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An investigation of antioxidant activity ratings for olefin-alkylated diphenylamine in lubricating oil formula- 
tions (in neopentyl glycol ester base stock) has shown that the presence of n-alkyl radicals in the diphenylamine mol -  
ecule has essentially no effect on the inhibiting activity of the amine, whereas the presence of a branched-chain 
radical reduces sediment formation in the oil when it is oxidized at 225~ for 10 h with an air feed rate of 50 m l /  
rain through 50 g of oil in the presence of metal  catalysts (Table 1). Such behavior of alkylated diphenylamines 
can be explained either by the difference in structure of the alkyl radical in the amine molecule or by a difference 
in its position on the benzene ring relative to the amine group. It is known from published information that, for ex-  
ample, alkylphenols with the alkyl substituents in the o-  and p-position are not identical in reactivity with respect 
to peroxy radicals [1]. 

The work reported here was aimed at investigating the composition of alkylates that were obtained, and at 
ascertaining the structural difference of the components making up these materials, by methods of adsorptive separa- 
tion, thin-layer chromatography (TLC), and IR spectroscopy. 

The alkytation was performed as a Friedel-Crafts  reaction with otefinic hydrocarbons (n-octane, n-nonene, 
and pure diisobutene). The characteristics of the alkylating agents are listed in Table 2. The methods used in the 
synthesis and in recovering the alkylate were described in [2]. 

For the TLC, the adsorbent was neutral chromatographic aluminum oxide of the second degree of activity, with 
a particle size < 325 mesh. The fixed layers were prepared from an aqueous suspension of the adsorbent with 5% 
gypsum. The ratio of water to aluminum oxide was 1.5: 1. The layers were deposited by means of a Stahl instru- 
ment. Plates 130 x 180 mm with a deposited layer 360 p m thick were first dried 20 rain at room temperature on a 
horizontal surface, then 3 h at 110~ 

TABLE I. Antioxidant Activity of Alkyl Derivatives of Di- 
phenylamine 

Inhibitor 

I Characteristic of oil 
�9 after oxidation 

viscos, acid No.~sedi- 
~ a n g e ,  mg /ment ,  

KOH/g /~ o _ ,  

N one 
Diphenylamine 
Ocwldiphenylamine 
Diobtyldiphenylamine 
Nonyldiphenylamine 
Is ooctyldiphenylamine 
Diisooctyldiphenylamine 

45,0 
20,50 
17,00 
17,30 
17,70 
22,80 
22,50 

6,80 
2,99 
2,10 i 
3,66 
2,32. 
2,19 
2,90 

0,08 
0,44 
0,50 
0,30 
0,59 
0,03 
0,02 
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TABLE 2. Physicochemical Characteristics of Olefins 
. . .  , 

Hydrocarbon bp, *C 1. isity lindex I 
0,714 1,4087 

0,72901 1,4160 

0,71871 1,4110 

n-Octene (99%) * 
n-l-Nonene* (70% 1-nonene, 

12% cis-2-nonene, 18% trans 
2-nonene) 

Diisobutene* (75% 2,4,4-tri- 
methyi-l-pentene, 25% 
2,4,4-trimethyl-2- 
pentene) 

120--1241 116 

144--1461 124 

101--1041 t15 

*Hydrocarbon composition determined by gas-liquid chromatog- 
raphy. 

TABLE 3. 

TLC char- 
acteristic 
~. 10o 

67--69 

64 

51--53 

47--48 

39 

30 

2 6  

~osition of Alkylate Obtained in Alkylation of Diphenylamine by Hydrocarbons, as Determined by TLC 

n-Octene n-Nonene Diisobutene 

alkyl derivative yield, % alkyi derivative yield, % 
of diphenylamine of  diphenyiamine 

o-Dioctyldi- 
phenyramine 

Unidentified 

o-Octyldiphenyl- 
amine 

Diphenylainine 

57 

Trace 

40 

2 

Corn 

"811<yI derivative yield' % 
of diphenylamine 

o-Dinonyldi- 
phenylamine 

Unidentified 

o-Nonyldiphenyl- 
amine 

16 

Trace 

48 

25 Diphenylamine 

m 

Unidentified 

p-Diisooetyidi- 
phenytamine 

p-Isooctytai- 
phenylamine 

Diphenylamine 

Trace 

89 

I0 

Trace 

TABLE 4. 

