the reac-
tion mechanism of cycloaddition of reaction series studied
ig similar to that proposed previously involving a pre-reac-
tion complex with electron transfer from dienophile to
diene. The only difference is that due to the rigid struc-
ture of imides of endo-BHDA (as compared with imides of
cis-4-CHDA) the pre-reaction complex has a more organized
structure.

EXPERINMENTAL

Synthesis of initial N-aryl imides of endo-BHDA (I-v1iI),
their purification, yields, and physico-chemical character-
istics are given in Ref.lO.

The procedure of polarographic determination of the
reaction rates is described in Refs,l,4-6.
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Table 5.

Correlation Perameters of y=ax+b Equations, Dependences of Kinetic and Activation
Parsmeters of Diene Condensation of N-~Aryl Imides of Endo-BHDA and Isokinetic

Temperatube
Eqn. X Y a b T S P ,K°
1a -3,976%0,125 | 5.48%0.31 0,998 0,024°
1 -4,122%0,088 | 5,76%0,22 0,999 0,017
1c -4,314%0,110 | 6,18%0,27 0,998 0,021
1| ge10?| 1gK" -4,3990,102 | 6,21%0,25 0,999 0,020 555
1e -4,466%0,229 | 6,40%0,56 0,996 0,043
1 -5.140%0,231 | 7.61%0,56 0,997 0,045
2a 1gkq40 1.291%0,045 | 0.453%0,014 { 0,997 0.025 564
2v| gk, | lekg,, 1,224%0,039 | 0,537%0,012 | 0,997 0,022 534
2c 180 1,09420.035 | 0.132%0.011 | 0.997 0,020 560
3 | ge10? p -0.982%0.083 | 1.788%0.084 | 0,990 0,016 549
4 | as* oB* 543*15 4o 36912 962 o 993 0.121 543
5 | aP* ¥ o 3.736%0.304 | -101.62%0.393| 0.979 0.345 550
-—b-——m———-———-‘.—-h-h—-———-h-——‘r-————‘-— ——————
6 | Iga Eq 2,637%0.188 | 3.432%0.516 | 0.988 0,311 576
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Kinetics of diene condensation of N-aryl imides of
exo-bicyclo/2.2.1/-5-heptene-2,3-dicarboxylic acid
(BHDA) with hexachlorocyclopentadiene (HCP) in nit-
robenzene at different temperatures is studied, Ki-
netic and thermodynamic parameters of the process
activation are determined.An excellent correlation
between logarithms of rate constants and Hammett -~
induction & -constants is found. The higher reac-
tivity of dienophiles with exo-configuration
over the corresponding endo-compounds is es-
tablished. The values of isokinetic temperature

are estimated. On this basis the conclusion has
been made that reactions of dienophiles of the
series studied have a common mechanism.

In one of our previous papers of this seriesl, using
as an example endo- and exo-anhydrides and phenyl imides of
bicyclo/2.2.1/-5—heptene-2,B-dicarboxylic acid (BHDA), we
showed that the reactivity of dienophiles with endo-confi-
guration in the reaction with hexachlorocyclopentadiene (HCP)
is higher than that of the corresponding endo-compounds.
To further investigate this problem we have
studied the reaction kinetics of diene condensation of N-
aryl imides of exo-BHDAZ (I-VII) with the general struc-
ture: where X is p-OH(I);

- co p-0CH,(II) $P=CH, (II1);
H(IV);m-OCH3(V);p-Br(VI);
I-VII 65 p-NOz(VII).



with HCP under conditions similar to those given in our pre-
vious work3. Kinetic regularities obtained for the process
are used for description of exo-configuration contribution
into their reactivity.

RESULTS AND DISCUSSION

Kinetics of the reaction studied is described by the
overall second order equation: the first on diene and the
first on dienophile. The rate constants obtained from
this equation based on a decrease in HCP con-
centration measured polarographically from 2-3 parallel runs
are presented in Table 1.

It is apparent from the data in this Table that rate
constant in +this series of compounds increases
with en increase in the temperature and electron-donating
properties of substituents. Similar regularities were es-
tablished for diene condensation of N-aryl imides of endo-
BHDA with HCPJ,i.e. the electron-donating substituents
cause an increase in the reaction rate,and the reactiop is
hindered by electron-seeking ones.,

An examination of the activation parameters of the pro-
cess (Table 2) shows that the values of activation energy
and 1gA increase mainly with a decrease in electron-donat-
ing properties of a substituent in N-aryl imide fragment,
the common point of intersection of straight lines within
temperature range of 532+5°K being found in coordinates of
lgA-T'l. Thig indicates that there may be an isokinetic re-
lationship in the reaction series studied (Fig.l).

The obtained values of enthalpy (aH*) and entropy (aS¥)
of activation are well consistent, assuming the par-
ticipation of donor-acceptor complexes with charge transfer ;
strongly negative values of activation entropy can be ex-
plained by formation of a highly organized transition state.
The aF* value decreases with an increase in electron-do-
nating nature of substituents.

It should be noted that reactivity of the series studied of
N-aryl imidee of exo-BHDA (I-VII) is well correlated with
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Table 1.
Rate Constants (k,°10 1/mol.sec) for Diene Condensation of N-aryl Imides
of  Exo-BHDA (I-VII) with HCP in Nitrobenzene at Different Temperatures

X 110 120 130 140 150
p-OH [23,67%0,16 | 41,45%0,06 | 68,77%0,46 | 119.73%0,41 | 213,062, 45
P-OCH, [18,50%0.64 | 32,61%0,31 | 57,04%0,23 | 100,69%0,20 | 175.35%1,17
P-CHy |15,41%0,23 | 27,95%0,26 | 50,22%1,09 | 92,70%1,06 | 165,45%1,43

H~ [11,45%0,15 | 22,40%0.28 | 35,16%0,34 | 69,01%1,72 | 126,97%1,00
m-CCH, [10,06%0,23 | 18,62%0,20 | 33.16%0,33 | 61,22%0,55 | 116,02%0,27
p-Br | 7.45%0.14 | 14,85%0,08 | 28,81%0,20 | 54,75%0,31 | 101,99%0,63
p-§O, | 3.11%0,17 | 5.83%0.23 | 12.48%0,18 | 25.59%0.40 | 54.73%0.26




89

Kinetic end Thermodynamic Activation Parameters

Table 2.

for Diene Condensation of HCP with N(p-

and m-Aryl)Imides of exo-Bicyclo/2.2.1/-5-heptene-2,3-dicarboxylic Acid in Nitrobenzene.

Ea s B, -48* (4Q3°K)

Fo kecal/mol led kcal/mol eu g xcal/mol

p-OH | 17.41%0.137|5.30%0.34 0.9980|0.0270 |16.67%0.44 P6.76£1.100.9989 .0866[31.48
11 |p-ocH.| 17.99%0,110| 5,530,273 |0,9989 0,0216 [17,22%0.29 B5,80%0,73|0,9995 P.0578]31.65
III p-cHB‘ 19,01%0,078| 6,03%0,193 |0,9995{ 0,0152 | 18,24%0, 41 33,50%1,03 J0,9992 |0,0812|31,74
w | = 19,14%0,82 |5,90%1,98 |0,9460| 0,1564]18,38%0,68 [33,75t1,64]0,9970 |p,1236|31,99
v |m-ocH.| 19,45%0,16 |6.09%0,3700,9979 0,0305|18,67%0,47 33,25%1,16[0,9990 [0,0914| 32,07
vi |p-Br |20,91%0,078|6,80%0,1930,9995| 0,0152{20,15%0,25 |29,94%0,620,9998 |0,0493| 32,21
VII|p-NO, | 23.06%0.192| 7.59%0.48 |0.9978f 0.0378 22.28%0.81 [26.25%2.020.9980 J0.1599]32.86




the Hammett G constants (Fig.2). This indicates that both
in endo- and exo-series of N-substituted imides3 of BHDA in
this reaction the free energy changes linearly.

Eelatively small negative values of reaction constant
(Table 3) for exo-compounds both refer to the lower sensi-
tivity of reaction towards electron effects of substituents
(as with endo-isomersB) and indicate negligible separation
of charges in the transition state as confirmed by molecu-
lar mechanism of diene synthesis.

Table 3,
Parameters of the Correlation Dependence of lgk omn ETQ
-Constants of Substituents for Compounds (I-VII).

T,°C P 1gk r s
110 | -0.753%0.042 | -4.926%0,055 0.992 0.040
120 | -0.723%0.018 | -4.660%0,024 0.998 0.017
130 -0.641%0,019 | -4.410%0.031 0,997 0,018
140 | -0.575%0.016 | -4,140%0.027 0.998 0.015
150 | -0.502%0.015 | -3.873%0,029 0.998 0.014

To quantitatively estimate the configuration contribu-
tion into reactivity we have carried out (Table 4) compara-
tive analysis for rate constants of N-aryl imides of endo-
and exo-BHDA.

As can be seen from the data in Table 4 the reaction
rate of diene condensation with HCP markedly depends on en-
do- and exo-configuration of imide ring of initial N-aryl
imides of BHDA. The effect of substituents in the case of
exo-configuration is more profound (by a factor of 1.6-1.8)
than in the case of dienophiles of endo-series-. The koro!
kendo ratio for every temperature does not depend practical-
ly on electron-donating and electron-seeking nature of sub-
stituents on phenyl ring. This fact indicates that induction
effect of aromatic ring substituents on the reaction cen-
ter is of a common nature in the series of N-aryl imides of
endo- and exo-BHDA,
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Table 4.
Relative Values of Rate Constanta of N-aryl Imides of BHDA
with exo- and endo-Configurstion in the Reaction with HCP

X kexo/kendo at T,°C Meen
T | 120 | 130 | 140 | 150
p-OH [1,78 | 1,76 | 1,74 | 1,68 | 1.65 1,71%0,03
p-OCH,[ 1,76 | 1,71 | 1,68 | 1,64 | 1,58 1,67%0,03
P=CH, | 1,77 | 1,72 | 1,66 | 1,65 | 1,62 1,68%0,02
H  [1,76 | 1,79 | 1,80 | 1,66 | 1,64 1,73%0,03
m-0CH,[1,81 | 1,74 | 1,71 | 1,69 | 1,67 1,73%0,02
p=Br |1,76 | 1,74 | 1,73 | 1,70 | 1,68 1,72%0,01
P-NO, 1182 | 1,79 | 1.76 | 1.74 | 1.T1 1,76%0.01

Relatively lower value of the reaction rate for endo-die~
nophilea can be aasociated with a decrease in electron den-
sity at double bond of bicyclcheptene ring due to its conju-
gation with 7 -electrons of carbon atoms of carboxyl groups.
through the space and thus leading to the decrease in stabi-
lization of oriented complex.

It is interesting to note that the kexolkgndo ratio for
all substituents decreases linearly with the temperature
rise (Table) and has a common point of intersection (Fig.4)
corresponding to isokinetic temperature (434+4°K).A regular
decrease in kexo/kendo ratio with en increase in the tempe-
rature of the process is well correlated with existence of
isokinetic relationship in the series of identical compounds.
Thus, in previous works from this laboratory concerning
with diene condensation of N-aubatituted aryl imidea of cia-
4~CHDA”* | cis,cia-3-methyl-4-CHDA4’6, and endo-BHDA- the
exiatence of isokinetic relationahip waa found with tempe-
rature equal to 499, 578, and 554°K, respectively. Iasoki-
netic temperature (p) for this reaction series was deter—
mined by quite a number of methods recommended by theory',
and also by us on the basis of varying the relative values
of rate constante of N-aryl imidea of BHDA with exo and endo-
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Table 5.
Correlation Parameters of Equations y=ax+b,0f Relationships for Kinetic and Activation
Parameters of Diene Condensation of N(p- and m-aryl)Imidee of exo-BHDA and Isokinetic

Temperature.

Eqn) x y a b r s A Jk
1a -3.812%0,137 5,30%0,34 0,998 0,027

1 -3,937%0,110 | 5,53%0,27 0,998 0,022

1c -4,161%0,079 | 6,03%0,19 0,999 0,015

1| 4403 lgk -4,256%0,155 | 6,09%0,37 0,997 0,030 532
1e -4,18T%0,82 5,90%1,98 0,946 0,156

12 -4,576%0,079 | 6,81%0,19 0,999 0,015

18 -5,046%0,191 7,59%0.48 0.997 0.038

2a 1gk4 4 1,313%0,044 | 0,507%0,013 0,997 0,024 551
2b | 18140 | 1gk,,0 | 1.252%0.044 | 0,523%0,013 0,997 0,024 518
2¢ 1gk 5, 1,1141%0.016 | 0,2025%0,05 0,999 0,009 528
3 '}'103 P -1.042%0,092 1,94T%0.230 0,987 0,018 535
4 | as?* AR* 526£14,10 36028£1090 0,981 0,124 526
5 | ar* AE* 4,065%0,365 | -111.26%0.456 0,980 0,480 534
6 | Iga Ee 2.418%0.088 | 4.630%0.324 04997 0,169 528
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Fig.4(a-e) Activation enthalpy vs. activation entropy (a);
logarithms of rate constants at two temperatures (b); acti-
vation energy vs. preexponential (c); activation enthalpy vs.
free activation energy (d); rate constants of exo- and
endo-Td-aryl imides vs. reciprocal temperature (e) of diene
condensation of HCP with imides (I-VII).
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configuration depending on temperature,its values were obtain
ed (Table 5) from the following relationshipsslgk=1/
1), p=1/T (£ig.3), lngz-lgT ,Ea-1gA, 4 ’

kendo/bexn'1/T (fig.48-d) on an average (532-3°K).

