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The presence of an intramolecular hydrogen bond (IHB) in o-aminomethylphenols {OA MP) governs the
specificity of their physicochemical properties [1~4] and their unique behavior in chemical reactions [5-8].
The strong [HB between the phenolic hydroxyl group and the amino group lowers the reactivity of the latter in
cases where it acts as a nucleophilic reaction center, Processes of this type include the formation of tetra-
alkylammonium salts with alkyl halides, i.e., the Menshutkin reaction. This reaction is known for OAMP
[9, 10], but its kinetics have not been studied.

We have performed a kinetic investigation of the reaction of alkyl halides with several CAMP and also
for comparison, with dimethylbenzylamine (I), which has no IHB, in order to elucidate the role of the latter
in the nucleophilic reactivity of the amino group in OAMP, We have obtained data on the reaction rate in
various media, which are of interest in that the strength of the IHB in OAMP depends on the nature of the
solvent {117,

The results presented in Tables 1 and 2 show the effect of changes in the structure of the OAMP and
the alkyl halides on the reaction rate in ethanol. The rate constants for reactions with alkyl iodides are 2-2.5
times higher than those for reactions with alkyl bromides of the same structure. This was to be expected,
since the tendency to undergo anionic cleavage increases as the atomic number of the halogen increases [12],
probably due to the fact that the C—I bond has a lower energy than the C—Br bond [13, p. 134], As the num-~
ber of C atoms (m) in the alkyl radicals increases, the rate constant k first decreases and then becomes almost
constant at high m values. A smooth variation in k is observed for n-alkyl-radicals (Fig. 1). Branching of the
hydrocarbon chain results in a sharper decrease in rate (see Fig. 1) due to the negative influence of the steric
factor on the reaction rate.

Changes in the steric conditions in the nucleophilic reagent are also reflected in the reaction rate. For
example, replacement of methyl radicals by Et and Pr on the nitrogen atom causes the logk values for cor-
responding OAMP (see Table 2) to deviate negatively by 0.34 and 0.58 from the Brdnsted equation

lgk =0281.pK, — 6.61 (n=6. r =0.974 s = 0.04)

This equation also describes the behavior of ring-substituted o-dimethylaminomethylphenols in which the steric
conditions at the N atom are unaffected, whereas a positive deviation (Alogk = 0.35) from this equation is ob~
served for (I) (Table 3) due to the absence of an IHB,

TABLE 1, Rate Constants for Reaction of
o-Dimethylaminomethylphenol (II) with Alkyl
Halides (RX) in Ethanol at 60°C

B0 R-105
X S RX N
R liter /mole - sec liter /inole - sec
14

Mel 984 n-BuBr 247
Etl 26,2 i-BuBr 1,07
EtBr 9,56 n-Aml 4,82
n-Prl 581 n-AmBr 2,09
n-PrBr 2,82 n-CsH;Br 2,43
i-Prl 3,71 n-CgHysBr 2,25
n-Bul 5,09
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TABLE 2. Rate Constants for Reaction of Propyl Bromide with Sub-
stituted o-Dialkylaminomethylphenols in Ethanol at 60°C

. K, BeA05, pK B405,
Alkyl R (BtOH) lter/ [ ALkyl R @mom  |liter/
mole - sec| mole - sec
Me H 7,30 [11] 2,87 Me p-Me 7,30 2,64
Et H 7,10 {111 1,06 Me p-Cl 6,65 1,64
Pr H 6,74 0,50 Me o-Me 6,05 1,32
Me p-MeO 7,40 [11] 2,58 Me m-Me 7,35 2,82

*Substituent in the benzene ring,
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Fig. 1. DPlot of logk for reactions of o-
dimethylaminomethylphenol (IT) with
alkyl halides (see Table 1) versus the
number of carbon atoms m: 1) in alkyl
bromides; 2) in alkyl iodides,

Our data are in accord with the results obtained in [17] for the quaternization of saturated and 8- and
Y-substituted acetylenic amines with ethyl iodide, We obtained the following correlation between the rate
constants obtained in [17] for amines with similar steric conditions at the nitrogen atom (—Ey ~ 4.5):

lgk = 0.54-pK, —9.31 (r = 0.95. s = 0.06. n = 4)

Thus, when steric conditions are constant, one of the factors determining the nucleophilic reactivity of
amines in quaternization reactions is their basicity.

The difference in the behaviour of benzylamines not having an IHB compared with OAMP shows up clearly
when the effects of the medium on the reaction rate are studied, The results obtained by investigating the
kinetics of the reaction of (I) and o-dimethylaminoethylphenol (IT) with propyl bromide in 2 number of solvents
are given in Table 3. The medium has a greater effect on the reaction rate in the case of (I) than in the case
of (I). The reactivity of (I) reaches a maximum in nitromethane, in which (II) has relatively low reactivity.
The effect of the medium on the reaction rate of (II) is highly specific, the highest rate constant being obtained
in methanol.

