PF 56943 1 Use of tetrahydrobenzoxazines as stabilisers Description
5 The present invention relates to the use of specific '
t et rahydr obenzoxazines as stabilizers for stabilizing inani mte
organic nateri?% inst the action of light, oxygen and heat,
especially in P%gﬁe fuels Get fuels) ,The present invention further
relates to a turbine fuel conposition and to an additive concentrate
for turbine fuels which conprise these tetrahydrobenzoxazines The

present i nvent igoridiahyiRdberRkaines ad Qatmis@rsocess for 10 preparing these
t et rahydr obenzoxazi nes. Since some of these tetrahydrobenzoxazines

are novel subsb ﬁ‘f‘% the present invention also relates to these
novel substances ensel ves. The nechani cal, chem cal and/or

esthetic properties of inanimte aqrganic material, for 15 exanpl e of
plastics anf cHRATeREEt nvsOlongeiaies feﬁherwsﬁefrsaPC'fﬁut?tra&d@@a&O§aZaﬁaaﬁ uel s,

are known to gebilizansderistadiiliding indmimaeerbanic redterial against tapaptienof 4 okxoso .
Thi s i npai r menéind ieaadpedially atturbing Rlelsdjed fyels) T He ipesstrd inverdibn fuethdr calatextto a
di scol orat i on, y@iRGle! Eohpvatidroihd & aredBifivel dohras fopfurdindeueld WHidBcomprise

Stabi | i zers orysiAid, dibent AR %Hemewu{v@nt.\emmﬁner raaé@tss@@és%tf@rct' on

h
ﬁg:{ ni;n 238 a CP{HEF\\;’E% ]5e te%y&’rrz&nzc&gm%t § Fuée%'c_xm Xft ésg. étr'ahﬂf%%?%g%%§ 152
(1) describes ZePYYP{EEPYES: d%%ﬁf%%%pﬁ‘ﬁ@‘f?a [Blso 5%&6 %R g'ief'e n% SRS dduct s

as anti oxi dant ¥emeaivegt abi | i zi ng i nani mate organic material against
the action of light, oxygen and heat. OQther materials to be

stabi | i zed i nctiedfechavddas chanidnl asy/c Bstigais plopertesiolinbrimatd ot mbteed| Jorand
turbine fugks, 3Rk aQStlbyQ{dlcsﬁ s, BOERG BF hinaoil phodudtelaraifmss, arkkedvin
these 2-al kyl pfa'b)é.rﬁ ;‘?n Jﬁsrv % oh 3 Foat/ARR ARG Whiol g
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30 WO 03/ 10659‘33?'25)' Séqtggerapg%qb&@gézom%@ltl%vylt }éﬁlmprowed protection against
hydr ocar byl - susish imnaireents{ereanisi reaterial kY gl ey apaENY Best saidpe achieved are
pol yal kenyl2bhi aghagphenat e est ers, Manni ch adducts made from
hydr ocar byl - substituted phenols, an al dehyde and an am ne as

addi tives for wrrmaﬂé‘e V\le@al/m%?zt 1)fdéeér§éséaky:dormmxénwghénbne ahdy@sial
stability and for r b{%&sfrgg HE‘OQQQ téf?,rstg’ﬁiz WENifibte ofg2hy @fr, él)é?;n%rt }hEhe
,‘%

mneral oil pro Lzers

and anti oxi dan?cé'o'i'/\ﬁ’t 9‘?5'\7‘5@ ﬁt%eéﬂa(e? %%eg}?gﬁ:'ge 'rﬁé"fie Eualgsuch as
i npai r ment 28f Qﬁsh@erﬁﬁseﬁlﬁﬁ' fuglp apreirting &ielgyandialpaiubricait pmpostions. fretiire For
t ur bi ne fuel s f3ek, thase 2sikypolyisgbatenylghghely andwisirdenaipeaddkgie bring abeyt axt r ene

t her mal st r essinfhvimient aitbe el Ratiifyeand aesdocidh indthe dgpesiatn thefubiircuit

turbines, for gxaIRbEstibMsy3Mshak igfurbitesbi nes, novel inproved

30 WO 03/106595 (2) also discloses, as well as hydrocarbyl-substituted succinic 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 stabliity and for reducing dgposits.

35 However, especially for the mineral cil product and fuel sector, there is a need for
~ stabilizers and antioxidants with improved protective action against the impairment of

the material properties 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 turbines, for example in aviation turbines, novel improved

40  stabilizers are being sought. In the turbines, these should simultaneously also reduce -
deposits in the fuel circuit and in the combustion system by viriue of their mode of
action as antioxidants and/or dispersants.



40 stabilizers are being sought. In the turbines, these should
si mul t aneously al so reduce deposits in the fuel circuit and in the
conbustion systemby virtue of their node-of action as antioxidants
and/ or -di spersants. PF 56943 2 It was therefore an object of the
invention to pPEWE#S stabilizers with an inproved stabilization of
i nani mate organic material, especially of mneral oil products and
fuels, in particular of turbine fuel, against the action of |ight,
oxygen and heat. 5 Accordingly, the use of tetrahydrobenzoxazi nes of
the general formula |, OAINNR R2 R3 R6-- 4 (]) 0 in which the
substituent Rl tERMEEEHT @ ohlagl M AR torpé%ﬁc"@étabfﬁ%ﬁf%‘ﬁ'wgmrrw 1 to
3000 carbon af@hialinie! Faymeie orgsnie rREH <PIPILR SRS AbpradYsised B8Fons
from t he gr oupingfartoularafitirtdedual/agring {he@ption of lohb peyoer@diestet i es, where
R6 representss a hydrogen atomor a C - to C4-alkyl radical, and 15
the substi t ueniageonglyRBe ub¥orddiendbaiex2nedofitidrpandemtky hydrogen
atons, hydroxyl groups or.hydrocarbyl radicals which have in each
case from1l to 3000 carbon atons and nay i nterrupted by one or
nore heteroatonms fromthe group of 0 @ndNS and/or by one or nore NR6
nmoi eti es, 20 where the substituengiR44gBy al so -be a radical of the
formula Y ,R R2 $R5 R3 11X (V) n which the substituents R1,
R2, R3 and RS are each as definedg ahd the sub- stituent X is a
hydr ocar bon bri dgi ng el ement which cogsists of one or nore isobutene
units or conprises one or nore isobutene units,MWor where the
substituent R4 may al so be a radical of the formula Z or Z

10 in which the substituent R* represents a hydrocarbyl radical which has from 1 to 3000

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

»,

where R® represents a hydrogen atom or a C+- to Cs-alkyl radical, and

15
the substituents R?, R3, R* and R® 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 andfor
by one or more NR? moiefies,

20

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

25 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 isobuteng units, or

where the subsfituent R* may also be a radical of the formula Z or z
30



30 PF 56943 3 NR OH RER2 R3 eFR5 RB R5 Rlo Rlo R71 (2) R71
(Z') in which the substituents Rl, R2, R3 and R5 are each as defi ned
above and the substituents RLO and R11 nay be the sane or different
and represent hydrogen or a C7/- 5 to Clo-al kyl radical, and in which
the substituentfESR®3and R3 or R3 and R4 or R4 and R5, together with
the part-structure -O CH2-NR7-CH2- attached to the benzene ring, may
al so forma second tetrahydrooxazine rigg, or the substituents R2
and R3 and R4 and R5, together withthe 10 part-structures

-0 CH2- NR7- CH2- and - O CH2- NR8OCHNat t ached to tdre benzene ring, may
al so forma second and a t & ahydr ooxad v i ng, where R7 and
R8 are each independently hyd ar byl radicals ch have in each
case froml to 3000 carbomidateAt gnd may bezs gpt ed by one or
nore heteroatoms from 15 tike~groyp of 0 and R8%g dior by one or nore
NR6 noieties, with the proviso tRat atz)| east one 6? tre substituents
Rl, R2, R3, R4, R5, R7 or Rhas from4 to 3000 carbon atons and the
remai ni ng substit.u r R7 and
R8, when they éﬂ"éh% 095”83&%?"}5 r’angi lgg "g% aﬁééﬁmt%% defr}lgg’abﬁ? ﬁﬁﬁo
carbon atons, &dbsEUSHs R f%‘fé” Vbﬂhﬁﬁ?q“?% Sref’tr?gﬁfeﬁ’éels@“ & %\Q‘ﬁ”(?ra r
mat eri al agzﬁ nda CvRkyl&@d®Rbn of |1ight, oxygen and heat has been
found. 25 Tetrahydrobenzoxazines are known in principle as additives
for fuel and | uhd ineaRh theGOEIRBHE ROME.R? BORS dnd R arfteynd WOId:ha52B3he( 3)
and WO 01/ 252944 dohuchiSeLORENRICH, MBMRE RRBBRKeHEIrRgG Tnadialsh i@ laabiove! Y

| ong-chain radigal, @ro%&!&fhe"?iﬁg% lhﬁé's %émﬂand Rag o aﬁdwﬂ'tdbgthérr VRith the

si tuat ed as, subs

detergents Uhi Sﬂ's 57”8 Hestﬂe vg 2'an§' "%H r\%(‘:’}-? &%%Edt&ﬁ %lﬁ he fing,
preparation pr &SR LOME sgroae prskRig 1/t ; ‘ﬁ‘ﬁﬂ ? t hese

t et rahydr obenzoxazi nes are obtai ned as m xtures vm th the
correspondi ng eper-REhad [ dvaeach didepaidendy Bydesfcanbyl eadisals sntich paneripgach aepe
al so used thugoin th BEogamoh dites sntehesy. be Tieruptee pyoretdr onredfeteroatoms from

tetrahydr Ob%nz%%uP%ﬁo%&Qaﬁ&?&%ﬂ;nﬁé"&'n‘br&ﬂ!ﬁﬁ&ﬁdlétﬂﬁntS which are 35
suitable, for exanple, as crop protection conpositions; conposed of

4-al kyi phenol s with the proviso that at least one'of'the substituents R1, R?, R3, R4, RS, R7 or R8 has
from 4 to 3000 carbon atoms and the remaining substituents from the group of RY, RE,
R3, R4, RS, R7 and R8, when they are hydrocarbyl radicals, each have from 1 to 20
20 carbon atoms,

as stabilizers for stabilizing inanimate organic material against the acfion of light,
oxygen and heat has been found.

25 Tetrahydrobenzoxazines are known in principle as additives for fuel and lubricant
compositions. For instance, WO 01/25293 (3) and WO 01/25294 (4) disclose
tetrahydrobenzoxazines with relatively long-chain radicals such as polyisobutenyl
radicals which are situated as substituents on the benzene ring as gasoline fuel
detergents which clean the valves and keep them clean. In the preparation processes

30 disclosed in (3) and {4), these tetrahydrobenzoxazines are cbtained as mixtures with
the corresponding open-chain Mannich adducts of the parent phenél and also used
thus in the gasoline fuels.

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



and an adduct of, for exanple, 1 nole of cyclohexylam ne and 2 nol es
of PF 56943 4 formal dehyde or parafornal dehyde i n net hanol or

et hanol as a solvent is described in US-A 2 806 031 (5) and US-A 3
132 960 (6). The structural peculiarity of the tetrahydrobenzoxazines
Ito be used i nPaE&B¥3dance with 5 the invention is that they conprise
at | east one relatively |long-chain hydrocarbyl radical having from4
to 3000 carbon atons as one of the subst4tuents Rl, R2, R3, R4, R5,

preferred eﬁ{)ég%'%vw i 9%?%““6”9mgj“a'%gf’f%"’sﬁ%@‘%ﬁ?‘fgz’?%@ﬁ&'%gﬁ". cal
having from4 %&BM%S %na'ls1\élssgoa Ppol yi sobut enyl radical. | n a

further preferred e' rribodinent, the relatively |long-chain 10

hydr ocar byl r adhesifucive)paslisgty pbtha tetahydrobenzepeingg it/ pe \ed inAcrasdAyiFe with
radi cal . 1 n Spattsiimehtan s thatittey conairiae dtvesisionk catajiveihiangctainchydroeartny tadical
radi cal, whi chhangifoai £ 3bboycatbop eloy a9bnetof thy subisatdérteR?, B, R3,&R+FEER7 dro
C20-al kyl or - &b Ry bn (R BE&Rhe ridgor 8 s@bask M. 1A8 pﬂam-%u BRbédirRdht, this €.
it occurs as dé\%% ﬁa %n%d@éar@?&agéal E?vmg-ml'nsdf th8 (%tcja?ﬁ% ¥an9@81 chain

hydrocarbyl ra cal or
v ocar byl el cehualialal b st :% el
situated oni% hBYdhARstTadisa meY 2l ke it Gty Ro-afen '°‘1“h'i”§a’i1'@'l'aétti"§el

| ong- chai n  hy criatively byg-chaindivdrasarbyisdies, Vf@hrﬁ%ﬁ@fﬁgbﬁyo‘&s%iew‘ SBGBé'tOényl
radi cal or a Ch@ne-todC:£200 al Jelkbnybradical d$ sieatyd o ardixezits ringorepit pasers as
preferably frogusk6uérd R or RS PKiE eftiValy 1brgadimid Bydrerad®Qadical, wvhich is
particul ar fromefpary pRoblIBSE rab by @Rhy/cbRMoBQikeRy ZRiRalCia bledrably
atoms. |n tfie gas gtugifefj gl?%%!a R AR ey gé Rl & ReTRIIBEVRY RindBhatn ave

number - aver age, plecul 2t o é)re ratgf%? & gfoglﬂéﬁygrggca{lgr aigﬁ 9 fo-alkylor

preferably fro

particul ar fron'&ny r?%caéﬁﬁ'ﬁp”s?ﬁ)%r? rﬁpéf"@? Bioy?04 gPRCgIBY g i?) 0, in
Suitabl e Cl6- perticinirem R to 899, mest REiiphly framide i1 250 sPeobmpP L Brhaease §f t he
radi cal s of copolyigdpiemdradgals.dbaymedfaabhorave ngetterarasd moictlgr veefcdtstiblob
havi ng frompl6mém 28toaa0bm Prefeldblyettordno tdViSU0D (spatatyraln bw toeabe, here in
particul ar of ?rﬁ&ﬂ%@ﬁ&ﬁﬁbo t(:Fﬁ@deﬂnbé‘t'p)eferéﬁﬁ%ﬁéﬂ)@%’hoﬁSt earyl),

n-ei cosyl, oley |nonI and I'i nol'enyl,” which usual ly occur as

hni |
s ot Ve YRty e Pkl 18”?%%?83?%‘3@%%; S 90

carbon at ons s@er ﬁ%’d’a gr %ﬂs%tﬁfaﬁé falfy eletials hpying frogn 16 to 20 carbon
t et r ahydr ol®nz etemzi Meedior] shald be madmhenmio @artifular of nebexadscd (RAMIYE or t hree
times. Wien it necteadscgl (steargp n-elchiys oled] Iablyived §noleoyigvhidhaswally bocdrasc ar by |

radi cal, whi chidegnidal @ikRFaNity ofe i Giub #BY hattiraidirigial and/ or a C16-
to C20- al kyl or -al kenyl radi cal occurs, for exanple, as