Compounds of the reasction series studied do not change
the general direction of reaction course of diene condensa-
tion of HCP with N-substituted aryl imides of series studied
as confirmed by the existence of isokinetic relationship
and similarity of the values of igokinetic temperature Wi
those given in the previous works.

Thus the aata represented in this work are well corT
la " with those on substituent effects on the reaction rate
of diene condensation of HCP with N-aryl imides of different.
cyclic dienophiles and confirm completely the earlier
clusion about formation of donor-acceptor complexes
charge transfer in the transition state.
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KINETICS AND MECHANISM OF DIENE CONDENSATION OF HEXACHLORO-
CYCLOPENTADIENE WITH CYCLIC DIENOPHILES.
XIX. PMR-Spectra and Reactivity of N(P-aryl)Imides of Endo-
and Exo-Bicyclo/2.2.1/-5-Heptene=-2,3-Dicarboxylic Acid.
M.S.Salakhov, N.F.Musaeva, S.N.Suleimanov,and A.A.Bairamov
Institute of Organochlorine Synthesis, Academy of Sciences
of Azerbaijan, Sumgait

Received January 14, 1979

The PMR-spectra of N-substituted phenyl imides of
endo- and exo-bicyclo/2.2.1/-5-heptene-2,3-dicar-
boxylic acid are investigatea.

The linear dependence of chemical shifts of double
bond protons upon Hammett & constants of substit-
uents and also upon their logarithms of rate con-
stants for the reaction of studied imides with he-
xachlorocyclopentadiene is established.

In one of our previous works' we attempted to carry out
the investigation of the dependence of reactivity of N-sub-
stituted phenyl imides of cis-4-cyclohexane-1l,2-dicarboxylic
acid (cis-4-CHDA) in the reaction course with hexachlorocyclo-
pentadiene (HCP) upon chemical shifts (&) of double bond
protons of cyclohexene ring. An approximate correlation be-
tween logarithms of rate constants of these reactions and
chemical shifts of double bond protons is observed.

Continuing this investigation we have examined
the correlation dependences of chemical shifts
in  PMK-spectra of N(p-aryl)imides of endo-(I-VI) and
exo-(VII-XII) bicyclo/2.2,1/-5-heptene-2,3-dicarboxylic
acids (endo- and exo-BHDA) on Hamuett & -constants of sub-
stituents and also upon their reactivity in the course of
Diels-Alder reaction with HCP.



Ha
co He

He
I+VI VII-XII

where X is p-OH(I,VII); p-OCHa(II,VIII); p-CH3(III,IX);
H(IV,X); p-Br(V,XI); NOZ(VI,III).

RESULTS AND DISCUSSION

The data of PMR-spectra for N(p-aryl)imides of endo-
and exo-BHDA measured for the first time during the present
study are summarized in Table 1. Endo- and exo-confi-
guration for the imides was assumed on the basis of pre-
peration methods and identification of their structures by
chemical and PMR-epeotroscopical means described elsewhere .

The data in Table 1 indicate that the chemical shifts
of protons are markedly varied with the nature of sub-
gtituents in phenyl ring, Thus rather appreciable shifts
of protons are observed when passing from N-phenyl imides
to N(p-aryl)substituted imides, For example,the chemical
shifts of ayn™ gyd anti-protona are substantially depen-
dent on the substituent nature in aromatic ring and differ
from those of compounds unsubstituted in phenyl ring.

As earlierl in the case of imides of BHDA an increase in the
values of chemical shifts is observed with strengthening elec-
trophilic activity of substituents in aromatic ring,this im-
plies a decrease in electron density at multiple bond3.At the
present the mechaniem of such transfer of induction effect

of N-substituent has remained unclarified, although in our
early worka4” the variation in reactivity of such dieno-
philes in the reaction with HCP was interpreted as a result
of electron interaction of imide ring with a reaction center

%



through the space.

Starting from these results the dependence of chemical
shifts of protons on & -constants of substituents could be
expected to have different character for N-aryl imides of

BHDA of endo- and exo-series, Table 1,
Effect of Substituents on Chemical Shifts of Protons in

PMR-spectra of N(p-Aryl)Imides of Endo(I-VI) and Exo-(VII-
XII) Bicyclo/2,2.1/-5-Heptene-2,3-Dicarboxylic Acid.

Cpd.*| Subst. Chemical shifts of protons ppm
Hoati | B Hy . Hy CH=CH
I OH 1,40 1,60 3,20 6,01
II CH40 1,43 1,62 3,23 6,08
III CHy 1,47 1,65 3,27 6,10
v H 1,49 1,68 3,30 6,15
v Br 1.57 1;75 3045 6018
VI No, 1:70 1;85 3,55 6;21
VIT | OB | 1,27 | 1.43 | 2,69  3.15 | 6.12
VIII CH40 1,29 1.48 2,67 3,16 6,15
IX CHy 1,35 1,54 2,72 3,22 6.20
X H 1037 1,56 2,78 3,28 6,25
II Br 1.38 1.58 2.80 3030 6027
XII No, 1.40 1,68 2,87 3.32 6,32

*For numbering see the text.

With this end in view the correlation analysis of val-
ues of & protons of bicycloheptene ring with Hammett J con=-
stants of substituents (Table 2) was carried out according
to the equation:

8 = 8 + b%
where b 18 a parameter estimating the sensitivity of chemi-
cal shifts of protons with respect to the variation of sub-
stituent nature characterized by the Hammett G’conutanta;
and a 1s a free term.

It is apparent from equations (1) and (5) in Table 2
that the sensitivity of double bond protons towards the sub-
stituent effects increase insignificantly with transition from
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Table 2.
Correlation Relationships between Chemical Shifts of Protons in N(p-aryl)
Imides of Endo- and Exc-BHDA and the Hammett G Constants of Substituents.

Eqn.| Compound Correlation Equation T S
1 | N(p-aryl) | Sgpop= (6-155%0.214) + (0.155%0.036)& | 0.900 | 0.035
2 | imldes §4 = (1.501-0.020) + (0.2590.005)& [ 0.999 | 0.005
of endo- anti
3 | DA 8§47 = (1.683%0.040) + (0,220-0.008)& | 0.998 | 0.008
syn
4 §4 = (3.319%0.100) + (0.317-0.032)& | 0.979 | 0.031
SR S IS RS -
5 8 crocr= (6+20-0.160) + (0.167%0.028) 0.946 | 0.027
6 | N(p-aryl) | Sy7 o (1.337%0.103) + (0.119%0.013) | 0.977 | 0.012
an
7 | imddes Sg1 (1.538%0.134) + (0.195%0.027) | 0.959 | 0.026
of exo- syn
8 | pma = (2.749%0.142) + (0.171%0.025) | 0.959 | 0.024
Lg §y = (3.235%0.233) + (0.15120.040) | 0.878 | 0.038




\N(p-aryl)imides of endo-BHDA to those of exo~BHDA, the me-
thylene group protons in the compounds of endo-BHDA being
more sensitive (by a factor of 1.5-1.7) to the ef-
fects of substituents over the double bond protons
(eqns,2 and 3, Table 2), and also over the corresponding
protons in exo-compounds (eqns.6 and 7, Table 2).

It appears possible, therefore, that transfer of in-
duction effect of substituents to the reaction center(CH=CH)
may occur through the skeleton of bicyclic structure
with participation of bridge bonds.In this case the decrease
in the charged density at bridged carbon will favor the dis-
placement of double bond electrons towards this carbon atom
and thereby will hinder the charge transfer from dienophile
to diene,i.e.,will lead to the decrease in the reactivity of
endo-dienophile in the reaction with HCP, which is,1n fact,
observed.

However,it should be noted that such an induction effect on
the reaction center in the case of endo-imides will be much
weaker than induction transfer through overlaps of i ~orbi~-
tals of carbonyl groups effected by # ~orbitals of sp2 car-~
bon atom of the reaction centver (field effect) due to the
frontal approach of these orbitals.

It is clear that in the case of exo~imides, on the
contrary, the transfer of induction effect is performed
only via the skeleton of a molecule due to exo-direction of
carbonyl groups (absence of field effect). The correlations
(eans.6 and 7, Table 2) between & -substituents of phenyl
ring and chemical shifts of szn~ and H:ntj~protons are in-

dicative of possibility for transfer of induction effect of
substituents through bridged carbon atom., In the case of

7
Hsyn-protons the sensitivity is approximately two times as

high as that of H! ,;-protons. This can be explained by the
presence of "W"-intercation2 between these and H,~-protons
For that possible reason the reactivity of exo~imides in
the reaction with HCP increasesz’a.
Further, from analysis of the data in Table 3 one can
find the approximate correlation between chemical shifts of
79



Hy-and Hy-protons of bicycloheptene ring and &-constants of
substituents (eqns,4,8,9), the sensitivity of H, ,-protons
in N(p-aryl)imides of endo-BHDA (presented by one singlet in
PIR-spectraz) towards substituent effect being approximately
equal to the sum of sensitivities of chemical shifts of H,-
and Hp-protons in imides of exo-BHDA,

Table 3.
Logarithms of Rate Constants* for Diene Condensation of
N(p-aryl)Imides (I-XII) of Endo- and Exo-BHDA with HCP
at Different Temperatures in Nitrobenzene.

Cpd. =lgk . at T.¢C.
110 120 130 140 150
I 4,88 4,63 4.40 4,15 3,88
11 4,98 4,72 4,47 4,21 3,95
III 5,06 4,79 4,52 4,25 3,99
Iv 519 4,90 4,70 4,38 4,11
v 5,37 5,07 4,78 4,49 4,21
VI 5,76 5,48 5,15 4,83 4,49
vII 4,63 4,38 4,16 3,92 3,67
VIII| 4,73 4,49 4,24 3,99 3,T¢€
Ix 4,81 4,55 4,29 4,03 3,78
X 4,94 4,65 4,45 4,16 3,89
X1 5.13 4,82 4,54 4,26 3,99
XII 551 523 4,90 4,59 4,2h

* Rate constants are determined from three parallel
runs to within 4-6%-

It is noteworthy that equations (1-9) can be.used to
predict(on the basis of the estimated data) the G constants
of such substituents in the reaction series. whose experi-
mental determination involves certain difficulties.

Then, it has been found that logarithms of rate con-
stants for the reaction between dienophiles studied and HCP
are in the correlation relationships with chemical shifts
of double bond protons of bicycloheptene fragment, The val-
ues of rate constants for imides(I-XII) in the reaction with
HCP were taken from our previous works7'8 and are presented
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in Table 3.

Correlations of double bond protons and lgk are use-
ful for obtaining linear relationships presented in Table 4,
It should be pointed out that the obtained correlation re-
lationships between chemical shifts and & -constants of sub-
stituents and also between the former and 1lgk combined with
similar relationships determined elsewhere for raection of
HCP with N(p-aryl)imides of cis-4-CHDA!, describe well
the substituent behavior in N-aryl fragment of the dieno-
philes studied. Table 4.

Correlation Relationships between Logarithms of Rate Con-
stents and Chemical Shifts of Double Bond Protons in
N(p-aryl)Imides of Endo- and Exo-BHDA.

Compound Correlation Relationshi; r S

W(p-ary1) | 185110719+316-4.007 Schocy | 0-915 [ 0.144
imides of | 18K120=18+263-3.790 &5, o | 0.897 | 0.152
endo- lgk,3=16.278-3.423 8, . | 0.908 | 0.128
BHDA lgkyo=14.341-3.059 bcp o | 0.893 | 0.126
1gk50=12.948-2,786 8oy o | 0.915 | 0.099

1gk, 10=2C.673~4.122 5cngcn 0.958 | 0.102
N(p-aryl) | 1gk,,,=19.184-3.839 8cmecy | 0.931| 0.125
imides of

. 18k 139=17+009-3.448 Sy o | 0,957 | 0.088
HHDA 18k 40=15118-3.100 8§, o | 0.948 | 0.086

1gk50=12.884-2.698 8, . | 0,952 | 0.073

In terms of these considerations the signals of double bond
protons in PMR~spectra of imides with electron-donating
and electron-~seeking dienophiles are to be expected to oc-
cur  in relatively strong and weak fields, respectively,
and in fact have been observed (Table 1).

Besides,the correlation relationships (Table 4) between
logarithms of rate constants and chemical shifts can be
used for approximate estimation of reaction rates of die-



nophiles with HCP whose experimental determination 18
somewhat difficult ( poor solubility in common solvents, iso-
merization at high temperatures, etc).

To check this suggestion we have calculated the corre-
sponding rate constants by gubstituting the 'O gH-CH values
for N(p-aryl)imides of endo~ and exo-BHDA into the corre-
lation equations in Table 4.

As can be seen from the date in Table 5 the values es-
timated for rate constants are in agreement with those de-
termined from the experimental data within errors.

Table 5.
Values of Rate Constants (Experimental and Calculated on the
Basis of Correlation Relationships) for Reaction of Imides
of BHDA Series with HCP at Different Temperatures in Nitro-

k,+10 , 1/molesec.
Cpd. X T,0C
Experimental Calculated
11 | ocHy | 140 61.19 58,85
12V 111011 103.60
12U Viewy 64,72
130 57,04 cn oo
VIII| OCHy | 430 100469______1 110495 ______.
110 T+45 6.99
i Br 150 101.99 95.37

EXPERIMENTAL

The syntheses and properties of N(p-aryl)imides of endo-
and exo-BHDA (I-XII) are described elsewhere .

