1 = s This invention relates to novel lubricating oil 2 additives
and | ubricating oil conpositions containing sane 3 which exhibit the
desirable properties of being multifunc- 4 tional dispersants and viscosity
i ndex i nprovers for both 5 gasoline and di esel engine fornulations. Mre
particularly, 6 the invention relates to am ne derivatives of oil soluble-
7 hydrocarbon substituted succinic anhydri-dés- which are char- 8 acterized
by a macrocyclic or polycyclic polyam ne structure 9 resulting fromthe use
of certain 3-am nopropyl conpounds in 10 a cyclodehydration reaction or,
from reaction a}th certain 198+ tBYRTHAD 38, Hoh FO¥SApdIRTLcatdng oil
Lubri cating oi | 2adddditévesecapdclubticatiingepilldompast siqrs paned ik ngheame
reaction of hydgocamien skRsbituisd dlivatfe pEBbErefdd A MIISa 1M ERoC-

pol yam nes, to give. lin ar,, mono- 15 and bjs-rmdes, are we own in

art and represent ati2P82169 1 GPEEFRTF ARG nThSRAS LYS 1088k HPPEOYEDS sfor| Betld
March 9, 17 1985 g@sbdSnerami diksel . egifat formil AAHNEL6 Mdres padtieplagber
18 13, 1966 toglLeSwar igkedtion PALE | el ; | i P e
structure for the di %gér sggt 1:E:lrcllldi t i%ésl\;l% Ctﬂ'el?{fge(}ggt%ﬁgggobgpf%ibz,s%gb%e
i ssued July 25,7 197F9FGCRIRPE FuRFtifnFed auceinis @nhydridegowisieh jareyehary
Broi s which di sgl osetezipedchich maxrroz1 icacnipul ycyed dcopyIYamideagt@ieture
ester. 23 P SRS’ SHM £XUkeS Y o (Vo) 41 S ' 4.
result fromt heggr gfetsiung 8 rr&}lt_eitgbagﬁgﬁfiﬁgpggf%r? éi%fﬂ-;lﬁg%%gg cp%ﬁ&b'g%efn
copol ymer wi t h18ubSeFYEAPIPRELT? tAPRY RSRGSIPPaRF NeSTOM Teaqt ians witho®Rraadn
are discl osed; 1f or preafipksedi cytl i dninoPabmpbuddd89, 794 i ssued May 16, .

19%& t o Engel al and U.S. 144 ivague [ : to
Elliot et al. $%e 29  pr esen%%ﬁﬁﬁ%n%%?c%%]t&er ed %%cﬁgé%é,h‘e%gﬁggm

the fore- 30 gb?ngSERgRTeR2Ead DR Fhe FRagtian of hudraaasrbon, skt Bitns pea-
31 of the charast ecisticcacihd caninydxtiidespeli YAnpoky siined,ute. gPPe linear mono-

.S, 4,160, 759, cagigen bainided "S-08A011 Ao HE hadec PRl SR CANY: 1vg

grafted nal ei c_anhydride polyners, one | Vé am ne
present in thelpol %ﬁf’ﬁest‘ﬁe?ﬁl@?i‘#ﬁ%aﬁeﬁ Ragenryy i hd 7264021 dssued. Barch 9,

4,13.185 teachgs 3G96Bato LeSubbeet @dgty . PPateren (472,585 [Bd¥dd 8kbtember

alkylene 37 polyamies; byl 09 LY 'Y AMbAE JESURSE &1 UGS Js;ngaéyclic
19 structure for the dispersant additive include U.S. Patent
20 4,102,798 issued July 25, 1978 to Ryer et al and U.S. Patent

- 2] 4,239,636 issued to Brois which discloses a product con-
22 taining a macrocyclic lactone ester.
23 Dispersant viscosity index (VI) improvers which
24 result from the grafting of maleic anhydride to an ethylene
25 propylene copolymer with subsequent reaction with polyamines

a(*'-\i

26 are also known and are disclosed; for example, in U.S.

27  Patent 4,089,794 issued May 16, 1978 to Engel et al and U.s.

28  Patent 4,144,181 issued March 13, 1979 to Elliot et al. The

29 present invention is considered éistinguished from the fore-
going Engel et al and Elliot et al patents throuch formaticn |

of the characteristic macrocyclic polyamine structurs.

(2 (W )
- D

rno

u.s. 1,160,739 teaches that in the reaction betwsen
polyamines and grafted maleic anhydride polymers, only =ne

(9]
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34 reactive amine group must be present in the polyamine to
35 eliminate interfering reactions. U.S. 4,137,185 teaches
36 that, in the reaction between the same materials, alkylene
37

polyamines having two primary amine groups produce linear



-2-f1 ‘“ami no-imdes which can cause adverse increases in vis- 2 cosity,
and, therefore, acylation of [err] groups in the 3 amno-imde products

wi th anhydrides is required to pre-.4 vent chain extension. 5

One aspect of the present invention is based upon 6 the discovery that
certain macrocyclic and polycylic poly- 7 am ne conpounds possess
significant properties as nulti- 8 functi gnal di spersant-viscosity index

i nprovers, especially 9 the capability to be a highly effective dispersant
in both a 10 gasoline engine lubricating oil fornulation and correspond-
11 ing diesel éngaménbubmides iwhyidi |cdmorcansat iadveraedihberabygsl12n ehabl e

| ubricating oilg c Lpi N h adgifi tg¢13y. P C t he
hi ghest qualifigat?gﬁgg?énggéas 8$9§ﬁ%3 %?yﬁg¥ﬁ§? ?g §H2 §§8?8£ §§n€ﬁ9
accor dance wit hondmaRPodnhehtPIAdUIES Witheanhydridesnishzeaupted beepre-

di scovered as ndvelefonphsihi @oserdich/, matter oil-soluble, macrocyclic

pol yam ne conpognds being 18 the reacti.o roduct . i.n_a cl odehydration
reaction, of a %9 hydrocarbgﬁegiﬁﬁﬁqq:&Feghgu%ffﬁﬁQT'éﬁﬁ§8&¥83 W oS %pﬁ??n
3- 20 anino pr8pylthendiscovepputhiit rritagn? macrécycliomnd acdysy likepoiy-
oi | soluble macrocyglihe RRAIMLRELES ?QEBQ!QO's@.%h@.ﬁiéaﬂ?”??ép@i‘t?é’s hbepgteup
of conpounds regresented by the follow.ng forpul as,, 23, or m xtures of, i?'d
conpounds: 24 28 [ &umptiond} dispersant-viscosity jndex ipgrqyers, especially

a 31 32 33 9  the capability to be a highly effebf#iyerdispersant in both a
10 gasoline engine lubricating oil formulation and correspond-
o 11 ing diesel engine lubricating oil formulations and thereby

12 enable lubricating oils containing these novel additives to
15 pass or exceed the highest qualification standards for such
14 oils. |

15 | In accordance with one embodiment of this inven-
16 tion there have been discovered as novel compositions of
17 matter oil-soluble, macrocyclic polyamine compounds being
18 the reaction product, in a cyclodehydration reaction, of a

19 hydrocarbon substituted succinic anhydride with a poly 3-

2 amino propyl amine compound, having 2 to 8 nitrogen atoms, the

21 oil soluble macrocyclic polyamine compound being a member of

22 the group of compounds represented by the following formulas,
. 25 or mixtures of said compounds:
M 24
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-3¥ 3 [ferr] 4 5 wherein R is hydrogen or lower [err] alkyl, Ris a hydro-
6 ctarbon substituent having 2 to 15,000 carbon atons, R' is, a 7

hydr ocar bon substituent of 4 to 15,000 carbon atonms having 8 two of its
carbon atons bonded to the al pha carbon atons of 9 the cycl odehydrated
succinic anhydride noiety, Z may repre- 10 sent [err] where nis 1-6 11
or -([err]Jwhere mand m 12 are each at lgast 1 and m+ m is 2-5 pis
1-4 and a is an 13 integer 1-20. 14 Formulas | and Il above
are meant only to represent 15 diffferent isoneps whixh will formas result
of formation of 116  the hydrocarbohegubsti gwt’ed succiXic anhydride. A
typical 17 preduct will be a m xire of isowegg Swohlas alygut 50- 90% of
18 the Formul g | syn-isoner arrk thé bal ance”t he Fo la Il anti- 19 -
isomer. Fornuld Il would be illuStcat ed=-bg a=hi efi€- Al der 20 type
reaction in thedpreparation of pol y\sobutenyl succini¢&1 anhydride from

chl orinated pol ¥is .eng, a an- drj d t r.eact o
sites are provi ged%%%xggngi nggt%%%n_%gl ;ﬁ’%’?%ﬁ%% 1e'ac :%f gt hgﬁw _
al pha- carbon at Bns c8rbpnesphistityantd hru&nED? Yy 152900 carbon atomgs R" is a
reference to Fornmuhgdroghonént Sisbstitietrd o264 eab0g| 0BMtcavtdnl dtoms having

[orr] 32 33 and tRPS BBnbotrmranel aSoRe apbd¥ 1Y R pTHhe Frdfha 2°0np ot
propanedi ani ne. 935 ther grelodehvisated ssccioigr avhydiide modpt¥schinay 3epray
the structure pgl owWenteleicE ¢H,4 LI (CH2CECHNE) nCHICH2CH, - where n is 1-6
s - 11 o:'—(CHzCHzCHzNH)mCHz(Cﬁz)p(NH-C32CHzCHz)m-- where m and m'
12 are each at least 1 and m + m' is 2-5, p is 1-4 and a is an
13 integer 1-20.
14 Formulas I and II above are meant only to represent
15 different isomers which will form as result of formation of
16 the hydrocarbon substituted succinic anhydride. A typical
17 product will be a mixture of isomers such as about 50-90% of
18 the Formula I syn-isomer and the balance the Formula II anti-
19 isomer. Formula IITI would be illustrated by a Diels-Alder
20 type reaction in the preparation of polyisobutenyl succinic
21 anhydride from chlorinated polyiscbutylene and maleic an-
22 hydride where two reactive sites are provided for bonding the
N 23 polymer backbone to each of the alpha carbon atoms of the
W 24 anhydride moiety. :
25 With reference to Formula I above the simplest
2 embodiment would be represented by a formula wherein Z is
27 trimethylene and a is 1: '

28
4/0
22 R-CH - C\\q,/cgf‘\
30 R'- c8 - ¢, /ca/csz
31 - SN2
32 . .
33 and this compound would therefore be derived from 1,3~

propanediamine.

-

Larger macrocyclic structures can be represented
by the structure below wherein 2 is =-CH2CHCE NECHCH2CHs-
and a is 1:
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4Oy



and a i’s 1: -4- [err] 2 4 [err] 56 7 and in the next
stfucture below, ais 1, and Zis a polyimno 8 alkylene unit of the
formula [err] 9 [err] 10 11 [err] 12 13 14

[err] 16 The variation of a between 1 and 20 is intended for 17
nunbers greater than 1 to represent nmulti-site macrocyclic 18 pol yam nes,
that is, those products derived from pol yfunc- 19 tionalized hydrocarbon
succi ni ¢ anhydrides having nore than 20 I SuCcinic anhydride group per nole
of hydrocarbon sub- 21 stituent. usually, such as for ethyl ene-propyl ene
copol ynmer 22 supstituted succinic anhydrides, the value of a may vary from
23 about 1 to apout 10. The preferred valz@ is ghe®#3] to 8, with 24

mul ti-site products derived frénre ﬁyreﬁe\ pa%?tene cod§5225 | yners and
terpol yners of ¥h 10,000 to 200, 000 bein ar- 26 ticularly preferred with
a corresponding, preferred val ud'tof327 S§Q& from about B&to 20 since these
products have good 28 vigscosity nodifying P\M%ﬁcosi ~1uex i nprovi ng
properties. 29 3 I n anot her enbodi nentT™@f tHRe2i nventi on
macrocyclic 30 ¢ pol yam ne conpounds may al so be forned in the sane cycl ode-

31 hydration reactipn Ushothd i skpuetage aiidd,08 Ds AGeandxdaps filytiing
intermediate formed Is a 1.1 amne carPox Iﬁée_s%]ﬁt ng h.é3 *f—m-(CHz)r
subsequent |y cy&| ctldiRiang: s@ifk PEj $PeEOHER A ne SH 2L 4f 8or(y ®

pol y(3-am nopr opylyg @& NEeqgEAY §-f Eom nono- 35 carboxylic acid to give

macrocyclic coi’r&)ounds havi ng t he ' :

i 11 R-cE-c7 | -
- SN—(CE,)5 . ¢ 1
12 L /N =23 " -
2 R'-CE - C (CE_)
13 \Q . ./Ngz 3
14 o (CH,) ,-NE~ (CB,)]
15 ' )
16 The variation of a between 1 and 20 is intended foxr

17 numbers greater than 1 to represent multi-site macrocyclic
18 polyamines, that is, those products derived from polyfunc-
19 <tionalized hydrocarbon succinic anhydrides having more than
20 1 succinic anhydride group per mole of hydrocarbon sub-
21 stituent. Usually, such as for ethylene-propylene copolymer
22 substituted succinic anhydrides, the value of a may vary £rom
~ 25 about 1 to about 10. The preferred value is about 1 to 8, with
%«;‘ 21 multi-site products derived from ethylene propylene copo-
lymers and terpolymers of Mp 10,000 to 200,000 being par-

w

26 ticularly preferred with a corresponding preferred value for
27 a of from about 2 to 20 since these products have good
28 Vviscosity modifying cr viscosity index improving properties.
29 In another embodiment of the invention macrocyclic
50 Polyamine compounds may also be formed in the same cyclode-
51 hydration reaction using the inverse addition process except
52 the intermediate formed is a 1:1 amine carboxylate salt which
35 1is subsequently cyclodehydrated utiiizing the same

34 category of poly(3-aminopropyl) amine reagents from mono-
33 carboxylic acid to give. macrocyclic compounds having the

general formula:

O

i



36.igeneral formul a: -5- 2 [err] 3 4 5 wherein R and
Z care as described above. Simlarly, useful 6 macrocyclic polyam ne
conmpound may be prepared from poly- 7 carboxylic acids or polyners such as
et hyl ene- propyl ene 8 graft copolynmer with acrylic acid or alternating
copolynmers 9 of ethylene-acrylic acid or vinyl ether-acrylic acid in 10
accordance with the cycl odehydration reaction process of the 11 invention
to give macrocyclic conpounds mhlch may be ﬁeh- 12 eralized as 13

N 14 15 16 17 [err] 18 wherein b is an
integer of 2 or jnore representing conpounds derived from pol ycarboxylic
aci ds having 2 of nore reactive 20 cgrboxmyfﬁesfqus. The upper limt of b
is a value of about 21 150. R and are

s prevdpusly defined. These
enbodi ments 22 dffer structurally fron1th§$e macrbcyclic pol yam nes der -
23 ived fromthe hydrocarbon succinic anhydsn but the cyclo- 24
dehydration reaction process and poly(3-am nopropyl) am ne 25 reagents
useful therein & ewbAgesanR and 2 are as desgpibed cphans nedigidariye psefeht

i nvention depend 2ﬁaape@yémac ifm iRl Y:%Eﬁb&ﬁﬁdhﬁ!ynget 9& aéan@aihneoly-
propyl 28 groups, g% bot a mpl e d| m nes such as

B o hes. 9 9'P%  PREBSIEEIT opoid " SoRsts SIS, A% Jrhishbireeayiene
di ani ne and hi gfﬂergnafgmcslmnhwashpmmeh@acpdopylaaheemﬂngneopﬁmwé\m
enbodi nent s i ”C|9Ud3 p@ﬂ@@e'ﬁ@-@@r?i%’YEc%‘ S Wlnge&éwb%fytﬂ@“&f&wbn

as [err] alkyl, err ano, etho
po| yoxyet hyl - é& eﬁ%caﬁ a‘b%? 5’&)‘(’%\}'/% éﬂlgdﬁg}&?ﬁﬁth REGAEE ign %6?% PEath®n
Ofk&i invention to give macrocyclic compounds which may be gen-

12 eralized as '

13

14 R / \

15

P Im_/

b

17 . \
18 wherein b is an integer of 2 or more representing compounds

19 - derived from polycarboxylic acids having 2 or more reactive
20 carboxylic groups. The upper limit of b is a value of about
150. R and 2 are as previously defined. These embodiments-

(8]
o

differ structurally from those macrocyclic polyamines der-
ived from the hydrocarbon succinic anhydrides but the cyclo-

w

dehydration reaction process and poly(3-aminopropyl) amine

>

reagents useful therein are the same.
- These embodiments of the present invention depend

[=,}

19 Vv 9V 9 v v
w

upon the use of polyamines having terminal 3-amino propyl

~

groups including both simple diamines such as 1,3-propane

~N
«w

diamines, 3,3' -imino-~-bis-propvlamine, N,N-bis-(3-amino

9
(o]

propyl)ethylene diamine and higher oligomers such as penta-
propylene hexamine. ~Further embodiments include polyamino
propyl amines having C-substituents such as Cj3-Cyp alkyl,
Ceg-Cig aryl, hydroxyl, thiol, cyano, ethoxy, polyoxyethyi-
ene and polyoxypropylene having a degree of polymerization of

(¥, ]
= O

(72 I A8 ]

2-10 and other compatible non-reactive functicnal groups,

Ul

but N-substituted polyamines are not suitable reactants in

o))
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Y

rreparing the macrocyclic compounds of this invention in a



35: 2-10 and other conpatible non-reactive functional groups, 36 but
N*substituted pol yam nes are not suitable reactants in preparing the

macrocyclic conmpounds of this invention in a -6- 1 cycl odehydration
reaction. Am nes not neeting these re- 2 quirenments, such as ethyl ene,
1, 2-propyl ene amnes wll, 3 upon am nolysis, give non-cyclic imde type

products not 4 within the scope of this i-ngention as opposed to the nmacro-
5 cyclic structures obtained in accordance with the invention, 6 the cyclic
structure being the essential critical aspect of 7 this invention. 8

Sui t abl e ami neslf aycllbdehydtatibdyydrascovivn cachnbned nay heeyiénegr aheszsedriby

theforw'a[erﬁlﬁw;%ﬁeztgs e O g&t;{gu%@,a@ Spr U1 67 DAL ALV LTY

contai n substitye as no t the-nit toms nust
either -NH or [B@RH a“Pr"@fléfﬁéEIry SAves &y Fyc 3°M@ﬁéentv§31?3°éflcfér PPtl4
where m and m ar widhideshei bedp@bof echild invention asFoppddedneoftiendacro-

macrocyclic andg p%@ﬁ_}i}:l g.pggguﬁé %e%o ggg&?&tn%' wi El’?sm m'?:‘é%%bgn

proceeds by am no- carb sSucci

anhydri de, 18 nBnddgr BUR}FFCS%ﬂQﬁQﬁe Mllysa# e@ﬁs@ta@ldcasmgahrasmgé
19 node of addi i Gihis $ueanalaﬁpcess will avoid the formatlon of 20 the
prior art non- C¥C|I Im deFBé? ts ar oducé1 res lt| n fr.om

chai n ext ensi on. The firs %faﬂ{’ﬁ?szg%y h&SE °F§ 8‘5 55&"?%
succi ni ¢ anhydr Pdanayr blensenecal,?zeqbdbg/mcﬁd}‘mdaalﬁd ZoNEde \phﬁ!aﬁarﬁ s as

conpound at relgt 'dé@c‘é 1%4&' 9%&@@%@ Eé?ﬁon %@%a&oeahﬁﬁﬂﬁeé@éé{ﬁme%%t
I's, about 25 Zg%er tg ab 3% 9'8[ % n i nert_.h drocg.f‘
sokvent, such Ité PYE R Bhg DAL P%B%n§ RS Jesy REuEFEPeT "-NE or
paraffinic 27 nriZne-lmiz oi Preﬂ'éura;blyn\zelise-mmmp,ddl(CHQﬁHgGH@NﬁlﬂQEdCHz@H&B
formthe 1:1 apkc 3iledeOh 3Q RE3C bg@#@%ﬁ:w Egegga @%‘L&H Yt
I nhi bit or prevent formatlon of altsd ) g ¢ ﬁ tﬁ) cycéf@ ﬁ- m
products. The Léacthes® teAper Bt uFéed%ﬁl‘?ﬂf‘i”m de PH®er se addition of
hydr ocar bon suggi ni ¢ anhydr Fdematicardbxyhe macrocyclic and polycylic poly-
16 amine compounds of the present invention proceeds by amino-
17 1lysis of the hydrocarbyl substituted succinic anhydride,
18 monocarboxylic acid or polycarboxylic acid using an inverse
19 mode of addition. Such a process will avoid the formation of
20 the prior art non-cyclic, imide products or other products
21 resulting from chain extension. The first step of the
22 synthesis is to slowly add the succinic anhydride or mono- or
23 polycarboxylic acid to the polyamine compound at relatively
\«*‘ 24 low temperatures, such as room temperature, that is, about
| 25 20°C, up to about 100°C in an inert hydrocarbon solvent, such
26 as xylene, toluene, dichlorobenzene or a neutral paraffinic

27 mineral oil. This inverse mode of addition is critical to
28 form the l:1 amic acid or amine carboxylate salt intermediate
and inhibit or prevent formation of imide or bis-imide non-
30 cyclic final products. The reaction temperature during this

inverse addition of hydrocarbon succinic anhydride or carboxy-’
lic acid shouid be as low as possible, preferably below 100°C,

and the optimum temperature will vary somewhat depending on
the reactivity and structure of the anhydride compound. The
first phase is believed to be the formation of an intermediate
and the temperature and rate of addition should be merely
sufficient to promote this reaction. Thus at the beginning

ur ry
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32.1ic acid should be as |low as possible, preferably bel ow 100[err]C, 33
and the optinmumtenperature will vary sonewhat depending on 34 the
reactivity and structure of the anhydride conpound. The 55 first phase is
believed to be the formation of an internediate 6 and the tenperature and
rate of addition should be nerely sufficient to pronote this reaction.

