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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
35 fuels (jet fuels) for improving the thermal stability and for reducing deposits.

Tetrahydrobenzoxazines having one benzene ring are known as additives for fuel and
lubricant compasitions. For instance, WO 01/25293 (3) and WO 01/25294 (4) disclose
such tetrahydrobenzoxazines with relatively long-chain radicals such as polyisobutenyl
40  radicals which reside on the benzene ring as substituents as gasoline fuel detergents
which clean the valves and keep the valves clean. According to the preparation
processes mentioned in (3) and (4), these tetrahydrobenzoxazines are obtained as
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30  Especially for the mineral oil products and fuels 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 exireme thermal stress in the course of and before the combustion
operation in turbines, for example in aviation turbines, novel improved stabilizers are

35  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. Furthermore, new improved stabilizers are being
sought for iubricant compositions, which in particular offer improved protection against
oxidation and aging behavior and/or improved shear stability.

40
it was therefore an object of the invention to provide stabilizers with improved
stabilization of inanimate organib material, especially of mineral oil products and fuels,



PF 57669 3 E% g ticular of turbine fuel and of |ubricant
bonpositioﬁ ,7 6 inst the action of light, oxygen and heat.
Accordingly, the use of polycyclic phenolic conpounds which have up
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substituents R7, Fe, R9 and R10 _gre €ach|i ndependently hydrogen
atons, hydroxyl groups or hydro
case from1 to 3000 carbon atons a
nmore heteroatons fromthe groupgs S and/ or by one or nore NR6
noi eties, where R6 is as defined aboye, 30 and/or with one or nore of
the sane or different tetrahydrobenzoxazi nes of the general formula
I, 4 0O"N-R1OH

10 in which the substituent R is 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 and S
and/or by one or more NR® moieties,

where RS is a hydrogen atom or a Cs- to Cs-alkyi radical, and

15
in which the substituents R2, R3, R¢ 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 heteroatoms from the group of O and S
and/or by one or more NR® moieties, where RE is as defined above,

20

with one or more of the same or different phenols of the general formula Il

OH

25  in which the substituents R7, R8, R? and R10 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 0 and S
and/or by one or more NR® moiefies, where R8 is as defined above,

30  and/or with one or more of the same or different tetrahydrobenzoxazines of the general
formula 1,

where the substituent R* may also be a radical of the formula Z and the substituent R®
may also be a radical of the formula Z'
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The structural peculiarity of the polycyclic phenolic compounds to be used in
accordance with the invention is that they comprise at least one relatively long-chain
hydrocarbyl radical having from 13 to 3000 carbon atoms as one of the substituents R?,
R2, R3, R4, R5, R7, R8, R®, R'®, R™3 or R which stem from the tetrahydrobenzoxazines |

30 orthe phenols Il used. In a preferred embodiment, this relatively long-chain hydrocarbyl
radical having from 13 to 3000 carbon atoms is a polyisobutenyl radical. In a further
embodiment, the relatively long-chain hydrocarbyl radical mentioned may also be a
Cis- to Cao-alkyl or -alkeny! radical. In particular, this relatively long-chain hydrocarbyl
radical, which is preferably a polyisobuteny! radical, is present on an oxazine ring or on

35 abenzene ring in ortho or preferably in para position io the phenolic hydroxyl group,
I.e. It occurs as substituent R? or R2 or R4 or R7 or R? or RS or R, This relatively long-
chain hydrocarbyl radical which is preferably a polyisobutenyl radicai comprises
preferably from 21 to 3000 or preferably from 21 to 1000, especially from 26 to 3000 or
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In the radical of the formula Z or Z’, the substituents R1* and R12 are preferably each

hydrogen and/or linear or branched Cs- to Cs-alkyl radicals, in particular methyl
radicals. The compounds | and Il having a Z or Z' radical, in which R = R2 = methyl,

40  derive from bisphenol A [2,2-bis{4-hydroxyphenyl)propane]. As a result of the
preparation, compounds | having a Z radical and compounds | having the
corresponding Z' radical may also be present as mixtures.
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r adi caké Efbubg)‘?:éﬁﬁrfgdd?{]orﬁtgtiﬁéenh{ew Célgnﬁ H&ﬁyl fsgbg’ioeﬁ ﬁibE{ f % &ﬁﬂ geoc
al kenyf%r y PUVLRIGIE é’unt ‘i@'%?'ﬁa X(Bﬁ‘%ﬂ!i'PE n 3«5‘53” & 01”' %" y 32'
or 5, pref pentpl §-nisthybutyl, 3- rmibﬁbmtyﬁ,léﬂt-d;mewmrw Teledimetimgprapy, dRenyl |
Ito ﬁg;,m EBr/L}éﬁmet iy Eyﬂ <if 'n héhy! @f |, 2- rﬁéth'ﬂF@rﬁﬂ”fZJmethsﬁ’EerﬁﬂGQQ 7
aryl al kyl Fé&? P g {" [8‘% i[:’tyﬂé’ é’w %ﬁg'megﬁabn@ﬁ'aﬁ “dimethylbuty)
hydr ocar byE, ZF@GEMIbulw.\ﬁ aginfigtbytputgl, 4 3, %Ummtmrbmﬁ 1,2,2-trimethylpropyi, 1-
25  ethylbutyl, 2-ethylbutyl, 1-ethyl-2-methylpropyl, n-heptyl, 2-heptyl, 3-heptyl, 2-
ethylpentyl, 1-propylbutyl, n-octyl, 2-ethylhexyl, 2-propylheptyl, n-nonyl, n-decyl, n-
dodecyl, n-tridecyl, isotridecyl, n-tetradecyl {myristyl}, n-hexadecy! (paimityf}, n-
octadecyl (stearyl), and n-eicosyl.

30  Examples of alkenyl radicals are vinyl, 1-propenyl, 2-propenyl, oleyl, linolyt and
linolenyt.

Examples of cycloalkyl radicals are Cs- to Cr-cycloalkyl groups such as cyclopentyl,
cyclohexyl and cycloheptyl, which may also be substituted by alkyl groups, for example
35 methyl radicals.

The term “aryl” comprises monocyclic, bicyclic, tricyclic and higher polycyclic aromatic
hydrocarbon radicals, In the case of substitution by the alkyl and/or alkenyl radicals, for
example those mentioned above, to give alkylary! or alkenylaryl radicals, these ary}

40 radicals may also bear 1, 2, 3, 4 or 5, preferably 1, 2 or 3 substituents. Typical
examples are phenyl, tolyl, xylyl, mesityl, naphthyl, fluorenyl, anthracenyl,



5 atonms is Eéﬁ%léisobutenyl radical, it may be based in principle on
‘any common 3 mrerci al ly avail abl e pol yi sobutene, which is

I ntroduced in a suitable manner into the synthesis of the

t et rahydrobenzoxazines |I. Such a polyisgbutene has a nunber-average
nmol ecul ar weight Mh of at |east 183. Preference is given to o
pol yi Sobut BRESTHHETIBTiEBeN 289 6WareA hiaberamplae gheniak Fmoigrbis
range frombddyl.to 420001 nore 10preferably from 500 to 15 000, in
particular from700 to 7000, especially fron1900 to 3000 and nost
preferably fron19gg@ 1100. I n the context t he present |nvent|on

the term " BEI1RRi e HRital-long- Shpin HWBE\%’EY‘JP‘?'%#@MV‘S frogy b 1309 carhan
di meri c§ t afomeris @ polyitobatenyi radicpleit haayere tnaseﬁexamnmple oamldy be'ptr@nmndc

i sobut ene. engtﬁa %Jvéﬁla%@é)gﬂggéfﬂut d‘?éj g?rﬁl‘bﬁﬁ@&f |ﬁt{éhlt‘ﬁ\9|%9nértﬁ%r into the

p0|ycycI|c p use e invention

br el of abl ySGlhRofthe (RSB daPraipraringt SVeh o pBIAODISIe SRS # TRERELT o
pol yi sobut evaragelmofesulal weight e of etrieasitiBd nateigyehas is glveh ém pslyisybitbres

content of hh@hdTh MambERES @%%%ula'rvx@ hPM Wfﬁ!'rbu‘?&‘é‘l‘?‘orﬁ% k42006 Smore
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pol yi sobu i cu Vi ng

| east 80 rTgeInr%ﬁbef' ;ﬁgrﬁé{rc ﬁ%?f%f‘%” rﬁljof?p?%ﬂ%récds‘gﬁﬂ?rf?e total nunber of
pol yi sobut ene macronol ecul es. Mreover, the essentially homopol yneric
pol yi so@u]g g bolyideb@tahyd ré’cﬁéwe/mcu;@bfaaédnnnpdmérp%rycﬁémcwhbms@a;onip@uhb@used
Cont ot o il ieoRERSE Bl MMARLER ordBlch) BB RERSLLOM BT oo
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by wei ght, P?}V@P*@-ﬂﬁ'ﬂﬁ yRegtinpalyisehvienss differ freasthe goyasyionglinglvisobrisngs by

pr ef er abl ytHeo:oafenethtenmnatfdcmbld el i0 Y tiyylivehg dbulsiedohds par t :c cul ar
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r epeat P 6 éﬂ@ Zﬂ?) )b%’o“@' ?QﬁbI%BQﬁHé SQD%@J-? @6@8 'f:<5

pol yi s%@ut EFREOCGHF ‘H'Vﬁé’g? HW@%&?’BH&'S%I‘ pa&Qtfe of Itﬁé”mﬂ] JevR! ?l??“ &,

phenol i c cbmniwrdse tteichurmben ©f poldianimdene tnhctohelequlssnPadinulasprefeaéndehisy

la;gs{ e gq)/ng&smdo séb%ﬁénégtﬂa»|n gt 4Rt &ﬂﬂ%t @é@ﬁaﬁ% gémttﬁa%v tawas%o at

wei ght , i NI Of %&mﬁf@%g ehRsearonhe S e gboRAoRaT it

Mor eover triaerqpulisdutasb Moezoysr, e edseptialydoaipplyseric eobisobhienilasdisalsor

;Qteeﬁ Ie%%; apggfefmaaﬁ %@h@?%tructgfeﬁglhﬁ@@(l%%ntéhd#ﬁ'?edpr% Jﬂhﬁeﬁﬁcﬁ{ HieR

Wi h the 1 Huisoed BREHE PP BO TR ST BB dre BT SR (928 U G BEERSby

from1. 05 o 1y, weiglef pretenably fo amextedt®f abledsiB0% hy paight, codrapréfepylioGh
8% fef pretend f % b f

to 2.0. Pobydhsfier ht 959§ b l'ﬁ%ﬁ@ gilémé}‘% tah%x%%ﬂﬁrk%asf)ég% by weight

wei ght - aver age ecu verage nol ecul ar

wel ght (o1 oty e phing Topest 4nB

red enbodi nent, the
mean péd ydi spersity index PDI for the polyi sobutenyl radicals in the

pol ycycl i CArfuh%P' t@eﬁéﬁ%@tﬂ?@l %f 1hs [Rlyis¥BEfenss %mﬁ%aw@ﬂn@r@bérx rflediRs of

the meen o ec"@%@h%p“f%@&}?%ﬁ/ﬂe bsed AR iafet tn B iVeplind strel &

t he par ent are terminated by a tert-butyl group [-CH2C(CHa}s] to an extent of at least 15% by
weight, especially to an extent of at least 50% by weight, in particular to an extent of at
35  least 80% by weight.

Moreover, the polyisobutenes which preferably serve as the basis for the
tetrahydrobenzoxazines | or phenols I} used as the starting material for the polycyclic
phenolic compounds used in accordance with the invention preferably have a

40  polydispersity index (PDI) of from 1.05 to 10, preferably from 1.05 to 3.0, in particular
from 1.05 to 2.0. Polydispersity is understood to mean the quotient of weight-average
molecular weight My and number-average molecular weight M, (PDI = Mw/M:). In a



5 tetrahydj?gbrﬁr%ﬁxazi nes | and/or phenols Il. In the context of the
present in ' t he pol yi sobutenes preferably serving as the basis
of the tetrahydrobenzoxazines | or phenols Il are also understood to
mean all polyners which are obtainable ky cationic polynerization and
conprise, in 10 copolynerized form preferably at |east 60% wei ght
of i sobut eREfered @nbe%m@ﬂbmeymaan p@a@ﬁp%r@% 159%@9@1@{ thej wlmwi/aswl ar

at Ibeast 96adityls inethg pblyeytlic phesslic abmpoartdd i asino8iBiys weefghiblyodt most 3
| sobut ene.

copol yneri z@% $ngjet~,ia%attrh8& @%g ?%H'&ﬂ%trﬁ%ﬁ%méss%e 'Jﬂg%n t ene,

and al so dPP'b’Q'ISEWIS'th”Qﬂ‘ RP¢farthe ERI%’E@W%%EP IRSIFIREISPHBICh are

copol yner i reitdhgdwbthzoxapibes bared/omshenosak i oni ¢ 15pol yneri zati on
conditions. Suitable isobutene feedstocks for t he prepar ation of

pol yi sobut n serve as .t he basj th

ot L anyar obbSRAIEHRER pEePBRIING 16 aPb SaBHsnes MgigeRs RN AR B ne
i tsel f andbasisiblitherietral®drdbedeaeaings h ospheraiss] afecalscewadgpdteoddm mean all

raffinates on%ew\tvﬁ.cﬁ %P{b&g.n?ﬁl@wc%ﬂ&mésay%ﬁ%iaafdne%o Sﬁsili'ﬁs from
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t herei n. Pigast 80ffodaylweighij inglattisut@n ahipdst@ds bpweight awchsspeoiay akleast 95% by
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general |y Wakht bi8SHRERL. MPEHARSE R AN Yot s Y ISBPiWoB;)olymenzed

d
hydr ocar boﬁfgmo?%&% Eﬁﬁﬁe ?S'g’ﬁl?ﬂgtsgwaa}sttﬂﬁésq elra&elr g‘ﬁ%n%f’ diﬁgrg:rﬂgqnmcally

