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Aliphatic amines catalyze the reaction of mercaptans and hydroperoxides to yield the corresponding disulfides, alcohols 
and water. The formation of alkylammonium salts of mercaptans and hydroperoxides was studied as possible explanation 
of this catalysis. Alkylammonium peroxides form a new clasts of hydroperoxide salts. They react with aromatic mercaptans 
a t  a very fast rate to yield alkylamines plus the same products EIB the amine-catalyzed mercaptan oxidation by hydroperoxide. 

Mercaptans can be oxidized by hydrogen per- 
oxide in a basic aqueous medium according to the 
following reaction equation2va 

2 RSH + Hi02 ----f RSSR + HoO 

It has been suggested in a U. S. Patent by John- 
stone' that hydrocarbon hydroperoxides react with 
mercaptans in hydrocarbons in a similar manner: 

2 RSH + R'02H + RSSR + R'OH + H*O 

This was confirmed by further examination of the 
latter reaction in this laboratory. The reaction pro- 
ceeded a t  a slow rate in the absence of catalysts at 
room temperature. Aliphatic amines were found 
to be very effective catalysts of the reaction. The 
1,1,3,3-tetramethylbutylamine catalysis of the 
oxidation of benzenethiol by t-butyl hydroperoxide 
is shown in Fig. 1. The mercaptan level curves in 
the presence of the amine indicate very fast mer- 
captan oxidation. In  the absence of an amine, no 
oxidation was evident after four hours. The rate of 
mercaptan oxidation was generally greater in the 
presence of primary amines than in the presence of 
tertiary amines. When the molar concentration of 
the 1,1,3,3-tetramethylbutylamine was decreased 
from twice to one-tenth of the mercaptan concen- 
tration, the rate of oxidation changed only slightly. 
The catalysis of the oxidation of n-dodecanethiol by 
t-butyl hydroperoxide in the presence of 1,1,3,3- 
tetramethylbutylamine is also shown in Fig. 1. 
The rate of oxidation of dodecanethiol in the pres- 
ence of the amine was much smaller than that of a 
similar system with benzenethiol. 

The oxidation of benzenethiol by bis-t-butyl per- 
oxide in the presence of 1,1,3,3-tetramethylbutyl- 
amine was also attempted under similar experi- 
mental conditions. No benzenethiol oxidation was 
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(2) G. Frerichs and E. Wildt, Ann , 360, 105 (1908). 
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(4) W. W. Johnstone, U. S. Patent 2,593,761 (1952). 
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observed after twenty-four hours standing of the 
reaction mixture. 

The amount of ptoluenethiol oxidized by styrene 
peroxide in the presence of bases has been used by 
Mayo and Milleld for analyses of styrene peroxide 
preparations. 

Base 
2 GH7SH + l/n [-OCH&H(C&)O-]n + 

GH7SSGHv + HOCHiCH( OH)CeH6 

Between 79432% of the theoretical mercaptan for 
the above was uniformly oxidized. 

In  this laboratory, the peroxide content of vari- 
ous hydrocarbon hydroperoxides was determined on 
the basis of the quantity of 2-naphthalenethiol 
oxidized to disulfide in the presence of 1,1.,3,3- 
tetramethylbutylamine. 

t-CsHnNHs 
2 CloHTSH + ROsH - 
The peroxide values obtained on the basis of this 
reaction were almost identical with those of the 
iodide method.% 

It was thought that salt formation of amines with 
mercaptans and hydroperoxides may be important 
in this catalysis. Therefore, in the following part of 
our work, these salts were studied. 

Gordy and Stanford' observed in 1940 that 
piperidine, cyclohexylamine, and tripentylamine 
form white crystalline solids when mixed with thio- 
phenol. In 1950, Grillot and Brooks* reported the 
synthesis of a number of secondary alkylammonium 
salts of aromatic thiols. Conductivity measure- 
ments in 95% alcohol have shown that these salts 
were somewhat ionized. In water, the salts were 
rapidly and nearly completely hydrolyzed. 