PMR-spectra were obtained with a "TESLA" BS 4878B radio-
spectrometer, 80mc, at room temperature. All gpectra were
determined in the 0014 solutions with HMDS as an internel
standard.

Parameters of correlation equations were calculated
by +the least-squares method.  Thelr confidence was
checked by means of Student t-criterion,with reliability of
0.95. 82
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SOLVERT EFFECTS ON THE DISTRIBUTION COEFFICIENTS
Iv. DISTRIBUTION OF PHENOLS BETWEEN WATER
AND ORGANIC SOLVENTS
R.G.Makitra and Ya.N.Pirig

Institute of Geology and Geochemistry of Fuels AN Ukr.SSR
Lvov
Received January 17, 1979

The mathematical treatment of literature data
on the phenol distributions between water and organ-
ic solvents confirms the applicability of the previ-
ously suggested equation for the extraction process
treatment which correlates the distribution constant
with aolvent parameters: 1gK=A, + AIf(n) + A f(£ )+
s g2 #4B WAsE. A satisfactory correlation 15 ob-
tained for 26 phenols (R>= 0.95) and only strongly
ionized picric and picramic acids do not obey
the proposed equation. In the most cases the five-~
parameter equation can be satisfactorily substitut-
ed by a simplier equation which takes into account
solvent polarity, polarizability, and basicity
only. The first of these parameters reduces the val-

ue of 1lgK, while the other two parameters raise
it.

In the previous paperslizwe showed that the distribution
process of substances between two liquid phases, aqueous
and organic, can be described by a linear five-parameter
equation which takes into account polarizability, polarity,
cohesion energy densitg, basicity and electrophilicity of
solvents: 1gK = A anz ! 438 4B AE

To confirm the general applicability of this equation
it is desirable to check it with a greater number of cases.
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In the present paper we treat the results of Ref on the
distribution of phenols between water and organic phases.
In Table I the logarithms of distribution constants
for 28 phenols between water and I2-22 organic solvents

K = (corg)n/ Cyq 8Te listed. As shown in Ref.>~T7
phenols do not associate in the organic phase,

i. e. n =1 and therefore there is no necessity to use
the distribution constants only at infinite dilution. The

solvent parameters are listed in communication II of this
seriesa.

In Table I the correlation coefficients R and mean
errors s are also given. As one can see in the majority
of cases a good or satisfactory correlation (R 2> 0.95) is
immediately achieved. Yet to achieve satisfactory correla-
tion for some phenols it is necessary to exclude the data
for I-3 solvents; these values of 1gK are marked in Tablel
by an asterisk (*). In the majority of cases the excluded
solvent is n-heptane; it is, probably, due to
a systematical error in the phenol determination in this
solvent. The new values of R and s after the exclusion of
"doubtful™ points are also listed in Table I.

Thus on 26 examples the applicability of a linear poly-
parameter equation for describing the distribution process
of phenols between two immiscible phases is confirmed.
One does not obtain a satisfactory correlation for picric
acid ¥°24 and only after excluding the data for five sol-
vents from the consideration one obtains the correlation
for picramic acid N°23.

Since the values of pair correlation coefficients do
not reflect satisfactorily the significance of separate pa-
rameters, to estimate the latter we excluded these by turn
and determined the values of R and s each time as described
in Ref.18.We found that for a majority of phenols the extrac-
tion process may be satisfactorily described by two- or three-
parameter equations. fhe elimination of the cohesion energy
density 8" and the electrophilicity E from the equation do
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Table I

Ig K POR PHENOL DISTRIBUTIONS

Fhenols
Solvent Diphenylol- Phenol o-Cresol m~Cresol
propane| 3| (4] [4]

I..n~-Pentanol 3,543 1,565 2,235 -

2., n-Hexanol 3,415 1,499 2,176 2,176

3. n-0ctanol 3,322 I,495 2,045 2,017

4, Butylacetate 3,579 1,685 - -

5. Amylacetate 3,322 I,642 2,309 -

6. Nitrobenzene 25352 0,897 I,676 1,322

7. Dichloroethane 1,558 0,602 I,361 I,042

8. Dichloromethane 1,303 0,690 - -

9., Chloroform I,I61 0,267 1,230 0,886
To. Benzene 1.187 0.322 I.IQO 0.785
II. Toluene I1.075 0.2I7 I1.079 0.699
T2. Chlorobenzene 0.924 0.255 [I.072 0.770
[3. Bromobengzene 0.918 0.I76 I.021 0.612
4. Todobengzene 0.880 0.096 0,934 0.398
15. o-Xylene 0.908 0.278 I1.009% 0.643
6. m-Xylene 0.844 0.209 I.004  0.653
7. p-Xylene 0.8I2 0.I87 I1.009 0.6I2
I8, o-Dichlorobenzene 0.568 0.I30 = -
I9. CCL, 0.000 -0.260 0.672 0.230
20. Cyclohexane -0.824 -0.658 0.I76 -0.I55
2I. n-Heptane -I.u7 -0.825 0.245% -0.200
22. Ethylacetate

R 0.959 0,957 0.926 0.965
s 0.443 0.243 0.281 0.I73
R' 0.958
s 0.214
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Table I (continued)

Ig K FOR PHENOL DISTRIBUTIONS

Phenols
Ethyl- 2,4-Xy- 3,5-Xy- Q-Chlo- m-Chlo-
>l phenol lenol 1lenol Thymol rophe- rophenol
(s] 6l (71 (g [al najae) [9f

I. 2.28% 2,389 2.389 2.398 3.081 2.955 -

2, 2.285 2.352 2,352 2.373 3.033 2.Ia6 2.602

3, 2.167 2.255 2.30I 2.3II 3,013 2.I20 2.522

4, 2.3Ia 2.847 2.5I2 2.510 3.I07 2.2al 2,681

5. 2.I96 2.389 2.462 2.456 3.097 2.I96 2.633

6., I.n62 1.857 1.886 I1.902 - I.77% 1.809

7. I1.176 1.672 1.658 1.672 2.812 I.,591 I.348

8. A - - - - - -

9, I.064 I.a75 1.498 1.580 2,799 I.362 1.020
10. 0.892 1.380 1I.336¢ 1.330 2.638 1.855 I.120
II. 0.832 I.279 1.255 1I1.292 2.602 I.369 I.048
I2. 0.799 I.30I I.286 I1.265 2.748 I1.365 1.000
13. 0.771 I.2a3 1.I55 1I.I70 2.667 I1.352 0.929
Is, 0.681 - - - - I1.320 0.857
15. 0.732 I.272 1I.2I5 1I.30I 2.584 I.352 I.068
16. 0.778 I.2a3 I.208 1I1.274 2,512 I1.369 I.049
17. 0.755 1.255 1I.I61 I.262 2.544 1.328 0.996
18. - - - - - - -
I9. 0.462 0.832 0.778 0.8IS 2.388% I.I90 0.490
20. -0.I55 0.332 0.382 0.380 I.748 0.863 0.078
2I. -0.056 0.290% 0.382% 0.322*% 1.690* 0.844 -0.076
22. - - 2.578  2.5T7 - 2.301 -

R 0.965 0.943 0.950 0.946 0.842 0.96% 0.966
8 0.280 0.264 0.263 0.267 0.270 O.Ial  0.257
R' 0.968 0.971 0.972 0.978
s o.185 0, I9I 0.I82 0.090
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Tsble I (continued)

Ig £ FOR PHENOL DISTRIBUTIONS

Fhenols

w° p-Chlo- 2,4-Di- o~Fluoro- o-Bromo- p-Bromo- 0-Iodo-
rophe- chlorophe phenol phenol phenol Phenol

nol {91 nol 191 {101 (101 [I7] /107
I. 2.5I2 - 1.728  2.369 2.555  2.670
2. 2.476 - I.7I0  2.356 2.476  2.668
3. 2,398 - I.638  2.334 2.43I 2.644
4, 2,5I0 - I.9I3 2.464 2.52I 2,781
5. 2.469 - 1.880 2.44I 2.498 2.738
6. I.863 2.I99 I.I30 2.02I I1.929 2.275
7. I.332 2.II4 0.839 I.85I I.405 2.02I

8. - - - - - -
9, I.0I2 - 0.568 I.643 TI.068 I1.967
I0. I.I34 1I.916 0.55I I.682 1I1.230 I.906
II. I1.079 1.872 0.456 I.6I2 1I.I46 I.850
I2. TI.o042 I.943 0.502 I.688 1I.030 1.888
I3. 0.964 I.902 o.447 I.656 I.000 I.872
Is, 0902 1.832 0.398 I.6u40 0.968 1.838
Is. 1I.052 1.950 0.490 I.579 I.I76 I.861
I6. .0.99I 1,890 0.438 I.620 I.I43  I.849
I7. 0.9I9 I.904 o.4I4 I.,556 I.II4  1.846

18, - - - - - -
I9. 0.486 I.652 -0.046 I.49I 0,556 I.568
20. 0.079 1.385 -0.30I I.I64 0.I46 1.255
2I. -0.I08 1I.269 -0.432  I.ou5* -0.076* 1.000%
22. - - 2,000 2.520 - 2.838
R 0.965 0.973 0.963 0.955 0.959 0.944
s 0.252 0.079 0.236 0.25I 0.267  0.I98
R 0.977 0.975  0.976
0.I2 0.I95 0.1I8
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Table I (continued)

Ig X FOR PHENOL DISTRIBUTIONS!

Phenols

§° P-Iodc- Guaja~ o-Nitro- m-Nitro- p-Nitro- Picramic
phenol col phenol phenol phenol acid

11 [ (3] [13] [13] | %]

I. - I.463 - -

2. - I.a28 1.972 2.II4 2.037 I.I32
3. 2.929 I.352 1I.785 2.000 I.954 0.924
4. 3.1I8 - 2.301I 2.422 2.322 2.086
5. 3.06I - ° 2.I90 2.322 2,220 2.029

6. 2.40I 1.628 2.704 I1.623  I.455 2.060%
7. 2.883* 1.622 2.596 0.944  0.732 1,522
8.

9. I.562 I.699% 2.3u8%  0.602 0.204 0.990
I0. 1I.653 I.322  2.322%  0.382 -0.06I I.I52%
II. 1I.602 1.255 2,260 0.204 -0.I87 TI.060%
I2. I.562 I.188 -

I3. 1I.552 - - - 0.949
Is,  I.502 - - - - 0.838
I5. 1I1.606 I.207 - - - I.I43
I6. 1I.556 I.I47 - - - I.086
I7. I.544 I.230 - - I.II7
I8, - - - -

I9 I.049 0.978 I.9I3 -0.638 -0.92I  0.064%*
20. 0.568 0.476  I.447 -1.220 -I.699 -0.854%
2.  0.3u2%* 0.362 I.40I -1.398 -2.000 -I.000*
22, - -

R 0.925 0.8I3 0.7I1 0.961 0.964 0,793
s 0.376 0.277  0.391 0.5I2 0.546  0.543
R! 0.973 0.963  0.945 0.963
st 0.2I2 0.II3 0.216 0.I40
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Table I (continued)

Ig K FOR PHENOL DISTRIBUTIONS

Phenols
© Pieric  Hydro- d-Naphtol ol-Nitroso- ﬁ-mtro s0
acid qu—inone (3-naphtol A -naphtol
g (15 [16] [17] 7]

I. 0.799 2.353 2.130 2,397

2, 1.626  0.735 2.754 - -

3. I.na8  0.6I2 2.370 2,278 2.567

4, 2,100 0.672 - 2.504 2,254

5. I1.979  0.602 - 2.491 2.176

6. I.900  0.43I - - -

7. I.759  0.322 1.882 3.267* 2.204

8.

9. I.228  0.230 I1.8I6 3.04I 2.04I
IO. I.643  0.I46 I.854 2.633 I1.447
II. 1.556 - 1.8I3 2,602 I.431
Ie. - 1.8I6 2.806 I.662
3. I.272% - I.839 2.857 I.690
Ia. r.I64 - - -

1.798% - I.68I 2.623% I.447
I6. I.782 - I.709 2.590 I.424
7. 1.786 - 1.708 2.568 ¥.388
Ia .
I9. T.49I% 0.0s1 1.233 2.130* 0.954%

20. E.322 - 0,580% I.380 0.30I
2I.  -0.785% 0,053 0.518 I.278 0.204*
22, - 0.792 -

R 0.600  0.982 0.882 0.628 0.902

s 0.620  0.072 0.337 0.503 0.305

RS 0.820 0.96I 0.970 0.972

o 0.189 0.I23 0.140 0.176
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not reduce the value of R or reduces it negligibly only,i.e.
do not reduce the correlation. The exceptions are m-cresol,
thymol, 2,4-dichlorophenol, guajacol and naphtols. The most
affecting parameter on the distribution constant values
is basicity,B,but the correlation is improved remarkably,
when one takes into account the nonspecific solvation,i.e.
the polarity and polarizability parameters.The former .de-
creases and the latter increases the value of 1gK.These de-
pendences are natural. Phenols are weak acids and are
extracted from water the better the stronger is their
interaction with the extragent determined by baaicity. Om
the contrary, the increase in electrophilicity of the extra-
gent should decrease its interaction with acidic phenol.The
solvent polarity favors the acid-base interaction. How-
ever,there are many exceptions: for example, for nitro-
phenols the solvent polarity plays a key role

and the influence of the basicity om the 1g K value is neg-
ligible. It is possible that as a result of a higher
acidity of nitrophenols the acid-base interaction in
this case has a negative influence as in this case it leads
to the partial extraction of basic solvents by nitro-
phenols in water.