25so0l vent . uogaitigtedhmnoemers vdugoangroepblyakelizablé whh iscbbiete nadermationie

vi nyl angnapblgmefigbnaonatiyiene and a- met hyl styrene,
Cl- C4al kyl styrenes such as 2-, 3- and 4-nethyl styrene, and al so

4-tert-butyl styrene, isool eflns having from5 to 10 carbon atons,

such as 2- Sutimide Ispbbiene fredsiocks fsthe prepanatiersofinoldsalutengs whicheaniserve as

2- Iet hyl Ee ?tf@&sﬁs ofZhe Rital|des&RxAzicewl &ﬁnéﬁmhfhe@b@éaﬁd.agny by isabutene
0 i sobu

Fet anyar oo g PsluER cq o BefBeh Heatly & Sl gy minatss, s cuts rom

di ssoé Q1 ( ISpbuteandshydregsraiion Qiauteliers staanyeankers, FECeradergAGE dpuid

550, Qi ss@aaityzba(maamb)qms.ae@ﬂ%at &?e@mav@mderab@&stém@n@w@ 1(3-butadiene

brands fro e%Aﬁ:thél% rl&%ﬁﬁ'%)lé o gy&btt:a%gr? éan@leOm%% eg%Bgralﬁ’%ﬁess

In additio |sob I'S a @Poss
rel ativel ythed -00%’&1 @fﬁf?'fﬁb@daﬁi%tiﬂﬁ” PHAPeE of bifadismeohgn Gssutsrare wged as

t hose vvhl cthedtstarting riatertal ahé ppdrecabors dbemibhly Bebsteaé aS&lmmd the role of an inert
Cl2-ol g ? have an average of from 13 to 3000 carbon atons. Such
usual | y po ydi'sperse hydrocarbyl radicals with polynmeric distribution
are, for exanple, those which derive from ethyl ene, propylene,

3u'é|ene Sawseﬂwmoﬁ@hbw @bylyRRAzabIO Witk isvhatehe irRidenémylarophatiessuch 2
odecene 0,

nunber - averé{r%grﬁﬂrag%m%@ry ﬂ\%&gn%t 1I\(;fi ﬁ@[y%h%%g?éhlﬁf ?h%\%lé{methylstyrene
pol ydi sper 8 913p etest- blnbisfyrgn@ yeralefins\having fiom 9t tQcarbon plgmshsudnae2of
| ow nof@cuh@thyiRitgiy-1 ragietdipenwhner € 2Mhethgihéxam 1l @ethdpémermex, 2-500,
they may aéﬁ?[h%ﬁe.%?%ﬁ&‘b drfpyipdisper se form 5

Typical polyisobutenes which can serve as the basis of the tetrahydrobenzoxazines | or
phenols I are, for example, the Glissopal® brands from BASF Aktiengesellschaft, e.g.

35 Glissopal 550, Glissopal 1000 and Glissopal 2300, and also the Oppancl® brands from
BASF Aktiengesellschatft, e.g. Oppanol B10, B12 and B15.

In addition to polyisobutenyl radicals, it is also possible for the relatively long-chain
hydrocarbyl radicals which occur to include those which derive from oligomers or

40  polymers of C;- to Cqz-olefins and have an average of from 13 to 3000 carbon atoms.
Such usually polydisperse hydrocarbyl radicals with polymeric distribution are, for
example, those which derive from ethylene, propylene, butene, styrene, methylistyrene,



In a pref er]%Ng? enbodi ment, the polycyclic phenolic conpounds used in
‘accor danc”MP{8P% he i nvention have a nean nol ecul ar wei ght M of from
411 to 25 000. For exanple, the nolecul ar weight M of 411 represents
the smallest representatives of the pol gcyclic phenol i ¢ conmpounds in
t he context of the present invention, speC|f|caI Itéf i s- 10(ortho- or

par a- hydr 038X88ely P§tene-dedsnentiind dosgeenss i ey ym RAPEPT CIRYYLEE or
M, are frodca@3Ther ﬂﬁnlﬁé}%\mrag‘ermma&ﬂsr W@gﬁlﬁ\ﬂ;ﬁ!@@l leashRS; Hidinpolydinpe sty

]E forzn5 6280 t @8%#@%%&% éu? s ?9? t Mo, Hﬁ&ﬁé &ééleéyé ;% ABRABr tve;ggﬁraaﬂﬁlsor
in the convlsie Nyfis fipa %ﬁgﬁia’mvp@ﬁyaﬁ basor%ﬁnpmon%ﬁsg@gse NS

denot ess a pol yi sobut enyl radl cal derived froma high-reactivity

pol yi SObUtl‘ﬁ ped%tmer&éhé%ly@ éﬁc%h r%hc-coﬁipbﬁndfésed |Ha€:drdubénde =

0, RL = 4= P18 (111
(111d) n —W'i theyimvengigp fAqegulaf WB'&““‘hﬂfo ﬂ\[%r% \FL>P53

(111f) n —emm[ﬂa the %Rplamrexgi‘t b tof bmt yaprwmgt)we rsmﬂllest rmreSﬂrrbthss oRihe
= H (111h)p &’3 RBB(dndsWthe donfext bl the ré!sent iRverffon ~spgekitidallyRs =
Lort-h a3 eliney %ra-hégr’%ibeﬂzxdﬁgécvgwe F’%ﬂ% b ety afloeS 1T M _
PI B, R4 = fprI5aR Yo A5 608 or Rem=523e0 HY 1000 Respepially frmn 66@5960@1119@5!)5% to
4, Rl= PUS;p 84 it Barictatt rdm 649 1925 006 obfromile4s t&6B00.R4 =

Examples of typical polycyclic phenolic compounds in the context of the present
15 invention are as follows, where “PIB” denotes a polyisobutenyl radical derived from a
high-reactivity polyisobutene (M. 1000):

o~ R1
OH OH 0~ "N’
[
1 R1
R4 R4 R4

20 (lla) n=0,R'=PIB,R¢=H
(i) n=0, R' = methyl, R*=PIB
(Mie) n =0, R =PIB, R4 = tert-butyl

A2

(lid) n=1,R1=PIB, R =H
25 (Ille) n =1, Rt=methyl, R* = PIB
(I n=1,R'=PIB, R* = tert-buty!

(lig) n=2,R1=PIB, R* = H
(h) n =2, R" = methyl, R* = PIB
30 (i) n=2, R =PIB, R* = tert-butyl

() n=3,R'=PIB,Rt=H
(k) n =3, R? = methyl, R¢ = PIB
() n=3,R"=PIB, R* = tert-butyl
35
(lim)n =4, R1=PIB, R4 =H
(ln) n =4, R = methyl, R*=PIB



(111q) n = = methyl, R4 = P16 5(111r) n =5 RL = FIB, R4 =
tert-butyl Pﬁﬁ?ﬁé? n=26 R =FIB Ri=H(111lt) n = 6, Rl = nethyl,
R4= PIB (111u) n = 6, Rl= PI13, R4 = tert-butyl 10 (111v) n =1, R =
methyl, 1 R4 radical = PIB, 2 R4 radicajg = tertbutyl (111w n = 8,
Rl= nmethyl, 151 R4 radical = FIB, 9 R4 radicals = tert- bUtré;
(1Va) Rl= nethyl, R2 = H R4 = tert-builia) nrg. B pRBRVpIertawylnet hyl
R2= R4= tert-butyl, Rg = FIB (Iye) Rl = PIB, 52= 54 = tert-butyl, Rg
= H (Ivd) 51= P1B, 52 = R4 = Rg = H (I 1—PL _ = H, R =
tert-butyl (1Vf) R = FIB, R2= H, 54 —Q{@té 5R % Fﬁé IVg) R =
FIB, 52= 54 = tert-butyl, Rg = PIB OH 'iﬁ#r!s?ée hyl Ré=P
5 (Hif} n=5,R!=PIB, R“ztert-butyl
(s) n=6,R'=PIB, R*=H
(Mt n =6, R'=methyl, R*=PIB
(Nuw) n=86, R'=PIB, R* = tert-butyl
10
(Iv) n=1, R" = methyl,
1 R4 radical = PIB, 2 R* radicals = tert-
butyl
(lw) n = 8, R! = methyl,
15 1 R4 radical = PIB, 9 R4 radicals =
tert-butyl
OH OH
2
" N
R‘l
R4 RB .
(IVa) R' = methyl, R2 = H, R4 = tert-butyl, R® = PIB
20 (IVb) R' = methyl, R2 = R* = tert-butyl, R¢ = PiB
(IVe) R'=PIB, R2=R* = tert-butyl, R =H
(IVd) R"=PIB,R2=R4=R°=H
(Ive) R' = PIB, R?2 = R4 = H, R? = tert-butyl
(Ivf) R"=PIB, Rz=H, R*={ert-butyl, R® = PIB
25 (IVg) R' = PIB, R2 = R* = tert-butyl, R®* = PIB
OH
H,C
CH,

(IVh) R1=PIB, R2=R¢=H, Re =



11 OHOHOH I:’E]'iggg§4 (Va) Rl= nethyl, 52= 54 = H RO9= FIB (VWb) 51=
net hyl , tert-butyl, RO= PIB (Vc) Rl= nethyl, 52 tert-butyl,
54 = rrethyl, RO = FIB (Vd) RL = 52= nethyl, 54 = tert-butyl, RO= PIG
{Ve) 51= 3-(dinethylam no)propyl, R2 = b= tert-butyl, RO= FIB (Vf)
Rl= PIG R2= R4= l:iRg H (Vg) }_||?1 = PI B, = R4 = H RO= tert-butyl (Vh)
Rl= P1B, 523 5479 tert - but RO9= H (Vi)' '51z FIB, 52= H 54= RO =

R 2 = Rbutyl (Vk) Rl= PIB, R2= R4
(vn) 51 =
54= msthyl, RO = FIB
4, R2 = tert-butyl, 3 R4
radi cal s = tert-butyl radl cal = B (VIb) R =nethyl, 52 =
tert-butyl, 3 R4 radi c@a.las R1 maﬁeth.,RZl_ B4 = n-ﬁdige:aPIB— FIB 20(Vic) 51 =

met hyl, 3 52 radicals = bSeﬁ ttl¥yl RZ1”_ a; 2¢ buty, R —%IB PF 57669 12

(Vc) R1 = methyl, R? = tert-butyl, R* = methyl, R® = PIB
o (Vd) R'=R2=methyl, R* = ter{-butyl, R¥ = PIB
(Ve) R = 3-(dimethylamino}propyl, R?2 = R* = tert-butyl, R® = PIB
(Vi R1=PIB,R2=R4=R%=H
(Vg) R'=PIB, R2= R4 =H, R = tert-butyl
(Vh) R!= PIB, R? = R¢ = fert-butyl, R® = H
10 (Vi) R'=PIB, R2=H, R*=RS = tert-buty!

(Vj) R?'=PIB, R?=R*=R®= tert-butyl
(VK) R'=PIB,R2=R4=H, R®*=PIB

= H R9= P113 Vn):1R1 R4:1

OH
| =
=~
H,C
(Vm) R1=PIB,R2=R4=H,R%= CH3
(Vn) R = 3-{dimethylamino)propyl, R? = tert-butyl, R* = methyl,
15 Re = PIB
o OH
R¥ -
R* L
HO .
RZ
RZ

(Via) R =methyl, R2 = tert-butyl, 3 R* radicals = tert-butyl, 1 R4 radical = PIB
{VIb) R* = methyl, R? = tert-butyl, 3 R* radicals = methyl, 1 R* radical = PIB
20 (Vic) R'=methyl, 3 R2radicals = tert-butyl, 1 RZ radical = H,



3 R4 radi CEI:%f ert-butyl, 1 R4 radical (on the benzene ring when
‘R2= H)= FI QG%OI ycyclic phenolic conpounds described are used in
accordance with the present invention as stabilizers for stabilizing
inanimate organic material against the ggtion of 5light, oxygen and
heat. This is understood to nmean in particular their node of action
as antioxidants in B raginalsenteitdntyl, 15 nadical (Db thenbanzemringivwhesd? = H) = PIB
conpounds are incorporated into the material to be stabilized during
or after its production and distributed as honogeneously as ﬁossible.
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formul at | OH&PCQ’%O%I RE! b§s.5’1PdTH§§&EEQH§ét f df Bfes e RIS RER AP 1 organig

recordi ng ecl.a ra enul si
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fuel s, 10 or omamqos% tsli vesight, lnuﬂrt;cu@ﬁmm 061t byt weibhthesgeaially fromt 95 tor

| ubri cant @Vc??wggﬁ%l?%d%‘f. %P%an{) e‘ﬁﬁﬂt greases. 20 Exanpl es of

pl astics whi e st e pol ycyclic phenolic conpounds
descri bed incl ude: pol ymers of nDno- or diolefins, such as | ow or
hi gh- densi tnanjmgtg etdapicgnaterigias ypderplpbe teemein, rfeaeanmlay,msmaﬁs greparations
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ool y A8 < SlaBatidsBiborko e P Pkl BRShal BhSahar i st Mons
derivati ve@atnvsmnd@@mrpss ) f@vwm4midacﬁsea@allmmeeaheﬂ pwdytts @ind fugls, for

(SAN), st Yéﬁﬁiﬁpfé'fdmébl fOBL Gasplivé Al tuiner faaembttr af | BABarR oy Igeafox|oits @nd

styrene-ac nmet hacryl ate, 30acrylonitrile-butadiene-styrene
(ABS) or {uﬁhwtheéﬁg%ryl at e- but adi ene-styrene (M BS);

hal ogen-cont ai ni ng pol yners, for exanple polyvinyl chloride,

pol yvi pyl Ekaraplesief pipsticg whinH meg be stdbiliged 8¢ tnsbljidyelic pHenpid sbsdinds
pol yners V"Bééijﬁbgﬁrnidﬁ% from a43-unsaturated acids and their
derivatives, suc §5pol yacryl ates, pol ynethacryl at es,

pol yacryl am des and pol yacrylonitriles; polynmers which derive from
unsat ur at edolgametshﬂlna)r@ndr aivkefies sach bs @W-tohaigh-daeigky pleydthdsia/es or

acetal s, !%Bﬁgﬁee Ilﬂgéry\é QIMLGHQ E'P&\soﬁ%%epﬁé%ﬁﬂtﬁ n SRl %Fsﬁ coPnot&mers
%

40po|yuret nes,
pol yur €2 ﬁ'ﬁp%%ﬁ’iﬂ @ﬁé Oét"‘r‘fﬁ‘r'@s SYROINTRTE m%‘@P r bonat es,
polysulfones pol yet her sul fones and pol yet her ketones. PP 57669

polystyrene and copolymers of styrene or a-methylstyrene with dienes and/or acrylic
derivatives, for example styrene-butadiene, styrene-acrylonitrile (SAN), styrene-gthy!
methacrylate, styrene-butadiene-ethyl acrylate, styrene-acrylonitrile-methacrylate,

30 acrylonitrile-butadiene-styrene (ABS) or methyl methacrylate-butadiene-styrene (MBS),
halogen-containing polymers, for example polyviny| chloride, polyvinyl fluoride,
polyvinylidene fluoride and their copolymers;

polymers which derive from o, B-unsaturated acids and their derivatives, such as
35 polyacrylates, polymethacrylates, polyacrytamides and polyacrylonitriles;

palymers which derive from unsaturated alcohols and amines or from their acyl
derivatives or acetals, for example polyvinyl aicohol and polyvinyl acetate;

40  polyurethanes, especially thermopiastic polyurethanes, polyamides, polyureas,
polyphenylene ethers, polyesters, polycarbonates, polysulfones, polyether suffones
and polyether ketones.



