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N-SUBSTITUTED THIO .l\LKYL PHENOTHIAZINES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

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 

·February 12, 1957 to Cyphers. The alkyl phenothiazines of 

Cyphers are alkylated 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 is directed 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 

· particula-rly described by Randell are those containing 

tertiary alkyl substituents having from 4 to 12 carbon 

atoms on the aryl 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, Randel 1 allows the 

utilization of naphthalene for at least one of the . two 

aryl groups in the phenothiazine structure. 

United States patent 3,803,140 issued to Cook et al 

on April 9, 1974 describes various tertiary alkyl 

derivatives of phenothiazine. N-alkyl substitution or 

N-alkenyl subititution is described on the phenothiazine 

structure. Ring alkylation when the phenothiaz ine is in 

the free nitrogen form is also shown. Cook et al express 
a preference for ncn-N substituted ?henothiazine 

derivatives. 

·~·.,.. .. . . ~ 
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Cook et al also suggest that organic materials 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, 

mineral. oils, 

lubricating oils, lubricating greases, 

waxes, natural and synthetic polymers such 

as rubber, vinyl, vinylidene, ethers, esters, amides and 

urethanes. The compounds 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 organo-metalloid 

substances such as silicone pcly~ers. Another class cf 

uses of the ccmpounds of Cook et al include the 

stabilization cf vitamins, essential oils, ketones and 

ethers. 

Normant in United States Patent 3,560,331 issued 

February 2, 197:!., describes metallation of· materials 

hav.ing" active hydrogens including phenothiazine. United 

States Patent 3,344,068 issued September 26, 1967, to 

Waight et al describes antioxidants for ester-based 
I 

lubricants. Waight et al's compounds have an N-

. hydrocarbyl substituted phenothiazine structure. The N­

substi tuted phenothiazine compounds o= · Waight et al are 

also substituted in at least one position on the fused 

aromatic nuclei. · A second required compcnent in the 

compositions o:= Waigh~ et al is a secondary a·=omatic ar.ii.:!e 

having two aromatic grcups attached to the nitrogen atom. 

The prepara~ion of alkylthioalkanols wh~ch are usefu: 

as intermediates =or preparing the ccmpc~nds of ... ... r: e 

present inventicn are described in United S!:ates ?ater.t 

4,031,023 tc Musser et al. The Musser et al ~atent was 
~ -

issued June 21, 1977 and is assigned tc The Lubrizol 

Corporation. 

United Sta::es Patent 2,194,527 to ,... . ,,._, 
w.!.~ .... n:::-op et al 

which issued ~cvernber 24, 1959, describes ?harmaceutical 

compounds 

sulfoniurn 

such as cmega-(10-phenoch~azinvl)alkvl di-alkvl - ~ -
sal :.s whi..ch are usefu: .1S spasmclytics and :n 
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particular antihistaminics. United States Patent 

3,376,224 issued April 2, 1968 to Ellio~t et al describes 

phenothiazine derivatives which are stated 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 is significantly 

improved by the presence of a sulfur-containing 

hydrocarbyl 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-o~idant properties in l~bricating oils. 

Throughout th~ specification and claims, percentages· 
.) 

and ratios are by weight, temperatures are degrees 

Celsius, and pressures are in Kpascals gauge unless 

otherwise indicated. 

orated by reference 

applicable. 

References cited herein are incorp­

to the extent that they are 
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sc~~A2Y CF ~HE INVENTION 

The ~rese!:'!: :... ;1 \ 1 en~ ion describes ?henc:.:-tiazine 

derivat.i•1es ~c:::;::!:"::..s.:.::q ccr:i;:cs.:.tions o! the: :cr:r:.ula: 

I 

wherein R
1 

is 

alkyl, · or an 

selec~ec =ron the group consisting of .higher 
alkenyl, aryl, alka-ryl and aralkyl and 

7 -

rnixtufes thereof; R~ is alkylene, alkenylene, and aralky-· 
• A 

lene and mixtures -chereof; R.:. and R" are independently 

alkyl, ~lkenyl, aryl, alkaryl, aralkyl, halogen, hydroxyl, 

alkoxy, and alkylthio, arylthio, fused aromatic rings and 
mixtures the!"eof; anc· a anc b are independently O or 
greater. 