Thus at the begi nning -7- 1 of the reaction a nolar excess of am ne
relative to noles of 2 succinic anhydride or carboxylic acid groups present
is used 3 to mnimze any chain extension or bis-imde formation. The 4
formati on of anli ntedr tbei xeactlioh anmel axieckcealst of saminl catlead iGebyo ifddles of

di sappearance 0% cg ; Qﬁﬂqﬁi.. t ' 6 0 L de
reactant. The Tfrna%??ggn%? .the ;lragm?ﬁeéé(}fé{%&glca?épf%%%%d{:g%gg?gqtyggég
i ndi cated by the apPeRtRiBizeaRYoFhaig A HANALIPQEPiSTimide fermatkipn. The
spectrum of the49 Foosatiodusf ba itatdmedidte Lol nmiicoacidlsalt is indicatse
second step of the 0G6SSai hydr a; th f &he ' ' r
ami ne car boxyl a%e ib% erned?é%iﬁ%%@e%?e%?géég¥labtggelﬁrg)erla u‘r:lgé.ncgﬁggég%%t
with the reacti®it PPeFtEam of nEhe \aphyAxfide Feaqtanty;  Fheyfeamption of the
cycl odehydrati oh t @ming4carpexylated mtergeddateods 180 sragdd Hy0[ttvel hPpear-

preferably abouy 1400er kG derboddt LAV HLCcheFRIFRLION Hleddion of the

p
macrocyclic polyam ne structure 1 I'S 1 ndicated Dy cessa

of water and by®t h@FPRUCt BYE nFS LAXROXITL AR LOERREERDY pti on band at about
the 6 micron 180 range in thieeisdoondedcepest rihe protbes| efitd icyie Lloaedyata-

prbcent i mvent i (36 b £8b Ve S RIA AROPLOGE S dpilsachrn,
the aminol ysi sldf PRESSERE AF @ HFMperriEre rconsistanthwishi thaoterctivifysot
the sl ow addi tjpn ahehjdteemediate Baltsuadithi eudBayIE | chec yd«hyidi@tibnC tagkd
about 20 to 251% 1OGFAreFeR 2EN s An TERCkpbRaty e kanTY Bt aslbe
salt 26  whichSupd® L@PTRer Brzmatignaof 18ng eacrozyofl éerhal yamiorg sesucyure-
27  dehydratipy tdst iaddeste® byesdsdativnl oé BOLYELiSE d¥ WHtEr a#d byl Bhe
cont ras-t tot h]'_f mxBEQQEi&E toé*%ﬁ% (9=fN %gglc::gclpggbn ua% gis: about the 6 micron
18 range in the infrared spectrum of the reaction product.
19 It is critical to the cyclodehydratibn process of
20 the present invention that this inverse mode of addition be
21 used to effect the aminolysis of the succinic anhydride or
22 carboxylic acid. Thus the siow addition of hydrocarbon
23 succinic anhydride or carboxylic acid to the well stirred
24 polyamine, preferably in solution, maintained at about 20 to
100°9C maximizes the formation of the l:1 intermediate salt
26 which upon further heating at 1309-250°C undergoes cyclo-
27 dehydration to the desired macrobicyclic polyamine product.
28 In contrast to this, the prior art mode of addition, such as
29 adding the poiyamine to the hydrocarbon succinic anhydride,
30 produces linear imide products. '
31 The yield of macrocyclic polyamine lubricating oil
32 additive products formed in accordance with the cyclode-
33 hydration process of this invention will vary somewhat from
34 about 50% to 90% depending on various parameters including
35 reactants used, temperatures, rate of addition and whether
36 lapboratory, pilot or commercial process procedures are being
37 corducted. The balance of the products produced will gen-
38 erally be the bis-imide reaction products which in most cases



29* adding the poiyam ne to the hydrocarbon succinic anhydride, 30
produces linear imde products. 31 The yield of macrocyclic

pol yam ne lubricating oil 32 additive products forned in accordance with
t he cycl ode- 33 hydration process of this invention will vary sonmewhat
from 34 about 50% to 90% dependi ng on various paraneters including 35 .
reactants used, tenperatures, rate of addigti_on and whether 36 | abor at ory,
pil ot or conmercial process procedures are being 37 cornducted. The:

bal ance of the products produced will gen- 38 erally be the bis-imde
reaction produtts cani be tolerstedcdseshe fiflallpreductesinaecithbgdare kiewn

final product 31 nGnEleNs @i JUIoMaPestall bt 80 Pokeffils Wi Wbnibyls

preferred that ucts_not exceed ¥!
yield of 4 de§| ré’d"’ﬁﬁ&'FSc?EFl BXEREY ARHE ARH Hipddpangn thaE Sh@eyigid of
about 70% or rmrede@ured macrocydl iy gfolyeednecablidiqive floe onephe i apdédeot

macro- 7 cyclic o] y | yam ne conpounds in accordance with 8
this invention? an%ﬂl uk WQ &, ﬁoz@ el d thereof conprises the 9 additional

Mpr ovi n
step of heat séaking the relchFéfﬂeﬁ?% ukechyigue of @ qRERPAY 1T hERQJBRETON
of the hydrocaﬁbyIcy@ub&tiﬁwbedyeyc}.1d1>oclyamﬁnani‘bm‘trdxﬁﬂs iRNfccordance with

pol yoar boxy! 1 j2Ciely s KPLY AR ARI0R JoPBEL! PFIY YhUEEoF oo TR B4 ©

of 80 to 130[et8r] 0 I ncreasrn
t enperat ure togef Réddtignal hétw&%d&w rsd-‘tﬁl@mgr &her ireactippt @Fxtﬁée sub-

concl usi on of ;ihe skgukaat t6ogtle REIitdont Be tihoazbaachel dulstittiedoguc-
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hours and t hengaf tiglcrehkeat td heCyob 068N FEPE t ivh range of 130° to 2509C but
17 at least 20°C higher than the temperature employed during the

18 heat soaking step.
19 For preparation of preferred embodiments of this
20 invention using polyisobutenyl succinic anhydride of Mn .

addition in mole ratios of 1l:1 to 1,000:1 moiLes of amine per
moie of aciad.

21 about 900 to 2,000, it -is preferred to conduct the inverse
22 addition step at a temperature of about 75 to 85°C, such as
23 80°C, then heat soak the reaction mixture at about 80°C to
. 24 110°C for 3 hours and thereafter effect the cyclodehydration
o 25 by increasing the reaction mixture to 175° to 180°C and
26 maintaining this temperature for about 10 hours.
27 The use of acid catalysis has also been found to be
28 a preferred process technique for improving the yield of the
29 products of this invention. Preferred are oil soluble strong
50 acids such as alkyl aryl sulfionic acids such as alkyl benzene
31 sulfonic acid of about Mn 300 to 800, a Cy4 aikyl benzene
32 sulfonic acid being especially preferred. Also suitable are
33 alkyl sulfonic acids, organic phosphoric acids, resin acids
34 as well as the minerai acids such as HCl and H2S504. In generai
35 the acid should have a pKa of about -i0 to +5. The acid will
56 be employed by adding it-to the polyamine prior to inverse
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25.by increasing the reaction mixture to 175[err] to 180[err]C and 26

mai ntaining this tenperature for about 10 hours. 27 The use of
acid-catalysis has al so been found to be 28 a preferred process technique
for inproving the yield of the 29 products of this invention. Preferred are
oil soluble strong 30 acids such as al kyl aryl sulfonic acids such as al kyl
benzene 31 sulfonic acid of about Mh 300 toq800, a [err] al kyl benzene 32
sul fonic acid being especially preferred. ?so suitabl e are 33 al kyl

sul foni c acids, organi ¢ phosphoric acids, resin acids 34 as well as the
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pr opyl ene, buty*ene I SO ene an ent ene €
leagxnous comoos:t;ons, such as products of the present

18 invention derived from octadecenyl succinic anhydride.
19 Suitable olefin polymers include polymers com-
20 Prising a major molar amount of C3 to Cg mono olefins, e.qg.,
21 ethylene, propylene, butylene, isobutylene and pentene. The
22 polymers may be homopolymers such as polyisobutylene, as well
23 as. copolymers of two or more such olefins such as copolymers
i 24 ©f ethylene and propylene, butylene and iscbutylene, pro-
2 pylene and isobutylene and the like. Other copolymers
26 include those in which a minor molar amount of the copolymer
27 monomers, e.g, 1-20 mole %, is a C4 to Cig non-conjugated
28 diolefin, e.g., a copolymer of ethylene, propylene and 1,4-
29 hexadiene, i.e. the EPDM polymers. .
30 The clefin polymers will usually have number aver-

31 age molecular weight within the range of about 500 to

32 about 200,000, more usually to about 60,000. Partlcula:ly
33 useful olefin polymers for dispersant additives have number
34 average molecular weights (Mn) within the range of abcut 900
35 to about 2,000 with approximately one terminal bond per
36 polymer chain. Especially useful material in the present
3- invention is polyisobutylene. Polybutene-l and polypropy-



22" boryners may be honopol ynmers such as pol yi sobutyl ene, as well 23 as
copol yners of two or nore such olefins such as copol yners 24 of ethylene
and propyl ene, butylene and isobutylene, pro- 25 pylene and isobutylene

and the |ike. O her copolymers 26 include those in which a m nor nolar
anount of the copolymer 27 nononers, e.g, 1-20 nole % is a
[err]non-conjugated 28 diolefin, e.g. ajgopol yner of ethylene, propylene
and 1,4- 29 hexadiene, i.e. the EPDNIponners 30 The clefin

polymers will usually have nunber aver- 31 age nol ecular weight within the

range of about 150Qehe 32e a@EQU§r3§93Q99 hy@rdedibedl lsupsk@cabars 66 0pPe-
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ovai T 5 "abid RESPOLRENE] ohetmirathenRa erp Doy tadehsn PRCe R, O g e
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Exxon  Chem gal Qymaaﬂdé‘f‘féhmﬂfds kaﬁﬁﬂé‘kdi‘i?fel%téﬂe?iéweﬁi’iﬁlywer-

ropyl ene and 1 4- exad| mar k
Propy J} ethy ene. propy ene Q%dFS-ethylldene norbornene, marketed

17 by Exxon . Chemical Company and NORDEL® a terpolymer of
18 ethylene, propylene and 1,4-hexadiene, marketed by E. I.
19 DuPont de Nemours and Company The term copclymer as used
20 herein is meant to include terpolymers and tetrapolymers.
21 Other useful hydrocarbon substituents include
22 styrene-isoprene copolymers, styrene-isobutene copolymers,
23 isobutene~butadiene-l,3 copoclymers, propene-isoprene co-
- 23 polymers, isobutene-chloroprene copolymers} isobutene-
25 (para-methyl)styrene copolymers, copolymers of hexene-l
26 with hexadiene-1,3, copolymers of octene-l with hexene-l,
27 copolymers of heptene-l with pentene-l, copolymers of 3-
28 methyl-butene-l with octene-l, copolymers of 2,3-dimethyl-
29 pentene-l with hexene-l, and terpolymers of isobutene,

30 styrene and piperylene. More specific examples of such
31 interpolymers include copolymer of 95% (by weight) of

372 isobutene with 5% (by weight) of styrene; terpolymer of
33 98% of isobutene with 1% of piperylene and 1% of chloro-
34 prene; terpolymer of 95% of isobutene with 2% of butene-l
35 and 3% of hexene-l; terpolvmer of 60% of isobutene with
36 20% of pentene-l and 20% of octene-l; copolymer of 80% of
37 hexene-l and 20% of heptene-l; terpolymer of 90% of iso-
53 butene with 2% of cyclohexene an§ 8% of propylene.



19.° f)uF’ont de Nenours and Conpany The term copol yner as used 20 herein is
meant to include terpolyners and tetrapolyners. 21 O her useful
hydr ocar bon substituents include 22 styrene-isoprene copol yners,
styrene-i sobut ene copol yners, 23 isobutene-butadiene-1,3 copol yners,
propene-i soprene co- 24 polyners, isobutene-chloroprene copol yners,
| sobut ene- 25 (para-nethyl)styrene copolyrmgrs., copolynmers of hexene-1 26
wi t h hexadi ene-1, 3, copolyners of octene-l with hexene-1, 27 copolyners of
heptene-1 with pentene-1, copolynmers of 3- 28 nethyl-butene-1 with
octene-1, copol }rrers of 3, 3-Thehstigres Zor pehachind sz\iQCtirfi@(e.mhyE*iéed
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' spersancy .o 7I © hacrocy: Tgcmand gorimatclloxc polyamine additives can be pre~
18 pared by condensing the hydrocarbon succinic anhydrides with
19 macrocyclic polyamines _( aza crown compound) and polycy=-
20 clic polyamines (aza polycycles) in an acylation reaction.
21 Aza crown compounds useful herein are those having at least

22 2 NH groups and may be represented by the formula:

- 23 _ /(alkylene-U-}malkylene\
e 24 HN v
25 \\ (alkylene-W)_alkylene”

26 wherein U,V and W can be NE, S and/or O, nor m is an integer
27 of 1 to about 4, alkylene is C3-Cy4, usually an ethylene cr
28 trimethylene group, and these aza crown compounds include
29 macrocyclic polyamines (U=V=W=NH), polyether amines; U=W=Q,

30 V=NH, etc.) and polythiocether amines; U=W=S; V=NH).

31 Examples within the scope of the foregoing formula
32 are macrocyclic polyamines and their complexes having three
353 to about eight nitrogen atoms, at least one, which is an NE
51 group. °Preferred are those having four nitrogen donors in
355 cycles containing about 12 to 16 atoms. Examples of useful
356 macrocyclic polyamines include 1,4,8,ll-tetraazacyclo-te-
3~ tradecane (cyclam), 1,4,7,10-tetrazacyclodocdecane, 1,4,7,



16.° - I'n anot her enbodi nent of the present invention 17

mecr ocycli ¢ and pol ycyclic polyam ne additives can be pre- 18 pared by
condensi ng the hydrocarbon succinic anhydrides with 19 nacrocyclic

pol yam nes ( aza crown conpound) and polycy- 20 clic polyam nes (aza

pol ycycles) in an acylation reaction. 21 Aza crown conpounds useful herein
are those having at least 22 2 NH groups 2@d _may be represented by the
formul a: 23 [err] 24 25 2 mhereln U V and Wcan be NH, S

and/or 0, n or a nt e 7. .0f. 1 tg a | ene is
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U=W-0, 30 V=NHj eu%-heﬂaézéaai&@ﬁmanammeﬁacwy&ﬁ. V=NH). 31
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ol
1,4,8,11- tetraé%ac?EVéaFﬁ %&X%u#% gpflcant additives.

1,4,7,10- tetrazacyclododecane 1,4,7, - 12 -

10- tetraazacycl rid gr—i,4 12-tetragga zc#gp - 2 dec \
1,5,9, 13- tetraazacyg ﬁgxadeéﬁne and 1,4 § §g&] E‘Td 01&‘
16 hexaazacycl 0® cane (hexacyl en). HN HM so suiHMmbl e are HN

m xed donor naggocy contalngu? ni t r ogent oxygen,
niﬁ#bgen-sulfur g\ﬂltieggﬁﬁ\GJ oxygen- § groups aLJd%bLnﬂéﬁ\)
bel ow whi ch can be 7 acylated to give useful Iubrlcant additives. 8

[err] 9 11 [ erA}lsdOusefulllare aza polycydldc udefgulassembaias

pol ycyclic ri nﬁz asg@Zhl b8Iydscles PZEoRPA MEYLE 68)t S DAY ha%ihg 3§ tbNES

having 5 to -

la rings having 5 to 6 atoms in the ring, including 3 or 4
14 nitrogen atoms at least one being an NH group, but pref-
15 erably 2-3 NH groups per molecule are present, which com-
16 pounds can be represented by the formulas:
17 Me '
18 ”‘N)j\ Hm g - P
o A I T0O (0
0y AA e O g 7

L 21 H '

Sy
22 These amino compounds may be acylated by reacting
23 at least a half-mole equivalent up to a 2"'mole egquivalent of
24 the aforementioned hydrocarbon substituted succinic anhy-
25 drides to yvield useful lubricant additives.
26 Further embodiments cf the present invention re-
27 side in the formation of metal complexes and other post-
28 treatment derivatives, e.g. borated derivatives, of the
29 novel macrocyclic additives prepared in accordance with
350 .this invention. Suitable metal complexes may be formed in
31 accordance with known techniques of employing a reactive
32 metal ion species during cr after the resaction of the
32 polyamine and the hydrocarbyl anhydride compound. Complex-
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formulas: 17 18 [err] 20
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useful lubricany additives enmbodi

h t h
bresent | nventibn FErRIYE pRERt Feactansa ipciRas nE BrHANEY o sBl ot Rnat Ry
post- 28 treat%enbadeﬁPSatt&%hoxxiéfesbomapsghd§¢$vath%QEPhQ§bhﬂm3529$uhnveI

gac; °E|y0| i ct afldst I ‘f&%e@r eQﬁ&eﬂofi‘té’é?Qﬁr ¢3Re8ivibha ﬁgtawls%;w\é%ntﬂ-aa
ulta e Nneta onm orned in aCccordance w

Dathatuen of ol BoRATE s PLeRE} | LoREes I BRondits CISUGARSAS ool EaenERe
reacti on of the555tupgsyan1neuthnhiﬁnb ipadiledinhy | paatinkn deasimipmindead,

Conpl ex- - 1§ - sjnvEQr ”h&ﬂcﬁ‘?} ad 33 gl Gﬁéuﬁfké he ﬂ*fc!@ta‘i-% d:.sclo- .
t hi ocyanat es, su- 3

oxy at es, phosphat es, o) te
fates, and bora?eSSBFePrﬁﬁsgﬁ? sxing-feast FPBﬁ m%Y $§n£3§53 R Ref :
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art disclo- 7 3Sures of these co ex| n reactlons may
Pat ents 3, 306, 908 &ﬁﬂeﬁem326°§83119 additives of EtPF?%QRFm&ﬂV%ﬂﬁﬁﬁﬂsWﬂl ns
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boron hal i des, Bor@ﬂréﬁlBéllgﬁﬁfu¢°r@ﬁM44kdﬁoh584fHEs sﬂhfuﬁhﬁﬁ
sul fides and oxgde:pnc@@hbewlslEuaﬁdh@raxﬂiﬂw::dks darﬂex;aryd:aéctm ciyanhy-
epoxi des and eEESLnéyf%%Sagggating agents, epoxides and episulfides and
16 acrylonitriles. The reaction of such post~treating agents
17 with the novel macrocyclic polyamine compounds of this
18 invention is carried out using procedures known in the
19 art. For example, boration is accomplished in accordance
20 with the teachings of U.S. Patent 3,254,025 by treating

21 the macrocyclic polyamine compound with a boron oxide,

22 halide, ester or acid to provide about 0.1 to 1 atomic

23 proportions of boron for each atomic proportion of nitrogen
L 24 in the composition. Treatment is carried out by adding
%@4 25 about 1-3 wt% of boron compound, preferably boric acid,

26 and heating and stirring the reaction mixture at about 1359¢

27 to 165°C for 1 to 5 hours followed by nitrogen stripping and

28 filtration, if desired. Mineral oil or inert organic

29 solvents facilitate the process.

