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The presence  of an in t ramolecular  hydrogen bond (IHB) in o-aminomethylphenols  (OA MP) governs the 
specificity of their  physicochemical  proper t ies  [1-4] and their  unique behavior in chemical  react ions  [5-8]. 
The s t rong IHB between the phenolic hydroxyl group and the amino group lowers the react ivi ty of the lat ter  in 
cases  where it acts as a nucleophilic react ion center.  P r o c e s s e s  of this type include the format ion of t e t r a -  
a lkylammonium ssl ts  with alkyl halides,  i .e . ,  the Menshutkin reaction. This react ion is known for OAMP 
[9, 10], but its kinetics have not been studied. 

We have pe r fo rmed  a kinetic investigation of the react ion of alkyl halides with severa l  OA MP and also 
for  compar ison,  with dimethylbenzylamine (I), which has no IHB, in order  to elucidate the role of the lat ter  
in the nucleophilic react ivi ty of the amino group in (DAMP. We have obtained data on the react ion rate  in 
var ious  media,  which are  of in teres t  in that the strength of the IHB in (DAMP depends on the nature of the 
solvent [11]. 

The resul ts  presented in Tables  1 and 2 show the effect of changes in the s t ructure  of the OAMP and 
the alkyl halides on the react ion rate in ethanol. The rate constants for  react ions with aikyl iodides are 2-2.5 
t imes higher  than those for  react ions with alkyl bromides of the same s t ructure .  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 - B r  bond [13, p. 134]. As the num-  
ber of C atoms (m) in the alkyl radica ls  i nc reases ,  the rate constant k f i r s t  dec reases  and then becomes a lmost  
constant  at high m values. A smooth var iat ion in k is observed for n -a lky l - rad ica l s  (Fig. 1). Branching of the 
hydrocarbon chain resu l t s  in a sharper  decrease  in rate (see Fig. !) due to the negative influence of the s te r ic  
fac tor  on the react ion rate.  

Changes in the s te r ic  conditions in the nucleophilic reagent  are  also ref lected in the react ion rate.  For  
example,  rep lacement  of methyl  radicals  by Et and P r  on the nitrogen atom causes the Iogk  values' for  c o r -  
responding (DAMP (see Table 2) to deviate negatively by 0.34 and 0.58 f rom the BrSnsted equation 

! g k = 0 . 2 8 1 . p K ~ _ 6 . 6 1  (n-----6. r----0.974, s = 0 . 0 4 )  

This equation also descr ibes  the behavior of r ing-subst i tuted o-dimethylaminomethylphenols  in which the s te r ic  
conditions at the N atom are unaffected, whereas  a positive deviation (~logk = 0.35) f rom 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 6(rC 

h. t0  s, 
RX 

l i t e r / m o l e  �9 s e c  

MeI  
E t I  
E t B r  
n - P r I  
n - P r B r  
i -Pr I  
n - B u I  

984 
26,2 
9,56 
5,81 
2,82 
3,71 
5,09 

/ 

n - B u B r  
i -BuBr  
n - A m I  
n - A m B r  
n-CsH~TBr 
n-CgH,~Br 

h-i(} ~, 
l~X l i t e r / m o l e  �9 s e c  

2,47 
1,07 
4,82 
2,09 
2,43 
2,25 
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T A B L E  2. 
s t i tuted o - D i a l k y l a m i n o m e t h y l p h e n o l s  in Ethanol  at 60~ 

Alkyl 

Me 
Et 
Pr Me H 

p-MeO 

Rate  Cons tan ts  fo r  R e a c t i o n  of P r o p y l  B r o m i d e  with Sub- 

PKa 
(EtOH) 

mote �9 sec 

2,+7 fl t,06 Me 
0,50 Me 
2,58 Me 

%3O ill] 
7,10 [11] 
6,74 
7,10 [ii] 

y{ * PKa  
(EtOH) 

p-Me 7,30 
p-C1 6,65 
o-Me 6,05 
m-Me 7,35 

*Substituent in the benzene ring. 
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Fig. i. Plot of log k for reactions of o- 
d i m e t hy l a minome thy lpheno l  (II) with 
alkyl  ha l ides  (see Tab le  1) v e r s u s  the 
n u m b e r  of c a r b o n  a t o m s  m :  1) in a lkyl  
b r o m i d e s ;  2) in a lkyl  iodides .  