A :u=~her embcc.:.~ent is a product according to 
formula I anc/or ::: a~d a ~aJcr a~ount cf at least one 

lubrica-::.:.ng oil er c.t :ea.s-:. cr.e .:uel. ~he p=ccuct of 
formula I may also ~e :0::::-:::clat.:d at abcut l % 'to 99% by 

weight with 1% to 99~ by weight o: a dilue~~ or solvent. 
A ~recess is desc::::-.:.~ed fc!:" ?reparing the compositions 

herein desc=ibed bv 

(a) !"eact:~g a tn.:.o a:cchol o: the formula 

"") 

R.:..SR-C:i a~c, 



(b) a phenothiazine derivative of the formula 

,HN S 
II 

thereby obtaining the compos~tion of formula I. 

Ancthe!:" embodiment of the present invention is the 

sulfc~e and sulfoxide derivati?es of the a£orecescri!::>ed 

ccrr.:;?ounds wherein R1 is a hycrocarbyl group conveniently 

selected from the group consisting of an a·lkyl, alke:nyl, -., 
aryl, al%u.:-yl and aralkyl and. mixtures thereo:'; ~.... is 

alkylene, alkenylene, and aralkylene and mixtures chereof; ., . 
R- and R~ are independently alkyl, alkenyl, aryl, alkaryl, 

aralkyl, halogen, hydroxyl, alkoxy, aryloxy, alkylthio, 

arylthic, fused aromatic rings and mixtures thereof; and a 

and b are independently O or greater. Such compcunds may 

be represented by the for~ula 

III 
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where· a, b, Rl, R2 , R3 and R4 have the values described 

above. The values of x ar.d y are independently 0, : or 2 

and the sum of x and y is g:rea ter than er equa 1 to .1.. 



DETAILED DESCRIPTION OF THE INVENTION 

The first aspect of the 

phenothiazine compound or 

utilized to manufacture the 

invention is obtaining the 

phenothiazine derivative 

compounds or the present 

invention. Phenothiazine is itself an article of commerce 

and, thus, no further description of this material is 

required. 

To obtain the derivatives of phenothiazine useful 

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

is suggested that United States -Patent 2, 781, 318 to 

Cyphers issued February 12, 1957 be consulted. 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. 

clean and does not affect 

composition. Typically, a 

obtained, e.g., where both 

The reaction is essentially 

the amine hydrogen in the 

dialkylated 

(a) and (b) 

product will be 

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. 

While the derivatives R3 and R4 have been defi::ed 

above as alkyl, any hydrocarbyl group may be employed. It 

is convenient to utilize alkenyl, aryl, alka=yl, a=al~yl, 

halogen, hydroxyl, al~oxy, alkylthio, arylthio and the 
, ., - 3 d 4 . b . d . . 
ii~e zor R an R . To o tain the hy roxyl derivative one 

would react, for example, aniline and hydroquinone to f~rm 

4-hydroxydiphenylamine which is then cyclized with sul:~=. 

7he corresponding al~cxy compounds may be obtai~ed ~y 

=eact:ng the hycroxy-ccntaining phenothiazine with an 

a l:-<y l ha 1 ice . 
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Similar to obtaining the alkyl derivatives as R3 and 

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

derivatives may be prepared. The fused ring derivatives 

may be prepared from phenyl napthylamines which may be 

cyclized by sulfurizat~on to produce benzophenothiazines. 

Moreover, the cor=esponding polyaromatic compounds and 

their alkyl derivatives are obtained in a similar fashion. 

The halogenated forms of the product are obtained by 

treatment of phenothiazine 

chlorine. The 11alues fer 

with,. for example, bromine or 

R3 and R4 as alkyl thio and 

aryl thio are conveniently obtained by treatment· of 

phenothiazine with thicurea and iron chloride. Hydrolysis 

of the prior obtained isothiuronium chloride to 

thiophenol which is then alkylated as previously desc=ibed 

gives R3 (R4 ) as alkylthio. 