30 A particularly preferred post-treatment technique

31 especially useful for preparation of lubricating oil dis-

52 persants is post-treatment with a polyiscbutenyl sucecinic

33 anhydride. 1In this embodiment a polyiscbutenyl succinic

54 anhydride-pcly 3-aminopropylamine macrobicyclic reaction

35 product is first prepared in accordance with the invention,

56 and subsequently treated with about 10 - 50 mole % of

additional polyisobutenyl (Mn of about 900-2000) succinic
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Such 11 addit §e§@aﬁéb°%§hg$?§9§h%%#92§w' §rET e LebPLBR YL, Bhey can
di scussed bel oWs Dbe used in lubricating oil compositions, such as automotive
16 <crankcase lubricating oils, automatic transmission fluig,
17 etc., in active ingredient concentrations generally within
18 ‘the range of about 0.5 to 10 wt$, for example, 1 to 5 wt. §&,

19 Preferably 1.5 to 3 wt. % of the total composition when used
20 only as a dispersant. Conventionally, the dispersants are
21 admixed with the lubricating oils as concentrates which
22 usually contain up to about 50% weight of the additive
25 compound dissolved in mineral oil, preferably a mineral oil

V 24  having an ASTM D-445 viscosity of about 2 to 40, preferably

25 5 to 20 centistokes at 990c. The lubricating oil includes not
26 .only hydrocarbon oils derived from petrcleum but alse in-
27 cludes synthetic lubricating oils such as polyethylene oils;
N alkyl esters of dicarboxylic acids, complex esters of di-
2 carboxylic acid, polyglycol and alcohol; alkyl esters o2
50 carbonic or phosphoric acids: polysilicones; fluorohydro-
31 carbon oils; and, mixtures of lubricating oils and synthetic
32 oils in any proportion, et. The term, "lubricating ¢il" for -
33 this disclosure includes all the foregoing. The useful
34 additive of this invention may be conveniently dispensed as
55 a concentrate of 10 to 80 wt. $ such as about 49 wt. % of
3 said dispersant in 20 to 90 wt. % of mineral oil, e.g.,

1 O

{n

Sclvent 150 Neutral oil with or without other additives being

S

present.



13 . The products prepared according to this invention 14 can be
I ncorporated in a wde variety of lubricants. They can 15 be used in

| ubrircating oil conpositions, such as autonotive 16 crankcase |ubricating
oils, automatic transm ssion fluid, 17 etc., in active ingredient
concentrations generally within 18 the range of about 0.5 to 10 wt% for
exanple, 1 to 5 w. % 19 preferably 1.5 19 3 wt. %of the total
conposition when used 20 only as a dispersant. Conventionally, the

di spersants are 21- admi xed with the lubricating oils as concentrates which
2 usually contaln up to abods BO%edeibpne ofsudie coagpsitbor30r capnernttates

di ssol ved in mﬂeré’énﬁlm e:fz@rﬁ&b}éxaamgea-akaelare%@nthma&ﬁh 6§IMa@s$45
vi scosity of about t o 40 ref eiﬁ o 20 c ntlst

0oL ert] C The I ibr Faiabi O5PBE, HEH Lo b a383 £ 188 SHGh Ak £RBoRLSF (ddaliyl
derived from pet ro(egﬁngjuﬁlahsmhaspme ahudﬂses:;/mnhebxtotﬂlmsnaaﬂ.yr:g:amelns

such as pol yet hyl epe 529 %l 1esge f ¢di carboxylic acids, ‘conpl ex
esters of di- 29 car oxy tlsc gC?SE ol y%lélc%f a%ﬁd al cohol ‘I% esters of
eful ﬁﬁﬁ dReTmEY

30 carbonic or® phosphoric LErgents, dRcliodgo6ig bagigoRT
oils; and, m xtnresven‘-ﬂadydi amdtalg ol anckyinimhaidgnesiumi [adinmgnyete.,

proportion, et. r t 3 C : -

i ncl udes al l the fore%sg Jngg tg‘?ﬁibﬁﬂsg?gﬁ‘%%ne ag'{d'dt% gglaka%g@ %ﬁgfé%l |°onacmay
be conveni ent |9 di i%nseidvds bsszeaecﬁ%%m%taem&s'mltlcsséume Sptkr rcids.,
about ;15; \évtI %®f 1sﬁ<5sﬁlsild.:c§-m&&aabza§,29m}o1&ﬁ Wispheablsi aﬁaauhyd&dlyzed
e.g., ol v t | out 1@ S [
prés«ent e]pf 39°£\§‘%sk§fﬁ%tié§w% gél%}.ﬁ r%%yl% |o%g8$rlh}égn%€%t a es 2
cont ai ni ng thelZil spef sitht mxtthh@rpfeséﬂd mmmaléw bgiipg apspald ardRagic

ot her wel | -knoyw agsljéivteandiaagnesiif £aDEoskddy phénalkeEr hnd sulfurized

di t hi ophosphat e anttll-vvear I nhibitors usually present 5 in anounts of from’
1to5 w. % Bt PReRates. ¢y detergents include the normal basic or 7
over-based nety$, e.g., cal Exidardgnesnbibiters uinclade higderaft phegols,

pet r ol eum naphf heng, gc| ,,Gmttre@teBE‘t§ﬂ|{:QP&£cﬁ£solg anfifies?! kih soplzeme

sulfonic acids, 7 ©! ;lg-eno s anJ arls&l henbthxazznes, usually present in a-

18 mounts of from 0.001 to 1 wt. %.

19 Pour point depressants usually present in amounts
20 ©of 0.0l to 1 wt.% include wax alkylated aromatic hydrocar-
21 Dbons, olefin polymers and copolymers, acrylate and metha-
22 crylate polymers and copolymers.
23 Viscosity index improvers including olefin poly-
oo 24 mers and copolymers such as polybutene, ethylene-propylene
b 25 copolymers, hydrogenated polymers and copolymers and ter-
26 polymers of styrene with isoprene and/or butadiene, polymers
.27 of alkyl acrylates or alkyl methacrylates, copolymers of
28 alkyl methacrylates with N-vinyl pyrrolidone or dimethyl-
29 aminoalkyl methacrylate, post-grafted polymers of ethylene-
350 propylene with an active monomer such as maiéic.énhydride.
31 which may be further reacted with an alcohocl or an alkylene
52 polyamine, styrene/maleic anhydride polymers post-treated
35 with alcohols and amines, etc. Such products are used in
354 amounts as required to meet the viscosity grade desired,
35 generally 1-15 wt.$% Leing usecd.
3¢ | Rust inhibiticn activity can be provided by the
37 aforementioned metal dihydrocartyl dithiophosphates and the



10.” al kyl salicyclic acids, alkylene bisphenols and hydrol yzed 11 _
phHosphosul furi zed pol yolefins. Typical anmounts are from1l2 1-7 wt. %wth
preferred materials being normal and basic 13 cal ciumand nagnesium

sul fonat es, phenates and sulfurized 14 phenates. 15 Oxi dati on
i nhibitors include hindered phenols, 16 e.g., 2,6-ditert-butyl

para-cresol, am nes, sulfurized 17 phenolggand al kyl phenot hi azi nes,
usually present in a- 18 nounts of from0.001 to 1 w. % 19

Pour poi nt depressants usu I,I resent in amounts 20 of 0.01 to 1 wm.%

i ncl ude wax al Kyl a°i°éife§|98 % Ey%l?‘bc%ﬁz estergonphosPResy HEyRiaat pingnas
copol ymers, acry| atud fard zedtdibes 33 ané \HyRlrcaebwiB| SUlThGeRA YaRE es%%rs

Vi scosi ty I ndex; i i) %ﬁ%u&@.ﬁkﬁdhﬁlgggl BhERoS. ¥ peckedIRl ST (RAPLHI®4E -

such as pol ybut4en ene- pro copol Yners,
pol ymers and copolWP§a£ ¥lt &4 erhﬁ%?%% thl%h yazeqaeswlta efodibydro-
and/ or but adi erfe, qadbyrrens32gg) Oésﬁéi@”oﬁiﬂ:.\)ﬂhabgﬁogﬁhéﬁ:kd'a£ﬁ$acﬁ%&|s%t g~

copol ynmers of 28 rﬁ.ﬂ‘iﬂo geg?gc&s‘%ﬁféf‘%/! c#]p}g# |§3§¥ér0% (?’e e or dlwr{\st le

29 am noal kyl rret acrylate po
propyl ene with Tan active noReed resa%w:asosz @tmmdmr@l addh.mo.lvesay:ape

furt her/ rei'iCt ed widlscabeabeabeht %uﬁntaﬁt ladlnfene 2224 89%%??:‘9&# lglyco s as

st renemaelc n ol yner rea W t h al cohol™s

amynes et c. chry%:aolggceg Lé:@ %‘s@% 2 &ﬁgmﬁ’f dagued Lo SRR Fikbethene
vi scosi ty gradd desitess, ot%shmgeneedlhymleis aeid/mbdidiethydeneRysycol being

i nhi bi L on actilvi {y grdtebeell Akt dfth Diod tnt eféaew@nﬂ@f%&%@wr di-

di wd byl t hosh - correspondi ng
eszrs?cgaogpﬁgsulmfﬂp g}d’a esﬁé"ﬁ@ Yc?r"suFFEPFieﬁ%o‘Fbﬁ T8 aﬁd‘tl?yd’ﬁ;é&r Wé#s,

sul furized fatlfy eiysmesod aheateallHeaing edpatkyllyritadblelr efpssehadieivies
zinc di- 4 hydro | GPRASR r aydr

carbyl [err] %qt e‘r‘aZ:’eg%EeQéﬁé fgﬁosphg?lsgé%%gaﬁér€ﬂff %fcﬁggg%(gr% éc?xe:.:
usual | y used ttf'é"fragﬁ' J°BpsSP. Lt GeReRRllY, are used in very small pro-

16 portions.
17 Thus, the term lubricating oil composition as

18 wused herein is meant to include an oil of lubricating vis-
19 «cosity containing in addition to the products of this in=-
200 ventions ccnventional additives in customary amounts as

21 <required to provide their normal attendant functions.

22 The macrooyclic polyamine and polycyclic polyamine

23 compounds oi this invention may also be used in fuels in
o0 24 amounts sufficient to provide dispersant and detergent
L 25 properties to the fuel, particularly in preventing and

26 <removing deposits f£rom the carburetor ané fuel lines-—-

27 when used preferably in gasoline fuel composition.

28 The’compounds of the invention may be used in fuels

29 in amounts ranging from about 0.0001 to about 1 wt. %,

30 preferably about 0.0004 to about 0.1 wt.$ based od the-

31 weight of the fuel composition. Suitable fuel compos;tions

32 include normally liquid hydrocarbon fuels such as

353 motor gasoline (ASTM D439-73) diesel fuel or fuel oil

54 (ASTM D-391) and mixtures of such hydrocarbon fuels

35 with non-hydrocarbon materials such as alcochols, ethers,

356 nitro compounds and the like.

3= ' The invention is further illustrated by the fel-



-

7. > Fuel econony or frlctlon redu0|ng additives may 8 al so be
present such as dinmer acid esters with glycols as 9 disclosed in U S

Pat erit 4, 105, 781 issued to Shaub with the 10 esters of dinerized linoleic
acid and diethylene glycol being 11 a preferred material or other
effective fuel econony addi- 12 tives such as glycerol esters of [err]
fatty acids with 13 glycerol oleate beingigspecially suitable. These
additives 14 are present in anounts which vary greatly according to their

7 OO VENORD R S UReRe K R AT BRe oY S mBoran Bletes 8 Dlutetive

herein is meant? t 0of nEtuckEaRe-0i | of | ubricati ng vis- 19 cosity containing

in addition to 3he products ge téyp%dtnanQhevs%seﬂé dexpr@acﬂi@ fehyes
in customary anpuntg as .21 rﬁgw red at t endan

functions. 22 aminolypis csr%%%ﬁc gﬁ%?%h??\é%"ﬁ&@ﬁgl?fctapﬂ?e;ﬁar‘ric’ne
23 conpounds ¢ t# by@nocarbem oxagubs situred bpdrocatha shain 2f anydienigth

sufficient to pyovige dﬁ@@éﬁ@dﬁ% éﬁé%m&&onpé@@ﬂ&; gd%ti'gefﬂ?l’
particularly |r17pr ventlng gng rempvi_ng deposits fromt ur etTor .
and fuel |ines ‘27 rsé&ér %ﬁ@ﬁéﬁgﬁpﬁ% aFuéT"E%‘ER%’T‘EEYd@mlﬁ'
The conpounds & t hHe-aminerZ-bpdomeyy spromekhnime ,ual, 8° 2815036&1@1&&;&-6 wy1lgi ng

from about 0.0G01 thrghQue-1, %d;i@ur’f’% c?:.': P%xfard”ltil %m@?@ p9120943 ttﬁl'tﬂ:sﬂl%ne

0.1 w.% based on the 31, wel
conpositions 3F | il’@@*ﬁ&r‘rraﬂ&sli-ﬁYﬁ’éF%m&fbéﬁd#EéPé &% cfr $409%; con-

not or gasol i na 1 ASTAdxdE38h@33nith dxsile igrehpointoed 10ill mddar $WEdDMARD Beidand
M Meur s 0L Sion MeigRAeRan Luslse Yl SR 0NL00 HAR" IPLR"A AU il

as al cohol s, éthe tro conpount
invention is fldrt hi28aHTePLRg: éﬂhﬁ?‘fﬁhee-firl Xylene,]undergoesfyglesehydizas
whi ch are not jtj0 be:mnsudiejm @& Hydidaairbed Zha®h béSrSS§@PMSicyclic and/or

ne aspect of jihe RHESER: b RYER L8lyASA Fadd i onality.
16 The following examples in groups (A), (B) and (C)
17 teach the inverse addition route to bicyclic and macro-
18 bicyclic polyamines from (a) low molecular weight hydro-

19 carbon succinic anhydrides (ESA) ranging from nadic anhy-

20 dride to n~octadecenyl anhydride (B) intermediate molecular

21 weight HSA.(Mn 500-10,000) such as polyisobutenyl succinic

22 anhydrides useful for dispersant synthesis, and

23 (C) polymers (Mn 10,000 and higher) bearing more than one
R 24 succinic anhydride per chain useful for designing' disper-~
s 25 sant VI improvers. '

26 To emphasize the remarkable sensitivity of -

27 product composition to mode of addition, the prior art

28 method, i.e. the addition of polyamine to hydrocarbon

29 succinic anhydride (direct addition) is also described to

30 illustrate the formation of linear imide product as taught

31 in the prior art.

32 A. SYNTEESIS OF LOW MOLECULAR WEIGET MACRO-

33 BICYCLIC POLYAMINES '

534 =xamprzs

35 EXAMPLE Al.- 8=-0CTADEC-2-ENYL-2,6-DIAZA-BICYCLO~

56 [4.3.0]NON-1-EN-7-ONE VIA AMINOLYSIS OF OCTADE-

57 CENYL-SUCCINIC ANEYDRIDE (CSA) WITE 1, 3-PROPANE-

DIAMINE (PDA)

(¥2
(/2]



4 . am nolysis of succinic anhydride functionality attached to 5 a
hydr ocarbon or substituted hydrocarbon chain of any length 6 by purposely
addi ng the hydrocarbon succinic anhydride to a 7 3-am noal kyl substituted
am ne such as 3-am no-propylam ne, 8 3- am no- 2- hydr oxy- propyl ani ne,
N, N - bi s(3-am nopropyl) 9 et hyl ene-1, 2-di am ne, or an oligoneric
pol y-1, 3- propyl ene 10 pol yam ne. This inyerse node of addition at
0-140[err] C con- 11 verts the anhydridé 3 olp into a 1:1 nolar succi nam ¢
acid 12 am ne salt adduct which upon heating neat or in a suitable 13
azeotropi ng solyent, e.qg. ; 0 rde o i Q.,dkve
a hydrocar bon cﬁai n beari n%?gséfnluggg%%g’fmﬁgg&qqn%?%gbﬁyéﬁ ‘éa%&qgé%’q“ﬁgé
functionality. 46 im ahalf litsfof bsephpprpedsapFained g aupraqmr £iBrednd
f)_C) 1|7' te?ch Bhe withelas@eafdStarik tife !T® kRheystifreéddsdBi®n lJ)a& about
i cyclic pol yamnes, dg, r rQ- ar ban .
succinic anhydp}de?% l%%%é@ﬁée@ﬁ&??#ﬁ%‘%gdiu‘?%%# _(t%ggg %ﬁll%gé %’Ossglved _—
n- oct adecenyl anhyd¥ idd&erBpfi e‘érmf@m-ecﬁpiio‘zang aid igHiortiSAheNgol-
3_00- 10, 00?) Sutcg a?«rdm:'syiwiﬁgu&ﬂ(‘will%?@if&i ﬁn@Qgrald?dmO ! Eéﬁﬁééﬁfhﬁi /Qene.
| spersant synt hesi an olyners n i gher earing
nore than one 24 @’lfccf%?%"‘a%yg’f‘g’e’%eiﬂéh%%%llﬁsgm“?dg cﬂfgiﬁﬂ

ﬁgwater

di sper- 25 sabt wollestedeisn the Dean-Stark tTepertphestz8 hbersduar Rigbhe

26 method, 15 %“133%%?8?“%%?%“ i o Tront ths, 371806050k,
anhydri de (di 1 ke 'l‘ﬁrétéPEO‘?%}y&Eﬂr}t?éﬁY%%Y‘ge Droduqtvhish feAsured
foryrati on of |1hearan BRazpeRtoumcdisplawinghe Bdominent CHld absiorptdoh.badid at

A. SYNTHESI S OF LQW, QL ) a3 BICYQICo
POLYAM NES 34 ¥ %;ES ég&ﬁﬁi&%ﬂ%ﬁ&%yc, 115388 g’“_ic"“*
8- OCTADEC- 2- ENVE - 2 - DITR2RTE| £9% the fpitle compound (G2sHesNal Eeaniresne
VIA AM NOLYSI S OF COTABE C371.41% E and TEDM NSUGE G AN BRIiRELe @Y wikEH

1, 3- PROPANE- 3?5 ethylene QEQMA\E :&PQﬁ‘L manner described above gave amino-
16 imide product exclusively.

