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N-SﬁBSTITUTED-THIO ALXYL PHENOTHIAZINES

BACKXGROUND OF THE INVENTION

1. Field of the Invention L

The compositions of the present invention are useful
as oxidation inhibitors acting as oxygen-acceptors,
peroxide decomposers and electron transfer agents in
anti-oxidant processes.

2. Description of the Art

Phenothiazine compounds are known in lubricant.
products from the United States. Patent 2,781,318 issued
-Fébruary 12, 1957 to Cyphers. The alkyl phenothiazines of
Cyphefs are alkvlated on the phenylene rings of the
phenothiazine structure. Cyphers does not show or suggest
the alkylation of the amine nitrogen in phenothiazine.
The Cyphers patent 1is difected to the utility of:
phenothiazine as an antioxidant and corrosion inhibiting
additive for ester, 'polyester, polyether and other

synthetic lubricants. .

| United States Patent 3,536,706 issued October 27,
1970 ‘to Randell suggests that phenothiazines may be used
as additives for synthetic lubricants. The phenothiazines
'particularly described by Randell are those containing
tertiary alkyl substituents having from 4 to 12 carbon
atoms on the afyl groups which make up the phenothiazine
structure. Randell also discloses fused rings on the two
phenylene groups which make up the phenothiazine
structure. Stated otherwise, . Randell allows the
utilization of naphthalene for at least one of the .two
arvl groups in the phenothiazine structure.

United States patent 3,803,140 issued to Cook et al
on April 9, 1974 descrikes various tertiéry alkyl
derivatives of phenothiazine. N-alkyl subst;tutibn or
N~alkenyl substitution is described on the phenothiazine
structure. Ring alkvlation when the phencthiazine is in
the free nitrogen form is also shown. Cook et al express
a preference for ncn-N substituted phenothiazine

derivatives.



Cook et al also suggest that organic materiais which
are susceptible to oxidative degradation may benefit
through the use c¢? the compounds of their invention. Such
uses include antioxidants for aliphatic hydrocarbons such
as gasoline, lubricating oils, lubricating greases,
mineral oils, waxes, natural ané synthetic polymers such
as rubber, vinvl, vinylidene, ethers, esters, ainides and
urethanes. The ccmpounds of Cook et al are also suggested
for stabilizing aldehydes, and unsaturated fatty acids or
esters thereof. Still further utilities suggested by Cook
‘et al include the stabilization of crgano-metalloid
substances such as silicone pclymers. Ancther class cf
uses of the cmpounds of Cook et al include the
stabilization c¢f vitamins, essential oils, ketones and
ethers. .

Normant in United States Patent 3,560,531 4issued
February 2, 1971, describes metallation of  materials
havin§ active hydrogens including phenothiazine. United
States Patent 3,344,068 issued Séptember 26, 1967, to
Waight et al describes antioxidants for ester-based
1ugricants. Waight et al's compounds have an N-
_hydrocarbyl substituted phenothiazine structure. The N-
substituted phenothiazine compounds of  Waight et al are
also substituted in at least one position cn the fused
aromatic nuclei. - A second required compcnent in th
compositions of Waight et al is a secondary aromatic amin
having'twd arcmatic grcups attached to the nitrcgen atom.

The preparation of alkylthioalkanols which are useful
as intermediztes Zfor preparing the ccmpcunds oI the
present inventicn are described in United Stat
4,031,023 tc Musser et al. The Musser et a
issued June 21, 1977 and 1is assigne
Corporation.

United States Patent 2,194,527 to Winthrop t al
Ncvember 24, 19598, describes rharmaceutical

which issued
ccmpounds such as omega-{l0-phenothlazinyl)alkyl di-alkvi

sulfcnium salts which are useful =zs spasmcivtics and in



particular antihistaminics, United States Patent
3,376,224 issued April 2, 1968 to Elliott et al describes
_phenothiazine dérivatives which are sﬁated to be N-substi-
tuted methylene compounds which contain an ether linkage
between the methylene group and an alkyl or cycloalkyl
~radical. According to Elliot et al, the alkyl or cyclo-
alkyl radical may carry an alkoxy or other non-reactive
substituent.

It has been found in the present invention that the
antioxidant activity of a phenothiazine 1is significantly
improved by the presence of a sulfur-containing
hydroéarbyl moiety as a substituent on the phenothiazine
nitrogen atom. The effectiveness is particularly enhanced
when the sulfur atom of the substituent group is in a beta
position (i.e., 2-atoms removed) from the phenothiazine'
N-atom. Such compounds as later described herein have
excellent anti-oxidant properties in 1lubricating oils.

Throughout the specification and claims, percentages’
and ratios are HEy weight, temperatures are degrees .
Celsius, and pressﬁres are 1in Kpascals gauge wunless
otherwise indicated. References cited herein are incorb—
orated by reference to the extent that +they are

applicable.