Alkyl derivatives of 
diphenylamine 

Physicochemical Characteristics of Alkyl Derivatives of Diphenylamine Separated by Adsorption 

Octylq [phenylamine 
Diocr ldiphdnylamine 
NonyI [iphenyIamine 
Dinon rldiphenvlamine 
Isooct~ rldiphenplamine 
Diisooetyldiphenylamine 

Re~ac. 
in~x mp, 

IL 1,550 278 
1,5224 387 
1,5536 306 
1,52~ 415 
m 47~--48 273 

I01,5 [ ~7 

Mol. wt. I 

found I calc. 

281 
393 
295 
421 
281 
393 

found 

c H 

85,90 9,96 
85,80 I I ,30  
85,67 10,01 
85,60 1"1,20 
85,90 9,72 
86,02 11,oo 

Elemental composition, 9o 

N C 

4,08 85,41 
2,90 85,49 
4,12 85,42 
3,00 85,51 
4,48 85,41 
2,91 85,49 

calc. 

H t N 
. r  . 

9 , 6 1 4 , 9 8  
10,95 3,50 
9,83 [4,75 
11,16 I 3,33 
9,6fl J 4,98 

10,95 I 3,66 

At the start line of the finished plate, a 2-/~ m layer of a 2% benzene solution of the alkylate test sample was 
deposited by means of a chromatographic microsyringe. The chromatography was carried out by the ascending method 
in a crystallizer with a ground-glass cover for 50 min with a mixture of cyclohexane, benzene, and acetone in 10 : 1: 
0.1 ratio; each of the solvent components was purified on aluminum oxide before use. To detect the substances be- 
ing analyzed, the plate was treated with iodine vapor. 

From the TLC data (Table 3), it can be seen that the atkylates that were obtained represent multicomponent 
mixtures, in which each component is characterized by a constant value of Rj" 100 for the given chromatographic 
conditions. 
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Fig. I. Spectrum of diphenylamine. 
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Fig. 2. Spectrum of dioctyldiphenylamine. 
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Fig. 3. Spectrum of diisooctyldiphenylamine. 

By adsorption chromatography on Grade ASK silica gel, the alkylates were separated into constituents (in ac-  
cordance with the values obtained for R]" 100) and were investigated by IR spectroscopy. 

The IR spectra were taken in an IR-20 spectrophotometer in a solution of cyclohexane and carbon tetrachloride 
with partial (incomplete) condensation of the solvent in the second channel of the instrument. All spectra were taken 
under identical conditions. On each of the spectra of the test products, a solid-silhouette spectrum was superposed 
representing the solvent under the same conditions. The fractions recovered by adsorptive separation were also ana-  
lyzed for elemental  composition and molecular weight. 

Compounds in the alkylated products characterized by Rf" 100 values of 51, 53, 56, and 64 on the TL chroma- 
togram were not identified, in view of the very small quantities (traces) that were available. 

From determinations of molecular weight and elemental  composition of the fractions of the n-octane alkylate 
characterized by Rf" 100 values of 47 and 69, it was demonstrated that these fractions corresponded respectively to 
mono-  and dialkyl derivatives of diphenylamine (Table 4). The IR spectra for these products indicate that the mole -  
cule of m0no-  or dialkyl derivative of diphenylamine contains alkyl substituents located in the ortho position with 
respect to the NH group. This interpretation is based on analysis of those changes occurring in the spectra of the in- 
dicated compounds in comparison with the spectrum of the unsubstituted diphenylamine (Fig. 1). 
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Fig. 4. Spectra of stretching vibrations of NH group for: a) diphenylamine; 

b) monoisooctyldiphenylamine; c) diisooctyldiphenylamine; d) monooctyldi- 

phenylamine; e) dioctyldiphenylamine. 

For example, the intensity of skeletal vibrations of the C= C bonds of the aromatic ring is significantly lower 

in the spectrum of the dioctyldiphenylamine (Figs. 2 and 3), which apparently indicates a breakdown of the conjuga- 

tion of the benzene ring with the unshared electron pair of the nitrogen in the NH group, which is blocked by an 

alkyl substituent in the ortho position [3]. 

The band in the region of 690 cm -I is entirely absent, and the unique absorption band in the region ~ 745 cm "l 

indicates the presence of four neighboring hydrogen atoms in the benzene ring, which confirms the presence of an 

ortho substituent in the molecule. 