Below we list the multiparameter equations for the ex-
traction process from which the insignificant parsmeters
are excluded, and corresponding values of R saad s and of
the pair correlation coefficients Tor for basicity or,in
Bome cases, electrophilicity Tog Parameters. The phenols
for which other parameters, besides polarity, polarizability,
and basicity are significant, are underlined.
I.Diphenylolpropane: 1gK= -T1.36545.568f(n) 40.0II2 B

R=0.959; 8=0.420; rOB=0.904

2 .Phenol: 1gEk= -0.607-I.32Tf(n) +3.055£(& ) +

40.00559 b; R:O.955;s=0.233;r03=0.896
3.0-Cresolg 1gE=T.741-5.279£(n) +2.546£ ( £ ) 40.00272 B

R=0.948; 8=0.217; r0B=0.801
4 .m-Cresol: 1gK=-T.459.22,764 40.00336 B;
BR=0.967; 8=0.183; rOB=0.866
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5,p-Cresol: 1gK=0,442-2,683f (n) +2.812f (€ )40.00582 B
Rx0.964; 8=0.225; r03=0.924

6,Ethylphenol: 1gK=I.967-5.345f(n)2.378f (g )+0.00334 B
R=0.960; s=0.188; rOB=0.890

7.2,4-Xylenol: 1gK=2.329-6.753f(n)2.462f(¢g ) 40.0034I B
R<0,96I; 8=0.202; rOBx0.892

8.3,5-Xylenol: 1gK=2,4I7-6.824f£(n)2.3ML (& )40.00326 B
R=0,964; s8=0.I91; rOB-0.892

9,Thymol : 1gK<6.521-17.535¢ (n) +18.080 § -0.185 B
R=0,974; ==0,092; r03=0.891

10.0-1 orophenol : 1gK=0, 742 +I. 44 If (£ ) 40.00459 B -0.0339 E
R=0.957; 8=0.I44; rOB=0.924

IT.m-Chlorophenol :1gK=0,012-0,857f (u) +2 .795f (g )+0.00768 B
R=0.965; s8=0.,244; rOBxO.930

12, p-Chlorophenol :1gK=-0.263 42 .973f (n) 40.0068I B
R=0.963; 8x0.241; rOB=O.923

13.2 .4-Dichlorophenol : 1gK=0.699+II.0348  40.00502 B
R=0.970; 8x0.073;

14 .0-Fluorophenol : 1gK=-0.612 2.5232(g ) 40.00633 B
Rx0.950; a=0.255; rOB=0-9I7

15.0-Bromophenol : 1gK=I.98I-2.877£(n) +1.3I3£ (& ) 40.00270 B
R=0.958; s3z0,128; rOBxO.9I4

16.p-Bromophenol: 1gK=I.016-3.089f(n) +2.345£ (&£ )40.00584 B
R=0,968; 8z0,206; rOB=O.933

17.0-Todophenol: 1gK=2.229-3.221f(n) +L.4742 (e )40.003I0 B
R=0.962; s=0.I38; rOB=0.9I9

18.p-Iodophenol: 1gK=I.4T4-3.331f (n) 42. 757£ (g )+0.00646 B
R=0.965; 8=0.21I8; EOB=0.922

19.Guajacol :1gK=-2.284 48.810f (n) +10.0798 -0.00I35B40.0974E
R=0.962; 8=0.I09; rOBzO.q-ZEv

20, o-NitroDhﬂO_l:ngd.IGS-Z LI37f(n) 45. 1252 (¢ )-0.002I6 B-

-0.0696 E; Rz0.943; s=0,196; rOB=O.I42

2T.m-Nitrophenol :1gK=-T.78047.795£( £ )-8.6I9 ¢t 40.00674 B
R=0.960; 8=z0.450; rOB.O.862

22 ,p-Nitrophenol: 1gK= =2.748 47 .457£( £)40.00824 B
R=0.958; 8=0.5II; roB=O.867
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23,Plecramic acid: 1gK=#.332-12.139f(n) 1 .809£( £ ) 40.00I3Bs
40.050E; R=0.963; s20.I40; rOB=0.426
24.Picric acid:0ne do not obtain a satisfactory correlationm.
For the five parameters R«0.600.
25.Hydroquinone: 1gK«0.253-1.669f(n) +X.086£( € )+0.00I82 B
B=0.973; 8=0.077; I‘OB-O-958
26, A-Naphtol: 1gK«—2.9274I4.987f(n)40.245 E
Bx0.977; 8=0.I2I; r°E=0.766
27, -Nitroso- 1gKa—3.490427.446f(n) 44.908f( £ )-4TI.3780
f -naphtol: =-0.00397B40.368E; Bx0.970; 820.T40; .57
28. B -Nitroso-  1gK=6.446-22.248f (n) 22.3778§%0.161 ¥
dA-naphtol: Rx0.960; s=0.186; rox-0.694

Hence, the distribution of phenols also may be satisfactori-
ly described by the linear five-parameter equation of free
energies with the exception of strongly dissociated picric
and picramic acids. The analysis of the significance of se-
parate parameters allows to make some conclusions about the
extraction mechanism of phenols.

Por the purpose of verification of the significance
of acid-base interaction for the extraction process we
studied a possible correlation between the values of loga-
rithms of distribution constants 1gK and the pK of phenols
in water. One finds a linearity neither between these val-
ues nor between the values of 1gK and A4(the coefficients
at the basicity parameter) or Hammett 6 constants, This
failure confirms again the complicated nature of the
extracted phenol interaction with the organic solvent and
the necessity of considering both specific and nonspecific
solvation.
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HYDROLYSIS KINETICS OF ALKYL HALIDES (MeI, EtBr,
EtI, i-PrCl, i-PrBr, and i-PrI) UNDER THE INFLUENCE
OF AQUA-PALLADIUM(II)
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Hydrolysis kinetics of MeI, EtBr, EtI, i-PrCl,
i-PrBr,and i-PrI in aqueous solutions of palladium(II)
perchlorate is studied.The kinetic equation takes into
account the contribution of the reaction with a solvent
(ko) and palladium ions: -d[Rx}/aT = k  [RX]+
+ k 1 [BX] [Pa“ *]. Reaction rates of RBr and RI with pal-
ladium d " -complexes are considerably higher than those
expected on the basis of the correlation equation sug-
gested elsewhere for l*-SNZ reactions of alkyl halides
with non-transition metal complexes such as Hg‘+ and
Ag”. This indicates that there may be some additional
interactions between RX and PA~* not taken into account
by an ordinary model of transition states.

The interaction kinetics of primary and secondary alkyl
halides RX (R=Me, Et,i-Bu, i-Pr, X=Cl, Br, I) with aqua-
complexes of AgT, Ca%*, Pbe*, Hg2*, and T1>* was studied in
detail elsewhere"“. These ions with filled d-shells accele-
rate the hydrolysis of RX via the electrophilic contribution
into the carbon-halogen bond heterolysis (mechanism M -SNZ)
M" effect increases in proportion to the stability comstant
(Kmx) of the MX complex formed at the limiting reaction
step:

lg(k® / k) = (1)

where KI and ko are reaction rate constants of RX with M'
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and a solvent at zero ionic strength and at 25°; Pp,Py,and
Pl are parameters depending on R, X, and M" properties,
respectively.

It was of interest to study the hydrolysis kinetics of
alkyl halides under the influence of dS-complexes, such as
PA(H,0)%*. Since a d-shell is unoccupied and also due to
coordination unsaturation of palladium (II), some addition-
al interactions between Pd2+ and EX, not taken into ac-
count by Bq. (1), may occur.In fact, we have established
that regularities of the RX interaction with metal ions
change with transition from 352+ (and other similar ions)
to Pa2* and that Eq. (1) does not work with palladium (II).

Results and Discussion

The interaction rate of alkyl halides with aqueous
solutions of pac* perchlorate obeys the kinetic equation:

- —da@r&l =k _ [rx] + kg [mx] [pa®] )

The first term describes the reaction with a solvent, the
second takes into account the induced hydrolysis. Table 1
lists the second order rate constants,
Table 1
The Second Order Rate Constants of the Reactions
of Alkyl Halides with Palladium (II)

RX t,5C  [Pd2*] 100, [HC10,T,M kg2+10°,M 'sec”
I 2 3 4 5

73.0 7.35 0.69 5.59

3.0 7.35 0.69 5,46

73.0 9.80 0.92 5.81

3.0 9.80 0.92 5.83

3.0 14.7 1.38 6.14
Mel 80.0 2,45 0.23 8.29

80,0 4,90 0.46 9.76

80.0 7.35 0.69 9.18
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Table 1 (continued)

80.0 9.80 0.92 10.7
Mel 80.0 14,7 1.38 11.8
80.0 7.35 1.58 11.9
9643 14.7 1.38 34,5
73.0 14.7 1.38 0eI
EtBr 80.0 1447 1.38 1.73
96.3 7.35 0.69 7:29
73.0 4.90 0.46 22.0
73.0 7.35 0.69 24,2
Etl 73.0 9.80 0.92 24.6
73.0 9.80 0.92 231
80.0 14.7 1.38 51.1
80.0 14.7 1.38 53.5
96.3 2.35 1.38 144
73.0 7.35 0.69 7.7
73.0 9.80 0.92 8.06
73.0 14,7 1.38 9.59
i-PrCl1 80.0 735 0.69 18.2
80.0 10.8 1.01 18.3
80.0 14.7 1.38 22.0
80.0 735 1.58 21.1
96.3 2.35 0.69 137
i-PrBr 25,0 14,7 1.38 1.28
i-PrI 25.0 7235 0.69 103

slow increase in k; with increase in fHClOu] corres-
ponds to the perchloric acid effect (see Eq.3). The k°
values for i~PrBr and i-PrI were obtained by Eq.3, using
the values (B—B‘) = 0.4 from Ref, 12

The direct measurements of the hydrolysis rate at 25° and
low concentrations of palladium ( LPd2+] £ 0.02 M) were
possible only with the fastest reactions of i~PrBr and
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i=-PrI (Table 1). The increase in Pa“* concentration leads
to the formation of polynuclear complexes~. Therefore kT
for i-PrCl, BtBr, EtI, and Mel were determined by extrapo-
iating the values of rate constants measured at higher tem-
peratures to 25° (Table 1)

On calculation the contribution of the RX reaction
with a solvent into the rate observed was taken into ac-
count, The procedure of calculation involved also the ex-
trapolation of kI to zero ionic strength by the linear rela-
tionship between lgkI and the H.ClO4 concentration1’6:

lgk; = lgk® + (8-8%) [EC10,] 3)

where B and B# are salting out coefficients for ground and
transition states. It should be noted that the ho values
failed to be established for MeCl, MeBr, and E%Cl, since
with these substrates at high temperatures the reaction

rate with a selvent exceeds much that with palladium (II),

The and AB" values for the BX reactions
with aqua-complexes of palladium (II) at 250 are repre-
sented in Table 2, The last two columns 1list the reaction
rate constants of RX with a solvent (taken from Refs, 8 and
9) and the stability constants of monohalide pax* complexes,
The ngPdcl’ and lsdeBr+ values are obtained by extrapo-
lating the data from Ref,11 to zero ionic strength by the
Vasiliev equationlo;the ng?dI+ value is estimated by the
linear correlation between 1lgKp y+ and lgxssx+.

When varying RX, the kI values increase in the order
Me < Bt < i-Pr, Activation enthalpy and entropy change into
opposite direction, Comparison of the lgkI°,15ko,and ax*
values indicates that the rate behavior, when varying
halogen, is unusual for the induced hydrolysis: with tran-
sition from isopropyl chloride to isopropyl iodide theho/ko
ratio increases more than by 3 orders of magnitude, whereas
the stability constants of the Pax* complexes increase by
2 orders of magnitude only. Eor "lons of a non-transition me-
tal, mercury (II), this increase is, for example, 5 and 6
orders of magnitude, respectively.1 The Rx-Pd2+ and RX-H32+
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systems manifest their differences more distinctly when
treating the results in the coordinates of Eq.(1l)-
Le(kr®/k Ky ) = Pyby
Data for reactions of the substrates studied (R = Me, BEv,
and i-Pr; X = Cl1, Br, and I) with mercury (II) yield to the
straight line with the slope Pg.2+ (see the Fig,). On the
basis of closeness of electron affinity values of the Pa<™
and He ions in the gas phase and presence of the corre-
lation between this affinity and Pm valuesq“ one could ex-
pect that Ppa?* c:PHg2+ = 12,8 and the data for the reac-
tions
Table 2

The Values of Rate Constants and Activation Parameters

of the Reactions of RX with Aqua-Complexes of Palla-

dium (II) at Zero Ionic Strength and 25°C

~1gk.° A Hy - 4 -

“ e kJ/gzl J/wmole-dagr tex 1ekpar®
MeI 3.56 87 -20 7.13 7.0°¢
BtBr 4.20 88 22 642 5.8

EtI 2,68 81 -1 6.82 7.0°
i-PrCl 4,68 82 140 6.68 5e7
i-PrBr 2,40 - - Selk2 568
i-PrI 0.2€ - - 5456 7.0¢

? acc, to Refs, 8,9
° acc. to Ref. 11

estimated by the linear correlation between
1gKde+ and 18KHgv+

0. RX with qu' should yield to the same straight line.
However, the reaction rates of RBr and RI with palladiun
(II) exceed much those expected from Eq.(1) and the values
Ppg2+ = 12.8. Data for the RX-Pd>* system form three lines
whose slope decreases with the transition from chlorides
to bromides and iodides (12.8:10:6,5, respectively),
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Assuming that characteristics of the 1-Prc1-pas+ sys—
tem correspond to the normal ones for M+-SN2 interactions,
deviations from this interaction (leading to the observed
increase in the rate) should be considered to increase in
the order Cl <Br <I.

