2 system fromdeposits, to prevent fuptes=tepos amck=t O pr

syst em f r onW@RS24431on. Functional i zed oTM&SHEETﬂME‘yBEBS Ar e Egﬁﬁ‘fs%ﬂ{’ﬁﬁ y 5
useful as additives in fuels and Iubr’catlnﬁEEiA@EDFuel i ncl ude normal |y
liquid petroleumfuels such as mddl e orstitrates porring from[err] to
[err], including kerosene, diesel fuels, hpne heating oil, jet fuels, etc.
A concentration of the additives in the fuel is in 10 the range of
~typically fromO. 0001 to 0.5, and preferably fromO0.005 to 0.15 wm. %

based on the tg #ﬁﬁ@%'ﬂf%nf%ﬁt@ﬁ'd A6 Safd@Btdg a
nunber average ecu t ‘(Mh) “in the range of 7 0 5, 000 have been
used as inter nMPé‘-le@é: |trlilet Iﬁ%’séi)ﬁ*ﬁ eSS OIS ABsants (i.e., additives) for

fuel and | ubrication appllcatlons The nost common functlonal groups are
cyclic anhydri des, xyll .aCi o) ggg Id be
further el aborated I'Zt‘r?&dgrﬁe?ég”a M|g sg% pro ucts ith a
vagletK Sf polm@mﬁmdsasAaddnnmwaannn fuelsdand HapaatindRideric acids
and anhydri des v

c!f% ﬁ) %iddé Qlo 9. t]hcﬂ)(%{:lld; r%@é’;‘aiélﬁt? faeld¥ such as

a, b-unsaturate ric olefins either du{ectly

or in the pres®iddls tdr“r?é“ﬂ*&’é-’r’&cﬁ‘?%ss%fcté’r? 488 G
i ncor poration @a‘ezmyeqxé haﬂéytq frueatd orriﬁmegmatm gl y et ﬁﬂels. The

cobalt or rhod| at ed dr forny ti.on o efin pol S; be

utilized to a ‘1m eé'})/:t °p€etr§<‘§e %‘?@6 01% g’hdﬁig?edé Qdeég f%se

of the hydrlofortmd a:tamge mﬁ)ctqqmcraels]ly tfrom @ MROChrivPs orand the

car bon- carbon 2ty éjﬁ%d . dd¥ L8119 3% | ey ot eneugbearon! y
group pe o

one functi onal e absence’ | ene conononers.
welght of the comp051t10n.

'Functional éolymers having a number average
15 molecular weight (Mp) in the range of 700—5;000 have
been used as intermediates in the synthesis of
dispersants (i.e., additives) for fuel and lubrication
applications. The most common functional groups are
cyclic anhydrides, carboxylic acids, and phenols. These
20 groups could be further elaborated to imides, and amides
and Mannich based products with a variety of polyaminés.

A conventional method of preparing polymeric acids
and anhydrides generally involves pericyclic reactions
25 of a,b-unsaturated carbonyl compounds with polymeric
olefins either directly or in the presence of chlorine.
These reactions often lead_to the incorporation of more
than one functional group per polymer.

30 The cobalt or rhddium—médiated hydroformylation of
olefir polymers has been utilized to a more limited
extent to prepare alcohols and aldehydes. Use of the
hydroformylatlon process results in the consumption of
the carbon-carbon double bond during the reaction,

35 thereby inﬁroducing only one functional group per

polymer in the absence of diene comonomers.

! This Sheet Has Been R.
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1 POLYCOLEFI NS HAVI NG TERM- NAL.:ALDEHYDE--OR HYDROXYL SUBSTI TUENTS AND

DERI VATI VE@ISMABECF 5 FI ELD:'OF THE:| NVENTI ON Thi s i nvent i OPCT/@595102519t O

i mproved oil sol ubl e di spersant addltyves useful in both fuel and

| ubricating oil conpositions produced by the hydr of ormyl ati on of 10
certain olefin-term nated polyners to yield polyneric al cohols and

~al dehydes, and to further derivatizing these functional polyners to obtain
am nat ed polymers. This invention also relates to the direct production of
am nat ed polyol efins by nmeans of a one_ikep 15 ami nonet hyl ation process.
‘BACKGROUND OF THE | NVENTI ON Di spersants “keep insolubles within the oi
suspensi on, thus eventing sludge flocculation and 20 precipitation.

Sui t abl e di sper?@%ﬁ@ﬁmﬂﬁj&‘fmc* cRERMINAL CAEDENYDE OROHYDROXYEN- pr oduci ng
and ashl ess type. DeﬁQRﬁ?ERRF¥FQﬁ#¥PcPEEI?#EE%EﬁdNBEEBOH used as ashl ess
di spersa#ts and nultlfunctlonal viscosity index inprovers in |ubricant and

fuel conposi ; cating oil sector, these are generally
referregptoItIl!ﬁH’s !Z%ﬂﬁ ., and, in the case of the

pol ybut yl phenol s This men{lmémm sto Timpyuwedsei bf :tiamamedl ﬁge{ ﬁgpte Ey
is to keep i A d gy ,-?&98}3
pr event depggf?g§%ﬁ%§%tal sd?&%cegﬂﬁﬁngienl 9$ﬁ%ﬁ $ HH ng g
deposits |ncFHquﬂﬁQﬁéP%ﬂP%(PEQHEQPQX#Y(ﬁhQMhW¢§9f¢Wmﬂk”tlah'ang aC' Ic
combust iton pmm&uﬁhsol%&ln-terﬂﬂhéﬁEdfBBI¥héf§”td*§4é&d ﬁgfyﬁgfgg ary
products alcohols and aldehydes, and to further derlvatlzlng

these functional polymers to obtain amlnated polymers.

This invention also relates to the direct production of

aminated polyoleflns by means of a one step _

15 amlnomethylatlon process._ '

BACKGROUND OF THE INVENTION
Dlspersants keep lnsolubles w1th1n the oil

suspension, thus preventlng sludge flocculatlon and
20 'prec1p1tatlon Suitable dlspersants 1nclude, for
' example, dlspersants of the ash-produclng and ashless
type. ‘Derivatized olefinic polymers have been used as
ashless dispersants. and multlfunctlonal v1sc051ty index
1mprovers ln 1ubr1cant and fuel comp051tlons.

'In the lubrlcatlng oil sector, these are generally
referred to as ashless dispersants, and, in the case of
the polybutylphenols, as Mannich dlspersants. The
purpose of these dlspersants is to keep in suspen51on

-30  oil-insoluble combustlon re51dues,_and thereby prevent
deposits on metal surfaces, thlckenlng of the o0il and
sludge deposzts in the englne and to avold corrosive
wear by neutrallzlng acldlc combustlon products.

w

35 In the motor fuel sector, the secondary products
are generally referred to as carburetor or valve
detergents. Their task is to free the entlre intake



are generally referred to as carburetor or valve detergents. Their task is
to free t hewandsmeaess nt ake 3 US-A 3311598 (Mertzweiller et BET/YSIEMOIIP oses
t he hydrofornylation of a nulti-olefinic hydrocarbon polymer wi th carbon
nmonoxi de, and hydrogen, in the presence of 5 catalyst containing a
transition netal selected fromGoup VIII #f the Periodic Chart, to form
hydroxyl ated [err] and/or carbonyl [err] derivatives of the polyner The
polynmer is preferably either a polyner of polybutadiene,

pol ycycl opent adi ene, pol yi soprene, and-lo m xtures thereof, a

but adi ene-styrene copol yner, a pentadi ene-styrene copol yner, or an

i soprene-styrene COBE~ATE3 1 1508y | (Mertzaied 1@ ot iak) (Gissloses ¥heputyi -

15 am nes) haVﬁlyh’ J)éttl%@ﬁ JECSC w124 g1 definid tw_{dﬁc&&&m}d o Bymeed
wort dwi de on a rge scale as Iubrlcant not or additives Th@

i nt er medi at es [FRTRa, Aengdfiesr ang: E’Y Q?Wesfrér??)cﬁilﬁ?%%?
chloride, psl y wcubm:amamydr mmm ym:gll pdeletted SEeoR0 US- A

?’ﬁgggfla (c::reﬁgic;%‘}%e‘)]ﬁ#%ﬁtﬁﬁ? i on reac |on as éfofﬂq‘d‘)@&‘mgégll
pol yi s?but yISSne(-(QHzIB)H)vmilsmMerhdwh V(eCHS) ZEW%{%Y‘*S&Q@ ER@versions
range rom

g W%L%e . %&ﬁlmtﬂ&%ﬁé&wléM& (£6501mér of

4832702) Sirable to increase th t f
' the. hydr of ARV NG BRNSHIPREN AL (TR e ROLILOREENe s nd © |

tlec][l_m cal | yof eagithfres3 CcHd¥edy €% Butiadiatierstrere dcopolymer, taat
oterinic pentadiene-styrene copolymer, or an isoprene-styrene

copolymer.