2 ;Jbtsf/vlo t ggln')f“ EéEﬁ? fgm\{elyq%&l 1331 arbél radmaph gﬁgr;n%rtcf %O%%dét%{t one
wei ght M o f F@quéﬁbm?%a'%edﬁeﬂd’b g tefrﬂhy HRETFRRE E‘Eﬁ iévgoé% Bn Ghee, for
exampie twice or three times. When it occurs twice, this relatively long-chain
hydrocarbyl radical, which is preferably a polyisobuteny! radical and/or a Cie- to Cao-
alkyl or —alkenyl radical, occurs, for example, as substituent R' and R* or R and R,

35 In a preferred embodiment, one or two polyisobutenyl radicals having a number-
average molecular weight M, of from 200 to 40 000 occur in the molecule as
substituents R! and/or R2 and/or R and/or RT and/or R®.

The remaining substituents from the group of R?, R2, R3, R4, R5, R7 and R® which are
40  not substituents having from 4 to 3000 carbon atoms or polyisobutenyl radicals having

a number-average molecular weight My, of from 200 to 40 000 each independently

reprasent hydrogen atoms, hydroxy! groups or, when they are hydrocarbyl radicals,



substituents Rl and/or R2 and/or R4 and/or Rr and/or R8. The
remai ni ng substituents fromthe group of Rl, R2, R3, R4, R5, R7 and
R8 which are 40 not substituents having from4 to 3000 carbon atons
or polyisobutenyl radicals having . a nunber-average nol ecul ar wei ght
M of from 200PF&6%3 000 each independently represent hydrogen
atons, hydroxyl groups or, when they are hydrocarbyl radicals, PF
56943 5 usually rel atively short-chai'n &ydrocarbyl radicals having

from1l to 20,

nost prefer ablﬁ IS%ERJ%’ shi? Qﬂam}]{} Jg‘a%i rah%&ﬁ ?’E%q:"s g{é}ei]atf: |yp| cal
exampl es of th ‘Tiﬁ*t”é’la rligpler m%sfﬁr I"'rEl A-5F0 ameﬁﬁ{gg‘"
n-butyl, 2- buf%F’Ica'SsTé’E'cﬁl?t‘%}Tp]eé the izjter_ W@trw qtfw RicgYId fy n-burdy
parti cul ar pr eRdphess-tiuyl gidvermbubg (n Biswentenyvely aaiiedar srefarnce sraivenet yI
radi cal s. Tét r aletrgirodeazox &attugbratitas.be used with preference in
accordance with the.invention are also those in which the
substituents Ra.amtdlenfkaziNien Behﬁé(d @thsrér@é@bl.mb&dash@w&n th& maédﬁon

hydrocarbyl rag llc ?l?olséﬁ% ?cﬁ%f]etsu g,{h@ﬁt};spg dﬁ’fﬁn h&arg%[a%a

o oo oe, Touch 'EH"F%/’B%WH% LS Sl e &L PR e s

t et r ahydr ob¥nz 65pesipllyaRetyhprigys a"df%fearbuwlrfa%??é'i Bt copize: Such substitution

t et r ahydr ooxaz paltersiangeniyrossipie for fefialtyiebenzeKagiegs heving hivtl FopeiPrdwy, t he
substituent X ¢etniodesxsineyidy semson bridgi ng 15 el enent whi ch
consists of one or nore, preferably from4 to 800, especially from 10

to 300, in pafntth&lléh | of t'thBrn’lnaa ?Qhél-&@stlt@ﬂm@e%ﬂﬁs gny&&am@ﬁ biiIFR! | Ses
Oneé or nore, 0 :Tngﬁt é caﬁs[s% %e Lo m%%ollbr?ﬁr?ﬂ@%rﬁh tiadcﬂr Q%Eéi'glg?rgr 3% in

)
particul ar f'5

i sobut ene uni t £99 i'”tpart'guaft ©ht é?Pé’Ptﬁi‘Ef 't?lloécct"}?gseﬁ ONRAd"TRE re\X/Piramr bon
atom Wen X cHAPrize, FﬁEP‘E‘ﬂW’mﬁ 810t Bt TR i‘r?rtéllmﬁﬁ?liuéeneflﬁ'@y are
preferably 20 et Kapuistaniisebuitne usits; liistalizcard apprely via thawrgred therr-gankon

m ddl e, such astoar Whert X comprises futhes byeimsarbrostrueinraipits they arerprefeyably

p- phenyl enexounirtisior ABELM stiiptdianeas Qfarr\g@ildi {16 Fiidr| su¢n g Sromuictring
functional gr 0 RenisOfor &lahrBeBN b p-hihyiEeARR, Qnderhdebcaﬂfon structural units

p-hyar oxyphenyl ﬂ% GUBS cross 1R MR BBRLASL 90 ot RS r R o

tel echelic pol nd

der
their preparat %%fstu‘eﬁ?aé” ‘6’@5’8 ?rt?ggst“fe# e ﬁche"c Pﬁy'?g RS X193 29 099
(7). In the rasndedyingthe suhstitpesisytpng iheirprepgrationaredesaipedferFa#Re. @ O and
R71 preferdsl yUBeps 4284090 (7)hydr ogen and/or |inear or branched - to
C4-al kyl radicals, in particular nmethyl radicals. The. conmpound I
having a Z or g & adikadt the idiniifz 6z Ridsbstitbhts ROBAY Ry prefétGoly NpseD

from bi sphenol |/ [ 2, 2o bl BYGLAXYACRY] LRV ORAER) n oo BRY 1 OF
i Dl A e

the preparatio &P TR Serlves

having the Cor FEEBBIAP REMRUY LosVRRR? o 2 racﬂca
30 from bisphenol A [2,2-bis(4-hydroxyphenyl)propane}. As a result of the preparation,

. compounds | having a Z radical and compounds | having the correspending Z' radical
may alsc be present as mixtures.

_i

Hydrocarbyl radicals having from 1 to 3000 or from 4 to 3000 carbon atoms for the

35 substituents R, R2, R?, R4, RS, R7 and R8 should be understood here to mean pure
hydrocarbon radicals of any structure, which, by definition, may also be interrupted by
one or more heteroatoms from the group of © and S and/or by one or more NRS
moieties. In particular, hydrocarbyl radicals are alkyl, alkenyl, cycloalkyl, aryl, alkylaryl,
alkenylaryl or arylalky! radicals.

40 :
Interruptions in the hydrocarbyl radical by NR® moieties also mean those radicals in
which the NRS moieties have been inserted formally into a C-H bond at the end, i.e., for



may al so be present as m xtures. Hydrocarbyl radicals having froml
to 3000 or from4 to 3000 carbon atons for the 35 siubstituents R1,
R2, R3, R4, R5, RI and R8 shoul d be understood here to nean pure
hydrocarbon radicals of any structure, which, by definition, may al so
be interrupt edPbH§694dne or nore heteroatons fromthe group of 0 and S
and/ or by one or nmore NR6 noieties. In particular, hydrocarbyl

radi cal s are al kyl, al kenyl, cycl oal kyl g aryl, al kyl aryl

al kenyl aryl or_ar aﬁﬁ%ﬁ&%%%lg RAQ5 h?&ﬁ:{s%{}?%ﬁﬂﬂzsedd E uch
”beond at

hydr ocar byl radre
whi ch theyNRG RS U MR TSI

the end, i.e. dl?‘We”PPa'BBM@”B"e“@RWE‘ete“%%?b’ﬁ‘?ﬁ%@ﬂ“ﬂr@ EFE In P@'Chﬂ?"f R4,
R5, R7 or R8 vihe ferminal KitRgesratbrigriop nitrSieo ity the eszzingying.r adi cal s
derive, forsexanple, from polyani nes such as ethyl enedi am ne,

di et hyl enet ri affien&m “hikjrabRyises sit=Riht &FinAd blaRihe@ skl YloeRe pRA{pRENEe

etc., in whi cha@pﬁg rs|aret hl.%g n%{h@me%ii ét er{bra}ypiéﬁprbﬁd Tnlb%tyf‘étbl]t?gen

atomin the oxa el & chai n
and branched aﬁeﬁWV' ngegt bu g]lc ST% % SO néf% l iwgfng'flz %

addition to t hEMREYRYY. '%?'Wﬁff‘y %“‘d ) e“‘”é iPiog Y' 9”“2 butyI
sec-butyl ARd Rrepvl nhERKsI2-hewtiZngteyipeng, & @FWV‘W%#’%&‘@JPBWY' ?Tf’ ethyt- ‘
. 2-pentyl, 2- el 1iStipéthy bu@d, 2t dirpéthydiaug, 1,1 dindstidibotyt E\y?ermGtBMbhtyl

1, 1- di met hyl prapygimethfib@yidh, ﬂE—trh)eltHyrp@JDWiZat-rle'tefmwbroﬂa@ pstiojbyty), 2@thgibutyl] |

2-hexyl, 2-met hé!thﬂ-@ﬂﬁé(ﬂy y[mi‘-hé'bﬂlm biyl, 3-héotyinet daApR et 3bropylbutyl, noctyl
1, 2-di et hyI try ¥hOME Kascy® n %O&Ecﬂeﬂ iy qusb’thdec'}l

AT v g ] ﬁ%iﬁw

2 ethylbutyl 1- ethyl-2 nethylp n- hef 2- he , 3 heptyl ,
2-ethyl pentyl , EKEHWPEB%“@U!‘WC“GB'ﬁﬁ@C’t“y“ propeny FI‘QPH%’WWIBV@‘“?JY'SB?I hept yl |
n- nonyl, n- declylblpnsrh dodecyl , n-tridecyl, isotridecyl, 15 n- tetradecyl
(nyri styI ), n-hexadecyl (pal mtyl), n-octadecyl (stearyl), and

n-eicosyl . o Exgamp@§ o@&ol@dwﬂaybausr HECE ;-GG didtlps sdehi QRRIBYHYI,
2-propenyl , 0'C§x|lmex 15995960[» ICh%Ls@abesu%ﬁnm ﬁgr&:Bsw%k%léW'

radi cal s ar groups such as Cyc opentyl,
cycl ohexyl andm%tf}%fag ‘tyI vvhl th my al so be substituted by al kyl
groups, for exanple net hyI radicals. The term"aryl" conprises
nonocyclic, biBhpdermcarvlt edmpyiessi reonagyglichpighsiss tripusliaang dloher paeyRigdamatio s
hydr ocar bors r aigiimadrson rhdicaid & thacse offsulstitotian y s afey dmgl/ot #kengliradjdalsaionl/ or
al kenyl radi cadygmplt @lose R¥RIBIdEILLRD BYVIRIKY OIS BketyRNEraditals, Gievearyl
al kylaryl or al.kenyharylo doadi, 8ad 9 or & RRABA ¥ b or 3 substituents. Typical

eramples are phenyl, tolyl, xylyl, mesityl, naphthyl; flucrenyl, anthracenyl,

phenanthrenyl, naphthacenyl and styryl. A typical example of an arylaikyl radical is

30  benzyl

When the relatively long-chain hydrocarbyl radical having from 4 to 3000 carbon atoms
is a polyisobutenyl radical, it may be based in principle on any common and
commercially available polyisobutene, which is introduced in a suitable manner into the
35 synthesis of the tetrahydrobenzoxazines 1. Such a polyisobutene preferably has a
number-average molecular weight M, of at least 200, Preference is given fo
' polyisobutenes having a number-average molecular weight Ms in the range from 200 to
40 000, more preferably from 500 to 15 000, in particular from 700 to 7000, especially
from 800 to 3000 and most preferably from 800 to 1100. In the context of the present
40  invention, the term “palyisobutene” also includes cligomeric isobutenes such as
dimeric, trimeric, tetrameric, pentameric, hexameric and heptameric isobutene.