It is of interest that the data for
various R at X = Br or I yield to
the same straight lines (the Fig.).
Thus, formally Eq.(1) works, but
one should assume that either the

PPd.2+ parameter depends on the ha-
logen nature, or the Py parameters
in the case of interaction of RX
with palladium complexes differ
from those in the case of interac-
L tion of alkyl halides with complex-
071 02 03 04 05 es of non-transition metals.It is
Fr difficult to say whether these de-
viations result from the manifesta-
tion of new RX activation mechanisms
Pig. Correlation be - (the possibility of their realiza-
tween lg(klo/kox ) tion was assumed in Refs. 13 and 12),
values and the product or Eq. (1) does not describe all the
of the PRPX parameters interaction peculiarities correspond-

for the RX-Hg2*(® - ing to the model of the
data from Ref. 12) and transition state: Hy0eee R oee
RX—Pd2+(O) systems. X ... M* and this incomplete de—

scription manifested itself with
transition to palladium d~-complexes. Further study of these
problems is called for.
Bxperimental

The kinetics was studied by the GILC methodl by decrease
in RX under conditions of substrate equilibrium distribu-
tion between the gas and the solution. The values of distri-
bution coefficients o = [KX]}8/ [RX]®, needed to calculate
true rate constants (see Ref, 16) were measured directly by
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the method17 and are in satisfactory agreement (Table 3)
with the data obtained kinetically . The mean solvation
heat of alkyl halides estimated by the data obtained is
25 kJ/mol.

The Pd2+ solutions were prepared by dissolving freshly
prepared palladium (II) hydroxide in HCIO, ("Pure" grade).
Spectrum of the solutions corresponded to that of aqua-
palladium (11)M,

Table 3
Values of Distribution Coefficients of RX
(ct= [Bx]8/ [px]®) in Water

BX t, °C [gcc,]) , u ol
MeI 25,0 0.00 0.23°
MeI 73,0 0.69 0.89
MeI 73.0 1.38 0.83
Mel 80.0 0.69 1.10
MeI 80.0 1,00 9.68°
EtBr 25,0 0.00 0.32°%
FtBr 73.0 1.38 1.14
EtBr 80.0 1.38 1.60
FtBr 80.0 0.50 1.66°
BtI 25,0 0,00 0.32°%
BtI 73.0 0.69 0.9
BtI 73.0 1.38 0.86
FtI 80,0 1.78 1,38
1-Prc1 25,0 0.00 0.69
1-Prc1 73.0 0.69 3.16
1-Prcl 73.0 0.92 3.03
1-Prcl 73.0 1.38 2.77
1-Prcl 80.0 0.00 4,60
1-Prcl1 80.0 0.69 4,36
1-Prc1 80,0 1,01 3.94
1-Prcl1 80,0 1.38 3447
1-PrBr 25.0 1.38 0.30
i-PrI 25,0 0.00 0.47°
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8 paken from Ref. 12

b Calculated on the basis of kinetic runa at varions gas
and liquid ratios (v/v) in the reactor (see Ref.1).
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COMPARISON OF THE SCALES OF BASICITIES BPhOH AND
DONOR NUMBERS DN

R, Makitra and Ya. Pirig

Institute of Geology and Geochemistry of Fuels,
Acad. of Sci. Ukr.SSR, ILvov

Received February 2, 1979

The calorimetric basicity scale of Gutmann do-
nor numbers and spectral basicity of Koppel-Palm,
BPhOH’ are shown to be interconnected by the equa-

tion: DN = 8.20040.0876B-35.754 2x=l_ ;
n +2
R=0.974; s=3.32.

When considering the solvation effects, the basicity of
solvents is one of the most important characteristics. The
scale widely used in the literature is that of Gutmann do-
nor number DN~ based on estimating mixing heats of solvents
with the strong acceptor SbCl5. However,this scale involves
a small number of substances only. The Koppel-Paju scale of
basicities,BPhOHZ. based on the optical shift of phenol OH
in its IR-spectrum in the presence of the corresponding sol-
vents contains much more substances (about 200). In the same
paper the authors show the equivalence of the above scale
with a number of other scales based on optical measurements,
in particular with the scale based on the shift of OD band
of deuteromethanole CH}?DB'

In the recent paper we showed that the Gutmann calori-
metric scale of basicities and the Koppel-Palm spectral
scale are equivalent and there is a linear dependence with
R=0.857 between them and between the DN and BOH oD values
(R=0.959). 3

In the past years new data on IN values including the
values for such strong bases as amines have appeared. There-
fore it is expedient to recalculate the correlation between
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the DN and BPhOH values, using the new data. Since the non-
specific solvation influences the kinetic and spectral phe-
nomena which occur in the solution, it was interesting to
compare the above scales including the possible influence
of the nonspecific solvation, using the linear polypara-
meter equation.

Table I lists the donor numbers, DN, of solvents accord-
1 and other supplementary sources, the basi-
cities according to Koppel-Palm-Paju®~ and the parameters of

ing to Gutmann

nonspecific solvation: polarity (acc. to Kirkwood)

2
polarizability _EZ:Z_ , and cohesion energy density o =
AH _-RT nme2
='——VR""' The calculation were carried out on a "Mir-2"
computer.

There is a satisfactory linear dependence (R=0.958) be-
tween DN and B, Further the worst data for ammonia (point
N°40) are excluded from the consideration. For remained 40
solvents the following dependence has been obtained:

DN = -0.687 + 0.0877B; R=0.970; s=3.48

With the use of the four-parameter equation the correla-

tion coefficient R increases insignificantly:

DN = 7.377 + 0.0879B - 1.701 - el 32.840 +

+5.976 §2;  R=0.974; 8=3.384.

The influence of the polarity and cohesion energy densi-
ty parameters is negligible. When excluding these parameters
the correlation does not become worse and, as a result, the
dependence between DN and B may be well described by the
two-parameter equation:

2 .
DN = 8.200 + 0.0876B - 35.734 5 3 R=0.973; s=3.32

Hence, the calorimetric (DN) ang ;pectral (B) basicity
scales are equivalent. The polarizability term which cor-
responds to the nonspecific solvation of substances is of
relatively little importance.The proposed correlation may
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Table T

SOLVENT DONOR NUMBERS AND CHARACTERISTICS

o g-1 n2_1' 2
¥°  Solvent DN Zei T T §
I. n-Hexane 0 0O 0.18 0.2289 0.054
2. OCI, 0 0 0.225 0.2742 0.076
3. Dichloroethane 0OI 40 0.431 0.266I 0.I08
4, Benzene 0.I7 48 0.231 0.29%7 0.085
5. Nitromethane 2.7 63 0.48I 0.2386 0,167
6, Nitrobenzene 4.4 67 0.479 0.32I5 0.II3
7. Acetic anhydride I0.5 T00 0.465 0.237T 0.I4I
8. Benzonitrile IT.9 155 0.47I 0.3084 0.I23
9. BEthylchloroacetate 712.8/ 125 0.463 0.2545 0.096
I0. Acetonitrile 4.I TI60 0.480 0.2T06 O.T40
II. Sulfolane 4.8 157 0.483 0.2849 0.I33
2. Dioxane T4.87 257 0.225 0.2543 0.TT0
I3. Butyronitrile I5.4 166 O.464 0.2339 0.ITI
4. Diethylcarbonate I16.0 5 0.274 0.,234I 0.079
I5. Propionitrile I6.I 162 0.474 0.2237 0.105
T6. Methylpropionate  16.27 I74  0.376 0.2300 0.076
I7. Methylacetate 6.5 1I76 0.395 0,2218 0.091
I8. Ethylpropionate 16.8% I74  0.387 0.2338 0.072
I9. Acetone I7.0 224 0.465 0,220 0.095
20, Ethylacetate I7.1 I8I 0.374% 0.2275 0.082
2I. Methylethylketone 17.47 209 0.46T 0.2309 0.084
22. (Cyclohexanone 17.87 242 0.46T 0.2699 0.Tos
23. Diisopropyl ether 17.8 279 0.329 0.2256 0.052
24, Water I18.0 156 0.49% 0,2057 0.592
25, Diethyl ether I9.2 280 0.345 0.2167 0.057
26. Methanol 18.9% 218 0.478 0.2034 0.20T
27. Ethanol 19.2% 235  0.461 0.22m O0.767
28. Butanol 19.58 231  0.458 0.242T 0.7108
29. Tetrahydrofurane 20.0 287 0.404 0.245I 0.076
30. Diglyme 24,0 238 0.400 0.23I5 0.09T
3T. Tributylphosphate 23.7 283 0.397 0.2555 0.040
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Table I (continued)

§°  Solvent DN &-f 21 8¢
32. Dimethylformamide 26.6 29I 0.488 0.2584 0.I98
33, N-methylpyrrolidone 27.3° 319 O0.488 0.2773 O0.I2I
34, Dimethylacetamide 27.8 343 0.48I 0.2627 0.I99
35. Dimethylsulfoxide 29.8 362 o0.485 0.2826 0.225
36. pyridine 33,1 472 O0.44T 0.2989 0.IO4
37.  (Me,N)zF0 38.8 471 0.475 0.2730 0.096
38, Ethylamine 55, 667 0.388 0.2265  0.086
39. Isobutylamine 57.0° 537%°0.347 0.2388 0.066
40. NHj 59.0° 473 0.457 0.20I2 0.2I2
4I. Triethylamine 6I.0 650 0.243 0.2430 0.05I

Notes: All the values of DN are taken from Ref.I exclu-

ding the data especially remarked.
.) np value was calculated by means of additive
refraction scheme
** We use the value of B for n-Butylamine

be useful for mutual conversion of both scales and for wider
interpretation of the literature data about solvent effects
on the kinetic and spectral characteristics of solutes.

5.
6.
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IR SPECTRA AND ACID-BASE PROPERTIES OF SUBSTITUTED
AMIDES OF 2-AMINO-1,3,4-TIADIAZOL-5-SULFONYLOXAMINE ACID
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V.I.Makurina, and Z.T.Chernykh

Kharkov Pharmacy Institute
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Synthesis of substituted amides of 2-amino-1,
3,4-tiadiazol-5-sulfonyloxemine acides is carried
out. For the obtained compounds IR spectrograms are
taken and interpreted, acid-base equilibria in
60% aqueous dioxane and 70% aqueous dimethylsulf-
oxide being studied by the method of potentiometric
titration. Correlation of pKa and stretching
frequencies of  the CO and 50, groups with
the Hammett G constants is carried out. The mecha-
nism of substituent effect transfer to the reac-
tion center is discussed.

Continuing the study of the relationship between the
structure and properties of sulfamide derivatives of oxamine
acids [1—4], substituted amides of 2-amino-1,3,4-tiadiazol-
5-sulfonyloxamine acid were obtained. Synthesis of the
above mentioned compounds was carried out by the reaction
of acylation of the sodium salt of 2-amino-1,3,4-tiadiazol-
5-gulfamide with ethers of N-R substituted oxamine acid.

The synthesized compounds are colorless substances
easgily soluble in aqueous solutions of alkali, ammo-
nia and orgenic solvents. Identification of the obtained
compounds was done by the data of elemental analysis and
IR spectroscopy (see the Table).

In the IR spectrograms of the obtained sub-
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Table

ACID-BASE AND SPECTRAL CHARACTERISTICS OF SUBSTITUTED
AMIDES OF 2-AMINO-1,3,4-TIADIAZOL-5-SULFONYLOXAMINE ACID

N—N
H2N —“\S/Il— SOZNHCDCONHR (1)
pKa pKa IR spectra, om >

Nos. 1 2 4
of R in 60% |in 70%

comp. aqueous| aqueous vNH v yves |ys

dioxane| DMSO co SOa SO2

1 GSHS 6.84 3.85 13340, 3245|1690| 1368 |1193
2 06H4CH3-m 6.56 3.90 |3330, 3265|1692] 1365 {1180
3 CGH4CH30np 7.15 3.90 |3365, 3290|1705| 1372 {1180
4 CGH4OCH3—m 6.52 3.81 |3325, 3268(1690] 1358 |1180
5 06H4Cl-m 6.57 3.80 {3330, 3270(1690| 1360 |1180
6 06H4Br—p 6.56 3.78 |3330, 3265] 1685|1365 |1180
7 CGH4Br—m 6.64 3.75 |3330, 3250|1690 1365 |1185
8 C6 J-p 6.63 3.72 | 3355, 3275|1680| 1358 |1179
9 CGH4N02—p 6.16 3.65 | 3315, 3288| 1668] 1352 {1180
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stances there are bands of valent oscillations of the NH
group in the region of 3200-3400 cm'l. The valent oscilla-
tions of the sulfonyl group are represented by two bande:
Vgo. (1850-1370 cm ) and Vg, (1170-1190 cm ). carbonyl
group 1s characterized bY “ one absorption band (1680-
1710 cm *), which indicates the translocation of the CO
group [5].