The lower intensity of the absorption band in the 1300-cm "I region is explained by the increase in mass of the 

molecule. 

In the absorption region of stretching vibrations of the NH bonds (in the case of ortho-substitution), the band 

does not have the shape that is characteristic of unsubstituted diphenylamine (Fig. 4, curves a, d, and e); apparently 
here there is an influence of the formation of hydrogen bonds between the alkyl and the Nil group. 

The changes that have been noted in the spectrum of the dioctyldiphenylamine are somewhat less pronounced 

in the spectrum of the monooctyl derivative. 

A comparison of the chromatographic behavior of the nonyl derivatives of diphenylamine with the correspond- 
ing octyl derivatives has demonstrated that they behave identically; thus, we can assume that these compounds are 
structurally identical. Hence, we can conclude that, in the alkylation of diphenylamine with straight-chain olefins, 
the predominant point of hydrogen replacement in the benzene ring is the ortho position. 

The determination of molecular weight and elemental composition of the diisobutene alkylate components 
characterized by Rf" 100 = 30 and 39 showed that these components correspond to mono- and dialkyt derivatives of 
diphenylamine. The IR spectra taken under the same conditions as for the other compounds confirm para substitution 
in the benzene ring. Evidence is found in the changes observed (for example) in the spectra of the diisooctyldiphenyl- 

amine (Fig. 3), where the band in the region ~ 828 cm -I, which is characteristic for para substitution, is especially 

pronounced. The absorption bands in the 1500-1600-cm -I region, similar to those in the spectrum of the unsubsti- 

tuted diphenylamine, are very intense, since in para substitution the conjugation of the unshared electron pair of the 

amine nitrogen with the benzene rings is preserved. 

Changes in the spectrum of the monoisooctyldiphenylamine are somewhat less pronounced than those in the di- 

alkyl derivative. 

The band for the stretching vibrations of the NH group for both compounds is similar in shape to that for the 

unsubstituted diphenylamine, but less intense (see Fig. 4, curves a, b, and c). 

The spectroscopic data are closely related to the TLC data. In the IR spectrum of the unsubstituted diphenyl- 
amine in the region of skeletal vibrations of the C= C bond of the aromatic ring conjugated with the NH group, an 
intense absorption band is observed (see Fig. I). The presence of an n-alkyl group in the o-position with respect to 
the NH group causes a strong shielding of the latter, which is expressed as a sharp reduction in intensity of absorption 
in the 1500-1600-cm -I region in the IR spectra of the mono- and dialkyl derivatives (see Fig. 2), and in the thin- 
layer chromatogram as an increase in R/~ I00 for these compounds (in comparison with the unsubstituted diphenyl- 

amine), i.e., by a decrease in adsorptivity of the molecule due to shielding. 
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The introduction of one or two isoalkyi groups in the p-position with respect to the NH group of the diphenyl- 
amine molecule gives hardly any disturbance of the coordination of the benzene rings with the NH group, so that 
the IR absorption bands in the 1800-1600-cm "1 region for the isooctyldiphenylamine are similar in intensity to those 
for the unsubstituted diphenylamine. In the thin-layer chromatogram for the isooctyl derivatives, this is expressed 
by the fact that the value of Rf" 100 for the monoisooctyldiphenylamine is not significantly different from the value 
for the unsubstituted amine (see Table 8). When a second isoalkyl substituent is introduced, the value of Rf" 100 in- 
creases somewhat. This same general influence of alkyl-substituent position (relative to the functional group) on the 
adsorptivity of aromatic molecules was observed for alkylphenol [4]. 

Thus, it has been revealed that the alkyl derivatives obtained by alkylation of diphenylamine with olefins of 
different structures (normaland branched) are not the same in structure; specifically, o-isomers predominate in the 
first case, p-isomers in the second. 

S U M M A R Y  

1. A study has been made of the composition of alkylates obtained by alkylating diphenylamine with various 
olefins, with the use of a combination of TLC, adsorption, and IR spectroscopy. 

2. It has been shown that the alkylation of diphenylamine with straight-chain c~-olefins produces mainly mono-  
and dialkyl derivatives that are described structurally as o-substituted secondary aromatic amines. 

3. It has been shown that the alkylation of diphenylamine with branched-chain c~-olefins produces mainly 
mono-  and dialkyl derivatives that are described structurally as p-substituted secondary aromatic  amines. 
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