13 The pai&%zyﬁgéch can be stabilized with the polycyclic phenolic
conpounds ed include coatings such as al kyd resin coati ngs,

di spersion coatings, epoxy resin coatings, polyurethane coatings,
acrylic resin coatings and cellul ose ni§gate coatings, or 5 varnishes
such as wood protection varni shes. The pol ycyclic phenolic conpounds
described are suitable in a particul arly advantageous manner as
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57669 14  additives such as corrosion inhibitors, icing inhibitors, static dissipators, efc.

30 The polycyciic phenolic compounds described may be added to the turbine fuel or to
the turbine fuel composition individually, as mixiures and, if appropriate, in combination
with further additives known per se.

Suitable additives which may be present in the inventive turbine fuel compaosition

35  comprise typically detergents, corrasion inhibitors, further antioxidants such as
sterically hindered tert-butylphenols, N-butyiphenylenediamines or N,N'-diphenylamine
and derivatives thereof, metal deactivators such as N,N’-disalicylidene-1,2-diamino-
propane, solubilizers, antistats such as Stadis 450, biocides, anti-icing agents such as
diethylene glycol methyl ether, and also mixtures of the additives mentioned.

40
Additives preferred in the context of the present invention are the specific compound
classes (A), (B) and (C) detaited below:
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reacting a polyolefin with a thlophosphorylatlng agent are described, for example, in

US 5725 611, which is incorporated here by reference.

35
Preferred additives (C) are Mannich adducts. Such adducts are obtained in principle by
Mannich reaction of aromatic hydroxyl compounds, especially phenol and phenc!
derivatives, with aldehydes and mono- or polyamines. They are preferably the reaction
products of polyisobutene-substituted phenols with formaldehyde and mono- or

40  polyamines such as ethylenediamine, diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, dimethylaminopropylamine, etc. Suitable Mannich adducts
and processes for their preparation are described, for example, in US 5 876 468,
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The polycyclic phenolic compounds described are present in the inventive additive
concentrate preferably in an amount of from 0.1 to 100% by weight, more preferably

30  from 1 to 80% by weight and in particular from 10 to 70% by weight, based on the total
weight of the concentrate.

The polycyclic phenolic compounds described are also advantageously suitable as

stabilizers in gasoline fuels and in middle distillate fuels, here especially in diesel fuel
35  and heating oil. This should also be understood to include their mode of action as

antioxidants in the conventional sense. In particular, they serve, by virtue of their mode

of action as stabilizers, to improve the thermal stability of gasoline fuels and middle

distiliate fuels. In particular, by virtue of their mode of action as stabilizers, i.e. in their

property as dispersants, they also serve to prevent deposits in the fuel system and/or
40  combustion sysiem of gasoline or diesel engines.
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desor i bed, RAYPEIL Dhbi SR deRkibdgaB 8 ek egﬁfﬁﬁk*{hd%ﬂi%w
| east one ereedrglensnecialy i he@aselinedpelionsg thediese! fushplanemr inthy form of fuel
additive packages. for example so-called diesel performance packages. Such
35 packages are fuel additive concentrates and generally comprise, in addition to
solvents, a series of further components as coadditives, for example carrier oils, cold
flow improvers, corrosion inhibitors, demulsifiers, dehazers, antifoams, further cetane
number improvers, further combustion improvers, antioxidants or stabilizers, antistats,
metaliocenes, metal deactivators, solubilizers, markers and/or dyes.
40
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20

(De) sulfonic acid groups or their alkali metal or alkaline earth metal salts;

(Df) polyoxy-C.-Cs-alkylene moieties which are terminated by hydroxyl groups, mono-
or polyamino groups, at least one nitrogen atom having basic properties, or by
25 carbamate groups;

(Dg) carboxylic ester groups;

(Bh) moieties which derive from succinic anhydride and have hydroxyl and/or amino
30 andfor amido and/or imido groups; and/or

(Di} moieties obtained by Mannich reaction of substituted phenols with aldehydes and
mono- or polyamines.

35  The hydrophobic hydrocarbon radical in the above detergent additives, which ensures
the adequate solubility in the fuel oil composition, has a number-average molecular
weight (M,) of from 85 to 20 000, especially from 300 to 5000, in particular from 500 to
2500, Typical hydrophobic hydrocarbon radicals, especially in conjunction with the
polar moieties (Da), (Dc), (Dh) and (Di), include relatively long-chain alkyl or alkenyl

40  groups, especially the polypropenyl, polybuteny! and polyisobuteny! radical, each
having M, = from 300 to 5000, especially from 500 to 2500, in particular from 700 to
2300.
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Addi tives
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pref erzpl yppsodosroaezl y term nal doubl e bonds and Mh = from 300 to

5000, with anmmonia or nono- or polyam nes, as descri bed I n particular

in EP-A-476 485. ‘ ) . )
Additives comprising nitro groups (Db), if appropriate in combination with hydroxyl

groups, are preferably reaction products of polyisobutenes having an average degree
of polymerization P = from 5 to 100 or from 10 to 100 with nitrogen oxides or mixtures

30 of nitrogen oxides and oxygen, as described in particular in WO-A-96/03367 and WO-
A-96/03479. These reaction products are generally mixtures of pure
nitropolyisobutenes (e.g. o,p-dinitropolyisobutene} and mixed hydroxynitropolyiso-
butenes (e.g. a-nitro-B-hydroxypolyisobutene).

35  Additives comprising hydroxyl groups in combination with mone- or polyaming groups
(Dc) are in particular reaction products of polyisobutene epoxides obtainable from
polyisobutene having preferably predominantly terminal double bonds and M, = from
300 to 5000, with ammonia or mono- or polyamines, as described in particular in
EP-A-476 485.

40
Additives comprising carboxyl groups or their alkali metal or alkaline earth metal salts
(Dd) are preferably copolymers of C,-Cao-olefins with maleic anhydride which have a
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have carrier oil 35properties. Additives conpr|5|ng noi eti es derived
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30  The moneo-, di- or tricarboxylic acids used may be aliphatic or aromatic acids, and
particularly suitable ester aicohols or ester polyols are long-chain representatives
having, for example, from 6 to 24 carbon atoms. Typical representatives of the esters
are adipates, phthalates, isophthalates, terephthalates and trimellitates of isooctandl, of
isoncnanol, of isodecano! and of isotridecanol. Such products also have carrier oil

35 properties.

Additives comprising moieties derived from succinic anhydride and having hydroxyl
and/or amino and/or amide and/or imido groups (Dh) are preferably corresponding
derivatives of alkyl- or alkenyl-substituted succinic anhydride and especially the

40  corresponding derivatives of polyisobutenylsuccinic anhydride which are obtainable by
reacting conventional or highly reactive polyiscbutene having M. = from 300 to 5000
with maleic anhydride by a thermal route or via the chlorinated polyisobutene.
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or dimethylaminopropylamine. The polyisobutenyl-substituted phenols may stem from
conventional or highly reactive polyisobutene having M, = from 300 to 5000. Such

35  ‘“polyisobutene-Mannich bases” are described in particular in EP-A-831 141.

The detergent additives (D) mentioned together with the polycyclic phenolic
compounds described are preferably used in combination with at least one carrier ail.

40  Suitable mineral carrier cils are the fractions obtained in ¢crude oil processing, such as
brightstock or base oils having viscosities, for example, from the SN 500 - 2000 class;
but also aromatic hydrocarbons, paraffinic hydrocarbons and alkoxyalkanols. Likewise
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30 DE-A-38 38 918. The mono-, di- or tricarboxylic acids used may be aliphatic or

aromatic acids; suitable ester alcohols or polyols are in particular long-chain

representatives having, for example, from & to 24 carbon atoms. Typical

representatives of the esters are adipates, phthalates, isophthalates, terephthalates

and trimellitates of iscoctanol, isononanol, isodecanol and isotridecanol, for example di-
35 (n- orisotridecyl) phthalate.

Further suitable carrier oil systems are described, for example, in DE-A-38 26 608,
DE-A-41 42 241, DE-A-43 09 074, EP-A-0 452 328 and EP-A-0 548 617.

40  Examples of particularly suitable synthetic carrier oils are alcohol-started polyethers
having from about 5 to 35, for example from about 5 to 30, Cs-Ce-alkylene oxide units,
for example selected from propylene oxide, n-butylene oxide and isocbutylene oxide
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25
Corrosion inhibitors suitable as further coadditives are, for example, succinic esters, in
particular with polyols, fatty acid derivatives, for example oleic esters, oligomerized
fatty acids and substituted ethanoclamines.

30 Demulsifiers suitable as further coadditives are, for example, the alkali metal and
alkaline earth metal salts of alkyl-substituted phenolsulfonates and naphthalene-
sulfonates, and the alkali metal and alkaline earth metal salts of fatty acid, and also
alcohol alkoxylates, e.g. alcohol ethoxylates, phenol alkoxylates, e.g. tert-butyipheno!
ethoxylates or tert-pentylphenot ethoxylates, fatty acid, alkylphenols, condensation

35 products of ethylene oxide and propylene oxide, e.g. ethylene oxide-propylene oxide
block copolymers, polyethyleneimines and polysiloxanes.

Dehazers suitable as further coadditives are, for example, alkoxylated phenol-
formaldehyde condensates.

40
Antifoams suitable as further coadditives are, for example, polyether-modified
polysiloxanes.



35pr oducts Ffs gé@yl ene oxide and propyl ene oxide, e.g. ethylene
oxi de- propyl € K oxi-de bl ock copol ynmers, pol yet hyl enei m nes and

pol ysi | oxanes. Dehazers suitable as further coadditives are, for
exanpl e, al koxyl at ed phenol - f or mal dehydg3 condensates. 40 PP 57669 23
Cet ane nunber inprovers and conbustion inprovers suitable as further
coadditives are, for exanple, alkyl nitrates, e.g. cyclohexyl nitrate
and especi §atay|emumb|¢y InrgERyars ang paméust@ndmpmvesa gltgble@sdgurther coadditives

di -tert-but, fcﬁ’%&éﬁhbréealkﬁ rﬁtratesw Hlay &ISh@xlyl higBletan@iSepuEibieZ-cthylhexyl
coadditive it n & 8 élrgg tg)g henol s, e.g
2,6-di-ter r% et‘yF ﬁé’ﬁ%@gﬁd Zdz eéjet - 3- net hyI phenol and

phenyl ehedi anines, e.g. N, N -di-sec-butyl -p- phenyl enedi am ne. 10Met al
deact i vat onaticiddnabsi itz dstnithe rcoa@eithelist dry &6r @afnplé, WLbEHBRE Iphenols, e.g.

salicylic Q%Icﬁ t%%hg{,%hliﬂcﬁ%nd% @gktert-bu‘t:yl 3anethylphenol, and eonr%enylenedlammeﬁ y

N, N -disaliCy g amn 'Sl especi a
for fuel a8t N"@/@"ﬁa@:kﬂ@f BP ﬁ‘i‘)éeneldtﬁmlﬁ‘itarrpl e, nonpol ar organic
sol vents, especially aromatic and aliphatic hydrocarbons, for exarrpl e

wth (2 l%ﬁds'%%ﬁ&i"?mﬁ gjpé‘sr Eﬁ?’ﬁdagdanﬁstﬁﬁh&tgﬁi“?%ﬁﬁéﬁ% ures
Exxol (r) (&%l’l‘ﬁﬁ’it"é?ﬁ’ﬁrge RXiS8NeY1. 4 RiPPage %‘Hi"‘eNapht ha. Al so useful

here, especially in a blend with the nonpolar organic solvents

nment i oned, T a I
T eSS S Rl SR el

and/ or - sol GRS SYENISeRRRPC Q%'C@Q@E’Pwtﬁ gchﬁgjof‘ﬁ-eff’r Bramh'e ‘I’e”'e
fuel , theyxderesudditei apirithandathve tedheicalssihamimixturiee mithdne names Boelsol@| i ¢

phenol i c CQﬁMﬁ&&eﬁ%l Beeh/ahel @'r&fb) SEbtxb@trﬁamcﬁmr%w@&bwobu) and
Fﬁg?:’?g;? g§§IUS| agsr?aqﬁe?ul ?nere espel%:lally in g%lenh WI{h tﬁe nonpo?ar organic
solvents ment:oned are polar organic soivents, in particular alcohols such as 2-
ethythexanol, decanol and isotridecanol.
20
When the coadditives and/or solvents mentioned are alsc used in gasoline fue! or
diesel fuel, they are used in the amounts customary therefor,

The polyeyclic phenolic compounds described are also suitable particularly

25 advantageously as stabilizers in lubricants. Lubricants or lubricant compositions shall
be understoed here to mean motor oils, lubricant oils, transmission oils including
manual and automatic oils, and related fluid compositions which serve {o lubricate
mechanically moving parts - usually as the metal. Stabilization is understood here to
mean in particular the improvement in the oxidation and aging stability of fubricant

30  compositions, i.e. their action as antioxidants in particular. in addition or alternatively,
the polycyclic phenolic compounds described improve the shear stability of lubricant
compositions, i.e. the polycyciic phenolic compounds thicken the lubricant
compositions more effectively. In some cases, the polycyclic phenolic compounds
described also act as dispersants in iubricant compositions.