radicals nmay also bear 1, 2, 3, 4 or 5, preferably 1, 2 or 3
substituents. Typical exanples are phenyl, tolyl, xylyl, nmesityl,
napht hyl; fluorenyl, anthracenyl, phenanthrenyl, naphthacenyl and
styryl. A typical exanple of an arylalkyl radical is 30 benzyl. Wen
the rel ativel yPFéaag3chai n hydrocarbyl radical having from4 to 3000
carbon atons is a polyisobutenyl radical, it may be based in
principle on any conmmon and commercially avail abl e pol yi sobut ene,
which is intro e nmann nt hesi §. of the
Lot r ahydr obens G yeRHE T EH b b [P et
nunber - aver age 2FR9T98RH V4P tGPVGRECN bly.deriyedfony soxgiipd “pphsteartiviice i s
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preferably fromgQDofRiykdffienemitcloRBleQMal Baricuf prbBiRnd i€ §iRdH o 40
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nmber of pgl
e o 8l e R R i e 2 %Pé'fﬁenﬁrisﬁéﬁf‘éﬁ v

having at | east 80 nol % of term nal double bonds based on the total
nunber of pol yirdwthet peeferevefeaterarol the priissbutenpp whickeeam Uil y dwderabydiends
may either be wenmxygtazidedihised ibaoabsiaheeGlh Be@haMR is(til8 el efei terning®d by a
vinyl i dene doullaeulyogés [cHebtoB6m @i extenidf af18asol B4 byweight kepecially to an
subst anti algyy eﬂ%’é B%%M%%lb@“Bfahtyin%%ma%eanreaehtco%ﬁe@,{@:m baveght.

uni f orm pol yner ckbones. Anmong these, preference Is given in the

context of the present inyention t ose, obut tens
whi ch are for marePyrdie RYsepyenss p@%)er%b e?%'i‘"“ /‘*B%E‘We‘?f Ei‘etraE{dz eraply
to an extent benzeazinesldsedioarIsr=ngs iR thediantion pefamrabinaran PYydsaeraly
extent of at | idst(PD5%E iy 1.65 mepgmferﬁtplmm tobletiéhe paribyly figm 1t0§do

repeat uni tes[ - Coy@Haraitylis undedtobditbtniean the edtientroedeiftd-aterage nufiectibe
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in accordance with the invention is that they are term nated by a
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el ght - bspect Mg etxn Poaressaert B sSsahent e BB el Mg
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30 understood to mean all polymers which are obtamable by cationic polymerization and
comprise, in copolymerized form, preferably at least 60% by weight of isobutene, more
preferably at least 80% by weight, in particular at ieast 90% by weight and especially at
ieast 95% by weight of isobutene. in addition, the polyisobutenes may comprise, in
copolymerized form, further buterie isomers such as 1- or 2-butene, and also different

35 olefinically unsaturated monomers which are copolymerizable with isobutene under
cationic polymerization conditions.

Suitable isobutene feedstocks for the preparation of polyisobutenes which can serve as
the basis of the tetrahydrobenzoxazines | used in accordance with the invention are

40  accordingly both isobuteng itself and isobutenic C. hydrocarbon streams, for example
C. raffinates, Cs cuts from isobutene dehydrogenation, Cs cuts from steamcrackers,
FCG crackers (FCC: Fluid Catalyzed Cracking), provided that they have been



Moreover, the polyisobutenes preferably serving as the basis of the
tetrahydro- benzoxazines | used in accordance with the invention
preferably have a polydispersity index (PDI) of from1l.05 to 10,
preferably from1.05 to 3.0, in particular from1.05 to 25 2.0.

Pol ydi spersityPF&§683der st ood to nean the quotient of weight-average
nmol ecul ar wei ght MV, and nunber-average nol ecul ar wei ght Mh (PD =
MV Mh). In the context of the present inyention, the polyisobutenes

preferably servin s of the benzoxazi nes | used
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pol yi sobut elifes 2-etiheteneiandepreeyinestene-he basi s of the

t et rahydr obenzoxazi nes | used in accordance with the invention are 40
accordi ngl y botrpidassiisonnénck Whkh fnapsiivel 8 Gawaes biahel4irdnydhonnadxagies |
streams, for eyanm é‘ccorgélhcéajtﬁ {nB #HvErition 578, ferkSmpbi %@Glﬁ%glmds from
dehydrogenat i o ASE RIS B SAREL ﬁﬁé&&% 550 fsko %[)ﬂ)% Sl
FdeCataI)éze Lﬁ’ol ; % sl er{;

subst ant i alPy ?Pd(?fso e ORpaRAH @H%q Bpeaénés HarsE(ssaTlor PRTRIC arIy
suitable C4 h?ﬁﬁ’ﬂ:’i‘é'aﬁ@oﬁ‘ﬁsﬁ”?@é% conprise generally less than 500
ppm preferably |l ess than 200 ppm of butadi ene. When C4 cuts are
used as the st ardniprg ohetrahyti@bsnzdtaeinest yahicaldraihd corgexbdf rerpréshaiinvestobut ene
assunme the rol giph zeﬁéhybﬁaeiatzmsmhg/@ﬂha behzdds @hd lereTRNRNRAG, where "PIB"

copol ynmer i zgbl gt & SNSL& :aaa%ug%eeﬁrmé Bt RLFBRLVESp RS ButSHR (M,
styrene and a- ﬁ*&’&owdswéﬂ%@ae ech {1k AR SR bl ety 2

4- et hyl styrene, tyrene, 1s00
from5 to 10 cBYf USW% E Ch as 2- nethylbutene 1,

2-met hyl pentene-1, 2-net hyl hexene-1, 2-ethylpentene-1, 10
2- et hyl hexene-1 anozzwpﬁopylheptene 1. Typi cal polylsobutenes whi ch
may serve as the bdsis| of the tetrahydrobenzoxazines | used in
accordance wt 1 vention are, for exanple, the dissopal (r)
brands from BAS i i engesel | schaft, for exanple dissopal 550,

@ i ssopal 1000 and G i ssopal 15 2300, and al so the Oppanol (r) brands

from BASF Akt enge&l I'schaft, iRy exarpbiyl, Rz = methyl, R* = PIB
25 (k) Ri=methyl, RZ=H,R¢=PIB

(Nic)  R'=methyl, R? = tert-buiyl, R* = PIB

{Id) R'=methyl, R%2=0H, R*=PIB

(lle)  R'=methyl, R = R* = tert-butyl

(ilif) R'=PIB, R?= tert-butyl, R* = methyl

havi

30 R (IVa) R2=methyl, R4 = methyl
(IVb) R2=H,R*=tert-butyl
(IVe)  R2=methyl, R* = terf-butyl
(

Ivd) RZ=methyl, R*=0OH



Oppanol B10, Bl12 and B15. Exanpl es of tetrahydrobenzoxazi nes |
typical in the context of the present invention, wth a

t et rahydr ooxazi ne ring on the benzene ring, are the follow ng, where
"PIB" 20 represents a polyisobutenyl radical derived froma
hi gh-reacti vi t $F96¥48i sobutene (M 1000) and "PIB*" is a

pol yi sobutyl ene bridging el enent derived froma high-reactivity

pol yi sobutene (M1 870): ' ~'NR R2Z R4 (dlia) Rl = nmethyl, R2 =
nmethyl, R4 = PIB 25(111b)R’ meLhy 4-PIB(IIIc)R’:
methyl . Re = tert-butyl, R4 = IS %II#H)@Zten%ﬁ%thl R = OH R4 =
PIB (Ille) Rl = nethyl, RR = R4 = tert-butyl (LLif) RL = PIB, R =
tert-butyl, R4 = nethyl 1 PIBPZ\ 4 30 (IVaJ R2 = nethyl, R4 =
methyl (Ivb) R2 = H R4 =tert-butyl (IVc) = methyl, R4 =
tert-butyl (Ivd) R2 = methyl, R4 = OH PF 56 (I'Ve) R = OR K4 =
tert-butyl OH;/ H3C (I1Wf) R = H R4 :% OMN PIB H3C (1Vg) R2
=H RA=C8B 50'NR R2 3

(Vi R2=H,R¢= CH,
‘ O/\N,PIB
H,C
{IVgy R2=H,R¢= CH,
5
o N
RZ
R® R®
OH (Va) R'=n-hexyl, R?=R3= RS = methyl
(Vb)  R'=n-hexadecyl, R2=R3=R°= methyl
(V¢)  R'=n-octadecyl, R? = R? = R? = methyl
(Vd) R'=PIB, R?= R3=R5=methyl
1
R\,\N C)j
S Ny
10 {Vla) R'=n-hexadecyl
(Vla) R!=n-octadecyl
R\ 0 |
N )
N N.
0 PIB  (vlfa) R*=methyl
(VIlb) R!=n-octadecy!
15
“~ O
FiB N W
L N.

(IXa) R?=n-hexadecyl
(IXb)  R?= n-octadecyl
20



R3/ R6 OH (Va) Rl

n- hexadecyl, R2

RS = net hyl

(Vila) RL =
(VII1) COR -~
20 PF 56943 10

R3

(vd) R1
(Ma) Rl = n-hexadecyl
mePRpEa43(VI I b) RL =
N1 (IXa) Rl =
~/ 0 ~N\ N, RPIB (Xe)q

n- hexyl, R2 = R3
R5 = net hyl
PIB, R2 =

(Via) RL =

RS = et hyl
(Vc) R1
R3 = RS = net hyl
n- oct adecyl
n- oct adecyl
n- hexadecyi

R1

~N

(Wb) R1
n- oct adecyl ,

RAN O |
(1 Xb) RL =

met hyl  (Xb)
/ R(Xlla) R

R2

R1

R3 =

R~INON 10 0
I N, OPis
15 PIB. N“nOL O |
‘n-oct adecyl

N PI B

n-octadecyl PIB NN PIB £XI) 5 ONR | )
n- hexadecyl (X 1)~ noct adecy!
1/N p N\
R PIB (xa) R'=methyl
(Xb)  R?=n-octadecyl
S0
pig Npig (XI)
5
1
OAN’R
rO
R‘I/N
(®lla} R!'=n-hexadecyl
(Xlib)} R1= n-octadecyl
]
O/\N'R
rO
N
PIB (XIla) R'=methyl
10 (XIllb) R*= n-octadecyl
/\N/PIB
rO
N
PIB (XIV)
1
R
B
RKT\ o)
o {XVa) R!=p-hexadecyl
15 {(XVb) R?! = n-octadecyl
PIB
-Nj
RKT\ 0
0

(XVia
(XVIb

) R!'= methyl
) R = n-octadecyl



Al~NRrO PIBN/ (XIlla) RL = nethyl 10 (XIIl1b) Rl = n-octadecyl
NNPIB I PIBN\ (XIV) NI RANO -~0/ (Xva) Rl = n-hexadecyl 15
(XVb) RI = n-octadecyl PIB N RLNO (XVla) Rl = nethyl (XVIb) Rl =
n-octadecyl PF 56943 11 PIB N PIB.NIO~O1I / (XVI 1) OR (XVllla)
RI = n-hexadec®F56943VI I | b) RI = n-octadecyl 5 PIB O R (XIXa) R =
met hyl (XIXb) R = n-octadecyl PIB

11
,, - PIB
; _. Nj
N o)
PIB Nk/Ié,
o (XVII)
,
R
™
ro o)
1N
R (XVllla) R = n-hexadecyl
{XV1Ib) R' = n-octadecyl
5
PIB
™
ro o}
1/N
R (XIXa) R!=methyl
(XIXb) R!'=n-octadecyl
PIB
N
ro o]
N
PIB 000
10
L
Rka
o)
O No 1
TR (XXla) R'=methyl
(XXIb) R!= octadecyl
/\N,F’lB
Rka
0

N
1
R (XXIiz) R = methyl



i N~ PIBNOOI / (XX) 10 Dr" N16 RAN ~ LO/ OMN, R (XXla) R =
methyl (XXIb) RL = octadecyl O %%PIB RLINL O/ IO N (XXlIla) R
= nmethyl PF 56943 12 (XXIlb) RL = n-octadecyl OM RL OPIB Rl'N |
[ PIBl ./ (XXIlla) RL = Methyl 5 As a result of the preparation, it
is al so possi bPESB®B m xtures in each case of the conpounds Via +
XVa, VIb + XVb, Vila + XVla, VIIb + XVIb, VIl + XVIIl, I Xa + XVIIIa,
Ide+ XVIT I'b, Xa + XIXa, Xb + XIXb or Xp + XX to occur and to be
used in this formin accordance on. 10 In a
preferred enbodi nent, tetrahydroben Im gg”ﬁé% ?Q%L whi ch the
substituents R3 and R4 or R4 and R5,1together wWith a part-structure
- O CHr NRT- CH2- oxygen-attached wyﬁ\Nﬁ%e substituent R4, forma second
t etrahydrooxazine ring are used forjthe present invention. Exanples
t hereof are the above-listed c unds VI to XX. 15 The
tetrahydrobenzoxazines | descr are used in accordance with the
present

(XXIIla) R = Methy!

As a result of the preparation, it is also possible for mixtures in each case of the
compounds Via + XVa, Vib + XVh, Vlla + XVla, Vlib + XVib, VIl + XV, IXa + XVilia,
IXb + XVIlIb, Xa + XiXa, Xb + XIXb ar X| + XX to occur, and to be used in this form in '
accordance with the invention.

10

in a preferred embodiment, tetrahydrobenzoxazines t in which the substituents R? and

R4 or R4 and RS, together with a part-structure -O-CH-NR7-CH:- oxygen-attached via

the substituent R¢, form a second tetrahydrooxazine ring are used for the present

invention. Exampleé thereof are the above-listed compounds VI o XX.

15 :
The tetrahydrobenzoxazines | described are used in accordance with the present
invention as stabilizers for stabilizing inanimate organic material agaihst the action of
light, oxygen and heat. This is understood to mean in particular their mode of action as
antioxidants in the conventional sense. To this end, the compounds are incorporated

20 into the material to be stabilized during or after its production and distributed as
homogeneously as possible. The concentration of these compounds in the organic
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 {o
1% by weight, based on the organic material.

25
Inanimate organic material is understood to mean, for example, cosmetic preparations
such as ointments and lotions, medicament formulations such as pills and
suppositories, photographic recording materials, especially photographic emulsions,
paints and plastics. They further include especially mineral oil products and fuels, for

30 example diesel fuel, gasoline fuel, turbine fuel, motor or lubricant oils, gearbox ails and
lubricant greases.