( 5 )  F. R. Mayo and A. -4. Miller, J. Am. Chem. Soc., 78, 
1023 (1956). 
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Oxidation of thiols by t-butyl hydroperoxide in the presence of 
Time (Hours) 

Fig. 1. 
various amines 

Added Compounds in Benzene Containing 
0.028 mole/l. &Butyl Hydroperoxide 

-Thiol, 
0,056 -Amine 

Symbols Mole/L. Mole/L. 
0 Benzene - Nil 
A Benzene 1,1,3,3-Tetramethylbutyl 0.112 

Benzene 1,1,3,3-Tetramethylbutyl 0.056 
Benzene 1,1,3,3-Tetramethylbutyl 0.0056 

v Benzene Tri-n-propyl 0.056 
0 n-Dodecane - Nil 

n-Dodecane 1,1,3-Tetramethylbutyl 0.056 

TABLE I 
ALKYLAMMONIUM THIOLATES 

Salt of Yield,b Calcd. Found 
KO. -Amine -Thiol Formula M.P." % C H S C H S  

I 
I1 

I11 

IV 
V 

VI 

VI1 
VI11 

IX 
X 

XI 

XI1 

n-Dodecyl 
n-Dodecyl 
n-Dodecyl 

n-Decyl 
n-Decyl 
2-Hydroxy- 

ethyl 
t-Octyl 
t-Octyl 
Cyclohexyl 
Cyclohexyl 
Tri-2-hydroxy- 

ethyl 
Triethvlenedi 

4-Toluene 
2-Naphthalene 
4-Chloroben- 

zene 
Benzene 
2-Naphthalene 

2-Naphthalene 
Benzene 
2-Naphthalene 
Benzene 
Phenylmethane 

2-Naphthalene 
Benzene 

CigH3jNS 89-90.5 84 
CnzH35NS 94-95.5 83 

Ci8H32NS 87-88.5 97 
CieHZsNS 87.5-89 85 
CzoH33NS 87-88.5 87 

CizHi6NS 84-86 75" 
CuHSNS 83-84 96 
CisHmNS 112-114 86 
CizHzbNS 122-125 84 
CiaHzTNS 56-58 85 

CieHzaNOaS 72-75 98d 
CizHmNzS 96.5-98.5 88 

73.72 
76.45 

65.51 
71.85 
75.65 

70.19 
70.23 
74.68 
68.84 
69.90 

- 
64.82 

11.39 10.36 73.96 
10.21 9.28 76.81 

10.40 9.72 66.05 
10.93 12.37 71.98 
9.84 10.10 75.60 

7.36 15.62 69.75 
10.54 13.4 70.64 
9.40 11.1 74.90 
9.15 15.3 69.01 
9.48 14.4 69.56 

- 10.4 - 
8.16 14.4 65.02 

11.40 
10.32 

9.89 
10.96 
9.77 

7.23 
10.45 
9.51 
9.31 
9.47 

- 
8.48 

10.46 
9.34 

9.62 
12.45 
10.28 

15.45 
13.2 
11.3 
15.5 
14.9 

9 .8  
13.9 .~ .. ~ 

a Uncorrected. From ethereal reaction mixture. From chloroform. From acetone. 

In this laboratory, it was found that both primary 
and tertiary aliphatic amines form colorless crys- 
talline salts with aromatic thiols in aliphatic 
hydrocarbons, ether, or acetone. Some physical and 
analytical data of the synthesized salts are shown 
in Table I. The salts were mostly prepared in ether. 
The salts of 2-hydroxyethylamine (ethanolamine) 
and tri-2-hydroxyethylamine (triethanolamine) 
were prepared in chloroform or acetone because 
these highly polar amines are insoluble in ether. 
The monothiophenolate of triethylenediamine (1,4- 
diazabicyclo [2.2.2]octane) was also prepared. When 

one mole of triethylenediamine was added to two 
moles of benzenethiol only the equimolar salt was 
formed. Phenylmethanethiol (benzyl mercaptan) 
also formed a crystalline salt with cyclohexylamine, 
but not with n-propylamine or tri-n-propylamine. 
n-Octanethiol did not form crystalline salts with the 
primary or tertiary propylamines either. This is in 
agreement with the decreased acidity of aliphatic 
thiols as compared with aromatic thiols. Aliphatic 
thiols according to Gordy and Stanford' form weak 
hydrogen bonds with alkylamines. 