35
The present invention further provides a jubricant composition which comprises
components customary therefor and at least one of the polycyclic phenolic compounds
described. The inventive |ubricant compaosition comprises the polycyclic phenolic
compounds described in an amount of typically from 0.001 to 20% by weight,

40 preferably from 0.01 to 16% by weight, especially from 0.05 to 8% by weight and in
particular from 0.1 to 5% by weight, based on the total amount of the lubricant
composition.
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sulfur compounds, for example reaction products of terpenes (a-pinene}, resin
oils or low molecular weight polybutenes with sulfur, dialkyt sulfides, dialkyl
trisulfides, polysulfides, diaryl sulfides, modified thiols, mercaptobenzimidazoles,
40 mercaptotriazines, thiophene derivatives, xanthates, zinc
dialkyldithiocarbamates, thioglycols, thioaldehydes, dibenzyl disulfide,
alkyiphenol suifides, dialkyiphenol sulfides or sulfur-containing carboxylic acids



In additi OﬁF%‘?S@%e pol ycyclic phenolic conmpounds to be used in the
context of the present invention, notor oils and transm ssion oils
I ncl udi ng manual and automatic oils generally also conprise at | east
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anounts customary therefor (which are stated in brackets in % by
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10phenol derivatives, for exanple sterically hindered nono-, bis- ‘or
trisphenol s, sterlcally hi nder ed pol ycyclic phenol s,

pol yal 11 phenoaarsinesz fer efampde arviamipes suchrastdighepiremine, phenyl-a-naphthylamine
met hyl ene- 4, 4' oo ty(tgvﬁngthy;ggmlnmngnpmm,)e (phenol derivatives are

often used in conbination with sul fur-based or am ne-based
antioxidants) 15amties, for exanple arylam nes such as
di phenyl ami ne, mpt}aéq&@qc.tlgatﬁ@pmthﬁqumm sgpse, for example N-salicylideneethylamine,

4, 4' -t et r anet hy Nldralicyidénpaenyersaidnans m&mbmdgmmgwmsa&Me
na”o‘c’lﬁ};af?g‘;ﬁpg{hglrengﬁgm 8&%@%&8%‘&&&&%&{‘&’ &M dSsphoric acid, citric acid,

N, N - di sal i cylgiw'i%aﬁ'dzleﬁ'ﬁt%éh'éﬁ'ﬁé@iﬁ rigidazglergrPyrAzeierristivaliviese,

et hyl enedi am net etraacetic acid, phosphorl c acid, citric acid,
R R
exanpl e: pol yi %Gﬁlﬁcéﬁéﬁ’el@afl?fﬁﬁp‘émh‘cﬂ% P 8 V‘/@é‘ﬂ@ﬂ@o dolymedhasariates hpghg a
10 00(zg 0 45 Obbiecuet waghtscypidaay @dmhes/00Wtoa 00 000, homo- and copolymers of
1,3-dienes such as butadiene or isoprene having a molecular weight of typically
from 80 000 to 100 000, 1,3-diene-styrene copolymers having a molecular weight
of typically from 80 000 to 100 000, maleic anhydride-styrene polymers in
esterified form having a molecular weight of typically from 60 000 to 120 000,

30 star-shaped polymers with block-like structure by virtue of units composed of
conjugated dienes and aromatic monomers having a molecular weight of typically
from 200 000 to 500 000, polyalkyistyrenes having a molecular weight of typically
from 80 000 to 150 000, polyolefins composed of ethylene and propylene or
styrene-cyclopentadiene-norbornene terpolymers having a molecular weight of

35 typically from 60 000 to 140 000

(c) pour point depressants (cold fiow improvers) (from 0.03 to 1%), for example
bicyclic aromatics such as naphthalene with different long-chain alky! radicals,
-polymethacrylates with from 12 to 18 carbon atoms in the alcohol radical, a

40 degree of branching between 10 to 30 mol% and an average molecular weight of
from 5000 to 500 000, long-chain alkyiphenols and dialkylaryl phthalates or
copolymers of different olefins
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derivad®ves, stiigh alein mercaptals or especially zinc d:alkyld;thcophosphates ZDDPs)

(g) friction modifiers (from 0.05 to 1%), especially polar oil-soluble compounds which
generate a thin layer on the frictional surface by adsorption, for example fatty
aicohols, fatty amides, fatty acid salts, fatty acid alkyl esters or fatty acid

35 glycerides

(h) antifoam additives (from 0.0001 to 0.2%), for example liquid silicones such as
polydimethylsiloxanes or polyethylene glycol ethers and sulfides

40 (i) demulsifiers (from 0.1 to 1%), for example dinonylnaphthalenesulfonates in the
form of their alkali metal and alkaline earth metal salts
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(n) odor improvers (from 0.001 to 0.2%).

Typical ready-to-use motor oil formulations and transmission oil, including manual and

30  automatic oil, formulations in the context of the present invention have the following
composition, the data for the additives relating to the active substance contents and the
sum of all components always adding up to 100% by weight:

. from 80 to 99.3% by weight, in particular from 90 to 88% by weight of motor oil
35 base or transmission ail, including manual and automatic oil, base (mineral base
oils andfor synthetic components) including the fractions of solvent and dituent for
the additives

. from 0.1 to 8% by weight of polycyclic phenol compounds as stabilizers
40
. from 0.2 to 4% by weight, in particular from 1.3 to 2.5% by weight of detergents
of group (d)



di et hanol arj | )dyes and fl uorescence additives (from0.001 to
0.2% 25 (W@ ervatives (from0.001 to 0.5% (n) odor inprovers
(from0.001 to 0.29% . Typical ready-to-use notor oil fornulations and
transm ssion oil, including manual and 3@autonmatic oil, fornulations
in the context of the present invention have the follow ng
conposition, the data for the additives relating to the active

subst ance eont &ams).aind10% dyswaighdfin aktticalanfromeh’ & @b¥alysweaidhli ofglisperdants
100% by wei ght of giolige)80 to 99.3% by weight, in particular from90 to
98% by wei ght of notor oil 35base or transm ssion oil, including
manual and automatic oil, base (mneral base oils and/or synthetic
conponedt sy i nfPudi- hip Pheyiweighti ipmertistlas forehd taRd%dby weight sfantipxidants
addi tives frogf _o&ptag aBHoR Vighgiredtur@bddil s & ghdup (DRRBRIr fcBiBR erbifer a5
stabilizers 40 r bg@:{ .2 to 4% by weight, in particular from1.3 to
2.5% by wei ght IEH ergents of group (d) PF 57669 28 fromO0.5 to
10% by weight, in particular from1.3 to 6.5% by wei ght of

di spersants of frgmaups (e)0% by wight, In bartidifabiyorme. Bt 1.09%byRadighteabidEosity

from044 to 2. gj%?ﬁ%{,{gg%ﬁgiouggﬁ)i oxi dants of group (a) and/or

hi gh- pressure Ves 0 0 (f) and/or friction nodifiers of
group (9) from0.05 to 10% by weight, in particular from0.2 to
1. 0% by weight frofn 0vioS2% s ingigh® bhsther adujtives ef groGps () @b () (n). from

0 to 2% by weight of other additives of groups (c) and (h) to (n).

The present invention also provides a process for preparing the polycyclic phenolic

15 éompounds described, which comprises reacting the tetrahydrobenzoxazine | with one
or more of the same or different phenols Il and/or with one or more of the same or
different tetrahydrobenzoxazines | at temperatures of from 60 to 250°C, in particular
from 90 to 150°C, in the absence or in the presence of an inert solvent, for example an
aromatic hydrocarbon such as toluene or xylene,

20
Since some of the polycyclic phenolic compounds described are novel substances,
these novel substances themselves also form part of the subject matter of the present
invention.

25  Polycyclic phenolic compounds having at least one relatively long-chain hydrocarbyl
radical having at least 26 carbon atoms are novel. The present invention therefore also
provides polycyclic phenolic compounds which have up to 20 benzene rings per
molecule and are obtainable by reacting a tetrahydrobenzoxazine of the general
formutat

30 R

in which the substituent R! is a hydrocarbyi 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 NR? moieties,

35
where RS is a hydrogen atom or a Ci- fo Cs-alkyl radical, and



The pr eseoniﬁgg%;‘ution al so provides a process for preparing the

pol ycyclic phenolic 15 conpounds descri bed, which conprises reacting
the tetrahydrobenzoxazine | with one or nore of the sanme or different
phenols Il and/or with one or nore of t#e sanme or different

bar ol ar A 66 ShSuuel At R 2hgEE Beea R ARG A ireeh droms,
i nert sol veydroxy grougs arpydoeaibradiedls whishdeye dr ¢anh cage froas? taoddbdnarken
xyl ene. 20ahitCadsnaebd intdraptetoby 6nchr shoflietsbaeneiripothadfose 60D iaba &

are novel subs! gnasse hARIGRNAYELRS WhslaReRS<IRRESLYgE al so form

part of the subj’e ma e present I nvention. Pol ycyclic
phenoli% conpounds having at | east one relatively |ong-chain

hydr ocar bywitii afé oainokewfithg sateloe diferadb plarrdirosf thé gemerarfernmay @l . The
present invention therefore also provides polycyclic phenolic
conpounds whi ch have up to 20 benzene riggs per nolecule and are

obt ai nabl e by reacting a tetrahydrobenzo aziﬁﬁ of the general formula
Il 30 (1) in which the substituent Rl #Sxa 'hydrocarbyl radical which
has from1 to 3000 carbon atons and na i nt eflly upted by one or nore
het eroatonms fromthe group of 0 andr®® ang?orrby one or nore NR6

noi eties, 35 where R6 is a hydrogen atomyer a - to C4-al kyl

radical, and PF 57669 29 in which the substituents R2, R3, R4 and R8
are each i ndependently hydrogen atons, hydroxyl groups or hydrocar byl

radi ca i Wan £ ¢ ,

o1 18, (e BESLREARD R RE R ATRYE fre ddE ifiRBpOMERS oA ki,
and/ or by opi SrRyPE ONREFIrReAr By iradicalgybich hage fnseach c@ee fradd! niue casbon
wi th one oatomarandofiay beintarroptead bydordd ermot heterostbsisdfont the geuwesfad and S
Formula 11500 by one or more NRS moieties, where RS is as defined abave,

15 and/or with one or mare of the same or different tetrahydrobenzoxazines of the general
formula |,

where the substituent R4 may also be a radical of the formula Z and the substituent R®
may also be a radical of the formula Z'

1
o™ N R OH
R15 RT
V4
R0 R (£
11
R R12

20

in which the substituents R?, R?, R3, R5, R7, R& and R*? are each as defined above, the
substituent R” may also be a radical derived from-a tetrahydrobenzoxazine of the
general formula 1, the substituent RS is hydrogen or a radical derived from a

25 tetrahydrobenzoxazine of the general formula I, and the substituents R and R'2 may
be the same or different and are each hydrogen or a C4- to Cyg-alkyl radical,

and in which the substituents R2 and R? or R® and R* or R* and RS, together with the
substructure -O-CH2-NR3-CH;- attached to the benzene ring, may also form a second
30 tefrahydrooxazine ring, or the substituents R? and R? and R* and R5, together with the
substructures -O-CH2-NR™-CH>- and -O-CH2-NR4-CH>- attached io the benzene ring,
may also form a second and a third tetrahydrooxazine ring, where R and R are each
independently hydrocarbyl radicals which have in each case from 1 to 3000 carbon



10 i n whi cRFigi66%ubstituents R7, R8, R9 and R18 are each

i ndependent |y hydrogen atomns, hydroxyl groups or hydrocarbyl radicals
whi ch have in each case fron1 lto 3000tfarbon atons and nay be
interrupted by one or nore het er oat oms 4 om t he group of 0 and S

and/ or by mmsmndrmapbé\lmﬁermai byesne wiraoe Heferbstoas faded thaago@on® and 3

and/or wi t 6 émlrﬁorngﬁJ}ﬁoéﬁéEE éjhg s%rsﬂétfn%abov

tetrahydro enzo a2| nes the genera t he
substituent R4 may al so be a radl cal of the formula Z and the
subst i t uenwitiRéherpapviad Hat bEeastrondiof e s;fost:thentfscﬂ"nﬁi? RIZR4, QYR Re, Rh R,

\32} .Cﬂe?:bgff?tﬂﬂ Hé‘é‘ﬁ&n?@ to B800 BarboR3tont® an tlfr%?\filﬂg ﬁa'??;c)hne;l
ot et Ty oot B2 RE R e, R AR R Rafond whenﬂh%y aEYEaEE Ris
i s hydr ogeradinalsa eactdhavs frape ity 8d cirbomaiorad tetrahydr obenzoxazi ne of
t he general formula I, and the substituents R11 and R12 may be the

sane or ferent are each dro to,.Cmal k adi |,
same ‘or di LfcLent A0t are, SBGh i oasn. of 8 Qe 0 ST ALY L8 Saon

t oget ht® wiadicat h@!t@mavajagmofeaue}asmacmmaamﬁzs whichetkshivels fromtdhgomers or
benzene ri palymBRYofd,S® ¢19-ro[éfﬂe§%Qﬁgvémﬁeeéréﬁémmv@ﬁmﬂh@%férb%%o or

the subst [ LyGRLs Ko and o Attt anel Ligh ohpnst ot it dRese cor

benzene ri mgleckig\anglase obigingble kceaniingehigtrahydipbenzegazinthyidre asreaithe
ring, wherfrhldland R14 are each i ndependently hydrocarbyl radicals
which have in each case from1l to 3000.carfdon PF 57669 30 atoms and
may be interrupted by one or nore heber ogt oms from t he group of 0 and
S and/ or by one or nore NR6 noi efi es ere R6 is as defined above,
with the proviso that at |east one he substjtuents R, R2, Rs,