Polyisobutene derivatives (e.g., polyisobutyl-

15 amines) have fregquently been described in the literature
and are used worldwide on a large scale as lubricant and
motor fuel additives. The intermediates for the
preparation of such additives are polybutenyl chloride,
polybutenylsuccinic anhydride and polybutylphenols. See

20 US-A 4859210 (Franz et al.); US-A 4832702 (Kummer et
‘al.); and WO-A 90/05711. '

‘The efficiency of the hydroformylation reaction as
applied to polyisobutylene (PIB) varies with the type of
25 polymer, and conversions fange from 59-81% with the most
reactive PIB's available (see ﬁS-A 4832702). It would
be highly desirable to increase the rate of conversion
in the hydroformylation of polyolefins to as close to
100% as is technically feasible.
30 '
The present inventors have discovered that olefinic
. polymers prepared with a metallocene catalyst are
especially suited for use in the hydroformylation
process and synthesize of unique polymeric alcohols and
35 aldehydes in substantially higher yields than even the
reactive PIB's on an equal weight percent basis.



pol ymer s re ared with a netall ocene catalyst are especially suited for use

in the h l'ation process and synthesize of unique thMWSﬁmnsgjcohols
and 35 aldehydes in substantially higher yields than even the reactive
PIB s on an equal wei ght percent basis. 4 Unfortunately,

[ desi [ duct s.
hydr of or myl ati on has been observed to pgoduce undesirable side pro
Agtenptsn¥o produce pol yner al dehyde in high yield fromnetall ocene 5
catal yzed ol efinic polyners and vinylidene containing nodels has shown t hat
15-20% of the olefin. is typically hydrogenated using cobalt-catalyst;

| cohol
furthernore, there s a conver5|on dependent | oss of al dehyde to a
which also linmit "Fl‘?é‘ e ot &Ymtm dlﬁ%rbeéhrehslervce

ami nati on. thepppdaelet undeairabl s aide pro dﬁcﬁf@Verﬁ@téﬁS’E
derivatives gg&ugg ggggﬁﬁgdal eﬁg%ﬁtantlall ds p{ subjectlng
I NI

Weerea single
t he netallocene cat olé ¥
step rather Sekanyerd 9§e§éﬁﬂshnqimmenamand(ﬂlnykxdnuhtﬂoﬂUEﬁﬁi nyl ation

QN The. i nvention is.
 polymer Pavepa g o o] o ehae, SR HF I A T vy
goloyo?/efl n ﬁg §88“¥‘§8Fh 4Siprofrebadt catalystil afuxzama;wwm_auperg R4 i's
hydr ogen oris atcangbrsmonbﬂ&pehadnthdb&sab'fy|a1ré§i R ¢ S%itlﬁaéﬂn - OII‘)I . ;i
Q%Srg?yg f};‘ﬁﬁ%ﬁ@féﬂéfdgg% SheaighinPlo M AsRISa VA LIRS daF pol yol ef i n

i s al sol® reductlve amlnatlon The present 1nventors have also

discovered that amine derivatives may be prepared in '

substantially higher yields by subjecting the
metallocene-~catalyzed olefinic polymers to
aminomethylation in a single step rather than the

15 conventlonal two step process of hydroformylation
followed by reductive amination.

8 Y OF THE INVENT O

The invention is a polymer having a- NI of about
20 300 to 10,000; derlved from a polyclefin derived from a
monomer of the formula H,C=CHR% wherein R4 is hydrogen
or a straight or branched chain alkyl radial, and
having: . : o
i) a hydroxyl substituent,
25 _ ii) an aldehyde- substituent, or
iii) any of .a hydroxyl, aldehyde, or
alkylamlno substituent when said polyolefin is also
derived from a polyene or when said polyolefin has at
least about 30% terminal vinylidene unsaturation.
30 | o
The invention is also a saturated polymer having a
terminal aldehyde or hydroxyl substituent, a M, of about
300 to 10,000, and derived from a'polyolefin derived
from a monomer of the formula HyC=CHR? wherein R% is d
35. hydrogen or a straight or branched chain alkyl radical.

~



derived froma polyene or when said polyolefin has at |east abg 9
term nal vi rwOosi®e@sl unsaturation. 30 The invention is also a_ggﬁﬁ%%@é%’

pol-ynmer having a term nal al dehyde or hydroxyl substituent, a M of about
300 to 10,000, and derived from a pol yolefin derived froma nononmer of the
formul a H2C=CHR4 wherein R4 is 35 hydrogensor a straight or branched chain
~al kyl radical. The polyolefin preferably has at | east about 30%term nal
vi nyl i dene unsaturation. This polyolefin is formed fromthe reaction

product 5 of g e qﬁrpﬁygy s 14t NRHNEshduk tHes presence of
a netall ocene ¢ #§3¥§ erre ﬁﬁ¥¥)§g| ns are ethylene/a-olef in, a
propylene/buteﬂammknﬂiﬂWanlldﬁnﬁiqnﬁ%#ﬂ? N yol efin. According to the
invention, the polyolefin may be an interpolymer of an 10 al kene nonomner

andfor an a/olef in _nononer. with a pon ne I
substituent of 'the PoriFRCEYOLEEAN 4?1%%%?|§E56§§£@%%%§ % éggFed
pol yol efin -35. i€ albwnmeadrmnmﬂt m/ommﬂngﬂlmemwsérﬂé\ @l yner, or

an et hyl ene/ but ol t udes a
saturated pol yfer %%'\%%n yf {erm nafc; I%)/E I%Amwnf(;fgs%'bst%%fe)ﬁ'gég

a]lc)ouL 3190 to 1(P®Q®lemdﬁj@rlﬁ‘e/e%ith¥¥#ﬂ stefiiy, @ d@?qm@cﬁ'ﬁ/d?ﬁ%ﬁ%n’oner

of the formula WW%%%:&&-?V DgsTefin A SAESbHALNnGr tbr 8hehed

chain al kyl radical.. Thi's onoIe |ﬂ%gas at IeasJ‘about SgZ’ng

vinyl i dene unsatt¥eR% AR or 1?% BRLYOHRT IR JIRY Bt 3B 1PTRTPR %m #n%’?her nor e,

t he presentjoi NEIkdémd nowdmekesamd/or an a/olefin monomer with a polyene
monomer. ' B ' '

- Alternatively, the substituent of the polymer is
alkylamino. In this instance, the preferred polyolefin
15 is a butene homopolymer, an ethylene/propylene
copolymer, or an ethylene/butene copolymer.

The present invention also includes a saturated

polymer having a terminal alkylamino substituent, a Mp
20 of about 300 to 10,000, and derived from a polyolefin -

derived from a monomer of the formula H2C=CHR4 wherein

R4 is hydrogen or a straight or branched chain alkyl

radical. This polyolefin has at least about 30%

termina1 vinylidene unsaturation or is also derived from
25 a polyene. |

‘Furthermore, the present invention includes a
polymeric hydroformylation alcohol or aldehyde reaction
product which is formed by the reaction of: a polyolefin

30 having M of about 300 to 10,000 and derived from a
monomer of the formula H2C=CHR4, wherein R4 is hydrogen
: or a . straight or branched chain alkyl radical; hydrogen;
and carbon monoxide in the presence of a.
hydroformylation catalyst. Preferabiy, the polyolefin
35 has at least 30% terminal vinylidene unsaturation.



pol ymeric hydrofornylation al cohol or aldehyde reaction product which is
formed DYOUSR44seaction of: a polyolefin 30 having [err] obcrivseso28f0 to
10, 000 and derived froma nononer of the fornula H2ZC=CHR4, wherein R4 is
hydrogen or a straight or branched chain al kyl radical; hydrogen; and
carbon nonoxide in the presence of a hygrofornylation catalyst. Preferably,
the polyolefin 35 has at |east 30%termnal vinylidene unsaturation. 6
The hydrofornyl ation reaction preferably occurs at a tenperature in the

range between ab Loelerr nd a pressure in_the range between about 1
to 350 bars. Thigﬂgy§§8#§Fé§#§#Fgﬁ°Pe5§Ff§ﬁ°FsPqﬁ&ﬁqﬁﬂ%ﬂ CRBIS Gfed 5 by
reductive afi hempenaturenhinhjpbeotrangpl hetweenoajpoati @5 ¢ac oot Ee@dict |,

whereby a sal prakedr8oliTeheN2ihad BRLAEKA AHONE JURS Hateia e for med.
Al ternatively, an alkylam no substituted polynmer 10 di spersant” can be
formed in aig?ﬁgpgdg?éﬁrEX%ﬁBhﬁﬁh?FﬁFFéﬁnp#§ae9§t%ﬁ@ﬁéﬂﬂva¢QiﬁQR§ds m xed
t oget hers wi by redupbivecambnadtigni c;seﬁei RytFerBrayaaed off P%’mﬁf?é;é 3|p
om :

catal yst. T, BEL at st S.preferably selected fr _
consi sting %%?ggggﬁ'od|%%$8fu?héﬁﬁﬁxlarﬁ8 PEREHd PRAYPSEe QAL AR Thi s
am nonet hyl alkphaninet swhstipuent| ysoformedat a tenperature in the range
between about 25 to [err] and a pressure in. the range between about 1 to
100 bars. 20 L. The polyneric hydrofornylation reaction product can be
further cyanoal Ky BPERRBHYERY dr 3B eAdkEdamBROCRIPFEINUERAT FR LYM@EERRED
EMBCDI MBNT S ikspersant| yakrbé poegedden andiagiahgkapcan be 25 synthesized
by the hydr&ﬁfﬂ&%&éﬁﬁfﬁ%fﬁnpgéggégélQﬁerein an amine is mixed - _ ‘

together with the polymer and syn gases in the presence

of a noble metal catalyst. The noble metal catalyst is

preferably selected from the group consisting_of:

15 rhodium, ruthenium, rhenium and mixtures_thereof. This
aminomethylation reaction typically occurs at a
temperature in the range between about 25 to 200°C and a

pressure in the range between about 1 to 100 bars.