Variations in the rate of the Menshutkin reaction in aprotic dipolar solvents are governed by nonspecific
solvation of the reactants and the transition state [18]. In solvents capable of forming hydrogen bonds with the
reactants, specific solvation becomes important, which explains the low reactivity of the amines when the
Menshutkin reaction is conducted in proton-donor media.

The effect of aprotic dipolar solvents on the reaction rate of () is analogous to that observed for similar
reactions in [18, 19]. Thus, for example, there is a correlation between logk for (I) (Table 3) and logk for
the reaction of MesN with p-nitrobenzyl bromide [18] in aprotic dipolar solvents

Ig & (I) = 0.804-1g yey —3.20 (n = 6. r = 0.974. 5 = 0.2)

While the rate constant of (I) shows a tendency to increase in media with a high dielectric constant (g),
the dependence of logk on the Kirkwood function [20] is not adhered to in aprotic solvents with different pola-
rities (Fig. 2). The Kirkwood equation is applicable in alcohol media, despite the influence of specific solva-
tion. For the reaction of (I) it may be represented in the form

gk = 9.82 (¢ — 1)/(26 + 1) — 8.96 (n = 5. r = 0.96. s = 0.05)



TABLE 3. Rate Constants for Reaction of Dimethylbenzylamine ()
and o-Dimethylaminomethylphenol (II) with Propyl Bromide in Various
Solvents at 60°C

10, 7 -105.1
i . liter /fmole -sec
Solvent . 25 liter /mole- sec Solvent s 25

(I l (11} () (h
MeOH 32,6 [13] | 6,00 3,32 MeCN 36,2 [13] 21,0 | 0,78
EtOH 243 [131 | 3,98 2,82 MeNO, 38,6 [13] 40,8 10,71
PrOH 20,1 [13] - 2,40 Ph—-NO; 34,8 [14] 12,4 0,80
-PrOH 18,3 131 - 2,04 cyclo ~CeHy;OH | 18,3 [14] 7,06 0,Z§
i-BuOH 17,7 [13] - 2,59 MeCOPh 17,4 [14] 9,52 1 0,71
BuOH 17,4 [13] 3,26 2,07 n-PrBr 8,09 [16] - 0,1%
AmQH 13,9 [13] 2,94 1,66 MeCOEt 6,0 [14] 0,88 -
t-BuOH 12,2 [14] 2,42 1,93 CeHs 2,3 [14] 0,38 } -
#-CoHasOH 812151 | — 1,38 O(CHCH0 | 22[14] | 287 | 0,20

TABLE 4. Activation Parameters for Reaction of Propyl
Bromide with Compounds (I) and (II) in Varicus Media

: d . Re408, E, .
Medium | Compoun , G Jiter /mole - sec | keal/mole g4
EtCH 8} 47 ‘ 1,64 16,7 6,61
58 3,78
60 3,98
69 8,73

(1D) 45 0,72 18,8 7,78
54 1,51
60 2,82
67 4,85

MeCN (N 45 8,23 13,5 5,22
53 14,8
60 21,9

(Im 54 0,53 21,1 8,74
60 0,76
68 2,03

MeCOPh (n 60 9,52 12,8 4,38
71 19,2
82 32,8
95 60,2

(In 60 0,71 13,6 3,80
71 1,35
85 2,74
100 6,40

Compound {II) is less reactive than (I) in all the solvents investigated, but the ratio k(I)/k(II) is con~
siderably greater in aprotic dipolar solvents than in alcohols. This behavior may be due to the presence of
the IHB in (II). The strength of the IHB in CAMP increases on passing from ethanol to media such as nitro-
methane and acetonitrile [11]. Evidently, the reactivity of (I) in the various media decreases concurrently
with the increase in the strength of the IHB. The influence of the IHB probably explains the low slope of the
Kirkwood plot for (If) in alcohols

lgk = 5.55 (& — 1)/(2e + 1) — 749 (n = 9. r = 0.92. s = 0.05)

The presence of the IHB increases the activation energy (E) for (II) compared with (I) (Table 4), the increase
being greater in soivents capable of increasing the strength of the IHB [11]. We also observe an increase in
E for (I) in ethanol. This indicates that intermolecular and intramolecular hydrogen bonding with amines has
a similar effect on the value of E in the Menshutkin reaction, An increase in E for the Menshutkin reaction in
MeCH compared with DMF has also been observed in [21].