17 EXAMPLE A2. PREPARATION OF 12-n-OCTYL-2,6,10-

18 TRIAZA-BICYCLO[8.3.0)-TRIDEC-2-EN-1l- ONE VIA

19 AMINOLYSIS OF n-OCTYLSUCCINIC ANHYDRIDE WITH 3, 3-

20 IMINO-BIS~PROPYLAMINE (IBPA)

21 To a mixture of 14.7g (0.1l mole) of 3,3'-imino-

22 bis-propylamine in 350 ml of refluxiag xvlene centained in
v 23 a reactor equipped with a moisture trap was added 21,29 (0.10

23 mole) of n-octyl succinic anhyéride in 150 ml of xylene

25 dropwise over a period of six hours. During this pericd,

26 approximately 2 ml of water were collected in the moisture

”- erap. . A

28 ' -After refluxing the reaction mixture for about 8

29 hours, an additional 2 ml of water were collected. Removal

30 of the xylene solvent by distillation afforded the title

macrobicyclic polyamine product and/or its positional iso-
mer isolated in over 80% yield. The ligquid product featured
an infrared spectrum with a sﬁrong absorption band at about
6 microns (characteristic C=N stretching £frequency) and
analyzed for 13.28% N. Theory for the title compound
(C3zH33N20) reguires 13.67% N. " Attempts to aminate p-

o

[F2 B S ]

4
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- 18 -1 Approxi mately 1.5 noles (112g) of PDA was dissolved 2
in a half liter of isopropanol contained in a reactor fitted 3 with a
Dean-Stark trap. To the stirred solution at about 4 25[err] C was added
dropwi se 1.02 nole (357g) of OSA dissolved in 5 a liter of
tetrahydrofuran. Following addition, the sol- 6 vents were distilled off
and gradually replaced by xylene. 7 The-rgaction m xture was refl uxed
until no nore water 8 <collected in the Dean-Stark trap (about 8 hours).
Upon 9 cooling overnight, solid separated fromthe xylene solu- 10 tion.
g' 't Irat ion gaveja higghy %‘_ﬁlﬁg%ﬁhcpr t:;::.\ﬁdﬂ Q*itfxeéiélﬂﬁdlétﬂe tz&l&mhgiesﬁﬁftﬁdm
i splayi ng a prqm nent absor an nm crons, and.ana
for 77.15% C, X3 53Wneanée%°6’é§/%élfﬁ’ aﬁ%@&%ﬁdf bre%dR /S ‘E‘&ﬁﬁo&ﬁéé‘ggt
[err] requires 34 exéld6%velyll. 41% H and # 21%N. Attenpts to an1nate OSA
with 15 ethylene dianmne in the manner descri bed above gave am no-

I m de product exclusively. 17 MPLE A2 PREPARAT

12-n- OCTYL- 2, 6, 40- 18 EXAMPELR| AF A ME@%’ZOTWFBE%Q%%%E
VI A 19 5 AM NOLYSI Sa2aBaceCLy [ BUCE] O\ EEXNGE-R-EN-V FONB, 3- 20 .

| MNO.BI S PROPYAMINE (1 BPAlec?h mixeure of 12 %47 o Wod Bbidd: 48 407 dsamlo)

of 3,3 -imno- bi s- pro amne 1 n ' uxi ng xyl ene contai ned
in 23 a react®dr e(ﬂﬁcﬂﬁ‘@ﬁl Pnddamine tin 2494 H \Eésrﬁﬁa%’éll‘ﬁ B SRE 18824
nol e) of n-octypg Sucddsd 33nBgdl 0dE0i mdEd) rdf af-ocghdacedPl ~-sulraimiicsansver

a period of six houg’%dﬁitla# i‘@oaithiﬁ ngi xﬁ’fl’o@@:ylfggpﬁ%bﬂ?égléﬂf&@ p%fnod

wat er were collgcte ure

reMAxi ng the L8act i%h akorty £eurohowE®ut 5ﬁ§§¥ adddion gf BRRIiSH RRACkaRt,
gf vva][ Ier wer e ??' | g%‘f&jhmuﬂﬁiﬁé\/&gaﬁ&eflﬁxégﬁffdﬁﬂﬁﬁhtsdwbeniotﬁ)s Inf*aé'/ed
istillation afforded the .title 31 crobicyclic nd/ or
its positional 1Pso- SPIYEHE OF TG RRRT &%B%eyfg %‘apﬁ%é“qpqz@gﬂ Sduct
featured 33 aB |ntmdwedzspeﬁ@rmaﬁanlwa; grogresabhagr as | i denmedabyabout

34 6 mcrons char, C f requ n d
for 13.28% N f‘Thech:y%?%p%heb%fla?é:%ﬁgﬁgt 54 E?Eﬂf ng %ﬂonrsess? 13(&%}{5‘8
At_terrpts to arﬂ-ﬁate equency) ter 1 ours of reflux ng,

16 xylene were removed. The mixture was again refluxed for
17  four hours at about 150°C. The IR spectrum of the

18 mixture revealed a very strong absorption band at 6.0

19 microns, indicating that macrocycle formation was

20 maximized. The solvent was removed under vacuum, and the

21 residue was sparged with niﬁrogen at 1509C Zor.about two
o 22 Qours. The title compound and/or its positional isomer
g,; 23 (with the n-octadecenyl group at position 16) was isolated

24 in 88% yield (44.7g). The product analyzed for 73.19% C,

25 11.31% H, and 11.38% N. Analysis calculated for C3gHg7N40

26 requires 73 62% C, 11.65% H and 11 45% N.

27 EXAMPLE A4. 16-OCTADEC-2-ENYL-2,6,10,14-TETRA-

28 AZABICYCLO[12.3.0]HEPTA-DEC-1-EN-15- ONE VIA

29 AMINOLYSIS OF n-OCTADECENYL-SUCCINIC ANEYDRIDE

>0 (OSA) WITH 4,8-DIAZAUNDECANE-1,l1l-DIAMINE (DUDD)

51 A sample of DUDD weighing 38.25 ¢ (0.203 mole) was

52 dissolved in 350 ml of xylene and brought to reflux in a

33 reactor fitted with a Dean-Stark moisture trap. To the

a4 stirred refluxing solution was added dropwise over six hours

35 71.2¢ (0.203 mole) of OSA éissolved in 230 ml xylene. After



- 19 -1 octyl succinic anhydride with diethylene triamne in the 2
manner descri bed above afforded |inear am no-im de product 3 excl usi vel y.
-- 4 EXAMPLE A3. 15- OCTADEC- 2- ENYL- 2, 6, 9- 13- TETRA- 5

AZABI CYCLJ 11. 3. 0] HEXADEC- | - EN- 14- ONE 6 To a mxture of 17.6g
(0.101 nole) of 4,7-diaza- 7 decane-1, 10-diamne in 200 m of refl uxing
xyl ene was 8 added 35.5g (0.101 nole) ofz2@m-octadecenyl -succinic an- 9
hydride (CSA) in 175 m of xylene dropw se over a period 10 of about four
hours. - After addition of the OSA reactant, 11 the m xture was ref | uxed
for about two Hour sbouknfsr domgtslzeflunbagyséstotal hef r eatnbnofii vater was

reveal ed macrobj cyldg 103¢eaROlphantagef il Richa-resr AW easkagsad vy gdenged
by an 14 absor ption bang appearin

a ?t 6.0 nicrons %CgN sIretchingls.
frequency). Affer 23R8 FBErERALNET g?' KGRt AP HeTEVete™Y BAfRARFRWEPETILng
renoved. The m xt foxr seserghhourst | a‘hedné_a:rob]ikyclﬁcmrdrﬁnﬂts(&ﬁg disolgted)
150[err]C.  The 'ng:%gfe?f CIAE S| sﬁ:g@céﬁn wiBn< U foﬁﬁzv&é\! ABsRrPLE¥n B @t 6

d5 at o. 9 m C J'l t

absor ption ban ) ons, 1.ndicat] t ha ocycle_fornmmtion
was 20 rmaxi i ed MCHRBEsoRDE ABAEZALRB olF IR VAL ubi Srnantikd 2158 N
resi due was spay gedehidddy Mok egentitld dmpound f(@s1ERoNL0 1 viveiti resh 4. 9%

The title conmpoyund and/,0rq..t S POSkt hsoner 23 (with the
n- oct adecenyl oupc'a'at lﬁgs%%t'?éngég)ig\ia@% sN(S)'I ated 24 in 88%yield

(44.79). The p¥oduct analyzed for 73.19% C, 25 11.31%H, and 11.38% N.
Anal ysis cal cuf@ted for [ergim@fe A5qUiTHOCTADERKRCENT-BLEHIE A 1T}, 22%

N, 27 EXAVPLE A OCTAREC: 2+ A~ TETRAw.. -
AZABI CYCLQ[ 12. BL 0] HEPTA- ot -BrEeRET 9 23 NeT “rrritobta LRS00k via
n- OCTADECENYL- StJCCI Nl C ANHVAMINOEYSES PPSAyOGPAREC~2-ENYL SUCCINIC ANHYDRIDE

4, 8- DI AZAUNDECANE- 1, 11- DI AM dda W28 433, 11, 15-TETRAXZADOMDECAREDU DS -

wei ghing 38.25° 79 (0.203 nol eg was %%‘DP di ssol véd i m 350 nT” of xylene and
brought to refléx in a 33 D e ’tted with a Dean-Stark noisture
trap.- To the B4 sti rredcrsie IMADDNyas odistidiledshaausd alridhwmseobwmr Gl x

hours 35 71,29 (£h&0%.%RhCos Y1a88"pehas Unrt ivicdefl. Ma ¥6h8B&nt Ad£Ting

17 fraction, b.p. 207°C (lmm) was collected. Analysis by mass
18 spectrometry showed the fraction to be 85% TADD, 10% 4,8,11-
19 triazatetradecane-l,l4~-diamine and 5% 4,8,11,15,19-penta~
20  zadocosane-l,22-diamine. A 30.2g (0.105 mole) sample of
21 this fraction was dissolved in 250 ml of boiling xylene. To

PAE )

22 the refluxing xylene solution of TADD was added 35g (0.10

25 mole) of OSA dissolved in 250 ml xylene over a period of 9
o 24 hours. The water of reaction was coliected in a moistuze
> 25 trap fitted on the reactor. The mixture was refluxed for

26 about l4 hours, and then concentrated under reduced pres-

27 sure. Sparging the concentrate with nitrogen at 100°C

28 for 2 hours gavé 59.2g of product (90%_yi_eld_qf macro-

>g  bicyclic polyamine) which featured an IR Epe:ct'iﬁm. ‘having

30 a prominent adsorption band at 6 micrens, and analyzing

31 for 72.73% C, 11.69% H, and 14.87% N. Theory for

32 C3gH71Ng0 requires 71.64% C, 11.77% H and 13.93% N.

33 Treatment of 7.12g (ca. 11.8 millimole) of the

33 title macrobicyclic product dissolved in 50 ml cf chloroform

3 with 1.61lg (11.8 millimole) of zinc choride gave, after 18

hours stirring at room temperature ané solvent removal, a

brown crystalline solid. The dried product Zfeatured a 6.0



- 20 -1 about 8 hours refluxing, a total of 6.6 m of water was 2
collected. The reaction tenperature was increased to 1600C 3 and t he
remai-ni ng sol vent was renoved by nitrogen sparging 4 for several hours.
The macrobicyclic product (96g isolated) 5 showed an IR spectrumwith a
prom nent absorption band at 6 6 m crons, and anal yzed for 73.65% C,
11.58% H, and 10.63% N. 7 Theory for the4itle conpound [err] requires
74.0% 8 C, 11.73%H, and 11.13% N. 9 10 EXAMPLE A5.

-23- OCTADEC- 2- ENYL- 2, 6, 10, 13,17, 21- 11 HEXAZA- Bl CYCL( 19. 3. 0]

TETRACOS- | - EN- 22- OnEcY¥bA d@sorption band A NBeYSR £Xa Am@EToREG &= BYYl3 ¢,
SUCCI NI C ANHYDRL DE

1 W.TH, . -
4,8, 11, 15- TET A&:%XBEEANEP?L,?LB'E%?‘ Analysis FpIGRIEYShGY F56571N60-
Crude TADD was di stZRledSemeirmireguigesnf8otdItnt ( £.60% Hianch 1. D63 0f QGhess

beads under vacyumza AcRPDékawds Reituble 1. chidAsd) mBeRandd Ay %@eﬁémﬁ

was col | ected. Anal_ ysi s 18 ectronetry showed the fraction to' be
85% TADD, 10% 478, #ha %5931{1*3?%233%3 4ne- 1, 14- di ani ne and 5%

4,8,11, 15, 19-penta- 20 zadocosane-1, 22-diam ne. A 30.2g (0.105 nole) .
sanple of 21  6his fracti examesediagsol veeTees2a) of 9f 709t dlererehererolo
o

22 t he refl uxisng xyl ene thOR1Q D ViaS..A, 339,40 2 | e
of OSA dissolveé in 250 n1%%§ﬁé%éaév2FE§DgLr 2§"llh8&%§TgTﬂ§EmgPér
of reaction wasScoll ect ed PMINORESES (OB NADIC (ANEYDRIDECHIDE ih3-PROBANE .
The m xture was9refl uxed f graggng about 14 hours, and then concentrated
under reduced pres- 27 sure. Sparging the concentrate with nitrogen at
1080C 28 for 2 hours gave 59.2g of product (90%yield of macro- 29

bi cyclic pol yadPne) "whi ch EBighsrrelem (ER2gpert Ludrdianing dPopane @issbrend

_ ) : : iy 720 0
hoIh o7 gty 1SS B Sty U LS i s,
N. 33 TREACHe AEVLPPSC 1 Gq MOLE TR FFRRp| 294 dieated §0 115PFke
macr obi cycl i c plodThendi 4§ smble=] (65660 of nddichlanhgBeifde (5-norbornene-2, 3-
14 dicarboxylic anhydride) dissolved in 2 xylene were gradual-
15 1ly added to maintain steady refluxing. The mixture was held
16 at reflux until water ceased to collect in the moisture
17 trap. Upon cooling overnight, solid separated from xylene
18 solution. Filtration gave some material characterized as
19 imide product. The supernatant was evaporated to a con-
20 centrate and then mixed with a liter of hexane. The mixture
21 was heated to give a clear scolution, which upon standing gave
oo 22 crystals. Filtration gave a substantial yield of crystal-
23 line product which analyzed for 70.18% C, 6.96% H, and
21 13.81 N. IR and l3¢ mMr spectral data zanéd elemental
25 analysis Zor the crystalline product are consistent with
26 the title compound. | '

27 EXAMPLE A7. AMINOLYSIS OF NADIC ANHYDRIDE WITH

28 1,3-PROPANE DIAMINE (PDA) MONO-PARA-TOLUENE~SUL-
29 FONIC ACID SALT.
0 A half mole (37g) of 1,3-propane diamine was

acid hydrate in 250 ml of ethylene glycol and heated to

3
51 @acidified with a half mecle (95g) of p-toluene sulfonic
: about 160°C. To the stirred solution was added éropwise



35." with 1.61g (11.8 nmillinole) of zinc choride give, after 18 hours
stirring at roomtenperature and sol vent renoval, a brown crystalline
solid. The dried product featured a 6.0 21 - 1 mcron absorption band
in the IR and analyzed for 57.93 C, 2 9.20%H, and 9.73% N. Anal ysis
calculated for [err] 3 [err]conplex requires 58-43% C, 9.60% H and 11. 36%
N. The 4 Zn conpl ex was sol uble in chloroef@&2m- nmet hanol and xyl ene, 5 and
i nsoluble in pentane. 6 EXAIVPLE A6 SYNTHESI S CF

3, 7- Dl AZA- TETRACYCLO 7 2.1.[e 9. - 7] - TETRADECA-

1,11-DI EN-8- ONELVI A9BST & 2 hour /!aﬂ’NeéYsPsh NP & (ANVDREDS -pppprnene~

1,3-PROPANE 9 2 2, 3-dDtavBddy Ll aclJ.d anhydﬂ@é]tdmasfe(dmag)mgfml tetra-
1, 3-di am ne propane n LeL X [

liter 4-necked rB Rgh.%i%%%%ge@%x?ﬂ A h% &f’%‘r@aewﬁip?{l% {ggo %.é_’
115[err]C. 13 #henwaaeﬁnpés =eeseg7n oélﬁﬁﬁl Jee%nﬂ%%k i dAfEST n¥rber nemlxzt:ecn
1ald gl carboxyl i ¢ anbggdsede)czli asr}buf@l)T ] thé ¥YhPIénd\Ryl callwla@w |remb5ed| ﬁ’nder
added to maintaipn s re re a

until water ceaged %g Tecfl i&g ‘ngﬁgtﬁgglalcg\%%ﬁ) e rF°€é(?F1 ’r'@s"d“e
overni ght, solid seﬁéﬂé@édth¢cD#QQHQQMiolerSDPutatﬁlas{alwhaaalenlgdve some

material char acbe”?ﬁﬂtﬁﬁtﬂ&x Qé‘}éje' WP WL proalie W%hn@{aémre\ﬁa@stallzzed
evaporated to a_con

xed wi,th.a lit
The mixture 21 Was ﬁiS’E’e&‘eggY{g %nfcj‘?’e’%' SOL2RAPER u%gﬁ §F§ﬁﬁ?£§me
gave 22 crystals. Fprpducf-dwdgauem @@bsaammamgus@leettua idemstixdal ﬁSthIthne

product which gpal Y§eéoi@éngosu1§f’ér§;te659§% !ﬁhdénflré’& thie3. 3k 1l rbﬁa
[ed#] NMWR specital data a?ﬁd ntal ?é anal ysis for the crygta I ne

product are coh3i st RE W *conpound. 27 EXAMPLE
A7. AM NOLYSI S OF NADI C ANHYDRIDE VVTP|28 1, 3- PROPANE DI AM NE
(PDA) MONO- PARA- TOLUENE- SUL- 29 FONI C ACI D SALT. 30 A
hal f ol e (37gl3of 1,3-prop8re STARERSIHOF MACROBINYQIIS WOLNAMINE| DISBER-

(959g) of p-tol ygne sul foni csants

15 Novel macrobicyclic polyamine dispersants with

16  outstanding sludge and varnish control properties can be
17 designed from a diversity of polyalkenyl succinic anhy-
18 drides including the preferred polyisobutenyl succinic an-
19 hydrides (PIBSA) and heterosubstituted PIBSA reactants.
20 The latter class of acylating agents are obtained by per-
21 oxidizing or sulfenylating the carbon-carbon double bond in

22 PIBSA as taught in U.S. 4,167,514 and 4,302,395 and sub-
23 sequently aminating the hetercsubstituted PIBSA reagents

24 according to the process of the present invention.

25 A variety of PIBSA reactants generated by the Ene,
26 Diels-Alder, or free-radical grafting reactions cf maleic.
27 anhydride with polyisobutene (PIB) and/or chlorinated PI3

28 are readily accessible. The aminolysis:-of several PIBSA
29 reagents effected by the prior art method and the present '
50 invention is elaborated in the example below to show that
the mode of addition, i.a. PIBSA to polyamine (present
invention) or polyamine to PIBSA will very selectively
engender macrobicyclic polyamine or linear imide dispersant
product, respectivelg. Moreover, the macrcbicyclic poly-
amine dispersants, when compared with the linear imide
products feature sugerior performance in tests designeé

—

(72 B S V1 I AN

(o))

[ N T R VT I ¥ I VT I 1 I 97 |

t0 measure sludge and varnish control.



32 " acid hydrate in 250 ni of ethylene glycol and heated to about
160[err]C. To the stirred solution was added dropw se - 22 - 1 over a 2.
hour “period, a half nole (82g) of 5-norbornene- 2 2, 3-dicarboxylic acid
anhydride dissolved in 400 nl tetra- 3 hydrofuran (THF). At this
tenperature (160[err]C), THF and 4 water of reaction distilled off.