20 The polymeric hydroformylation-reactionfproduct can
be further cyanoalkylated and hydrogenated.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Unique polymeric aldehydes and alcohols can be

25 synthesized by'thé hydroformylation of polyolefins
formed from the reaction product of alkene and a-olefin
(up to Clé) monomers in the preserice of a metallocene
catalyst. Preferred polyolefins are ethylene/a-olefin
homopolymers and copolymers, a propylene/butene-1

30 copolymer, or a butene-1 polyolefin. These polymeric
aldehydes and alcohols- are particularly useful as _
products or intermediates for lubrication and fuel <
dispersants. ' -

35 - The hydroformylation reaction of an ethylene-a-
olefin polymer (EP), carbon monoxide, and hydrogen in



formed fromthe reaction product-of alkere-and-a-olefin (up to [err])
mononers i nwades/aamsence of a net al 'ocene- catalyst. Pr ef er r RETFRHBIM? | ns
are et hyl ene/ a-ol efin honopol yners and“copol'yners, a propyl ene/ but ene-1 30
. copol ymer, or a butene-1 polyolefin. These pol ymeric al dehydes and al cohol s
~are particularly useful as products or intarnediates for lubrication and
 fuel dispersants. 35 ‘The hydrofornylation reaction of an ethyl ene-a-
~olefin polymer (EP), carbon nonoxide, and hydrogen in 7 the presence of
di cobalt octac bon catal ys set _fort o] '
hydr of ornyl ati 0 e?%”?%l?%véh‘%ﬁthr%ﬁﬁﬁ??§§°ﬁﬁ# g?t%ﬂi?éfegc{sg broduce
am ne derivati vsastofor'hhz belon | avhemilymhechzdneﬁ9mypabuqm step Ige

hydr of or ny| a“ofbf‘i‘gwé&%t VEeddb N CinPhOESSA Fﬁeﬁefsaﬁ'@&uééf ghifd to

as "“the two stec;) process ossible, and.in many
“instances pref %:bi‘éatuse%oﬂau‘é ar%sﬂhlg\:%n\:opolmsréﬁeﬁ1BFB¥€§spf°du°t-

Sm no rrft hyljést I thét@pdfbféﬁmm%tmﬂ hefa C@eaeeﬁmat afnlhhemhdphutdesso it ts )
erivatized anine uc obs ome action in the
presence of a ﬂ@’?%%g‘:ﬁﬁl ’a?gﬁ ‘ﬁyﬁma%%t y@ﬁe?gﬂafgg E’gggggg set forth -

bel ow. 8 [err] The overall am nonethyl ation process can be

C\H3 Co . | C\H 3 . ’
' '.,c =CH, +Hy + CO —> _CHCH,CH  (Hydroformyaton)
EP EP
N CHa )
/CHCHzCH + HoNvwwW — /CHCH2CH Neww  +H,0
EP EP _
_ >(Reductive Amination)
. C\Hs Ha CHa |
CHCH,CH=NvWW —> /CHCHzCHzNHvNW‘
EP EP )

10

It is also possible, and in many instances

preferable, to conduct a single_ (or "one step process")

aminomethylation step wherein a higher conversion of the

aldehyde to its derivatized amine product is observed.

An aminomethylation reaction in the presence of a

15 rhodium dicarbonyl acetylacetonate catalyst is set fqrth

below. -



formally divided into threepsstors Rrst is 5 hydrofornylation

| eadi ng WP Wd431or mat i on of || aTHYBISHEET iHASBERM|He f ol | owed Pog/usosesIsat i on,
resulting in the internedial{e forWeREAPERf ScH|ff's base or enanmine, and
subsequent |y hydrogenati on of—the C=Nor C=C- N bond, respectively, _
produci ng the desired end product amineg 10 The typical am nonethylation
mechani smis believed to be as follows: 9 [err] The present inventors
have di scovered that when the one step am nonethyl ati on process is used to
produce 5 polyggiﬂpgbgnon1netalIocene catal yzed a-olefin polyners, it is

3 :

| ess desirable S cobali~gatalyst as H m%ngfornylation cat al yst.
That is, thecgqp'L L£a¢ ysE_B% g{;éﬁbd : n i pe i s-added t hereto.
This is because %HE an1ﬁ% deacti vat es th2Q§§5:[ - 5E§Byst, 10 t hereby
meking it inefHggtive as a hydrogenation caﬁ y§t and thus inhibiting
hydrofornyl ation. It i's necessary when runnif the one step :
am nonet hyl ati on process to use a'catalyst of rhodium. . ruthenium rhenium.
or mixtures thereof, which does not deactivate in the 15 presence of
am nes. A preferred catalyst is rhodiumw th or wthout |igands, such as
phosphi nes. PlMx&piH Q43 contai ning a carboxylic acid group can be used to
change the sol ubillily characteristics of the rhodiunlbx natively
neut ral i zi ndCHe€-&eCaliHa ng as a(CRAINCH,CHLOIBIMST - j um The
rhodi um can be dndhored to solid subStances as mEI?.iﬂmuaﬁmba le method is
t hrough the u§bcof'phosphines contai ni ng sul fonate

{

P o -
| CH3-(I:-CH2-CH-CHZ-CHZ-N-CHZ-CHZ-CHz-N(CH3)2 +H,0
Ch,

Y

'(|:H3- CHy 'cl:Hg'- c':Hs
CH3-'(|:-CHZ-CH'-CHz-CHZ-I;J-CHz-CHz-CH'-CHz-C':-C_Hj

CH; | CHaCHZN(CH3), = CHg

- The overall aminomethylation process can be
formally divided into three reactions. The first is
5 Thydroformylation leading to the formation of a polymeric
aldehyde followed by condensation, resulting in the
-intermediape formation of Schiff's base or enamine, and
subsequently hydrogenation of the C=N or C=C-N bond,
respectively, producing the desired end product amine.

10 The typical aminomethylation mechanism is believed to be
as follows:

_—
This Sheet Has Been
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10 groups which can be anchored on nmacroporous gl ass substrates. Cobalt
cat al ysts ca¥08%24481 be used in the two step process, so | ong BEUPHEMRSHs 7
cobalt catalyst recovery 5 step prior to the reductive am nation of the
resul ting pol yneric al dehyde-and al cohol. However, the two step process has
the additional drawbacks of (1) paraffin fgrnatlon may be unacceptably
~high, and (2) conversion to the selected polyneric amne will be reduced by
the 10 need to avoid al cohol formation. METALLOCENE CATALYST The cat al yst
for the production of I ky ligand transition
metal conmpound. 15 Theqﬁh?{@l&ﬁ\"l gahd mayﬁ‘ég'{éﬁ}% +C ltiplicity of bonded
atons, preferably carbon atons, formng a group mhlch may be cyclic with
one or nore opti onal wcﬂmmgmaﬁmwul ky—ypgapeHegHs a
cyclopent adi enyl derivative i ch can be nono- or polynuclear. One or nore
" bulky 20 ligands nay be bonded to the transition netal atom The
transition netal atommy be a Goup |V, V VI tragsition netal
conprehensi vely presented in "Advanced I norganic Chelkistry," F.A Cotton,
G W/l kinson, -Fifth Edition, 1988, John Wley & SQrpIC OA $her ligands may
be 25 bonded to the transition netal, preferably detachable by a
cocat al yst such as a hydrocarbyl - or halogen | eaving group. The catalyst is
derivabl e froma conpound of the fornula: [err] whergin L is the bul ky
ligand, X is th leaving group, Mis the transition Wetal and mand n are

such that the total |igand val ency correxqomgds to the transition netal
_ HRh(CO})3 +R'CH,CH,CHO -«&—— R'CH,CH,Rh(CO)3

¢ HNZ—"N.\

' 7 HaRh_ | - /
RCH,CHCH =N —— N, il RCHoCHaCHaNH —— N_

' The present inventors have discovered that when the
one step aminomethylation process is used to produce

5 polyamines from metallocene catalyzed a-olefin polymers,

it is less desirable to use a cobalt catalyst as the
hydroformylation catalyst. That is, the cobalt éatalyst
is altered when an amine is added thereto. This is
because the amine deactivates the cobalt catalyst,

10 thereby making it ineffective as a hydrogenation
catalyst and thus inhibiting hydroformylatlon. It is
necessary when running the one step amlnomethylatlon

- process to use a catalyst of rhodium, ruthenlum, rhenium
or mixtures thereof, which does not deactivate in the

15 presence of amines. A preferred catalyst is rhodium
with or without ligands, such as phosphines. Phosphines
containing a carboxylic acid group can be used to éhange
the solubility characteristics of the rhodium by
alternatively neutralizing and acidifying as a means of

20 recovering the rhodium. The rhodium can be anchored to
solid substances as well. One suitable method is |
through the use of phosphines containing sulfonate



35 valency. Preferably the catalyst is.four coordinate 11 such that
the conP¥O®¥24431i oni zable to a [err] valency state. The | PGEMNSS5025thd X nay
be bridged to each other 5 and if two ligands L and/or X are present, they
may be bridged. The netal |l ocenes may be full-sandw ch conpounds having two
| i gands L which are cycl opent adi enyl grgups or hal f-sandw ch conpounds
havi ng one ligand L only which is a cylcopentadlenyl 10 group. For the
purposes of this patent specification the term" netallocene is defined to

contain one r I nt.ad I with a
transition ggéﬁg?aﬁhg¥ﬁtﬁgﬁnglgggho#gﬁ Phﬁfqﬁgﬁ e enbodi ment
the netal | o8BREtEAER’Fyst conponent is represented by the general formul a

[err] wherein Cpcobadtsulthilystedcan wt3udstd Wedd Q¥ laRent ring; M
is a Goup metal ; R and 20 R are in pende tly .

r Vi ransiti

sel ect ed ha#%g%%gghyﬁ?oigpgyFsgggﬁﬁe 35 Ry Fohadt, saha lysiuedeNeRy 1- 20
carbon &t ongteprpriornto- shepredsctive EManwmﬁdﬁ dﬁiﬁhe-résunﬁE#Q Ehe

dation s h e nt ce catal yst is
Pt osent edf’@?‘“eh%“o?%ﬁeég% ahg “ﬁ%‘i A DT
VI transitiBROGRES hagekhe F@d&téﬁ 9&?@@a§$§l@ﬁédﬂédm&qﬁfﬁﬁnﬁlF? whi ch’
can be the sSermatiodi hagrbat uﬂécbﬁﬁt&ﬁﬁy gak;henhhg g?let V\cg:l car%éoln&é Com

n o)
?LYL?LK¥Lgé?%efﬁ% Q? %ﬁgségﬁghymerlc am1ne0w1 be reduced by t
need to avoid alcohol formatlon.