Examples of plastics which may be stabilized by the tetrahydrobenzoxazines |
described include: '
35



invention as stabilizers for stabilizing inanimate organic nmateri al
agai nst the action of [|ight, oxygen and heat. This is understood to
mean in particular their node of action as antioxidants in the
conventional sense. To this end, the conpounds are incorporated 20
into the mater PEPE¥3 be stabilized during or after its production and
distributed as honpbgeneously as possible. The concentration of these
conpounds in the organic material to basstabilized is generally from

0.0001 to 5%b gﬁérgmmorﬂf&"fdﬁafeﬂ@ ¥ucf1%9i31v—«9h@9@eﬁ solpelyiei€i ght,, in
I

\F/)\grghtcm g;s];grg IeRe llr?ea? é‘ bWan-tl]t Iy@ 51'%';?0 Mta lér%rré %c&;ﬁg&yn*e% by

i s under st ood P ‘?ﬂ?’a?f q%gps%r F‘seOf ?rsg‘eBtlloé' ratlons such as

ointments and | otions, medi canent forrrul ations such as pills and

supposi tori &s, pgmr@@wapbmmlyme@@f dyrens aratestlyiglyeene wilpdieneg and/or acrylic

phot ogr aphi ¢ enuivaiivesdor exqepiedtgemAsitaleas sivese-ad¥lenjtrle (AN estyrénzedthytie
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56943 13 pdly Bd ?ﬂd C?P%CF YHE such as low or

hi gh-density pol yethyl ene, polypropylene, |inear polybutene-1,

pol yi soprene, poyydawhich damiee remnd, Ba‘hwf@@}b%ﬁd?ﬁﬁ@eff STVatipRoSUCH S

di ol ef i ns or npuiyatryitespiorethapphigsmpoigaogenides asdipoiBcgohiyiesyr ene and

copol ymers of styrene or a-nethylstyrene with dienes and/or acryl ic

derivativesys f g4 é@mkﬁd&wﬁ&ﬁl@ns%ﬁawaﬁems a%E)é&ﬁx@@oﬁFbﬁMbé?ﬁHc}!“ le

(SAN), styrene acryl ate,
styrene-acryl oﬁ?r Qw sorrE% lggf&r;rﬁx%ﬁep &l;%’}om t [ﬁﬂﬁﬁﬁt a ene styrene
(ABS) or nethyl rret hacryl at e- but adi ene-styrene (

hal ogen- cont ai RPIHEERSIEG PERSSIally Bprmaniastp PAY RIS H?Ya”&‘i”ﬂso‘?qyé!@as

pol yvi nyl {1 uopbierbienylede stiespviolypsterderelycdrbanates. delyatfenes rrolyPthersienssast s ;
pol ymer s whoc h pagathevietdnesom a, (1 - unsaturated acids and their
derivatives, such as polyacrylates, polynethacryl ates,
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pol yur eas, 25poMy/piEtesyHcEE wepheplectiopsiighefer s, pol ycar bonat es,
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The tetrahydrobenzoxazines | described are suitable in a particularly advantageous

manner as stabilizers 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
30 mode of action as stabilizers, they serve to improve the thermal stability of turbine
fuels. Moreaver, especially also by virtue of their action as stabilizers, i.e. in their
property as dispersants, they prevent deposits in the fuel system and/or combustion
system of turbines. Turbine fuels are used in particular for operating aviation turbines,

35 The present invention further provides a turbine fuel composition which comprises a
turbine fuel (jet fuel) and at least one of the tetrahydrobenzoxazines | described.

The inventive turbine fuel composition comprises a majority of a liquid turbine fuel,
which [s, for example, a turbine fuel customary in civilian or military aviation. These
40 include, for example, fuels of the designation Jet Fuel A, Jet Fuel A-1, Jet Fuel B, Jet
Fuel JP-4, JP-5, JP-7, JP-8 and JP-8+100. Jet A and Jet A-1 are commercially
available turbine fuel specifications based on kerosene. The accompanying standards



20 pol yet her ketones. The paints which can be stabilized with the

t et rahydr obenzoxazi nes | described include coatings such as al kyd
resin coating, dispersion coatings, epoxy resin coatings,

pol yur et hane coatings, acrylic resin coatings and cellulose nitrate
coatings, or 2FF¥E#Ti shes such as wood protection varni shes. The

t etrahydr obenzoxazi nes | described are suitable in a particularly
advant ageous nanner as stabilizers in tyrbine fuels.get fuels). This

is also U“dersgﬁ%ﬁpo E‘é%%%n& Bet ETalBa8:. géts%é B h?gﬁy% i Bhdants in
the conventiona gk r s.eng)fl cﬁmns élﬁii!se L¥V \@n{t et P- J(I?"?r Jlgga de of
0% KFREY" ¥ GVE PPF qyzF
T

action as st abi f"f |ty of

turbine fuel s Rb é‘{?é?‘"’taéé 185 Wpipyps f%‘i}‘aﬂrl‘ ﬁ%? AXctl on
as stabilizersPFore @C’mﬁ‘ﬁfﬂ"?ﬁéls nd3iess ?fO%f%P’SSM‘%'é*H?%’Y CPPREGE BFtesfent
deposi t s i n 5t hedditives swsly 83 enmosierdiniibitosorrba btibitors, stgljosdissimetofs, ¢teir bi nes.
Turbine fuels are used in particular for operating aviation turbines.
35 The present Th@féﬁa{yureﬂenfzwahhﬁ: d%&yéddﬁ? ba alided il e kiRl fugt enp @Rl ti on
whi ch conpri seg, @ fhé{lg &Sm ,{Jﬁé%&%ﬁy, #ﬁ hiure@ B, #aphrbgale ﬂ@@mﬂﬁatﬂbﬁ'e

t et r ahydr obenzo F '[Aj\ i Lnventive turbine fuel

conposi ti on coﬁg P [UaRe 3ddIEF EIMD PEISP a liquid turbine fuel, which is,
for exampl €2 a turbine fuel custorrary incivilian or mli tar :
avi ation. Thes8ulrblejaddiivgswhich Bry kamiprsNtdn the U"'é‘?fé“’%‘f"bt“ﬁéleﬂ@éﬁpeﬁé“l on Jet
Fuel A, Jet Fuebmphisd iypidadly detemgknts corfaston inRibigdrs, Rther anfiRidgnts gyehas JP- 8
and JP-8+100. Jeticafly miidradi@drt-thtylpharads, 6-bntphcdylanediaminay ai N, sblighebyanidnene
fuel specifi cabhPnsivdiostfored, ks QSRR ord ieh &8 NP iidtgiea f2aimansls PF
56943 14 age gy MeDs r@%ﬁt ugﬂ\ét%s% biokRles, Bnii-Ring sgatSsubl &0l ¥
cut fuel based Oﬂg nfz th P her %Egglggtfre%%ﬂhgﬁ%ltw‘;?mg foreddu! val ent

to Jet B. JP-5, are m |nefuels

as used, for exanple, the I\/arl nes and Air Force. Song of these
standards rel afediivgs Préfeﬁﬁﬂ g theaztexinl taﬁpraﬁn@awﬂ%&ﬁ)w greciig FaTRgpnds

addi ti ves suchclassege M r(BsandriC) detdilérl betpws, i cing inhibitors, static

di ssi patorsgo etc.. The tetrahydr obenzoxazi nes | described may be added
to the turbi nepfdaledaddiives (A re chipduhfewidnaler@aBMaBtdiricamhydide sdhaed | v,
as mxtures ang}n 'clj;ai leo 956 E(‘ﬁeabé H&vrﬁ&%’e@@ﬂcﬁnﬁtM\‘T@dﬂ'lnfdéFtErmﬁ’rfrom 30 -
addi ti ves knowgl Tig cﬁgoqa&é 5 Thbek 3Bh oy el R RO RS

t he |nvent|ve

detergents, coFieBEILYFeRHRT B BYALOXY fpipg, @’F“dgﬁ‘i'“i/ ?5)5“8% PEPSs d%fﬁrr%ds
sterical |y 3 neditives are ihe-caiespensing Welivgtiven obnalygikespisyrinis Rabdedn which am
N, N' - di pheny| anbtaieable fod exbepieyait ewating pdieikens withmelic adwyaddds byattearsalsuch
as N, N -di sal i gytd diemene chirihitmyfocationg map Ameher-a@kagb imolez@larsyeight of the
antistats such,as St AdkRc4BN rafltRGh feRrabB M d mhdd Hieh ABRPOS tcS18®R0 2S
more preferably from 400 o 5000, in particular from 600 to 3000 and especially from
30 650 to 2000. These long-chain hydrocarbon radicals preferably derive from
conventional polylsobutenes and especially from the aforementioned reactive
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-
35 triamine, triethylenetetramine, tetraethylenepentamine, propylenediamine, etc. Suitable
alcohols comprise monohydric alcohols such as ethanol, allyl alcohol, dodecanol and
banzyl alcohol, polyhydric alcohols such as ethylene glycol, diethylene glycol, '
propylene glycol, 1,2-butanediol, neopentyl glvcol. glyceral, trimethylolpropane,
erythritoi, pentaerythritol, mannitol and sorbitol.
40



di et hyl ene gl ycol nethyl ether, and also m xtures of the additives
mentioned. Additives preferred in the context of the present
invention are the specific conmpound classes (A), (B) and (C

detail ed below. 20 Preferred additives (A) are conpounds which derive
from succi ni c BRA§MBi de and have |ong-chain hydrocarbon radicals

havi ng generally from 15 to 700, in particular from30 to 200 carbon
atons. These conmpounds may have further jgunctional groups which are

preferably sel gct %q.: afnrl %mdehye?ké%iégs (A éumtpe a&a%ﬂﬂu gar%ragi&ged Fgrg)pan%feolldps

o
P e 20 Do e AR TG O SEETsfantn o by

reacting pol yabRErES 2% whichiafudy Eopiger hereb§ie®neher mal  route or VI a
the chl ori nated hydrocarbons. The nunber-average nol ecul ar wei ght of
the | ong-chai Rrefedd addive(s) sragoigaitenylihbpimisatoasta bityrs. The polyaiegyd rédicam.
about 200 to 19ftﬁ’é%@ester@'%Fe%erlﬁ'fa@%%Dhﬂer—%ﬂ@é@e‘l%cbl@r E0in theYaprtohcul ar
from 600 to 308& afﬁ) Ghath Béfegﬁbﬂrrﬂoﬁﬂo@@(bob@ar%qrq)@amcm%?m%ﬁnlsélﬂg chai n
hydr ocar bon ra S:ng S8 %%srﬁefgzaghon?g{v%ﬁﬁg Hle aieady been

ol obut ene
ol o iobﬂtenei esev o5 28 e R RP U eI L o R BPTeL A (Y s eeprialy

deri vat i ves®of P?i)tﬁ“&?a!r' kegiigglp whigl gerive frem MWP’F%@#’W“@W%W“&S
nmonoani nes, pobyithiemesessapitoeteao hbsuiatimpblyalselyiidrbospPenajcgstancly
preferred f or ebatting atpbB61éfinavith @ ChbspRor@ibing lagene dhie s oriesd, 1 ehmplegine 35

triamne, trietByl7eneiehhiensorpbiict A&t ByleRRRBENt am ne,
propyl enedi am ne, etc. Suitable alcohols conprise nonohydric

al cohol s sy s. et han 0

al cohol , %yh?c?ﬁ"@d 3?‘@5?1 @g %u aﬁm% Qa%k‘ ggc a%gip\% F"b gim% ﬁ(kc'ple
gl ycol , pr opy PeManmighyastion of arsmpiihy 8&‘ p"WE’B’ néno
gl ycerol, tri meerivgtves. ito pieredes ass yiope-iof %Q‘Yamﬁ@ﬁt"'ﬁ@f e ﬁr,efe[@jy thegRTiPR ol
and sorbitol . A0diRts & 6QviSbLBne-Sibstitited rheasihwyithrprohaldelede gt myr@sor A)
suitabl e as ad&'u AMiRs sadhas desienddzethe, dighyiexmamihe trdthylenti@radnim?2 179,
US 4 234 438, Hﬁaé{h%gpéﬁ%me%ét %n&%‘pylaHﬁe%t&@&taﬁl@Maﬂﬂdw 448uEs 165
235, which is [y ré’ce'rf.éég? r B3l %ﬁ(crﬁa@tj & EBle, MUY iR 4EL

cdd Tves (o AL g@s 9 Semelqarliag b

umrber - aver a

wei ght in the FEYEefrom about 300 to 5000, more pref erabl y from 400
to 2000 and in particular form500 to 1500. The pol yal kenyl radi cal
deri ves preber i igvehtiverurpiod frel cemporitioa sontreives tisd teterdgrolrmeaxazicksdcr i bed
as | ong-chai n hydfiaar fdduads §aikall @6m 0Q0PIaDb eRtoy Wwapht, frelesabigirem 0.001
especial ly 10 p ségb%ﬁélyﬂt s AHiafPioin W1 6102988y Wiyl SrATR SHARVIBFfdnP818d o OT

reactive polyi 5ohUl CNERs based on the total amont of the turbine fuel composition.

30 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 0.0001 to 1% by
weight, preferably from 0.001 to 0.6% by weight and in particular from 0.0015 to 0.4%
by weight, based on the tofal amount of the turbine fuel composition.

35 The present invention further provides an additive concentrate for turbine fueis (jet
fuels) which comprises at least one of the tetrahydrobenzoxazines | described and, if
appropriate, at least one diluent and, if appropriate, at least one further additive which
ls preferably selected from those.described above. In a preferred embodiment, the
inventive additive concentrate, and hence also the inventive turbine fuel composition,

40 comprises one or more additives from the group of {A), (B) and (C), especially also
mixtures thereof such as (A) + (B), (A) + (C), (B} + (C) and (A) + (B) + (C).