Presence of a protonated hydrogen atom in the salfamide
group in heterylsulfonyloxamides (I) and also translocation
of the CO group of a sulfamide residue favors the forms-
tion of intramolecular hydrogen bonds (IHR), providing thus
substituent electron effect transfers in the molecules of
amides (I):

N—N H. . .0

L ! I
HpN~ g "= 80,~N—C —C-N-R

] |
(I) 0 ...H
Substituent electron effect transfers to the reaction
centers may be effected also through the system of conjugat«
ed bonds, which in the structure of oxamides (I) can be
presented in the following way:

N —N
2 s SOZ—N=C-C=N—R
(II} HO OK
IR analysis of the compounds gtudied enabled to
detect the influence of the substituent nature

in the benzene ring of oxamides (I) upon the stretching
frequencies of the CO and SO, groups. The correlation.re-

lationships of Vi, and with the Hammett b constants
are: 2

Vgg = 1693 - 35.7 - 8 (r = 0.986; s, = 3.3)

Vg® = 1369 - 17.8 - € (r = 0.991; S = 1.8)

(included 1into correlation are the values of the stretch-
ing frequencies of amides (I) with para substituents in the
II0



benzene ring).

For the synthesized compounds the acidic and basic
equilibria were also studied by the method of potentiometric
titration. The process of acidic and basic dissociation of
compounds (I) can be presented by the following scheme:

N—N N—N

HzN /J‘SO NHCOCONHR + Hzo = ZN—L\ ,J'SO NCOCONHR +

H30

N—N N—N
SJ—sozmlcocouHR + Hy0 —& Hz"‘lsj-sozuﬂcocounn +
Hgo"

The constants of acidic dissociation (pKai)determined
in 60% aqueous dioxane and those of basic dissociation
(pKaz) in 70% aqueous DMSO are presented in the Table.

As seen from the data of the Table, the nature of the
radicals bound with amide nitrogen of the oxamoyl
residue influences the acceptor properties of both the
sulfonyl and carbonyl groups, which manifests itself
by changes in the dissociation constants of amides (I)
whose acidity increases with introducing electron
acceptor and decreases with introducing electron
donor substituents. Comparing the acidic properties of
substituted aryl amides of benzenesulfonyloxamides [1] and
heteryloxamides (I), one can note that the latter have con-
siderably lower acidity, which results from the donor
properties of tiadiazol residue.

Oxamides (I) with  meta substituents in the ben~
zene ring are characterized by approximately equal acidity
(for PKa, of compounds 2, 4, 5, 7 see the Table). This is
due to the fact that in the solutions of heteryloxamides
(I) the substituent effect transfer is, probably, effected
through the system of conjugated bonds (structure II) and
meta substituents which are not included into the conjuga-
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tion system influence insignificantly on the acidity of -
the sulfamide group.

The basic dissociation constants (pKaa) of the com-
pounds under study change negligibly,depending on the na-
ture of a radical in the benzene ring, which is accounted
for by its remoteness from the reaction center. Quantitative
estimation of substituent effects on the acidity of the
sulfamide group was carried out by the Hammett equation.

The obtained correlation relationship between the pKa1 val-
ues and Hammett G is:

pKe, = 6.79 - 0.79 - € (r = 0.988; 85, = 0.062).

Experimental
IR spectrograms were taken with UR-20 spectrometer in
KBr (concentration of the substance was 0.5%).

The dissociation constants were determined by the method
of potentiometric titration with pH meter pH-340 with glass
and chlorine-silver electrodes in 60% aqueous dioxane
(pKai) and 70% aqueous DMSO. The pKae values were calculat-
ed as pH in the point of 50% neutralization.
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STUDY OF SN1 REACTIONS, USING TRIPHENYLVERDAZYLS.
I. KINETICS OF DIPHENYLMETHYL BROMIDE IONIZATION
IN ACETONITRILE

E.A.Ponomareva, T.L.Pervishko, and G.F.Dvorko

Kiev Politechnical Institute
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Kinetics of PhZCHBr ionization in CHBCN was studied
spectrophotometrically by the decrease in triphenylver-
dazyl (RN°) concentration and the increase in the con-
centration of triphenylverdazylium bromide (RN*Br™),
-d[m!']/2dt = /dat = k1[Ph20HBr] o Linear in-

crease in the reaction rate with the increase in water
concentration was observed, the reaction order on
water being 0.35. The formation of PhZCH*Br' ion pair
was assumed to occur at the rate-determining step fol-
lowed by further fast reactions with water (thcHOH

and HBr formation) and RN°® (the formation of 1,2,5,6-
tetrahydro-1,3,5-triphenyl-2-diphenylmethyl-1,2,4,5-
tetrazine and RN+Br—).HBr formed at this step reacts
fast and quantitatively with RN® to give RN'Br~ and
leucoverdazyl, At the rate-determining step of thcHBr
ionization the more polar transition state over that

on t-BuBr ionization is formed. It has been con-
cluded that triphenylverdazyls can be used as an ion
pair indicator.

Diphenylmethyl halide alongside with t-butyl halides
constitute principal objects in the studies of kinetics and
mechanisms of carbon-halogen bond ionization (monomolecular
solvolysis, SN1 and E1 reactions) [1,2] . Data provided by
such studies contribute considerably into the theory of or-
ganic transformations.Many aspects of monomolecular solvolys-
is mechanisms were clarified when studying diphenylmethyl
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halide ionization in protic solvents and their mixtures
with various aprotic solvents [1-3]. Under such condi-
tions, however, the reaction monomolecularity is of formal
character. Thus, it is assumed that Ph.CHBr solvo.ysis in
alcohols [4] proceeds via the combined mechanism

(SN1 + whereas in benzene alkohol mixtures [5] it
con ve via the trimoleculsr mechsnism (v=k[Ph,CHBr]-[RoH]%).
The study of the first order reactions with no solvolysis in-
volved (SNl) gives a more definite information.Such data are
obtained when studying nucleophilic substitutions in apro-
tic solvents. In the case of diphenylmethyl halides (mainly
PhECHCI) information is available on the reactions in +iquid
so. (1] , DMF and DMSO [6] , acetone [7,8] and acetonitrile
[8,10]. Basically, the Finkelstein reaction has been studied
and, as a rule, a combined mechanism (SN1 + SN2) has been
assumed. The rate of Ph29301 reaction with PhOK in aceto-
nitrile is described by the monomolecular kinetic equation
(v=k4'[PhZCHCI]), whereas that of the reaction with Bu3N and
2,6-ditert.butyl-4-methylphenate is expressed by a bimolecu-
lar one [9]. In the latter case the electron transfer be-
tween a nucleophile and Ph20H+Cl ion pair vbserved at
the rate determining step.

Not without reason it has been suggested in ner. [10]
that "the mechanism of SN1 reaction is very complicated".
This can be applied, first of all, to diphenylmethyl ha-
lides.Nucleophilic substitution in Ph2CHx has received
1ittle study and the literature data available are of in-
definite (S84l + Sg2 or Syl + salt effect?) [6,8] and contra-
dicting f1,6,7] nature .Further study of kinetics and mecha-
nism of these reactions is hampered by the lack of effective
controlling means for thcHx ionization rate.

Nucleophilic substitution rate in PhZCHx is usually con-
trolled by titrimetric [3], radioisotopic [6,8] , spectro-
scopic (at l‘max PhZCHX) (10] and n.m.r. [11] methods.
As a rule these methods require greater degrees of substrate
conversion ( > 20 %), radioisotopic methods being the only
exception (about 4%).Kinetic study of these reactions with
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considerable degrees of substrate conversion hinders the
investigation of salt effects.

The purpose of the authors was  to study diphe-
nylmethyl halides ionization kinetics in aprotic orgaenic sol-
vents using triphenylverdazyl radicals as internal indicators.
Recently [ 12] these radicals were used to control the ioni-
zation rate of t-butyl halides (E1 reaction). In this case
hydrohalide eliminated at the rate-determining step’
reacts fast and quantitatively with triphenylverdazyl
(RR°®, in acetonitrile, A.mnx 720 nm, & = 4330) forming
equal amounts of triphenylverdazylium salt (RN*X~,

A pg- 540 nm, &= 12170) and leucoverdazyl (RNH.
A pax, 280 nm).
(CH4) 50X ===(033)3c*x’ — (CH;),C = CH, + HX (1)
iy fh Ph
40\ 40\ //c\
N N* N N ) NH
HX + 2 | | — i + | ] (2)

K N N N
sON 0N SN N N N
Ph CH2 Ph Ph CH2 Ph Ph CH, Fh
Additions of RN°, RN'X™ and RNH have no effect on the re-
action rate (1). The ionization rate is controlled spectro-
photometrically by RN°® and RN*X~ absorption. Under these con-
ditions

_4[rN'] _d(RN*"]

= k, [ t=-BuX] (3
2dt dt

Application of this method provided a means for thorough
investigating ionization kinetics of t-BuX in various
aprotic solvents [12,13].

This communication represents the information on PhZCHBr
ionization kinetics in acetonitrile.

*) Intimate ion pair formation.
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RESULTS AND DISCUSSION

The product study and kinetic experiments were performed
in CH3CN. containing about 4.5 10_2 M or more of water. Some

kinetic tests were carried out in anhydrous acetonitrile.
On addition of triphenylverdazyl to PhECHBr solution in
moist CHBCN the following reactions may be expected to occur:

H0 pn_cHoH + HBr 2L RN'Br” + REH  (4a)

Ph,CHBr l | 2RN_ px*Br~ + RN - CHPh. (4b)
Ph,CH'Br~ | oRN® ) Qo Ph,C=0
| <RY_ RN*Br” + RNH + Ph,C: (4c)
-Ph,C=CFh
2 2
. Ph,CHCHPh,
(RN’ RN*Br™ + Ph,CH' (4d)

RN-CHPh2

Hydrolysis (4a) may proceed either by the mechanism of
SN1 (interaction with PhZCH+Br—) or by that of SN2 (inter-
action with Ph2CHBr). The 1literature data available are
conflicting [ 1,14] . HBr formed in this reaction reacts ae
shown by Eq. (2).

The interaction of two radical molecules with one
Ph9CH+Br— molecule may lead either to the formation of a ver-
dazylium salt and 1.2,5.6-tetrahydro-1,3,5-triphenyl-2-diphe-
nylmethyl-1,2-tetrazine (RN-CHth) (reaction 4b) or to the
formation of RN'Br~, RNH and diphenylcarbene (1.1-elimination)
(reaction 4c).HBr elimination from a non-ionized thcHBr mo-
Jecule is also likely to occur. Diphenylcarben formed in the
reaction should convert into Ph20=0, tetraphenylethylene and
tetraphenylethane [15] . During RN° and PhacH*Br interaction
one may also observe the electron tramsfer from the radical
to the ion pair which yields RN'Br and diphenylmethyl radical
freaction 44),the latter in such a case will either be dime-
rized up to IHEFHCHPhZ or recombine with RN® to give
RN-CHPh,.Ion pair Ph2CH+Cl— (Br~) is known to form Ph,CH'in
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the reaction with sterically hindered nucleophiles[9]. This
comparison is warrantable,since triphenylverdazyl is a strong
electron donor with sterically screened reaction center [16].

The authors have found that in all cases 1 mole of tri-
phenylverdazyl radical reacting with Ph,CHBr yields
0.5 mole of RN*Br~(proved spectroscopically). Other products
of this reaction are RN-CHPh2 (shown by spectroscopy, by
quantitative conversion to RN* under the action of a mineral
acid and by the melting point of the mixed sample), leucover-
dazyl (izolated as hydrobromides) and Ph,CHOH (IR-spectrum).
Ph,CO (IR-spectrum), Ph,C=CPh, and Ph,CHCHPh, were not detect-
ed in the reaction mixture. This suggests that in the above
case reactions 4a and 4b should be observed rather than 4c
and 4d. Kinetic data confirm this conclusion.

Fig.1 gives a number of typical kinetic curves. Descending
curves show RN° concentration change in the test, whereas
ascending ones indicate the change in RN*Br_concentration').
With Ph,CHBr being about 50 times in excess over RN°®
the reaction rate in each individual test is satisfactorily
described by the kinetic equation of zero order

A [RN°] d[RN*Br]
L orl (5)
2dt at °

Indeed the slope of the curves shown in Fig.1 is independent
of RN° concentration (tests 6,8,9), whereas radical and ver-
dazylium salt concentration varies with time linearly until
RN'Br concentration reaches appe. 2-10'5 M. Further the reac-
tion proceeds with lower rate and the variations in RN° and
RN*Br~ concentration become curvilinear (test 11).This seems
to be a menifestation of RN*Br~ salt effect®™). Calculations
were performed by the least squares method in the linear sec-~
tions of the kinetic curves.

)"Jump" of RN°(RN*Br~) concentration at the beginning of the
test seems likely to be attributed to the fast reaction of

RN° with thcH+Br and HBr formed prior to the measurements.

")Salt effects in this reaction will be treated separatly in

the further ication.
er communica 17



min

Fig.1. The kinetics of Ph,CHBr ionization in aceto-
nitrile
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Tests performed at various concentrations of thcHBr
(Table 1, Fig.1, tests 9,11) show that the reaction rate is
described by the first order kinetic equation.

