1 Use of tetrahydrobenzoxazi nes as antioxi dants Description 5The
present invention relates to the use of specific

t et rahydr obenzoxazi nes as anti oxidants for stabilizing mneral oi
products against the action of |ight, oxygen and heat, especially in
turbine fuels (jet fuels). The present invention further relates to a
turbine fuel conposition and to an additive concentrate for turbine
fuel s which conprise these tetrahydrobenzoxazines. 10 The nechani cal,
chemi cal and/or esthetic properties of mneral oil products and
fuel's, are knowsepbetayirapraroednds s entoxidets on of |ight, oxygen and
heat. This inpairment is exhibited typically in the form of
yel | ow ng, di s@oekaiptdni on, crack formation or enbrittlenent of the
material. Stabilizers or stabilizer conpositions wi th which inproved
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sought . I n the andgdnbyetion systresef theHerlings. si mul t aneous! y al so reduce
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of their node o¥C a®1(5696 @palstididc¥dstad el a8 Agdr&artgi- S pa¥ Ut Ssinic acid
derivatives and polyalkenylthiophosphonate esters, Mannich adducts made from
hydrocarbyl-substituted phenols, an aldehyde and an amine as additives for turbine
fuels (jet fuels) for improving the thermal stability and for reducing deposits.
30
However, for the mineral oil product and fuel sector, there is a need for stabilizers and
antioxidants with improved protective action against the impairment of the material
praperties by light, oxygen and heat. For turbine fuels (jet fuels) in particular, which are
exposed to extreme thermal stress during and before the combustion operation in
35 turbines, for example in aviation turbinas, novel improved stabilizers are being sought.
In the turbines, these should simultaneously also reduce deposits in the fuel circuit and
in the combustion system by virtue of their mode of action as antioxidants andfor
dispersants,

40 [t was therefore an object of the invention to provide antioxidants with an improved
stabilization of mineral oil products and fuels, in particular of turbine fuel, against the
action of light, oxygen and heat,



401t was therefore an object of the invention to provide antioxidants
with an inproved stabilization of mneral oil products and fuels, in
particul ar of turbine fuel, against the action of |ight, oxygen and
heat. 2 Accordingly, the use of tetrahydrobenzoxazi nes of the
general formula I 5 (i) in which the substituent R represents a
hydrocar byl radi cal which has from1 to 3000 carbon atons and may be
interrupted by one or nore heteroatons &%onlthe group of 0 and S

and/ or by one or nore NR6 noieties, 10 ere R6 represents a hydrogen
atomor a Cl- to C4-al kyl radical, and the substituents R2, R3, R4
and R5 are eachiceaideghe tigent bifettapviirdgeroxatiresst thhgaewkipimugrloups or

hydr ocar byl radicals which have in each case from1l to 3000 carbon
atonms and may be interrupted by one or _nore'heteroatons fromthe
group of 0 and S and/or 15 by one or Yor & NR6 noi eties, where the
substituent R4 may al so be a radi Bah ok the formula Y "R O N 20 in
whi ch the substituents RI, R2, R3 an b are each as defined above
and the substituent X is a hydroca?oO' bﬁfdging el ement which

consi sts of one or nore isobutene uni RS or conp&ises one or nore

i sobutene units, or 25 where the substituent R4 ‘may al so be a radical

of the formila Z ar Z
in wrﬂch t%e substituent R? represents a hydrocarbyi radical which has from 1 to 3000

carbon atems and may be interrupted by one or mare heteroatoms from the group of O
and S and/or by one or more NR® moieties,

10  where R® represents a hydrogen atcm or a Cs- to Cas-alkyl radical, and

the substituents RZ, R3, R* and R5 are each independently hydrogen atoms, hydroxyl

groups or hydrocarbyl radicals which have in each case from 1 to 3000 carbon atoms

and may be interrupted by one or more heteroatoms from the group of O and S and/or
15 by one or more NRS moieties,

where the substituent R4 may also be a radical of the formula Y

~ v
20
in which the substituents R', R?, R? and R?® are each as defined above and the sub-
stituent X is a hydrocarbon bridging element which consists of one or more isobutene
units or comprises one or more ischutene units, or

25  where the substituent R* may also be a radical of the formula Z or Z'




3 in which the substituents R, R2, R3 and R5 are each as defi ned
above and the substituents RL0 and F211 nmay be the same or different
and represent hydrogen or a Cl- to ClO0-alkyl radical, 5 and in which
the substituents Wand R3 or R3 and R4 or R4 and R5, together with
the part-structure -0-CH2-NR7-CH2- attached to the benzene ring, may
al so forma second tetrahydrooxazine ring, or the substituents R2 and
R3 and R4 and I R5, together with the part-structures -0-CH2- NR7- C42-
and - 0- CH2- NR8- CH2- attached to the benzéne ri ng, nmay also forma
second and a t Hinwiich the padsitdentedX’aRd, Réand Rigre €B0h wdhdsfiecdRbogmid R® ar e
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t et r ahydr obenz erapesiiess. Forondimncel 6@ 01/26288 (90 rtWOS 12b2H (4)kieclpsevent i on
i s that thess casphidebedioxhAas Wit relatived) ladd-ohaihYadical @udhhaipblyiBytdteagar by
radi cal 40havi nggidalsifich atDsitdRAODLRBINBNEB bR IFE bBFreRhg@E ghddfhe fuel

substituents RlyR2nsRRich Blan tRoyan3é o keBa i ﬁn'c‘e@ﬁrln ﬁ’l pFeB&a ﬁ Fo%gt*seg i ng
angncﬂ‘gl ﬁxﬂ‘ildpde sclIE:\seB:iQn 3# 551613[4)p|’he;eetet{a% dr1gebe820x22|?es ageoct?&med Iga%ng( I Ve i
a the corresponding open-chain Mannith adducts of the parent pheno! and also used

30  thusin the gasoline fuels.

The preparation of tetrahydrobenzoxazines with short-chain substituents which are
suitable, for example, as crop protection compositions, composed of 4-alkylphenols
and an adduct of, for example, 1 mele of cyclohexylamine and 2 moles of

35 formaldehyde or paraformaldehyde in methanol or ethanol as a solvent is described in
US-A 2 806 031 (5) and US-A 3 132 960 (6).

The siructural peculiarity of the tetrahydrobenzoxazines | to be used in accordance with
the invention is that they comprise at least one relatively long-chain hydrocarbyl radical
40  having from 4 to 3000 carbon atoms as one of the substituents R, R2, R?, R4, RS, R or
R&, either on the benzene ring or on an oxazine ring. In a preferred embodiment, this
relatively long-chain hydrocarbyl radical having from 4 o 3000 carbon atoms is a



4 pol yi sobutenyl radical. In a further preferred enbodi nent, the
relatively | ong-chain hydrocarbyl radical nmay also be a Cl6- to

Caral kyl or -alkenyl radical. In particular, this relatively

| ong- chai n hydrocarbyl radical, which is preferably a polyi sobutenyl
radical or a Cl6- to C20-al kyl or -alkenyl radical, is situated on an
oxazine ring, i.e. it occurs as 5Ssubstituent RlL or IR7 or RI3. This

relatively |l ong-chain hydrocarbyl radical, which is preferably a

pol yi sobut enyl radical or a Cl6- to C20- 4 kyl or -alkenyl radical, is
pref erabl y al s@oksehutengdadinal. trtacfuitien prefeared émigpdigments th seldtivelelng-GRinor R4.
Thi s rel ati vel yydrocapychadical ray elsobas Dy to ICaekllgiedr —alvdnyichdidas Inpiaaticesatplsy a
pol yi sobut enyl r&igekig &hng-efiairbhy@bBarbil Gadlc@Owiadtky breRRFabiyal gopRyutenAdhdical or
conprises pref %r@}pltd’cﬁémggé.%iﬁeﬁyl R0 i IS %ﬁﬁfaeg'oﬁlalh anfzﬁngzpe t8cchR0Q, In

10particul arg fr

atons. In the case rRmﬁ%r %gr ﬁ%%mﬁy?ﬁleg/ | gwbﬁ bon
nunber - aver age FF?S‘T%@‘UT g@”%@f rﬁ’r? ﬁ)ﬁ f’r8§f 'ﬁ%yd %‘T%s%bl y
from 500 to 15 #596" ”aéegﬁé&eaﬁei‘ ng F'%ﬂﬁsf%s“{usntf’éebm T'HS E!i’?"ﬁ'yd‘ﬂﬂgé}ha'ﬁrom
900 to 3000, n@s@rowl@rf rafliggh| whi ioMeieRYlY £ goliscotenyl Beigpitoan Ca- T lamalkybor
C20- al kyl or - abkenwlredicshdpoarises preterabiyfroop b ital0sD yespdviily fecch 28tb 0K in
correspondi 1ty $atticnatiec 261to F00sabst pateet yifat3p tabsnaambs abay.iinge kit 16
to 20 carbon atgpEebubdafrdditAlsShaubteRBly Hﬁ@%uﬂﬂ@ér%vér@gd}ﬁdléwﬁmajhtmn of
n-hexadecyl (p%mztowm d@o%éf@rgﬁﬂ%m £801t6 5 ¥do) esphi %9,%%@ 10908 b

l'i nolyl and I| igq,é{,fmﬁel bFo O? %IS O?fgrg&wm gO&Ijﬁe rl cal mxtures with

one anot her ow elatively

| ong-chain h dropar byl radical having from 4 to 3000 carbon atons

nent i oned adahlafes i Bxdl! of rilleny fadicels AFRARPERERORa RIS nore

t han once, for cexesapldingsejiEtedor unshivetedtiatinalsoholgfiaming from ¢€ 19128 cafpt e,
this rel ati vel wtdmenigetinashvuldyod meda hdyy In padidilarak n-haMatedl (pamipf)ef erably a
pol yi sobut enyl nraatidedl (steaghf, Oreicdsy; by, krdlyGAa-incdmal Whith @laly abdeay |

radi cal, occur $ecnhifdi mBXAEIU IR on@anotePlihd e nRLraP@dinR4 or IR and R7.
In a pr ef ergged enbodi ment, one or two poI yi sobut enyl radicals having

b 200 to0 .40 000
o e 20 TSR MR IBll bR AR 4208 20800 B8 or

R8. 30 The rendiAIMGd Sahaee bLREAEE! I MR EREGPYGIF281es RO RN Oofgs: Ry,
R5, R7 and R8 Wiieme ice onbieedimes(yhen d Reaursiyipe ilgjs efagiyahAordFhE00 car bon
atons or pol yi $udrotadmfadicahdihichlisspréferabin g pelvisnbriony raalizelcadfer @k-de Gloar
wei ght Mh of5 f ratkno2 Gdkend ratia) 6@usaiohexanpe pardesifubnt R enr R'Se AL adayRIr ogen
atons, hydroxyl groups or, when they are hydrocarbyl radicals,