Sui t abl e processes for preparing suitable polyal kenyl t hi ophosphonat e,
esters by reacting a polyolefin with a thiophosphorylating agent are
descri bed, for exanple, in L'S5 725 611, which is incorporated here
by reference. 15 Preferred additives (C) are Mannich adducts. Such
additives are 8668348ed in principle by Mannich reaction of aromatic
hydr oxyl conmpounds, especially phenol and phenol derivatives, with
al dehydes and nono- or pol yam nes. They1gre preferably the reaction

product s of p%éﬂaa@tahueﬁ@%re%bsg FRRISHGhe: Nkl S SRLARNNAG and

i |
T ot hyl enat et PAOFE "3 S PISRIAARG ARG a1 R i et avd st 1 1o
di met hyl am nopPYSIRFERATSRYCh a5 golve aP%FB‘F a0k SR SRR F0RIEY> aadgse

processes for widires ghihesrasolentdanddiventescri bed, for exanple, in US 5
876 468, EB-A 831 141, EP-A 1 233 990 and EP-A 1 226 188, which are
i ncor por at ed heﬂseeteiaahydrb@a‘nafxeﬂﬁe@ | de@deritaerd prasenttin we inbeHtitd asitifalel

conposi tion comuerﬁﬁé pvéa@raslﬁh%aamsun@mpmwumwweréiw@wré rebl) an

0,001 {0 ByE'ﬁ%’*% °"/°%1’“9€$399”‘“a% b b iohe BsieRn el

in particul ar W? EQ?ﬂ‘m 1 Wbby wei ght, based on the totm
amount of t'Re turbl ne fuel conposition. 30 The additives (A to (O
and, if appr opfihenresentinqertianElsa gwvides auoderoin rersged HENY{rebrRagOXaZ Mo
may typical |y ebichcdoerisesechcling aarmppmiratetyfsubstitubdi phervh swodateshel.Ge@odw!, t o
| % by wei ght, hrdsliasmibbiorbdieifolor 8@ttady Bydtbgbifiorawithe replbnt ainglorimiad from
particular frog 93@ [:Inﬁxagf afhifte o%ev@mggh: NBAS BENPDodrR ML, QlvémoREBUNT
of the turhine, ITF Hiriileh BE&%E de nﬂw& [rfa‘ﬂﬁ ber

22%??523& i fﬁ“ﬁ%?% RSk ey bea and,

if appropriate at | east one diluent gnd, if appropriate, at |east
one further additive which |Is preferably selected from

t hose. descri bed above. In a preferred odi nent, the inventive
additive concentrate, and hence al sg, haolqventlve turbi ne fuel
conposition, 40 conprises one or mre addﬂilyms fromthe group of
(A), (B) and (C), especially also nixtures thereof such as (A) +

(!3 ). (A) +r2 © 6'\&1%?1 A-'i-stq1 ;uIJ%{J\U«&H&S%AQ1 ﬁ? c(r%)fvhlcl‘(gg eacP %s%gf%ég’agol@e uﬁb‘ért abl e

diluents a

processi ng, su@ﬁa%{%corﬂ ?Q?s@?‘ﬂ?” ey Eh 55? 4y ?f?}ygmf”ﬁz@%”%@{‘%m e
are aronatic apidyaPXheraulsEresHap %&P%ﬂ%”r@u@ﬁa@@a@&yg@ﬁﬂ CARASHG RN
heavy, Sol vessbH repcter heBheith & 8lo( 3 $quivairats af rezgentrdi Xhaueadinp fetratydse

sol vents and dpdrd@Rkise I, Bs ddreribee bisbyas allenrraxagdrosbyl radesenictied ar e

present in gsheqiny e ool EarBéhtidnhs/hd may be Interrupted by one or more heteroatoms from
the group of O and S and/or by one or more NR? moisties.

Suitable linear or branched Ci- to Ce-alcohols of the formula R®-OH are in particular
linear or branched C;- to Ce-alkanols such as methanol, ethanol, isopropanol,

30 isobutanot and sec-butanol.

Suitable eonditions for the reaction of the aromatic hydroxyl compounds with the

reagent lf are, for example, temperatures of from O to 130°C, in particutar from 20 to

100°C. It is appropriate to work in an inert organic solvent, especially an aromatic
35 hydrocarbon such as toluene or xylene,

The reagent Il is typically prepared from the feedstocks specified by distilling off the
water freed in the course of its formation. A suitable method for this purpose is, for
example, heating in a water-separating inert organic solvent, especially an aromatic



concentrate preferably in an anmobunt of fromO.1 to 100% by wei ght,
nore preferably from1l to 80% by weight and in particular from10 to
70% by wei ght, based on the total weight of the concentrate. 10 The
present invention also provides a process for preparing

t et rahydr obenzBk&8%4des 1, which conprises reacting an appropriately
substituted phenol, pyrocatechol, resorcinol, hydroquinone,

phl orogl uci nol or hydroxyhydroqui none witth a reagent, preformed from

one nol e of a R{mcf@ g? REnd gyér%rﬁw/e@e% & Welr RleafBl MR principle

_R8- NH2
f or el dehydfawfélf%rfgﬁ' (g:c_;ge B“?P%rﬁ[crafere' 45t 0! digrnt g urtper feacgons The

branched C, - t& RIGRSINgrSuUbYROCE UieTIaY Tessxempre. bF p?rﬁgr E’fd&t
formula Il A N Rg OO Re (Il) 20 in which Ais the substltuents
Rl, R7 or R8 wiihepremratiorprotesasccdming ingbe introtien hag théedvaniage thatthedesired
-condi tions. Depesdidngeratxdhe! dosthinadn hignaes, i of subs4rtialyythan xazbire

rings and of Py g{;&;élorgﬂégégﬁhgmgg,qmedq&n; he benzene ring, the
aromat i ¢ hydr oxyl. corrpoun can e reacted here vvith 1, 2 or 3

equi val ents of reag ent tet rah z ne I,
as descri bed a@oﬂ?@ ‘hae t%ﬁ dﬁs’éeg t?trag)(#éo 5y Xaz'ng By be O%Efm%gﬁ %ﬁ'%é}at%
from 4 to 3800PWHtHyEHWHIoBHREESSHRO RrRYS %Hyf['}"?f%g?rﬂ tl?é"dja "SR SF

het er oat ons fréFPﬁTOH”ﬁTé'Y@V@ﬁﬂw@ﬁm@a@d‘dd@yﬁﬂﬂ‘m@?” thé’ﬁ%mS'F °f1’1‘)P’é"GNR6

noi eti es. Suit abiheof thefeamulzoR™-Nit:anBhidd: oCRE-NHpar@dwainelehefIfamaifiehypieor of
formul a Re- OH argmaliehpds-feieasdidgastbstaric @ar hydroxy g@ne tode civertdd) the reaction

Ca- al kanol s SUEéingac%rrﬁﬂbht&ﬂéﬂpropﬂét@Wémtablé&ﬂl@ﬂﬁbﬂﬁ%s an3fdohds Gk ehkanod a and

sec- but anol,s Spjig %taé?lb%n%fg@ 1ib BNScdndof %Q%rﬂhﬁ@ﬁs bANn &is ﬁl&ﬁodaﬁd%\‘@ér' c
hydr oxyl conpoyn

tenperatures o elferlsotﬁ: S fs ll{l)pl‘ﬁlﬁlr&%%ﬂg%e gendl{u,? gn tﬁe re ‘?gntg?ﬁ%gp @fmclilBlBafry ﬁng
appropri ate t o"REIOR SPHItIGRS. PotEcensEPEER PROWE ?fé'ﬂ es" BEFPNRN Sy ygRtional
aromatic 35 hVGFW@ﬂM‘f’C@D@tﬁ“é{@mtﬁw&%’yd@w'xwf@%d arie sfdagent 11 is
typical ly prepé@resdehydsm t he feedstocks specified by distilling off
the water zhreed in the course of its formation. A suitable nmethod

for this purpoggcd ssmefloihe @S RIRLENZORRAEY NMBsdriBecPardAdver suBEFREA tHeb)
inert organic ﬁﬁ]eys%g%tach§ﬂ§rﬁéeﬁjeééﬁ @farn?ﬁaao %b%ufﬁtrﬁ@t@a‘?@f tthe/present

hydr ocarbon su uene or xy ene wever, the water rel eased
can in principl é U'so remain in the reagent Il where it does not

di srupt the further reactions. The
25 Tetrahydrobenzoxazines | in which the relatively long-chain hydrocarbyl radical(s)

having in each case from 20 o 3000 carbon atoms are present as substituents on the
nitrogen atoms of the tetrahydrooxazine rings are novel. The present invention
therefore also provides fetrahydrobenzoxazines of the general formula la

30 , (Ia)

in which the substituent R repreéerits a hydrocarby! radical which has from 1 to 3000
carbon atoms and may be interrupted by one or more heteroatoms from the group of O
and S and/or by one or more NRE moieties,

35
where RS represents a hydrogen atom or a Cy- to Ce-alkyl radical, and



f or mal dehyde-rel easi ng substance used may, . for exanple, be

par af or mal dehyde. 5 The preparation process according to the

i nvention has the advantage that the desired tetrahydrobenzoxazine |
is obtained in high yield, i.e. substantially w thout undesired

by- product s or Paf6348ast in highly enriched form In sone cases, the
desired tetrahydrobenzoxazine | can be obtained in appropriate 10
purity even w thout preceding provisionqgf the reagent I'l1, by direct

T one o o SRLRRLEERE L AR L Bl EE@%V fgpound
P

th | F
BB NED ot woSREEE Moty G ER "o Tygach st BOPLAERS | o

subst ance ( per aMyaddRyItergpisd By eee 4 @%edﬁﬁé?afoéﬁ)fmmtﬂﬁegr?@é’é Pisph S aB‘@Prng
carried out, ibyeppropreiNt®ooleties,a suitabl e sol vent such as an

al cohol , fos exanple a 15 linear or branched Cr to Ca-al cohol of the
formil a R9- OH. whdle tRisShstBEM G mal AENEAT radicd) BRficoinfulalne ri sk in
principle that, depending on the reactant structure, stoichionetry
and reaction conditions, not i ncon3|/d\§rq@l e amounts of undesired
open-chai n conventional Mnnich addict¥ can form from aromatic

hydr oxyl conpound, am ne and f orgfg de. 20 Since sone of the

t et rahydr obenzoxazi nes | descri bed ¢ novel substances, these novel
subst ances thensel ves al so for mgsa Ofr% he subj ect matter of the
present invention. 25 Tetrahydrobengoxazines | in which the

rel atively |ong-chain hydrocarbyl radical (& having in each case
from20 to 3000 carbon atoms are present as substituents on the

ni trogen atgms;Qfichik sh%hfu@ﬁ)fﬂ‘ @@ﬁ@%h@ﬁs drd E\aﬂlﬁ a@-ﬂﬁné@é’c@)lze anbiige besent
invention therg 469{&% %} .ﬁl ¥ B &%r&gobtu{éﬁe

gener al forrrula t In which
substituent Rl ”'?‘téBFcé’g’@H?egoaeﬁr)}W%E ?“?'ﬁtﬁrcal whi ch has from 1to
3000 carbon atons and nay be |nterrupt ed P/ one or nore heteroatons
from t he gr oupwisre Oie salysitusnt B depalstle aypdicabef theP@URFE i eti es, 35
where R6 represents a hydrogen atomor a C to C4-al kyl radi cal, and
PF 56943 18 the substituents R2.. B8 R4 and RSOcare each

i ndependently hydrogen at ogp, ydtNoxyI =2
3 5 | 3 S
RR10 R RR10 R
R11 R1‘1 ,
(Z) (Z)

in which the substituents R!, R2, R? and RS are each as defined above and the
substituents R1° and R1! may be the same or different and represent hydrogen or a Ci-
20 to Ci-alkyl radical,

and in which the substituents R2 and R® or R? and R# or R4 and RS, together with the
part-structure -0-CHz-NR?-CH- attached to the benzene ring, may also form a second
tetrahydrooxazine ring, or the substituents R? and R? and R* and R, together with the

25  part-structures -O-CHz-NR7-CHg- and -O-CH>-NR®-CH:- attached to the benzene ring,
may also form a second and a third tetrahydrooxazine ring,

where R7 and R® are each independently hydrocarbyl radicals which have in each case
from 1 to 3000 carbon atoms and may be interrupted by one or more heteroatoms from
30 the group of O and S andfor by one or more NRE moieties,



groups or hydrocarbyl radicals which have in each case froml to 3000
carbon atons and may be interrupted by one or nore heteroatons from
the group of 0 and S and/or by one or nore NR6 noieties, 5 where the
substituent R4 may al so be a radical of the formula Y ONR RZ R3 RS
/X (Y) 10 in RhE8M3t he substituents R, R2, R3 and R5 are each as
defined above and the sub- stituent X is a hydrocarbon bridging

el ement which consists of one or nore i g9butene wunits or conprises

one or nore isQl unjt.s ' 4 I be
o Fad ca of (R PR aa'sé)%exg“aﬁh%ﬁ&@%ﬁ*%ﬁ?fﬁ*%&%ﬁ%ﬁ@@ﬁ%
Ri RO (2 Riftoraonsangifiecnane Lpsuers iRt 9err oR: FRrE nd /8 are
each as defi ne@nddiiovheniiry afeydrocaipdiadiedie fpdd hRie FaTH! REP cARY™ HeME-he
sanme or different and represent hydrogen or a C - 20 to Clo-al kyl
radi cal, and i Tetrahydedbebdorazineb Shaving entreylfPouasahiétBare in th32-andiorRdpasitiorR4
and R5, toget hgf thébdrZerde g, 4pahbvirytrelbReN iodg-ckirCbfifbCHidcaiabhvirghed to
the benzene riggy JRYoR! 439 3600 ABn 86RO BsunbiRichRIN tHeORba dieind dftd O

t he substituen N t :
part-structur eéetsr%%r Q’R@'%%%ﬁgﬂﬁgﬁggﬁ%h%&@ﬁémﬁet égi?gogldtg % t he
benzene ring, CH{YIRPLEOEEPH L MESETRATIAYTR third tetrahydrooxazi ne
ring, wherd®R7 and R are each i ndependent | y hydrocarbyl radicals

whi ch have in each case froml to Sg%Nc«Br bon atons and may be
interrupted by one or nore hetergato from 30 the group of 0 and S
and/ or by one or nore NR6 noieties; 6943 19 wth the proviso
that at |east one of the substitug ;0 R7 or R6 has from20 to
3000 carbon atons and the remai Ring §ut?sti tuents fromthe group of
R, R, R3, R4, R5, R7 R (tb)

in which the substituent R! represents a hydrocarbyl radical which has from 1 to 3000
carbon atoms and may be interrupted by one or more heteroatoms from the group of O
16  and S and/or by one or more NR® moijeties,

where RS represents a hydrogen atom or a Cs- to Cs-alkyl radical, and

the substituents R2, R?, R* and R¢ are each independently hydrogen atoms, hydroxyi