R4, R5, R7, Ra, Rs, Rio, 5 R13 gpK Ras; from 26 to 3000 carbon
atons, and the remaining substi fuent b, frfom t he group of R, R2, Rs,
R4, Rsy5R7, Ra, Rs, Ro, Rlaor Rl4, RWhen they are hydrocar byl

r adi ca?s, each have from1l to 20 carbon atons. Polycyclic phenolic

conmpounds haV| at St tiv -chain drqc I
oradt car Favtfng kg dien B0 & By FoedBit aetadiiaihan g 1 b caroon
derives fr awml dngonay e 'tmterp@tqmtar sneodr razre heterGipmslfio hegrour of GanglS.
The presengnd/BM{Ndriedst rhdtemetsahSiefidss0 provi des pol ycyclic phenolic
conpounds whi ch "have up to 20 benzéne rings per nol ecule and are

obt ai nabl e by reacting a tetrahydrobenzoxazi ne of the general fornula
| ON-R1L  where R js a hydrogen atom or a C4- to Ce-alkyl radical, and

in which the substituents R2, R3, R4 and RS are each independently hydrogen atoms,

hydroxyl groups or hydrocarbyl radicals which have in each case from 1 to 3000 carbon
25 atoms and may be interrupted by one or more hetercatoms from the group of O and S

and/or by one or more NR® moieties, where R® is as defined above,

with one or more of the same or different phenols of the general formuia |1

OH

30
in which the substifuents R?, R8, R? and R are each independentiy hydrogen atoms,
hydroxyl groups or hydrocarbyl radicals which have in each case 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® moieties, where RS is as defined above,



A5 in whpeh7Efe substituent Rl is a hydrocarbyl radical which has
from1l to 3000 carbon atons and nmay be interrupted by one or nore
het eroatons fromthe group of 0 and S and/or by one or nore NR6

noi eties, 20 where R6 is a hydrogen ato¥ or a Cl- to at-alkyl

radi cal, and in which the substituents R2, Rs, R4 and Rs are each

e o S8 2t P S Bl S 3

i nt errupt erbyladne or nore heteroatoms fromthe group of 0 and S
and/ or by one or nore NR6 noieties, where R6 is as defined above,

h d f . | foth |
For mut o8 1 1 weTe e Sutslnl Aol e Tt 81188 Tork™ 2P g i ebsfipat
each i ndep@ay@isolbg mWrC@b@‘rthanﬁwlaZiydroxyl groups or hydrocar byl

radi cal s which have in each case_fygm 1 to 3000 c r'_pon atons and may
be interrupted by one or rmreohet roatons from the'groyp of 0 and $

and/ or by one or nore NRR @ 2S5, where R6R Rl ned above, 31
and/or with one or nore of sane dE) di fferent

t et rahydr obenzoxazi nes ofy3 ex al fornmul gee “he
substituent R4 may also b adi cal of the lla Z and the

substituent RO may al so be a-Tagl2cal of the for

=CH

in which the substituents R, R?, R3, RS, R7, R® and R0 are each as defined above, the

10 substituent R” may also be a radical derived from a tetrahydrobenzoxazine of the
general formula |, the substituent R'5 is hydrogen ot a radical derived from a
tetrahydrobenzoxazine of the general formula |, and the substituents R and R'2 may
be the same or different and are each hydrogen or a Ci- to Cre-alky! radical,

15 and in which the substituents R2 and R3 or R3 and R4 or R? and R5, together with the
substructure -O-CHz-NR3-CHp- attached to the benzene ring, may also form a second
tetrahydrooxazine ring, or the substituents R? and R3 and R* and RS, together with the
substructures -O-CH2-NR'3-CH»- and -O-CH>-NR-CH.- attached to the benzene ring,
may also form a second and a third tefrahydrooxazine ring, where R and R* are each

20 independently hydrocarby! 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 Rf is as defined above,

with the proviso that at least one of the substituents R, R?, R3, R4, R, R7, R¢, R?, R,

25 R®or R* has on average from 13 to 3000 carbon atoms and derives from oligomers or
polymers of G- to Ciz-olefins, and the remaining substituents from the group of R, Rz,
R3, R4, RS, R7, R8, R?, R0, R'8 or R'4, when they are hydrocarbyl radicals, have in each
case from 1 to 20 carbon atoms.

30  Such usually polydisperse hydrocarbyl radicals with polymeric distribution, which have
on average from 13 to 3000 carbon atoms and derive from oligomers or polymers of
C.- to Cyz-olefins, are, for example, those which derive from ethylene, propylene,
butene, isobutene, styrene, methylstyrene, hexene-1, octene-1, decene-1 or dodecene-
1. They may be homo- or copolymer radicals. Their number-average molecular weight

35 M, is at least 183, their polydispersity index PDI typically from 1.05 to 10. In the case of
low molecutar weight radicals with M, of from 183 to approx. 500, they may also be
present in monodisperse form. Of particular interest are polydisperse hydrocarbyl
radicals with polymeric distribution, which derive from isobutene.



in which thpsyghstituents Rl, R2, R3, R5, W R8 and R19 are each as
defined above, the 10 substituent Wnmay al so be a radical derived

froma tetrahydrobenzoxazi ne of the general fornula I, the
substituent R15 is hydrogen or a radicaB2derived froma
tetrahydr obenzoxazi ne of the general formula I, and the substituents -

and R1 t he sape or differ re dr oge a
AN P A A R LR I RS
or R3 and @eneal fenuiatl! R5, together with the substructure
- 0- CH2- NR13- CH2- attached to the benzene ring, nmay also forma second
t etrahydrooxazi ne ring, or the substituents R2 and R3 ﬁmd R4 and R5,
together with the substrugHures -0-CHaHNRL3- CH2- c{b‘

-0-Cl -12-NR14-CH2- attachgd tQ thef behzene ri may Jal so, form a
second and a third tetra ooXMZi and ¥4 are each
20 i ndependently hydrqca i egch case from1l
to 3000 carbon atonsRand ey Be RnterfuptRed By oné oR nore

heteroaé oms fromthe grour*of 0 and fKand/or by gife or nore NR6
noieties, where R6 is as defined above, with the proviso that at

| east one of the substituents Rl, R2, R3, R4, R5, R7, Re, Rs, R10, 25

:313 orI R14mrvaﬂcrome¢wagtag@1tfm®sra h?d:b@ar%?ﬂalcf@atrm RA<ORGm and 3080 tx®on
rom ol i go
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from 11@ o 20 carbon atons. 30Such usual ly pol ydi sperse hydrocar byl

radi cal s %E&eg@g%{j ggh‘sﬂwnl‘lap (}’ﬂ@ﬂrﬁbﬁ’é’a‘i’ on average from 13

to 3000 carbon atons-an erirve r nmers dr polyners of Cr to
Cl2-ol efins, are, for exanple, those whi ch derive from et hyl ene,
propyl ene, inl.w}titarnme substitugresn B2, BY, R ene RS med éadhshcyerwnéentlye‘byal‘t@eﬂ: atoms or

octene-1, tcé@@ﬁﬁﬁ%‘é@e ® i 558}‘1 dRBY i ﬁl ‘E %rtfb%pé‘?{)rxggﬁd may be
radi cal s. el r er-avera ecul ar r‘d)\/l

183, (IRt myzﬁdéhy T AT PR AR GONR S 2088 AIor8Y R Y he
case of | omormNBE:mbmtnes\mrgdne Rf adacdéfinediabbvevandf from 183 to approx.
500, they nay al so be present in nonodisperse form O particular

interest are I drocar byl radicals with polyneric
di stri buti'fi'r‘i",’r{[')‘a?n'¥ "@B{QQ%P%/'PMOQI Bobut ene.  PE 57669 32 The present
invention further provides oligo- and polytetrahydrobenzoxazines of
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a hydrogen atomor a G- to C4-alkyl radical, in which the

substituents R2, R3, R4 and R are each independently hydr ogen at ons
or hydrocarbyl radicals which have in each case from1 to 3000 carbon

at oms 2Nd TRYprB8ent invention further provides bicyclic phenolic compounds of the general

OH OH
2 7
R N R
Ly (V)
R R® RR1 0 RS
R’ R®

30  in which the substituent R'is 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 and S
and/or may be interrupted by one or more NR® moieties,

formula v



15 interrupresiydsg one or nore heteroatons fromthe group of 0 and S
and/ or by one or nore NR6 noieties, where R6 is as defined above, and
in which nis an integer fromO to 18, 20 with the proviso that at

l east one of the substituents RlL, R3, R33or R6 has from 13 to 3000

car bon atomeaewstﬁtsmewm%nmtm ot td opakg rbdiean t he group of R1, R3,
R4 or R6, when they are hydrocarbyl radicals, have in each case from

1 to 20 carbon atons. 25 The present i nvention further provides
bi cyclic pHéWB'Fh@“ec%I?ﬁ%‘ﬁ% Rt R, G& s B, R°ainghiR'Qane\each ingizpendemivc h
the substi thyembemRatosnscorthydroearybiadicardittet havel inlkabiagade fesm 3 t6 308000

b
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Ca- al kyl radl cal in which the substituents R2, R3, R4, R5, R7, R
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RO and RlO“ﬁmhﬁe&b.sbwla?%ggmdgv?fwéﬂé ﬁﬁeg%%ﬁgerpa:hgegn SR tﬁ/a' R gnd

di |
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S and/ 49 bypf BheRzoR3 rﬁ‘fr 85, NRER IR etnidd?, witesrtbe\Rbrei tyydascad®ed Faskidisahaveein

with the p@gyﬁg&etf}:@,tm%zbgg%n% f the substituents R, R2, R3,
Ra, Rs, R7, RS, and R1L has from 13 to 3000 car bon atom; and t he

remai ni ng substltuents fromthe group 10of R, R2, IR3, R4, R6, R7,
R8, R9 andTRa@reseheinvérhiey father pylidesaridyylic pfaecﬁoa@b@npdsnm df theqslaralase
from1l to g‘% c%r\l;on atons. The present invention further provides
tricyclic c conpounds of the general fornmula V

15
OH OH
2
N N R
L1 F|§1
10 RB R5 R3
R® R*

in which the substituent R is 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 and S
20  and/or may be interrupted by one or more NR® maieties,

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

in which the substituents R?, R3, R4, R5, Ré, R? and R are each independently

25 hydrogen atoms or hydrocarbyl radicals which have in each case from 1 to 3000
carbon atomns and may be interrupted by one or more heteroatoms from the group of O
and S and/or by one or more NR® moieties, where R is as defined above,

where the substituent R% may also be a radical of the formula Z’

30
OH



in which tPpgygbstituent RL is a hydrocarbyl radical which has from1
to 3000 carbon atons and may be interrupted by one or nore

het eroatons fromthe group of 0 and S 20 and/or nay be interrupted by
one or nore NR6 noieties, where R6 is a‘ﬁydrogen atomor a O to

Ca- al kyl r gdiisigh the Smb‘éhhﬁﬁlsﬁleRsémﬁRWtaﬂ@@é@ &2deflRed abbve, e stfstitudat R7

o D, e aflo 42 PRAOASRAN 5y D806 81208 86 o BRI iy
be i nt er r uptecibslituentR'd is hysFeoensT aradicd)dgrivediipmisdelrindohenzoxaging
and/ or by megmrmwmuwan@tretsmsmuwm@ & RB negy isefhieRatheadr@iftarent

o pr Srotd 3p AR ol Tiol el 87 op and rare cach as

defined above, the substituent R7 nay al so be a radical derived from
a t et r ahydwith évezprsaizt theat af lehbteorgaf ¢icadubistitionts &1 R2, tR¥eRS FISRE, (R¥aamid FRL5

'gz _hydrogeRaQiod 33g1368b, rﬂ@fel*%o%prrérﬁ%‘t@?@gé carbﬁﬂﬁggﬂgza%% Réimdhink e
or di ffereﬁ‘ggj%'t“&ﬁtffﬁ?r%t@a@'ﬁ“ﬂ’l n orR t%g ERE IWW” V‘&dlaé%ll

and w 1h t hgdrpcabylsaditdisteazh htawﬁrbmo‘nﬁa 2 carbmn stowst | t uents R1, R2,

R3, R4, R5, RB, RO and R19 has from 13 to 3000, preferably from 26 to
3000, carbon atons, and the remaining substituents fromthe group of
Rl, R2, R3Thinvemimn WB,bem@sﬁa@dmgetaﬁmh refarepcatetheciepimigog ekgmples
radicals, garhiewe from1l to 20 carbon atons. The invention wll be
illustrated in detail with reference to the nonlimting exanpl es
which follow 15 Preparation exanples Exanple 1: Compound of the

f or mul ¥ VbPIsparatigpExagrespol yi sobut enyl phenol with 3-

met hyl-6, 8-di-tert-butyltetrahydrobenzoxazi ne 20A 500 m four-neck

flask was Eﬁérﬁbgl‘ll boﬁ{bgpﬁggg‘i\?{gltn%}nﬁé)vﬁbgﬁea%h h%oﬁ%%?e%lbﬂ@r‘ﬁﬂ%th 3-

(based on t reactivi'ty po sobut ene
d i ssopal (Fyeﬁwggmtwﬁ%aﬁwwr%waameroom tenperature in 100 n

of toluene. 52 g of 3-nmethyl-6,8-ditert-butyltetrahydrobenzoxazi ne

vere Zg@ﬁg?brs%e'rng}f?!ur iR ﬂ%é@ﬁ%s RN A oY Win 49 HQ@@%‘# ALRS &fbh@ﬁgr',%ﬂgnol
the fl ask ased on the commermal!y available hlgh reactlwty polylsobutene Ghssopal@ 1000
with an Mn of 1000) at rcom temperature in 100 ml of toluene. 52 g of 3-methy)-6,8-di-
tert-butyltetrahydrobenzoxazine were added rapidly. The flask contents were heated to
reflux and stirred under reflux for 2 hours. After cooling to room temperature, the flask
25 contents were washed with methanol and the toluene phase was concentrated by
evaporation at 150°C and 5 mbar. 113 g of product were obtained in the form of a light,

clear, viscous oil.