SUMMARY QF THE INVENTION

The cresent invention describes ohencthiazine
derivatives ccmprisine ccompesitions of the Zcrmula:

. i - - .. . . .
wherein R* is selected Zrom the group consisting of higher

alkyl, " or an alkenyl, arvl, alkaryl and aralkyl and
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mixtufes thereof:

-

lkylerne, zalkenvlene, and aralky--
lene and mixtures thereoi; R~ and R4 are independently
alkyl, alkenyl, arvl, alkaryl, aralkyl, halogen, hyéroxyl,
alkoxy, and alkyithio, arvlthio, fused aromatic rings and
mixtures thereof; and & &and b are independently 0 or
greater.

A further embcdiment 3is a product according to

formula I anéd/or III and 2 majecr amount cf at least one

‘lubricating o©il cor &t leas:t cre Zuel. The preduc

formula I may &alsc pe Icrmulated at abcut 13 to 99% by
weight with 1% to 99% bv weight oI a diluent or solvent.
A crc is cescriZed Icr preparing the ccmpositions

cess
herein described v
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(b) a phenothiazine derivative of the formula

3
®),

I1

therebv cbtaining the composition of formula I.
Ancther embcdiment of the present invention is the
sulfcne and sulfoxide derivatives of the aforedescribed

- . 1 . . X . -
cemeounds wherein R™ is a hvdérocarbyl group conveniently

selected frcm the group consisting of an alkvl, alkenvi,-
arvl, alxaryl and aralkvl and mixtures thereoZ; R2 is
alkvlene, alkenylene, ané aralkylene and mixtures thereof;
R” and R° are independently alkyl, alkenyl, arvl, alkaryl,
arelkxvl, halogen, hydroxYl, alkoxy, aryloxy, alkvlthio,
arvl

L
thic, fused arcmatic rings and mixtures therecf; and a
and b are independently 0 or greater. Such comgpc

be represented by the formula

®%),

1 2
R
$(0) R°N 5(0),, -

(R%) 3
a .



4
b, R1 R2 R3 and R° have the values described

[4 ’

where a,
above. The values of x and y are indepencdently 0, I or 2

and the sum of x and y is greater than cr egqual to 1.



DETAILED DESCRIPTION OF THE INVENTION

The first aspect of the invention is obtaining the
phencthiazine compocund or phenothiazine derivative
utilized to manufacture the compounds of the present
invention. Phencthiazine is itself an article of ccmmerce

and, thus, no further description of this material is

To obtain the derivatives of phenothiazine useful

rt

herein, e.g., where (a) and (b) in formula I are not 0, i

ct

is suggested that United States .Patent 2,781,318 o)
Cyrhers issued February 12, 1957 be ccnsulted. A dialkyl
diphenyl amine treated with sulfur at elevated temper-
atures, such as in the range of 145°C to 205°C for a
sufficient time to complete the reaction, gives compounds
which may be derivatized within the scope of formula I.
Conveniently, a catalyst such as iodine may be utilized to
establish the sulfur bridge. The reaction is essentially
clean and does not affect the amine hydrogen 1in the
composition. Typically, a dialkylated product will be
cbtained, e.g., where both (a) and ({b) are each 1. The
monoalkylated phenothiazine derivatives are conveniently
obtained by utilizing a monoalkylated diphenylamine which
is then cyclized to obtain the corresponding monoalkylated
phenothiazine. Similarly, phenothiazine may be alkylated
with olefins using a Lewis acid catalyst. |

3 .nd r? have been defired

While the derivatives R
above .as alkyl, any hydrocarbyl group may be employved. It
is ccnvenient to utilize alkenvl, aryl, alkarcvl, aralkyi,
halogen, hydrox?l, alkoxy, alkylthio, arylthio and the
iike icr R3 and R4. To cobtain the hydroxyl derivative one
would react, for example, aniline and hydroguincne to form
i1-hvdroxydiphenylamine which is then c?clized with sulfur,
The correspondihg alkcxy ccmpounds mav be cbtained by
reacting the hydroxy-ccontaining phenothiazine with an

aikxyl halice.