20 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 andfor
by one or more NR® moieties,

where the subétituent R4 may also be a radical of the formula Y
25

v}

in which the substituents RY, R2, R? and RS are each as defined above and the sub-
stituent X is a hydrocarbon bridging element which consists of one or more iscbutene
30 units or comprises one or mare isobutene units, or

where the substituent R* may also be a radical of the formula Z or 2



and R8, when they are hydrocarbyl radicals, each have from1 to 20
carbon atons. 5 Tetrahydrobenzoxazines | having hydroxyl groups which
are in the 2- and/or 4-position on the benzene ring, and havi ng
relatively | ong-chain hydrocarbyl radicals having In each case from
4 to 3000 carbPR58848ns as substituents on the nitrogen atons of the
tetrahydrooxazi ne rings are novel. The present invention therefore

al so provides tetrahydrobenzoxazi nes of; ot he general formula Ib 10 R2
"~NRL R3/ R5 4 (Ib) in which the substltuent Rl represents a

hydr ocar byl radi cal which has Bfom E to 3000 ca&tbon atons and may be
interrupted by one or norerhetg tons fromrfheigroup of 0 15 and S
and/ or by one or nore NR6 noi s, where R6 razawﬁwns a hydrogen
atomor a C - to C4-al kyl 3 rfand the sab gfnts R2, R3, R4
and R5 are each independentR drogen atonsR?-Adrfxy 20 groups or
hydr ocar byl radi cals which have R eagh case fronRl' g) 3000 carbon
atons and may be |nterrupted by one or nore heteroatons fromthe

roup of .0 and.S an 0 (o] o e er he
gubsfltuent R4! r?ﬁﬁ\{irf b%ﬁ}éats?{adﬁqt!gangﬁ ?rﬁga?’gﬁﬁugnsngﬁgn%ﬁ NR R2
R3 / R5 X () substiugpts Rhaqd 2" @anls the srmp  diflprentigpd represert fydragen pia Gu oy
as defined aboteCiadllyyltadisalsub- stituent X is a hydrocarbon bridging

el ement which consists of one or nore isobutene 30 units or

conpri ses one @fdiAMheh ths bnstiaRs BN R? oRs NRF & R*Bed BY hgkthéruetntheR4
may al so be a paditcalre2b.dHNrE ST Echéd Rlthedbentdie ARE) hdy 4o fohh Rsédond R 2
R2RI RR3 lteaghydrooxazme ring,

10

where R7 is a hydrocarbyl ragical which has from 1 to 3000 carbon aforns and may be
interrupted by one or more heteroatoms from the group of O and $ and/or by one or
more NRS moieties,

15 with the proviso that at least one of the subsfituents R or R” has from 4 to 3000 carbon
atoms and the remaining substituents from the group of R', R?, R3, R*, R® and R, when
they are hydrocarby! radicals, each have from 1 to 20 carbon aioms,

and with the proviso that the substituents R? and/or R* are hydroxyl groups.
20
Tetrahydrobenzoxazines | having a tetrahydrooxazine ring in which the relatively long-
chain hydrocarbyl radical(s) are certain polyisobutenyl radicals and/or certain alk(en)yl
radicals and are in the 2- and/or 4-position on the benzene ring and the alky! radical
has from 1 to 4 carbon atoms on the nitrogen atom are novel. The present invention
25  therefare also provides tetrahydrobenzoxazines of the general formulc lc

R" (1)

in which the substituent R represents a Ci- to Cs-alky! radical,

30
the substituents R2 and/or R* are each independently Cis- to Cao-alkyt or —alkenyl
radicals and/or polyisobutenyl radicals having a number-average molecular weight M,
of from 800 to 3000



Ro RO R(Z) (Z) in which the substituents R7, R2, R3 and R5 are
each as defined above and the substituents R10 and R11 may be the
sane or different and represent hydrogen or a C - 5 to Cl O al kyl

radi cal, and in which the substituents R2 and R3 or R3 and R4 or R
and R5, togetherFsesdsh the part-structure -O CH2-NR7-CH2- attached to
t he benzene ring, may also forma second tetrahydrooxazine ring, 10
where R7 is a hydrocarbyl radical whichshas from1l to 3000 carbon
atons and nmay be interrupted by one or nore heteroatons fromthe
group of 0 and S and/or b¥ one or .nore NR6 noieties, 15 with the
provi so that afndiBegibsipratsdy’ appB° ¥aBRNYIRIs RL or R7 has from4 to
3000 carbon atons and the remaining substituents fromthe group of
Rl, R2, R3, R4TetRBydicteniRazingséwhich ey aasaentigtiahydraetagine riradiregeesnd each
have from | 5t oa®a @Rd leBahyiooEBine Brigchnwhet Hanzdne ripy @% hae!. Theagredehtenvention
substituents RéheorRfd Ao $rvidRE RtrBlAFdBENLoxLHh8 e geréal formula 1d

Tet rahydr obenzoxazi nes | having a tetrahydrooxazine ring in which the
relatively long- chain hydrocarbyl radi caIR@s) are certain

pol yi sobut enyl radicals and/or certaiai 2y’k(en)yl radicals and are in
the 2- and/or 4-position on the I ing and the al kyl radical
has from1l to 4 carbon atons on the {rogen atom are novel. The
present invention 25 therefore gjse oyl des tetrahydrobenzoxazi nes
of the general formulc lc OON R7 R2 Rs 3 4 (lc) in which the
substituent Rl represents a Cl- to Cid-alkyl raffical, 30 the
substituents R2 and/or R4 are each independently Cl6- to C2-al kyl or
-al kenyl  rigdi padchaidsubstityeot R irsodaite A yiydrocadiyicadics! yhash hag fram 1 to 3000
nunber - aver age cayBbrafamhSdnd Weily 88 intdMupte®@by dne @Nn8QBete@aidM BoiheZap 3f @1
and the substi LypatsydRB, aRrbrRRrA® RAadkbs, hydr ogen. -

where RS represents a hydrogen atom or a Ci- to Ce-alkyl radical, and
15 ' '
the substituents R?, R?, R4 and RS are each independently hydrogen atoms, hydroxyl
groups or hydrocarbyl radicats which have in each case from 1 to 3000 carbon atoms
and may be interrupted by one or more hetercatoms from the group of O and S andfor
by one or mare NRS moieties,
20

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

25 in which the substituents R1, R2, R? and RS 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 isobutene units, or ‘

where the substituent R* may also be a radical of the formula Z or Z'
20 : . ,



Tetrahydr obenzoxazi nes | which have a second tetrahydrooxazine ring
or a second 5 and a third tetrahydrooxazine ring on the benzene ring
are novel. The present invention therefore also provides

t et rahydr obenzoxazi nes of the general fornula Id Ol1~ NR R2 R3/
R6 R (1d) 10 i RF@BR48h t he substituent Rl represents a hydrocar byl

radi cal which has froml to 3000 carbon atons and may be interrupted
by one or nore heteroatons fromthe groyp of O and S and/or by one
or nore NR6 noieties, where R6 reprﬁsents a hydrogen atomor a d- to
C4-al kyl radical, and 15 the oUb4§f i tuents R2, RB, R4 and R5 are each
| ndependent |y hydrogen at ORS oxyl groep hydr ocar byl

radi cal s which have in each ar bon atons and may
be interrupted by one or ngt oatons f R 7e~gr oup of 0 and S
and/or by one or nore NR6 RU-£ substituent R4 may
al so be a radical of the fornfl &RY Qﬂ R R2 R Ry X (Y) 25in
whi ch the substituents Rl, R2, R3 and R5 are each as defined above

and the sub- sti e %rsébﬁi“z”&’%s F}’g{[z c.tl) @J’] ar%%::llc nggé S Snd"iﬁ'é ch

consi sts of oné 8} » N Pl Ses o or- nor

i sobut ene uni t SUbsHpe{FET @y mgm?stt“??%r?f d'ffé?fe ?P'?Be% dé"g?'éﬂrlac i of
the fornul a5z @rCfoZalkylwlCiﬂF 56943 22 R OR R 2 R3 R5 R3 R5 RI o]
Rio

and in which the substituents R? and R? or R? and R#* or R4 and RS, together with the
part-structure -O-CHy-NR?-CHz- attached to the benzene ring, may form a second
tetrahydrooxazine ring, or the substifuents R2 and R? and R* and R¥, together with the

10  part-structures -O-CHz-NR?-CHz- and -O-CH>-NR8-CHz- attached to the benzene ring,
may form a second and a third tetrahydrooxazine ring,

where R” and R8 are each independently hydrocarbyl radicals which have in each case
from 1 to 3000 carbon atoms and may be interrupted by one or more heteroatoms from
15  the group of Q and § and/or by one or more NRE moieties,

with the proviso that at least one of the substituents R, R?, R3, R4, R3, R” or R® has
from 4 to 3000 carbon atoms and the remaining substituents from the group of R?, R?,

R3, R4, R%, R7 and R8, when they are hydrocarbyi radicals, gach have from 1 {o 20
20 carbon atoms.

The invention will be illustrated in detail with reference to the nonlimiting examples
which follow. '

25  Preparation examples

- Example 1: N,N—Di(isobutoxyrnethyl)-N-methyiamine (reagent of the formula II)

A 2 | four-neck flask with water separator was initially charged with 600 mi of isobutanol
30 and 90 g of paraformaldehyde. 113 g of a 41% by weight aqueous methylamine

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

temperature rose to 44°C. After addition of 200 m! 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 -
35  were obtained in the form of a light, clear liquid with amine-like odar.

1H NMR (400 MHz, 16 scans, CDChy}:.



RL (Z2) Rai (ZlI) in which the substituents Rl, R2, R3 and R5 are each
as defined above and the substituents RL and R11 may be the sane or
different and represent hydrogen or a G- 5 to Go-al kyl radical, and
in which the substituents R2 and R3 or R3 and R4 or R4 and R5,
together with PR&8g%4part-structure - O CH2- NRZ- CH2- attached to the
benzene ring, may forma second tetrahydrooxazine ring, or the
substituents R2 and R3 and R4 and R5, tegether with the 10

part-structures - 7- CH2- 1 -CH2- attached to the
benzene ring, @% % garloC q\le 2'6}0 %Hﬁ) rahydr ooxazi ne ring,
where R7 and R8 arﬁe i FFP"? n%gg '&i" )12 yl radicals which
have in each caseﬁﬁ?ﬁﬁﬁﬁmtﬁ*mlgﬁ? St 2land may be interrupted
by one or nore hetder b8t ms 2i.o@H:-NIGH+BE€HgEH((H:E Q and S and/ or by
one or nore5NR6 N et.9tmpm, wel, hCHIAGCHFO0Hs-OH{OiRR2 at | east one of the

substituents R, R2, R3, R4, R5, Rl or R8 has from4 to 3000 carbon

atons and the E@e@ ﬁ*&@g@é&hi&%&ﬁ%%&@%group of R, R, RS,
R4, R5, R7 and r y radi cal s, each have from

1to 20 20 carbonao det ai |
with reference®t8’ 't"ff U5 'Faﬁlf ’P’?sr{ aé‘&ﬁ egg‘"th i%ﬁ? E'Jr?a'fagq"f’ %esaq room

Pr epar at i or?oex¥¥FﬁBP@E§’f%Ré?&fP@ff°prﬂPaﬂP'd |gs°6ﬁﬁ‘f96>@§Pﬁ@f‘?fy'la5‘"“RLWﬁ@t 34¢%%ni ne
(reagent of t hepkyr Thelfigsk qonteps were hpajed torflek anfd| sfiggd uRdenief fos 20

separat or was mmutes.&6lgyf timaihgiegtraguinbned@de aidedin 3ipeobug withiol 15 nddutesnd 90
g of par af or narkehyde wab 58rdg ubber aefidd folBdayinuies. Oithe @ytse ofkolngtidipbani ne
sol ution were {REo-RRdedodHRRIMSS QYATd whe TRErdibi@ath sidiod RugiPaiDse of
whi ch the genaﬁg&tfﬂéreﬁ Qr r[eé? d.é%s I'FeﬁFep@éwdl}\MfPirh f«femezggbs@aueﬂfly‘ the

I h
o e, " Sl AT BdTeieto] e kRl o>

off on a rot ar?rwaﬁ@?“&?'@fe é? ‘B@épé‘?‘iiﬂ tpgrapiined o g of product 35
were obtained in the formof a light, clear liquid with am ne-1like
odor. 1 H NI\/R1P6N|MR(MQZMH4665¢3&$I§ZDQE]DC| 3): PF 56943 23 o0 = 4.23 ppm
4H, CH3- N @8- O CHaGCH( 2] 2H, @H=NEH#Cpdn  4H,

CH3- N[ CH2- O CH2- CR{(LH8) in? 2l THZNECH;POM3-0-3H,
CH3: N[ CH2- O CH2- CH(CH3) 2] 2 a = 1.83 ppm 2H.