EXPERIMENTAL

The experiments were performed using o-aminomethylphenols (OAMP) prepared as in [2] and freshly
distilled alkyl halides; the solvents were purified by known methods,
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TABLE 5. Properties and Analyses of Quaternary Ammonium Salts
of o-Dimethylaminomethylphenol with Alkyl Halides

. Yield, Found, % Calculated, %
Alkyl Halide %
¢ c { H N ¢ H N
Me I- 99 40,22 5,19 4,69 40,96 5,45 4,78
Et i- 60 42,96 6,22 483 - 43,00 5,86 4,56
n-Pr Br— * 40 52,65 7,39 476 52,55 7,30 5,11
n-Pr I- 98 45,10 6,10 449 44,86 6,23 4,36
n-Bu I~ 50 46,75 6,54 4,20 46,57 6,57 4,18

*Found: Br 29.36%. Calculated: Br 29.20%.

The reacion kinetics were studied on the basis of the variation in the CAMP concentration, which was
determined by potentiometric titration in samples with 0,1 N HCI in absolute ethanol. The initial concentra-
tion of the OAMP in the experiments was 0.02-0,04 mole/liter, and that of the alkyl halides was 0.6-1.0 mole/
liter, and that of the alkyl halides was 0.6-1.0 mole/liter. In the presence of excess alkyl halide, the reaction
rate was described by a first-order kinetic equation. The bimolecular rate constants were obtained by divid-
ing the first-order rate constants by the alkyl halide concentration. The Arrhenius parameters were deter-
mined from the data in Tables 3 and 4, The pK, values of the OAMP in ethanol were determined as in [11],

For some of the OAMP the quaternization products were prepared and characterized (Table 5). The
products were isolated as follows: an equimolar mixture of the reactants was boiled in absolute ethanol for
2 h and the product was precipitated with ether, dissolved in acetone and reprecipitated twice with ether,

CONCLUSIONS

1. The kinetics of the reaction of o-aminomethylphenols and dimethylbenzylamine with alkyl halides have
been studied. The rate of quaternization of the amino group depends on the steric conditions in the nucleo-
philic and electrophilic reagents, the basicity of the nucleophile, the length and degree of branching of the

hydrocarbon chains in the alkyl halides, and on the presence of an intramolecular hydrogen bond (IHB) between
the amino nitrogen atom and the phenolic hydroxyl group.

2. The sharp decrease in the reactivity of the o-aminomethylphenols compared with the benzylamine in
protonic dipolar solvents is due to an increase in the strength of the IHB in these media,

3. Compared with aprotic dipolar solvents, the reactivity of o-dimethylaminomethylphenol in alcohols
is increased due to weakening of the IHB. Dimethylbenzylamine has low reactivity in alcohols due to its
specific solvation by alcohols,
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POLYENE COMPOUNDS AS FREE-RADICAL ACCEPTORS

O. T. Kasaikina, Z., S, Kartasheva, UDC 541,127:541,515:547.979.8
and A, B. Gagarina

In chain reactions involving oxidation with molecular oxygen, organic compounds are consumed mainly
as a result of reaction with free radicals in the chain propagation step. The overall reaction rate depends to
a considerable extent on the rate of this elementary step. The object of the present work has been {o deter-
mine the kinetic parameters and rate constants for the reaction of f-carotene (A1) and retinyl acetate (A,) with
various types of free radicals and to compare the reactivities of isolated and conjugated unsaturated bonds;
this is a necessary step in the search for antioxidants which will stabilize these valuable and easily oxidized
substances.

EXPERIMENTAL

The f-carotene (A4) and retinyl acetate (A,) were commercial products from Hoffmann La Roche (Basle)
and Serva (Heidelberg). The concentration of the polyenes was determined from the optical density of the solu-
tions at the long-wave absorption maxima., The experiments were carried out as described in [1]. The free-
radical sources were azobisisobutyronitrile (AIBN) and dicyclohexyl peroxydicarbonate (PC), The rate of radi-
cal formation by thermal decomposition of the initiators (wj) was calculated using the formulas

wABN = {.2.4.58.10% exp (—30 800/RT).[ AIBN 1 mole/ liter- sec [2]
wa = ¢.101 # exp (—28 T00/RT) [PC] mole fliter-sec (3]

where e = 0.9 in benzene [4], 1.35 in m-xylene, and 1,4 in ethylbenzene [3],

DISCUSSION OF RESULTS

We obtained Kkinetic curves for consumption of the polyenes in various solvents over a wide range of ini-
tial concentrations (107%—~107? mole/liter) and free-radical initiation rates (10~8~107¢ mole/liter - sec). Analy~-
sig of the kinetic equations for the consumption of the hydrocarbon during initiated oxidation, taking into
account the elementary reactions of the primary initiator radicals (I') and the hydrocarbon being oxidized in
the steps of chain initiation, propagation, and termination [1], showed that the most suitable equations for
determining the rate constants for reaction of the free radicals with the hydrocarbon are Egs. (I) and (II), which
are obeyed when WA <« w; and W4 > w; respectively
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