After water evolution 5 ceased (ca. 2 hoqu%?‘The et hyl ene gl ycol was
renmoved under 6 vacuum Addition of 500 ml of acetone to the cool ed

resi due caused the product to precipitate as a white solid. 8 Filtration
gave 170g of product which was recrystallized 9 from nethyl ene

Shi ori de-et her dol uti on. ThEXMPEEPL+ nMALHOBIGYEHER (FURAAVE| FORMIION B3A
NVR spectra identical wth tAppITLON [OF CPOEYESCRUTENYASECSINIC MANEYDRIDE! M0

title product 1 descri bed H]-D%Q%E&@-f}f%m% B. SYNTHESI S CF

MACROBI CYCLI C PGLYAM NE DI SI§E Novel
macr obi cycli ¢ pol yam ne di spersants with 16 out st andi ng sl udge and

valrni |SE Colntrol 4pr9pertihes Gadodte 2bbg (_des:mrw fnrdms)aoﬁ} polpisobudenylsuc-
pol yal kenyl succinic_,anhy- 18._.dri c in ref err . e
“pol yi sobut enyl éu'cci"‘fﬁ’b“%ﬁpﬁisngﬁyﬁé P%g?%gié rl§'r133 St %Fggﬁb%?i?fulpg&if
Pl BSA react ant s.6 20 isckutylanec(Ma| abI0bbYayapPari PRRI] QRTSRGLEYdband mad aif

per- 21  oxidizing fihvadiiqenyt dddatibea ’%ﬂ@%@scﬂ@@&td&!’béﬁ fipudsi rpatent
PI BSA as taught in U 39

S 4,167,511 nd, 4, 302, 395.and_sub- 23 seguept
am nating the hd er cbudte 'e&"él E%ﬁ*?%fgéﬁ?&négmﬁb%r’m%% 8gt ﬁgé Vere
process of the pesedissoiwed iim.20% ml of toluenevariTie :ﬁisvﬂtﬁ&g tolu_ene
redetants generat ed ém&ﬁ%:ﬁ%grsi 28dea DRI iAldRL 205t {FR8a 'stintabnIsal g NG

reacti ons of eic 2- anfr; de w th polyisqbuten P1 B) .and/ or
chlorinated PIB 28 %ﬁé'r7§§élgﬁd%€%%%‘éli'ﬁoédx'ﬂénﬁn’i%gpéé?]s%?tg{é*%#ﬁ%
29 reagents gff ecteshgprdturenr iThisaspeaif hoshodedof dditdoendt aphydride to
i nvention is el abor | L% bg 4P SHWahkah13dmouhbs P Uhnid
addition, i.e. 19 BS%‘F%%&(}I%/J;%%% g_?ég%ntk% i nventai ong,gr 88{‘ a &r)le, to
PIBSA will veryasel e@@i@éﬁlts as equimolar adducts of anhydride and polyamine.
15 Once polyamine addition was complete, the reaction mixture

16 was heated to refluxing temperature to achieve the cyclo-

17 dehydration of the amic acid salt intermediates. The water

18 of reaction was removed by azeotropic distillation into a

19 moisture trap mounted on the reactor. When water evolution

20 ceased, the toluene was distilled off, and the reaction

21 mixture was then heated t£o about 175°C and maintained at said

_ 22 temperature for about 9 hours. The reaction mixture was then
e 23 stripped of residual light ends with a miléd stream at

24 nitrogen gas at 1759C for about a half hour, and subsequently
25 filtered. The infrared spectrum of the filtered product
26 showed a strong absorption band at about 6 microns, which is
27 diagnostic of C=N functionality ascribable to the macro-
28 bicyclic polyamine product described in part, as l5-poly~
29 isobutenyl-2,6,9,13-tetraaza-bicyclo [11.3.0] hexadec-

30 l-ene-l4-cne. Said product analyzed for 1.81% N, and 0.09

31 milliequivalent of primary amine per gram of product.

3z EXAMPLE B2. MACROBICYCLIC POLYAMINE FORMATION VIA
35 ADDITION OF PI3SA TO 4,8-DIAZAUNDECANE-1,1l-DI-
54 _

AMINE



33,  engender nmacrobicyclic polyamne or |linear imde dispersant 34
product, respectively. Moreover, the macrabicyclic poly- 35 anm ne

di spersants, when conpared with the linear imde 36 products feature
superior performance in tests designed 37 to measure sludge and varni sh

control. - 23 -1 EXAMPLE Bl. MACROBI CYCLI C POLYAM NE
FORVATI ON VI A 2 ADDI TI ON OF PQLY] SOBUTENYLSUCCE NI C ANHYDRI DE TO
3 4, 7- DIl AZADECANE- 1, 10- DI AM NE 4 About 200g (ca.

0.087 nol e) of polyisobutenyl suc- 5 ci nic anhydride (PIBSA) prepared via
Ene reaction of 1po| y- 6 RbobtityBene (deh 0130G0bg) vaporthePIB8Aodesceiled

and maleic 7 dgsc d d Gt iarr Pat.ent
8 4 239, 636, gzn 0 ﬂ E8mBTe 183 C Liahe a'axs@we& a4 @a A 162 wl‘gé A £

avlin oni T ca
di ssol ved in 206 nft¥8pst g?%ﬁie‘p a FHBPPE%I{]‘-}W%@I G'Bﬁet"ib‘e’*%éP&PFbﬂnv%é
added dropw se t40 a.hatpcrlryahzsml vas @dded dbopwiskl to ofsolution of 18.8g (0. 1

4, 7-di azadecanﬁﬁ%e n@ d154 Qq_qi,,grglt,a;,glyeillg.ﬁan( Q@AM 423 00 LANBE! &4

This specific t| ‘on of “anhy éam ne selective
af fords subst antéi aPe&ﬁD&ﬁt Foom LeRperaturgei dASEPES a&QY FLEROPALEL BRI YRS

anhydride and pol yzamptetédp th@ncmap:ﬂmammwi@ twamn méﬁmﬁbe_&efltzﬂamg
Cyol o 17" dengar SemBURRFRFE, oL ThY WReddl ) SABAH i SoPLURE 5%
of reaction was o efANEFRES mmptedd@%tﬁhel EeRBFOT nt Uhanl‘gaterrrevehmon

trap mounted on th%tb@@é&WtheWﬁSDuéﬁﬁ 6fasL\61l94i108420£ £, Candedhet BoatPit®ne
was distilled of0

f, gnd Ehg ga 8{1%1]}7 d@xture was then heated to about
1756€ and mai ntldi n&F RE-E5PH rs tdre for about 9 hours. The
reaction mxtuf@ was then The mixtigpewasf stésradaktl LJACCehas abentafemsd

stream at 24 113 t 1hQuieR,J3pas eé75|i.€fzr];£:sé&§s appEtodedatdr hQUﬁalﬁnﬂour to
subsequent |y 2%_ filtered, he Jjnfrar egﬁgg ctrumof the fi hte ggE_

26 showed a st'rof§ SESoRRY i DFFAERHPSYC © FHRAGRES  WAT
di agnostic of @3N faered.orte tfilasatiebabatyzed thur dnd74- N28and fiearyiied an

pol yani ne prodygt Ci%g%rdet&d'uhnwﬂ%t a é%:éﬁg Qﬂaé’or&%on band at 6.0 microns
| sobut enyl - 2, 6, % 13-tetraaza-b 3’ g O‘L exad
which is cha:a ter:.s ic of the CaN functzonalxty present in
18 the macrobicyclic polyamine product described in part, as
19 1l6-polyisobutenyl-2,6,10,l4-tetraazabicyclo [12.3.0] hep-
20 tadec-l-en-l5-ocne.

21  LINEAR DISPERSANT SYNTHESIS VIA DIRECT ADDITION ROUTE --
COMPARATIVE EXAMPLES B3 AND B4

)
[ 28]

for about two hours, and subsequently filtered. The £il-

\M 23 EXAMPLE B3. LINEAR POLYAMINE SUCCINIMIDE FORMATION
24 VIA ADDITION OF ¢,7-DIAZA-DECANE-1,10-DIAMINE TO
25 POLYISOBUTENYL-SUCCINIC ANHYDRIDE (l1:1 MOLAR RA~-
26 TI0)

27 About 200 g (ca. 0.087) mole of the PIBSA described

23  in Example Bl were charged into a reaction flask and heated

29 to 150°C and stirred under a nitrogen atmosphere. About an
30 equimolar gquantity (15.1g) of 4,7-diaza-decane-l,l0-dia-

31 mine were added dropwise to the neat PIBSA reactant at 150°C

32 over a 15 minute period. After polyamine treatment,

33 the reaction mixture was sparged with nitrogen gas at 1350°C

!

(¥ 3]

trate featured an infrared 'spectrum with a strong imide



30 " 1-ene-14-one. Said product analyzed for 1.81%N, and 0.09 31

m | liequival ent of primary anmine per gram of product. 32 ' EXAI\/PLE
B2. IMACROBI CYCLI C POLYAM NE FORMATI ON VI A 33 ADDI TI ON OF PI 3SA
TO 4, 8- DI AZAUNDECANE- | , I -DI - 31 AM NE - 24 -1 About

230 g (ca. 0.1 nole) of the PIBSA described 2 in Exanple Bl were dissol ved
in 200 M of toluene, and 3 transferred-t@S5a-droppi ng funnel. The tol uene
solution of 4 the polyam ne was added dropwi se to a solution of 18.8g (0.1

5 nole) of 4,81di egAdnydeasssraeidn @a%@l‘ 9@ aubngOQ gmdrdrd 2sbr USAE1 @leol OOM
tenperature. After anhydrlde addi ti, é§§g‘p &S? the reactjo mxture
ter

was heated to feftiB§Hg BOI%aMpBE: 4} s "oz PRAEYTHH ate
collected in a39 vhistthe proguemuds ed mmxtheereactldﬂ-pvhgnsmansémﬂqﬂ i on
10 stopped, the éﬂ%ﬂﬁ%)\ﬂﬁs 7di aahkhe&mé-lm;tn*éeaheaﬁtwﬂbﬁ-(z oly=

t t hed 175
e & o o8 o foEanyguck i)z fgéodwzﬁém 080 Th E1L5EHES GRes

hal f hour to 16 xduie)vmalwafdem‘aomlh@pamlm | &md cOndPoneil dieqnivfliank! | wIif
il- 15 tered. %‘Fxnﬁéﬁy‘ raq‘;,_q,eagglzyé %1&7‘;@1:'\' and featured an 16 FR
S at

spectrumw th a ong “absor ption mcrons 17 which is
characteristic of the C=N functionali ty present in 18 the nmacrobicyclic
pol yam ne pr oduct descri bEXAMPLE)@B4. IAINEAR POLYAMINE BIS-IMIDE VIA ADDI-~

16- pol isobute -2,6, 10, -
ooledh dbhusiag: IR T ek ¢ A %pé’%@i&&%ﬁhé‘s"’gq& Fuid 19 porxise-
ROUTE -- 22 CORPARATI VE EBURENELSUSEINGS ANHYBRIDE (1:2 MOBARBRAEIBE. || NEAR
POLYAM NE SUCghNI M DE FG:NH&Q‘QOZJ@ (ca. 0.087 MoleADHE MHINPPBSA described

ANVDRI DE (1. LINCENERRF LIt o3 Bnazqps, tngp HCHILSERTEIOHE Mfves

0.087) nol e ofi3t hee PPB@Atdééﬁ?ﬁz béﬂdzstlr¥ﬁd EXBAGF eaBFIMPéeehaFgéﬂPhﬁtQ} a

reaction flask,anehéesd ek’ 7 69 105H.c0L D43 il 3t 0F 145 Ld1dRR-AeBRAESDETO~

atmosphere. Ab%Utcmeme were added dropwise over a 15 minute period while the
16 reaction temperature was maintained at about 1509C. Once
17 the polyamine addition was complete, the reaction mixture
18 was sparged with gaseous nitrogen for about two hours at
19 1509C, and subsequently filtered. The filtered product

featured an infrared spectrum with a dominant imide carbonyl

(%]
O

21 absorption band at about 5.9 microns, analyzed for 1.17% N,
22 and 00.00 meg of primary amine per gram of product. The
253 analytical data are consistent with bis-imide product which
ot 24 can be described mainly as 1,10-bis-(2-polyisobutenylsuc-
25 cinimido)-4,7-diazadecane. .
26 A series of macrobicyclic polyamines designed from
27 a representative spectrum of polyisobutenyl succinic an-
28 hydrides using the inverse addition mode of the present
29 invention are described in Table 1. These are Examples BS
50 through Bl4 in Table 1 below and were prepared following the
31 procedure of Examples Bl and B2. It is noteworthy that the
52 post-treatment of selected macrobicyclic :olvémines with
33 metal salts, boric acid, alkylene oxide and additional
31 polyisobutenyl succinic anhydride (FI23A) also affords ad-

i

ditives having additional multifunctional properties.
! EXAMPLES BS AND B6 - USE OF JEAT SOAK PROCESS IN
PREPARATION OF MACROCYCLIC POLYAMINES

J.

b
]



3Q " equinolar quantity (15.1g) of 4, 7-di aza-decane-1, 10-di a- 31 m ne
wer e added dropwi se to the neat PIBSA reactant at 1500C 32 over a 15
m nute period. After polyam ne treatnment, 33 the reaction m xture was
sparged with nitrogen gas at 1500C 34 for about two hours, and

subsequently filtered. The fil- 35 trate featured an infrared spectrum
wth a strong i mde 1 carbonyl absorpt.i 93 band at about 5.9 m crons
ascribable to 2 linear polyam ne inides of PIBSA. The analyses indicate 3

that the product is a mxture of 1(2-polyisobutenylsuc- 4 cinimdo)-4,7-
di azadecane- 10-ani ne and 1, Idusie Bspo! y 5

| sobut enyl succi gi m do) -4, 7- dj.az f| | tered | due anal yzed
for 1.93% N and 0 24 mili %ﬁ"&a?gﬁﬁ bt 7“‘ " aa?ﬁWelsﬁé’Pt A, SetEes
product. 8 3 anE\XNME(BIBSAILICPEARpH&WAWﬂMElﬂm pbbEiNed vARDERe 2ne

EIUTOI;IN\?ESfJCE I B: ézﬁ;\l %%E*Eor; wha cﬂMéR\)EwI& RJ1Ved® 190 neutral mineral to a Sap
0.087 nole) of Phe° F’D&Ne&% Eﬁfi%g@ z‘%ﬁ%&"ﬁpﬂ mete ) e c%afidéia&ﬂéﬁc%f’e'

reaction flask andlhéitdianine rg RAfor>0peripd®Hid minuteasl Mecreaction
ni trogen atnospher gixldre W efdx@a at Q@OL@.@G"@ £ f“'ﬂo%)rsotwhlle st:.rrlng

4. 7-di aza- decane- 1,1

o]
peri od while th# 18”8350??‘6#&3% vvé§ FnF&ﬁﬁ@g 5%‘ aEB%Ed 1%?}["&?1}%

Once 17 the popyameactionl tempenstsireowpseraisedeto dat389mndi nadneaibedost
sparged with gfﬁeo‘éﬁxg'ié%tfu@'e 2geuig tmﬁsour?né}eal&exw%ﬁrpk gégqnas

subsequently filtered The filtered F‘ q eatured an 1 nf
spestrum with &l doRt FEATER nF TRinpech ahy£591C Lok SRS RaLE BoRF ét“daﬁﬁb%eSF?!‘
mcrons, analyzed fbe fidalplipdddt strawed)afOexmsf leintpyiiabd yofiMadeopgtlgraen

of productcanng 23na0ahvid o8 t@,@t @1:9&&3%5@61%@ poI |so§uteny AR gue‘ﬁe

whi ch 24 descri bed nmai nl %é suc-
ci ni ni do) - 4, 7- t# az 2BEEAREL %e‘:tmm and’ analyz R\FEPBERpol yani nes
designed from 24 a representEtameesmsct rum of polyi sobut enyl succini c an-

28 hydrides using the inverge,adgdkbLol: BRESA0L 7 WA 1RHBSSHH s%% &V anhi QL
are described i? nghgd]to I!I?&%ef g 8- m&ée éne-l ll-diamine containing 3:

18 ©of 50% a.i. SA 119 for a period of one half hour at 80°C. When
19 the addition was completed, the reaction mixture was soaked
2p Aat 80-100°C for 3 hours while stirring under a nitrogen
21 blanket. Thereafter, the temperature was raised to 175-180°C
22 and kept for 10 hours. At the end of the 10th hour, the
23 reaction temperature was lowered to 1509C and the reaction
L 24 mixture was nitrogen stripped for one half hour. The product
ot 25 showed an intense absorption and had characteristics of
26 macr_ocyclic materials. It analyzed for 2.58% N.
27 Table 1
28 MACROBICYCLIC POLVYAMINE -DIS?':'.I-‘.SANTS {MPD)
29 Polyisobutenylsuccinic _
50 Example anhydride (PIBSA) Polyamine MPD
51 Typel  ww? sap3 | 3
L] . 2 A yd= - 1046
35 . Thermal 1300 63 4~azaheptane

[NV |
[ 97

l,7-diamine (AHD)

86 Chloro _1300 103 AED

]
.



30, through B14 in Table 1 bel ow and were prepared foll owi ng the 31
prrocedure of Exanples Bl and B2. It is noteworthy that the 32

post-treat ment of sel ected nacrobicyclic polyamnes with 33 netal salts,
boric acid, alkylene oxide and additional 34 polyisobutenyl succinic
anhydride (PIBSA) al so affords ad- ditives having additional :

mul tifunctional properties. EXAMPLES B5 A[\ID2§6_- USE OF HEAT SOQAK PROCESS

| N PREPARATI ON OF MACROCYCLI C POLYAM NES - 26 -1 Exanpl e B5
2 About 228g ([err]1 nole) of a polyisobutenyl succinic 3
anhydride (Pl BSA) %7 Sap #65 angn,Mpzd800; o4 aigred via yhe-gpgzdagLacti oa.98
was diluted with solvent 150 neutraT\ mneral to a Sap bafé #910wde- added to
18.8g ([err]0.1 3mle) of 4,8-diazaundecane- 6 1, 11-di amine apagPjerr]C for
a period of 15 minutes. The reaction m xture was soaked at 100-110[err](£ .
for 3 hours whil%® sB8rring 8 un®bermalr olj2®0 bl&nket. APAPRe end of the -3
third hour the 9 reaction tenperature was_raised to 1730C and mai ntai neq ah
10 this tenperat urBfor 10 houF§ermaher k399 erb5 the prOARCt was 11 :

nitrogen stri ppebd 50[err]C %t(g%gggdhg%a%go#g and C%'gbﬁ(:t ed. 12 The 2,31
| croc

final product showe n excelle ycle asS I3 indicated by

the strong absorpti at 6.0-6. bekON 98ghhegi4 infigpgd spectrum anGe—
anal yzed for 1. QG%mrogen. 15%h%95 Exanpl e B6 16 About

262g of Pl BSA ofg Mgi300 and SaghdemaiO31se0e ¥ - added,8913}y5ete- 2.54
4, 8-di azaundecaree- 1, 11-di am ne contai ning 3g 18 of 50%e&raaz8éctdd for a
period of one HAl f hour at 80[err]C. Wien 19 the addi desaneas ,&8mnpl et ed,

t hdreaction mddt ure was soaked 20 at 80-100[err]C foRidmisgrs whi | &
stirring under 12 nitrogen 21 blanket. Thereafter, the F&PPePi¥EPEShas

raised to 175- 0C and kept, faqr 10 s.. At the f, 10th —
hour, the 23 r cthﬁ t enper at Lﬁ‘@%\ﬁgé Ig%ﬂjeds?o 1500&%arar¢d%tlﬁég?gacti on 24
m xture was nitrogen stripped for one half hour. The product 25 showed an

i nt ense absorption and had characteristics, of 2 macr o%ycl.i C g%gri al s.
It anal yzed forl%. 58% N. 1) e preparation of the requisite PIBSA reactants

15 1s described in U.S. Patents 3,306,980; 4,239,636 and U.K.