METALLOCENE CATALYST
The catalyst for the production of polyolefins is

preferably a bulky llgand tran51tlon metal compound

15 The bulky 11gand may contain a mult1p11c1ty of bonded
atoms, preferably carbon atoms, forming a group which
may be cyclic with one or more optional heteroatoms.
The bulky llgand may be a cyclopentadlenyl derivative
whlch can be mono- or polynuclear. One or more bulky

20 ligands may be bonded to the transition met:: atom;_ The
tran51tlon metal atom may be a Group IV, V ... VI
transition metal comprehens1vely presented in "Advanced
Inorganlc Chemlstry," F.A. Cotton, G. wllklnson, Fifth
Edltlon, 1988, John Wiley & Sons). Other ligands may be

25 bonded to the tranSLtlon metal, preferably detachable by |
a cocatalyst such as a hydrocarbyl or halogen leaving
group. The_oatalyst is derivable from a compound of the
formula: '

30 N - (LInM[X)n

wherein L is =he bulky llgand X is th: 1eav1ng group, M

is the transztlon metal and m and n are such that the

total ligand valency corresponds,to_the transition metal
35 valency. Preférahly the catalyst is four coordinate



35 of a C4to C6ring, R' is one or nmore of or a combination of carbon,
ger mani um o 9spa431 phosphor ous 12 or nitrogen atom cont alPﬁ—“lTﬂlPF’ﬁ?ﬁl%al

substituting on and bridging two [err] rings or bridging
back to Me, when p=0 and x=1 otherwi se x is always equal
- can be the same or different as an aryl 5 gl kyl, al kenyl,
~arylalkyl radical- having from1l to 20 carbon atons or ha

one [err] ring

to 0, each Q which
al karyl, or

ogen, Q is an

al kyl i dene radi cal having from1 to 20 carbon atonms, s is 0 or 1 and mhen s
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t he polynerizaﬁhatqwocess of this |nvent|on Exenplary of the devel opnent

of nmetallocene catalysts in the art for polynerization 15 of ethylene is

the-di scl osure of US-A 4871705 (Hoel), US-A 493729 n et al EP- A
Tosad % Gied )

0129368, published Fhekiganss days he
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4665208 For pmqmpmmdﬁ h&wmqaaimtllgmtﬂsllcammh are 25 terns
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be any conpoun nponent can actjvate a bulk

met al - conpound. QW%@W%@ et dhigh ole yemet ‘PlP
of Group Iljpangdddpof the
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.trapsition

fen¥ls netal

For the purposes of this patent specification the

term "metallocene" is defined to contain one or more

' cyclopentadiényl moiety in combination with a transition

15 metal of the Periodic Table of Elements.

In one

embodiment the metallocene catalyst component is

represented by the general formula (Cp)mMRnR'p wherein
Cp is a substituted or unsubstituted cyclopentadienyl

ring; M is a Group IV, V or VI transition metal; R and

20 R' are independently selected halogen, hydrocarbyl

group, or hydrocarboxyl groups having 1-20 carbon atoms;
n=1-3, n=0-3, p=0-3, and the sumof m + n + p equals the
oxidation state of M. In another embodiment the

metalldcene-catalyst is represented by the formulas:

(Cs5R';m) pR"s (C5R ') MeQ3p-x

R"g(CsR'py) 2MeQ!

30 wherein Me is a Group IV, V,'or VI transition metal,

CsR'p is a substituted cyclopentadienyl each R', which

can be the same or different as hydrogen, alkenyl, aryl
alkaryl or arylalkyl.radical having from 1 to 20 carbon

“atoms or two carbon atoms joined together to form a part

35

of a C4 to Cg ring, R" is one or more of or a
combination of carbon, germanium, silicon, phosphorous



iodic Table of Elenments. In the preferred enbodinent, the bul ky
??aﬁgirt?&fpml conpounds are netal | ocenes, which are actPorwssdopsie )
trial kyl al um num conpounds, al unoxanes both |inear. and cyclic, or ionizing
ionic activators or conpounds such as tri(n- 35 butyl)amonium :
tetra(pentafluorophenyl)boron, which iogjze the neutral netallocene
conmpound. Such ionizing . 13 conpounds nmay contain an active proton, or
sonme ot her cation associated with but not coordlnated or only | oosely

nd Such
Commounds - aror AlErsq A LohRlnlas 1801 8 00 uB0t S s R e TRe Bh Andosr004,
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nonocycl opery adi e oaton1conta|n|ng conpound
acti vat ed byrH i ﬁf’g{ %ﬁﬁl h | ARRACERR sAMme ooF cdiEfeventr asoahoanyan active

polynerléatm@kxﬂuzﬂ;kﬂnyimnaﬂkéIYIU(hhﬂérflﬁﬂﬁ?lsrﬂéféai th%H?S

ste exanpl e,
{/\?}Vimglz;)goms pub Wed&fanuar yy%{ ’i% %ﬁ57§;7515anA 5096867, 15
US- A 5055438 1k¥d idgne 3adiee) hawimp- ﬂrmmmnomanﬁdntaeems; hg

met al | ocene jgatalosty iR Whdr) 8 Nis d Nenid o &ﬁ’é‘ ary ﬁf hn®E 2.2Rdas

cl opent adi eny.l cat al yst conponents or ancl
BSPOFZS OIF’) & ﬁyltfeé'lﬁ“c‘tﬁﬂﬁ @9 dh 38 th a transition metal . 20
Addition@lly, it is not beyond the scope of this invention that the

be t escribed in US-A 5064802 and
3\?;2' 531 08221 Sﬁﬁ%ﬁ@%é% SR | SVRE R 8 the | (e (
metallocene type may be used in the polymerization _
process of this invention. Exemplary of the developmént-
of metallocene catalysts in the art for polymerization
15 of ethylene is the disclosure of US-A 4871705 (Hoel),
US-A 4937299 (Ewen et al.), EP-A 0129368, published on
July 26, 1989, and US-A 5017714 and USQA 5120867 to
Welborn, Jr. These publications teach.the structure of
the metallocene catalysts and include alumoxane as the
20 co-catalyst. There are a variety of methods for

preparing alumoxane, one of which is described in US-A
4665208.

- For purposes of this patent specification, the
25 terms "co-catalysts" or "activators" are used
- interchangeably and are defined to. be any compound or

component whlch can activate a bulky ligand transition
metal compound. In one embodiment the activators
generally contain a metal of Group II and III of the

30 Periodic Table of Elements. In the preferred
embodiment, the bulky transition metal compounds are
metallocenes, which are activated by trialkylaluminﬁm
compounds, alumoxanes both linear and cyclic, or -
ionizing ionic activators or compounds such as tri(n-

35 butyl)ammonium tetra(pentafluorophenyl)boron, which
ionize the neutral metallocene compound. Such ionizing



catal yst systens of the invention may be, optionally, 25 pregol nerized or
used in conpvoestse3n with an additive or scavengi ng conponent FSX’ 1 ale
catal ytic productivity. Preferred netall ocene catalysts according to the 30
present invention include: racemc[1,1 -dinmethyl-
si | anyl ene- bi s(3- et hyl cycl 6pent adi enyl )] 1gi r coni um di chl ori de;

- [1,1" -di net hyl sil anyl ene-bi's(i ndenyl)] zirconiundichl ori de;
[1,1'-dinethylsilanylene- bi s(4,5,6, 7-tetrahydroi ndenyl )] zirconium

dichl ori de; é%#u ?%lméyzcgnﬁgiﬁagﬁtg¥£ﬂbé'b@Gﬁbﬁ”ebrbéﬁﬁa other

nethylcyclopent rconium di chlorid Pi
2- tetranethyld?%t%%hy@%ﬁ%?l%F§@4W5tB PuttB?Faﬁ9ﬁFéFﬁﬁ§ﬁ9k PrzP &ni um

~dichl ori de; [116oseﬂyneéafa§h£eaalﬁaetheSfamainﬂnghxbalban;heyabmizlng
pentadi en)] zigcopiumdich

t et r amet hyl di stPRHT ‘é‘ﬁ‘@?"ﬂ?g( 3- ?PF%FHVP@P’P%%S&cgsscﬁéﬁ’fé gdllgnﬁp P

Z|rcon|un|$<ﬂwsmoﬂ32 [EP4A-0271p0633and EP-A 0277004, published on

t et t hyl di 546 dr ga-
creniort ae: 1 14003 TR0 Cale UBe, SERA Ry B N R SR 6 .

10 tetrahydro5%ﬁb 25) ] Eursaﬁruntaﬁcnﬁﬁalaecepg gat a3ys Somponen

di net hyl - 2- SIIaaﬁOEalsnﬁbnae§e$o§3hhaa@5ﬁympaatasbaabh)bowwummmngn
di chl ori de. POLYMERS

O o, PO LSS, myte REsRRnliR 1e0RRr elelP Bk B ™ 711
carbon atoms, a&ltmopahe &6 anr honiat antivatorhtopfermnaa abtavmetallocene
catglyst SySteH539ﬂgfiﬁgggoﬂtcgggi&sgngyggEﬁl%89§98dﬁ%egpor§mers

useful in this invention. These types of catalyst

systems are described in, for example, WO-A 92/00333

published January 9, 1992, US-A 5057475, US-A 5096867,

15 US-A 5055438 and US-A 5227440, and EP-A 91/04257. 1In
addition, the metallocene catalyst useful in this
invention can include non-cyclopentadienyl catalyst
components, or ancillary ligands such as boroles or
carbollides in combination with a transition metal. .

20 Additionally, it is not beyond the scope of this
invention that the catalysts and catalyst systems may be
those described in US-A 5064802 and WO-A 93/08221 and
WO-A 93708199 published April 29, 1993. All the
catalyst systems of the invention may be, optionally,

25 prepolymerized or used in conjunction with an additive
or scavenging component to enhance catalytic
productivity.