In  the synthesis of the 2-hydroxyethylammonium 
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2-naphthalenethiolates, i t  was found necessary to 
minimize the contact with air. These salts, even 
after isolation and drying, turned yellow on stand- 
ing in the presence of air. The other alkylammo- 
nium thiolates were more stable. In hydrocarbon 
solution, these salts could be also oxidized by mo- 
lecular oxygen to yield the corresponding disulfides, 
amines, and water: 

4 R3K.HSR + 02 + 2 RSSR + 4 R3N + 2H20 

Solutions of mercaptans in the absence of amines 
are more difficult to oxidize under similar condi- 
tions. Alkylammonium thiolates are also thermally 
unstable; on heating they dissociate into the thiol 
and amine components. In this respect, they are 
similar to the alkylammonium  sulfide^.^ 

On the basis of the formation and properties of 
alkylammonium thiolates, the removal of aro- 
matic thiols from cracked petroleum distillates by 
treating them with anhydrous, oil-insoluble ali- 
phatic amines seemed possible. Experiments using 
5 vol. yo mono-, di- and triethanolamine showed 
substantial removal of the thiols from a light cata- 
lytically cracked heating oil of boiling range 190- 
330". 

It was thought a t  first that the catalyzed oxida- 
tion of mercaptans by hydroperoxides in the pres- 
ence of alkylamines is due to the formation of alkyl- 
ammonium thiolates as reactive intermediates. 
However, amines also catalyze the oxidation of ali- 
phatic thiols by hydroperoxides. The formation of 
salts between alkylamines and hydrocarbon hy- 
droperoxides was therefore examined as an alter- 
native explanation for the catalysis. 

Alkylammonium peroxides were unknown. Al- 
kylamines and hydroperoxides were reported to re- 
act on heating yielding alcohol and water.I0 The 
hydrogen atoms of the water were apparently ab- 
stracted from the amine. 

It was found in the course of this work that alkyl- 
amines and hydroperoxides react a t  room temper- 
ature to form alkylammonium peroxide salts. 

Table I1 shows a number of crystalline alkylam- 
monium peroxides synthesized in this laboratory. 
For the synthesis of crystalline peroxide salts of 
long straight chain alkylamines (e.g., cetylamine) 
the high melting crystalline 2J-dirnethylhexane 
2,5-dihydroperoxide could be used. Among the 
alkylamines, the high melting crystalline triethyl- 
enediamine, 1,4diazabicyclo [2.2.2]octane was par- 
ticularly suitable to form crystalline salts with 
liquid hydroperoxides such as butyl and phenyl- 
isopropyl hydroperoxide. 

A basic peroxide salt could be prepared by the 
addition of up to one mole of t-butyl hydroperoxide 
to one mole of triethylenediamine. Hexamethylene- 
tetramine and t-butyl hydroperoxide formed a salt 

(9) R. R. Bottoms, Ind.  Eng. Chem., 23, 501 (1931). 
(10) C. 77'. Capp and E. G. E. Hawkins, J. Chem. Soc., 

4106 (195:3). 

in 1 :2 molar ratio when mixed in a proportion of 
1 :4. On the other hand 1 mole of piperazine formed 
a salt with two moles of 2,5-dimethylhexane 2,5-di- 
hydroperoxide, leaving half of the hydroperoxy 
groups free. It is believed that the formation of 
these salts, which do not contain the amine and the 
hydroperoxide component in equivalent propor- 
tion, is due to steric factors. 

Crystalline salts of some heterocyclic bases (ac- 
ridine, phenazine) with 2,5-dimethylhexane 2,5- 
dihydroperoxide were also prepared. 