. k' 10 5, 
lter/ 

mole �9 sec 

I 2,61 
i,64 
i,32 
2,82 

Our  data a r e  in a c c o r d  with the r e s u l t s  obta ined in [17] f o r  the qua t e rn i za t i on  of s a tu r a t ed  and fi- and 
7 - subs t i t u t ed  ace ty l en i c  a m i n e s  with e thyl  iodide.  We obtained the fo l lowing c o r r e l a t i o n  between the ra te  
cons tan t s  obta ined  in [17] f o r  amines  with s i m i l a r  s t e r i c  condi t ions  at  the n i t rogen  a tom ( - E  N ~ 4,5):  

l gk  =0 .54 .pKa- -9 .31  ( r = 0 . 9 8 .  s = 0 . 0 6 ,  n = 4 )  

T h u s ,  when s t e r i c  condi t ions  a r e  cons tan t ,  one of the f a c t o r s  d e t e r m i n i n g  the nueleophi l ic  r eac t iv i ty  of  
amines  in qua t e rn i z a t i on  r e a c t i o n s  is t he i r  bas ic i ty .  

The d i f f e rence  in the behav iour  of b e n z y l a m i n e s  not hav ing  an IHB c o m p a r e d  with (DAMP shows up c l ea r ly  
when the e f fec t s  of the m e d i u m  on the r e a c t i o n  r a t e  a r e  s tudied.  The r e su l t s  obtained by inves t iga t ing  the 
k ine t ics  of the r e a c t i o n  of (I) and o - d i m e t h y l a m i n o e t h y l p h e n o l  (II) with p ropy l  b romide  in a n u m b e r  of so lvents  
a r e  given in Tab le  3. The m e d i u m  has  a g r e a t e r  e f fec t  on the r e a c t i o n  r a t e  in the case  of (I) than in the case  
of (II). The r eac t iv i t y  of (I) r e a c h e s  a m a x i m u m  in n i t r o m e t h a n e ,  in which  (II) has  r e l a t ive ly  low reac t iv i ty .  
The ef fec t  of the m e d i u m  on the r e a c t i o n  r a t e  of (II) is highly spec i f i c ,  the h ighes t  r a t e  cons tan t  being obtained 
in methanol .  

V a r i a t i o n s  in the ra te  of the Menshutkin  r e a c t i o n  in ap ro t i c  d ipo la r  so lvents  a r e  governed  by nonspec i f i c  
so lva t ion  of the r e a c t a n t s  and the t r ans i t i on  s ta te  [18]. In so lvents  capable  of f o r m i n g  h y d r o g e n  bonds with the 
r e a c t a n t s ,  spec i f i c  so lva t ion  b e c o m e s  i m p o r t a n t ,  which expla ins  the low reac t iv i t y  of the amines  when the 
Menshutkin  r e a c t i o n  is conducted in p r o t o n - d o n o r  media .  

The  ef fec t  of a p ro t i c  d ipolar  so lven ts  on the r e a c t i o n  r a t e  of (I) is analogous  to tha t  o b s e r v e d  fo r  s i m i l a r  
r e a c t i o n s  in [18, 19]. T h u s ,  fo r  example ,  t he re  is a c o r r e l a t i o n  be tween l o g k  fo r  (i) (Table 3) and l o g k  fo r  
the r e a c t i o n  of Me3N with p - n i t r o b e n z y l  b romide  [18] in ap ro t i c  d ipolar  so lvents  

lg k (I) -~ 0.804.1g k~Ie3N --3.20 (n = 6. r = 0.974. s = 0.2) 