16 Patent 1,398,000. Grafted PIBSA can be obtained by reacting

17 @ polyisobutene (PIB) and maleic anhydride in the presence

18 of an organic peroxide at an elevated temperature according

19 to Example 1 of U.K. Patent 1,398,000. Chloro PIBSA is

20 prepared by heating chlorinated PIB and maleic anhydride

21 together at elevated temperatures according to U.S. Patents

22 3,306,980 and 4,239,636. . Thermal PIBSA is produced by

St 23 simply heating PIB and maleic anhydride together at about

o 24 200°C according to the procedures ocutlined in U.S. Patents
25 3,306,908 and 4,239,636.

26 2) MW designates the molecular weights of the PIB
27 reactants determined by vapor phase osmometry (VPO).

28 3) SAP designates the saponification number.

29 4) Commercial TAOD is a2 product of BASF Wyandotte
50 Corporation, Parsippany, NJ (3ASF identifies this product
31 as "Ng-amine mixture"). According to BASF's Technical

Bulletin, commercial TAOD consists mainly (over 50%) of

L2 B A}

4,8,11,15-tetra~azaoctadecane-1,18-diamine (TAOD); addi~

(¥3)



27.Tabl € 1 28 MACROBI CYCLI C POLYAM NE DI SPERSANTS (MPD) 29

Pol yi sobut enyl succi nic 30 Exanple anhydri de (Pl BSA)

Pol yam ne MPD 31 Typel [err] 35

Thermal 1300 65 4- azahept ane- 1.46 1, 7-di am ne (AHD) B6

Chl oro 1300 103 AHD - 27 -1 B7 Thermal 1300 65
4, 7-di azade- 1.98 2 - 28 - cane
1,10-di- 3 am ne (DADD) 4 B8
Thermal 1300 65 DADD 1.57 5 B9 Ther mal
%)i([))([)) 65 1 DAlN3nal components indhde h@%@\e: arZ:%OJOowe:G'l?Jrﬁcﬁ%gsl?’O%D
B12 T%ler rFeﬂta%'ﬁbbm%%“ content hs ﬁl%slg%t é:o'n'.:r:.s:.zg5;42§ primary,
tetraazaocta- 1® 15% secondary and 1.7% tertiary nitrogen. decane-1, 18- 11
di am ne 12 (TAOD m xture)4 13 B13
Gafted 1300 g5 oD gl pef agi on of
the requisite PLBSA reacta é\ Is‘g IS eséﬁ BI%YC“ICUA?D I’?gr?tgge\? 58% 980;

4,239,636 and UW’K. 16 - Pat FRLYAMINE BISPEREANT VI PRMBSRVERS be obt ai ned by
react | ng 17 a f»ol yi sobut engovdl Bpmpodifbors chrhgdinskant ihikenplens drndng8

f |
o UK Par et 1 BEn BB SaR O RE f BERSE R IRALRCAYE) Tongtoudy S ©
chl orinated PI B andrestigs afehpaepased by oglee rﬁeqdlaﬂtwél egayeammeﬁtmﬁw-
according to U S Paiesdd widh 3u39§n980aﬂﬁ&’dx41c?e3%rﬁﬁﬁs toThrenBelddEi i s

Da%200[ er1]C Moor RPN IS, 4283 BEHh B BaeRSuL FHe T p, Ve pBh By
3, 306, 908 and 4l 239pébprers bearmg succinic anhydride groups are responsive
12 to the process of the present invention in generating the
13 corresponding bicyclic and macrobicyclic polyamine derivatives.
14 The following examples are used simply to. illustrate the
15 formation of the bicyclic and macrobicyclic polyamines
16 using the readily available maleic anhydride grafted ethyl-
17 ene-propylene copolymer, i.e., ethylene propylene-succinic
18 anhydride (EPSA) as taught in Example 1 of U.S. 4,089,79%4;
19 4,137,185; and 4,144,181.

20 EXAMPLE Cl. SYNTERESIS OF 2,6~DIAZA-7-0X0-BICYCLO-
21 ' [(4.3.0] NON~-l-EN-8-YL SUBSTITUTED ETEYLENE PROPY-
22 LENE(EP) COPOLYMER VIA THE AMINOLYSIS OF SUCCINIC
y 23 ANEYDRIDE SUBSTITUTED EP(EPSA) WITE 1, 3,PROPANE
24 DIAMINE (PDA). :
25 An lls mineral oil (Solvent 100 Neutral) soluticn
26 of EP copolymer of Mn = 50,000 and was grafted with maleic
27 anhydride by heating in the presence of peroxide as shown in
28 Example 1 of U.S. Patent 4,089,794 to provide an EPSA having
29 an acid value of about 0.14 meq. pef gram of polymer.
30 About 200gms of this EPSA and grafted oil was
31 dissolved in 100ml xylene and added dropwise to a stirred
32 solution of 10 gms (.135 mol) of PDA and 100ml of xylene at
33 room temperature. The reaction mixture was gradually heated
54 to reflux to distill off the xylene and water of reaction.
33 When water evolution ceased, the mixture was heated to 200°C
59 and sparged with aitrogen for about 2 hours. The IR spectrum



26." v 2) NMVdesighates t he nol ecul ar wei ghts of the PIB 27

reactants determ ned by vapor phase osnonetry (VPO . 28 : 3) SAP
desi ghat es the saponification nunber. 29 4) Conmmercial TAOD is a
product of BASF Wandotte 30 Corporation, Parsippany, NJ (BASF identifies
this product 31 as "[err]-am ne mxture"). According to BASF s Techni cal
32 Bulletin, commercial TACD consists mainly (over 50% of 33
4,8,11,15-tetra-azaoctadecane-|,I8-dianihe? AOD) ; addi - - 28 -1

tional components include higher and | ower honologs. The 2 t ot al
nitrogen contenl i gfCéhePrttiuctonddisSpRomindheId WBY Band at bt e andaeNs pnd

1. 7% tertiary nitroge 4 Cps S HESI S, OF CYCLI C_AND

MACRCBI CYCL| € 52 whidn fs pﬁmﬁﬁ@%%&égﬁgeﬁlﬂw%@%ygmme struc-
Novel conposi tidns ture:helhbde aahsdnpidon washabsagty Thmidrafustersaiyzedd
vi scosi ty-indexs (Vighyl GD50¥ iditddg@n &nd WA ld 9385816y YrALeFeBYL I Mk 1000¢.

addi ti on of pol grre&ﬁﬂ/%@&&ﬁé?'isg reptesehel H01SYGStH G 2R hggf%%eff

the sel ected 10 m nes taught Ln the present rrAvention.

0
all 11 polymeés BeaQLng succi ni ¢ anhydride groups are responsive 12 to

the process of $he present invention in ge ing the correspondi ng
bi cyclic and nmacrobicyclic pol yam ne dg?; atilles. 14 The, fol |l ow ng
exanpl es are used sinply to illustrate NOr ion &f the bicyclic

and nmacrobi cycl §c pol yaminés 16  using.t
anhydri de graf&sd et hyl - 17 ene- propyl en

readj |y ayail aple naleic
7 i.#., ethylene
propyl ene-succinic 18 anhydri de (EPSA) as ght *I'n anple 1 of U. S.

4,689, 794; 19 17 4,137, 185:Exangzé, &44, 181. 20 ERAVPLE C1.

SYNTHESI S OF 2, 8- DI AZA- 7- OXO B|.CYCLO. 2 . [4.3. | - EN-8- YL
SUBSTI TUTED ETHYLENE PROPY- ‘2?"‘* proauét desESREPES) vc:%fsew%%s Frepared
AM NOLYSI S OF SBOCHY! ©383ng the EPSA toARHHERMDEQUBSTI TLTEDIEPPERSK XYL ERe
1,3, PROPANE 2444 qntil evBlaMOE $FRMter Teased. Analﬁbé%ﬁﬂ%{e@ t8hk

é?g:* ;’ggt Wlltog ﬁg;r 2’:'.l-}e Sporlo%tulc%nwgg the Os]:anlizep acso%ga)én%rorgfed NPn =Ex5a0xﬁp Oeo Cq.rld nas

16 B. Example Cl was repeated except that the amine
17 used was replaced with 0.315 mole of 2-hydroxy-1,3-propane-
18 diamine. The resulting hydroxy substituted bicyclic poly-
19 amine product contained 0.38% nitrogen.: ST

20 EXAMPLE C3. IMIDATION OF EPSA WITH l, 3-PROPANE-
21 DIAMINE

— '
22 This example was carried out for_comparative pur-

23 poses and illustrates prior art technique. A solution of 3g
24 PDA in 100ml of xylene was added dropwise to 200gms of EPSA

25 in 100ml of xylene stirred at 160°C. A gel formed but
26 despite gelation, the PDA addition was completed and the re-
27 action mixture stirred at 180°C for about 2 hours. Solvent
2% was removed by nitrogen sparging at 180°C for 2 hours and a
29 thickened polymer solution with an IR spectrum featuring a
30 prominent imidelabsorpticn band. The product was too thick
31

for wiscosity measurement at 1009C. These data clearly
incdicate the presence of a linear chain extended product.

21

[



27, anfhydride by heating in the presence of peroxide as shown in 28
Exanple 1 of U S. Patent 4,089,794 to provide an EPSA havi ng 29 an acid
val ue of about 0.14 nmeq. per gram of polyner. 30 . About 200gns of
this EPSA and grafted oil was 31 di ssolved in 100m xyl ene and added
dropwi se to a stirred 32 solution of 10 gns (.135 nol) of PDA and 100m

of xylene at 33 roomtenperature. The «+ &dct-i on m xture was gradual ly
heat ed 34 toreflex to distill off the xylene and water of reaction.
When wat er evol ution ceased, the m xture was heated to 200[err]C 36 and
sparged with nitrogen for about 2 hours. The IR spectrum - 29 -1 of

the product had_a promnent_C - N band at about 6 microns, 2 whichis

characteristic of the bi cy@¥AHMEEE FAri ndTFRCHKENE OF £ e/ 1§ 1RRIAZATISrOXPoN
was absent. The product arsicrosd (4. 31 0jDODEGL+EN+1C3aT RUNCHEONAL IMIYS ONFDL Y

of 2366¢cSt. at Rerr]. 5 T R daekSvELP , t . bei ng
approxi matel y 65 7 8. B R vik erﬁisg%%gg{% QI’PH P
EXAMPLE C2. 12 4 AAZREEFTANBOd 7d€§-’é¥¥ﬁd(m)Exanpl e d was

prepared 13 bysaddi ng the ZRS&msoof 4R EPSXi ¢ff) Exaple Tl serBDii sslived eae

14 until evolutio e ond 14 t Qat

product was thetﬁsa%ﬁ&l‘”ﬁé?n%(ﬁéﬁ%%ﬂdﬁ%ﬁ%ﬁ%s%f.g 1]6‘%%%m Q@ AﬁéBi.ﬁ r}%?arurlg)'l e

C was repeat ed 7TexcptXnliese fferapPneenperaiine waFhpcpLatere \Wah Gradisliyl e

gf 2- lhydr ox?/- 1, sg- e -tol&ef?uﬁm PQheTgﬁéég%g}ﬁgl ?&&B&dr@%:e%l&ib'nt Wed

i cyclic poly- ne .produc ont ai n : nitrogen.

SarLe G T vPoad L ERsy, e FeactIGE,fiExtute WHLCh vaS then,sqarsed

Thirs exanpl e was car¥ttedisyogeoratohilf £orvé howr. 2Rnalysés afidthe ipedymeres

prior art techgllquesoﬁﬁ%ubyoaaoéessaféa A dHl YRATL BhiyahEAe MARadided

dropwi se to 20 gms o{, EPSA ) . )

_ 12?2 ality (prominent absorption band at about 6 microns as

13 depicted in the formula below. The product contained 0.5
14 weight percent nitrogen; n is approximately 5. '

— _

/\/\ e
e /? NH
17 N \/—/
18 EP § ‘ ' /

_ 19 / n

20 EXAMPLE CS. SYNTHESIS OF 2,6,9,13-TETRAAZA-14-
21 0X0-BICYCLO[11.3.0] HEXADEC-1-EN-15-¥L SUBSTITUTED
22 EP COPOLYMER VIA AMINOLYSIS OF EPSA WITH 4,7~
23 DIAZA-DECANE-1, 10-DIAMINE(DADD)
21 _ 200gms of the EPSA of Example Cl were dissolved in
25 200ml xylene at a dropwise to 6gms (34 millimoles of DADD)
26 in 100 ml of xylene at about 25° under a2 nitrocen atmosphere.
27 The stirred reaction mixture is heated to 180°C and the

xylene together water of reaction were gradually distilled
off. The resulting polymer solution in Solvent 150 Neutral

) 12 1

leb

mineral oil was sparged with nitrogen ané the reactica
temperature was maintained at 180°C. The polymer solution



25 in 100mM of xylene stirred at 160[err]C. A gel forned but 26 despite
gel ation, the PDA addition was conpleted and the re- 27 action mxture
stirred at 180[err]C for about 2 hours. Solvent 28 was renoved by nitrogen
sparging at 180[err]C for 2 hours and a 29 thickened polyner solution with
an IR spectrumfeaturing a 30 prom nent im de absorption band. The product
was too thick 31 for viscosity neasurenent__at 100[err]C. These data
clearly indicate the presence of a linedr ¥hdi n ext ended product . - 30 -
1 EXAMPLE C4. ATTACHVENT OF 2,6, 10- TRI AZA-1 1-OXO- 2 .

Bl CYCLQ( 8. 3. 0] DODEfed tided 221 | TR dY@HtGNAl WI¥hOBNOigtense C = NEgbSOFPYINER
VI A AM NOLYSI S,OF ; AHERTANsgen/- RhAMhAER 4 Akides
200 gns of thezEPsﬁgx(?@' g%—#ﬁ%e?défovferoéfai ggol ved s 6q3e100m xyl ene and
added dropwi se 3t o TagdgnybIcoisy PL1385FS% an‘?(é/‘f]%he at roomteénperature.
The m xture was gradually 8 heated to reflux. The xylene and water of
reaction were 9 distilled fromthe reaction m xture which was then sparged

10 with nit rogen at 180] ¥ hour. Analysis of the polynmer 11
solution by IR reveal ed nmacrobicyclic polyanine function- 12 ality -
(proni nent  absdr ption band® BTtk & Ae G W3S REARATSL: ©FCeRE

fornul a bel ow. ¢ ThenPf ARECEPSH Ragi ddded t2 d LefiRixihy pleam@nsotiaged;the i s

approximately 5. 15 .
EP 19 20 K P%@G“‘éﬁﬁﬁ&%‘?‘?@% &3"8 geéniianion, of, thg same
OXO- Bl CYCL( 11.83. OpreHOEC- 1- EN- 15- YL SUBSTI TUTED 22 _ EP
COPOLYMER VI A AM NOLYSIS OF EPSA WTH 4, 7- 23

DI YWZA- DECANE- , 10- DI AM NE( Dgﬁpﬁé 200gns of the EPSA of Exanple
d were dissolWed in 25 2 I_Ce%e at a dropwise to 6gns (34 mllinoles
of DADD) 26 in0l00 nl of xfhésexampigois 28] sompagatiéve Purpose§en The same

at mospher e. 11 reactants were used as in Example CS, except that to a
12 stirred solution of the EPSA in xylene at 1609C was added
13 dropwise 2.1 grams (0.012 mole) of DADD over an hour
14 periocd. A rapid increase in viscosity was observed and the
15 reaction mixture assumed a gel-like appearance. Heating was
16 continued to distill off the xylene; the residue was heated
17 to 200°C for about 2 hours. The thickened polymer solutiecn
18 showed an IR spectrum with a prominent imide carbonyl
19 absorption band at 5.95 microns, analyzed for 0.62% nitro-
20 gen and had a kinematic viscosity of 1587 cSt at 100°c.

N 21 EXAMPLES C-8 to C-12
22 Table 2 below contains an additional listing of

23 dispersant - VI improvers derived from various ethylene-
24 propylene (EP) copolymers grafted with maleic anhydride
25 under varying conditions. The EP copolymer was 43 wt%

26 ethylene of varying molecular weight.



K

27" The'stirred reaction mixture is heated to 180[err]C and the 28 xyl ene
toget her water of reaction were gradually distilled 29 off. The resulting
pol yrrer solution in Solvent 150 Neutral mineral oil was sparged with
nitrogen and the reaction tenperature was mai ntained at 180[err]C.  The

pol ymer sol ution - 31 -1 featured an IR spectrumwith an intense C = N
absorption 2 band, analyzed for 0.63 petcgpt-nitrogen, and had a kine- 3
matic viscosity of 365 cSt at [err]. 4 EXAMPLE C6. 5 A

product of Exanple C5 was prepared, except f£ghadt the EPSA was added to a
ref luxing xylene solution of the 7 pol yam-rre—AnaI yses confirnmed the

preparation of 2che ane 8 rodyct .

This exanple i r"':S nﬁ&&&ﬁﬁﬁ@\gﬁip&&ﬁ The sanﬁutm &8ed
as 'in Exanpl e C5 except that to a 12 stirred solution of the EPSA in

xyl ene at 160[err] C was added 13 dropwise =~ 2.1 grams (0.012 nole) of
DADD over an hour & [F& |"o‘EFaf;¢Efda iohkasese in vidbosity wRDMbser Ve@8
and the 15 reattion m xtureP88%8R8d a gel -1i ke appearance. Heating was 16
continued to digti€p ofEfP +h@ragkede;int he resi due was2heated 17%pato .27
200[ err] C for dbout 2 hours. pﬂihelsdab@tuekm ol ymer solution 18 showed an
| R spectrum wi th a proni nent Si4kedtcar bonyl 19 absorption band at 5.95

m crons, anal yzgd €00 05@2%;@32&@5 29 oip®n and had s0 ki nematgpa/i scogy g

of 1587 cSt at101.00 r] MPLES C 8 C12 22
Table 2 bel ow contél %s gﬁ éﬁF?FSﬂaf‘nI?@Ang of 23 ispersaPﬁDD- v 0.62

i nprovers deriMed €¥dm ERi 6asfoedyinr@il 24  propyl 8he (EP) TAQDI| ynerls 92
gr‘a.f«t ed with ei ¢ anhydride 25 under varying conditions. The EP
copol ynmer was wt%g)G Mt th)glo%ne of varying nol ecul ar wei ght.

14 (b) 0il was a Solvent 100 Neutral mineral oil

15 D. EXAMPLES OF DISPERSANTS PREPARED VIA AMINATION OF PIBSA
16 WITE AZA CROWN AND AZA POLYCYCLIC COMPOUNDS.

17 EXAMPLE Dl. AMINOLYSIS OF PIBSA WITH 1,4,9,11-

18 TETRA-AZACYCLOTETRADECANE (CYCLAM)
19 6.5 gms of the PIBSA described in Example Bl and

20 0.5gm (2.5 millimoles) of cyclam were combined and heated
to 150°C; the reaction mixture was stirred for severai hours

s 22 at 150°C and then nitrogen sparged for two hcurs. The

23 concentrate analyzed for 1.65% nitrogen,”and had ‘an IR

24 spectrum with carbonyl absorption characteristic of an

25 acylated cyclam product.

26 The above procedure was repeated except the amount

- 27  of PIBSA used was doubled to reflect further acy lation of the

28 cyclam compound. The final product analyzed for 1.13%

nitrogen.

[£]

EXAMPLE D2. AMINOLYSIS OF PIBSA WITE EEXACYCLEN(1,

30

31 4,7,10,13,16- BEXAAZACYCLOOCTADECANE).