The salts were isolated as crystalline solids. 
The salts derived from tertiary hydroperoxides were 
stable. They usually melted without decomposition 
and did not lose their peroxide content on standing 
a t  room temperature. A secondary hydroperoxide 
derivative, triethylenediammonium tetrahydro- 
naphthyl peroxide, especially when impure, was un- 
stable on standing a t  room temperature. The per- 
oxide contents of some of the salts was determined 
by the iodide method6 and were found to be close to 
the theoretical. The salts are formed as precipitates 
when pentane solutions of the corresponding hy- 
droperoxide and triethylenediamine are mixed. 
They are usually quite soluble in toluene or ether a t  
room temperature but crystallize out of their solu- 
tions when cooled to -15 to -70'. All these salts 
can be conveniently isolated as crystals from cold 
toluene or ether. 

Characteristic infrared absorption spectra of 
alkylammonium peroxides in chloroform showed 
only weak absorption peaks for hydroperoxides at 
2.8 p (Table 111). This indicated the transfer of a 
proton of the hydroperoxy group to the amino nitro- 
gen. It was observed that the other absorption 
maxima of the hydroperoxides showed up in the 
corresponding salts. The absorption maxima of the 
amine components were usually also retained in 
their salts. For example in the triethylenediam- 
monium peroxides all of the absorption maxima of 
triethylenediamine were retained except a peak a t  
3.95 p. 

Other hydroperoxide-amine reactions yielded 
liquid salts. For example, 1,1,3,3-tetramethylbutyl- 
amine and phenylisopropyl hydroperoxide also re- 
acted exothermically and instantaneously on mix- 
ing. Their equimolar mixture showed the original 
peroxide content of phenylisopropyl hydroperoxide 
as determined by the iodide method. It was not pos- 
sible to crystallize the salt; even by cooling in a 
Dry Ice-acetone mixture. Determination of the 
infrared spectrum of the product showed the dis- 
appearance of the characteristic hydroperoxy peak 
(Fig. 2). This supports the salt structure. 

Equimolar mixtures of other alkylamines and 
hydroperoxides behaved similarly. Therefore, it is 
believed that salt formation between hydroper- 
oxides and aliphatic amines is a general reaction, 

Alkylammonium peroxides may be the active 
intermediates in the reaction of hydroperoxides with 
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TABLE I1 
N-SUBSTITUTED AMMONIUM ALKYL PEROXIDES 

Compounds 
Components 

Summary 
No. Mole Mole Formula 

I CisRa-NH2 2 HO%--C( CHm)z-(CHr)z-C( CHs)z-OzH 1 Cta&.sN~O4 
I1 N(CHpCHz)pN 1 (CHg)rC--OzH 2 C14HsiNz04 

Nitrogen Compound Hydroperoxide 

I11 N(CHz4H2)aN 1 

2 

1 
1 

IV N( CHz-CHz)aN 1 

V N( CHn-CHa)aN 1 HOz-C( CHg)1--( CHa)r-C( CHa)z-OzH 
VI CHs-N( CHz-CH2)zN-CRs 1 H02-C( CHs)n-( CHz)z-C( CHa)i-OzH 

VI1 HN(CHrCH2)zNH 1 HOrC(CHo)z--(CHz)z-C(CH~)z-OzH 2 
VI11 N( CHrCHi)aN 1 (C&)aC-O2H 1 

IX Hexamethylenetetramine 1 (CHs)aC-OzH 2 
X Hexamethylenetetramine 2 HOz--C( CHa)i--(CHz)2-C( CHs)z-OzH 5 

XI 2 HO2-C( CH*)z+CHz)z-C( C H i l A z H  1 
\ 

XI1 

Uncorrected. 

mercaptans in the presence of alkylamines. This is 
supported by the high reactivity of hydrocarbon 
solutions of the crystalline triethylenediammonium 
peroxides toward mercaptans. 

4 RSH + R'OzH.N(CHrCHz)sN.HOiR' + 
2 RSSR + 2 R'OH + N(CH2-CHz)sN 4- 2 HzO 

The reaction was followed by determination of the 
mercaptan concentrations. When aromatic thiols 
were used as reagents, the above salts showed per- 
oxide equivalents close to the theoretical (Table 
11). As expected, the addition of 1,1,3,3-tetrameth- 
ylbutylamine to  such reaction mixtures did not 
change the reaction rates. 

Further support for the peroxide salt intermedi- 
ates is given by the formation of bisperoxide salts 
from triethylenediamine with hydroperoxides and 
the monothiolate with bensenethiol. 