.. .. . . 3
Similar to obtaining the alkyl derivatives as R~ and

R4, the alkenyl, arvl, alkaryl, aralkyl, and fused ring

derivatives may be prepared. The fused ring derivatives
.may be prepared <Zrom phenvl napthylamines which mayv be
cyclized by sulfurization to produce benzophenothiazines.
Mpreovér, the corresronding polyaromatic compounds and
their alkyl derivatives are cbtained in a similar £fashion.
The halogenated forms of the product are obtained by
treatment of phenothiazine with,. for example, bromine or
chlorine. The values for R°> and R® as alkylthio and
arylthio are <conveniently obtéined by treatment  of
phenothiazine with thicurea and iron chloride. Hydrolysis
of the prior obtained isothiuronium chlcride to
thiophenol which is then alkvlated as previously described
gives R} (®Y) as alkvithio. '

Of course, mixtures of the varying values of R3 anc
R4 are included within the scope of the present invention.
Thus, R3 may be a chloro group, while R4 is an alkyl-
group. The present invention as previously noted also
allows for R3 and R4 to independently be different alkyl
groups. That is, R3 and R4, while both being alkyl, can
be of different carbon chain lengths. The position of R3
and R4 alkyl groups on the aromatic rings will tYpically
be in the para position to the heterocyclic nitrcgen,
although para substitution to the heterocyclic sulfur may

also occur. I+ is also ccnvenient to utilize derivatives
3 4 .. - . 3
where R™ and R~ are indepencdently arvl. Conveniently, R

. o4 N . : . . -
and R’ as hydrocarbyl mcieties will contain from abcut 3
to about 30 carbcn ateoms in each moiety. Preferably, R™
- 4 . . . -
and R as hydrocarbvls will contain independently ZIrom

about 4 to abcut 15 carkon atoms.

The seconé porticn of the claimed structure in the
present invention provides for the definition of Rz. The
value, R2 mav be an alkylene c¢or alkenylene and conve-
niently contains 1in either instance from abcut -1 to about
18 carbon atoms. Preferably, R2 is a linear alkvliene and

2

contains <£frcm e&bkcut “o abcut 8 carbcon atcms, mest



prefcrably 2 carton atoms, e.g., ethvlene. The wvalue c¢f
R” may also be satisfied by branched chain or substituted
material e.g., typically one in which a metivl grcup is

attached to a shcrt chain Xvlene grcoup GCtetween :the

-

a
sulfur anéd the nitrogen. That is, ¢t

o

e i-methyl ancé

3
Z-methyl ethylene derivatives are contemplated herein. R°
may also be aralkylene such as a phenyl resicdue pendent
frcm an ethylene moiety between *+he sulfur and the ring
nitrcgen.

1
The wvaiue of R~ is conveni ‘ently defined as a

higher

aixyl, eor an alkenyl, arvl, alkaryl or aralxvl or mixturss
. s

e

thereof. The preierred linkage for R® to the sulfur i

primary. To obtain the compounds of formula I, +th
1 o . s s . . .

reaction of R SCHZCnZOH with phenothiazine is conveniently

utilized. A large number of raw materials mav be used to
revare the compcunds described herein. Focr 2xample, in

s . - 51 . - .

the compounds of Iformula I, R mav .ccntain Irom about 4

to about 50 carbon atcoms. Substantial branching may- cccur
-3 4

in the backbone o0f the mater;als utilized to form +the R~

. - _|_ . . . .
rasidue. The residue R is also ccecrnverniently cbtaired
ccntaining irom abour 6 to abcut 20 arbcn atoms in
fecrmula I. Where the sulfones and sulfcxides are obtained

1

frem: the  ccmpounds of formuia I, che value of R is
ccnvenienctl from about 1 to abcut 30 carbon atems,
preferably ZIrom akbout 4 to about 50 carbon atoms, most

~

preferably ZIrom abcut 6 to atcur 2C carton atoms.

A succestad scecias for R" herein is:
3
CN
—R%———N S
IV
4
R -



which is derived from the reaction .-of thiodiethancl and
phenothiazine.

It is desirable that an oleophilic group be present
in the procduct pendant ZIrom the nitrogen atom in the
phenothiazine to ensure cil solubility or dispersability.

Ordinarily, +the oleophii:ic group is supplied by R*.

3 and R4 may be adjusted to

Alternatively, the values cf R
increase the oleophilic nature of the product and tc
minimize the need for an clecphilic chain corresponding tc
R in the molecule. It is also highly desirable for
inhibitor performance that the pendant sulfur be in the
beta position to the nitrogen in the phenothiazine
tructure.

o _ X s ' 1
It is toc be understood that the values R7, RZ, R3 and

R4 éay contain additional hetero atoms or heterc groups
including such moieties as amine, 'sulfides, phenols, ether
linkages, amides, carboxyls and the like. Such groups, as
long as they allow functioningyof the desired anti-oxidant
properties may be included at any level within the various
Rl-R4 groups, preferably &t not greater than 20% by weight
of the respective group.