While the r a t e  cons tan t  of (I) shows a t endency  to i n c r e a s e  in med ia  with a high d i e l ec t r i c  cons tant  (e), 
the dependence  of l o g k  on the Kirkwood funct ion [20] is not  adhe red  to in ap ro t i c  so lvents  with d i f fe ren t  p o l a -  
r i t i e s  (Fig. 2). The  Kirkwood equat ion  is appl icable  in a lcohol  med ia ,  despi te  the inf luence of spec i f i c  s o l v a -  
tion. F o r  the r eac t i on  of (I) it m a y  be r e p r e s e n t e d  in the f o r m  

lg k ~ 9.82 (s - -  l)l(2e -t- t) - -  8.96 (n = 5. r = 0.96. s = 0.05) 
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T A B L E  3. Rate Constants for Reaction of Dimethyibenzylamine ~) 
and o - D i m e t h y l a m i n o m e t h y l p h e n o l  (II) wi th  P r o p y l  B r o m i d e  in V a r i o u s  

So lven ts  a t  60~ 

Solvent 

M e 0 tt 
EtOH 
PrOH 
/-PrOH 
i-BuOH 
BuOH 
AmOH 
t-BuOH 
n-C~oHz~OH 

8, 25 ~ 

32,6 ['13] 
24,3 ['13] 
2o,'1 [t3] 
18,3 ['13] 
'17,7 [~3] 
t7,1 [13] 
i3,9 ['13] 
~2,2 [i41 

8,'12 ['15] 

h.t0% 
liter/m.ole- se__s 

(i) {u) 

6,00 3,32 
3,98 2,82 

2,40 
2,04 

3~6 2,39 2,07 
2,94 '1,66 
2,42 '1,93 

'1,38 

Solvent 

MeCN 
MeNOz 
Ph-NOz 
cyelo ~C611~0H 
MeCOPh 
n-PrBr 
MeC02Et 
C6H6 
O(CH2CH~)20 

I h.t0 5. 
liter/mole, sec 

8, 25 ~ 

(1) (iI) 

36,2 [t3] 2J,9 
38,6 [i3] 40,8 
34,8 [14] 12;4 
18,3 [i4] 7,06 
17,4 ['14] 9152 
8,09 r16] 
6,0 [i41 o-88 
2,3 [14] 0138 
2,2 ['14] 2,87 

O,7g 
0,7I 
0,80 
0,78 
0,71 
0,t4 

0,20 

T A B L E  4. A c t i v a t i o n  P a r a m e t e r s  f o r  R e a c t i o n  of P r o p y l  
B r o m i d e  wi th  Compounds  (i) and (II) in V a r i o u s  Media  

Medium Compound T., ~ h-t0L E, 
liter/mole -see kcal/mo!e lea 

EtOH 

MeCN 

MeCOPh 

(I) 

(n) 

(I) 

(ii) 

(I) 

(ii) 

47 
58 
60 
69 

45 
54 
60 
67 

45 
53 
60 

54 
60 
68 

60 
71 
82 
95 

60 
7t 
85 

t00 

1,64 
3~78 
3,98 
8,73 

0,72 
t,5i 
2,82 
4,85 

8,23 
14,8 
21,9 

0,53 
0,76 
2,03 

9,52 

19,2 I 32,6 
60,2 

0,7i 
t,35 I 2,71 
6,40 

t6,7 

t8,8 

t3,5 

21,I 

12,8 

13,6 

6,6i 

7,78 

5,22 

8,74 

4,38 

3,80 

Compound  (II) i s  l e s s  r e a c t i v e  than  (I) in a l l  the s o l v e n t s  i n v e s t i g a t e d ,  but  the r a t i o  k(I)/k(iI)  i s  c o n -  
s i d e r a b l y  g r e a t e r  in a p r o t i c  d i p o l a r  s o l v e n t s  than  in a l c o h o l s .  T h i s  b e h a v i o r  m a y  be due to  the  p r e s e n c e  of 
the IHB in (lI). The  s t r e n g t h  of the  IHB in O A M P  i n c r e a s e s  on p a s s i n g  f r o m  e thano l  to  m e d i a  such  a s  n i t r o -  
m e t h a n e  and a c e t o n i t r i l e  [11]. E v i d e n t l y ,  the r e a c t i v i t y  of (II) in the  v a r i o u s  m e d i a  d e c r e a s e s  c o n c u r r e n t l y  
wi th  the i n c r e a s e  in the s t r e n g t h  of the IHB. The  in f luence  of the  IHB p r o b a b l y  e x p l a i n s  the  low s lope  of the  
K i r k w o o d  p lo t  f o r  (II) in a l c o h o l s  