35usual | y rela ygl ebéné&‘&ﬁﬁodmf Bné’éf%%sgydteﬁyﬂgﬁl&ﬁg r'%V|h&‘¥hﬁPngrr om 1

to 20, f t
preforabl y 11 newyesiclel i °“°W WP‘%{;SW&%%%& 56t cal

e
exanpl es of thé‘a}fsgw?@? a?rE Wor -df?r’ pyl, isopropyl,
n-butyl, 2-Butyl, sec-butyl and tert- but yI . In this context, very
particul ar pr effbe anegingsulstiyents frem thetgrpyp of RidR% B &*. & idR"taed RE blnicfyare
radi cal s. 40 not substituents having from 4 to 3000 carbon atoms or polyisobutenyl radicals having
a number-average molecular weight M, of from 200 to 40 000 each independently
represent hydrogen atoms, hydroxyl groups or, when they are hydrocarby! radicals,
35  usually relatively short-chain hydrocarbyl radicals having from 1 to 20, preferably from
1 to 12, in particular from 1 to 8, most preferably linear or branched Ci- to C4-alkyl
radicals. Typical examples of the latter are methyl, ethyl, n-propyl, isopropyl, n-butyi,
2-butyl, sec-butyl and tert-butyl. In this context, very particular preference is given to
methy! radicals and tert-butyl radicals.
40
Tetrahydrobenzoxazines | to be used with preference in accordance with the invention
are also those in which the substituents R2 and/or R4, when they are relatively short-



5 chain hydrocarbyl radicals, represent linear or branched C to
C4-al kyl radicals, especially nethyl radicals and/or tert-butyl

radi cals. OF course, such substitution patterns are only possible for
t et rahydr obenzoxazi nes having a total of one or two tetrahydrooxazi ne
ring systems. 5 In the radical of the formula Y, the substituent X
denotes a hydrocarbon bridgi ng el enent which consists of one or nore,
preferably from4 to 800, especially from10 to 300, in particular
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groups are, i n akdollarylonarylglkyl Fadicalet hyl , et hyl, n-propyl, isopropyl,

n-butyl, 2-butyl, sec-butyl and tert- but yl r adi cal s, in particular

al so n-pentyl, |Re@idiglin thd hyaedcalilrbdiadl by NR moieties also mean those radicals in
which the NR® moieties have been inserted formally into a C-H bond at the end, i.e., for

35 example, substituents R1, R?, R3, R4, RS, R? or R8 with an NH; end group. Such

hydrocarbyl radicals derive, for example, from polyamines such as ethylenediamine,
diethylenetriamine, triethylenetetramine, tetraethylenepentamine, eic., in which one of
the terminal nitrogen atoms Is the nitrogen atom in the oxazine ring.

40  The term “"alkyl’ comprises straight-chain and branched alky! groups. Examples of the
alkyl groups are, in addition to the methyl, ethyt, n-propyl, isopropyl, n-butyl, 2-butyl,
sec-butyl and teri-butyl radicals, in particular also n-pentyl, 2-pentyl, 2-methylbutyl,



3-nmet hyl butyl, 1,2-dinethyl propyl, 1, 1-dinethyl propyl,
, 2-di net hyl propyl, 1-ethyl propyl, n-hexyl, 2-hexyl, 2-nethylpentyl,
nmet hyl pentyl, 4-nethyl pentyl, 1,2-dinethylbutyl, 1,3-dinethyl butyl,
3-di met hyl butyl, 1,1-dinethylbutyl, 2,2-dinethyl butyl,

3-dinethyl butyl, 1,1,2-trinethylpropyl, 1,2,2-trimethylpropyl,

et hyl butyl, 2-ethyl butyl, 51-ethyl-2-nethyl propyl, n-heptyl,

2- heptyl, 3- heptyl, 2- et hyl pentyl, 1-progy|buty|, n-octyl,
2-ethy|hexy|, 2- propyl heptyl, n-nonyl, n®decyl, n-dodecyl,
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preferably 1, 2 or 3 substituents. Typical 20exanples are phenyl,
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1100. In the cOm&kt of the present invention, the term

"pol yi sobut ene” al so includes oligoneric |sobutenes such as dineric,
trinmeric, tetr&fenire relpiyalyomechain hdexahe rddatadndiept 4 ve0DE carlsolatdrene.
35The pol yimobig epopisob@ehyCatisal iineymeossddedprinbibe ob B common and
t et r ahydr obenz exambaRmy dvaikkBie GolliBolRERE) iR GBntidlddd iMEsuitaEmarhinto the
pr ef er abl y der 'syrﬁhefsfs%mhé %ﬂgwd}o%gnzo@zggs f g@&,tal p\6|yfs¥but9919 lpbé'fe?e%wﬂagge

"H gh-reactivi t%mbe%?% %'E%Orﬁaéc%lggge:&tu g(atiea%%% ef%r nc is g‘?\%cr{l vity”

pol yi sobut enes

hi gh-reacti vit ° 'B?erg?)so'lﬂ‘”@ﬂ@“@ PreeE ”é"t'ecf”éb‘%%'g%ﬁ' %W%}a%ef%'r%’?? ffal
doubl e bond¥ b488RP. Hivra Rigerely BPm 2BHArtB 8PO. 8Y PRSI TOBLQP EnE00. especially
macr onol ecul es froREP tociiP@andinast erelerble o 9GP el 0. in the context of the present

invention, the term “polyisobutene” also includes oligomeric iscbutenes such as
dimeric, trimeric, tetrameric, pentameric, hexameric and heptameric isobutene.

35 The polyisobuteny! radicals incorporated into the tetrahydrobenzoxazines | used in
accordance with the invention preferably derive from so-called "high-reactivity”
polyisobutene, “High-reactivity” polyisobutenes differ from the “low-reactivity”
polyisobutenes by the content of terminal double bonds. Thus, high-reactivity
polyisobutenes comprise at least 50 mol% of terminal double bonds based on the total

40  number of polyisocbutene macromolecules. Particular preference is given to
polyisobutenes having at least 80 mol% and especially having at least 80 mol% of
terminal double bonds based on the total number of polyisobutene macromoclecules.



pol yi sobut enes having at | east 60 nol % and especially having at | east
80 nmol % of term nal doubl e bonds based on the total nunber of

pol yi sobut ene macronol ecul es. 7 The term nal double bonds may either
be vinyl double bonds [-CH=C(CH3)2] (6-o0olefin) or vinylidene double
bonds [-CH C(=CH2)-CH3] (a-olefin). The substantially honopol yneric
pol yi sobut ene radi cal s al so have uni form pol yner backbones. Anong
these, preference is given in the contex% of the present invention to
t hose pol yi sobutene 5 systens which are forned to an extent of at

| east 85% by wdihgitarmingdefkie bagHymeweitier hewingirfioull$ bends [-@HEF(CHOL4Ryefin}

wei ght and nor er pngifigralbllye bandaRCie-L{=ht:)-CH] @toldfienIhe Abdartgliywei ght
from i sobut ene ngmbpdyniiic béiasobepeakdittM dlsd hald R0yl backoched. takenig
preferred feat ysRe PrefbBfeROdivkh FORYLSREEF MR ;ﬁ&eﬂ%ﬂeh{ﬁﬁl%th%etpaﬁsobutene
tetrahydro- £10 Janzoxaal he rrted%s#eﬁém £ 9%5%%,, b. tion
I's that they aregtet o ot na :,y ] h‘iandtmore %era% ct)og xt ] o le ga th an
extent of at | eas c;[gto/e vﬁetg P 8 ext 8t €5 Y east
50% by wei ght, b fea? EOBEHQE%?F%HF' % E"ﬁéé{st 80% by vvel ght .
Mor eover, the poI yi sobut enes preferably serving as the basis of the

t et rahydro- 15Wentisg areferresfeptugaé the ipplyisabotenekariich can tivethhibe fehighadtor on
pref erabl y tavoeszopadingdi spe insdctardanneleih théblontiaf is thadtheylar®fermioatddyy a
preferably fromrlold glop BCidC(THY) PR EH bRt af at Tdaginnsd. by velght, @pBsially to an

Pol ydi spersity d@npgasat Qﬁ/ﬂb}v@bdﬁ?%ﬂpa‘iﬂ&@la%% bﬁéhtt ofodt :e%'agdxatby @«g%ﬁtage
nmol ecul ar wei ght M‘, and nunber-average nol ecul ar wei ght

20l n the conte i hvention bu
preferably ser\yp‘ﬁoﬁ Vals m?ﬂ@y'%oz’g{lgeso?ﬁ?rﬁ@yfeé‘f'?ga gﬁ%éﬁ@&?&%ﬁg@ | used
i n accor dante \HePz’r?"’t‘zl‘{‘@SH'ﬁ‘?%H‘tﬁC%d@F%W%ﬂ Byinyadt HEBERY hRyempabidispersity
pol ymer s whi ch inges (RIBk i frerapiog tolp. erateragiiifemddisyerdP.iiny earticylar ame1.05 to
conprise, in cégoPyipdspesitis bogerstoog iemheandid guotient bfowihi-808tobrokailgght  of
i sobut ene, nor evephefearaiuybatavbagsiholSi ayighted,ghi = Mampar ti cul ar  at

| east 90% by wei ght and especially at 25l east 95% by wei ght of

| sobutene. 4y ﬁ‘:@'ﬁ’;bfobrﬁékt ofttrhlaeprgééhtyhv%gt%t tﬁ@ﬁéyuéBEMteﬁé&%ér% se!nﬁhg as he