The sulfones and the sulfoxides of the phenothiazine

derivatives (formula I) mav be obtained by partially or

fully oxidizing the sulfur atoms within the molecule. In

3

Formula I, bcth sulfur atcms are susceptible to cxidaticn

)]

tc sulfoxicde and sulfcnes so that both mayv participate ir

-

(t

n

he anti-oxidant process. Both o©f the sulfur atom

by

ct

rge oxidation- to the sulfoxide simultanecuslw.

o
23

e
nen cepends on the relative activity of the sulfoxid

ct
()

roups as to whether the ring suifoxide is then changed to

.\n

a sulfone or whether the side chain sulfcxide is cxidized
to the sulfone. The sulfcnre formation is dependent upcn
the sulfoxicde formation andg, thus, mixtures of the
sulfonrnes ané the sulfoxides are often obtained. The
henefit of the sulfone and sulfoxide derivatives is that
thev rprovide additional anti-oxidant properties. The

sulfcre is & useful ccmgecund 1in that it may undergo



further cxidation thus prolonging the protection of the
lubricant acainst degradation. '

A convenient mixture of the compound of formula I and
the sulfcnes and sulfoxides 1is typically obtained in a
ratio of from about 1: 0.1: 0.1 to about 0.5: 1l:1.

The types of lubricating oils which may be utilized
herein are described as being of a lubricating viscosity
and méy be based on natural oils, synthetic oils, cor
mixtures thereof. . The 1lubricating oils are also a
preferred diluent for'use herein.

Natural oils include animal oils and vegetable ocils
(e.qg., castor oil, lard oil) as well as mineral
lubricating oils such as 1liquid petroleum oils and
solvent-treated or acid-treated mineral lubricating oils
of the paraffinic, naphthenic or mixed paraffinic-
naphthenic types. Oils of lubricating viscosity derived
from coal or shale are also useful. Synthetic lubricating
oils include hydrocarbon oils and halosubstiﬁuted
hydrocarbon'oils-such as polymerized and interpolymerized
olefins (e.g., polybutylenes, polypropylenes, propvlene-
isobutvlene copolymers, chlorinated poclybutylenes, etc.);
poly(l-hexenes), poly(l-octenes), poly(l-decenes), etc.
and mixtures = thereof; alkylbenzenes (e.g., dodecyl-
benzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-
ethylhexyl) -benzenes, etc.); polyphenyls (e.qg.,
biphenvls, terphenyls, alkylated diphenyl ethers and
alkylated diphenyl sulfides and the derivatives, analogs.
and hecmolegs thereof and the like.

Alkylerne ocxide ©pclymers and interpclvmers and

m
t
2
=
3
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cderivatives thereof where the t hvdroxyvl grougs

have been modified by esterification, etherification,

etc., constitute another <class of Xxncwn synthetic

lubricating cils that can be used. These are exemplifiecd

by the cils prepared through polymerization of ethvlene
x

ropylene oxide, the alkyl and arvl ethers of

oxide ¢ _
these polvoxyalkvlene polymers (e.g., methylpolviscorc-

pylene cglycol ether having an average molecular weight cf



about 1000, diphenyl ether of polyethylene glyccl having a
molecular weight of about 500-1000, diethyl ether of
polypropylene glycol having a molecular weight o©f about
1000-1500, etc.) .or mono- and polycarboxylic esters
thereof, for example, the acetic acid esters, mixed C3—C8
fatty acid esters, or the CIEOXO acid diester of tetra-
ethylene glycbl.

Another suitable class of synthetic lubricating oils
that - can be used comprises the esters of dicarboxylic
acids (e.g., phthalic acid, succinic acid, alkyl succinic
acids, alkenyl succinic acidé, maleic acid, azelaic acid,
suberic acid, sebacic acid, fumaric acid, 'adipic acid,
linoleic acid dimer, malonic acid, alkyl malonic acids,
~alkenyl malonic acids, etc.) with a variety of alcohols
(e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alicohol, ethylene glycol, diethvlene glvcol
monoether, propvlene glycol, etc.) specific examples of
these ' esters include. dibutyl adipate, di(ZT?thylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl ) sebacate,
diisooctyl azelate, diisodecyl azelate, dioctyl phthaléte,
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexvl
diester of 1linoleic acid dimer, and the complex ester
formed by reacting one mole of sebacic acid with two moles
of tetraéthylene glycol and two moles of 2-ethylhexanoic 
acid and the like.

| Esters useful as synthetic o0ils also include those
made from C5 to C12 monocarboxviic acids and polyols andé
polyol ethers such as neopentyl glycol, trimethvicl
prcpane, pentaerythritol, dipentaervthritol, tripenza-
erythritol, etc.