Of course, mixtures of the varying values of R3 and 

R4 are included within the scope of the present invention. 
3 L · 

Thus, R may be a chloro group, while R- 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 _nitrogen, 

although para substitution to the heterocyclic sulfur may 

also occur. =~ is also ccnvenient to utilize derivatives 

h 
3 d R4 . - . 1 1 C . l 3 w ere R an are incepe~cent y ary . onvenient_y, R 

and R4 as hydrocarbyl mcieties will cor.tain from about 3 
"' 

to abou~ 30 carbcn atoms i~ each moiety. Preferably, R~ 

and R4 as hydrocarbyls will contain independently from 

about 4 to abcut 15 careen atoms. 

The second po::-tion of the claimed stYucture in the 
. 2 

present invention provides for the definition of R . The 
? 

value, R- may be an alkylene er alkenylene and conve-

niently contains i~ eit~e= instance from about ·l to about 
? 

18 carbon at~ms. Preferably, R~ is a linear alkylene and 

contains frc~ atcut 2 ~o ubc~t 8 carbcn atcms, ~est 



pre fcrably 2 carbon a toms, e.g., ethylene. The •1al1:1e cf 
? 

R- may also be satis:ied by branched chain o~ substituted 
material e.g., typically one in which a met:O.yl grcup is 
attached to a shcrt cnain alkylene group between t~c 

sul:ur and the nitrogen. That is, the 1-~ethyl a~c 

2-methyl ethylene derivatives are contemplatEd herein. ~ 2 

:nay also be aralkylene such as a phenyl resicue pende~t 

from an ethylene moiety between t.he sulfur and the ri~g 

nitrcgen. 
. 1 

The value of R- is conveniently defined as a higher 
alkyl, er an alkenyl, aryl, alkaryl or aral~yl or mixtures 
thereof. The prefer::-ed linkage for R..i.. to the sulfur is 
primary. To obtain the compounds of formula I, the 
reaction of a 1scH 2cH

2
0H with phenothiazine is conveniently 

utilized. A large number of raw mate::-ials :"Jay be used to 
prepare the compounds desc::-ibed 

the compounds of formula I, R
1 

herein. For exa:nple, in 

may contain from about 4 
to about 50 carbon atoms. Substantial brap.chipg may occur 

·? , 
in the backbone 0£ the materials utilized to form the Ri 
residue. The residue rt

1 is also ccr:venient:ly cbtai~ed 
cont:aining from abo~t: 6 to about 20 c~rbc~ atoms . ,.. -·· 
formula r. Where the sulfones and sulfcxides are obtained 
.::._cm ... h · c...,oo · .:: .:: ' I :-.~.e ·v.,..i.· u·e o_r R1 _.; s ...... ·. · .... e c .... _ uncs O- -or:wu.i.a , - - _ 
ccnvenien~ly from about 1 to abc~t 50 carbor. atc~s, 

preferably :':=om about 4 to about 50 ca=bcn atoms, most 
preferably :':=cm a~cut 6 to acou~ 20 car=on at:cms. 

A sugges~ed s~ecies ~or R~ he~ei~ is: 

IV 



which is derived from the reaction. of thiodiethancl and 

phenothiazine. 

It is desirable that ari oleophilic group be present 

in the prcduct pendant :~om the nitrogen atom in the 

phenothiazine to ensure cil solubility or dispersability. 

Ordinarily, the oleophiiic group is supplied by R
1

. 

A!ternatively, the values cf R3 and R4 may be adjusted to 

increase the oleophilic ~ature of the product and to 

minimize the need for an cleophilic chain corresponding to 

R
1 

in the molecule. It is also highly desirable for 

inhibitor performance that the pendant sulfur be in the 

beta position to the .... n1 .... rogen in the phenothiazine 

structure. 

h R l I R2 I 3 ~ It is to be understood that t e values R an~ 

R
4 may contain additi.onal hetero atoms or hetero groups 

including such moieties as amine, ·sulfides, phenols, ether 

linkages, amides, carboxyls and the like. Such groups, as 

long as they allow functioning~pf the desired anti-oxidant 

properties may be included at any level within the various 
, 4 

R~-R groups, preferably at not greater than 20% by weight 

of the respective group. 