Preferred metallocene catalysts according to the
- 30 present invention-include:.racemic[l,l'édimethyl—
_silanylene-bis(3-methylcyclopentadienyl)]_zirconium
dichloride; (1,1'-dimethylsilanylene-bis(indenyl) ]
zirconiumdichloride; [1,1'-dimethylsilanylene-
bis(4,5,6,7-tetfahydroindeny1)] zirconium dichlo:ide;
3 [1,1'-(1,1,2,2-tetramethyldisilanylene)-bis(3~
methylcyclopentadienyl)] zirconium dichloride; [1,1'-



dienyl -transition netal conpound) and an activator, e.g.,
gPungigkgaggégﬁﬁhdy "The conononer content can be controllp@nﬂggmug@ ol
sel ection of the netallocene catal yst conponent and by controlling partia ]
pressure or concentration of the nononers. 25 Polynmers of the |nvenL|on ca
be prepared by pol yneri zi ng nmononer m xtyyres including polyenez_suc as
di enes including 1, 4- hexadi ene, dicycl opent adi ene, net hyl hexallene,
4-vinyl cycl ohexene, ethylidene norbornene, and others. The pol yenes
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POLYMERS
15 The polymers can be prepared by polymerlz1ng
monomer mixtures comprising ethylene and a-olefins,
preferably from 3 to 4 carbon atoms, but up to 16 carbon
atoms, in the presence of a metallocene catalyst system
comprising at least one metallocene (e.g., a '
20 cyclopentadienyl-transition metal compound) and an
activator, e.gqg., alumoxané compoun::. The comonomer
content can be controlled through selection of the
metallocene catalyst component and by controlling
partial pressure or concentration of the monomers.

Polymers of the invention can be prepared by polymerizing monomer
mixtures including polyenes such as dienes including 1,4-hexadiene,
dicyclopentadiene, methyl hexadxene, 4-vinyl cyclohexene, ethylidene
norbornene, and others. The polyenes preferably contain 3-16 carbon atoms.

30 The interpolymers can be prepared using a convenuonal Ziegler or other catalyst,
or a metallocene catalyst such as those described above. See US-A 5191052
(Welborn) and US-A 5229478 (Floyd et al.) for a description of metallocene

: polymenzahon incorporating polyenes, especially dienes. In one embodiment,
- the polymers have terminal (especidlly vinylidene) unsaturation and opuonally

35  other unsaturation. - In either case, such polymers are suitable to prepare products

 with terminal aldehyde, hydroxyl, or alkylamino substituents. Interpolymers



' such as those disclosed in BS-A 5017299. Theg pol ymer’ unsat uifat i on
‘termnal, internal or both. Preferred polynmers have term nal Qaﬁ
~preferably a high degree of 25 term nal unsaturation. Term nal unsaturation

15 from polynerizable olefin nonomers of 2 to about 16 carbon atons;
usual |y 2 towsmseud3sd carbon atons. Particul ar reference i s nma@ETUFIVIRS1I

a-ol ef in polyners nmade using organonetal |ic coordination 20_conpounds. A
particularly preferred class -of polyners are ethylene-a-olefl?Hﬁpi%%ineta

e
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i s the unsatur aiﬂ‘?ﬁ%"%‘?‘\%g 31%0934"343@% .$@Y%% asu&iéﬁet, P Nafidole” A RSable

pol ymer. The unsat ur can be a re 1rn thi.s term nal nononer
unit. Term nal ©ANgEiihaROUyARAGwt. ipsrdentipolyeney| i dene (i.e., ethenylidene) 30
unsaturation, RaRobC=CH2; trisubstituted olefin unsaturation, [err]; vinyl
unsdturation, RaHC=CH2; 1, 2-di ubsthtuted t er.m, nal unsa&yratioBgIRaHC=CHRb;
and tetra-substitute st?l"'ﬁ‘j '!’nalt nBRLYPEESWRICH Are Nsefuldn, they py ang
Rb i.s a pol ysrer pregeatp invenltd ofb apee pelymense mantairdmy ate least one

| d d | .qy branched
o111 a0 9] catbon-chOyBITGRGH Dbl 103 G 5t br anche

enpi oyed in thi YnsakuFatdenconfhises thepsayiaun: mamber of fanatignak 30

percent of whi chreapseper! polyher ¢hain denq iHMitdd!if ithe rtned ¥ Yy at
| east "about 50 Bg@& g; nor e pre%grably at | east about 60 percent, and nost

preferably at | Bondss PeX EBARNe 9., 75-98%, of such pol ymer chai ns
exhibit 10 term nal vinylidene unsaturation. The percentage of polyner

ChaTUS exhi bi ting teh@%&@l $5ﬂ¥5gg§n§n the present invention include
polyalkenes including homopolymers, copolymers (used
interchangably with interpolymer) and mixtures.
Homopolymers and interpolymers include those derived

15 from polymerizable olefin monomers of 2 to about 16
carbon atoms; usually 2 to about 6 carbon atoms.

'Particular reference is made to the a-olefin

polymers made using organometallic céordination

20 compounds. A particularly preferred class of polymers
are ethylene-a-olefin copoiymers such as those disclosed
in UsS-A 5017299. The polymer unsaturation can be
terminal, internal or both. Preferred polymers have
terminal unséturation, preferably a'high degree of

25 terminal unsaturation. Terminal unsaturation is the
unsaturation provided by the last monomer unit located
in the polymer. The unsaturation can be located
anywhere in this terminal monomer unit. Terminal
olefinic groups include vinylidene (i.e., ethenylidene)

30 unsaturation, R23RPC=CH,; trisubstituted olefin
unsaturation, R2RPC=CRCH; vinyl unsaturation, R32HC=CHj;;
'1,2-disubstituted terminal unsaturation, R2HC=CHRP; and
tetra-substituted terminal unsaturation, R2RPC=CRCR. At
least one of R2 and RP is a polymeric group of the

35 present invention, and the remaining-Rb, RS and R4 are

This Sheet Has Been

LT



unsaturation nmay be determ ned by FTIR spectroscopic analysis, titration,
or CL3NMWR0O 9524431 The ol efin monomers are preferably polpgwaisesedsie
termnal olefins; that is, olefins characterized by the presence in their
pstructure of “the group R-C=CH2, where R is hydrogen or a hydrocarbyl group.
However, polynerizable |nternal ol efingonomers (sometines 20 referred to
Cin the'llterature as nedi al olefins) characterized by the presence within
“their structure of the group: [err] 25 can also be used to formthe

i ' | I |
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interpolynﬁﬁﬁylFoarQhkzlbnabharwh.'ar39ubphmtntaﬂahypubpatbwﬂed olefin

will be deened a term nal olefin. Thus, pentadiene 1,3 (i.e., piperylene)
I's deenmed to be te n1na| ol efin, v%lle the p ¥a|kenes generally are
hydr ocar bon 35 po1B% X@ﬁﬁsemP%%¥e@ahnth%§lhngﬁﬂ fPRUEORPRL§LSCcar bon 17

groups §ucrpa$ymemmmhaiﬁsxyatlchstaékyﬁtngocpateenhyeEo&ﬁhchnercapto and.

h b tres.do. bstanti all
Chterfare WOHSEE tefniRaL PYSY PRAGRETuRRELEER 108, o PraterrBIYoRt i s 5
i nventi on. \gaRst prkewht 50 spehcentstmoxe cpraferabiybat deasps abouwtnl [y will
not Contri%gm@néhaéh& t 28 PUrdb h&toieSEﬁ EBB £ Y8l ght of the

pol yal kenes nce the can contal n_such non- ydrocarbon
subst i t uentReygent é%ﬁ%ren 5T%&§)th%foﬁﬁﬁhnpﬁﬁﬁﬁﬁ§r§halns exhibit

10 terminal vinylidene unsaturation. The percentage of
polymer chains exhibiting terminal vinylidene ‘
unsaturation may be determined by FTIR spectroscoplc
analysis, titration, or cl3NMR.

15 The olefin monomers are preferably polymerizable
terminal olefins; that is, olefins characterized by the
presence in their structure of the group R-C=CH;, where
R is hydrogen or a hydrocarbyl group.. However,

- polymerizable internal olefin monomers (sometimes

20 referred to in the literature as. mediallolefins)
characterized by the presence w1th1n their structure of
the group°

N,
/C-C <-C_

can also be used to form the polyalkenes. When internal
olefin monomers are employed, they normally will be
employed with terminal olefins to produce polyalkenes
which are 1nterpolymers. For this inventlon, a
30 particular polymerized oclefin, will be deemed a termlnal
- olefin. Thus, pentadiene-1,3 (i.e., plperylene) is
deemed to be a terminal olefin."

While the polyalkenes generally are hydrocarbon
35 polyalkenes, they can contain substituted hydrocarbon



10 from which the polyalkenes .are made.can. al so contain such substituents.
As used herewopﬂmelterm =, ower'_' when .used with a chenical gr?ﬁﬂ"%@ﬁﬂas I n

"l ower al kyl"™ or "l.ower alkoxy .4-s, i:nt-ended ‘t o describe groups having up to
seven carbon atons. 15 The. polyalkenes may i'ncl ude .aromatic groups and
cycl oal i phatic groups such as would be obt g ned from pol yneri zabl e cyclic
olefins or cycloaliphatic substituted-polymerizable acrylic olefins. There
is a 20 general preference for pol yal kenes derived fron1honopo|yners and

copol yners of t | nal o] o] a Thi
further prefereﬁ%gagg 3@%? ? ég@ %fibggﬁlgga?t ?1ﬁ%% e |n?k ﬁolyneL: of
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atons, nore preferably 2 t n 0 r b RERER
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contai ni ng up tbyaweigh®50fothgokotel weigbtdefi the pedvalkenass &idcens
35 of up to aboeﬂe%sitw@ efbOBEN contfinPeakhi ﬁoﬁx-ﬁ%h:%%a&fbdrﬁrm nal

nmononers whi ch can be use prepare the poI al kenes ¢l ude eth Iene

propyl ene, but efid EtlbﬁﬁPEneli 15u?88?§ﬁ§t1 ths taﬁﬂepg dife AERP

10 from which the polyalkenes are made can aISO'COntain ,
such substituents. As used herein, the term "] ower"
when used with a chemical group such as in "lower alkyl" .
or "lower alkoxy" is intended to describe groups having
up to seven carbon atoms. ' '

15 .