COpOI ymer | zed f %s%%f theut]ggra ?51’0 nzoxazmesﬁ used m cor%ance wﬁ%‘thecl)nr\.rerﬁlon are apso
and al so differ a NONEr. s

t
copol yreri zabl &M T4 S e N L S pi§ Balmegzation and
condi tions. 30SAMP#EsI B C?@Bﬁ'ﬁﬁ@ﬁ@rme‘éﬁgﬁ% Ridesshf0% PreveighbefisoRtiensnmere
pol yi sobut enes pigigratly atdpasiiffaty weight mepabiiagérst lghst PR% by weight and especially at
t et r ahydr ob®nz decardshels weightefdbobutergc haddons the whlikpbtteges nayentprisr, iar e
accordi ngly botcBpdnssdatddaod, fukse lolitedditorgohish agh-Gr E4utbiys] bR R rent
streams, for expRRtdy (hhafi@hidd MbRers whth Gl pdiynRiRydbROMH i@BRene under

dehydrogenatl o] S rackers, FCC crackers (FCC. Fluid
Cat al yzed Crac%?trllog% pg’ginor\'/gagp%?oﬁiﬁﬁgfhey have been 35substanti al | y

freed of 1, 3 but adi en resent therein. Particularly suitable C4
hydr ocar bons%t rishe EQ?H%P‘? LaifpeteiPant frepasalion PFP&I'%"SSW“S}?)W{“%?%F%?’%B‘P y

| ess than 200 pigkasi obilie igtiphydebengprariney user ig aggorlapesandth &g ifvigatiose t i ng
mat eri al , the gchréingyriptrisoboteheitself brtisabsehio Ce eiraagrbomgreding forekanpd an
inert sol vent. CA Gastrafen) C, 018 GBRINISDbGEROIcYyRIgeRADh, €, btk Rorh Stedrhidredrers,

i ncl ude Vi nyl an@ueddckss B FRR CalNL8E i), AratREDMASE ) ME8REeen

G - C4-al kyl yrs@&%a?]tlﬁlyq’rge 1% butaﬁmn@ﬂgse?f tﬁ&%lnyﬁﬁ%é ?é)ﬂer@ al so

gst ert-butylst X'nr §&0&rbon 30 cloH%rtsea@g\éuller}aclly ess man 5600ppm pre%ra Rx less h%rrwns such

200 ppm of butadiene. When C; cuts are used as the starting material, the
hydrocarbons other than isobutene assume the role of an inert solvent.

40  Useful monomers copolymerizable with isobutene include vinylaromatics such as
styrene and o-methylstyrene, Ci-Cq-alkylstyrenes such as 2-, 3- and 4-methylstyrene,
and also 4-tert-butylstyrene, iscolefins having from 5 to 10 carbon atoms such as



8 2-net hyl butene-1, 2-nethyl pentene-1, 2-nethyl hexene-1,

2- et hyl pentene-1, 2-ethyl hexene-1 and 2-propyl heptene-1. Typi cal

pol yi sobut enes which may serve as the basis of the

t et rahydr obenzoxazi nes | 5used in accordance with the invention are,
for exanple, the Gissopal (r) brands from BASF Akti engesel |l schaft,
for exanple Gissopal 550, dissopal 1000 and Gissopal 2300, and

al so the Oppanol O brands from BASF Aktleggesellschaft for exanple
Qppanol 310, 812 and 815. 10Exanpl es of fetrahydrobenzoxazi nes
ltypical in theé r&%hﬂ@iﬂneﬁfzmﬁféwméﬁﬂ matghrxerm!, 2vtiyiveriene-1,

t et r ahydr ooxazi2rghyiferapedrant Rerdpghepgame-ir i ng, are the foll ow ng, where
"PIB" represents a polyisobutenyl radical derived froma

hi gh-reacti vi tyry &di Mb[ﬁ&ﬁlﬁe%&ufﬁdﬂmay%@r@@ﬁs B8 BasisRE a3 t telﬂaﬁyd?bbenzoxazmesl
pol yi sobut yl5enqj hqgﬂomn&lvﬁmln\gﬁﬁdn\éﬁ‘éﬂmﬂ EQMRR, tlﬂé %ﬁssB Bl‘a}(d f%m Bl B

pol yi sobut ene , R4
(111b) Rl = net % gﬁ‘ é?%@e\ﬁ_f JSE gé) Gir ogll nX Glissopal
tert-but yI R4 ? %?WOIW O'?é &i‘-lengﬁﬁ "(eﬁri%? RL =
net hyl , = RzPPEﬂftOé? LBIRSY]1P11f)RI= PIB, R2 = tert- butyI R4 =
met hyl (Iva)RZ = nmethyl, R4 = nethyl (IVb)R2 = H R4= tert-butyl
(1VC) R2 = nit hyExamBhds of tetrehytdrdbanapkaz{nkd/typidaRin therpbiatlof thdresenOeligne ) R2
= OH R4 t er twithdttatdahydrooxazine ring on the benzene ring, are the following, where "PIB”

represents a polyisobutenyl radical derived from a high-reactivity polyischutene (M,
1000} and "PIB*" is a polyisobutylene bridging element derived from a high-reactivity

polyisobutene (M, 870):
15
]
O/\N'R
R
R
(Nla) R’ = methyl, R? = methyl, R* = PIB

(Nb) R!=methyl, R2=H, R4 =PIB
{lcy  R?= methyl, R? = tert-butyl, R* = PIB
{INd) R?'=methyl, R2=0H, R*=PIB
20 {llle} R'=methyl, R2 = R? = tert-butyl
{1 R = PIB, R2 = tert-butyl, R* = methyl

R (IVa)  R2=methyl, R* = methyl
(IVB) R2=H, R*= tert-butyl
(IVc) R2=methyl, R* = tert-butyl

25 (IVd)  R2=methyl, R4 = OH

(IVe) R2=OH, R = tert-butyl

OH

H.C
(V) Rz2=H,R4= CHy



OH (IVOR2 = H, R4
(Vb) R1

R5= net hyl
n- oct adecyl ,

(Vi a) Rl1= n- hexadecyl

= n-oct adecyl

10

15

20

R2= R3= R5= net hyl

O/\N,PIB
H,C
{IVg) R2=H R¢= CH,
R1
O/\N—
R2
R® R’
OH 1= 2-RI=RS =
{Va) R = n-hexyl, R? = R3 = R§ = methy|
{Vb) R’=n-hexadecyl, R2 = R*= RS = methyl
(Vc) R' = n-octadecyl, R2 = R? = R% = methyl
(Vd) R!'=PIB, R?= R?¥ =R’ = methyl
R‘\N Oj
L N
0O 1
R (Vla) R!=n-hexadecyl
(Vla) R'=n-octadecy!
R1\N OW
L N.
0 PIB (via) R!=methyl
(VIib) R!=n-octadecyl
PIB..N Ow
L N.
At
R1/N Nﬁ“
(IXa) R'=n-hexadecyl
(IXb} R?= n-octadecyl
TN
1/N\/\@/N‘P|B
R (Xa)  R'=methyl
(Xb}  R'=n-octadecyl

(IVg)R2= H, R4=

n- hexadecyl, R2= R3= Ft5 =

OH( Va) R1= n- hexyl,
met hyl

R2= R3=

5(Vc)R1L =

(Vii)Rl= RIB, R2= R3= R5= net hyl

(Vi a) Rl= n-oct adecyl

(Vila) R1= et hyl

(Vi1 b)Ft1



"PIB(VIII) (1 Xa) Rl= n- hexadecyl (1Xb)R = n-octadecyl (Xa)Ri
met hyl (Xb) Rl= n-oct adecyl 5 ONR (XViIIla) R = n-hexadecyl
(XVI11b) Rl= n-octadecyl (XIXa) RI = nethyl (XIXb) Rl= n-octadecyl

10

o) 0
9@
piB " Nepig

xXn
N R’
Q" "N’
rO
R‘I/N
(Xlla) R'= n-hexadecyl
(Xllb) R = n-octadecyl
5
1
OAN,R
S04
~N
PIB (Xllla) R?= methyl
(XllIb) R = n-octadecyl
P
0N B
“OV\@)
N
10
;
;
R \(la
N
O (XVa) R! = n-hexadecyl
{(XVb) R'=n-octadecyi
If’lB
N
R jo
N
o (XVla) R!'=methyl

15 (XVib) R!=n-octadecy!



(XXlIla) R1= methyl (XXIb) Rl = octadecyl (XX112) RL = methyl 12
(XXI'1b) Rl = n-octadecyl ON-R1 (XXIlla)= Methyl As a result of the
preparation, it is also possible for mxtures in each case of the
conpounds Vla + XVa, VIb + XVb, Vila + XVla, VIIb + XVIb, VIII +

XVII, I Xa + XVIlla, IXbo + XVIIl b, Xa + XIXa, Xb + XIXb or XI + XX to
occur, and to be used in this formin accordance with the invention.
In a preferred enbodi nent, tetrahydrobenzoxazines | in which the

substituents R3 and R4 or_ R4 and R5, togdlher with a pad-structure

- 0- CH2- NR7- CH2- oxygen-aﬁ?%ched via the substituent R4, forma second
t etrahydrooxazine ring aresused for the present invention. Exanples

t hereof are thepgbove-Ilstgd conpounds VI to XX 15 The

t et r ahydr obenzoxazy ney descri bed are used in accordance with the
present invention ant+oxi dants for stabilizing mneral oi

products and fuel s agai nst the &8¢dion of |ight, oxygen and heat. This
is understood to nmean in particular their node of action as
antioxidants in the convenhtional sense. To this end, the conpounds
are 20i ncorporated into hge material to be stabilized during or after
its production and distributed as honbgeneously as possible. The
concentration of thése<spithounds in the nmaterial to be stabilized is
generally from 0. QOO @ 5% by wei ght, preferably fromO0.001 to 5% by
wei ght, in partREular Form 0. 0kxifa) 206-ByhapRicgit . €specially from 0.05
to 1% by wei ght, based on the Ey%ﬁ&hggh{%gdylperal oi | products and
fuels are f exanpl e di esel fuel, gasollne(?uel, turbi ne fuel, notor
or lubricant oils, gearhgg oils and |l ubricant greases. The

t et rahydr obenzoxazi nes 1/ described are suitable in a particularly

N
advant ageous R
rO O
RN
(XiXa) R'=methyl
(XIXb) R = n-octadecyl
I'T’IB
™
Oié’ ’
N
10
O/\N,PIB
R1\N
O
O N1
(®Xla) R*= methyl
(XXlh) R = octadecyl
O/\N,PIB
R1
N
L)
N
R1

(XXlla} R = methyl



30manner as antioxidants in turbine fuels (jet fuels). This is also
understood to nean their node of action as antioxidants in the
conventional sense. In particular, by virtue of their node of action
asanti oxi dants, they serve to inprove the thermal stability of
turbine fuels. Mreover, especially also by virtue of their action
asantioxidants, i.e. in their property as dispersants, they prevent
deposits in the fuel system and/or conbu%%ion 35syst em of turbines.
Turbine fuels are used in particular for “Operating aviation turbines.
13 The present invention further pPEUPJIBS= Brogtadebyine fuel conposition
whi ch conprises a turbine fuel (jet fuel) and at |east one of the

t et rahydr obenzoxazi nes | describgdxmﬁhb i nventive turbine fuel
conposition conprises a majorityyof ja liquid turbine fuel, 5which is,
for exanple, a turbine fuel cu y incivilian or mlitary

avi ation. These include, for e e, fuels of the designation Jet
Fuel A, Jet Fuel A-1, Jet Fuel BJ Jet Fuel JP-4, JP-5, JP-7, JP-8 and