The sulfones and the sulfoxides of the phenothiazine 

derivatives {formula I) may be obtained by partially or 

fully_oxidizing the sulfur atoms within the mol~cule. In 

Formula I, beth sulfur atcrns are susceptible to oxidation 

tc sul=oxide and sulfones so that both may participate i~ 

the a~ti-oxidant process. Both of the sulfur atoms 

U:'!deYgc oxidation · to the sul £oxide s imul tanecus ly. :::: t 

t.hen C.epends on the re la t:.i ve acti. vi ty of the sul fox ice 

g~oups as to whether the ~~~g sulfoxide is then char.gee to 

a sulfone o= whether the sice chain sulfcxide is oxidized 

to the sulfone. The sulfone formation is dependent upon 

the sul fox ice formation and, thus, mixtures of the 

sulfor.es and the sulfoxides are often obtuinec. The 

benefit o: t~e sulfone anc sulfoxide derivatives is that 

the~· Frovide additional anti-oxidant properties. The. 

sul:c~e ~s a useful cc~~cund in that it may ur.de~go 
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further cxida tion thus prolonging the protection of the 

lubricant against degradation. 

A convenient mixture of the compound of formula I and 

the sulfones and sulfoxides is typically cbtai:ied in a 

ratio of from about 1: 0.1: 0.1 to about 0.5: 1:1. 

The types of lubricating oils which may be utilizec 

herein are described as being of a lubricating viscosity 

and may be based on natural oils, synthetic oils, or 

mixtures thereof. The lubricating oils are also a 

preferred diluent for use herein. 

oils and vegetable oils 

as well as mineral 

~atural oils include animal 

(e.g., castor oil, lard oil) 

lubricating oils such as liquid 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 Itxdrocarbon oils and halosubstituted 

hydrocarbon oils ·such as polymerized and interpolymerized 

olefins (e.g., polybutylenes, polypropylenes, propylene­

isobutylene copolymers, chlorinated polybutylenes, 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.g., 

biphenyls, terphenyls, alkylated diphenyl ethers and 

alkylated diphenyl sulfides and the derivatives, analogs. 

and homolcgs thereof and the like . 

. ;lkyler..e oxide pclymers and interpclymers and 

derivati•Jes thereof where the terminal hydrcxyl groui::;s 

have been modified by esterification, etherification, 

etc., cc::stitute another class of ~::;.cwn synthetic 

lubricati~q cils that can be used. These are exemplified 

by the cils prepared through polymerization of et'.:1.yler:e 

ox ice or ?ropylene oxide, the alkyl anc 2ryl ethers of 

these polyoxyalkylene polymers (e.g., methylpol¥isoprc­

pylene glycol ether having an average molecular weight cf 
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about 1000, diphenyl ether of polyethylene glycol having a 
molecular weight of about 500-1000, diethyl ether o: 
polypropylene glycol having a molecular weight of about 
1000-1500, etc.) . or mono- and polycarboxylic este!:"s 
thereof, for example, the acetic acid esters, mixed c3-c 8 
fatty acid esters, or the c, ~oxo acid diester of tetra-... _, 
ethylene glycol. 

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 acids, 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 alcohol, ethylene glycol, diethylene glyco1. 
monoether, propylene glycol, etc.) specific examples of . 
these esters include dibutyl adipate, di(2~~thylhexyl) 

~ .. 
sebacate, di-n-hexyl furnarate, dioctyl sebacate, 
diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, 
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl 
diester of linoleic acid dimer, and the complex ester 
formed by reacting one mole of sebacic acid with two moles 
of tetraethylene glycol and two moles of 2-ethylhexanoic 
acid and the like. 

Esters useful as synthetic oils also include those 
made from c5 to c12 ~onocarboxylic acids and polyols and 
polyol ethers such as neopentyl glycol, trimethylc: 
propane, pentaerythritol, dipentaerythritol, 
erythritol, etc. 

Silicon-based oils such as the polyalkyl-, polyaryl-, 
polyalkoxy-, or polyaryloxy-siloxane oils and silicate 
oils comprise another useful class of synthetic lubricants 
(e.g., tetraethyl silicate, 
tetra-(2-ethylhexyl)silicate, 

tetraisopropyl silica~e, 

tetra-(4-methyl-hexyi)-
silicate, tet=a-(p-tert-butyl-phenyl}silicate, hexy:-
(4-methvl-2-pentoxy)disiloxane, 