Silicon-based oils such as the polyalkyl-, polyarvl-,
polyalkoxy-, or polyaryloxy~siloxane oils and silicate
olls comprise another useful class of synthetic lubricants
(e.qg., tetraethyl silicate, tetraisopropvl silicaze,
tetra-(2-ethylhexyl)silicate, tetra-(4-methyl-hexyl) -
silicate, tetra-(p-tert-butyl-phenyl)silicate, nexyl-

(4-methvl-2-pentoxy)disiloxane, poly (methyl)siloxans,



poly (methylphenyl)siloxanes, etc.). Other synthetic
lubricating oils include 1liquid esters of phosphorus-
containing acids (e.g., tricresyl phosphate, trioxtyl
phosphate, diethyl ester of decane phosphonic acid, etc.),
pclymeric tetrahvdrofurans and the like.

Unrefined, refined and rerefined oils, either natural
Or synthetic (as well as mixtures of two or more of any of
these) of the type disclosed hereinabove can be used in
the concentrates of the present invention. Unrefined oils
are those obtained directly from a natural or synthetic
scurce withcut further purification treatment. For
exampie, a shale o0il obtained directly from retorting
operations, a petroleum oil obtained directly from primary
distillation or eéter oil obtained directly from an
esterification process and used without further treatment
would be an unrefined oil.

Refined oils are similar to the unrefined oils except
they have been further treated in one or more purification
steps to iiprove one or more properties. Maﬁy such -
surification techniques are known to those skilled in the
art such as solvent extraction, secondary distillation,
hydrotreating, hydrocracking, acid or base éxtraction,
filtrationz percolation, etc. |

Rerefined oils are obtained by processes similar to
those used to obtain refined oils applied to refined oils
which have been already used in service. Such rerefined
0ils are also kxnown as reclaimed or'reprocessed oils and_
often are additionally processed by techniques directed to
removal of spent additives and o0il breakdown preducts.

Mcst preferably, the o0il wused herein is a petroleum

derived oil.

The fuels which Tﬁy be treated with the ccmposition
¢ this invention include both solid and normally liquicd
“uels. That 1is, the antioxidant effect of the Ffuels
crevents the fuel frcm degrading prior to the ccmbustion
creccess. By eliminating or minimizing oxicdaticn of the

fuel, the fuvel value (caloric content) of the fuel remains



higher. It may also be observed under certain situaticns
that the £fuel by being more stable is less prone %o
spontaneous combustion. Amcng the solid fuels which may
be utilized are coal, shale, peat, wood, organic refuse,
charcoal and the like. Liquié fuels enccmpass the lighter
petroleum fractions such as gasoline, kercsene, and the
like as well as other fractions such as middle distillate
fuel oils. Typical middle distillate fuel oils which may
be treated with the compcsitions of this invention include
Number 1,2 and 4 oils as defined by ANSI/ASTM Standard
D-396-79 and other such materials. Combinations of such
fuel cils with straight run, vacuum run, and other
specially treated residual oils can also be advantageousliy
treated with the compositions of the present invention.

The lubricants and fuels of the present invention may
include all matter of typically included ingredients such
as as dyes, adjuvants, dispersants, other antioxidants,
overbased materials and the like. Fuels may.also include
cetane improvers and octane enhancers. Greases may also
benefit Ifrom the anti-oxidants described herein.

A further description of the process by which the
compounds herein may be formed is as follows.

The phenothiazine and its various derivatives are
converted to the compounds cf formula I by contacting the
phencthiazine compound of fermula II with the desired thic
alcoheol of the formula RiSCHZCHzoﬂ. The thio alcchcl may
De obtained by the reacticn of the mercaptan, RlSH with

ethylene cxide under basic conditions. Alternatively, the
hic alcohol 1is cobtained v reacting the ccrrescending

(t
-y

terminal olefin with mercaoptcethanol under Zree radiczal
cenditicns’ such as by using, fcor example, 2,2'-azobis
(isobutyronitrile) as an initiator.

The reaction ccnditicns £cr obtaining the formula I
ccmpouncds 1include the use c¢f an inert sclvent such as
toluene, benzene, and the like. A strorng acid catalvst
such as sulfuric acidé or para-toluene sulfcnic acid at

-

atcut 1 part to 50 perts per 1000 vparts of the
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phencthiazine 1is suggested. The reacticn is ccnducted
under an inert gas blanket. The temperature conditions
are conveniently set at the reflux temperature with
removal of the water as it is formed. Conveniently, the
70°C.

The amount of the diluent or solvent utilized herein

)

reacticn temperature is maintained between 30°C and

tc prevare a concentrate is typically that amcunt needed
to solubilize or disperse the compound c¢f Formula I.
Typically, the diluent or solvent is present at about 1%
tc 99% by weight, conveniently at abcut 60% tc 99% by
weight o©f the ccmpositioh. The phenothiazine cderivatives
‘described herein are useful at about 0.1% to 103 by weignt
in a fully formulated prcduct. Suggested diluents and
solvents are those lubricants and fuels in which the
compounds of formula I will eventually be added. Any
other diluent or solvent may be used provided that such
does not interfere substantially with the function of the
end product. Oxidation of the compounds of Zormula I to
the sulfone and sulfoxide occurs naturally under crankcase -

conditiocns. If the sulfone and sulfoxide are desired as

03

discrete compounds, they may be obtained v usinc a

th

oxidant such as hydrogen peroxide. The compounds o

W )]

formula I are converted to the sulfone or sulfoxide in
solvent such as glacial acetic acid or ethanol under an
inert gas blanket. The partial oxidaticn takes place
conveniently at about 20° to 150°C. The degree c¢f
sulfone and sulfoxide formation is determinec¢ by practice.