JP-8+100. Jet A a letA- 1 _areg -EBmerci al |y avail abl e turbine fuel
speci fications baged @ er. The acconpanyi ng standards are ASTM
D 1655 and DEF STANOTOTPIFef B is a nore highly cut fuel based on

10napht ha and kerosene fractions. ddu4 rs=g@eujval ent to Jet B. JP-5,
JP-7, JP-8 and JP-8+100 are military turbine fuels, as used, for
exanpl e, by.th%ﬁéé %?zlhé‘ ol tFon,FiH£8|§0p$%ﬁ%f09‘?nb&u S"%{?eéc‘h%‘é’e%{fﬂ% relate
to fornul ati ons IC \?] reqfdy. ’ﬁg [ , lt%é%g‘u | \ﬁ@ls&c‘“e@ﬁl
corrosion i nhi 5PPBILYS YRy d WRiT K Po e sYEat flg'Aa gilllan 5
The t et r ahydr ob¥h% E¥HPi ¥Re'sXKadRsf Kibera! ek i eccHi aRedo £ Userdn {is fam ie
fuel or to the acerdanprewithige neeiipiosi tion individual ly, as m xtures
and, if apptpriate, in conbination with further additives known per
se. Suitabl e addabietsesd whbaingig YotlaBydpibes@Rdzine | ih Weich Nk @iiistituentd RArdat ne
fuel conpositi g oRRCHITG] ts&iiey Rt Abdristdale L OLRL-RR7-60) bRYLQBttached via

i nhibitors, furtlliéﬁfast Hig‘xf’o Qts oﬁ&j%?alﬁlﬁro&a%ﬁéﬁﬁuryu bﬁﬁ{e%%sem

ter.t_ bu.t yl phen%v%ht' lr’1]._ xléla {eg P aFF‘Q a ove-lﬂsqg gormémunlys_\! tlo am ne and
derivati ves thereof, me eactivators such a

N,I11-disa11%ylidene-1,2-dianino ropane, solubilizers, antistats such
as Stadis 450, ThF séPsEberaersaEs ‘f’?@cr@Q%ﬁF§s%dd& ﬁcca@a'me&thme@fﬁéergl ycol
met hyl et her, dnventahgeantioxitiantsefor sifbiligihe madai il presycteremt fughaginstABe action
Addi tives pref ef ight] okygyet bl leanTiedx s uaderdtdrel ipmesrain partiduise it endadfactiohe
speci fi c conpougdntkasfen te'Yonvehthnapsefise( F thiehainadmpalnayarePr ef erred
addi tives (£ #McBrobARAME TS nkigho Bedhdited ARy SURET RIbfodBRBY Sid de and
have distributed as homogeneously as possible. The concentration of these compounds in

the material to be stabilized is generally from 0.0001 to 5% by weight, preferably from

0.001 to 5% by weight, in particular form 0.01 to 2% by weight, especially from 0.05 to

1% by weight, based on the material,

eny

25
Mineral oil products and fuels are for example diesel fuel, gasoline fuel, turbine fuel,
motor ar lubricant oils, gearbox oils and lubricant greases.

The tetrahydrobenzoxazines | described are suitable in a particularly advantageous

30 manner as antioxidants in turbine fuels (jet fuels). This is also understood to mean their
mode of action as antioxidants in the conventional sense. In particular, by virtue of their
mode of action asantioxidants, they serve to improve the thermal stability of turhbine
fuels. Mareover, especially also by virue of their action asantioxidants, i.e. in their
property as dispersants, they prevent deposits in the fuel system and/or combustion

35 system of turbines. Turbine fuels are used in particular for operating aviation turbines.



30l ong-chai n hydrocarbon radi cals having generally from15 to 700, in
particular from30 to 200 carbon atons. These conpounds may have
further functional groups which are preferably selected from

hydr oxyl, am no, am do and/or imdo groups. Preferred additives are
t he correspondi ng derivatives of polyal kenyl succi ni c anhydri de whi ch
are obtainable, for exanple, by reacting polyal kenes with maleic
anhydride by a thernmal 35route or via thﬁ;chlorinated hydr ocar bons.
The nunber-average nol ecul ar wei ght of tfie | ong-chai n hydrocarbon
radical s is prédfep&panynyentien f#ﬁh@@érov'#%ﬁrﬁ teHa fueDpgresiion @D eomnameRse
pref erabl y fr orrdigdfueldie5o@lendiahlephpng of thedetrahydorheG®Badines BGBOibadd
especially from 650 to 2000. These | ong-chai n hydrocarbon radicals
preferably derityieinkéar Cameand tanpotilidaQbybRebHRRAS oANRuRSRERd BéIl Y
from the af oy engph aSOfase&arr@@cg hihe AUPAlsMHBRRM LGRS, mﬁaw%rahancvﬂéé

interest as addifhLy ‘?ére plé”%lf'els o?ﬁeggsﬁdgru¥ﬁ’c5q'J‘éPf§tJeP J&%&a}x Mgﬁuem Jet

succi ni ¢ anhydr &

nonoal cohol s arﬁ'JH §E1 ‘J)I ) ) IC?TFFU Fﬁ“% 1’)8 @HJFB%/ ﬁ&ﬁ?\’)@??‘?% on
conpri se ethyl é’?’l%é?% l?‘l'? f”?iﬁ%q"ﬁ tigprehasedion kefosefie; Hie accompanying standards
tri et hyl enet et PEANY Dﬁ@‘iﬁ%épﬁ{jlsérhﬁﬁéﬁﬂ apifhiea W@@%'Wb@ﬁ'ﬁ%@ﬁ etc.
Sui t abl e al Bohakhtieeng keregeneradinysd JF-¢ issdqiediolt & R WP&sJrRT.Wamand al |yl
al cohol , dodecanah1are harp)throiat el ds,us@h Foy Byshpiet byath€ MBles asdiGh as

et hyl ene gl ycolrorcd] sk 186 GArSras selalt t8 R h QBRSNS Phiread): oamf.%@méa ol,
neopentyl gl ycalgin/gh Y&8" elm%h FRbIBA, f}k arrﬁ%ﬂ&@,stéﬁ@&aﬁ%ﬁdé Qe

pentaerythritol, mannitol and sorblto ride
derivatives, (A as addlt re descr for exanple, in
US 3 522 17’9’3( %J”ée Ef"”%‘évgm %’%0"%5954 ay R5Sege Cb@ﬁ‘%ﬁ&'”ei‘j‘éiosgg%% 644
and US 6 165 Z%b'”%?‘éHmP%s'“PihI"P'ﬁ’/‘dlﬂa}%@i“M‘ﬁ‘?%‘dhéﬁ%mﬂ@ﬁt‘%éT“é’F“éﬁé‘@“ 10
Preferred addi with&sthgrayditives kppwinypat $eenyl t hi ophosphonat e esters. The
pol yal kenyl radical of these esters preferably has a nunber-average
mol ecul ar wei glsitdbie ddiiGves @R may BEprakdtih tr30Mchtve R fudresapdeiied er abl y
from 400 t 02020Q9n@f@@ ngp@alg@egrg@ht&acerr$s¢zfnrmrm9rstfmré5%ox.&;h§ QG al kenyl

radi cal deriveg eREaﬁyﬁf th g&y%rl%ﬂ ¥ Rl | Han @ﬁ RSB 1 KAGNR ?ggﬂ.n
15descri bed as The
are especially g@ﬁ'&%‘gg‘% ?regfaﬂgﬁ'ga%gcqmﬂ?rﬁﬁ“ﬁ@? N\gdﬂs?q'(‘iﬂ@%n AP BYal o?/
reactive polyi® Wil igtesysh g2 88de 454 Bipcidssehiqnagosts 5h e

pol yal kenyl t hi 6jsHysimdrrat Betad elbprsargypispaieirengf the g9giivesmentanedi t h a

t hi ophosphdddyl ati ng agent are described, for exanple, in US 5 725
611, which is iAaditveppretdred inhiey @niayt olf’ﬂafael’e@ém&werfﬁ&l e geapsodid cafitbuhd ves

(O are Manni chiaaddug! @) anduehdcdsidd tdidges are obtained in principle by
Manni ch reaction of aromatic hydroxyl corrpounds especi aIIy phenol

Succi ni ¢ an

Z‘Pg B?g?glr de“P%{%ér e\é%ﬁdlttve § g E %83 ﬁ(r:-h ernllyenfo %11 ?ucm ?%ﬁ‘? %ade
phenol s i 1 1 EIUERGES™ Hﬁfaﬁlﬁfﬁ% MR

et hyl enedi am né° 2Q9|CéTbH“y?térr'iétTPPsérFPWéW”f'? ey haye éﬁé?ré'{rﬁc%}*??'rﬁ@uli’s which are
t et r aet hyl eneperefearhiraelecigdl frem hydrewd aipe. @pjdoanil/admide youpsShictfeatol e
Manni ch adduct sdditives are the corresponding derivatives of polyalkenylsuccinic anhydride which are

obtainable, for example, by reacting polyalkenes with maleic anhydride by a thermal

35 route or via the chlorinated hydrocarbons. The number-average molecular weight of the
long-chain hydrocarbon radicals is preferably in a range from about 200 to 10 000,
more preferably from 400 to 5000, in particular from 600 to 3000 and especially from
650 to 2000. These long-chain hydrocarbon radicals preferably derive from
conventional polyisobutenes and especially from the aforementioned reactive