~ - poly(methyl)siloxans, 
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poly(methylphenyl)siloxanes, etc.). Other synthetic 
lubricating oils include liquid esters of phosphorus­
containing acids (e.g., tricresyl phosphate, trioxtyl 
phosphate, diethyl ester of decane phosphonic acid, etc.), 
polymeric tetrahydrofurans 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 
source without further purification treat~ent. For 
example, a shale oil obtained directly from retorting 
operations, a petroleum oil obtained directly from primary 
distillation or ester 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 furtber treated 

,j 
in one or more purification 

steps to improve one or more properties. Many such 
?Urification techniques are known to those skilled in the 
art such as solvent extraction, secondary distillation, 
hydrotreating, hydrocracking, acid or base extraction, 
:iltration, 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 rere fined 
oils are also known as reclaimed or reprocessed oils and 
often are additionally processed by techniques directed to 
removal of spent additives and oil breakdown products. 
~est preferably, the oil used herein is a petroleum 
derived oil. 

The 

c: this 

:ue ls. 

fuels which may be treated with the ccmposition 
I 

i~vention include both solid and normally liquid 
That is, th~ antioxidant ef:ect of the fuels 

~revents the fuel frcm degrading prior to the ccmbustion 
~recess. By eliminating er minimizing oxidaticn of the 
:uel, the fuel value (caloric content) of the fuel remains 
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higher. It may also be observed under certain situations 

that the fuel by being more stable is less prone ~o 

spontaneous combustion. A.i-ncng the solid fuels which may 

be utilized are coal, shale, peat, wood, organic refuse, 

charcoal and the like. Liquid fuels enccmpass the lighter 

petroleum fractions such as gasoline, kerosene, 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 compositions 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 oils with straight run, vacuum run, and other 

specially treated residual oils can also be advantageously 

treated with the compositions of the present invention. 

The lubricants and fuels cf 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 in~lude 

cetane improvers and octane enhancers. Greases may also 

benefit from the anti-oxidants described herein. 

A further ~escription 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 o= formula I by contacting the 

phenothiazine compound of formula II with the desired thio 

alcohol of the formula R1scE 2cH 20H. The thio alcohol may 

be obtai:ied by the reaction of the mercaptan, R
1

SH with 

ethylene oxide under basic condi~ions. Alternatively, ~~e 

thic -., . .. 
c. ..:.conol. is obtained ~y reacting the ccrrespcnd:.:iq. 

ter!'lli.!"lal olefin with mercaptoet!1anol under =ree radica:. 

ccndit~cns such as by using, fer example, 2,2'-azobis 

(isobutyronitrile) as an initiator. 

The reaction ccndi ticns =er obtaining the formula. I 

ccmpoui;.ds in·clude the use cf an inert scl~1ent such as 

toluene, benzene, and the like. A stror..g acid catal~'st 

such as sulfuric acid or para-toluene su!.£cnic acid at 

a:::cut l part to 50 pa=ts per 1000 pa=ts cf ~~e 



phenothiazine is suggested. 

under an inert gas blanket. 

are conveniently set at the 

The reacticn .i...S conducted 

The temperature conditions 

reflux temperature with 

removal of the water as it is formed. Convenien~!7, the 

reaction temperature is maintained bet~een 30°C and !70°C. 

The amount of the diluent or solvent utilized herein 

to pre9are a concentrate is typically that amount ~eeded 

to solubilize or disperse the compound of Formula I. 

Typically, 

to 99% by 

the diluent or solvent is ~resent at about 1% 

weight, con•Jeniently at about 60% to 009; _, _, - by 

-..,.eight of the ccmposition. ~he phenothiaz.!.ne C.erivati·1es 

described herein are useful at about 0.1% to 10~ by weight 

in a fully formulated product. 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 =ormula I to 

the sulfone and sulfoxide occurs naturally under crankcase 

conditions. If the sulfone and sulfoxide are desired as 

disc=ete compounds, they may be obtained by usir.q a~ 

oxidant such as hydrogen peroxide. The compounds of 

formula I are converted to the sulfone or sulfoxide in a 

solvent such as glacial acetic acid or ethano·l under an 

inert gas blanket. The 

conveniently at about 

partial 

20° to 

oxidation 

150°C. The 

takes place 

degree cf 

sulfcne and sulfoxiC.e formation .!.s determir.ed by practice. 