1H NMR (400 MHz, 16 scans, CDCl,):
30  The tetrahydrobenzoxazine signals (5 = 4.70 ppm, 2H, -CHz-N(-CH3)-CH-O-;
8 = 3.82 ppm, 2H, -CHz-N(-CHs)-CH>-O-.) and the signal for one ortho proton of the
4-polyisobutenylphenol (& = 6.70 ppm) have disappeared completely;
the benzyl protons are present in the range of & = 3.8-3.5 ppm, the protons of the N-
methyi group in the range of & = 2.6-2.0 ppm and the aromatic protons in the range of
35 5=6.9-7.2 ppm.

Example 2:

Compound of the formula Ve by reacting 4-polyisobutenylphenol with 3-
40  (dimethylamino)propyl-6,8-di-tert-butyltetrahydrobenzoxazine



25 content prusigRgWashed wi th net hanol and the tol uene phase was

concentrated by evaporation at 150C and 5 nbar. 113 g of product were
obtained in the formof a light, clear, viscous oil. 1H NVR (400 WMHz,
16 scans, CDC13): 30 The tetrahydrobenzgXxazine signals (6 = 4.70 ppm
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in the range of 5 = 2.6-2.0 ppmand the aromatic protons in the range
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tert - but yl tedthEviptisbyabeiearasiee A 1000 nl four-neck flask was
initially charged with 240 g of 4-polyisobutenyl phenol (based on the

7000 25 wi AOB HSErBebh hafhinaly barBel T 2RO b B S obmPRaRAVBhonol
88 g of 3, Bage@er ecwomersially Buailabledighargagiviyaehisautane Glissena@ &G0
r aﬂ dl 25; OrTmh bh w@fqommtnlsomwérﬁpénﬁ?r@m 400 rhﬁcff't@!%ier%ﬂ@B@tdeteséi g
oot ! o R Rk ORI, BRI ARDHL Al A RNl
li ght, cl etafluxand glited wider reflux for 2 hours. The toluene phase was concentrated by
evaporation at 150°C and 5 mbar. 313 g of product were obtained in the form of a light,
clear, viscous oil.
30
1H NMR (400 MHz, 16 scans, CDCh):
Residual tetrahydrobenzoxazine signals (5 = 4.70 ppm, 2H, -CHz-N(-CH3)-CH2-O-; & =
3.82 ppm, 2H, -CHz-N(-CH3)-CH2-O-) and a small residual signal for one ortho proton
of the 4-polyisobutenylphenol (3 = 8.70 ppm) show 80% conversion; the benzyl protons
35 are present in the range of & = 3.8-3.4 ppm), the protons of the N-methyl group in the
range of 8 = 2.6-2.0 ppm and the aromatic protons in the range of & =7.0-7.3 ppm.

Example 4:

40  Compound of the formula Jllv by reacting 3-methyl-6-polyisobutenyl-
tetrahydrohenzoxazine with 3-methyl-6-tert-butyltetrahydrobenzoxazine



30 1H NWR ﬁé%ﬂs%& 16 scans, CDCl13): Residual tetrahydrobenzoxazine
signals (5 ppm 2H, -CH2-M CH3)-CH2-0-; 6 = 3.82 ppm 2H,

-CH2-N(-CH3)-CH2-0-) and a small residual signal for one ortho proton
©of the 4-polyisobutenyl phenol (6 = 6. 703gpn) show 80% conversion; the

SN B - M L A T I
aromatic ppdylsq@temyltetnehycmmzoxama(bas@iGh Bemommetzialipheailable Aph-
Conpound Ofgakhgty @tehla'Gth(ypa'I@QGDﬂJ Bfth an M, of 1000 at room temperature in
3 et i - o2 Oﬁtat’“f"?e oA Rshiangocan e QAN
evapor a? or rapigihh T\N&@'Uﬁ‘ﬁ& was d@tlltﬁdm&l wataty eveporgtapfat 30476t /Hymbar and the

pol yi sobut gyktlree¥dsaliyes ab eareyanonhdrieseiows. 1108y 61pTBRICE Watd ¥btained in
avai l abl e {91 hm[; SfCt i V|ut§ OL}pol yi sobutene G issopal (r) 1000 with an M
a t

of 1000) ave)%or fe in 200 mM of toluene. 16.4 g of
3- net hyl - 6- tert butyl t et rahydr obenzoxazi ne were added 5 rapidly. The

t ol uene vvaququle(:idoemHgffsQﬁng CoCRry evaporator at 100C / 5 nbar and

the m xtur PN

or aductt wel B RrERulEgar bl Ry B oty 1L R 2o K
16 scans, bﬂzy@mnq@ 49a3-88 per)ttwe phepeldinis afmom@é t@@mpen@x@zlaﬁs
(benzoxazi ne: 2.45-2.65 ppm 2-hydroxy- benzyl am ne: 2.05-2.30 ppm,
two phenol ¢ *'ff}h g sare j oi ned to one benzoxazi ne. Exanple 5: 1SCorrpound
of the for a IlTw by reacting 3-nethyl-6-polyi sobutenyltetrahydro-
benzoxazine with 3-nethyl-6-tert-butyltetrahydrobenzoxazine A 500 m

evapor t or Combpbuniesf thefdrinalal tiiwdyaegeitg\8i-hbth§s-golgisoButoryifeyrahfdro-

pol yi sobut ; ( OXRZI comrercially

Poal | able ﬁ%}:&iuﬁé&w BORARGBRA Ry e RERRI b RE R0
A 500 ml evaporator bulb was initially charged with 50 g of 3-methyl-6-
polyisobutenyltetrahydrobenzoxazine (based on the commercially available high-

20 reactivity polyisobutene Glissopal® 1000 with an My of 1000) at room temperature in

200 ml of toluene. 41 g of 3-methyl-6-teri-butyltetrahydrobenzoxazine were added
rapidly. The toluene was distilied off on a rotary evaporator at 100°C / 5 mbar and the
mixture was stirred at 160°C / 900 mbar for 4 hours. 75 g of product were obtained in
the form of a viscous ail,

25
1H NMR (400 MHz, 16 scans, CDCl):
Based on the integral of the methyl protons (benzoxazine: 2.45-2.65 ppm; 2-hydroxy-
benzylamine: 2.05-2.30 ppm), 8 phenol units are joined to one benzoxazine.

30 Example 6:

Compound of the formula Vic by reacting 3-methyl-6-polyisobutenyltetrahydro-
benzoxazine and 3-methyl-6,8-di-tert-butyltetrahydrobenzoxazine with bisphenof A

35 Ina 1000 mi four-neck flask, 130 g of 3-methyl-6-polyisobutenyltetrahydrobenzoxazine
(based on the commercially available high-reactivity polyisobutene Glissopal® 1000
with an M; of 1000), 78.5 g of 3-methyl-6,8-di-tert-butyltetrahydrobenzoxazine, 22.8 g
of bisphenol A and 200 m! of toluene were stirred under reflux for 2 hours. The flask
contents were concentrated by evaporation at 140°C and 5 mbar. 194.5 g of product
40  were obtained in the form of a light, clear, viscous oil.

1H NMR (400 MHz, 16 scans, CDCls):



20 reactiVvpky7RgyYi sobutene G ssopal (r) 1000 with an M of 1000) at
roomtenperature in 200 m of toluene. 41 g of

3-nethyl -6-tert-butyltetrahydrobenzoxazi ne were added rapidly. The
toluene was distilled off on a rotary e&‘aporator at 100C / 5 mbar and

broduce - wey & SRS Ribed Xerne SnAtIB = 426 nfim M) THeVe B Gt

Mz, 16 sc@rs3-8Tponash, Ldkey- @ﬂs)t%@ﬁta@graaﬁmaﬂfreﬁlﬁ@almyﬂor pfﬁ%Pﬁh%
(benzoxazi petorlefAfisphelsl @R 620Mpi)hpRessy taverion; 2. 05- 2. 30 ppm), 9
phenol uni Ih%\paén‘igl %tBﬁé’?Fe‘r)PrQ&%t PF{%%:‘?QZ& &% =38 @f%%‘ fheFrofsRIBPHHA.Of

the for rruI

3- met hya- 601931Y§/9'§H8ﬁt”eth9Ir@f&erfﬁrﬂrd?@b?eﬂi’@%mdﬁﬁe gfpgnatic protons in the range of
3- et hyl - 65&air-7tEppmbut yl t et rahydr obenzoxazi ne wi th bi sphenol A 35In
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3-met hyh -6, 8-di -tert-butyltetrahydr obenzoxazi ne, 22.8 g of bisphenol

A and 200 | uene re stjrred unde x for 2 hours. The
flask cont é&@@&%?@%@ﬁ%ﬁe krwesfitigly ehag %{t‘h égé' gor %P@&’Sgﬁﬂteﬁy'%%'?o'
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ange of 0020eR B he Sl e Ppotl Feopp B oo eRHESy hh gusiay etion
6.7-7.3 ppdh13Xampré mbarConpound of the fornmula Vn by reacting

4- pol yi sobut enyl phenol with 3-

(di met hyl am r : 6- hyl- 8=}ert-butyltetrahydrobenzoxazine 10 A
1000 rr?é{f 0@?’%@@@’&'& {%aéca%# éDEj ?/ char ed wth 300{@ of
4- pol yi sobBesryal peteahyrrobpazaxazien signelsdd mitkPe PRI SH.atiANl e ikp-Py
reactive poky3.Sppurherte, -CH N apdd) <009 amutafsrrmn rd&idad! skPa0br ahe 6?365“
t enper at ur X g
of 3-(di me?r c[hdlr%)eg ngggb%ﬁﬁéﬁ%oi@ %%aﬁb%ﬂt P@gb?);ﬁorggﬁsoehzoxam ne
e benzyl protons are present in t e range of & = 3.8- 3 4 ppm, the protons of the
25 N -methyl group in the range of & = 2.6-2.0 ppm and the aromatic protons in the range

of & =6.7-7.3 ppm.
Use examples
30 Example 8: Testing of the thermal stability of turbine fuel (jet fuel)

A turbine fuel of the specification Jet A-1 according to DEF STAN 91-81 and ASTM D
1655 was used. The additization was effected in each case with 100 mg/| of the
compounds from preparation examples 1 fo 6.
35
In a three-neck flask which had been equipped with stirrer, refiux 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 oil bath
and stirred at this temperature far a further & h. After cooling to room temperature, the
40  entire amount of fuel was filtered through a 0.45 pm membrane filter. Subsequently, the
filter residue was determined gravimetrically after drying in a drying cabinet at 115°C
for 45 min and subseqguently drying under reduced pressure it a desiccator for 2 hours:



15 were adg§%7§&p|dly The flask contents were stirred at 150C for 4
hours. 630 g of a light-colored, clear solution of the product
(solids content 70% by wei ght) were obtained. For the anal ytical
determ nation, a sanple was concentrat eg by evaporation at 150C and 3
nmbar. 20 1H NWR (400 MHz, 16 scans, CDCl 3): Resi dual
tetrahydrobenzoxa2|ne S|gnals (5 = 4.80 ppm 2H, -CH2-N(-CH3)-CH2-0-;
o = 3.91 pBlnkzelue (@puhpddiig)- 8me-) and a smal | residual signa

for one oradukidetos afcopdaricBvithtAe inveaRULENYODRENH eddh casb of &eﬁsmwmg
show 90% c&;}xnﬁg&ﬁlﬁgn t he benzyl protons are present in the range of 5

= 3.8-3.4 pp ﬁ@otons of the 25 I\I—rn::th%;r grouplntherange of 5
= 2. 6- 20 gynreund of e faravaMbdpiepetaiins examplee)r angd.mg6 = 6. 7-7. 3
ppm Use esanfpdued obHedamilie \@: (prepatdting erémplee)t her meg mgt abi ity of

hecor Q?n;“@mé@jﬁ}rﬁﬁ %Tﬁ‘&%ﬁé'%ﬁ%gﬁk‘%eg%gé'g@éipﬁg' Ld%at Attt
addi ti zat | eHREEBdSf thecfoaaula HivdRedpacation expirie1d0 ng/leomgt he conpounds
from prepaa:cafapamaexarrmbeﬁuia||tv®¢pﬁepa?~5ndme>@rrtdré 8L- negls hyask whi ch had

Sk e ot vty s T RN

air were firrst passe
to be examned within 1 h. Subsequently, the fuel was heated to 140C
wi th an oi Thdvagehofdnel addifive wddan atdursariceryitrtaé iventiar distirfcty tdeteStre

After COOléﬂgUﬁt%ng@%é%%@%b'ﬁ%Wg‘ %s@%nﬁﬂék%ﬁm@%m of fuel was

filtered through ter sequently, the filter
resi due was determned gravinetrically after drying in a drying

‘cabi net5 at Exabsle Bokmptdvament émithe Shereabstabilityyof duriine guel tigeiuen educed
pressure in a desiccator for 2 hours: PP 57669 38 Bl ank val ue

w t hout additive): 8.9 additized in accordance with the invention
Gt h 200 dhirbing Tt i e @GR PE AN BT PO IR §TE8 I
t he fornul ASTH [ peEpeasussn Toe dmonel dhbility Svastestedrpp trrd)FAIOT treakmyintul a
%/gr é Br epfllrmbihgg g@é@aag% At © 2981 FURA Hﬁt?tliéfd th:?)ﬁme B 'vélué’%f 250°C was
(pr epgogt i (geﬁergy% Ib@thj;’e'f ‘@’ %‘@%{5‘ 't'é?d {”HE 19@ el 'aeﬁ?h 9\?39 of an
(pr epar at i asidlitygaspd & Ecoiabcayith the invention and listed below, the following values
were measured: :

compound of the formula Vb (preparation example 1): 280°C
25 compound of the formula Ve (preparation example 2): 260°C
compound of the formula Ve (preparation example 3): 280°C