40  polyisobutenes. Of particular interest as additives (A) are the derivatives of polyalkenyl-
succinic anhydrides with ammonia, monoamines, polyamines, monoalcohols and
polyols. Polyamines preferred for derivatization comprise ethylenediamine, diethylene-



and processes for their preparation are described, for exanple, in US
5 876 468, EP-A 831 141, EP-A 1 233 990 and EP-A 1 226 188, which are
i ncorporated here by reference. 30 The inventive turbine fuel
conposition conprises the tetrahydrobenzoxazines | described in an
amount of typically fromO0.0001 to 1% by weight, preferably from
0.001 to 0.5% by weight, especially fromO0.01 to 0.2% by wei ght and
in particular from0.01 to 0.1% by wei gh{ based on the total anount
of the turbine fuel conposition. The addit i ves (A to (O and, if
appropriate, fdfaTHes tigidpratereiney teifaetileasPepamine.dieRdlleagsMinengls ‘Suitable
typi cal | y each dsehasenprise ragnotyitris alogholis sucheesietrend allifl rlophol) dG04dnoct and1 %
by wei ght, pr efrenabhlgohbir gomph@drio @otiots Scit8 ditylene bigdd, detrgienanglyaal; t | cul ar
from 0. 0015 t o gbpdadyycsr i giblitandds oAty dNRoll g ceiol, afetibipRbariehe

turbine fuelg cmqg,tdeggewthr%é RARMEOBR &6, at | east one dil uent and,
if appropriate, at l'east one further additive which is preferably

sel ected fromthose d referre i ment, the

i nventive addit UV%”'%%‘%(\{% B%t"aﬁ’e%\@ S‘H%Hl&@s gﬁ’de[(‘)’eﬁ{%g?sﬁ%ﬁq?r\féa'f‘ﬂ?m ne
fuel conpositi &7 3 ¥BnEPi Eeb23 35.41S A% A ¢ ALY T A SonPaHF44 gibup of
(A), (B) and (G)SGt@p"@@ﬂ“ﬂ‘@%fb\'lysfwoﬁ’ﬁﬁa@tbﬁ@@fﬁi@fé@éf such as (A) +
(B), (A +1C), (B) + (C and (A + (B) + (O. Suitable diluents are,
for exanpl e, f ragérangidios 8)retpdyalketylitehosphoiHtOeess Thgpolatedy @8ical
kerosene, naphthfef eshid GEEGHIPEYs a pmnﬁ@r-@éraba%@c@ar@e@ﬁmb kdg@fh

al i phatic hydr%gé\h%@é‘é 598 hortHorepRhM e mb}!ﬂﬂbb{itﬁ)alaﬁ%v m& frﬁ%%@(or) or

Shel I'sol (r), a uents. The

0(?l g 01)?3“2 H‘adm%d rlves re?erab??ro lo} oI Nns a avea ead been
t et r ahydr ob 3 SaAr B é’ Sl H P Ve
ddi tive coRceREraPer 3 eneeralp nyrachan adlie i copponen! liChan by

additive co
wei ght, nore pP@’W@F%M’IrW'%‘Sd’r‘hOP deedioon By SARANBHY reapiye PRIYISPREENBU| ar
from 10 to 70%Iviebleiredessesipeedarig stitable polyaliengithiopedsgirnaigfestetydy
concentrate. Theaclimvaepdioefin with d thibghaspHoudetingidgedt dredebedbai | forwiarhple, in
reference to the saslamivHiongs iescatRitihe tiyGéfebmdel OW. 20 Preparati on
exampl es Exgnple 1: N, N-Di (i sobutoxynethyl)-N-nethylamne A 2 |

four-neck flasl gel?.'i W@B 8 C%%?@M%%F 2R sdélh,-h @dltl\% %Q%&Q{ﬁé& M‘h r‘L& 00
m of i sobut an%ﬁ% 9 ﬂf? ﬁy qa é’ﬁ 3 % A
wei ght aqueous rﬁf‘ 8T ST YUY ST RN % GRrEH= Y PBRR %”8"
mnutes, in th e%"@ﬂ‘f%e‘”"@fa 4R ER AT HRO PR PRRaY AT Ty St Ftr?fer&ﬂt‘he)iﬁa@é’r”
addi ti on of 20@rqgctHef pelyisplitpac-sulpsstuler Rigiples With Srmaldahude and ero-wi gor ous
refl ux, in Z5he polgemises WEh sdhativtendd@ming, disthyleedtiamine piathgéeretbtronine, Low
boi | ers wer e ditstaeihl/etkpedtimion dmeatytamingprepdgnifica i Swuthb®R&rmndddtsnbar .
244 g of produGhd BRWRES: Blhek dAgRrdtith 4rb8edcdal) 1f exambik, s sekeags, | 1 qui d
with am ne- i kepodesi 141, Ep-a 1 233 990 and EP-A 1 226 188, which are incorporated here by
reference.
30
The inventive turbine fuel composition comprises the tetrahydrobenzoxazines |
described in an amount of typically from 0.0001 to 1% by weight, preferably from 0.001
to 0.5% by weight, especially from 0.01 to 0.2% by weight and in particular from 0.01 to
0.1% by weight, based on the total amount of the turbine fuel composition.
35
The additives (A) to (C) and, if appropriate, further additives from those mentioned
above may typically each be used in amounts of in each case from 0.0007 to 1% by
weight, preferably from 0.001 to 0.6% by weight and in parlicular from 0.0015 to 0.4%
by weight, based on the total amount of the turbine fuel composition.
40
The present invention further provides an additive concentrate for turbine fuels (jet
fuels) which comprises at least one of the tetrahydrobenzoxazines | described and, if



1H NWMR (400 MHz, 16 scans, CDCI 3): 5 =4.23 ppm 4H,

CH3- N[ CH2-0-CH2-CH(CH3) 2] 2 6 = 3,17 ppm 4H,

CH3- N[ CH2-0-CH2-CH(CH3) 2] 2 35 6 = 2.55 ppm 3H,

CH3- N[ CH2-0-CH2-CH(CH3) 2] 2 o = 1.83 ppm 2H,

CH3- N[ CH2-0-CH2-CH(CH3) 2] 2 5 = 0.91 ppm 12H,

CHr N[ CH2- 0- CH2- CH( CH3) 2] 2 Exarrpl e 2: Tetrahydrobenzoxazi ne of the
formula Vc 40 16 rapidly. The flask con énts were heated to refl ux
and stirred under reflux for 30 m nutes. 769 of trinethyl hydroqui none
wer e added in 3Pporidteatesst ene divepband harnpeepriatyat least ppefughapgdditiye white d
under refl ux f ogpré@rabiysatesd frdmthbdealeswibedsabond. Incoméfemeyl dndodimem) the
tenmperature, a isehtivd apdieeicpicefttats afiiienanglsanbsintdntiieateile alef combbdition,
suction throughomp@3s émt{ﬁoeeﬁad‘dn.bésefomt kﬁoﬁp‘ dfmr(ar A dP@sﬂé@ﬂly\él% hed

repeatedly wth, hebt Aok s%Hib%e(ﬂ £t %) + 88\3 10(8y\@n‘§8ar r“'ﬁ)ﬁder

overni ght in a vacuum dryi ng ca inet at

e 095" oo 85, 49 0 aﬁgctno%ﬁéb%f’b%g Bkt
3.82 ppm 2H, -Kemseng(eaabla oripidtystogs Al putele arparqma jei#ioxazi nes of
t he fornul ae Vihgdrecaxhyas §15=hﬁs§d®erﬁNawf@1§rh8ﬁ‘efcﬁol\f$@§lor Qleysdihand addol y

char ged wi t 1o 30nigure$ offbesafsavemts e kijudetsat room tenperature in 100 m
of isopropanol. 1429 of nolten n-octadecyl am ne were added rapidly.

The flask cont %E%etr’éﬁ&fd%b@@z%&@zﬁe& Pders@rfblealére%wéerﬁwtﬁé lﬁ&bnwedéaemreefl ux for
30 minutes. 27. cgls?ceﬂifrati'\g lre%kllllrp ir 0$fr % %ﬁe eﬁ%fér l!)ln 15

m nutes. The m Xt

course of cooI |frﬁ§ tt88r o%%wﬁlﬁ te""rr?pgr a 'ﬁ‘#'aérfmg' 1\553‘? ({?Jyr”ée(f? bta%ﬁdé)auﬁﬂ?ta'and
was filterelf oM ¢f ﬁ‘esctf?ﬂ‘felnlﬁﬂethrough a 03 suction filter. The filter
resi due was washed repeatedly with heptane. Subsequently, the residue
was dried over rihgmventinn gillba dusirmediirydetal with bifetertce &t thd 0D limiticg &@dplabar
under a nitrogemicataiesphere. 30 g of product were obtained in the
formof a mxture of Vla + XVa. The filtrate was concentrated by

evapor ati onyat pldQfaiangemprbar . 145 g of

Example 1 N,N-Di(isobutoxymethyl}-N-methylamine

A 2 | four-neck flask with water separator was initially charged with 600 ml of isobutanol
25 and 90 g of paraformaldehyde, 113 g of a 41% by weight agueous methylamine

solution were then added dropwise over 12 minutes, in the course of which the

temperature rose o 44°C. After addition of 200 mi of toluene, the mixture was heated

under vigorous reflux, in the course of which 126 ml of water separated out, Low

boilers were distilled off on a rotary evaporator at 60°C and 15 mbar. 244 g of product
30  were obtained in the form of a light, clear liquid with amine-like odor.

1H NMR (400 MHz, 16 scans, CDCh):
5=4.23 ppm, 4H, CHa-N[CH-O-CHz-CH(CHs)z]2
6 =3.17 ppm, 4H, CHs-N[CHz-O-CHzCH(CH3)3]2
35 5=2.55ppm, 3H, CHs-N[CHz-O-CHz-CH(CHs):]z
6 =183 ppm, 2H, CH3-N[CHz-O-CH2-CH(CHs3)z]2
5= 0.91 ppm, 12H, CH3-N[CHz-O-CH-CH(CHs)zlz

Example 2: Tetrahydrobenzoxazine of the formula V¢

40
A 500 ml four-neck flask was initially charged with 30 g of parafermaldehyde at room
temperature in 100 ml of isopropanol. 142 g of molten n-octadecylamine were added



25 further product were obtained in the formof a mxture of Via +
XVa. 1H NMR (400 MHz, 16 scans, CDC13): Via: 6 = 4.70 ppm 2H,

- CH2- N(C181-137) - CH2-0- = 3.73 ppm 2H, -Cl-12-N(Cl13H37)-CH2-0- 30
XVa: 6= 4.74 ppm 2H, -CH2-N(CleH3+CH2-0- o = 3.86 ppm 2H,

- CH2- N(C18H37) - CH2-0- The integrals of the spectra give rise to the
following weight ratios: Via : XVa in the residue:9:1 Via: XVa in the
filtrate:1:1 35 Exanple 4. Tetrahydrobenzoxazine of the fornula Illa
A 2000 m four-neck flask was initially &%arged with 615 g of

2-met hy1- 4- polrgdidioBhe applcphientolerg heatssdo mfiux 4nd stytrdmederirefluk fpr 3vai | abl e
hi gh-reacti vi t ynid@espdé y bitobethghyeroGlinss opad @dddli 0 puitidis vathin VB mafutet000)
at room t enper athdfrfixtir® wad&ingl usder kemliers®.midkfs. B 8@ course of cooling to room