The polyalkenes may include aromatic groups and
cycloaliphatic groups such as would be obtained from
 polymerizable cyclic olefins or cycloaliphatic
 substituted-polymerizable acrylic olefins. There ‘is a

20 -general preference for polyalkenes derived from
homopolymers and copolymers of terminal hydrocarbon
olefins of 2 to 16 carbon atoms. This further
preference is qualified by the proviso that, while
interpolymers of terminal olefins are usually preferred,

25 interpolymers optionally containing up to about 40% of
polymer units derived from internal olefins of up to
about 16 carbon atoms -are also within a'preferred group.
A more preferred class of polyalkenes are those selected

.from the group consisting of homopolymers and

30 interpolymers of terminal olefins of 2 to 6 carbon
atoms, more preferably 2 to 4 carbon atoms. However,
another preferred class of polyalkenes are the latter,
more preferred polyalkenes optionally containing up to
about 25% of polymer units derived from 1nternal oleflns

35 of up to about 6 carbon atoms. ' '



5 Useful polyners include a-olef i nd_i nterpol yners, and

et hyl ene-¥O@85/2443h copol yners and teﬁpﬂléqim [ﬁﬁéﬂlc exap@hegumbfgne o
pol yal kenes i ncl ude pol ypropyl enes I:agylenguféﬁgy

opol yners, ethyl ene-|-butene copolyaess: DO -

gogolyners Pre?erred polymers are polyﬁgrs of ethylene and at | east one
a-olef in having the fornula [err] wherein 15 R4 is a straight chain or
branched chain al kyl radical conprising 0 to 14 carbon atonms and m?egﬁln
t he pol yner cont %§§cff Oy igg % tL_erm na:L Vi nyl i dgnehuggaturabl
Preferably, R4 jn the dbove fRPRAAPASt BRBCRaFBBN &}ons
and nore prét&ahh %Rrsepare aFFh@IP@lelMQstmd’lmb@nhmeﬂs,- Ther ef ore,

usef ul conppropyd etid, htkﬁiﬁléﬂl@-ngt L&ﬁ%@e#i%ﬁé&ﬁ%@%%é@(groﬁyl renn>e<tures of
1- but ene, enge ,

progyl ene a%qq&d:)ie[ r5and the like). Preferred:polyners are 2_?_h ! ar
copol ynmefs of ethylene and propylene and ethylene and bufﬁnehé rangengf .
et hyl ene Eont eggq{y‘ ft,Jg. 3@1%,[@8%0} o, %_Ig e %qﬁ/ MRS, RSt 30 to
bet ween aboyt Q (0 .
about 70% WREATESt e s oy pipiim om Igm%&nebohthezo to
et hyl ene cortietpio1gmei s %rfeQﬁ Wxé 1851 eﬁjlﬁ rdike) %j%n%zg ﬂﬁ@

be 35

al.t hough he ower

SPgSEnfS wehgakggpp }§P§Fge %hﬂ79“$QﬂﬂﬁmuﬁtbxiﬁnﬁﬁpnnnyIsmed|sclosed in

copendi AY USSRodgRmess, Ethﬂdéﬁ@*i4ﬂﬁt§hd¢ﬂﬁd%%¥%é%§ﬂEﬁﬁﬁjpropylene-
l-butene copolymers. ‘

Preferred polymers are polymers of ethylene and at
least one a-olefin having the formula H>C=CHR4 wherein
15 R%? is a straight chain or branched chain alkyl radical
comprising 0 to 14 carbon atoms and wherein the polymer
contains a high degree of terminal vinylidene -
unsaturation. Preferably, R4 in the above formula is
alkyl of from 1 to 8 carbon atoms and more preferably is
20 alkyl of from 1 to 2 carbon atoms. Therefore, useful
comonomers with ethylene in this 1nvent10n include
- propylene, 1l-butene, hexene-1, octene-1, etc., and -
mixtures thereof (e.g., mixtures of propylene and 1-
butene, and the like) Preferred polymers are

25 copolymers of ethylene and propylene and ethylene and
butene—l.

The molar ethylene content of the polymers employed
is preferably in the range of between about 20 to about
30 80%, and more preferably between about 30 to. about 70%.
‘When butene-1 is employed as a comonomer with ethylene,
the ethylene content of such a copolymer is most
~ preferably between about 20 to about 45 weight %,
- although higher or lower ethylene contents may be
35 present. The most preferred ethylene-butene~1
' copolymers are disclosed in copending USSN 992192, filed

Sheet Has Been Replaced
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19 Decenber 17, 1992. ~The preferred rethod for making | ow nol ecul ar wei ght
et hyl ene- a- oWef9s24430pol yners i-s descri bed 'in USSN 992690, fi | ROT/DS2025
17, 1992. 5. In one aspect of the invention the polyolefin is an
~interpolyner derived froma polyene. Preferred pol yene nono

~dienes such as, 1,4-hexadiene, dicyclopentggdiene, nethyl hex - SHEET HAS BEEN |
4- met hyl cyclohexene and et hyl i di ene norbornene. 10 Preferrjgd rarRER.AZED

nunber aver age nDIecuIar wei.ghts of polyners for use as precursors rot

~di spersants ar 300, . 0k 000 refer r

preferably fro %%e 1‘% WA T eCcR‘R/eé #ér@%@&%&sﬁg&g”&%
det ermi nati on |mol§mslze mmlmﬂEMW qapalynensuisis gel
permeati on chr Qigd asiagh (SRR WUAdb % 11 anabbderbey o5 Tobgcul ar

“wei ght distri butlon I Nt or mat 1 on. pol'yners general [y possess an _
~intrinsic viscosity (as 20 neasured in tetralin at [err]) of between 0.025

~and.0.6 gl /g, Eur ;%f erﬁﬁ'dn&)%m Cbﬂ&l?é\dngslrénﬂi?]ﬁbtli”éspoDyeiefahl ysbanween
0.075 and 0.4 T ners prefera exhi bit

crystallinity: s’tf& gﬁ% %E ‘#g O h%yp§1+%e%%§en?$3£$€£§8 ggﬁgene

The preferred end!m:wesalmﬂ:hide\ tptémmearsuéhlraﬂer1c¢1ahe1§aél.eaed in that
up to about 959/f§?£ qggk segs nal

vi nyl i dene-type unsa i%#é&?%ﬂﬁéﬁ%} ﬁb en £§1€§§h % %ﬁ%?% will be of 30
the formul a [ erfycliphexene | &and #%h!k%#}eﬁ% NR¥PPraeRet  preferably [err]
to [err] aldgyl, and nore preferably nethyl or ethyl and wherein POLY

ts th I h A t of _th
Contai n 1 orm nal et NEST U thaT o0 (RgRbef cpppraff MeTectiss” °*"

weights of polymers for use as precursors for

dispersahts are from 300 to 10,000, preferably from 700
to 5,000, most preferably from 1,500 to 3,000. A’

15 convenient method for such determination is by size
exclusive chromatography (also known as gel permeation
‘chromatograph (GPC)) which additionally provides -
molecular weight distribution information. Such
polymers generally possess an intrinsic viscosity (as

20 measured in tetralin at 135°C) of between 0.025 and 0.6
dl/g, preferably between 0.05 and 0.5 dl/g, most
‘preferably between 0.075 and 0.4 dl/g. These polymers
preferably exhibit a degree of crystallinity such that,
when grafted, they are essentially amorphous.

The preferred ethyiene—a-olefin polymers are
further characterized in that up to about 95% and more
of the polymer chains possess terminal vinylidene-type
unsaturation. Thus, one end of such polymers will be of

30 the formula POLY-C(R11l)=CH, wherein R1l is c; to C3g
alkyl, preferably Cj to cs alkyl, and more preferably
methyl or ethyl and wherein POLY represents the polymer
chain. A minor amount of the polymer chain can contain
terminal ethenyl unsaturation, i.e., POLY-CH=CH;, and a

35 portion of the polymers can contain internal mono--
_ . -

heet Has Been Re‘laced
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35 portion of the polyners can contain internal nono- 20 unsaturati on,

e.dg. [eWM95’2M3ér ein [err] is as defined above. AM NES 5 PCT/US9S05t%bI e

 amines for use in formng fuel additives or detergents are disclosed in
-US: A 3438757(Hennen et al.) and include N-substituted anines and al kylene
“ pol yam nes.. 10 .: - [llustrative conp£§|t|ons of desired N-substituted

- am nes:include, but are not limted to, polypropenyl am ne, polyisobutenyl
‘:anfne,:N;polyisobutenyl di met hyl am ne, N-polyi sobutenyl nethylethylamn ne,

N pol y1 SobAERER Ry 1 i1 AR -XHB Rl erats hot 46 as”

N- pol yi sobdedipedpiakeviedi ene, N-poly(l-butene) propylan1ne N- pol y-
propenyl N-(2-hydroxyethyl) am ne, etc. 20 . - Preferred al kyl ene

pol yam nes which are substituted with the hydrocarbon radical may be
derived from such al kyl ene ami nes a®MENES ene di anmi ne, diethylene triam ne,

Eet raet%l ene. peaitable, ;Eﬁri?%t fﬁd:efﬂx%eiqﬁ-ﬁmdﬁuﬂg e P &i‘é’n‘?éé‘md”e n
etranet ny n etG n ances a Sl n conpounda w
not be usehg Sege?gEQ%gn ehdﬁﬁglﬁﬁg%g Qﬁ 43R73 spilonner 2Bt the
present inadndi and Inglude N¥isubstdtutidd dmr?éb anehlikyvéneh one or two

conpounds wgh& P ﬁggn1nate and the average conposition or nol ecul ar wei ght
is indicate ﬁ ustrative conpounds mnthln t he above. fornula are as

foll ows: N-polyi sobutenyl- et hyl ene
10 Illustrative compositions of desired N-substituted

amines include, but are not limited to, polypropenyl . ‘
amine, polyisobutenyl amine, N-polyisobutenyl '
dimethylamine, N-polyiscbutenyl methYlethylamine,~N-
polypropenyl diethylamine, N-polypropenyl di{z—

15 hydrokyethyl) amine, N-polyisobutenyl N-methyl aniline,
N-polyisobutenyl morpholine, N-polyisobutenyl
piperidiene, N-poly(l<butene) propylamine, N-poly-
propenyl N-(z-hydroxyethyl) amine, etc.