_4[rN] _ d[RN*Br’]
2dt dt

= k [ Ph CHBr] (6)

Conditions and results of kinetic tests in moist CHJCN
(about 4.5~10'2 M of water) are given in Table 1. The Table
shows that the reaction rate control by RN* consumption or
RE'Br"~ formation results in satisfactory correlation of k1
values (see columns 5 and 6 of the Table). Parallel tests
show good agreement(tests 4 to 7). Reaction rate is satis-
factorily described by equation (6) and is independent of
the concentration and nature of the radical used (tests 4-11
and 17,18). This suggests that the radical should undergo the
reaction after the rate-determining step,

Ph,CHBr conversion in the above tests was about 0.1 %

At its rate-determining step the reaction may proceed
through the interaction of thcHBr with water and/or through
the formation of PhacH*Br- ion pair which then rapidly re-
acts with the radical and water.To elucidate this problem
the water effect has been studied thoroughly. Linear in-
crease in the reaction rate with the increase in water con-
centration in the solution was observed (see Fig.2).

6.0

20

Fig.2. Water effect on the ionization rate of PhacHBr in
CH5CN.
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Table 1
ﬂ\
Kinetics of Ph2CHBr Ionization in Moist CH3CN in the
Presence of Triphenylverdazyl Radicals

. 6, -14d)
Nos. [rN°]- {Ph CHBZ: 0 107ky 8 106k1aven
«10%u | -10° u as RN® as RN*Br~| 8!
1 1.43 10.3 | 13.0| 0.68 0.68 0.68
2 1.73 9.30 | 17.0 | 1.1140.01| 1.1840.02
3 1.73 9.41 | 17,0 | 1.0840.10 | 1.154+0.04 | 1+10+0:04
4 1.01 5.77 | 25.0 | 2.44 2.35
5 1.01 5.77 | 25.0 | 2.43 2.44
6 1.34 5.07 | 25.0 | 2.49 2.51
7 1.34 5,07 | 25.0 | 2.49 2.51
8 0.901 5.13 | 25.0 | 2.6140.01 | 2.64+0.04 | 2.540.06
9 1.80 5.16 | 25.0 | 2.5440.04 | 2.6340.01
10 1.85 5,02 | 25.0 | 2.37+0.02 | 2.49+0.05
1" 80 10.02 | 25.0 | 2.5040.02 | 2.59+0.13
12 1.29 3.38 | 30.5 | 3.62+0.02 | 3.80+0.04
13 1.31 3.07 | 30.5 | 3.8140.06 | 3.9040.01 | 3.67+0.11
14 1.31 3.50 | 30.5 | 3.5040.02 | 3.79+0.02
15 1.87 4.84 | 33.8 | 5.3340.05 | 5.4040.02 | 5 35.4.05
16 1.87 4.84 | 33.8 |5.3840.01 | 5.3340.05
179 [ 1,96 5.16 | 25.0 | 2.55+0.03 -
189 | 1.64 5.02 | 25.0 | 2.46+0.01 | 2.49+0.01

a) Acetonitrile continued (4.5+0.5)-10 2 ¥ of water.

b) The test was carried out with 1,5-diphenyl-3-(4-nitro-
phenyl)-verdazyl.

¢) The test was carried out with 1,5-diphenyl-3-(4-methoxy-
phenyl)-verdazyl.

d) Values of constants were calculated from two parallel

tests.
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Fig.2 shows also the water content in initial CH,CN. Extra-
polation of the straight line in Fig.2 to zero water con-
tent gives kl=(1.6?10.l4)'10_6 s~t (the least squares meth-
od). The reaction order is 0.35 on water.
Table 2 lists the results and conditions for kinetic
€8 s performed in anhydrous acetonitrile (CsH2 treatment')).
The reaction rate was monitored by the RN® consumption, In
all cases the reaction rate is described by Eq-(6) well,
Table 2
Kinetics of Ph2CHBr Ionization of Anhydrous CHBCN in
the Presence of Triphenylverdazyl.

[RN*] .10% u [Ph,CHBr] . 10° i 10°.k,*) 6™ (on mE*)
1.25 6432 1.98+0,13
1.28 6.07 1.6940,15
1.55 9.89 149040, 1
1455 8.42 1,8840.03
aver.1.86+0.1

mean of 2-3 rung.

Satisfactory agreement of k1 values is observed and the
the mean kl value in anhydrousg CHBCH (1.86+0.1) Practically
coinsides with k1 value found by extrapolation from Fig 2,
This 1ndicates that thcHBr ionization may also occur in the
absence of water, the latter gives only cm=11 lncrease in
the rate with the reaction order on water being much less
than unity. a11 said above gives evidence to the fact, that
at the rate—determining step water is not involved as a
nucleophilic reagent. Its role is limited to catalytic
effects via the formation of H-complexesg PhecHBr----HOH

)

According to [17] residual water content after the treat-
ment is app. 108 .

I2T
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Thus we may conclude that under these conditions C-Br
bond ionization with the formation of an intimate or solvent-
separated ion pair occurs at the rate-determining step. At
the next <fast steps the ion pair reacts with RN°®
or water. The latter reaction seems to pass through a bimo-
lecular mechanism. Triphenylverdazyl interaction with
Ph CH*Br~ proceeds by the trimolecular mechanism

Ph Ph
Ph RN Phy

RE® + Phacn*nr'_.‘cn <-——"NR — RN:3CH«--NR »
Br I Br g
—» RN*Br~ + RN-CHPh,

The donor-acceptor complex I is the first to be formed. The
complete electron transfer from RN® to Ph?_CH*Br does not
occur in it, however, with the influence of Bu.N and ionole
anion [9] . The electron transfer is observed in the cation-
diradical complex II which is formed similar to H3+ [19_[
due to the three-center molecular orbital including two
upper occupied orbitals of RN° and the lower vacant orbital
of Ph CHY. The reaction rate of triphenylverdazyl with ca-
tionoid reagents is indeed knmown to be related to the square
of RN®° concentration value [20] .Therefore the alternative
mechanism, i.e. the electron transfer from RN® to Ph,CH
with further reaction of thcn' with the second RN° molecule
in the cell, is of low probability.

Rates of monomolecular chlorine substitution in PhZCH01
under the action of PhOK in CHBCN are available in the lite-
rature [9] (k, = 2.6:10 s~ ). Our data show k, for
Ph,CHBr in CH,CHN to be 1.2:10~% =1 (calculated from k, tem-
perature relation (see Table 1). From the comparison of the
above values one can see that PhZCHCl ionization rate is
slightly higher than that of Ph2CHBr. However, the solvolysis
rate of Ph,CHBr is known to be from 5 to 30 times higher
than that of PhZCHCl[ll]. In aprotic solvents this differ-
ence should be much greater[l]. The date in Ref. 9 are o
preliminary nature. The authors give no procedures of mea-
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suring the rate, purifying CHECN, determining water content
in the solvent and show no errors of measurements. The
value of k1 for PhZCHCl in acetonitrile given in [9Jseems
to be too high.

Table 3 gives kinetic parametres of the reaction studied
in the present paper as well as those for Ph2CHBr 80l-
volysis in CHBOH and CHjaOH [22] in comparison with simi-
lar data for t-BuBr [12,22] .

Table 3
Kinetic Parameters of PhZGHBr and t-BuBr Ionization

25 7
Sub- AH -AS AG
Solvent| 1g k. . 25 25
strate 1 kcal/mol €uile kcal/mol
GHBON ‘506 1606 2901 2501
PhZCHBr CH5COZH -4,8 2146 8,0 23.8
CHBOH -1.8 19.2 2.9 20.1
CH;CN =59 19.5 20,0 254
t-BuBr 0350023 =5.5 2441 2.9 25.0
CHBOH =445 235 (¢] 2345

Ionization rates of both substrates are increasing with
the increase in the solvation power of the solvent in
CH;CN < CHECOOH < CH30H order. In +this order of sol-
vents 25-fold and 6000-fold increase in ionization rate
was observed for t-BuBr and Ph,CHBr, respectively. This
suggests that PhECHBr ionization should proceed through
the formation of the transition state with higher polarity
over that observed in the transition state during t-BuBr
ionization.

It should be noted that steric requirements for the ac-
tivated complex formation are increasing for both substrates
when protic solvents are replaced by CHBCN. This may be due
to the fact that in aprotic solvents the number of solvent
molecules participating in transition state formation is
greater than in protic ones. At any rate differences in the
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solvatatior of initial and transition states in GHBCN are
more considerable than in protic solvents.

Ionization rate of PhacHBr is app. twice as high as that
of t-BuBr. This is due to the sharp decrease in the acti-
vation enthalpy overlapping the simultaneous decrease in ac-
the activation entropy.

The results obtained show that triphenylverdazyl radicals
are convenient for studying the kinetics of diphenyl-
methyl halide ionization in aprotic organic solvents.
The authors consider triphenylverdazyls to be a potential
indicator for ion pairs (further study is required to es-
tablish the nature of ion pairs capable of reacting with
sriphenylverdazyls). It seems reasonable to suggest that
triphenylverdazyls could be used to study the ionization ki-
netics over a broad range of substrates.

Experimental

Kinetic experiments were performed in the thermostatic
cell of C& -4A spectrophotometer. The reaction mixture was
prepared by mixing Ph2CHBr and RN' solutions in acetonitrile.
Before mixing the solutions were thermostated in a two-
—branch tube. The mixture was quickly poured into  the

cell.
IR-spectra were recorded with UR-20. CHBCN electric con-

ductivity was measured with a.c. P5010 bridge in the cell
with f£lat platinum electrodes (k g 3 = 2.0°10 2y,

Diphenylmethyl bromide was obtained from benzhydrol and
PBr [23] . For kinetic tests fresh preparations (m.p. 38-
39°C) recrystallized from pentane were used. Triphenylverda-
zyls were obtained and purified as in [24] . 1,2,5,6-Tetra-
hydro-1,3,5-triphenyl—1.2,4,5-tetrazine (leucoverdazyl)
was prepared as in [25] and its hydrobromide was obtained
according to [26] .

Acetonitrile was repeatedly boiled over PZOS’ distilled
over potash and fractionated [27) . The preparation usually
had water content of 4.5+0.5:1072 M (determined by Fischer
titration) and electric conductivity of 5.9-10 & obm cm
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(Lit. 5 to 9.10 ® [27]). CH;CN with greater water content
was re-purified. Anhydrous CHBCN was obtained by boiling and
distillation over Call, after treating with P,0- f10,17].

112.5.6—Eetranydro-1.5.S-triphenyl-z-diphenylmetgxl—
1,2,4,5~tetrazine was obtained elsewhere from
Ph2CH01. triphenylverdazyl and silver powder in benzene
(m.p. 160°C with decomposition [28] ). Having attempted to
reproduce this procedure we obtained almost quantitative
yield of 1,1,2,2-tetraphenyl ethane. We obtained BR-CEPh2
from PhZCHBr. BN° and metallic silver and isolated the pro-
duct in the preparative experiment of the reaction studied.

To 15 ml of benzene 1 g (0.003 mole) of RN" and 5.2 g of
silver powder were added and the mixture was heated up to
boiling.Then 0.9g (0.004 mole) of Ph2CHBr in 10 ml of ben-
zene was slowly added to the mixture and unreacted silver
and AgBr were removed by filtration.After benzene evapora-
tion and residue crystallization from ether-hexane (2:1) mix-
ture 0.6g (40% yield) of white small-size crystalls was ob-
tained, m.p. 160°C with decomposition. The compound
obtained was shown to have strong absorption in UV-region
(in CHCN A pax. = 333 nm, &= 15650) and to give quantita-
tive conversion into triphenylverdazylium salt after heating
with H2804 or other mineral acids. The product is stable in
strong alkalies.

Product study tests of Ph.CHBr reaction with RN® in moist

CH,0N.
a) 1 g (0.003 mole) of RN' and 0.95 g (0.004 mole) of
PhZCHBr in 35 ml. CHBCN containing about 4.5-10_2 M H20 were

mixed and stored for two days at the room temperature. The
analysis of the reaction mixture by RN° and RN*Br~ absorp-
tion showed that the reaction was completed on triphenylver-
dazyl up to 78%.IR absorption typical for C=0 in benzphenone
(1680 cm ) was absent. Bands typical for OH group in benz-
hydrole were observed at app. 3600 cm™.

Terdazylium salt is known to be quantitatively converted
into RN* in the presence of GH20 and alkali excess, whereas
leucoverdazyl will undergo quantitative oxidation into the
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radical under similar conditions|29]. When adding the excess
of formaline and aqueous alkaline solutiog to some amount of
the reaction mixture,it was shown spectrophotometrically that
app. 10 % of RNYBr~ formation proceeded via the (4a)mecha-
nism and the rest seemed to occur through (4b).

CH.CN was distilled in the stream of methane under water-
jet pump wacuum, the residue was ground with ether (app.
50 ml) and the residue was separated (0,9 g) (Evaporation
was accompanied by intensive resin formatiog. Ether solu-
tion had light-green color suggesting that minor quanti-
ties of RN® were present.After the distillation of ether
and the solvation of the residue (0.7g), in ether triphenyl-
verdazyl is again converted into the verdazylium salt (due
to the reaction with HBr formed from PhZCHBr left in excess)
Verdazylium salt is readily isolated from the ether solution.
Both triphenylverdazyl and triphenylverdazylium salt are
absent in the ether solution obtained.Spectrophotometrical-
1y, by absorption at A ., Of RN-CHPh, and verdazylium salt,
formed under the influence of H2$04 on the solution obtained,
it was found that 0.27g of RN-CHPh2 was present in ether so-
lution (47% yield). Alkali does not change the color of the
solution, suggesting that the ether solution is lacking in
leucoverdazyl.