N, N-di (i sobut oxyngsdlk) s MidBebyilafiolant WasTiRXATR Wan échtﬁroﬁfﬁﬁgs

rapi d! y. Thes f ls@&lﬁn ﬁl%?.tﬁgtﬁﬁer\?& dﬂe &Eé \Klgs“r:‘lgd L%Eea@e%ﬁ \ﬂ];'t h Qne':rlo‘ n@.l%htly:rigg
solution was 1 .é:oncegtrdat\‘,edi % gvacporgtl n_at, arclicl1 ar . 0
g of product weFEUSEESARPYFRIPHR YR SPY PR AR S H AR PR He
washed with netMag] 2tesAherolA8-4ar{ PIodurt¥EK©e8@Br: ani ne/ al dehyde
condensati on products forned as a by-product. 51H NVMR (400 MHz, 16
scans, CDCl 3): 16 NMR(4DP8 Myjzmi6 2khs, CORR: N( CH3) - CH2-0- o = 3.87 ppm 2H,
- CH2- N( CH3) 1aCH2- 0- 5 Exanopbe, $H, Telmaicyerahenzoxazi ne of the fornul a
I1le 10 5=3.82ppm, 2H, -CHe-N(CHg)-CHs-O-

Example 3: Tetrahydrobenzoxazines of the formulae Via + XVa

156 A 500 ml four-neck flask was initially charged with 30 g of paraformaldehyde at room
temperature in 100 ml of isoprepanol. 142 g of molten n-octadecylamine were added
rapidly. The flask contents were heated to reflux and stirred under reflux for 30
minutes. 27.5 g of hydroquinone were added in 3 portions within 15 minutes. The
mixture was stirred under reflux for 30 minutes. In the course of cooling to room

20 temperature, a solid precipitated out and was filtered off with suction through a D3
suction filter. The filter residue was washed repeatedly with heptane. Subsequently, the
residue was dried overnight in a vacuum drying cabinet at 50°C and 100 mbar under a
nitrogen atmosphere, 30 g of product were obtained in the form of a mixture of Via +
XVa. The filtrate was concentrated by evaporation at 140°C and 5 mbar. 145 g of

25  further product were obtained in the form of a mixture of Vla + XVa,

1H NMR (400 MHz, 16 scans, CDCla):
Vla: 6=4.70 ppm, 2H, -CH3-N(CisHar)-CHz-C-
5 =3.73 ppm, 2H, -CHz-N({C1gHa7)-CHz-O-
30 XVa: 5=4.74 ppm, 2H, -CH2-N{C1gHa7}-CHa-0O-
5 = 3.86 ppm, 2H, -CHz-N(C1sHa7)-CH2-O-
The integrals of the spectra give rise to the following weight ratios:
Vla : XVa In the residue: 9:1
Vla : XVa in the filtrate: 11
35
Exampie 4: Tetrahydrobenzoxazine of the formula llla

A 2000 ml four-neck flask was initially charged with 615 g of 2-methyl-4-
polyisobutenylphenol (based on the commercially available high-reactivity

40  polyisobutene Glissopal® 1000 with an Mn of 1000) at room temperature in 500 ml of
toluene. 107 g of N,N-di(isobutoxymethyl)-N-methylamine from example 1 were added
rapidly. The flask contents were siirred at 80°C for 30 minutes. The solution was



A 1000 m four-neck flask was initially charged with 206 g of
2,4-di-tert-butyl phenol at roomtenperature in 400 m of toluene. 203
g of N, N-di (i sobutoxynethyl)-Nrethylam ne fromexanple 1 were added
rapidly. The flask contents were stirred at 80C for 60 minutes. The
sol ution was concentrated by evaporation at 120C and 15 5 nbar. 260 g
of product were obtained. 1H NWR (400 M—lz 16 scans, CD2C2): 6 =
4.73 ppm 2H, -CH2-N(CH3)-CH2-0- o = ppm 2H, -CH2- N(CH3) - CH2- O-
20 Exanpl e 6: Tetrahydrobenzoxazi nes of he formulae VIII + XVII A
2000 m f our - nesehcehtraieddy\gdaporaiipn fdRPE and amibed 650 ¢ ¢f prgiug) wefe obtained in

par af or mal dehy dies fatm of@o il Wigichpen diten ibe washe2 8@h mietharol fosetve amell amd@ih of)

of KeroconD Pl Bhileennrictbadchsatiavabd abliemadebdbxnrosei ght sol ution of
pol yi sobut enyl am ne based on high-reactivity polyi sobutene, M =

1000, in M hagqg 'i—le'T\i‘ 4'80@!}-1'531%%5145)(&[96165) were added rapidly. The flask
contents were heat§ 2HX 81—5‘ e %under reflux for 30

m nutes. 200 m of il ug n c%_‘é and the water forned was
entrai ned out. §=ae’ Ry'ar \(%E'w radded di ssol ved in 200 nil

of n-but anol vvlthl n 15 m nutes. Subsequently, the m xture was
30stirred underExgmfle OXTefraryd@denzp { theta llet i on was concentrat ed
by evaporatioon at 140C and 5 nbar. 440 g of product were obtai ned. 1H
NVR (400 MHz, 161086 anBur-fekiiadk waddhkiblly chargedwith@o® P B3 2, 2hiert-butylphenoi at
'Cl 12- N(PI B) Gédtn Bmperature in 40%]%%%95@%3 HNN%‘DE%F&@WWZ 0- XVII:
0 4. 75 ppm hyla%é % dﬁed’ ra 7th9:£9< ntswer stlrreE]at

H(n %‘
- CHZ N( Pl B) - CH2-
foll ovv|( ng \)NEI g Crf lnagﬁ Fe Sciv(f?n was Cfncetr)lﬁgtié géaporatlon at 1

5 mbar. 260 g of product were obtained.

1H NMR (400 MHz, 16 scans, CD»Clg):
5=473ppm, 2H, -CHa2-N(CHj;)-CH»-O-
5=3.90ppm, 2H, -CHz-N(CH3)-CH>-O-
20
Example 6: Tetrahydrobenzoxazines of the formulae VIl + XV

A 2000 ml four-neck flask was initially charged with 24 g of paraformaldehyde at rcom
temperature in 200 m] of isobutancl. 615 g of Kerocom® PIBA (commercially available

25  85% by weight solution of polyisobutenylamine based on high-reactivity polyiscbutene,
Mn = 1000, in Mihagol, an n-alkane mixture) were added rapidly. The flask contents
were heated {o reflux and stirred under reflux for 30 minutes. 200 ml of toluene were
then added and the water formed was entrained oul. 22 g of hydroguinone were added
dissolved in 200 ml of n-butano! within 15 minutes. Subsequently, the mixture was

30  stirred under reflux for 60 minutes. The solufion was concentrated by evaporation at
140°C and 5 mbar. 440 g of product were obtained.

1H NMR (400 MHz, 16 scans, CDCls):
VIl =470 ppm, 2H, -CHxN(PIB)-CHz-O-
35 6 =3.73 ppm, 2H, -CHz-N{PIB)-CH,-O-
AVIl: &=4.75ppm, 2H, -CHz-N(PIB)-CHz-O-
5 = 3.87 ppm, 2H, -CHa-N({PIB)-CH-O-
The integrals of the spectra give rise fo the following weight ratios:
VI XVIl=1:1.1.
40
Example 7: Tetrahydrobenzoxazine of the formula lllb




Exanpl e 7: Tetrahydrobenzoxazine of the formula IIlb 18 A 2000 m

four-neck flask was initially charged with 5509 of

4- pol yi sobut enyl phenol (based on the comercially avail abl e

hi gh-reactivity pol yi sobutene @ issopal (r) 1000 with an Mh of 1000)

at roomtenperature in 500 m of toluene. 107 g of N, N-di-

(1 sobut oxynet hyl) - N-net hyl am ne from exanple 1 were added rapidly.

The flask 5 contents were stirred at 80C,for 60 m nutes. The sol ution

was washed wi th nmethanol and concentrated by evaporation at 120C and

5 nbar. 517 g 209 St teeknagle lask whe Aitinl ¢haraeq WIDRSP 2 0TH-palsobuteyipiends,

CDCl 3): 105 = 4bdsad ppie copnerci@iyZvaiegpBiph-Ggtiviy polyi@b@enepisgop@@, 1000

- CHr N( CH3) - CHZ-v@th abEmnp I @0Bat robet teapsratuelestoon aztoneneoi 07tge NfNedinul a vd

15A 4000 M f oykoti@skméth@skmedParniné trbrakkynplhauide Badst tidR2TH Agsof

p?r ﬁf or mL?Qi)‘Y%?nt@ﬁts WeR it 88 it 66 rrld?;teléoﬂm%luﬁgn wag Qngi"@@@mpnlneth%rﬁggf g

of Kerocon(r f V, [
nﬁ%r&g&%g bg%\?aiﬁxbﬁéh HRusRBLG, SpKaD %Tgedbgt duc§\9 k!/h

pol yi sobut enyl arq ne reactrvity pol

1000, in M hago NS n- al kane mxture) wer e added Wi t hin 78 m nut es.
The flask contents were heated to reflux and stirred under reflux for
2040 m nutes. THEWRA{408MHz1FcansgCBEL) ri et hyl hydr oqui none wer e added
in portionsiat frofdrBJ2pm3QAE. -SubH¥EHN&hiOy, 100 m of tol uene were
added and the m xtoea.sa@smhent eCHiN(@GEs)-0Hid-ux for 2 hours. Once the
m xture had been cooled to roomtenperature and the isopropanol phase

had t hen been r,gg;qﬁ([gg Fq}ghﬂioggggggge Optpggmmlaﬁ hept ane wer e added.
The sol uti on was washed 25and dried over

sodi um sul f so on has c tra d eva oratl on at
140C and 5 fﬁ)ar“‘m@ﬁﬂ{"ér‘ Eﬁﬁlﬁdﬁ%'f‘"%r“ ég O?EF @g 16
scans, CDCl 3): room femperature in 4004'nl-p©|sm5mang|_pggow qo[ng)Pl org)mer::;@gly -

3.81 ppm 2H mblméﬁ% By weiptt-splution of polyisobutenylamine based on high-reactivity
polyisabutene, Mn = 1000, in Mihagol, an n-alkane mixture) were added within

78 minutes. The flask contents were heated to reflux and stirred under reflux for

20 40 minutes. Thereaiter, 138.1 g of trimethylhydroquinone were added in portions at
from 60 to 80°C. Subsequently, 100 ml of toluene were added and the mixture was
heated under reflux for 2 hours. Once the mixture had been cooled to room
temperature and the isopropanc! phase had then been removed and discarded,
1000 ml of heptane were added. The solution was washed with water and methanol

25  and dried over sodium sulfate. The dry solution was concentrated by evaporation at
140°C and 5 mbar. 1414 g of product were obtained.