Oxidation of lubricants occur due to heat anc snea= 

action on the lubricating oil in t~e presence c~ cxygen 

and other oxidar.ts. In the absence c= antiox~dar.ts, ~he 

lubricating oil will . . , ... 
OUJ..LC up viscosity, deposits will 

farm on engine parts, and corrosive acids :cr:n, all of 

which are detrimentai to engine per:ormance and 1ire. T~e 

use of antioxidants sue~ ~s the type desc::::-.!.~ed 



particularly he l.pful in reducing carbon radicals, carbon 

peroxy radicals, ar.d or peroxides which are for~ed in the 

lubricating product. 

The follcwi~g are examples of the present invention. 

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 phenothiazine and toluene is added 0.05 mole of 

sulfuric acid catalyst. The mixture is then heated to 

reflux temperature and 1 .1 . moles of n-dodecyl thioethanol 

is added dropwise over a period of approxiraately 90 

minutes. Water ~s continuously removed as it· is formed in 

the reaction precess. 

The reaction mixture is continuously stirred under 

reflux until substantially no further water is evolved. 

The reaction mixture is then .allowed to cool 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. , 
The compound is identified as having the value of Ri 

as c12 , R2 bei::g ethylene, and both a and b are zerc 

(e.g., the aromatic rings of the phenothiazine contain 

only hydrogen substitution) . 
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EXAMPLE II 

One mole of phenothiazine is placed in a one liter, 

round bottom flask with 300 ml of toluene. The reactants 

are mai~tained under a nitrogen blanket. ~o the mixture cf 

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 dropwise over a period of approximately 

90 minutes. Water is continuously removed as it ~s formed 

in the reaction process .. 

The reaction mixture is continuously stirred unde!:" 

reflux until substantially no more water is evolved. The 

reaction mixture is then allowed to cool to 90"C. The 

sulfuric acid catalyst is 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 compound is identified as having 

as c6 , R
2 

being ethylene, and both a and 

similar result will be obtained when 

thioe th a no 1 . 

the value of R
1 

b are zero. A 

using n-octyl-
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EXAMPLE III 

Phenct.hiazine is alkylated with noner.e, using 

aluminum chloride as a Friedel Crafts catalyst under 

conventional conditions. One mole of the dialkylated 

phenothiazi~e is placed in a one liter rcund bottom :lask 

with 300 ::;illiters of toluene. A nitrcgen sparge and 

blanket are employed. To the mixture of the dialkylated 

phenothiaz.:ne and toluene is added 0.05 mole of sulfuric 

acid as a catalyst. The mixture is then heated to reflux 

and 1.1 r::.cles o: n-dodecyl thioethanol is added crcpwise 

over a pe::icd of approximately 90 minutes. 

continuously removed as it is formed. 

Wat.er is 

The reaction mixture is continually stirred under 

reflux until substantially no further water is obtai:led. 

The reacticn mixture is then allowed to cool to 90°C. The 

sulfuric acid catalyst is neutralized with sodium 

hydroxide. The solvent is then removed under .. P. va·cuum of 
. , 

2KPa at 110°C. The residue is then filtered giving a 95% 

yield of the desired product. The product has a purity of 

greater 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 

c
9

, R2 is ethylene and a and b are each one. 

A moc.:fication of this example is to use ccC.ecyl 

mercaptan which- is pre-reacted with styrene oxice under 

basic conditions. The substitution of this reactan~ a~cve 
? 

gives R- as a ethylene grcup ~ubsti tuted with a ?E:!Ce!i.t 

phenyl grc~p. 
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EX1l..1."1PLE IV 

One mole of phenyl alpha-naphthylamine is placed in a 

one liter round bottom flask. A nitrogen sparge is applied 

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 

product in 300 ml toluene using a small amount of sulfuric 

acid catalyst. The reaction is allowed to proceed over a 

pericd of 90 minutes. Water is continuously removed as it 

is for.ned in the reaction process. The reaction mixture 

is continually 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 2K~~ at 110°C ·to give the 

benzophenothiazine product. 
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EX.Ai'1PLE V 

One mole of phenothiazine is placed in a one liter, 

round bottom flask \;ith · 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 phenyl thioethanol 

is added dropwise over a period of approximately 90 

minutes. The phenylthiothethanol is obtained from the 

reaction of thiophenol and ethylene oxide with a basic 

catalyst. Water is continuously removed as it is formed in 

the reaction process. 