The ether was distilled off and the residue was repeat-
edly washed with methanol and hexane. On crystallization
from ether-hexane mixture (2:1) white small-size crystals
were obtained (RN—GHPhZ). Mixed sample with the preparation
obtained in the presense of metallic silver gives no tempe-
rature depression. Both preparations have identical electro-
nic and IR spectra,under the influence of mineral acids they
are quantitatively converted into the verdazylium salt and
are resistant to strong alkalies.

In the residue not dissolved in ether 0.1 g of triphenyl-
verdazyl and 0.22 g of RNYBr~ (45 % yield) were detected by
spectrophotometry. The availability of RNYBr was also con-
firmed by quantitative conversion into RN® (under the influ-
ence of CH20 end NaOH).
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b) Hydrobromic acid salt of 1.2,5,6~tetrahydro-1,3,5~
triphenyl-1,2,4,5-tetrazine (RNH-HBr). 1.9 g (0.008 mole)
of PhZCHBr was dissolved in 20 ml of CH5CN containing 0.5 M
H20 (ionization rate constant for PhacHBr in this solution
(k57) 1s 1.1-1072 &7). 0.55 g of RN® (0.0017 mole)
in 50 ml CHBCN was added and the solution was kept at room
temperature for several days. CH5CN was partially evaporated
and RNH.HBr was precipitated with benzene. 0.1 g of white
crystalline substance was obtained, m.p. 150-151°C (20%
yield). Mixed samples of this preparation and of that obtain=-
ed according to [26] showed no melting temperature depres-
sion. Alkali gives rapid conversion of the salt into the ra-
dical.
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pKBH+ - Values for two sets ot hypothetical
weak bases have been calculated using the methods
of Bunnett-Olsen and excess acidities suggested
by R.A. Cox and K. Yates. In H20 - H2804 as well
as in H20 - HClO4 the agreement between the pKBH+
- values obtained by the above methods is rather
good for not too weak bases which are half-proto-
nated in £ T0% H2804 or in (50% HClO4, respec-
tively. For very weak bases the pKBH+ -8 calculat-
ed by the methods studied differ from each other
remarkably, especially in the solvation parameter
m > 1,

The Bunnett-0lsen method has become a standard one for
estimating PKpy+ - values of weak bases (B):

where Ho is the Hammett acidity function, M is the molarity
of strong acid, and @ is the solvation parameter.

Recently a new, generalized method for the detemmination
of basicities in aqueous acid mixtures has been suggested
by R.A. Cox and K. Yates? :

-_— (2)



where C,+ is the concentration of hydrated protons in solu-
tion,m is the solvation parameter, and X is the "excess
acidity".

Both these methods are based on the free energy linear
relationship discussed in references -3

In this paper we are concerned with the question how close
to each other are the pKBH+ - values obtained from Eqgs. 1
and 2. The comparison of pKBH+ - values calculated by Eqgs.

1 and 2 is carried out for aqueous soélutions of H2804 and
HCIO4. In both cases the pKBH+ -8 obtained from a modified
Bunnett-Olsen treatment (using -log ay+ instead of Ho)

are also considered,

In order to estimate the magnitude of differences between
PKp+ (Eq.1) and PR+ (Eq.2) we chose two gets of hypothet-
ical weak bases which would be half-protonated in 20%, 40%,
60%, 80% H2504 (wt/wt) and in 20%, 30%, 50% HClO4 (wt/wt),
regpectively. Besides, we took into account the solvation
parameter denoted in Cox-Yates treatment as m*. using the
following values of m : 0.4, 0.6, 0.8, 1.0, 1.2, 1.4 and
1.6. The pKpy+-s for the bases chosen were calculated from
relationship °

*
pRpy+ (Eq.2)= -m X - log Cyt (3)

The following mathematical procedures including the calcula-
tion of longH+y[B] - values (in the range of 1 — - 1) and
using them for estimating the pKBH+ -8 by Eq. 1 were exactly
the same as used in our previous communication 5 where we
compared the pKBH+ -g obtained by Eq. 2 and MCP-method.

The differences

Dy = pKpy+ - PRpyt (4)

D,= pPKpy+ (Eq.1,replacing H, by - logay+ from ref.s)-

- pKpy+ (Eq.2) (5)
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and = pRgy+ (Eq.1, replacing H, by -log ay+ from ref.7)-
- pKpy+ (Eq.2) (s)

are given in Tables 1-4. The pKBH+ (Eq.2) - values used for

obtaining D2, and are listed i) for H20-50104 mix-

tures in Table 5 and ii) for H20~52s04 mixtures in Table

2 in references Table 1

The Differences D,(4) for the Bases Chosen
in H,O - H 804(25°C).

2 2
* for the bases half-protonated i
m agqueous HZSO4,containing H,50:
(wt/wt)
20% 40% 60% 80%
0.4 | 0.07 0.09 0.09 0.08
0.6 0.07 0.08 0.09 -0.15
0.8 | 0.08 0.05 0.10 -0.33
1.0 0.10 0.02 0.11 -0.52
1.2 0.12 -0.01 0.13 -0.68
1.4 0.14 -0.05 0.14 -0.90
1.6 0.16 -0.08 0.16 -1.10

Table 2
Tne Differences D2(5) and D,(6) for the Bases Chosen
in H2O-HESO4(25°C).

D2/D3 values for the bases half-protonated in aqueous
H,50,,containing H,50, (wt/wt)™’
20% 40% 60% 80%
0.4 0.06/0.08 0.06/0.09 — /0.07 -/1.46
0.6 0.05/0.08 0.05/0.09 — /0.03 -/1.27
0.8 0.05/0.09 0.03/0.08 — /+40.03 -/0.80
1.0 0.04/0.11 0.01/0.07 — /=0.09 -/0.95
1.2 0.04/0.12 0.00/0.06 =-0.17/=-0.17 -/0.58
1.4 0.04/0.13 -0.01/0.05 -0.27/-0.25 -/0.84
1.6 0.04/0.14 -0.02/0.03 -0.39/-0.34 -/1.00
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The D2-values were not calculated with Modro-Yates a

Bt =

- scale for the bases protonated in concentrated H2804
solutions because the corresponding ag+ = scale is
published up to 65% H2804 only.

The Differences D,(4) for the Bases Chosen

in H

0 - HClO4(25°C).

* Dy for the bases half-protonated in
m aqueous EC10, ,containing HGIOA(wt/wt)
20% 40% 60%
0.4 -0.11 -0.05 0.17
0.6 -0.16 -0.08 0.35
0.8 -0.21 -0.11 0.51
1.0 -0.23 -0.14 0.67
1.2 -0.25 -0.17 0.82
1.4 -0.25 0.19 0.97
1.6 -0.28 -0.22 1.11

T

Table 3

able 4

The Differences D2(5) and B3(6) for the Bases Chosen in

0 - HClO4(25°C)

The ratio for the bases half-protonated in
m" |aqueous HC10, containing HC10, (wt/wt)
20% 40% 60%

0.4 -0,03/-0.04 ~ /-0.14 ~ /-0.24
0.6 -0.03/-0.04 - /-0.24 - /=0.T7
0.8 -0.,02/-0.04 -0.21/-0.33 - /-1.71
1.0 -0,03/-0.05 -0.26/-0.41 - /-3.08
1.2 -0.03/-0.06 -0.31/-0.49 - /-4.88
1.4 -0.04/-0.07 -0.35/-0.55 - /=T.91
1.6 -0.04/-0.08 -0.40/-0.63 -/-10.80

Dz- values were not calculated with Modro-Yates
for the bases protonated in concentrated HC1O0, solutions be-
cause the corresponding ag+ scale is published up to 5&?

HC10. only®.
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Table 5

The pKpp+ (Eq.2)-Values for the Bases Chosen

in H20 - HClO4(25°C)

. PRpy+ (EQ.2) for the bases half-protonated

m  |in aqueous HC10, ,containing HClOu(wt/wt)
20% 40% 60%

0.4 -0.58 -1.46 -2.69

0.6 -0.69 -1.84 -3.56

0.8 -0.87 -2.21 -4.43

1.0 -0,92 -2.59 -5.30

1.2 - 0 =2.97 -6.16

1.4 -1,15 -3.34 -7.03

1.6 -1.26 -3.72 -7.90

Table 6
The Ratio of Solvation Parameters 1- b (Eq.1) and_

m (Eq.2) for the Bases Chosen in H,0-H,50,(25°C) )

. ( for the bases half-protonated in aqueous
m 2 4 containing H2804(wt/wt)
20% 40%

0.4 0.983 0.931 0.939 0.928
6.6 0.968 0.938 0.944 1.007
0.8 0.948 0.953 0.943 1.034
1.0 0.918 0.963 0.941 1.050
1.2 0.894 0.972 0.939 1.058
1.4 0.873 0.979 0.939 1.069
1.6 0.864 0.983 0.938 1.076

*)

8
Eq.1 with H, was used

133



Table 7

The Ratio of Solvation Parameters

*
1- @ (#q.1) and m (Eq.2) for the Bases
Chosen in H2O--HCIO4 (25°C)

(1-¢)/m for the bases half-protonated
* in aqueous HClO4,containing HClO4

m
20k A0% 60%
0.4 1.330 1.172 0.938
0.6 1.361 1.191 0.893
0.8 1.377 1.202 0.876
1.0 1.366 1.207 0.869
1.2 1.341 1.209 0.865
1.4 1.311 1.209 0.864
1.6 1.300 1.210 0.862
Bq.1 with H, B was used

Pables 1-4 show that the differences D,, D2' and all
are rather small for the bases half-protonated in not very
concentrated H 804 or HClO gsolutions. Only for the bases
having (#8*]= [B] in 70% H,S0, or in £50% HC10, equations
1 and 2 yield remarkably different pKpp+ - values, especlally
in the case if m*>1. Replacing H, in Eq.1 by the -log ag+,s
as suggested in reference ', does not lead to a definitely
better agreement between pKpp+ -8 calculated by Egqs. 1 and
2 (see Tables 2 and 4).

As pointed out by R.A. Cox and K. Yates the set of Ho-
indicators is not so "well-behaved" in perchloric as :.t is
in sulfuric acid, because in HZO—H01O4 the variations in m
values are larger than +0.1. One might thought that this
should result in larger D, values for H20—HCIO4 over H20—
—H SO . But in fact this turned out to be not the case: the
D values for both acids have approximately the same order
of magnitude (see Tables 1 and 3).
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The last point to be discussed is the relationship
between the solvation parameters used in Equations 1 and 2.
It should be noted that a lot of work has been done to
connect the @¢-values from Eq. 1 with solvation phenomena
occuring with the protonation of the bases studied. 10
According to reference 2 there should exist a reasonable
approximation m*= 1 =-¢ ,at least in aqueous sulfuric acid
gsolutions.Tables 6 and 7 show that the ratio (1-@)/m is
rather close to one in aqueous sulfuric acid solutions
but varies more in aqueous perr*'oric acid solutions.

Experimental

For H20-H2504 mixtures (25°C) the following empirical
equations have been used:

X = =1.21924(2-1) + 1.74213 (2%-1) - 0.629724(z3-1) +
+ 0.116376(2%1) - 0.0104567(2°-1) + 0.00036118(2z°-1)

0.01p

where Z = 10 and p is H2504% (wt/wt) <

Hy = 0.458774 - 5.97195(2-1) + 2.00607(z%-1) -
- 0.382031(27-1) + 0.0286362(2%1) - 0.000061536(2°=1)

where Z = 100‘010.

- log ay+ (from reference ° ) = 0.589863 - 19.3760(Z-1) +
+ 11.5959(2%-1) = 3.72915(2 1) + 0.493575(z%1) -
- 0.00373866(2°=1)

where Z = 100:01 P
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- log ay+ (from reference 7 ) = 0.567790 - 8.90602(2-1) +
+ 3.43493(2%-1) - 0.873866(23-1) + 0.0941722(2%=1) -
- 0.000456978(z8-1)
where Z = 100'O1p
Sulfuric acid concentrations expressed in %(wt/wt) were
converted into acid molarity (mole H2804 /dm3) by

M = 0.101752 p + 1.57523 . 10~% p cosh(p.10"2) +

+ 4.85216.10"%p2 + 2.8528.10"6p3

where p is H,S0, % (wt/wt) .

For H20-H0104 mixtures (25°C) the following empirical
equations have been used:

X = =0.745077(2=1) + 1.00915(2%=1) = 0.305916(2>-1) +
+ 0.0497385(Z4-1) - O.OO405171(Z5-1) + 0.000128552(Z6-1)

where 2 = 100°01®P and p 1s HC10,% (wt/wt). 2
H, = 0.182329 - 1.41855(z-1) - 1.06539(22-1) + 0.675690s"

«(23-1)

0.133463(z%-1) + 0.00153774(26-1)
where 2 = 10°°97P ang p is HC10,% (wt/wt).

- log ay+ (from reference 6 ) - 0.704273 - 15.7921(2-1) +
+ 7.41985(22-1) = 1.775298(2z3-1) + 0.125001(z%-1) +

+ 0.00143836(Z6-1)
where 2 = 102°0"P and p 1 HC10,% (wt/wt).
- log ay+ (from reference 1 ) = 0.717084 - 15.6461(2-1) +

+ 5.95144(22=1) = 0.719096(z3-1) - 0.106362(z%-1) +

0.00487287(28-1)
where 2 = 10°°9"P and p is HC10.% (wt/wt).



Perchloric acid concentrations expressed in  wt/wt)
were converted into acid molarity (mole HClO4 /dm3 by

M = p.(10.066 - 0.059826 p + 0.016604 -Yp)~ "

where p is HCIO4% (wt/wt).

All calculations were carried out on a "Nairi-2" computer.
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