lg k = 5,55 (s - -  i)/(2e ~- t) - -  7.19 ( n = 9 .  r = 0 . 9 2 .  s = 0 . 0 5 )  

The  p r e s e n c e  of the  IHB i n c r e a s e s  the  a c t i v a t i o n  e n e r g y  (E) fo r  (II) c o m p a r e d  wi th  (I) (Table  4),  the  i n c r e a s e  
be ing  g r e a t e r  in s o l v e n t s  c apab l e  of i n c r e a s i n g  the s t r e n g t h  of  the IHB [11]. We a l s o  o b s e r v e  an i n c r e a s e  in 
E fo r  (I) in e thano l .  T h i s  i n d i c a t e s  tha t  i n t e r m o l e c u l a r  and i n t r a m o l e c u l a r  h y d r o g e n  bonding  wi th  a m i n e s  has  
a s i m i l a r  e f f ec t  on the va lue  of E in the /VIenshutkin r e a c t i o n .  An i n c r e a s e  in E f o r  the  Menshu tk in  r e a c t i o n  in 
MeOH c o m p a r e d  wi th  D M F  has  a l s o  been  o b s e r v e d  in [21]. 

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

The e x p e r i m e n t s  w e r e  p e r f o r m e d  u s i n g  o - a m i n o m e t h y l p h e n o l s  (OAMP) p r e p a r e d  a s  in [2] and f r e s h l y  
d i s t i l l e d  a l k y l  h a l i d e s ;  the  s o l v e n t s  w e r e  p u r i f i e d  by known m e t h o d s .  
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TABLE 5. P r o p e r t i e s  and Ana lyses  of Qua te rna ry  Ammonium Salts 
of o -Dime thy laminomethy lpheno lwi thAlky l  Halides 

Alkyl Halide 

l- 
Br- * 
I- 2- 

Mo 
Et 
n-Pr 
n-Pr 
n-Bu 

Yield, 

99 
60 
40 
98 
50 

40,22 
42,96 
52,65 
45,10 
46,75 

~ound. % 

5,t9 
6,22 
7,39 
6,t0 
6,54 

4,69 
4,83 
4,76 
4,49 
4,20 

I Calculated. % ,.. 

G 

40,96 
43,00 
52,55 
44,86 
46,57 

5,45 I 458 5,86 4,56 
7,30 5,1i 
6,23 4,36 
6,57 4,18 

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

The reac ion  Mnetics we re  studied on the bas is  of the va r ia t ion  in the (DAMP concentra t ion,  which was 
de te rmined  by po ten t i0met r ic  t i t ra t ion  in s am p le s  with 0.1 N HC1 in absolute ethanol. The initial concen t ra -  
tion of the (DAMP in the e x p e r i m e n t s  was 0.02-0.04 mole / l i t e r ,  and that of the alkyl hal ides was 0.6-1.0 m o l e /  
l i t e r ,  and that  of the alkyl hal ides  was  0.6-1.0 moleAi te r .  In the p r e sence  of excess  alkyl hal ide,  the reac t ion  
ra te  was desc r ibed  by a f i r s t - o r d e r  kinetic equation. The b imolecu la r  ra te  constants  were  obtained by divid-  
ing the f i r s t - o r d e r  ra te  constants  by the alkyl halide concentrat ion.  The Ar rhen ius  p a r a m e t e r s  were  d e t e r -  
mined f r o m  the data in Tab le s  3 and 4. The pK a values  of the (DAMP in ethanol we re  de te rmined  as  in [11]. 