Oxicdation of lubricants occur due to heat and she
acticn on the lubricating cil in the presence cI cxvgen
and other oxidants. In the absence c¢Z antioxidanrts, &%xhe
iubricating oil will build up viscosity, derosits will
form on engine parts, and corrosive acids ZIcrm, ail of
which are detrimental tc engine performance and 1life. The

use of antioxidants such as the tvpe deccribed herein zre



particularly helpful in reducing carbon radicals, carbon

peroxy radicals, and or peroxides which are formed in the

lubricating product.
The folicwing are examples of the present inventicn.
EXAMPLE I

One mole of phenothiazine is placed in a one liter,

round bottom flask with 300 ml of toluene. The reactants

are maintained under a nitrogen blanket. To the mixture
of  phenothiazin and toluene 1is -added 0.05 mole of
sulfuric acid catalyst. The mixture is then heated to

reflux temperature and 1.1 moles of n-dodecylthicethanol
is added dropwise over a period of approximately 30
minutes. Water is continucusly removed as it-is formed in
the reaction prccess.

The reaction mixture is continuously stirred under
reflux until substantially no further Wate; is evolved.
The reaction mixture is then .allowed to ccol to 90°C. The
sulfuric acid catalyst is neutralized with scdium
hydroxide. The solvent is then removed under a vacuum of
2KPa at 110°C. The residue is filtered giving a 95% yield
of the desired product. The product has a purity of

greater than 90% of the desired compound.

) 3
The ccmpounc is icdentified as having the value of R~
2 .
~as Cy,, R beirg ethylene, and both a and b are zerc
(e.g., the aromatic rings of the phenothiazine contain

only hydrcgen substituticn).



EXAMPLE II

One mole of phenothiazine is placed in a cne liter,
round bottom flask with 300 ml of toluene. The reactants
are maintained under a nitrogen blanket. To the mixture ct
the phenothiazine and toluene is added 0.05 mole of
sulfuric acid as a catalyst. ~The mixture is then heated
to reflux temperature and 1.1 moles of n-hexylthio-
ethanol is added drcpwise over a period of.apprcximately
90 minutes. Water is continuously removed as it :is forméd
in the reaction process. |

The reaction mixture is continuously stirred underx
reflux until substantially no more water is evolved. The
reaction mixture is then allowed to cool to 90°C. The
sulfuric acid catalyst 1is neutralized with sodium
hydroxide. The solvent is then removed under a vacuum of
2KPa at 110°C.' The residue is filtered giving a 95% yield
of the desired ‘product. The product has a purity of
greater than 90% of the desired compound.

The ccmpound is identified as having the value of R1
as C6’ R2 being ethylene, and both a and b are zero. A
similar result will be obtained when using n-cctyil-

thioethanol.
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EXAMPLE TIII

Phencthiazine is alkylated with nonerne, using
aluminum chloride as a Friedel Crafts catalyst under
conventional conditions. One mole of the dialkylated
phenothiazine is placed in a one liter rcund bottem Ilask
with 300 milliters of tolﬁene. . A nitrcgen sparge and
blanket are employed. To the mixture of the dialkylated
phenothiazine and toluene is added 0.05 mole cf sulfuric
acid as a catalyst. The mixture is then heated tc reflux
and 1.1 mcles cof n-dodecylthiocethanol is added cdrcpwise
over a pericd of approximately 90 minutes; © Water 1is
continuously removed as it is formed.

The reaction- mixture is continually stirred under
reflux until substantially no further water 1is obtained.
The reacticn mixture is then allowed to cool to 90°C. The
sulfuric &acid <catalyst 1is neutralized with scdium
hydroxide. The solvent is then removed underng'vatuum of
2KPa at 110°C. The residue is then filtered éiving a 95%
yield of the desired product. The product has a purity of
greatér than 80% of the desired compound.

The ccmpound is identified as having the value of R1
being C12, and R3 and R4 being in the para position as

2 . . .
c R” is ethylene and a and b are each one.

9’

A meocification of this example i1is to use dcdecyl
mercaptan which. is pre-reacted with styrene oxicde under
basic condition The substitution cf this reactant akcve

endent

'

S.
gives R~ as a ethylene grcup substituted with a

phenvl grcup.