The re.::.ction mixture is continuously stirred under 

reflux until substantially no further water is evolved. 

The reaction mixture is then allowed to cool to 90°C. The 

sulfuric acid catalyst is neutralized with sodium 

hydroxide. The solven,.t is then removed tinder a vacuum of 
~r 

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 compounds. 

The compound o"f this example is identified as having 

R1 as phenyl, R2 being ethylene, and both a and b are 

zero. (e.g., the aromatic rings contain only hydrogen 

substitutions). 
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EX.A:·1PLE VI 

Two moles of the dialkylated ~henc~hiilz:.~e of Example 
:r: are placed in a two liter, rcu~d =otto~ :~ask with 600 
~l o: toluer.e. 

~it=cgen blanket. 

The :-eacticn 

To the mixt~re o= ~he alkylated 
?he~cthiazi~e derivative anc toluene is acced O.i mole of 
sul fu=ic acid as a catalys_t. The mixture is then heated 
~o =e.:lux temperature and 1.1 mo!.es cf thicdiethanol is 
added drcpwise over a period of a?p=oximate:y 90 minutes. 
~ate= is continuously removed as it is :armed in the 
:eac~ion ?recess. 

:'he :ea.ct.ion mixture is co~tinuous ly stirred under 
reflux until substantially no more water is evolved. The 
:eac-=.ion r.ii:.-t:.ure is the~ allowed to ecol to 90°C. The 
sul=~=ic acid catalyst is neutralized with sodium 

~he solvent is thee removed u~de~ a vacuum of 
!lo~c. The residue 

-~ 

d~sired product. The ?:::-oduct has a pi..:=.: ty of 
~=ea~er ~~~~ 30% of the desired compound. 

7he cc~pound obtained is identi.:ied as having a ., 
syrr:.:.c~rical bis-phenothiazine st=uc~ure, ~-

1 
and b are each 1 with R- and R~ being nc~yl. 
is ~enerally described as : 

. . . 
:.s et:.::.::· .i.ene, a 

" • 
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EXAMPLE VII 

The oxidized product of Example I is obtained by 

placing 0. 2 mole of the product therein in a one liter 

round bottom flask. Ethanol in the amount of 400 ml is 

then added, followed by a nitrogen sparge. An inert gas 

blanket is thereafter retained during the reaction. The 

reaction is 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 product is then allowed to cool and 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 removed at 100°C at 2Kpa. The 

corresponding oxidized product of Example I is thus 

obtained. 



EXAMPLE VIII 

A series of lubricant products are prepared by mix~ng 

an s;..E 30 motor 0 ~ l ..... _ i~ the amount of 1000 pa.::-ts with 5 0 

parts each of the products of Example I-VII. The 

~esultant products show desirable antioxidant activity and 

lubricant activity. Mixtures of products I and VII in 

equal amounts are desirable in this example. 

EX.AMPLE IX 

Number 2 diesel fuel in the amount of 1000 parts is 

treated with 50 parts of each of the produGts of Examples 

I-VII to give a fuel which is resistant to storage 

temperature oxidation. 



EXil..J.'1PLE X 

A series of blends are made for lubricant top 

treatments of phenothiazine 

used is 10W30 mctor oil. 

derivatives. The base 

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=c 2H4 , a=O, b=O, and are employed at ec;:ual sulfur 

level. 

TREATMENT 

TEST R = .,.__ LEVEL % TI~E 

1 n-C6Hl3 0.40 42 

2 n-:-C8H17 0.43 48 

3 n-C12H25 0.50 35 

4* n-C12H25 a.so . 48 

5* n-Cl2H25 0.50 51 

6 No Additive -0- less than 15 

7 IIID Engine Test borderline 26 

fail for a fully formulated 

package 

Th~ test results show the products of the invention 

exceed the minimum requirements for a IIID engine test 

pass. 

*Products 4 and 5 are preFared according to Example VII by 

using H
2
o2 

at 1 mcle and 2 moles per me-le of the 

pheriothiazine derivative, respectively. 
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EXAMPLE XI 

rl series of blends are made using Union West 90N oil. 

In these fully formulated blends, the ?henothiazine 

compounds replaced the sulfur and nitrogen oxidation 

.inhibitors normally present in an automatic t:::ansmission 

fluid. 