32 Equimolaf amounts of the aza crown compound and
53 the PIBSA of Example Bl ‘were combined and heated at 150°C,
54  the mixture was stirred at this temperature for two houcs



-32.1" TABLE 2 2

Pol ymer 3 Ex. Polynmer G aft Type - M1 [err] Polyamine %N 4 C8
EP -&afted in dichloro- 54 PDA 0.08 5

benzene 6 C9 EP - Gafted in 27 PDA 0.27 7
pol yi sobutyl enea 8 ' diluent-9 Cl10 EP- Gafted in Ql[err]

50 | BPA 0.48 10 (11 EP-- @mfted in O 50

DADD 0.62-11 (12 EP- Gafted in O 0 TACD

5
0.92 12 13 (a = 500 14 S a olven Neutra
mneral oil 15 %?d%m%@ &GP, ggA%§’?’ﬁEP H’ FEERFYE $1 BSA
16 W TH AZA 2CROpEbanEr AZentRAnedYCLEE SONVPEGRAIDS. 17 EXAMPLE D1.
AM NCOLYSI S Ok PI BSA W THmp
TETRA- AZACYCLOTETRADECANE %N%l?%jakfggab°ve was repeates Si°%ht *Bfesa
descri bed i n 4ExafPPeaB| onREBER wWa§ SgrPLeds nﬁ?.magsﬁr&ﬁue;cmﬁ#min
conbi ned and sheat 88%24ittogdbO[err]C, the reaction m xture was stirred for
several hours 22 at 150[err]C and then nitrogen sparged for two hours.
The 23 concentrate analyzed for 1.65%nitrogen, and had an IR 24
spectrum wi t 16 carbonyl aPB E o3 ¢ h AMINOLESIE| OF (PIRSA JEITE oyi-dided cycl am
product. 26 7 TIrRINBONEL $2 06,0 1S ~TETRARRRATRIC YOI 7 .13 . 3T A 1]

27 of PIBSA used was d ect further acylation of the 28
cycl am conmpound. The flcr%ﬂ?bgg%%fgﬁanal %zed for 1.13% 29 nitrogen. 30

EXAVPLE D2. 9AM NOLYSI S &ppppeipateiv ¢O=RS1modes) of the PIBSA
4,7,10, 13, 167 HEXW&&XW@EC&NE)ZS::%Z(O .05 moles) %ﬁfw-ﬁﬁ* YeramaygLs of

et o O SOUBRVAR ER) s 1Bol SRR pRLATEY S 9 S EaERaur o 1 or

two hours 12 hours, nitrogen sparged. and filtered to give an acylated
13 aza polycyclic product which analyzed for 1.05% nitrogen.

14 _ EXAMPLE D4. AMINOLYSIS OF PIBSA WITE 1,4,8,1l-
15 TETRAAZATRICYCLO-[8.4.0.04/°]TETRADECANE (TATT).
16 173gms (0.1 mole) of PIBSA of Example B8 and

17 19.6gms (0.1 mole) of TATT were combined and heated at 180°
18 for 2 hours, nitrogen sparged for 1 hour at 180°C. The

19 acylated aza pblycyclic product analyzed for 2.76%
20 nitrogen

N\ 21 E. DISPERSANT-VI IMPROVERS VIA AMINATION OF E2SA WITH
22 AZA CROWN AND AZA POLYCYCLIC CCMPOUNDS - : i
23 _ EXAMPLE El. MODIFICATION OF EPSA WITH 12,12-
24 DIMETHYL-2,6,10-TRIAZABICYCLO[8.3.0] TRIDEC-1-
25 EN-11-ONE(TBT) . -
26 3.4gms (15.2 millimoles) of TBT was dissolved in

27 100ml of xylene and mixed with S5S5Sgms of the EPSA des-
28 cribed in Example Cl; the reaction mixture was gradually
29 heated to 150° for 1 hour to distill off xylene and water
30 of reaction, then sparged with nitrogen at 160° for 1

31 hour. The acylated aza crown compound analyzed for

32 0.87% nitrogen.



33°- 1 "and nitrogen sparged for 1 hour. The acyl ated hexacyclen 2
product contained 1.5%nitrogen. 3 The procedure above was
repeat ed except the 4 anount of PIBSA was doubled. The final product
contained 5 .85% nitrogen. 6 EXAMPLE D3. AM NOLYSI S OF PI BSA
WTH 3,7, 11- 7 TRI METHYL- 2, 6, 10, 13- TETRAAZA- TRI CYCLO
(7.3.1.[ERR], 13] 8 TRI DECANE(-T®E) - 9 Appr oxi mat el y
115gns (0.05 noles) of the PIBSA 10 of Exanple Bl and 11.2gnms (0.05 nol es)
of TTT were dis- 11 solved in 100m s xylene. The m xture was refluxed 2
12 hours, nitrogen spar GEAMBRE E2! tAMBATIONGOFeERSA algyTHt 347,11 -TRIZa

pol ycyclic preduct which Z fod, Fa¥oohl v . 5, MPLE
D4. AM NOLYSLS OF PI BSAM\%\?%ﬁl?gséfql{%%mkhmgﬁfc efo [7.3.1.0 m
TETRAAZATRI CYCLO [ 8. 4. 0. BRERRFARE ¥ERADECANE (TATT). 16 173gns
(0.1 nole) of 4PI BSA of El@Ophe &8 P8R bE ExhfpGensl(&nd Il msof(0TAIT were
conbi ned and Kea ¢ r [ o) ed for 1
hour at 180[erbr] ;C'Esqe%lea%gé@gc%ﬁéﬁsgg&(%ea Fﬂg 12?3'.%&& ra%g'c%to agéfgyged for

] aza po
2.76% 20 nitPogBRus3, Eltregesbpgxged\pt N&MEF:&;‘ Aoy mad eppled £PSA.
W TH 22 AZA TROMHeANDYAZRe@GRAaDllyc®clGvPEbBScR3analyzed forE¥ANBRE El .

MODI FI CATI ON H 12,12- 24
DINETHYL-2,6,§E-$E?§E§EECNCLC{8.3.0] TRI DEC-1- 25 EN-1 1- ONE( TBT) .
26 3.4gnms (15.2 mllinoles) of TBT was dissolved in 27 100m of

xyl ene and miged with 55g35 oAMilmrIdACAFEPsa2@ITHCL| bpgd, i1-TReEERLATRE, the

reaction m xture was gradyal 2 X r r 1 hour to

distill off ;(% ene and vvae#gt'bga?%Taf?égﬁ%niﬁggﬁ(é%ﬁged wi th nitrogen
at 1600 for 1131  hour. 10Phemacef athel BRER efoRmampipothdverminized f or 32
0.87% ni trogep. with 347-gms (13.8 millEXAVBLF &2 i NAHa@YaOEoEES ¥V TH

3,7,11-TRI - 13 200° and maintained at this temperature for 2 hours with
14 nitrogen sparging. The acylated aza polycyclic product
15 contained 1.05% nitrogen. |
16 EXAMPLE E4. AMINATION OF EPSA WITH 1,4,7,9-
17 TETRAAZATRICYCLO([6.3.1.04/12]-pOoDECANE (TATD).
18 100gms of the EPSA of Example Cl were mixed with
19  2.4gms (14.3 millimoles) of TATD and gradually heated to
20 200°C. The mixture was maintained at 200°C with nitrogen
21 sparging for 2 hours. The acylated aza polycyclic-product

o 22  analyzed for 1.0% nitrogen. |

23 In Tables 3 and 4 below the products of this in-
24 vention were evaluated for sludge and varaish potency in the

25 SIB (Sludge Inhibition Bench Test) and VIB (Varnish Inhi-
2 bition Bench Test). Comparative Tests with pricr art

27 products were also conducted. These tests are described:
28 Dbelow: '

29 The SIB test employs a used crankcase mineral lu-
50 bricating ocil composition having an original viscosity of
31 about 325 SUS at 37.8°C that has been used in a taxicab that
3 was driven generally for short trips only, thereby causing

(YT 9]

a buildup of a high concentration of sludge precursors. The

(Y]

s
i

oil that was used contained only a refined hbase mineral oil,



2. . METHYL- 2, 6, 10, 13 TETRAZAZATRI CYCLO [7.3.1.[err],13] 3

TR DECANE(TTT). 4 100gns of EPSA of Exanple d and 3.1 gns (0.014
5 nokes) of TTT were conbined and heated at 180[err] for 2 6 hours,
nitrogen sparged at [err] for 1 hour and cooled. 7 The acyl ated

azapol ycyclic product analyzed for 0.43% 8 nitrogen. 9 E3.
AM NATI ON OF EPSA WTH 1, 4, 8, 11- TETRAAZAIRI. 10 CYyCL( 8. 4. 0. 04,
9] TETRADECANE( TATT) 11 100 gnms of the EPSA of Exanple O were

d 12 th |
?Oé[eerr] a\rllmd Al n‘tzzé?‘rqé éﬁlﬁﬁgk i@@ﬁ ug forgazﬁg%te%‘}e&gﬁﬂ?%ﬁ ?ro en
spar gi ng. The Sdetkyé 15’2&"%‘?%% Ahfisweer pddigtdneai nSBel°G$%=°n"
nitrogen. 163 tained ndéA\dce Eﬂsneﬂdd‘#ﬁﬂ CthéquBRSAtWoiHsdcH uedd 01
EPSA of Examil e B Seguited By g@ﬁ@@g@;gggm% whe £p B SERRRPEIATD
and gradual | h@%t &d008 202.08®opete ]l@te Swi xture was naintai ned at
200[ err] C wi tgh nitrogen The SpBr sy ilsotcRdboréd .inTkheatyl dwihgmanner:

. pol [ d hl
B0’ bel ot Rbeoden 2ARKKAEH it 1 3ged ¢f B3GRae Y conveituging Fo7 " °°
sl udge and va&rnio®e bél-%rhﬂﬁﬁ ﬁtt#?,‘:% 39:998 QEW}GQGSI h®S bi t T® reesudsimgst )
and VI B (Var g sielleati briGht bed@i bl Bf:@cfhaxesaécant(amwoﬁ it Tesbiupieh

DL or, *0b 2ho WIRELAYEIE Gl SRaERY sl BEE, AU ol TobeRE ", 21
bricating oilh co®fadtt idd MedHg eontaing redl<sodaddiet \slwdge] presyesPrrs2s
Sus-at | I37 ]E}[ ?”]wﬁi?&??nhé? Q@@%dtﬁﬁ;.@iloﬁsaeﬁﬁllgfé@ Bﬁ‘%‘h;%ﬁtest‘/\ﬁglld’tbﬁen
gener ol 1 95 S okl a8t dnad "SLERE IR W apler 02 IR,
only a refindd Isdodge ashibiting properties ¢f at‘w addditiyes npeing rtplsaeér, a
pour point ||preserdétéRiddd By adding to portions of the used oil, a small

16 amount of the particular additive being tested. Ten grams

17 ©of each one being tested is placed in a stainless steel

18 centrifuge tube and is heated at 137.8°C for 16 hours at the

19 presence of air. Following the heating, the tube containing

20 the oil being tested is cocled and then centrifuged for 30

21 minutes at about 39,000gs. Any deposits of new sludge that

22 forms in this step are separated from the cil by decanting

23 supernatant oil and then carefully washing the sludge

24 deposits with 15 ml. of pentane to remove all remaining

N’ 25 oils from the sludge. The .weight of the new solid sludge

26 that formed in test, in milligrams, is determined by drying

27 the residue and weighing it. The results are reported as

28 milligrams of sludge per ten grams of oil, thus measuring

2 differences as small as one part per ten thousand. The less

30 new sludge formed, the more effective is the additive as a
31 dispersant. In other words, if the additive is effective,
52 it will hold at least a portion of the new sludge that forms
33 on heating and cxidation stably sﬁspended in the o0il so that
34 it does not precipitate down during the centrifuging period.
35 In the VIB test, a test sample consisting of ten
3 grams cof lubricating oil .containing the additive being

G

evaluated is used. The test o0il is a commercial lubricating



2. dial kyl dit hi ochosphate anti-wear additive. The oil con- 3 tained no
sf udge di spersants. The quantity of such used oil 4 was acquired by

draining and refilling the taxicab crankcase 5 at 1,000 - 2,000 mle
intervals. 6 The SIB test is conducted in the follow ng manner:
7 The used crankcase oil is freed of sludge by centrifuging for 8 one half

hour at about 39,000 gravities (gs). Fe&6&esulting 9 clear bright red oil
is then decanted fromthe insoluble 10 sludge particles thereby separated

out. However ] thsis¢peainsatftm aitaxdl aftef aricatRousand willesl 6f driddag

e B T Ghof AL 20BEL PR 05, STRLONCUABUL"SS il Ul

13 to form ol | “I'-NS0o tS O
i nhi bi ting pRope?texiaht tae abErti $48° ﬁelaﬁé t@gﬁr@@fj;sr fantgdfugrtind® by

adding to ponti Of‘én&fe the §H@Eh®) | The samaé:lnal@ntafrwm &f elakfl eaaéwulsar
additive being te

Jen s 17.,.0f each one sted | S aced in
a stainless éee?‘%?c%e&tﬁf %aettfl%cel rso%eaéﬁ°% 511%9‘\‘%'} 16
hours at the6l9 PeFatRuarcever aineripd| Pﬁmﬁr@mshé&tﬁ- rfgremcnru about

contai ning 2G t&go Okyches ngeie&tiadtes eqeisgd and h@ar&;agntphhaaged feas 30
21 mnutes at about 39, 00Qg

f d 22 .1
[ thi S St opPar cCORRPRRA % BOREERE B 100, VRARAR PRECTF Bisor nACTHAH |
and then car ef ul preenhNGgandcha badance aigepesi bebhied thowigh the teatane

to renove al '0 reﬁ%ﬁ‘léﬁ gAd Qulrink’ ARd h@oéiﬂﬂﬁephagéﬁ wakaht vgfpct,he,,ggaw
solid sludg& 26

drying 27 tAe r%@%orm‘v@&‘gﬁ %;E:F#nsr#&ll’i%‘g le: 5’#’8 P@é Fegfd :

nm\li granms gfp sl pelgm@emtm testingfcymlle cahuse lreaeatengasa necdssarycimes
as small as one getlriife (Al AMUSA0Ing TOELLEE SERny AMaT LGP 1AL Tehy [ Ne

more ef f ect ilve |s t |t|v sper sant her word | f
the additivd4 s é‘FT%%‘E?ﬁ/e° 3xhe fesh | Fla%kS AR WBiSP FRSorIFTRISSH Y?Fée new
sl udge that 1fsor reoffainexh frntviisgaddg ewalivated = to theuspendsh imhise oil

S0 that 34 't Qﬁ’??vFOt 'ﬁ{fca'.n{yutrﬁt de%?géi‘i'ﬂQoJJE% %%”L%f B&Q%SQ peri od.

35 t est e consistin grans of
| ubricating 1c7 I Eakedi 3F n'@a-‘t“rﬁ,s &édl‘fFPVe°Bé| e sever\w ttBG PigheEd. The

test oil is g conumbér Meindrihigregter amount of varnish. It has been
19 found that this test correlates with the varnish results
20 ©obtained as a consequence of carrying out ASTM-MS-VC
21 engine tests. _
22 ' EXAMPLE Gl. EVALUATION OF DISPERSANTS IN THE SIB

23 : AND VIB TESTS
24 A series of SIB and VIB evaluations were carried out
() 25 comparing macrobicyélic and polycyclic polyamine disper-

26 Ssants of this invention with nen-cyclic linear bis-imide
27 dispersants prepared utilizing the prior art ccnditions

28 which do not provide the macrocyclic structure.

290 Included in the testing for comparative purposes
30 are two dispersants CD-1 and CD-2 which are representative
31 ©f current commercially available products and are made

32 by aminating PIBSA of Mn 900 and 1300 respectively with

33 tetraethylehe pentamine to give polyisobutenyl succinimide
51 products which are linear bis~-imide structures. These

55 <Tesults are in the table below.



-.36 - 1 oil obtained froma taxi after two thousand mles of driving 2
with said lubricating oil. Each sanple is heat soaked 3 overnight at
about 140[err]C and thereafter centrifuged to 4 renove the sludge. The
supernatant fluid of each sanple is 5 subjected to heat cycling from about
150[err]Cto roomtem 6 perature over a period of 3.5 hours at a
frequency of about 7 two cycles per ningye. During the heating phase, a gas
- 8 containing a mxture of 0.7 volunme percent [err], 1.4 volune 9

percent NO and the bal ance air was_bubbl ed_t hrough the test 10 sanpl es .
and during the cooling phase, wat = bbl ed through the test
sanples. Atzthe end of the test 12siperesulLrshich testing vgBle can be

repeat ed. as Nec@BBEFIVEo det er gj.n =iy t4:Rg effe any
addi tive, tht WAKEMEBEE s, ¥Eees of Eﬁe—#e% GBI 4l Michgl‘kﬁfei%arrpl es

were 15 contained are visually evaluated as to the varnish inhi- 16
bition. Thebanggng-pf varnish inposed on theooval Is is 17 rated at val ues

of fromone §o §gv§9 wi th the higher 18 nyn@ r being the greater amount
of varnish. _lt has been 1 found that this"Test correlates’with the -
var ni sh resuf t SE20B-®bt ai ndHl as a consequen@elbf carrying outZASTM M- VC 21

engi ne tests§ 28x B-10 MEXAMPLE GlL. EVALL#8II ON OF DI SPERSANTS | N TEE
SIB 23 9 «AN0 VI B TESTS 24 Ageries of SIB apd VIB

eval uati ons merg carried o 25 conpari ng n%trobicyclic and pol ycyclic

pol yani ne dt&peEX B6l2sants of this inventi®PW®i th non-cyclic?linear

bi s-im de 2i/1 di ggepsgants psepared utilizinggthg prior art conditions 28
whieeh do no pregiﬁg t he crocyclic struct re 29 ncl uded in

t he testingf or “tonpar at i ve” pur poses 30 are fmo di spersants“CD-1 and CD-2
whi ch are rkpreSongative 3L of current cobwR®cially avail abBe products
and are madgg 32 by amd@dddieyRhBeA 8E Nh?gw,gﬁ@o.rggggggi vely with 33
tetraet hyl ene pent:am ne to gi ve polyi sobut enyl™ succi nim de 34 products
which are linear bis-imde structures. These 35 results are in the table
bel ow.

15 EXAMPLE G2. EVALUATION OF DISPERSANT VI IMPROVERS
16 IN THE SIB AND VIB TESTS.
17 A number of products of the invention as prepared

18 in the foregoing examples are suitable as dispersant -

19 VI improvers were evaluated in the SIB/VIB tests and

2 compared for activity against a compound representative
21 of current commercially suitable products. These results
22 are tabulated below.

23 In the table, 3C, MBC and PC represent the struc-
24 - tural categorization of the products of the invention,
i.e., biecyclic, macrobicyclic and polycyclic polyamine
dispersant- VI improvers, respectively. CD-3 is a oroduct
27 which qualifies under commercial stancdards and is made by
28 reaction of EPSA (Ex. Cl) and N-(3-aminopropyl) morpholine,
29 and is included for comparative purposes.