EXAMPLE IV

One mole of phenyl alpha-naphthylaminre is pla in

o W

ced
one liter rcound bottom flask. A nitrogen sparge is applie
to flush air from the reaction vessel. The reactants are
maintained under the nitrogen blanket. The amine is first
sulfurized at 190°C with an iodine <catalyst under
conventional conditions. Then, 1.1 moles of n-stearyl
thicethanol is utilized to alkylate the sulfurized
preduct in 300 ml toluene using a small amount o sulfuric
acid catalyst. The reaction is allowed to procesd cover a
pericd of 90 minutes. Water is continuously removed as it
is formed in the reaction process. The reaction mixture
is contirually stirred at reflux until substantially no
more water is evolved. The reaction mixture is then
allowed to cool to 90°C. The sulfuric acid catalyst is
then neutralized with sodium hydroxide. The solvent is
then removed under a vacuum of 2KPa at 110°C to give the

benzophenothiazine product.
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EXAMPLE V

One mole of phenothiazine is placed in a one liter,
rcund bottom flask with -300 ml of toluene. The reaction
is maintained under a nitrogen blanket. To the mixture of
the phenothiazine and toluene is added 0.05 mole of
sulfuric acid as a catalyst. The mixture is then heated
to reflux temperature and 1.1 moles of phenylthioethanol
is added dropwise over a period of approximately 90
minutes. The phenylthiothethanol is obtained from the
reaction of thiophenol and ethylene oxide with a kbasic
catalyst. Water is continuously removed as it is formed in
the reaction process. .

The reaction mixture is continuously stirred uncer
reflux until substantially no further water is evolved.
The reaction mixture is then allowed to cocl to 90°C. The
sulfuric acid catalyst is neutralized with sodium
hydrcxide. The solven; is then removed under a vacuum of
2KPa at 110°C. The regidue.is filtered giving & 95% yielad -

of

the desired product. The product has a purity of
greater than 90% of the desired compounds.

The compound of this example is identified as having
R1 as phenyl, R2 being ethylene, and beoth a and b are
zero. (e.g., the aromatic rings contain only hydrogen

substitutions).
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Two mcles of the dialkvlated chen
c

c
tné ktottom fiask with 600

IiI are placed in a two liter, r

ml of toluene. The reacticn 1s- maintained uander a

nitrcgen bianket.” To the mixture of cthe alkylated

dhencthiazine derivative and toluene is adcded 0.1 mole of -
suliuric acid as a catalyvst. The mixture is en heated

to rellux temperature and 1.1 moles cf thiocdiethanol is
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drcpwise over a pericd of apoproximatelv 90 minutes.
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ter 1is continuously removed as it is Zformed in the
reaction prccess.

The reaction mixture 1is continuously stirre under
reflux until substantially no more water is evolved. The
Teaction mixture is cthen allowed to ccol tc 90°C. The

sulifuric acid catalvst is neutralized with sodium

hvdrcxide. The solvent is then removeé urder & vacuum of
L 4
2XPz at i110°C. The residue is rfiltered giving a 935% vield

ci <the desired product The oreduct hés & puritv of
greazear ctnen 30% of the desired ccmcound.
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EXAMPLE VII

The oxidized product of Example I 1is obtaiﬁed by
placing 0.2 mole of the product therein in a one liter
round botfom flask. Ethanol in the amount of 400 ml 1is
then added, followed by a nitrogen sparge. An inert gas
blanket is thereafter retained during the reaction. The
reaction 1is then heated to reflux and 30% hydrogen
peroxide (0.2 mole) is added dropwise over one-half hour.
The reaction is stirred under reflux for 5 hours.

The préduct is then allowed to cool ané water in the
amount of 400 ml is mixed with the product. The lower
organic layer is separated,.dried with magnesium sulfate,
and the residual solvent rémoved at 100°C at 2Kpa. The
corresponding oxidized product of Example I 1is thus

obtained.



EXAMPLE VITI

A series of lubricant pfoducts are prepared by mixing
an SAE 30 motor oil! in the amount of 1000 parts with 350 -
parts each of the products of Example I-VII. The
resultant products show desirable antioxidant activity and
lubricant activity. Mixtures of products I and VII in

equal amcunts are desirable in this example.