It is believed that the catalysis of mercaptan 
oxidation by alkylammonium peroxides may ex- 
plain the action of aliphatic amine oil-stabilizer 
additives such as Primene 81-R (mixture of terti- 
ary alkyl primary amines). Further studies in this 
respect will be reported in this series. 

EXPERIMENTAL 

The liquid mercaptans, olefins, and monoamines used in 
the experiments were vacuum distilled under nitrogen before 
use. The solid mercaptans were recrystallized from n- 
heptane. This was necessary to avoid catalysis or inhibition 
of the reactions studied by minor impurities. The triethyl- 
enedianiine was a 99% minimum substance from the Houdry 
Process Corp., Philadelphia, Pa. Phenylisopropyl and t- 

butyl hydroperoxides, from the Lucidol Division of the 
Wallace and Tiernan Corp., were used on the basis of their 
hydroperoxide content. 

Oxidation of l,i,S,S-tetramethylbutylammonium Bmph 
thalenethiolate by t-butyl hydroperoxide. To a stirred sue- 
pension of 15.0 g. (0.05 mole) of 1,1,3,3-tetramethylbutyl- 
ammonium 2-naphthalenethiolate in 290 ml. of toluene, a 
solution of 2.2 g. (0.025 mole) of t-butyl hydroperoxide in 
250 ml. of toluene was added. The resulting clear reaction 
mixture was saturated with hydrogen chloride and concen- 
trated to 200 ml. in vacuo. From the heterogeneous concen- 
tra te, 1,1,3,3-te trarneth ylbu tylammonium hydrochloride 
was extracted by two 100-ml. portions of 5% aqueous 
hydrochloric acid. Filtration and recrystallization yielded 
4.4 g. (86'3,) of bis-2-naphthyl disulfide, m.p. 139-140°, 
identified with another sample prepared by the peracetic 
acid oxidation of the thiol. The combined aqueous hydro- 
chloric acid extracts yielded 5.9 g. (91.4%) l,l,3,3-tetra- 
methylbutylamine hydrochloride of m.p. 230-236", which 
was treated with 2,4-dinitrobenzenesulfenyl chloride and 
identified as 2, bdinitrobenzenesulfenyl-N(1,1,3,3-tetra 
methyl)butylamide, m.p. 103-104'. 

Anal. Calcd. for CI4Hz1NS: C, 51.19; H, 6.44. Found: C, 
51.53; H, 6.78. 

Analysis by partition chromatography of another sample 
of the original reaction mixture showed that about 8570 
of the calculated t-butyl alcohol concentration was present. 
Karl Fischer water determination in a distillate of a sample 
gave 105% of the theoretical amount of water. 

Determination of perozide content of hydroperoxides and 
alkylammonium peroxides by the mercaptan method. About 
0.2 g. of the peroxide compound was dissolved in about 
20 ml. of benzene containing 0.25 mole/l. of 2-naphthalene- 
thiol. About 0.1 ml. of 1,1,3,3-tetramethylbutylamine was 
added to the solution and the reaction mixture was left to 
stand for 0.5 hr. to complete the reaction. Then an aliquot 
sample was titrated for thiol content with silver nitrate using 
a potentiometer having a silver-glass electrode pair. 

The reaction between the thiol and peroxide compound 
was usually completed in a few minutes in the presence of 
the 1,1,3,3-tetramethylbutylamine and waa indicated by 
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TABLE 11 (Continued) 

Yield, Calcd. Found Peroxide Content 
M.P.a Solvent '% C H N  C H N Mercaptan method Iodide method 

50-56 Toluene 73 72.67 13.41 4.24 72.58 13.31 4.11 94 
74-76 Ether 93 57.51 11.03 9.58 57.90 11.22 9.70 100 100 

87.5-88.5 Ether 96 69.20 8.71 6.73 69.54 8.89 6.63 99 99 

47-48 Ether 91 70.88 8.24 6.36 70.96 8.34 6.25 97 98 

- 

- 128-131 Ether 82 57.90 10.41 9.65 57.92 10.39 9.68 98 
Semisolid Toluene 86 57.50 11.03 9.58 57.48 11.10 9.12 - - 