1H NMR (400 MHz, 16 scans, CDCl):
5=4.70ppm, 2H, -CHz-N(PIB)-CH,-O-
30 5= 23.81ppm, 2H, -CHz-N(PIB)-CH>-O-
8 =212, 2.07 and 2.00 ppm, each 3H, -CHs on the aromatic

Example 9: Tetrahydrobenzoxazine of the formula XXllla

35 A 500 mi four-neck flask was initially charged with 110 g of a,m-bis{4-hydroxyphenyl)-
polyisabutene with a central p-phenylene structural unit (Mn = 2000) which had been
prepared according to document (7) at room temperature in 100 ml of toluene. 21.5 g
of N,N-di(isobutoxymethyl)-N-methylamine from example 1 were added rapidly. The
flask contents were stirred at 80°C for 60 minutes. The solution was washed with

40 methanol and concentrated by evaporation at 80°C and 5 mbar. 104 g of product were
obtained.



= 2.12, 2.07 and 2.00 ppm each 3H, -CH3 on the aromatic Exanple 9:
Tet r ahydr obenzoxazi ne of the fornula XXIlla 35A 500 ml four-neck
flask was initially charged wwth 110 g of am bi s(4-hydroxyphenyl) -
pol yi sobutene with a central p-phenylene structural unit (M1 = 2000)
whi ch had been prepared according to docunment (7) at room tenperature
in 100 mM of toluene. 21.59 of N, N-di (i sobutoxynethyl)-Nnmethylam ne
fromexanple 1 were added rapidly. The f]ask contents were stirred at
80C for 60 m nutes. The solution was wastied with 40 net hanol and
concentrat ed byH&MpEPAMHari65car80O@Nd 5 nbar. 1049 of product were
obtai ned. 19 1H NVR4F400m M, -CHe-N§Cleer€H--CDCl 3) . 6 = 4. 71 ppm 2H,

- CH2- N( CH3) - CH2- 0-3 ©3.38 Bpri3.8 2pPH,RAb Hx-CHRZON( CH3) - CH2- 0- S5Exanpl e 10:
Tetrahydrobenzoxazine of the fornula Il1f A 2000 nl four-neck flask

was initial |5y %pﬁﬁﬁ% :?‘;l;ﬁamy&ébegzdﬁzm%%gegérﬁﬁﬁl%ﬂﬁhyde at room

tenperature in er oconD Pl BA

(comercially e 65 t sol t|on of i S yl am ne
baood on o oh BBhe E”B'JPWW&E%?%/V?% Iy iR 24 § BB =R e B oo
n- al kane ni xt ufSS)PeREIrRINZ§Y fisopmRPaToRB00E ¢ lfewsoma RIBAf (Foverddiit ent s
wer e heat ed toav@ﬂl@&f)%hﬁwggﬁtﬁ@@@nefrmmsolvtéédvhmm@ﬁse@@n hiohrigaetlyity

Ther eaf t er , 1066 pgyiedbu2ng, dfrt= 1000 \ih Mihag tah ytadaenmixtudd) es@ladésd within 150 i

of isopropanol 2peiiateddthe dask comants Rere HEIGEIE WaIDE Ay, stifr&@Runbkofbiuk fr Was
heat ed under r g hihitel OfheRBRE Ry of 2 ROUE/-4 %ﬁﬁlpﬁéh%l dls¥ibdd i 14pa6l cpeen

fg%sg dt gngoglmf?%gr@ ﬂ&éﬂ Qdo%‘ ro uﬂ?e %&égﬁ%@ﬁ?ﬁ%% turggiéﬁeaﬁﬁggér;%é&gﬁe”

at 140C and 5 ! %?lﬂ"‘Qfs e SHL’%E“trevvereee%B‘%"é?dﬁ%E?"m
16 scans, G5C SS?PFOPa"O' phgSehag litgh DRgHPMoYRd aneelipeaiges thy salign s 205 =
3.90 ppm 2H, c@qzmﬁ(qﬂlbg)em@wat 64&02nqémaﬁn§74mf progyict were gpfaingk
aromati c Use exanpl es
1H NMR (400 MHz, 16 scans, CDCls):
6 =4.80 ppm, 2H, -CHs-N(PIB)-CHy-O-
20 5 =3.80 ppm, 2H, -CHa-N(PIB}-CHz-O-
&=2.12 ppm, 3H, -CHs on the aromatic

Use examples

25 Example 11: Testing of the thermal stability of turbine fuel (jet fuel)

A turbine fuel of the specification Jet A according to ASTM D 1655 was used. The
additization was effected with 100 mg/l of the tetrahydrobenzoxazines or
tetrahydrobenzoxazine mixtures from preparation examples 4 and 6 fo 10.
30
In a three-neck flask which had been equipped with stirrer, reflux condenser and
thermometer, 5 | of air were first passed at room temperature through 150 ml! of the fuel
to be examined within 1 h. Subsequently, the fuel was heated to 140°C with an cil bath
and stirred at this temperature for a further 5 h. After cooling to room temperature, the
35 entire amount of fuel was filtered through a 0.45 um membrane filter. Subsequently, the
filter residue was determined gravimetrically after drying in a drying cabinet at 115°C
for 45 min and subsequently drying under reduced pressure in a desiccator for 2 hours:

Blank value (without additive): 12.0 mg

40  additized in accordance with the invention with 100 mg/| in each case of the following
compounds:
Compound of the formula llla (preparation example 4): 46mg



25Exam | e 11: Testing of the thermal stability of turbine fuel et
fuel) A turbine fuel of the specification Jet A according to ASTM D
1655 was used. The additization was effected with 100 ng/l of the

t et rahydr obenzoxazi nes or tetrahydrobenzoxazine m xtures from
preparation exanples 4 and 6 to 10. 30 In a three-neck flask which
had been equi pped with stirrer, reflux condenser and thernoneter, 5 |
of air were first passed at roomterrpera%#re t hrough 150 m of the
fuel to be examined within 1 h. Subsequenhtly, the fuel was heated to
140C wi th an oifompaersghiie Srmyizedl XV frepatatipperarete for a #liMPher 5
h. After cool i rfgpmpoundad thetfermple it (preparatibhexa@®ia®)i re amount of2f mel was
filtered througtonpolndds therformeriwddmeparatibt eampBSgisequent |y, thez2fgl ter
residue was det@mpolrrbf gicddtniBixxIGadreparaibl Sanfdle)d):Ng i n a dryipeg

cabi net at @SQJ@BU&fme%@nQ nﬁkmép%%&néxlampeﬁw ng under redyggd

pressure in a desiccator for hours: Bl ank val'ue (w thout additi ve)
12. 0 ng 40additized i acco entio

each case of th-|l CHET P aNG "Sﬁggﬁ“ﬁ% '”C&WE%CG’H e@fnofﬁé’%%t}c}?ﬁ%ém%%
(preparation eX3§ippletass. 05? H§ne M8 Conpounds of the fornulae VII1 =

XVIl (preparation exanple 6): Corrpound of the formula I'llDb

(prepar at i ot exaamble 12:)mpiOrmrotin thedfiernél etabibly witlidinyfe( {t &pair at i on
exanpl e 8): Conpound of the formula XXIlla (preparation exanple 9):
5Conpound of t hewftieddl Baskd b the BpRMadtBh IR 280N 16 AL D B6d whBDuséd 4 NU
2.2 mg 1.5 ny IxQ tﬁéﬂnallﬂﬁ‘ny%@s {%fste& Qc%or'dﬂ ®the YAt n%h%& 'aﬁﬁﬁdln&
reduced the anql‘g%%TraDiﬁﬂ orC gﬁnad& |ze XefL e.;v eo?&loleéw? %et?rm ned

turbi ne fuel

turbi ne fuef® GIFTYHaT s i egF %EEPB@ZB%QMH" HePaGhies P RAHE St
A accordi ng t o YASEpFoIEese filidhg igetionane listerietegt the folpiving yalueqaeret est ed
accordi ng to tHeea3@PEOT br eakpoi nt net hod according to ASTM D 3241.

For the unadditized turbine fuel, a value of 240C was determ ned.
15Wth fuel s wWimipolirihf @@eimbaem (peptirktior ethmpdd). 100 ngdoPecn each case
of an additpye dkppduddbs #eSQmdBMNERpAbdAioh BRanipivgnt i on gaec i st ed

bel ow, the ol | Qi BGhdFIasmiERG (FEAPAbFample 8): 270°C

Compound of the formula XXllta (preparation example 9): 270°C

25 Exemple 13: Testing of the water compalibility of turbine fuel

A lurbine fuel of the specification Jet A-1 according to DEF STAN 91-91 was used.

According to DIN 51415 and ASTM D 1094, the water compatibility of the turbine fuel
30 and hence the undesired tendency to form emulsions were determined after addition of

100 mg/l of the product from preparation example 6. To this end, 80 ml of the additized

turbine fuel and 20 m| of water were agitated intensively in a defined manner.

Thereafter, the phase separation layers were assessed visually after each of 1, 5, 30

and 60 minutes. As early as 5 minutes after addition of water, full separation of fuel and
35  water was obtained; no emulsion fractions remained.

A repetition with 100 mg/l of the product from preparation example 7 led to the same
result.