% m% %g % Bx E_fbe%%)fﬂhydrobeSrngxa%hgslofR-B%rm&g@/la+XVa

25 A 500 m! four-neck flask was initially charged with 30 g of paraformaldshyde at room
temperature in 100 m! of isopropanol. 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

30 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 atmosphers. 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

35  further product were obtained in the form of a mixture of Vla + XVa.-

1H NMR (400 MHz, 16 scans, CDCls}:
Via:  8=4,70 ppm, 2H, -CHz-N(C1aHs7)-CH2-O-
&= 3.73 ppm, 2H, -CH2-N(C1gHs7)-CHz-O-
40 XVa: d=474ppm, 2H, -CHzN(CisHar)-CH2-0-
& = 3.86 ppm, 2H, -CHa-N(C1gH37)-CH2-O-
The integrals of the spectra give rise to the following welght ratlos ‘



{

Exanpl e 2: Tetrahydrobenzoxazi ne of the formula Vc A 500 m four-neck
flask was initially charged with 30 g of parafornmal dehyde at room 10
tenperature in 100 m of isopropanol. 142 g of nolten

n-oct adecyl am ne were added rapidly. The flask contents were heated
to reflux and prisegad under reflux for 30 ninutes. 76 g of

trimet hyl hydr oqui none were added in 3 portions within 15 m nutes.

The m xture was stirred under reflux for,30 mnutes. In the course of
cooling to roo S( eFature a solid precipitated out and was
filtered off w'fh ¥gE‘t NORSHW ough' a D3 15 suction filter. The filter
resi due was wa¥RedVe bt ey wilth heptane. Subsequently, the

resi due was dried overnight in a vacuumdrying cabinet at 50C and 100
nbar under ni Exam]ﬂ”n:aemwdmnmxaﬁ&&fmecﬁormﬁlamaoduct wer e obt ai ned. |
H NVMR (400 WHz, 16 scans, CDCI3): 20 6 4 70 ppm 2H,

- CH2- N( CH3) - CH &Orﬁlfdur%e&%amsﬁtﬁuyéh r%)go%?rre E%a”p'e 3:
Tetrahydrobenzgaf%omsr@lp%fmﬁfsssédoorn%' }cﬁuy Btk

PRI 4 ool il i i

n- oct adecy! ani {o&efRe®’ &Efd\b'ﬁ‘d'(‘ﬁ‘é’ﬁf"d!'ﬂﬁth ?W*%‘R"ecf@m %‘ﬁ‘f’%’e\w’@? 3eet ed
to reflux dAd wspidyrEe flasihentente vemgstitasiat 8UC fardp mirgtes. T sgutipn yas

hydr oqui none wesneerardide tly evapdrafiuorat i 200G ani & hban. 658 g of produsisverd bigainadlinkt ur e
was stirred ungerorh@f refl Whith caOthei BilRBed Wit nidfting @ifemBveimat a@birtgoft 0

room 30 tenper |Héf§]de}‘@d§Eklnbgwsgﬁoﬁ%dahét%%dggﬁb Psédm@s filtered off
wi th suction through suction filter. The tfilter residue was

washed repeate ne. equently, the residue was dried
overnight I'R a vgygj%bﬁ%)ﬂi%%%@f ‘at 50C and 100 nmbar under a
ni trogen at nospherde: 4 50PRY. o WeltzOobt ai ned in the formof a
m xture of Via + OSQ&S7 Mive 2HI-@ﬂaN@HAh§H2chcentrat ed by evaporation
at 140C and 5 nbar. 145 g of 35 further product were obtained in the

f or m of a M Xt gkaenplf5: %t%hﬁré@éﬁzoxaﬂddﬂﬁafdréﬁﬁlllw, 16 scans, CDO 3):
Via: 6 = 0 ppm oH, - CHN(CI8HB7)-CFB-O 0 = 3.73 ppm 2H,

) CHr N( C, B Q.va it g w%*bos %Q‘l%iﬁe lﬁ% fembizt O 0
= 3.86 2 3 ;
give ri Egmto tf?@mf?ﬂ’ %&(rﬁ %aﬁ FhtolyeRpy QWJ—' g{l)( @’to a )E(\e/g {ﬁ the

resi due: 9:1 vngthylamige frem eyfaﬁpleﬂl were gqded rapidly. The flask contents were stirred at
80°C for 60 minutes. The solution was concentrated by evaporation at 120°C and

25 5 mbar. 260 g of product were obtained.

1H NMR {400 MHz, 16 scans, CD;Clz):
8=4.73 ppm, 2H, -CHy-N(CHs)-CHz-O-
5=23.90 ppm, 2H, -CHxN(CHs}-CHz-C-
30 .
Example 6: Tetrahydrobenzoxazines of the formulae VIII + XV

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

35  65% by weight solution of polyisobutenylamine based on high-reactivity polyisobutene,
Mn = 1000, in Mihagol, an n-alkane mixture) were added rapidly. The flask contents
were heated to reflux and stirred under reflux for 30 minutes. 200 mi of toluene were
then added and the water formed was entrained out. 22 g of hydroguinone were added
dissolved in 200 ml of n-butanol within 15 minutes. Subsequently, the mixture was

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



i

Exanpl e 4: Tetrahydrobenzoxazine of the formula Illa 5 A 2000 rri
four-neck flask was initially charged with 615 g of 2-nethyl -

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

hi gh-reactivity polyisobutene dissopal (r) 1000 with an Wnh of 1000)
at room tenper 8F86¥3i n 500 nl of toluene. 107 g of :
N, N-di (i sobut oxynet hyl ) - N-net hyl ami ne from exanple 1 were added 10
rapidly. The flask contents were stirregsat 80C for 30 m nutes. The

sol uti on was t| on at 120C and 5 nbar. 650 ¢
of product vverﬁ M [&6&%,@915’)}?5% i n oil which can then be
washed with ne Wang’l E’i'r%@'e "a gunts of am ne/ al dehyde
condensat i on produét‘s”fscﬂpﬁ‘e%ﬁag'_&mf 5‘(9:lct. 15 1H NVR (400 MHz, 16
scans, CDCl 3): X@ll:=54 4778 pppngH. 2AH-NEB-O-O3) - CHr O b = 3. 87 ppm 2H,
- CHz2- N( CH3) 6CH2- O sBExaTHpm, B4, -Tet-NeB)diHifenzoxazi ne of the formul a
I1e 20 A 100@hd"11te{;@!dbftﬁ@§d’éctfré @ekrise@sihd Riidwinglwelghtiaiisged Wi th 206 g
of 2,4-di-tertyputyyphengl at roomtenperature in 400 m of tol uene.
203 g of N, N-di{isobutoxynethyl)-N nethylami ne fromexanple 1 were
.added rapidly. _The fI_@sk contents were tII‘]I‘ at 80C for 60

m nutes. The s&8 e ngtdefomia Br at i on at 120C and 25
5 mbar. 260%g of product were obtained. 1 H NWVR (400 MHz, 16 scans,
cD2Cl12): b = 4A230%plrfvur—29¢kﬂa®-w3ﬁ(rﬂﬂqw chaigeO¥ItE552 gt eolyjgaiptemiphencl

- CH2- N( CH3) - CHa2d daheooamelatalipavailabter ighyrerctlitg palwschzieneSlissdpaieh €000 _
fornmul ae VI ithdd tn 65 1366) Qt isbm temperaiecik 560 @sds ton@se. 107 § by, Nyi-char ged
Wi th 24 g of pg!.o%&e#ﬁ%&mNm%,@afm,rre%mexsrﬁap%%%@edlrap@ )@ hdasRf

but . 65%
oy e gt S8 oF RO AR BHTRCTRL S B il el

I Sobu eactivity
pol yi sobut ene, 2 ﬂcefﬁ% y‘?’i’a'ﬁﬂrﬂﬁﬁ% 1%83533"3 ﬂsbﬁaﬁgp%?f?o&” dP*fer e added
rapidly. The f pafaiRedeont ents were heated to reflux and stirred under
reflux for 30 m nutes. 200 m of toluene were then added and the
wat er formed wais NemRt(#@d Migdl 10 atans, ZDCY):of hydr oqui none were added
di ssol ved izp 200 rg= ,pfggpnpuman@;—{g.mcm) OH.I3 m nutes. Subsequently, the
mxture was 40 stigtegh spfesyr WYCcH,PERS 6;5)_ m nutes. The solution was
concentrated by evaporation at —‘14 Cand 5 nbar. 440 g of product

r i ned. _PF 5694
were obt ai ned. Exanp15e689 Tgtrahydrobenzoxazme of the formuta Vd

—

25 A 4000 ml four-neck flask was initially charged with 52.8 g of paraformaldehyde at
room temperature in 400 ml of isopropanol. 1990 g of Kerocom® PIBA (commercially
available 65% by weight solution of polyischutenylamine based on high-reactivity
polyisobutene, Mn = 1000, in Mihagol, an n-alkane mixiure) were added within
78 minutes. The flask contenis were heated fo reflux and stirred under reflux for

30 40 minutes. Thereafter, 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 refiux for 2 hours. Once the mixture had been cooled fo room
temperature and the isopropanol phase had then been removed and discarded,

1000 m! of heptane were added. The solution was washed with water and methanol
- 85 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, CDCly):
5 =4.70ppm, 2H, -CHx-N(PiB)-CH2-0O-
40 5=3.81ppm, 2H, -CHx-N(PIB)-CHz-O-~
8 =2.12, 2.07 and 2.00 ppm, each 3H, -CH; on the aromatic



25 1 H NWR (400 MHz, 16 scans, CDCI3): VIII: 5 = 4.70 ppm 2H,
-CH2-N(PIB)-CHs-O 5 = 3.73 ppm 2H, -CH2-N(PIB)-CH2-O XVIl: 5 =
4.75 ppm 2H, -CHN(PIB)-CH2-O 5 6 = 3.87 ppm 2H, -CH2-N(PIB)-CH2-0
The integrals of the spectra give rise to the follow ng wei ght
ratios: Vill praég4d = 1 : 1.1. Exanple 7: Tetrahydrobenzoxazi ne of
the formula I11b 10 A 2000 ml four-neck flask was initially charged
with 550 g of 4-polyisobutenyl phenol (bgsed on the comercially
avai | abl e hi gh- rea:tl_ it I |sobut e G|sal(r) 1000 with an Mh
of 1000) at r ghydrepepzoxaging ofdhe [amula A3 e 107 g of N, N-di -

(1 sobut oxynet hyl ) - N- rret hyI am ne from exanpl e I wer e added rapidly.
The flask 15 cAffentisurweskdiasi wasrinitiblinehageCwitiot 100! prioriig(eRydrorihenyl)-

sol ution was wahesuteiewithreehteahebhenglatt stroctareininit (Mresei2099) whichhad Akénon  at
120C and 5 abagsrepa'ééﬁacsor&ﬁg iarde@iméht (Wt BoorQShstr1@d in 1bbin\btorehO 21N, 16
scans, CDCl 3): %%l_{ |(| rgé"n_lylan%row( le%reQdd&r i Q(erpm
2H, CH2 N ;f n wi esHEr c?at% fe;[é’cﬁntmﬂé I?e% a@ ag ed

formula vd 25
52.8 g of par a‘i“%‘F‘*’f‘ﬁS?l %ﬂgwgwma%fed %&?ﬁ%aa?ﬁoaéﬁgwﬁa aa?ﬁ%‘*sh? Pgﬂductwere

i sopropanol . 1@dned- of Kerocon(r) Pl BA (commrer ci aI ly available 65%
by wei ght 90l ution of polyisobutenyl ami ne based on high-reactivity
pol yi sobut ene, 1HVAMR (4l00MHz, hdisdshd1ggol): an n-al kane ni xture) were added
within 78 m nutes 5-T4hﬂ g2 S, CeRL-RITHS)-¥gice heated to refl ux and
stirred under reflswg ”130240#@@1%5%281& eafter, 138.1 g of

tri met hyi hydr oqui none re ad ortions at from 60 to 80C.
Subsequently, 100 nl of tol uene wer dfed ?nlﬁl the m xture was
heat ed undé%/ r 2emple 1P tetrahydiahpnzoxas .’38 ey e had been cool ed to
room tenperature and the isopropanol phase had then been renoved and
di scarded, 1080200%imlddur-heghtiaskevaaenitelyaadeaged withid agd barefonz!dahisie wbrobre d
W th wat er andempérbaroh 1 2miantomidpand. 500 @bf Kastiomm FHBA {catheercistye dry
sol ution was coRfRRigsa Kvedt RUARPSBbIibuBhylardittias&¢h Hi'z;.htrbaaitmtyl4l4 g
of product Ewa &%Bl&i%? Mﬁﬁégélogn %Kane%ﬁ)d@t&)m addbhitin 6 =
4.70 ppm 20 minute Le as contents were heated to reflux and stirred under reflux for

30 minutes. Thereafter, 66 g of 2-tert-butyl-4-methylphenol dissolved in 150 ml of

isopropanol were added dropwise. Subsequently, the mixture was heated under reflux

for another 2 hours. Once.the mixture had been cooled to room temperature and the

25 isopropanol phase had then been removed and discarded, the sojution was
concenirated by evaporation at 140°C and 5 mbar. 574 g of product were obtained,

1H NMR (400 MHz, 16 scans, CDCls):
& =4.80 ppm, 2H, -CHz-N(PIB)-CH,-O-
30 8 =23.90 ppm, 2H, -CHz-N(PIB)-CH2-O-
3 =2.12ppm, 3H, -CHj on the aromatic

Use examples

35 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 mixfures from preparation examples 4 and 6 to 10.