F o r  some of the (DAMP the qua te rn iza t ion  products  we re  p r e p a r e d  and c h a r a c t e r i z e d  (Table 5). The 
products  we re  isola ted as follows: an equ imola r  mix tu re  of the r eac tan t s  was boiled in absolute ethanol for  
2 h and the product  was prec ip i ta ted  with e the r ,  d issolved in acetone and rep rec ip i t a t ed  twice with e ther .  

CONCLUSIONS 

I. 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 sterie conditions in the nucleo- 
phil ic and e lee t roph i l i c  r eagen t s ,  the bas ic i ty  of the nucleophile ,  the length and degree  of branching of the 
hydroca rbon  chains in the alkyl  ha l ides ,  and on the p re sence  of an i n t r amolecu la r  hydrogen bond (IHB} between 
the amino ni t rogen a tom and the phenolic hydroxyl  group. 

2. The sharp  d e c r e a s e  in the reac t iv i ty  of the o -aminomethy lphenols  compared  with the benzylamine in 
protonic  dipolar  solvents  is due to an inc rease  in the s t rength  of the IHB in these  media .  

3. Compared  with apro t ic  d ipolar  so lvents ,  the reac t iv i ty  of o -d imethylaminomethylphenol  in alcohols 
is inc reased  due to weakening of the IHB. Dimethylbenzylamine  has  low reac t iv i ty  in alcohols due to its 
spec i f ic  solvat ion by alcohols .  
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POLYENE COMPOUNDS AS FREE-RADICAL ACCEPTORS 

�9 T. Kasaikina, Z. S. Kartasheva, 

and A. B. Gagarina 
UDC 541.127:541.515:547.979.8 

In chain react ions  involving oxidation with molecu la r  oxygen, organic  compounds are  consumed mainly 
as a resu l t  of react ion with f r ee  radica ls  in the chain propagation step. The overal l  reac t ion  rate  depends to 
a considerable  extent  on the rate of this e l ementa ry  step. The object of the p resen t  work has been 1:o de t e r -  
mine the kinetic p a r a m e t e r s  and rate  constants for  the react ion of f i -carotene (At) and r e t i n y l  acetate (A2) with 
var ious  types of f ree  radica ls  and to compare  the reac t iv i t ies  of isolated and conjugated unsaturated bonds; 
this is a ne c e s sa r y  step in the sea rch  for  antioxidants which will stabil ize these valuable and eas i ly  oxidized 
substances.  

EXPERIMENTAL 

The fi-carotene (At) and retinyl acetate (A2) 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 [I]. The free- 
radical sources were azobisisobutyronitrile (AIBN) and dicyclohexyl peroxydicarbonate (PC). The rate of radi- 
cal formation by thermal decomposition of the initiators (wi) was calculated using the formulas 

zo AIBN = 1.2.1.58.1015 exp (--30 800//~T).[ AIBN ] mole/liter- sec [2] 

w PC ~ e. I0 I~ ~4 exp (--28 700//{ T) [PC ] mole/liter, scc [3] 

where e = 0.9 in benzene [4], 1.35 in m-xylene, and 1.4 in ethylbenzene [3], 

DISCUSSION OF RESULTS 

We obtained kinetic curves  for  consumption of the polyenes in var ious  solvents over  a wide range of ini-  
t ial  concentrat ions (10-~-10 -3 mole/ l i ter)  and f r e e - r a d i c a l  initiation ra tes  (10-8-10 -~ mo le / l i t e r ,  sec).  Analy-  
sis of the kinetic equations for  the consumption of the hydrocarbon during initiated oxidation, taking into 
account the e l ementa ry  react ions  of the p r ima ry  init iator radica ls  (I') and the hydrocarbon being oxidized in 
the steps of chain init iation, propagat ion,  and terminat ion  [1], showed that the most  suitable equations for  
de termining  the rate  constants for  react ion of the f ree  radica ls  with the hydrocarbon are  Eqs.  (I) and (II), which 
are  obeyed when W A << w i and WA > w i respec t ive ly  
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