74-75 Toluene 88 54.27 10.48 6.33 54.21 10.50 6.76 - - 
52-55 Ether 90 59.37 10.96 13.85 58.50 11.23 13.40 101 

74 dec. - 52 52.48 10.06 17.49 52.61 10.54 17.04 99 
88-90 Toluene 8 53.31 9.81 9.57 53.59 9.87 9.36 102 - 

104-105 Ether 92 76.09 6.76 5.22 76.24 6.93 5.20 96 

- 
- 

- 

- 90dec. Toluene 61 67.01 7.31 7.82 67.10 7.37 7.87 94 

TABLE I11 
CHARACTERIBTIC INFRARED ABSORPTION PEAKS' OF ALKYLAMMONIUU HYDROPEROXIDES 

Phenyliso- 
Phenyliso- propyl Tetrahydro- 

&Butyl Propyl Hydro- naphthyl Tetra- 
Hydro- Hydro- Phenyliso- peroxide + Hydro- hydro- 

&Butyl peroxide + peroxide + propyl Hy- 1,1,3,3- 1,1,3,3- peroxide + naphthyl 
Hydro- Triethylene- Triethylene- Triethylene- droperox- Tetramethyl- Tetramethyl- Triethylene- Hydrw 

peroxide* diamineb diamineb diamineb ideb butylamineC butylaminec diamineb peroxide* 

2 . 7 9 ~ s  2 . 7 8 ~  - 2 . 7 9 ~  2.79m - - 2 . 7 9 ~  2.79s 
2.88 s 2.91 vs - - - - 3.0  vw 3.0 m - 

- 6 . 2 0 ~ ~  6.20 w 6 .28m 6.28m 6 . 2 0 ~ ~  6 . 2 0 ~  6.11 s - 
6.65 s 6.65 8 6.68 s - 6.68 w 6.68 s 

6 . 8 0 ~ s  6 . 8 0 ~ s  6 .84s  6.84 s 6.80 w 6.80 s 6.80 s 6.85 w 6.85 s 
6.88 s 6.88 s 6.90 s - 6.92 w 6.90 s 

7 . 3 0 ~ s  7 . 3 0 ~  7.34m 7.33 8 7.30 s 7.34 8 7.34 8 7.34 w 7.32 w 
7.55vs 7.55s 7.56 s 7.56 s 7.51 s - - 7.56m 7.62s 

7.88 s 7.88 s 7.91 s - 7 . 8 7 ~ ~  7 . 8 7 ~  
8.13 w 8.13 m 8.05 vs 8.05 vs - - - 

8.42 vs 8.42 vs - - 
8.67 s 8.67 s 8.68 s 8.74 m 8.65 w 8.65 m 
9.05 w 9.05 w 9.06 w 8.95 w 8.95 w 

9.71 s 9.71 s 9.73m 9 . 7 3 ~  9 . 6 7 ~  9.67 m 

- - - - - - 3.95 m - - 

- - - 

- - - 

- - - 
- - 

- - - - - 
- - - 

- - - - 
9.44vs 9.45vs 9.45s 9.29 m 9 .32m 9 . 3 2 ~  9 .43s  9.35 s 

- 10.02 8 10.10 8 10.10 s - - - 10.08 w - - - - - 13.18 8 - - - - - - 14.33 vs 14.33 vs 14.36 s - - - 

- 
9.75 w - - 
- 

' m, medium; E, strong; v, very; w, weak. I ,  In chloroform. As such. 

the yellow coloration of the solution due to the disulfide 
formed. Hydroperoxide, yo 

as shown. Method &Butyl propyl naphthyl 
Analyses of some hydroperoxide samples gave the values Phenyliio- Tetrahydro- 

73 65 99 Mercaptan 
Iodide 74 63 101 

Some analytical values of triethylenediammonium perox- 

Preparation of alkyhmmonium thiolates. To 50 ml. of an 
ides are shown in Table 11. 
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3 4 
WWELENGTH (MICRONS) 

Fig. 2. Infrared spectrum of triethylene- 
diammonium phenylisopropyl peroxide (- .-. 
in chloroform as compared to that of tri- 
ethylenediamine (------) and phenylisopropyl 

hydroperoxide (-) 

ethereal solution of 0.05 mole of an aliphatic amine, 0.05 
mole of a thiol was added dropwise with shaking. The crys- 
talline precipitate formed was filtered by suction, washed 
with ether, and dried for 0.5 hr. a t  10 mm. in the presence 
of calcium chloride and parafin flakes. 