EXAMPLE IX

Number 2 diesel fuel in the amount of 1000 parts is
treated with 50 parts of each of the products of Examples

- I-VII to give a fuel which 1is resistant to storage
temperature oxidation.
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A series of blends are made for -lubricant tocp
treatments of phenothiazine derivatives. The base o1l
used 1is 10W30 mctor oil. The blends are tested for

oxidation stability using Pressure Differential Scanning

Calorimetry. Time is measured in minutes to the
exotherm peak maximum. All phenothiazine products have a
R2=C2H_,1 a=0, b=0, and are emploved at egual sulfur
level.
TREATMENT
TEST R3= LEVEL % TIME
1 n—C6H13 0.40 42
- 4
2 n_C8H17 0.43 18
3 n-CIZHZS 0.50 35
* ‘n- - 4
4 n Cle25 0.50 . 18
* -—
5 n-C; H,c 0.50 51
6 No Additive -0- less than 15
7 " IIID Engine Test borderline 26

fail for a fully formulated
package
The test results show the products of the_invention
exceed the minimum requirements for a IIID engine test

pass.

*pProducts 4 and 5 are prepared according to Example VII by

at 1 mcle and 2 mcles per mcle c¢i th

0]

usin H_ O
I T272
phenothiazine derivative, respectively.



EXAMPLE XTI

A series of blends are made using Union West 90N oil.
In these fully formulated“ blends, the phenothiazine
compcunds - replaced the sulfur and nitrcgen oxidation
inhikiters normally present in an autcmatic transmission
fluid.
These blends are tested for air oxidation measuring
hours to failure.
~ All the phenothiazine compounds in the table have

R,=C.Z,, a=0, b=0, and are employed at equai sulfur level.

2 TZ7d
TREATMENT HCURS TO
TEST B%i LEVEL % ' FAILURE
1 n—-hexyl 0.38 ios
2 n-octyl 0.41 105
3, ‘n-dodecyl 0.52, ' 105

The fully formulated products of the inventicn are
equivalent in perfomance to a conventional automatic
transmission fluid which uses a 0.6% conventional

oxidation inhibitor package.
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wherein R™ is selected from the group consisting o

; higher
alkyl, or an alkenyl, aryl, alkaryl and aralkyl and
mixtures thereof; R2 is’ -alkylene, alkenvlene, and
aralkylene and mixtures thereof; _R3 and r* zre

independently alkyl, -alkenyl, aryl, alkaryl, aral
halogen, hvcércxyl, alkoxy, alkylthio, arylthio, £u
aromatic rings ané mixtures thereof; and a &anéd b ar
independently 0 or greater. -7
2. The composition of claim 1 wherein R1 is alkvl.
3. The composition of claim 2 wherein R1 contalins at

least 4 carbcn atcms.

4. The compesition of claim 3 wherein R™ ceontains

from about 4 to akcut 50 carbon atoms.
- . . - . - 2 ‘
S. The ccmposition of claim 1 wherein R™ 1is

)
[
(=]
3
1
f»
e

alkylene.
-
6. The compesition of claim 1 wherein R® and R° are
inderencdently alkvi,
7. The ccmpesition of claim 6 wherein R3 ancé R
inuependently ceontain from about 3 tc abcut 20 carben

atcms.
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8. The cocmposition of claim 1 wherein R3 is hvcroxyl.

9. The composition of claim 1 wherein R2 is ethylene.

10. The composition of claim 1 wherein R1 is an alkyl
ccntaining abcut 6 to about 20 carbon atoms, R2 is
ethvlene, and a and b are each 0.

11. A prcduct obtained £from the parﬁial oxidation of
the ccemposition of claim 1.

]
12. The composition cf-claim .1 wherein R™ is

v

(R)
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13. A compcsition acccrding to claim 1 comprising a
major amount cf at least cne lubricating oil.

14. A ccmposition acccrding to claim 1 comprising a
major amount of a fuel. |

1s. A compositicon according tc claim 1 comprising

o]

major amount of a grease.

16. A concentrate containing from about 1% to about
99% by weight of the composition of claim 1 and.from about
1% to abcocut 99% by weight of a diluent or solvent.
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17. A prccess fcr preparing the compositicn cf claim 1

including the steps of:
(a) reacting a thio zlcohol of the formula
1,2 ..
R"SR"OH and,

(b) a phenothiazine derivative of the formula

theréby obtaining the composition of Claim 1.
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18. A member selected from the group ccnsisting of the

sulfones and sulfoxides cf:

wherein Rlls selected from the group consisting of an.
L.alkyl, alkenyl, aryl,: alkafyl and aralkyl and mixtures
) ) .

thereof; R® is- -alkylene, alkenylene and aralkylene and
mixtures thereof; R3 and R4 are indepencdently alkyl,
~alkenyl, aryl, alkaryl, aralkyl, halogen, hydroxyl,
alkoxy, aryloxy, alkylthio, arylthio and fused aromatic
rings and mixtures thereof; and a and b are independently
0 or greater.

19. The sulfoxide of the composition 'Bf claim 18.

20. The sulicne of the composition of claim 18.

21. The sulfoxide or sulfone of claim 18 wherein R1 is

at least 4 carbon atoms and RZ is ethylene.