Example 10: Testing of the water compalibifity of turbine fuel

30  The compound of the formula Vb from preparation example 1 and the same turbine fuel
as in example 8 and 9 were used.

According to DIN 51415 and ASTM D 1094, the water compatibility of the turbine fuel
and hence the undesired tendency to form emulsions was determined after addition of
35 100 mg/l of the compound of the formula Vb. To this end, 80 ml of the additized turbine
fuel and 20 m| of water were agitated intensively in a defined manner. This was
foliowed by visual assessment of the phase separation layers after in each case 1, 5,
30 and 60 minutes. As early as 5 minutes after water addition, full separation of fuel
and water was obtained; no emulsion fractions remained.
40
Example 11: Testing of the water separation properties of turbine fuel



10 corrpoung,Fog-,s%ge formula Vic (preparation exanple 6):1.0 ng The use
of the additive used in accordance with the invention distinctly
reduced the anmpbunt of particles formed by thermal stress on the
turbine fuel. 15Exanple 9: Inprovenent 8& the thermal stability of

tur bi ne fuel, (jet. fuel t wr bi.ne . f.ue sed on i §,l cati t
A-1 accor d:ﬁ‘nt ‘4"@8 fﬂgﬁﬁéq%%egﬁcaﬁonaﬁe&%ﬁé?w%&D&E§T§Q\Eg{ 'Bhfﬁgd ﬁr“#r@l
stabi | ity WA85 was used.pyetterdency oftupieaiustsi with regendde thaitwater separationSTM
5) 3241_. ngramaﬂa@ivtrésztesteﬂwhemm b gess (“MSBﬂ“!t@tpﬁ'h@Eﬂ&iaw@ﬁstﬂﬂleature of )
eterm ne | . 1 . eac
case of anﬂ:ate%itrﬁgvsg%tﬁeerﬁpgsﬁn%gg%r)ﬁ%%g%gtchb% %%%&)E%@g‘nﬁ%apﬁmgt ed
bel ow, ®heMeaEVERMSR AR fed Phese Imbadigasyrenentyibe additives uredfip rpefrdangs
(prepar at i guthexeimpértioh)we?t8 tsStabinwombination aith theardtexiaehiee, Beli-tert-butyl-4-

reparati AR 'QF - epar ati on
kool e 3) AR ERLE ST AAG ORRN DG P R BRI 4P P O
t urbi ne f uiRMIRPPIARANCIAPSINYENbFUstaTBaTY dorilis Rumose, U ¢hsepa chiedsditives
exanpl e 1 aseb infezcoriarcd witfhtheantartibn asisimesotatizk @18 nedidbasawsrethaseid0%

Accor di 2l Vi e i B, of

t he tu?g?né&*@e bg%ﬁé%gﬁggn h%ytjﬁgjé@?gr 'gﬂh%‘?‘i’ﬁ@ﬁc‘{?at% @”P%ﬁdrﬁa err‘éue?és(l ons
was det er Wﬁ@@@??é’ﬁ@&%??qe@ﬁm@t spplerfein Rgyprsbmapido 80RAsherass] t he
formula Vb. To this end, 80 ml of the additized turbine fuel and 20

m of wat epRhaIRIWRS R SdkiRiienStyel y in a defined manner. This was
fol | oned b§ Vi Sur%{)o gﬁssssnﬁwmff t he phase Feﬁar ation layers after in
each case $oMBOUNSPfARRTOERHUIR YRitpeparalionexamplesd s nif{utes after water
addi ti o9, tonpowebefibe foomulefVd (pedpasatibnexbmple®s obtd®i ned; no enul sion
fractions remai ned. 40 Exanple 11: Testing of the water separation

properties,of,  turbine fuel PF 57669 39 A turbine fuel of the

speci fi cat '8 rgegeé' Ora{ions I CaspRArizgn f”étﬁ ﬁ@?g%%ﬁqwg%frﬁfuﬁlﬂcﬂm D 1655 was
used. The tendency of turbine fuels with regard to their water
separation properties was tested to ASTM D 3948 ("MSEP" test). The
characteristic feature of these neasurenents is the use of a standard
coal escence filter with final opacity 5 neasurenent of the fue

phase. In the neasurenent, the additives used in accordance with the
invention were tested in conbination with the antioxi dant
2,6-di-tert-butyl -4- nethyl phenol ("BHT") and the netal deactivator

N, N - di sal i cyli dene-1, 2- di am nopropane in a solvent customary for
this purpose. The dosage of the additives used in accordance with the
invention was in each case 215 nyg/l (based on their 100%



.10 active substance content). The following ratings for the opacity
behavi or were determned [rel ative assef8ment scale fromoO (wor st
mark) to 100 (best mark)] : Blank value (w thout additive): 98
conpound of~the.formula Vb (preparation exanple 1):97 15 conpound of
the fornmula Vc (preparation exanple 3):98 No deteriorations in
conparison wth unadditized turbine fuel occurred. 40 Clains: 1.The
use of pol ykyclihe yskeearhpblycyalio ppenalid sompoaridstvehieh logyet up RE0MeEnzemeerings
rings P IndBRAURCAH Pard RBtATB IR RaDIHY LtcB¥nydtasdrizb%ane of the
tetrahy%r obenzoxaz;arllgrof t.he S5general Tormula | i n which
the substituentdRT'Y c"QUWdrocar byl radical which has from1l to 3000
10carbon atons and may be interrupted by one or nore heteroatons from
the group of 0 and S and/or by one or_.m eRNR6 noi eties, where R6 is
a hydrogen atomor a d- to Ca-alkyl Yradlcal, and 15in which the
substituents R2, R3, R4 and R6 aRe. ea r ndependent |y hydrogen atons,
hydr oxyl groups or hydrocarbyl radi whi ch h@lye in each case from
1 to 3000 carbon atons and may rhterrpgpted by one or nore

het eroatons fromthe group of 0 and Y4and/ or by one or nore NR6

noi eties, where R6 is as defined above, 20 with one or nore of the

sane or different phenols of the general formula Il OH
) in which the substituent R is a hydrocarbyl radical which has from 1 to 3000
10 carbon atoms and may be interrupted by one or more heteroatoms from the

group of O and S and/or by one or more NRf moieties,
where RS is a hydrogen atom or a Cs- to Cs-alkyl radical, and

15 in which the substituents R2, 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 by one or more NR® moieties, where RS is as defined
above,

20
with one or more of the same or different phenols of the general formula Il

OH
7

(1)
8

R

R R
RQ

25 in which the substituents R?, R8, 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 hetercatoms from the
group of O and S and/or by one or more NR& moieties, where RS is as defined
above,

30 .
and/or with one or more of the same or different tetrahydrobenzoxazines of the
general formula I,

where the substituent R* may also be a radical of the formula Z and the
35 substituent R® may also be a radical of the formula Z’



25i n which the substituents R7, gnd R10 are each independently
hydr ogen atons, hydroxyl groups or hydr &arbyl radi cal s which have in
each case from 1 to 3000 carbon atons and may be interrupted by one
or nore heteroatons fromthe group gf 0 and S and/or by one or nore
NR6 noieties, where R6 is as d¥fihed above, 30 anoﬂﬂr wi th one or
nore of the sanme or differe . §’ t he general

formula I, where t ubstlt(g_pnt R4 ma S50 be a radical
of the formula Z and the 35s htyent A r éd) cal of
the formula Z2 41 in %‘3 substltuerﬁ R3, R5, R7,
R8 and R18 are each as def apove, the substl 412R7 may al so be
a radical derived froma 5tetrahydrobenzoxazi ne of the general
formula I, the substituent R15 is hydrogen or a radical derived from

atetr ahydr Ob %%'t%zbﬁﬁsn[d% tsﬂﬁ”“?{lé ks, fQ@rF@?“ harbd R‘W"é*ete'%@h as defined

substituents a a ere are each
hydrogen or a @ ove.ghes ng’"iéy FH@V@%OIBB% 'Ei’ﬁiifa ?\ervéﬁgirﬂmt%e

substit fent s RietsahydreoroRzinerd tHRigameraRiorenuith [Rihie subgiiterd R fistiydagen or
fsubst ructur ed- f& e a NS Fhdm @te&@ﬁmabér&okmé)@m@genéralrfgrmmy b 5t

orma secon X e

and R4 and R5, s{ﬁé tﬁ?%@%%@ﬁd éﬁ wstthruc%&r%?“ﬁégé%hgg%%l%@a%gagor

- 0- CH2- NR14- CI—IzaCattQQ@"@HWtf@ﬂ'?@ie benzene ring, may also forma second
and a third 15t etrahydrooxazi ne ring, where R13 and R14 are each

| ndepengent |y nyangoaidithe G‘tggtlﬁj%lnﬁs Mrﬁﬂ%h&l"’@ drfd F@a&m@fﬁﬁ@sff Binkt Rith
3000 carbon at ogs @J‘% nP%e ;ﬁ@"@ 13% ne_or_nore eter \aﬂiggq;s
fromthe group BF SHPSHGUES 2 F%thﬁﬁgnﬁ%]eeqqge@ay rm
R6 is as defi najsmodeetramdnomammaenrpg ovtr@csubhtaueras Re end R°ane Réand &,
Sulet It getnt S :?Jto é?lﬂer With thBaub$tructrés -ReH, R 12 BH)- aml -m-lzJRM*t-ﬁzﬁA f
pol yi sobut eny i g o]
Prom 183t o 42dbGehefle tF%éeB%%p%.rﬁé”@ ARSI AR AR e o
Rl, R2,1%Rs, R4, temhydmoxange ring, wirere R'yamg B1* arg ggch,\m@qepqrﬁggt yg'pyélrocarbyl
hydr ocar byI r ad‘adnahls whictiaviaal eadh easelfitoon 26 8@0Ceanbat atoms 2d may be
interrupted by one or more heteroatoms from the group of O and S and/or by one
or more NR8& moieties, where RS is as defined above,

20 with the proviso that at least one of the substituents R?, R?, R?, R4, R%, R7, R8, RS,
R10, R13 or R is a polyisobutenyl radical having a number-average molecular
weight M, of from 183 to 42 000, and the remaining substituents from the group
of R1, R2, R?, R4, RS, R, R8, R, R™, R"3 or R™, when they are hydrocarbyl
radicals, each have from 1 to 20 carbon atoms

25
as antioxidants for stabilizing inanimate organic material against the action of
light, oxygen and heat.

2.  The use of polycyclic phenolic compounds according to claim 1, in which one or
30 two polyisobuteny! radicals having a number-average molecular weight M, of
from 183 to 42 000 occur in the molecule as substituent R! and/or R2 and/or R¢
and/or R7 and/or R® and/or R" and/or R4,

3.  The use of polycyclic phenolic compounds according to claim 1 or 2, in which the
35 remaining substituents from the group of RY, R?, R3, R4, R5, R7, R, R?, R0, R13
and R which are not polyisobutenyl radicals having a number-average
molecular weight M, of from 183 to 42 000 are each independently hydrogen



as antioxidants for stabilizing inani ma L5 _or gani c material against
the action of |ight, oxygen and heat. The use of polycyclic

phenol i ¢ conmpounds according to claim 1 in which one or 30two

pol yi sobut enyl a'lé]rﬂé Hﬁ)xbpg}éblﬁtﬂs& ﬂH&?%y%V@ﬁﬁ%‘céf@}l PEditM, [iMBArght Mh
of from 183 to 42 u'? c@ nol ecul e as substituent Rl and/or
R2 and/or 54 ar?tﬁfi' %53 ?ﬂ!ﬁor 513 and/or R14. 3. The use of
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35r emai ni ngt. s ubHiel Use i polyéydicphérelig compowidsRtcordihg to3lairhd 1 t&S and Raving
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i ndependently hydrogen 42 atons, hydroxyl groups or, when they are
hydr ocar byl5.r ad’ healse,of bolyerlic pheriniianorhnadmrms@;caﬂkrgl to chaith dair £, whereinube
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the meald pol ydirobisobutepyi radieslsimiheterent keirabydrpbersioraangs | ansier hEso!s H.
the polycyclic phenolic conpounds is at nost 5 tinmes the mean

pol ydi sper i ty h@%gé/d?gbyé,@ctpﬁsn@ggy BipHseRbr Rl el 1 b

par ent tetrahy obenzo e use
pol ycyclic pherﬁ‘)"F'P’@ QUFPLYmRe Welsdiehfusl)to clains 1to 5 as

antioxidants in turbine fuels (jet fuels). The use of polycyclic
fﬂenglh% clomgun’r@ab ljs?(‘d? frgtt cbﬁeﬁdualcmnﬁoemsad&wmgga@ltaﬁnfecas arwtamee{mgg
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concentr at 8.f OrA tubiné ARl tombcsnt(drectonipnsing)a tarbine fuei (jey fusdl) drele teasthiene

polyeycl i ¢ phengleGorfeARceodinl ad Wity Ay 6f ciahdl 1R 4.1 0 5, and

i f appropriate "at one dil'uent a app opriate at |east one
additi ve. The use of polycyclic phenolic conpounds according to
claims Ito % asAmadditive atmoentrate foriturpine fueig (etteclohdaterising 2 iedsbgieng

stabili E y and/ QPoljc olyc9ic i BRGNS EinddiPd B RRfined iAkRInY iof Maits 1 185, iapant
rings per moi ecRPIOPTR %‘i' '%%SBFﬁg@L@éé@@ﬁ%@ﬂépﬂﬁ?a‘t‘%y%f% e,
t he general fornul a | O-
25 10. The use of polycycllc phenolic compounds according to claims 1 to 5 as
antioxidants for improving the oxidation and aging stability and/or for improving
the shear stability of lubricant compositions.