Oxygenation of i,I,S,S-tetrame6hylbutylammonium 2-naph- 
thalene thiolate. 1,1,3,3-Tetramethylbutylammonium 2-naph- 

thalenethiolate (13 g., 0.044 mole) was dissolved in 4000 ml. 
of 3: 1 benzene:n-heptane. The solution was oxygenated in a 
5000- ml. measuring cylinder using a sintered glass inductor 
and stirring. In 6 hr. the mercaptan concentration of the 
solution decreased to 10% of the original. By concentration 
in vacuo and crystallization, 6 g. (85%) of 2-naphthyl disul- 
fide was obtained. Hydrogen chloride introduction into the 
mother liquor resulted in the precipitation of 6.6 g. (90%) 
of 1,1,3,3-tetramethylbutylamine hydrochloride, m.p. 250- 
254“, identified as 1,1,3,3-tetramethylbutylammonium pic- 
rate, m.p. 177-180”. 

The amine content of the aerated reaction mixture was 
also determined by extraction using aqueous hydrochloric 
acid and was found to be 5.3 g. (93%). The water content 
of the mixture by the Karl Fischer method was 20 mg./ml. 
(120%) of the theoretical. 

When a solution of.0.84 g. (0.0044 mole) of 2-naphthalene- 
thiol in 100 ml. 3 : l  benzene:n-heptane mixture was aer- 
ated in the absence of amine, the thiol concentration de- 
creased to 87% of the original. 

Synthesis of triethylenediammonium alkyl peroxides. A 
hydrocarbon hydroperoxide (0.05 mole) was added to a 
solution of 2.8 g. (0.025 mole) of diazabicyclo[2.2.2]octane 
in 50 ml. of ether. A slightly exothermic reaction took place. 
The solution was cooled in a carbon dioxide-acetone mixture 
to crystallize the colorless triethylenediammonium alkyl 
peroxide which was removed by filtration with suction, 
washed with cold ether, and dried in a calcium chloride 
desiccator in vacuo. Yields and some physical and analytical 
data of the products obtained are shown in Tables I and 
11. 

Triethylenediammonium alkyl peroxides can be also 
synthesized in hydrocarbon solvents or in the absence of 
any solvent. Toluene and petroleum ether are particularly 
suitable solvents for the laboratory synthesis of triethylene- 
diammonium phenylisopropyl and tetrahydronaphthyl 
peroxides, respectively. 
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In the presence of alkylamines, mercaptans and indene are co-oxidized by molecular oxygen with a chain mechanism to 
form substituted 2-mercapto-l-indanols, disulfides and water, instead of substituted 2-mercapto-1-indanyl hydroperoxides. 
The initiation reaction forming the mercapto radicals may take place between alkylammonium thiolates and oxygen. The 
change of the reaction products is due to the catalysis by the amines of the oxidation of mercaptans by substituted 2-mer- 
capto-1-indanyl hydroperoxides. It is proposed that this catalytic action is important in the stabilization of some hydro- 
carbon fuels by alkylamines. 

It has been reported in this series that mercaptans 
and olefins are readily co-oxidized by molecular 
oxygen to form substituted 2-mercaptoethyl hydro- 
peroxides. 

(1) (a) Central Basic Research Laboratory, Esso Research 
and Engineering Co., Linden, h’. J. (b) Research Depart- 
ment, Imperial Oil Ltd., Sarnia, Ontario, Canada. 

RSH -k CHR’=”2’’ f 0 2  ---f 

R-S--CHR’-CR,”-O,H 

These hydroperoxides readily rearrange to  yield 
substituted 2-sulfinyl-ethanols. 

(2) A. A. Oswald, J .  Org. Chem., 24, 443 (1959). 