20 . Preferred alkylene polyamiﬁes which are substituted
with the hydrocarbon radical may be derived from such
alkylene amines as ethylene d;amlne, diethylene
triamine, tetraethylene: pentamlne, nonaethylene

decamine, 1,2-propylene diamine, tetramethylene diamine,
25 etc.

- In many instances a single compound will not be
used as a reactant in the preparation of the dispersants
of the present invention. That is, mixtures will be

30 used in which one or two compounds will predominate and
the average composition o> molecuiar-weight is
indicated. Illustrative :mpounds within the above
formula are as follows: prolyisobutenyl ethylene -
diamine, N-polypropenyl ethylene diamine,-N-poiy(l--'

35 butenyl)ethylene diamine, N-(alternatihg-copolymers of
ethylene and isobutylene may be achieved by the cationic



di am ne, N-pol ypropenyl ethylene diahiﬁéf'N—pon(l- 35 butenyl)ethyl ene

di ami ne, N WO¥&24#t i ng copol yners of ethyl ene and i sobutyl erlyé")ﬁb%?s%”

achi eved by the cationic 21 pol ynerization of 4-nethyl pentene-1),

N pol y(1-pentenyl) diethylene triamne, N polypropenyl trinmethyl-ene

di am ne, N-polyisobutenyl trimnmethylene diamne, N polypropenyl

- di-(trimethylene) triamne, N polyiso- 5 butenyl di(trinethylene)triam ne,

- N-pol yi sobutenyl 1,2- propyl ene diam ne, N-polyisobutenyl di(1,2-propylene)
triam ne, N-po L riet byl e ' =0y PRLYI YiSRWenyl)

triethyl ene te%%gggﬁg?¥ t%%ﬁté?ngtﬂggﬁg%%gﬁ§%§$ g?'eghéngg ag%h.eny )

i sobutyl ene) téiethylene toiamingni NepolvBEPPERYBpehFRmEENYISNSy| cne

pen}: arrl Eei N- ﬁﬂﬁﬁiﬁéPUﬁeiﬁhy$§bbfﬁeléhyh._eﬂﬁiﬁéﬂhﬁmgﬂa, amamhse,ssmult enyl

pent aet hyl ene hexanine, efc... . 0 ng_polyhydrocar bon radical

Dubstit Ut ed 15PSLRBFBRERYS| i REIDBHBULERR b EY AFBLBRG o Rapg N AEEE:

N, N. di ( pol ysor opetghylli ailigrénethyileneperisimihnedi Nppbly isobukenyll j1,2-

di et hyl ene triagj Ny:zdi: (pol i A he ene Qﬁﬁﬁ’

N,N'-di(poIyprg%%ﬁ?%fk%eg%gghégﬁy%e%gggéﬁgék%ﬁg?iNhaxﬁd?(.ol P?bbutenyl)

tetra- 20 ethyriéavipent NrppdypPKORenNl. triesbYyraghEeEraminest Nyet hyl ene

&earag??e7lN7?bgﬂ?iﬂ@%ﬁ%éﬂ??kQFkah?ifﬂﬁiﬁé&iamﬁﬁkpeNGREPQgrﬁ?ﬁéngl)

) - dl oly-1-DU n r_e ne tetramn - dl. Q .S uten

0 (7 ok hy! enGPBo PR rOE. BEBY198eT Ay LEPEHERY DB, SRS s in
making fuelo detetgamineqr H-pbayerbpenyy teeraethiydlenecipentaxing, eme-
polyan1nes, paﬁgigfggﬁh¥eﬁyqyE%Q%agkﬁghaﬁeaggntamine,-N-polyisobutenyl

pentaethylene hexamine, etc.

The following polyhydrocarbon radical substituted -
15 alkylene polyamine compositions are also desirable:
N,N'di(polypropenyl)diethylene triamine, N,N'-di(poly-
isobutenyl) diethylene triamine, N,N'-di(polyisobutenyl)
triethylene tetramine, N,N'-di(polypropenyl) tetra-
ethylene pentamine, N'N'-di(polyisobutenyl) tetra-
20 ethylene pentamine, N,N',N'-tri(polyisobutenyl)
tetraethylene pentamine, N,N'-di(polyisobutenyl) 2-
- aminoethylpiperazine, N,N'-di(poly-1-butenyl)triethylene
tetramine, N,N'-di(polyisobutenyl) di(trimethylene)
triamine, etc. '

25
The preferred compositions for use in making fuel
detergents are those having the straight chain alkylene
polyamines, particularly ethylene diamine and
polyethylene pquamines; ' '
30 :

Amines which are useful in forming dispersants for
use in lubricating applications are set forth in US-A-
4234435 (Meinhardt). The amine for use in forming
lubricating dispersants, characterized by the presence

35 within its structure of at least one H-N< group, can be -
a monoamine or polyamine compound. Preferably, the



ol yet hyl ene pol yam nes. 30 Am nes which are useful in formng dlspersants
Foryuseyi“fp?ftﬂgﬁlgatl ng applications are set forth in US-A-PCI2ESY882519
(Meinhardt). The amine for use in formng lubricating dispersants,
characterized by the presence 35 within its structure of at |east one H N<
group, can be a nonoanine or pol yam nejgonpound. Preferably, the 22
am ne contains at |east one primary amno groups (i.e., -NH2) and nore
- preferably the amine is a polyanne, especially a polyan ne containing at

| east two Fﬁﬁfhgréaﬁﬁalﬁgtgf és@OEHe F%@%Egh @gggrngwéﬁfr secondary 5

am nes. The am nes canh be atlc
heterocycllcN ZXKﬁQEhW@F%JPﬁﬁ F%blEu ej anine igcRopbilybating,

al i phat | ¢- sesyséc 14t byl d (G yaiRing. cohtalAlhg- atb3bhkY! ehohgLROCYCI i C.
cycIOoaI i ph ﬂ-&ﬁé’bs?{ u?%d gf?g{% g XC og | i phat 1 c- substituted ar orratlc;
cycl oal i ph?é DR TR PR | YR cﬁrﬁﬁﬁt PE‘E‘EEA’t PruseFondazwat i c,
aromati §- SAmknesut ed cycloallphatlc aromatic-substituted 15 . .
heterocyclic, heterocyclic-substituted aliphatic, heterocyclic-substituted

alicyclic, and heterocyclic- substituted aromatic am nes and may be
saturated or unsAtiratiRes |ganketalipkatiehecyaioaliphatie,free from

acetylen|carvm&tﬂaﬂldﬁ1ﬂétézocyézié) idé@fud@ih e§l§€ha€§& _also contain .
non- hydroc Jkéﬁ%ﬁﬁ%%ﬁfuqﬂbS(”%ﬁ% i ﬁ¥é§ % e exh g;og gf thﬁlbLanched
pol yal kyl ene Vi Pt Gafthes1Itukedt he hig
nol ecull@r \estagiat ity dradciphat icthitst it etedhetérotPelic,
cycloaliphatic-substituted aliphatic, cycloallphatic-- '
substituted aromatic, cycloaliphatic-substituted
heterocyclic, aromatic-substituted aliphatic, aromatic-
~substituted cycloaliphatic, aromatic-substituted
15 heterocyclic, heterocycllc-substltuted allphatlc,
heterocycllc-substltuted alicyclic, and heterocycllc-
substituted aromatic amines and may be saturated or
unsaturated. If unsaturated, the amine will be free
from acetylenic unsaturation (i.e., =C=C-). The amines
20 may also contain non-hydrocarbon substituents or groups.

With the exception of the branched polyalkylene-
polyamine, the polyoxyalkylene polyamines, and the high
molecular weight hydrocarbyl-substituted”amines, the

25 amines ordinarily contain less than about 40 carbon
atoms in total and usually not more than ahout 20 carbon
atoms in total.