40
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 mi of the fuel



40 6 = 3.81 ppm 2H, -CH2-N(PIB)-CH2-O 6 = 2.12, 2.07 and 2.00 ppm
each 3H, -CH3 on the aromatic PF 56943 26 Exanple 9:

Tet rahydr obenzoxazine of the fornula XXIlla A 500 m four-neck flask
was initially charged with 110 g of a, w bi s(4-hydroxyphenyl) -

pol yi sobut ene VAFt86948 central p-phenyl ene structural unit (M = 2000)
whi ch had been 5 prepared according to docunent (7) at room
tenperature in 100 m of toluene. 21.5 gyof |

N, N-di (i sobut 04%’5@%(,@}{1% N nyéu%@qpe%tlyrr l?rﬂx 8%%3 dto E@:@Wm tlflhe

rapidly. The

sol uti on was wﬁgﬁé g\ﬂ s ter?ﬁ’?%@ﬁ%fPr%Hﬂ’eé A ?°8{'Q§3 IBi % at
80C and 5 nbar .entrgamgunspf fiigl wae Bteregdireuoh aﬂt“é.uwc%?mbmei 44 qu%@ Az,
16 scans, CDCl Jifer rgsidue svag detgrmined aavimeirafly affeCH3g Oraxindng @biretat 88°Gpm
2H, -ChHr N( CHB) +4cHB nfd drin sExsaniingy dring dheénredwelt msne dxadesiveatafforteheurs:

fornula I'l1f A 2000 m four-neck flask was initially charged with 24

g of parafornal pyg@e ithd P MBtivd)EWPERgt ure in 150 ml of isopropanol.
800 g of Kerocg ﬁ‘{ Qeg ur}acé) an%gué{ tﬁé %Lén\t‘ ion \ﬁﬁalbh 9’1? | ega/p,agé( ofgfge' fglmmng

sol ut| on of poI am ne based O

pol yi sobut ene, p"“” ?300 in Mhagol, an n- aI kane m xtur e) were added
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exanpl es 35 Exanple 11: Testing of the thermal stability of turbine

fuel get fug)) eRahss 9 Meorbilenah ik BRmsPasbifty Galrbigaiudedkt deraccor di ng to
ASTM D 1655 was used The additization was effected wth 100 ng/l of

the tetrahydr Ot}\t Bine %el BhSad On the specification Jet A according to ASTM D 1655 was used.

The thermal stability was tested according to the JFPOT breakpoint methed according

to ASTM D 3241, For the unadditized turbine fuel, a value of 240°C was determined.
25  With fuels which had each been additized with 100 mg/l in each case of an additive

used in accordance with the invention and listed below, the following values were

measured:

Compound of the formula illa (preparation ex_afnp_le 4} . 280°C
30 Compound of the formula !lib (preparation example 7): 270°C

Compound of the formula Vd {preparation example 8): 270°C

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

35 Example 13: Testing of the water compatibility 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 compatibility of the turbine fuel

40  and hence the undesired tendency to form emulsions were determined after addition of
100 mg/ 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.



t et rahydr obenzoxazi ne m xtures from preparati on exanples 4 and 6 to
10. 40 In a three-neck flask which had been equi pped wi-th stirrer,
refl ux condenser and thernoneter, 5 1 of air were first passed at
roomtenperature through 150 m of the fuel PF 56943 27. to be

exam ned w t hi iPFI56R43 Subsequently, the fuel was heated to 140C with
an oil bath and stirred at this tenperature for a further 5 h. After
cooling to roomtenperature, the entireganount of fuel was filtered
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of the fornula Vd (preparation exanple 8): Conmpound of the

formula XXI'l | a %gf@ @wt onafchw%pl e 9): 2..70C 35 Exanpl e 13: Testing

of the water cdi bi ne fuel A turbine Tuel of the
speci fication ﬁ?fﬂpﬂ-l@ ohie Hravia flalRensEtiosanPe £ 91 waSused.

Compound of the formula Illb (preparation example 7). 99
25 Compound of the formula Vd: (preparation example 8): 94

No deteriorations in comparison with unadditized turbine fuel occurred.



According to DIN 51415 and ASTM D 1094, the water conpatibility of
the turbine fuel 40 and hence the undesired tendency to form

enul sions were determ ned after addition of 100 ngA of the product
frompreparation exanple 6. To this end, 80 m of the additized
turbine fuel and 20 M of water were agitated intensively in a
defined manner. PF 56943 28 Thereafter29the phase separation |ayers
were assessed visually after each of 1, 5, 30 and 60 m nutes. As
early as 5 m nuhgss adikedisaddi tion of water, full separation of fuel
and water was obtained; no enulsion fractions remained. 5 A
repetition with 1 ion example 7
led to the sarrz' Sggu éft%?hgdtﬁ%e'pzrf%q}ﬁ%gﬁe o I?c?ﬂglgﬁlvat er separation
properties of turbine fuel 10 A turbine fuel of the specification Jet
A-1 according to DEF STAN 91-91 was L@/e‘dN’Rl'he t endency of turbine
fuels with regard to their water g€ atjon properties was tested
according to ASTM D 3948 (" MSEP" te$ A characteristic feature of
these neasurements is the use ofgsa™s rd coal escence filter with
final opacity neasurenent of the fuels phase. In the measurenent, the
addi tives uSed in accordance 15 with the invent) on were tested in
conbination with the antioxidant 2,6-di-tert-butyl-4- nethyl phenol
("BHT") and the nmatwahichdeasibsit@inoR? rhpriéenidiasgdroaytlyi rddicet whicPhas from 1 to

di am nopropane i n 3806&dRRtonRESH MEPBYintt@Iptddbl SndéthRRSEsterddi@nstrsage of
the additives us%ﬁouh@f@gg@gg%% Wid 4§ roRenAseRAtd On was in each case
215 ng/ | (t]ased onft elF] 100% ¥Ibvﬁ subst ance content). Thg

fol | owi ng ratlngs or e op ehavi or re2 ne
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(preparation exanphesustivegs RGNt 8° 8¢ eadidndepandentia hydraggn atoms, hy-
(preparation exanpleylgyoup9§ R&o@dypradicas Wdfichthaes if gramsiaze Mgt 1 to 3000
(preparatiap exanmeh@oBatom®dndoaydetire¢riupledby @rr maredeteatoms Gmmiet h
unaddi ti zed turbi uf;léﬁd)a&ﬁguﬁd]'@@yo[%%rmMRGIn&|eﬁéﬁl nmed.is: 1. The use
of tetrahydrobenzoxa2| nes of the general formulal ONR R2 R3 R5 5
R4 (1)

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

20 | (Y)

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

25
where the substituent R4 may also be a radical of the formula Z or 2’




in which the substituent Rl represents a hydrocarbyl radical which
has from1l to 3000 carbon atons and may be interrupted by one or
nore heteroatoms fromthe group of O and S and/or by one or nore NR6
noi eties, 10 where R6 represents a hydrogen atomor a Cr to C4-al kyl
radical, and the substituents R2, R3, R4 and RS are each

i ndependently hydrogen atons, hy- droxyP groups or hydrocar byl

radi cal s which have in each case from1l to 3000 15 carbon atons and
may be i nterrupt echdychahesubstitwantsdR! IREt RYapaRbars edahcasdefimed aignvoamd tod O
and S and/ or by oreys@fue®R® aMNRE" Ay Bd the Samadr@ifferehtad fiplesért hydedgien R4
may al so be a radlactqltoqio_gl@ﬁagﬁ,gmrmla Y ONR R23/ RS 20iX (Y) in
whi ch the substituents R, , R3 and R5 are each as defined above

and the SUQSt 't uenérdg Whlcﬁ the s(é{ugl%gﬁp%@ FQH Igs%InQﬂ4 @@%ﬁé‘ks Yé%btﬁg‘ with

t f
SR DR AR 10 S S ﬁﬁg %ﬁgﬂfﬁﬂ'ga i a&"?c’ga. cal

of the fornula z @rsegend terhyraokpzing ripg or theysybps o R11
(2) R (Z') 30 i tegathecwthttheepagtphisatyrearOritt- W,CHR@PU F@CHNHR‘F«@L‘za?fe each
as defined above gated taéhe beutpse fitgueny FsRirmeneeRiiBndayhird éstehdrooxare or
different apd rephirsegt hydrogen or a Cl- to Clo-alkyl radical, 5
and i n which the SKDSIHILHERE s BRohAREpeRBerRY hydRc@Bel kel vhBéhaah &5
toget her i t h th%aﬁ%%ro&f%@y&téarb%n sl ChiRr 7be%rup@ewmeﬂwro@ Hebe
enzene ring, my a %’nsfm@mligagrou&? @ggdggﬁc{’& Kgrqeooq)ﬁ%ﬁém%rﬁdeﬁgs or the

substituents R2 aft® er Wlt

part-structures -O CH2- NR7-CH2- and - O CH Lached to the
benzene rif§, may with 6 Proyispringt atdsgehone sfiee %.‘b?t'FﬁeFtaRt &z’r%h@dﬁ 6x¥7Y 10
ine ring, where Rhesivin RS RP@camolpiamsdesbacsimining sHigluetaiayheg2dP cal s
whi ch have in eachfR?, R2 R? R4, RS, R” and R8, when they are hydrocarbyl radicals, each have

from 1 to 20 carbon atoms,

20 as antioxidants for stabilizing mineral oi products and fuels against the action of
light, oxygen and heat.

2. The use of tetrahydrobenzoxazines | according to claim 1, in which at least one
of the substituents R, R2, R3, R4, R?, R? or R? is a polyisobutenyl radical having a
25 number-average molecular weight M, of from 200 to 40 000.

3.  The use of tetrahydrobenzoxazines | according to claim 2, in which one or two
polyisobutenyl radicals having a number-average molecular weight M, of from
200 to 40 000 occur in the molecule as substituent R andfor R? and/or R* and/or
30 R7 and/or R,

4.  The use of tetrahydrobenzoxazines | according to claims 1 to 3, in which the re-
maining substituents from the group of R?, R?, R3, R4, R®, R7 and R# which are not
substituents having from 4 to 3000 carbon atoms or polyisobutenyl radicals hav-

35 ing a anber—average molecular weight M, of from 200 to 40 000 each inde-
pendently represent hydrogen atoms, hydroxyl groups or, when they are hydro-
carbyl radicals, linear or branched Ci- to Cs-alkyl radicals.

5. The use of tetrahydrobenzoxazines | according to claims 1 to 4, in which the sub-
40 stituents R® and R* or R* and R5, together with a part-structure -O-CHz-NR7-CH-
oxygen-attached via the substituent R* form a second tetrahydrooxazine ring.



case from1l to 3000 carbon atons and rmay be interrupted by one or
nore het- eroatoms fromthe group of 0 and S and/or by one or nore
NR6 noieties, 15 with the proviso that at |east one of the
substituents Rl, R2, R3, R4, R5, R7 or R8 has from4 to 3000 carbon
atons and the renmaining substituents frgmthe group of Rl, R2, R3,
R4, R5, R7 and R8, when they are hydroc&?byl radi cal s, each have
froml to 20 carbon atons, 20 as antioxidants for stabilizing m neral
oi | products and fTheluse cfgetiahgkobbimexants lrmcading b iclgints, 1 to& ygantioadedtstreat .
2. The use of t et nabyédfueleszoiazi nes | according to claim1, in which
at least one of the substituents Rl, R2, R3, R4, R5, R7 or RB8 is a

pol yi sobut enyl 7r adixg@ke &Qéfﬂaﬁ;%rc%enz%%zﬂb‘é%&dr@ b 3 6B HEMMRRts WRinght
M of from 200 torﬁz}%mgqr%tmﬁma[g@%m pturgnehpefsra ydr obenzoxazi nes |

accordi ng to cl ai ch on or two polylsobutenyl radi cal s
havi ng a nunber-aver age ecul.ar we t,0 40 000
occur in the nvl e&?%g‘ﬁéungmfﬂoﬂ ﬂTpr%Tgﬁﬁucwme fu et%ed/ or St 0?&

30 R7 andior RB. ASvehiEoisEeeRnactie aft BB R asinas 95 Sl #E to
claims 1 to 3, in which the re- nmaining substituents fromthe group
of Rl, R2, 1R3, 8R4 AnRBdit\RZonsedtraR8ontibirk fustsdiehfoels). @msaniqan@m@nmva-ng
from4 to 3000 carmpénbeaatoasinosf thealeyérsicomtle hyd deficediicalysf fiaiws 3% Gang a
number - aver age ol a6t &propRatgat 1e8dt o dilfign0aAd2D8bptaprite), H0REst ewcuditivede-
pendently represent hydrogen atons, hydroxyl groups or, when they are
hydro- carbyl radicals, linear or branched O - to C4-al kyl radicals.
5. The use of tetrahydrobenzoxazines | according to clains 1 to 4, in
whi ch the sub- 40 stituents R3 and R4 or R4 and R5, together with a
part-structure -O CH2- NR7- CH2- oxygen-attached via the substituent R4
forma second tetrahydrooxazine ring. 31 6. The use of

t et rahydr obenzoxazines | according to clains 1 to 5 as anti oxidants
in turbine fuels get fuels). 7. The use of tetrahydrobenzoxazi nes |
according to claim6 as antioxidants for im 5 proving the thernal
stability of turbine fuels. 8. A turbine fuel conposition conprising
a turbine fuel get fuel) and at |east one tetrahydrobenzoxazi ne of
the general fornmula | as defined in any of clains 1 to 5. 10 9. An
additive concentrate for turbine fuels get fuels), conprising at

| east one tetra hydrobenzoxazine of the general fornula | as defined
inany of clains 1 to 5 and also, if appropriate, at |east one
diluent and, if appropriate, at |east one .additive.