11. A polycyclic phenolic compound having up to 20 benzene rings per molecule,

30 obtainable by reacting a tetrahydrobenzoxazine of the general formula |
1
| O/\N’R
R2
i
R’ R®
R

in which the substituent R1 is a hydrocarbyl radical which has from 1 to 3000
carbon atoms and may be interrupted by one or more heteroatoms from the
35 group of O and S and/or by one or more NR® moieties,

where R® is a hydrogen atom or a C4- to Cs-alkyl radical, and



in which the substituent Rl is a hydroc ébyl radi cal which has from
Ito 3000 carbon atons and nmay be interrupted by one or nore
het eroatons fromthe 35group of O and S and/or by one or nore NR6

moidet i4§s V\hvﬁr &n Which3hdisiLtieIRRARIRQNdREre ehéh ﬁdeﬁéﬂ@éhtly eHr6gdn

an in [ n

I ndependent |y %ﬁ?%gﬁ%@(?%h’ﬁ%&jﬁ%%ﬁgpg@%aﬁﬁ ng%&rcaseémm jl
whi ch have in Qﬂ Cé@% atorasand F’@Y@GG@E’%&‘%HY aﬂ%ﬁfsma'ﬁﬁjh% ajogns from the
i nterrupted by gomg @rO and & dnelfcebyaine we nfore NRE heidaiesuphat RO lsmddﬁned
and/or ky one Qfop@re NR6 noieties, where R6 is as defined 5above,
with one or nore of the same or different phenols of the general
formula Il OH 10 in which the substituents R7, R8, RO and R19 are
each i ndependemilhoneyarmaeeof thewame ondiffessiytiphgnds pkthergengidt tocmvipyl

radi cal s which have in each case from1l to 3000 carbon atons and may
be interrupted by one or nore heteroatonmgpHromthe group of 0 and S
and/or by one or nore NR6 noieties, whereg R6p’s as defined 15above,
and/or with one or nore of the sanme or rent

t et rahydr obenzoxazi nes of the general,f a,l (")20where t he
substituent R4 may al so be a radicalR of tjhe Rormula Z and t he
substituent RO may al so be a radical of tRlfe fornula Z2 0-RL OH

10 .
in which the substituents R?, R8, 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 and/or by one or more NR® moieties, where R is as defined

15 above,

and/or with one or more of the same or different tetrahydrobenzoxazines of the
general formula |,

20 where the substituent R* may also be a radical of the formula Z and the
substituent R? may also be a radical of the formula Z'

i
o N R OH

in which the substituents R?, R2, R3, R5, R?, R® and R0 are each as defined

25 above, the substituent R7 may also be a radical derived from a
tetrahydrobenzoxazine of the general formula 1, the substituent RS is hydrogen or
a radical derived from a tetrahydrobenzoxazine of the general formula I, and the
substituents R and R'2 may be the same or different and are each hydrogen or
a C4- to Cip-alkyl radical,

30
and in which the substituents R? and R3 or R? and R4 or R* and RS, together with
the substructure -O-CH>-NR'3-CH2- attached to the benzene ring, may also form
a second tetrahydrooxazine ring, or the substituents R? and R? and R* and RS,



in which the substituents Rl, R2, R3, R@y R7, R8 and R19 are each as
defi ned 25above, the substituent R7 may al so be a radical derived
froma tetrahydrobenzoxazi ne of the general fornula I, the

substi t uent Rl1Gogethdrynithape sulsstruaturesiGsaH,tiR1-CElg drdoD-8H,-NR4-CH,-
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t et rahydr ooxazi ne ri R@ﬁ OF. ot he Eurb%sﬁ"é @géfi’ﬁ%%b% and 54 and RS,
44 together w M9 BLYFHFR WPEE R ge - - - and

- 0- CH2- NR14- CH2- attached to the benzene ring, nmay also forma second
and a third t etwithithé panisazhateat lsagfonebfahe sitishituents IR K2 aR% ReRHRS, R10,
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pol ycyclic phenolic conpounds having up\thbo benzene rings per

nol ecul e, obtai nabl e by reacting t gt r aRlydr obenzoxazi ne of the
general formula I 0.--?N-Rl1 15

{)]
15 R*

in which the substituent R? is 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 and S and/or by one or more NR® moieties,

20
where R8 is a hydrogen atom or a Ci- to Cs-alky! radical, and

in which the substituents R2, R, R* and R® are each independently hydrogen
atoms, hydroxyl groups or hydrocarbyl radicals which have in each case from 1 to

25 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 NR® moieties, where RE is as defined
above,

with one or more of the same or different phenols of the general formula 1|

30
OH

in which the substituents R?, R8, R® and R are each independently hydrogen
atoms, hydroxyl groups or hydrocarbyl radicals which have in each case from 1 fo



in which the substituent RL is a hydrochbyI radi cal which has from1l
to 3000 carbon atons and may be interrupted by one or nore

het eroatons fromthe group of 0 and S and/or by one or nore NR6

noi 3;1 @ eﬁ , ﬁo W380€ cRfbohatemytd A@e heditonusted By onéar mbkey heterdtons frona ik
in which the s ; '

hydr ogen at oms,L&PﬁS déft){g%f]ags%%dsﬁ rﬁéfgﬁg’éggﬁgﬁ%ﬂegggt}%ﬂ‘éﬁﬁﬁ%ﬂg{%d. n
each case from2P°¥® 253000 carbon atons and may be interrupted by one
or nore heteroatons fromthe group of 0 and S and/or by one or nore
NR6 noi gties, wWnald? wif dne R PndiEbf thedamBQy QiffeYdrit RetRRdrebeiBYxBzifés billRe
sanme or dlfferentn rllgnoluf of the general formula Il 30 OR 45 3000
carbon atoms aff ﬁ’gﬂlqﬁ@ ar{terrupt ed by one or nore heteroatons from
the group of 0 and S and/or by one or nore NR6 npieties, where R6 is
as defined abowgherd&RdubstitubibttRaNgy Slso bokeaditaltdithesanpuia dhdfther ent

Y M A e b T
1

substituent R4 may also bea ra
substituent RO may al so be a rgdirgal of the formul@gqzZ 0-R1OH in
e each as

defined above, the substitueyn may( }so be a™ al derived from
a tetrahydrobenzoxazine of _t gener al* 1 or nul Ao he saub§z=')tuent R15
i s hydrogen or 15 a radi chﬁde Y froma t ékrahy{r od®nzoxazi ne of
the general formula I, andRthelsubstituents RIR apd Ri2 may be the
sane oriodi fferent and are each rﬁ/drogen or a G- to /®o-al kyl

radi cal ,

in which the substituents R, R2, R?, RS, R?, R8 and R are each as defined
above, the substituent R7 may also be a radical derived from a
tetrahydrobenzoxazine of the general formula |, the substituent R is hydrogen or

15 a radical derived from a tetrahydrobenzoxazine of the general formula |, and the
substituents R'* and R'2 may be the same or different and are each hydrogen or
a C+- to Cyg-alkyl radical,

and in which the substituents R2 and R? or R? and R# or R* and RS, together with

20 the substructure -O-CH2-NR3-CH»- attached to the benzene ring, may also form
a second tetrahydrooxazine ring, or the substituents R2 and R?® and R* and R?,
together with the substructures -O-CH2-NR'3-CH»- and -O-CHz-NR-CHz-
attached to the benzene ring, may also form a second and a third
tetrahydrooxazine ring, where R'® and R are each independently hydrocarbyl

25 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 by one
or more NR8 moieties, where R¢ is as defined above,

with the proviso that at least one of the substituents R?, R2, R3, R5, R7, R?, R19,
30 R?2 or R has on average from 13 to 3000 carbon atoms and derives from
oligomers or polymers of C,- to C12-olefins, and the remaining substituents from
the group of R', R?, R?, R4, R, R7, R%, R®, R0, R™ or R, when they are
hydrocarbyl radicals, have in each case from 1 to 20 carbon atoms.

35 13. An oligo- or polytetrahydrobenzoxazine of the general formula lil



and in which the substituents R2 and R3,ar R3 and R4 or R4 and RS,
together with 20t he substructure -0-CH2-NR13-CH2- attached to the
benzene ring, may al so forma second tetrahydrooxazine ring, or the
substituents R2 and R3 and.R4 and R5, get her w th~{ heR'Substructures
-0- CH2- NR13- CH2- and - 0- CFYZNR14- CH2- t ached. t ot heNbenzene ri ng,

may al so forma second a d~t et "'"“l-i" i ngqyywhere R13
dryI 5rs whi oW have in
%& B PR Atepd upt ed by one

and R14 are each indepen

each case from1l to 3R06 Ao

or nore heteroatons fromthe group of i@ and andler by one or nore
NR6 noieties, where R6 is 'as defined §bove, wi th the proviso that at
| east one of the substituents R R2, R3, R5, R7, R3, R10, 30R13 or
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from1l to 20 carbon atons. 3513. An oligo- or

pol yt et rahydr obenzoxazi ne of the general fqornula 11 46 in

Whi ¢h the SubstTHEIERE K NYQrogem a4 by PAalUIRdRRl ch has from 1 to
3000 carbon atons and nay be interrupted by one or nore heteroatons
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each case fromdnd®s 3646 ippsiosr mbreniRandictidsy wherd Rt igrasefiest dlyovenandor
nore heteroatons fromthe group of 0 and S and/or by one or nore NR6
noi eti es, where fI‘?\El,is as defined cht)v«,? and in which n is an integer
fromo to 18, WM WRiGhHESANdYees TP {8y east one of the substituents
Rl, R3,18R4 or R5 has from 13 to 3000 carbon atons and the remaining

substituents f g hBPralfiRaldt 188kt ofiSof thE sAbstitientyRe Rs! Reyr R as from 13

hydrocar byl r adLGahs . BaVe s SaFRe 838 g Llbditt @ Rorth SRR R R,
R4 or RS, when they are hydrocarbyl radicals, have in each case from 1 to 20
carbon atoms.

20
14. A bicyclic phenolic compound of the general formula 1V

OH

25 in which the substituent R' is 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 and S and/or may be interrupted by one or more NR® moieties,

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

30
in which the substituents R2, R3, R4, R5, R7, R8, R? and R1? are each
independently hydrogen atoms or hydrocarbyl radicals which have in each case
from 1 to 3000 carbon atoms and may be interrupted by one or more



14. A bicyclic phenolic conpound of the,general formula IV OHOH 25in
whi ch the substituent Rl is a hydrocarbyl radical which has fromlto
3000 carbon atons and nay be interrupted by one or nore heteroatons

from the group heterfatamd filonahe/gPsupENO BRd BRinG/oF BPLAE oPihofNIRRE fnloiaﬁéé;,

NR6 noi eti es, S, a en atomor a - to Ca-alk
radi cal, 30 in%%ﬁgﬁéesdse%g%g@%ms R2, R3, R4, R5, R7, R8, RO and

R19 are each independently hydrogen atons or hydrocarbyl radicals
whi ch have i n edibithe pewisbribah dt leasB8OBOofthe bubrstibeatysR 'aRE, RaRS HRY, R8, and

o o By “one” £ RoploRa s A ki BT e BuAAl 01 Bih
T he oy oo S aR R B e B, Y R o Bick B ey arupyarpgati
R5, R7, R8, andadigdle hayxs in each esetfionBd02Gearbomatemsns and t he

remai ni ng substituents fromthe group of Rl, R2, R3, Ra, Rs, R7, RS,

RO d R10,,2wh t he: ' [ h
from 1 ro 36 oo oA Rk RoREERERAT Y wEREhER| BB (T Co0T CF Fhe
general'%ormula V 10 OHOHOH

OH OH OH
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in which the substituent R? is a hydrocarbyl radical which has from 1 to 3000
carbon atoms and may be interrupted by one or more heteroatoms from the
15 group of O and S and/or may be interrupted by one or more NR® moieties,

where RS is a hydrogen atom or a C+- to C4-alkyl radical,

in which the substituents R2, R3, R4, R5, R8, R? and R'? are each independently
20 hydrogen atoms 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 by one or more NR® moieties, where R8 is as defined

above,
25 where the substituent R? may also be a radica!l of the formula Z’
OH
R R’
R R® (Z))
Rt
12
R

in which the substituents R?, R® and R'° are each as defined above, the

30 substituent R7 may also be a radical derived from a tetrahydrobenzoxazine of the
general formula |, the substituent R is hydrogen or a radical derived from a
tetrahydrobenzoxazine of the general formula I, and the substituents R'! and R12
may be the same or different and are each hydrogen or a Ci- to Cio-alkyl radical,
and



in which the substituent Rl is a hydrocg Fbyl radi cal which has from1l
to 3000 carbon atons and may be interrupted by one or nore

het eroatons fromthe 15group of 0 and S and/or may be interrupted by
one or nore NR6 npieties, where R6 is a hydrogen atomor a O to

Ca-al kyl radic hthé‘ Yé?ﬂﬂigé élg}ggér‘(ijér 6Hﬁ@§§bs%en§3R1 Ré‘ Rﬁﬁ FEBRB'@sand
R 30

and R10 are ea en at
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be i nterrupt ed digupofeR'oR?, R, B4 H, B daftandeR Y rvamart they gredydrashrigyl mdnta@
and/ or By one QacHBEG: NG 1B % daRSon bpse R6 is as defined above,
25where the substituent RO may also be a radical of the formula Z° OH
in which the substituents R7, R6 and R10 are each as defined above,

t he 30substituent R7 nay al so be a radical derived froma

t etrahydr obenzoxazi ne of the general fornmula I, the substituent R15
is hydrogen or a radical derived froma tetrahydrobenzoxazi ne of the
general fornmula I, and the substituents R11 and R12 nay be the sane
or different and are each hydrogen or a C - to C o-al kyl radical, and
48 with the proviso that at |east one of the substituents Rl, R2, RS,
R4, R5, R8, RO and R1 has from 13 to 3000 carbon atons, and the
remai ni ng substituents fromthe group of Rl, R2, R3, R4, R5, R8, RO
and R10, when they are hydrocarbyl radicals, 5each have fromlto 20
carbon atons.