37 -1

TABLE - EXAMPLE Gl SIB.RESULTS

ViB 3 ADDI TIVE 4 EXAMPLE TYPE MG SLUDGE/ 10. 0g G | RATI NG
5 E B-1 M 0. 00 36 EXB-4 L
2.93 57 EXB-8 M 0.21

2 8 EX B-10 M 0. 68 39 EXB-I M
0. 38 310 EX B-12 - 38 - 0. 00

2 11 EX D4 PC 0. 48 2 12 CD1

L 4. 54 5 -2 L

5.29 1 5 14 ' Mz%ﬂ%ﬁ&—polycyclic; L -

Linear is ERSANT VI | MPROVERS 16

EXAMPLE (. EVALUATE%IE%E%
G

IN THE SIB AND VhBpiegrS 17
i nventi on as 4pr egrimerd 8

di spersant - 19 “VI tnprovers were eval uatea 1in
conpared for activity against a conpound representative 21

AMau p

roduct gzgf the

i n dee €10r egoi 19 eyagPy eSTAr € SUighalihg as

commer ci al | y Ssui €&bl e product sBC These resul 2s022
In the tabl e,g BCo2ABC and PC reggesent the sgrag- 24 turaly gategorization
s gf _the inventi I.e., bLecycli
di spetsant - VI irrp?dégrs,
a product 278 w&Sch qualifieMBider commercilabSst andards ardd< € made by 28

of the produgt
pol ycyclic pol

reaction of BPSAcgEX. C) and pg¢ 3- am nopropyl yonor pholing, 29 42 and is

yam

Re 26

25

of cu

€ ol B/VIBTEests and 20

rrent

are tadby¥ at @d bel ow. 23

c, magrqbicycl
respectivel .

ic and
CD-3is

TABLE

I-r_m _uﬁ/gﬁEf glz"cg%r ative purposes: _ 4% ResuTs -2
o 11 s BC 2.72 2 -3
12 clo BC 1.36 -2
13 Cl1 MBC 1.75 1.5 - 2
14 cl2 MBC 2.51 l -2
15 E2 PC 1.25 2 - 2.5
16 E3 PC 2.37 2
17 E4: PBC 2.09 2
18 CD-3 IMIDE 6.29 5
19 EXAMPLE H1
20 Engine tests were carried out using the novel
21 dispersant - V.I. improver multifunctional additives of
22 this invention in the Caterpillar 13-2 test. Lubricating
- 23 ©il formulations of 10W30 quality were prepared containing

24 the novel bicyclic polyamine additive of the present in-
25 vention (Example C-2A product) and these were tested in
26 <comparison with a "Base" Formulation which contained a
27 borated polyisobutylene (Mn=980) succinic anhydride - al-
28 Kkylene polyamine dispersant and with a "Comparison”" for-
20 mulation which employed a multifunctional commercial dis-
30 persant - V.I. improver, "Acrvloid 1155" which is available
31 £from Rohm & Haas Co., Philadelphia, PA and is a C-vinyl
32 pyridine ethylene copolymer graft. The lubricating oils
33 evaluated also contained, where required, conventional
31 v.I. improver, a rust inhibitor, a metal detergent and a zinc
33 dialkyldithiophosphate in a mineral oil base. These for-

mulated oils were each subjected to engine testing in the



3 ° ADDITI VE MG SLUDGE VIB 4 EXAMPLE

TYPE( 1) IN 10.0 g O L RATING 5 Cl BC

2.04 . 1.5- 26 C2A BC 3. 97

1.5- 27 CB BC 2.93 1.5 - 28 C5
MBC 1.55 1-29 C6 MBC

0. 42 1.5 - 2 10 C8 - 39 - BC - 4.70

1- 211 o BC ' 2.72 2 - 312 C10
BC 1. 36 2 13 Cl1 MBC

i. 752 . 1 Pcaterpil¥ar F%@-a" test whichli\éggn industry andzgév}e'r%melnt E3
PC- Eg flcgspted test g:cr ‘;fxelc;ispﬁsaricy and overallgcefée-ctgieness 2 09

2 18 CD-3 3 of diege] pil lubricants.gThe results and explafation of the

EXAMPLE Hl 20 test are dgdd®d1Rni:S were carried out using the novel 21
di spersant - V.. inprover nultifunctional additives of 22 this invention
in the Caterpillar 1H 2 test. Lubricating 23 oil formulations of 10W0
qual ity were5Sprepared containing 24 the 280cBowt SeterpijdayatBne Delet t+ve

of the present in-. 2 vention (Exanple C 2A éoduct) and these were
tested in 26° CEEﬁE.E.?AEM O%ith a "Base" Formﬂlﬁf on whi ch cont ai n¥g2a 27
bor at ed pol y4so hene (Mh=980) succinic anhydrjde - al- 28 | ene
pol yam ne di*sperggéé-t' and with a "Conpari son"{l¥b§% 29 mul atioﬁbémfch

enpi oyed a ndil t CP@RaFLS&PMI commercial dis- 30 persant - V.I|.1lB&prover,
"Acryloid 1195" ewlimplei @22vai | able 31 from Rohm & Haas Co., EQ;I adel phi a,
T

PA_and is - Vig 32 ri di ne, ethyl ene copolynper graft. e |ubricating
oils 33 ev (?uat égsl sot%ﬁt LRFRLE ’v%éar’b ar"&ﬁgﬁFeg;t%%Pﬂfﬁmtq%z%"@éu'v. |

i nprover, alkust “i nhi bi soRr, in evaluatigtemgentiiendl afarmrlBS5ions and is

di al kyl di t hj pphosphat e bffi avét&gd abs 0d aife tdbege for- 36  nulated oils

were each Sf_?j eQrgs (0 @BPi DPobfSieNd | Ny td'l%osité 1? groove
14 SwWTD weighted total demerits

15 The Caterpillar 1H-2 test is also a U.S. Federal
16 Test Method 791-346 and is used to meet military specifi-
17 cations, such as MIL-L-21260B and industry specifications,
18 such as SAE 183 and Generzl Motors GM 6146M. The purpose of
19 the test is to determine the effect of an oil on ring
20 sticking, wear and accumulation of deposits. The test uses
21 a single cylinder Caterpillar diesel 5 1/8" x 6 1/2".

22 , For the 1H-2 test WTD (Weighted Total Demerzits)
23 is the principal value and for a 240 hour test, the tar-
24 get specification is a value near the 90-100 range. This
25 is derived from the published specification target for a 480
26 hour test. WTD is cumulative rating based on cbservation of
v deposits in the groove and land areas of the piston and
28 lacquer on piston skirts with all these specific evaluations
29 being weighted according to their relative importance and
30 the final WTD value being calculated in accordance with the

31 test procedure.

32 EXAMPLE H2

33 A lubricating oil composition of 10W40 guality
53 containing macrocyclic polyamine dispersant. Example Bl2 .

of the present invention together with conventional amounts
of other additives to provide their normal attendant func-

it
gown



1. "Caterpillar 1H2" test which is an industry and governnent 2 accepted
test for the dispersancy and overall effectiveness 3 of diesel oil

| ubri'cants. The results and explanation of the 4 test are given below 5
240 Hour Caterpillar 1H 2 Test - 6 Fornul ation

TGF[ err] WD err] 7 Basel
16. 6% 189.1 8 Conpari son
195 9 Exanpl e C2A - 40 - 119 10

'[err]Base this result is an average data base for conpari- 11

25 engi ne-toqt s S SSleEe®s VEEEUELL RO B imgroier . st dngdBaFetia®®
3WID  wei ght ed‘ect@tlaldeééﬁ’ﬁﬁmtsaiéltlves antiotidant erqnd lzdmcl didlkgds i s

also a U S. Pedefialhib®hobphbtbehied-w8dr 348 pad, iyl ikhary
specifi- 17 at il Y @SSCE < 12%08 and énsstﬁsbt%resevfsaggcgl%ﬁicatl c’?trr\lg

such as SAE 183 @ngﬁgpil%?opggwﬁa%m EARPINE smeige dubet est
is to deternine ails &bf meetothancurtenn YS$MY Asigtdwidmef wher Amdman

accunul ati on gf i t I pillar
accuml a 1/863 Pi%%&(s Uzehﬁzxnzleetaeé iléﬁlsl@%t %fdzﬂg &%Q% gﬁq e
Demerits) 237 i £93d 9Fi RXFEEL GartRinntrives dinsghedis Ste@é’tenclthDt Engipeg
?et spﬁci fi Eleﬁl dresits (ASTM Speatal Pkl H€adi6h rm8m)eo .-26 F'Uﬁi didperisand9r i ved
romthe pu S o e 4 jour f.est .
g Shed Sagnikieaht aididCin ol # 4K o ate, & Hinidty g g R

cunmul ati ve ratlng serva fon 0
I and areas 88t of - dnBigBon| skirervarnishtand 6 tayeniage arlalrnulshse

ific evalluamhenSeaﬁfnbel VD M@éghé eﬂ%@@%ﬁ l'”!&l?{ a iteeail 13- rc?'l@;hg‘é% en-.
|rrportance t lpa v e ca cu. at I n agcordance
the 31 tesflrtdr co urggd g 2 Y82 hguyES&ﬂ\fPL% e L2 ACI BBFFE‘&t"Pﬁg
oi | conposi ti%on agf vaowiogqgenging speedpmnd ntmemdiq cipolpdel Hetop

di spersant . 14Ex kgl @081818? d?iviﬁ‘g‘ PRESRE e Ve tl&g%tpfé%t%hh The

conventi onal rT%unts 36 g Qf d |I|A/es to;orov thei'r normal

att endant f&ﬁa est is ‘an establishe ustry stan ard The lubricating
16 o0il of this Example gave the following outstanding results:

17 Sludge 9.49
18 Piston Skirt Varnish 8.18
19 Average Varnish 8.88



- 40 - 1 tions such as viscosity index inprover, rust inhibitor, 2 netal
détergent additive, antioxidant, and zinc dial kyl- 3 d|th|op

anti-wear additives was eval uated in the 4 ASTM VD gasollne

For gasoline engine lube 5 oils to neet the current "SF". wm’””’l
the Amrerican 6 PetroleumlInstitute, lubricating oil fornulaiﬁons

equal or exceed certain values in the M Se%uence VD Engi ne 8 Test (AS
Speci al Publication 315). For dlspersancy the significant values in this
test are a mninumof 9.4 10 sludge, 6.7 piston skirt varnish and 6.6

average varni sh. dfampe. Sequence VD uses a 1980 Ford 2.3 liter 4-cylinder
en- 12 gine and is a 192-hour test conprising the cyclic operation 13 at

varying engi ne speeds and lt.ermﬁraiw-@oIﬁhlSé rxﬂé'c%b@v §i@%&ﬂrﬁﬁ‘§:{%omﬁb§¥d

driving and noder gration. The 1 st i s .an, est

i ndustry standar d%t’“ﬁﬁ u@r:l ca%) 1%"%%’ 3¢ c?ﬁ?%“‘t%ﬁaﬁ'ﬁF‘e"“’gf&%Q%ehefem
fol | owi ng outstan@ﬁﬁ@nﬁe§hﬁt§°rmﬁias' Sl udge

9.49 18 Pi ston 2kirt Varnish 8.18 19

Aver age Varnish 8. 88
macrocyclic pol yam ne conpound
m xtures thereof having th®
hydrogen or lower [err] alkyl,

-41- CLAI M5, An oil -sol uble

eing a nenbga—Bf tRe group of conpounds and
IG&: erC] "0 [err]\[err] where R is

R ijs a hydrd5‘ arbon substituent having 2 to

15, 000 carbon atoms, R' is a ydr4carbon su/; en of 4 to 15,000 carbon

at ons, Zrmybe[erﬂ where n\is 1-6; or r] wheérp i

R'CH
— °s

| )
Reg — ¢
Ny
R cgE - 2 ; and
\N—/ a
) .
CE - ¢
R" //’ -‘\\z
N~ CE - c /
. \
N /a

where R' is hydrogen or lcwer C3-C3o alkyl, R is a hydro-
carbon substituent having 2 to 15,000 carbon atoms, R" is
a hydrocarbon substituent of 4 to 15,000 carbon atoms, 2

, may be -CH2CH2CH2-; =-(CH2CH2CHoNH),CH2CE2CH2 ~ where n is
1-6; or (CH2CH2CH2NH)p CH2(CH2)p(NH-CH2CH2CH2)pm' - where
m and m' are each at least 1 and m + m' is 1-5, » is 1l-4,
and a is 1-20.

2

/

2. The compound of claim 1 wherein R is a poly-
isobutylene of Mn 900 to 2,000 and R' is hydrogen.



.mand'm are each at least 1 and m+ m is 1-5, pis 1-4, and a is 1-20.

2. The conpound of claim1 wherein Ris a poly- isobutylene o

2,000 and R is hydrogen. - 42 - 3. The conpound of o=y

is an et hyl ene propyl ene copol yner or terpolynmer of M 13,"“”#'{"@”?" ,ﬁF

The conpound of claim1l wherein Zis [er]r wherein n is 1-%5

conmpound of claiml| where a is 1-8 and F24§_an et hyl ene propyl ene copolyner

or terpolyner of M 10,000 to 200, 000. 6 he conpound of claim5 wherein R

Is a styrene isoprene copolLyner, 7. A lub oi,l conposition

conprising a maj or anount % ip?n?°qﬁ°q %i} Vi YOSIFLY gnaso?ﬁl to 20
wt % of the nacroeyhyleneoppmmmﬂsnmfcapqﬁymarbdi t@erpoAymenr| efoMnblle,000

nacrocycllc pol yagi 86,6685 pound having the formula NR - C HN where Ris a

hydr ocarbon having 2 fo 15,000 carbon atons and Z nay be[err] where nis -

1-6 or [err] wherein m+ m is 1-5. 9. An oil-soluble macrocyclic pol yam ne

com pound having the fornul a: Ther¢dmpound 4¥ cldiar 4i wherieinhygdiecar bon

having 2 to 15, OoencéﬁbEH at 9P®en, CH,,CH, (NHCH,CH,CH,) _ wherein n is 1-5.

-

5. The compound of claim 1 where a is 1-8 and
R is an ethylene propylene copolymer or terpolymer of Mn
10,000 to 200,000.

6. The compound of c1a1m 5 whereln R is a
styrene isoprene copolymer.

7. A lubricating oil composition comprising a
major amount of an oil of lubricating viscosity and 0.01
to 20 wt% of the macrocyclic compounds of claims 1-6.

. 8. An oil-soluble macrocyclic polyamine com-
pound having the formula

",N
ro e
Z
HN"/
where R is a hydrocarbon having 2 to 15,000 carbon atoms
and Z may be -CH,CH,CH,-; (CH,CH,CH,NH) CH,CH,CH,- where

n is 1-6 or (CHZCHZCH H) CH CH {(NH-CH CH CHz)m, wherein
m + m' is 1-5.

2

9. An oil-so;uble macrocyclic polyamine com-
pound having the formula:



b, nay be 2 -150, Z may be [err] [err] wherein nis 1-6 or
wherein m+ mis 1-5. 10. A nethod for preparing in a cyc t|on
reaction an oil-soluble hydrocarbon substituted nac- rocy II’HM"L
conmpound conprising (i) in a first step reacting a poly 3 I
conpound of the fornmula [err]wherein Z may be[err] [err]- mhereln nis’ 1-%6
lerr] [err]wherein p is 1-4 and m and nk are each at least 1 and m+ ni
|s 1-5 with a [err] nonocarbexylic acid or ﬁoTycarboxyIic acid or [err]
hydr ocar bon substituted succinic anhydride, by addition of said carboxylic

aci d or succi ni AR K15 of Gy aBobBibbdl hse;fﬁgwéoslasob@n&%%m%ﬁg at a

rate such that there Is forne an amc. acld I nter ate fromsard

anhy- dride or gh™% M8 Zartofyl &t Ba¥aPe el pbRptiate (GHyRHnEHNBboxy! at e
and at a tenper atHyGH betier2@n[ ar i5CLup 6D 6¢H%EH MHy <C%gyﬁ§qNHnert

sol vent and, aft gy gddi_t eI gte ({ig7in
_mai nt ai ni ng the(?gﬁggaa mUrehggrbze ﬁeacﬁlgn %1xture at about 130 [err]C

to 250 [err] C thereby causing cycl odehydration of said internedi ates and

formation of the macrocycliiog pglmaqhaa geﬁppﬂggarﬂﬂg ﬂﬁmhrayéyyaéh dﬂaaIHIIO
wherein said secand step |s conduc Cto O

t f .ab
175 C. 12. The netHod &% #1182 eFBﬁ“P@?tﬁ’é ToHR r‘fﬂ ?%H’sa“? tse(deﬂ‘
heat soaki ng t heraaedtiicopoliyamine aomaonadpeompmmm &JIem]aCﬁns]:SO[err] C

forl édte(r)\ grQ?Pgﬁs%\ﬂdq&g&%*ﬁgﬁe%uﬁgSL?@%{I?@P | C ua{o yam n cc?r?pcc))ufn(}he
cyc .
CLMS Mg Zibbiolth8F edRar i Bher etz iHaH griohy

(CH CH

2CH NH) CHZCH2 H - wherein n is 1-6 or (CHZCHZCH2
NHmCHz(CHZ) (NH CHZCH CHZ) - wherein p is 1-4 and m and
m' are each at least 1 and m + m' is 1-5 with a CZ-C

*

15,000

15,000
hydrocarbon substituted succinic anhydride, by addition of
said carboxylic acid or succinic anhydride to an initial
excess of said amine compound at a rate such that there
is formed an amic acid salt intermediate from said anhy-
dride or an amine carboxylate salt intermediate from said
carboxylate and at a temperature of about 20°¢ up to about
100°C in an inert solvent and, after said addition is
complete (ii) in a second step maintaining the tempera-

" ture of the reaction mixture at about 130°C to 250°C
thereby causing cyclodehydration of said intermediates

monocarboxylic acid or polycarboxylic acid or CZ-C

and formation of the macrocyclic polyamine compound.

111 The method of claim 10 wherein said second
step is conducted at a temperature of about 140°C to
175°cC.

12. The method of claim 10 which further com-
prises the step of heat soaking the reaction mixture at
a temperature of 80°C to 130°C for 1 to 3 hours prior to
increasing the temperature.to cause cyclodehydration and
formation of the macrocyclic polyamine compound.



dration is conducted at a tenperature at |east 20[err]C higher than the
tenperature of said heat soaking. 14. The nethod of clalns 10- 13 wherein

the hydrocarbon succinic anhydride is pol yi'sobut enyl unuﬂ ﬂ I"ﬂﬂ of
Mh=900 - 2,000. 15. The nmet hod of claim 14 wherein the

conducted at a tenperature of 80 C to 1100C and the cyclodehy ration is
conducted at a tenperature of 175[err]C to 180C. 16. The nethod of claim 10
wherein a strong acid catalyst is added to 44he anine prior to adding said
car- boxylic acid or succinic anhydride to said anlne 17. The met hod of

claim 16 wherein said aci djﬁ).\s; &Soh% g&uglfeSﬂ? % nﬁ?f‘@n?““é’ﬂifeh 1 d.
e n te c

18. A lubricating oil add osTtion conp maj or
anount of oil ofdtabiemais mpndusses af an@empguatqoetét4¥ﬁ%ﬁ06%ﬁ Q igher

macrocyclic pol Yep & fife CUMAIT e olfaisaidlndat190akimei | sol uble
macrocyclic polyaﬁ?ﬂg com pound being the reaction pro%uCt of a

hydr ocar bon succi ni ¢ anhydride or carboxylic acid having 8 to 15,000 carbon
atons with an aza macrocycld c Chemetihodavifnglaimbed8tl? whe e upsheand

db 3
(P iee vt REShEI (L S R gl bRy PR
_ anhydride of Mn=900 - , :

15.. The method of claim 14 wherein the heat
soaking is conducted at a temperature of 80°C to 110°C
% and the cyclodehydration is conducted at a temperature of

175°C to 180°C.

. 16. The method of claim 10 wherein a strong acid
catalyst is added to-the amine prior to adding said car-
boxylic acid or succinic anhydride to said amine.

17. The method of claim 16 wherein said acid is
an oil soluble alkyl benzene sulfonic acid.

18. A lubricating oil additive concentrate com-
position comprising a major amount of oil of lubricating
viscosity and about 10 to 49 wt% of the macrocyclic poly-

N ' amine compound of claims 1-9.

19. An oil soluble macrocyclic polyamine com-
pound being the reaction product of a hydrocarbon succinic
anhydride or carboxylic acid having 8 to 15,000 carbon
atoms with an aza macrocyclic compound having at least 2
NH groups and represented by the formula

,r'(alkylene-U-amalkylene~\
HN \'s
. \\~(alkylene-w-analkylene‘/
where U, V and W may be NH, S or O, n and m are integers
of 1 to 4, alkylene is CZ'C4‘ '