40  Example 14: Testing of the water separation properties of turbine fuel




Conpound of the formula Illa (preparation exanple 4):280C 20 Conpound
of the formula Illb (preparation exanple 7):270C Conpound of the
formula Vd (preparation exanple 8):270C Conpound of the fornula
XXII'la (preparation exanple 9):270C 25Exanpl e 13: Testing of the

wat er conpatibility of turbine fuel A turbine fuel of the
specification Jet A-1 according to DEF STAN 91-91 was used. According
to DIN 51415 and ASTM D 1094, the water frrpati bility of the turbine
fuel 30 and hence the undesired tendency to form enul sions were

det ermi ned af t e} tuigifys gﬁhﬁpe&@@t'??gjﬁp‘éﬁc‘{oﬁ’é‘gﬁ? BEUSTAY PbM wasesad-db¢ on
exanpl e 6. To tiideneyrfitu@® fudls Wih re¢red tadhirwiatee sepematidsi mepeftige wasatagte@0
of water were agtdrdibeid ASAMEN3I48 EMBEPhtesl). deharnaetistiafnster of fheer eaf t er

t he phase separmdas@Bmbayghis 48 b AsHaITeslestbiiy akdr Wittfidaespagigch of 1,

5, 30 and 6G mrﬁlééfs@%merﬁ%ftﬁ@lfu nase. b thd r’ﬂé’és@n%m@rfxtttﬁé a@ﬂﬂééﬁs@@m%fccdﬁ@aﬁwé‘é

full separation,pf,f htlo% st@@ﬂh%g ﬁha\ om%‘%;fénd dtgujt Bllyl-a-

fractions remain Pg'i uct rom

preparation exaj eph?nq ggﬁﬂ)aqdﬁg @%tﬁlee? T}?r 'T4: Testing
of the water s %PLPTOBﬁ”edPGﬁ@YGEm gHslogEnt TS PraPasgidine dospam ot i ridfikest el
of the specifi ¢4 Bacopetang vithdeeiBraativgrasn PErcaSTAN 09/ Gaseias thek de%
The tendenciPd ofactivgrsbbstancé caritesnthnl tetoliowiga ratingsdorttfeedprcitydeimviosegar at i on
properties was deeghiesh [attios aiimgscalo A DNt to 10VBkdst margt ). A
characteristic feature of these neasurenents is the use of a standard
coal escence filggk Wd RithdRghqiRBAci ty Sneasurement of g4 he fuel phase.

In the rreasure dance th the
i nvention H-ngto u@%th%q&%k“%s(f)gﬁagg'ob %xa?rﬁ;? 7ému oxXi %
2,6-di-tert- PR noép'ﬁycirﬁ'ﬂg &(pr R he netal deactivator

N. N - di sal i cyI | gund Oétheé‘?rQH‘?P{S&P%%‘@“ ?’?‘i’"‘ﬁ'e§bl vent ¥ustomary for
this purpose. The dosage of the additives used in accordance with the
i nvention was iNv deseibratians & @fifpanegh Witif bagditked iurtidedigl odd0684. 10act i ve
substance content). The following ratings for the opacity behavior
were determned [relative rating scale fromO (worst mark) to 100
(best mark)]: Blank value (w thout additive):99 Conpound of the
formula Illa (preparation exanple 4):95 15Conpound of the fornula
II'lb (preparation exanple 7):99



Compound of the fornula Vd (preparation exanple 8):94 No
deteriorations in conmparison with unadditized turbine fuel occurred.
Ji What is clainmed is: 1. The use of tetrahydrobenzoxazi nes of the
general formula I 5 in which the.substituent Rl represents a
hydrocar byl radi cal which has from1 to 3000 carbon atons and may be
interrupted by one or nore heteroatons fromthe group of O and S

and/ or by one or nore NR6 noieties, 10 where R6 represents a hydrogen
atomor ato Gral kyl radical, and the substituents R2, 123, R4 and R6
are each i ndepeWddimdgmetyer ogen at ons, hydroxyl groups or hydrocar byl
radi cal s which have in each case fromIto 3000 15carbon atons and may
be interrupted by Gheuserfwbhedrbetexaabostthefgemnl fohmilegr oup of 0 and S
and/ or by one or nore N56 noieties, where the substituent R4 may al so
be a radical of the fornula Y 0 20 (C\)Q\N'R1 -

5 R (0

in which the-substituent R? represents a hydrocarbyl radical which has from 1 to
3000 carbon atoms and may be interruptéd by one or more heteroatoms from the
group of O and S and/or by one or more NRS moletles, '
10 .
. where R® represents a hydrogen atom or a C+- to Ce-alkyl radical, and

the substituents R2, R, R4 and RS are each independently hydrogen atoms, hy-
droxyl groups or hydrocarbyl radicals which have in each case from 1 o 3000

18 carbon atoms and may be interrupted by one or more heteroatoms from the
group of O and § and/or by one or more NR® moieties,

where the substituent R may also be a radical of the formula Y

20 | (v)

in which the substituents RY, R2, R3 and RS are each as defined above and the
substituent X is a hydrocarbon bridging element which consists of one or more
isobulene units or comprises one or more isobutene units, or

25
where the substituent R4 may also be a radical of the formula Z or Z’




In which the substituents Rl, R2, R3 and R6 are each as defined above
and the substituent X is a hydrocarbon bridging el ement which
consists of one or nore isobutene units or conprises one or nore

i sobutene units, or 25 where the substituent R4 may al so be a radical
of the formula Z or Z2 in which the substituents Rl, R2, 53 and 56
are each as defined above and the substiijuents R10 and R11 nmay be the
sane or different and represent hydrogen or a C- to d o-al kyl

radi cal, 5and in which the substituents 52 and 53 or R3 and 54 or 54
and 55, together wintHich e sposfitiends ' R Rfard Rbareeash pigefitadsbova gpdified t o
the benzene ring, AyliteansR'Tapd fl'aay bebpepmest FlmgH Ao eHEYd99RY°" or

t he substituents 52CaneCo8lkdradic®4 and 55, together with the
part-structures -0-Cl-12-NRI - CH2- -and -0- CH2- NR8-CH2- attached to the
benzene rings may atkdiowhicrthe aubsieents 82 addk: ar R2hnd Rl of Bt and IRy, chgetbaradth 10Me
ring, where 57 andihaBafticte@ch-CHRERPENARBEN:Y tohhediem@ad ingl mayatkb @&ah S

whi ch have In eachscasf tfaiféﬂl]@réoxéz@me%@@@rtﬁ@é'ubﬁlmeﬁrs RTEd RAGhd TR ¥ind e,
interrupted by oneQLndfiRind pirediOaLETS-dH, NEY-ENE aGf -0UH, RRe.OHARD S

and/or by one or mppg HRA. %E&E'r:%éma%éﬂf&rﬁl 4 REnBLRY Y b RrBker] S35
one of the ﬁblbstltlfllgn}‘s , from4 to

3000 carbon atons a enai ni n ents ro h u

RL, 52, 53. R4, Rs ¥ pﬁ azﬁla R5§re e@aj,? érﬁegeeﬁgen ly hry ro arbarl radu:aEn }?rcﬁhg/&?eg

each have from 1 t 5860 A/LHR0 srtgRetoms @aéﬁf’l”i/? 'g%fﬂ’ty§ T gfrere né

stabi i zi ng ni ner aPO#PPs Fpleeew hAAE Barder Bpere f5Toe NB® Btetn of

| i ght, oxygen and heat. 2. The use of tetrahydrobenzoxazi nes |
accordi ng td5cl ai mwilh the provideitieshatdgest e eitthesniestiyents RieRs Bh Bt RE FeatRS RI
52, 53, 54, R5, 57harfroRa!th BOlA cgbdnaiwwland besemaniag fubstitushiadpm the group
25nunber - aver age nodrecr Re; R4VRE, 8hdnd I whén theycame [300cdriyl 4@cdllQBach Bave The
use of tetrahydrobgsr ®xadicass dorgcording to claim2, in which one or
two pol yi sobutenyl radicals having a nunber-average nol ecul ar wei ght

M of from 200 to 40,006 febktadiBing M RedRi ﬁr%lﬂc% 2AS SIS Bgeink L theedtionBL

and/ or 52 and/ or 5f’g >g’/ gqg% and/ or 58.. The use of
t et r ahydr obenzoxazi nes Ig according to clai s 1 to 3, in which the re-
mai ni ng substi tfyentl'l§ JSEQH& ﬁir&%&g zﬁ sI r:lcord Whl&%t lexfor@Nd 58

whi ch are not subst or
pol yi sobut enél r adf 'lé'?;ﬁ % sﬁ' onts 5| Eg g 7?'% Si(ap é@@o 69{'] e ?‘rﬁgw%ﬁ ght
Mof from28® to 4@%@”@5@%“”?%%‘ W%@P} P 200 FE %8t hydrogen

atons, hydroxyl groups or, when they are h}gdrocar b¥| radi cal s, |inear

or branched C1-3t OTI@usg‘pqgg}fahydéﬂpQ’zazfagmes | accofding fo claim 2, in which one or two
polyisobutenyl radicals having a number-average molecular weight My of from

200 to 40 000 occur In the molecule as substituent R' and/or R2 and/or R4 and/or
30 R" and/or R&,

"4.  The use of tetrahydrobenzoxazines [ according to claims 1 to 3, in which the re-
maining substituents from the group of RY, R?, R3, R4, RS, R? and R® which are not
substituents having from 4 to 3000 carbon atoms or polyisobutenyl radicals hav-

35 inga mjmber—average molecular weight Ma of from 200 to 40 000 each inde-
pendenﬂy represent hydrogen atoms, hydroxyl groups or, when they are hydro-
carbyl radicals, linear or branched Cs- to Cs-alkyl radicals,

5. The use of tetrahydrobenzoxazines | according to claims 1 1o 4, in which the sub-
40 stituents R® and R4 or R* and RS, together with a part-structure -O-CHz-NR7-CH:-
oxygen-attached via the substituent R* form a second tetrahydrooxazine ring.



5. The use of tetrahydrobenzoxazines | according to clains 1 to 4, in
whi ch the sub- 40stituents 53 and 54 or 54 and 58, together with a
part-structure -0-CH2- NR7- CH2- oxygen-attached via the substituent 54
form a second tetrahydrooxazine ring. ;A 6. The use of
t etrahydr obenzoxazines | according to clains 1 to 5 as anti oxi dants
in turbine fuels (jet fuels). 7. The usg,of tetrahydrobenzoxazines |
according to claim6 as antioxidants for im 5proving. the thermal
stability of turbine fuels, 8. A turbine fuel c osition conprising
2 turbine fuel B ethe iRgof Bishicroeniossates taneorings Saibeit BeR 2BRETL of
the general fornul &rpnefeclyi {ugl®d in any of claims Ito 5. 109. An
addi tive concentrate for turbine fuels (jet fuels), conprising at
| east one tetral- hyHe sEehEHNFPisezosgznehlacepstngratiaim §pattigxdanigdor ef i ned
in any of cl & ns 1 ptogingtanéhemasgabilifyfof tugplye dglsi at e, at | east one dil uent
and, if appropriate, at |east one additive.

8.  Aturbine fuel compasition comprising a turbine fusl (jet fuel) and at least one

tetrahydrobenzoxazine of the general formula | as defined in any of claims 1 fo 5.

10 9.  Anadditive concentrate for turbine fuels (jet fuels), comprising at least one tetra-
hydrobenzoxazine of the general formula, | as defined in any of claims 1 to 5 and
also, if appropriate, at least one diluent and, if appropriate, at least one additive,