These blends are tested for air oxidation measuring 

hours to failure . 

. :>..11 the phenothiazine compounds in the table have 

~ 2 =c 2 2 4 , a=O, b=O, and are e~ployed at equal sulfur level. 

TREATMENT HOURS TO 

TEST R = .LEVEL % FAILURE -- ~ 
1 n-hexyl 0.38 105 

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 

transmission fluid which uses 

oxidation inhibitor package. 

conventional automatic 

a 0.6% conventional 
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What is clai~ed is: 

1. A composition of the formula: 

I 

wherein R
1 

is sele~ted from the group consisting of hicher 
. ' ~ 

alkyl, or an alkenyl, 

mixtures thereof; R
2 

aryl, alkaryl and aralkyl an~ 

aralkylene and 

is 

mixtures 

·alkylene, 

thereof; 

alkenylen.~, a~C. 
~ 1 

R-' and R't ~re 

independently alkyl, alkenyl, aryl ,· 

alkoxy, alkylthio, 

alkaryl, . . . araJ.:cy.:.., 

halogen, hvdrcxvl 
- - I 

arylthio, f~sed 

aroma tic rings and mixtures thereof; and a and b a!:'e 

independently 0 or greater. 

2. The composition of claim 1 wherein R1 is a:~yl. 
3. The compos.:.tion 

least 4 ca=~on atc~s. 

1 
bf claim 2 wherein R- con~c..:.ns 

4. The composition of claim 3 whe::-ei:J. R
1 ccr:~ai~s 

from about 4 to abcut 50 carbon atoms. 

5. The 

alkylene. 

6. The 

ccmpos~tion of claim 1 wherei~ 

"' ccmposi tion of claim l wherein R.; 

independently alky2.. 

.. 
anC ~""! 

"' 7. The ccmpcsition of claim 6 wherein RJ 

inaepende:1.t2.y contain frcm about 3 to abcut 20 c.::i.r"t:lcn 

at:cms. 



8 . The co:1ipbs i tion of claim 1 

9 . The composition of claim 1 

10. The composition of claim , 
.... 

containing abcut 6 to about 20 

ethylene, and a and b are each 0. 

I lllllll llllll lllll lllll II llll 
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h . - R3 . ' - 1 w erein is nycroxy . 

h . R2 . h 1 w erein is et.y ene. 
1 . . 

wherein R is an alkyl 

carbon atoms, R2 is 

11. A product obtained :rom the partial oxidation of 

t~e composition of claim 1. 
1 

12. The composition of-claim.I wherein R- is 

IV 
·.-
~·; 
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13. A composition acccrding to claim l comprising a 

major amount cf at least one lubricating oil. 

14. A ccmt::osition according to claim 1 comprising a 

major amount of a fuel. 

15. A composit~on according tc claim 1 comprising a 

major amount of a arease. 

16. A concentrate containing from about l % to about 

99% by weight of the composition of claim 1 and from about 

1% to about 99% by weight of a diluent or solvent. 
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17. A precess fer prepari~g the ccrupositicn cf claim l 

including the steps of: 

(a) reacting a thio alcohol of the formula 

(b) a phenothiazine derivative of the for~ula 

---
.._:f. 

---,~J, 
\- ) . 

::> 

fu'l s 
\_j 

I ./ 0 \ 
(R-+)a~ 

II 

thereby obtaining the composition of Claim 1. 
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18. A ~ember selec~ed from the group consisting of the 

sulfones ar.d sulfoxides cf: 

Jherein 

alkyl, 

thereof; 

I 

RI·· .. is selected from the group consisting of an. 
alkenyl, 

? 
aryl, alkaryl and aralkyl and mixtures 

is. ·alkylene, alkenyiene and aralkylene and R.-

mixtures R3 . R4 thereof; and are independently alkyl, 
alkenyl, 

alkoxy, 

aryl, alkaryl, aralkyl, halogen, hydroxyl, 

aryloxy, alkylthio, arylthio .and fused aromatic 
rings and mixtures thereof: and a and b are independently 
0 or greater. 

I 9. The sulfoxide of the composition of claim I 8. 
20. The sulfone of ~he composition of claim IS. 
2I. The· sulfoxide or sulfone of claim 18 wherein RI is 

at least 4 carbon atoms .and R2 is ethylene. 