The additives, particularly thosé.adapted for use
30 as dispersants or viscosity modifiers, can be
incorporated into a lubricating 611 in any convenient
way. Thus, they can be added directly to the oil by
dispersing or dissolving the same in the oil. Such.
blending into the additional lube oil can occur at room
35 temperature or elevated temperatures. Alternativeiy the
additives may be first formed into concentrates, which



25 amnes ordinarily contain Ie‘ss___tf'-_ha'n a’il’ibut 40 carbon atons in t@&gl and
usua! | y not wamese443tan about 20 carbon atons-in total. The ad &Y X 19
particularly those adapted for use 30 as dispersants or viscosity

nodi fiers, can be incorporated into a lubricating oil in any convenient
way. Thus, they can be added directly to tise oil by dispersing or
di ssolving the sane in the .oil. Such blending into the additional |ube oi

- can occur at room 35 tenperature or elevated tenperatures. Alternatively

the additives fy ﬁrnﬁéh |} CaNe 69t 1 At eSuchi fdpersadtare in
turn bl ended i%etbﬁé %lliﬁ iéjéuc di%s_persant concentr at esﬁvgll typically

contain as act iSRNGeRfEateh ik} dpdrablgcortady 35 ACHYS 20 to 60 w .
% and pref er abjpgtédiens tordd ¥6 .tI8@AdE! | ¥e, tybheallp 20ntohe0 wt.

concentrate weight) in base ail. Jhe addifiv y e m swith
additives sel ec 'eog’?% %ré??%!;%ia)f ?T%%%tggn‘tééﬁ@i‘?ga ?Ungc%ﬁ}%l S/pi(gg ng
such additi 6nalomdthe | concentraks oreight) in baseodily nodifiers, wear

i nhibitors, oxidation inhibitors, corrosion inhibitors, friction nodifiers,

foaminhibitors, rust inhibitors, denulsifiers, antioxidantg..lube oil flow
i nprovers, and seal Eheladdbhives @E%wﬁ%.miﬁeﬁmﬁhtBtﬂEPeﬁdﬁa??gégeﬁre

enpl oyed, it nﬂﬁeﬁéiﬂéaitébberﬁéiﬁfﬁugheﬂﬁt orecdeaiyedt funcepene additive
of the. subj ect THRIERLCSE crudh S e FRRER: paALES 80, dFb AerabalhERs B N0,
the other 10 viscosity modifiers, wear inhibitors, oxidation -
inhibitors, corrosion inhibitors, friction modifiers,
foam inhibitors, rust inhibitors, demulsifiers,
antioxidants, lube oil flow improvers, and seal swell
control agents. :
15 ' _ _

When other additives are employed, it may be
desirable, although not necessary, to prepare additive
concentrates or packages comprising concentrated
solutions or dispersions of the subject additives of

20 this invention together with one or more of the other
additives. Dissolution of the additive concentrate into
lubricating oil may be facilitated by solvents and by
mixing accompanied with mild heating, but this in not
essential. The final formulations may employ typically

25 2 to 20 wt. %, e.g., about 10 wt. %, of the additive
package with the remainder being base oil.

B LE 1
. (Comparative)

30 This example compares the conversion of various
polyﬁeric olefins to polymeric aldehydes under
‘hydroformylating conditions. The polymers were (1) a
boron trifluoride catalyzed cationic reactive .
polYisobutylene, (2) an ethylene-propylene copolymer

35 according to the present invention, (3) a polybutuene-i,
and (4) an aluminum chloride catalyzed polyisobutylene.



addi tives. Dissolution of the additive concentrate into lubricating oil may
be facil iW2P¥HBY sol vents and by ni xi ng acconpani ed wi t h pitrisdsmasiong, but
this in not essential. The final formulations may enploy typically 25 2 to
20w. % e.g., about 10 wt. % of the additive package with the remai nder
bei ng base oil. EXAMPLE 1 (conparative) 80 - This exanpl e conpares the
conversion of various polyneric olefins to polyneric al dehydes under
hydr of ornmyl ati ng conditions. The polynmers were (1) a boron trifluoride
catal yzed cagaemi PRet | | I ) hyl ene- pr opyl ene
copol yner 35 accolf%l:i[n to‘yﬁgg%géeéée]ggi*nggﬁfgéé! ?g)géoéol_ybut uene-1, and
(4) an al um‘%ﬁmm%\lgﬂe 2kl § A F P inGobtvg| diter stadnkees stleeler was

separatel y cutgeravalfivosa witier Hitéfnal "E6oRifAg" 865187, +bYRthieker .

stai nl ess st toclave fitted with interpal codling coOils” together with
a di cobal t o'g)%%g%lb‘g J;:/‘Fb‘ya? a??%??aﬁ%%“%ﬂtﬁi?% ¥sh.. \hRet pukosdaved and

pressuri 2ed Wid themogepbed) {16l Iatessirizédobithr Dpooovpeiydesabdshydr ogen.
(vol urme rat iy A4y . ' ed t rr] for .5 hours
with rockin fteo }/t]i%’zl n%ﬂ%lgg&?eqé%%n _i%&%ﬁ%ﬁ%ﬁg{'o?y%gwgﬁﬁ&l& ure and
then the co%f omt/sLher Th® aytarAANE wamcthendueatedstdek208C eflonf Scobal t by
shaki ng overhour3) wi thitxodieind oV e R itada LPedbt YRRAIEQES acetic acid
at 30 to [e@goﬂ egba%nns here of, -air at_one atnosphere pres8ure. The
denet al i ng procedure et RSN S ARG (Hhen cLhe ;gonbertacwere acid. The

15 prodict nemevedn Riehairdduate wisiemétdledtéf 60Balbeby shaking
over a 30 minute period with 300 ml of 10 wt.% aqueous ‘
acetic acid at 30 to 45°C in an atmosphere of air at one
atmosphere pressure. The demetaling procédure'was' -
repeated twice with fresh aqueous acetic acid. The

15 product was then washed three times with water and thé

solvent removed under vacuum by heating at 40 to 70°cC.
Conversion was determined by the standard AI test. The
results are set forth below in Table 1.

20 . | Table 1
_ Polymer =~ Heptane lCat__alyst ~ Percent 6f.Cbnv;rsion
Sample Mn (grams) {grams) (grams) to Polymeric Alde_h_xde
1 1000  284.7 751.7 45 30.9
2 1000  307.3 665.5 4.5 708
3 500  388.3 657.6 56 184
4 1000 380.0 688.9 6.0 37.6

' Table 1 compares the cbnversiqn to hydroformylated
products of three types of polybutenes to that of the
25 metallocene catalyzed ethylenerroyylene.cppolymer of
the present invention. The lower heating témperature of
120°C tends to favor aldehyde rather thén élcﬁhol:'
formation. ?he yield of functionalized ethylene-.



sol vent reaned under vacuum by heatlng at 40 to [err]. Conversion was
det ermi ned BYOPHM43k andard Al test. The results are set fort PEEPINZH

Table 1. 20 Tabl e 1 Pol yner Hept ane Cat al yst
Percent of Conversion Sanpl e Vvh (grams) (granms) - to Polyneric Al dehyde
1 1000 284.7 751.7 - 4.5 3.9 2 1000  307.3 665. 5
4.5 70.8 3 500 -388.3 657. 6 5.6 18.4 4 1000
380.0 688. 9 .37.6 Table 1 conpares.:the conversion to

hydr of or myl at e t S I n 0 25
nmet al | ocene cat f%éiggﬁ§h8%%%2§ﬁgr y %n%fégge toste ?ﬁa °5Q%§g%P Witn

i nvention. Theanyhvef ﬁ%ﬁtfhchéﬁﬂéKagﬁﬁePG£YPEFFPetEﬁé¥m965ﬁavor al dehyde
rat her than al cohol formation. The yield of functionalized ethyl ene- 25
propyl ene copol yner was al nost tmﬁceE;E%égﬁggﬁgfed mﬁth any of the
functionalized pol ybutene pol yners

(Conparative This exanpl e conpares tGQan!nitxﬂem1 of various polyneric:
olefins to polyneri QBfi‘igoéﬂé Qd851a€¥gé9f éahbagsﬁ%d'off' %i-mﬁ%o

pol ymers were (1) a boron tr| uor| catironic reactl
pon|sobutylene9°¥$ye§h°e?ﬁ?féﬁ§ bPoB?lﬁH@ré6p619ﬁﬁpléc@6ﬂ6¢ng to the

present inventiwparéBordyPRtYR eaﬁdinaﬁs (4Thanpahyfetemveiteoriige a
catal yzed polylsobut en S arate char ged, at room
t emper at ure, ?F%Pr%ﬁk§%§°r% ?ggﬁy§mg gg?“é?e@% oclave fitted
with internu cp@lyngobutyzenéogeehean ethylene-propylene copolymer '
according to the present invention, (3) a polybutene-1i,
and (4) an alumiﬁum chloride catalyzed poiyisobutylene.
Each polymer was separately charged, at room
temperature, into a rocking, two liter stainless steel
15 autoclave fitted with internal cooling coils, together
with a dicobalt octacarbonyl catalyst. The autoclave
was then sealed and pressurized with 1,000 psig (6.996 x
106 N/m2) of carbon monoxide and hydrogen (volume ratio
of 1/1). The autoclave was then hééted to 170°C for 5
20 hours with rocking to the indicated reaction time,
cooled to room temperature and then the contents were . .
removed. The product was demetaled of cobalt by shaking
over a 30 minute period- with 300 ml of 10 wt. % aqueous
acetic acid at 30 to 45°C in an atmosphere of air at one
25 atmosphere pressure. Thé demetaling procedure was
repeated twice with fresh aqueous acetic acid. The
product was then washed thfee times with water and the
solvent removed under vacuum by heating at 40 to 70°C.

30 Next, the polymeric aldehydes in the demetaled,
reaction product were reduced to alcohols by treatment
with SOdium'bofohydride. This was by addition of 10 to
15 grams of sodium'borohydride'bowder and 50 to 100 ml
of isopropanol, with stirring, for two to three hours

.35 (with cooiing from an ice bath to maintain the f'
exothermic reaction at 45 to 50°C). The product was



with a dicobalt octacarbonyl catalyst. The autoclave was then seal ed and
pressur i WOPS@#MM 1, 000 psig (6.996 x [err] of carbon nmonoPCIASEFHORSE dr ogen
(volune ratio of 1/1). The autoclave was then heated to [err] for 5 20
hours with rocking to the indicated reaction tinme, cooled to room _
tenperature and then the contents weresgenoved. The product was denetal ed
of cobalt by shaking over a 30 mnute period with 300 m "of 10 wt. %
aqueous acetic acid at 30 to [err] in an atnosphere of air at one 25
at nosphere SHf Rrerdle alels rQegduge e | W th
fresh aqueoﬁgggcg%?geg%?ﬂ.qggﬁg g?ggﬁgt?&gsu%hgﬁs%éghe g%ﬁggéw??ﬁes W th
wat er and tYRteby veht adupppEdhyAgerhyaEiGnrEdnecarenfhen fyice mang . 30
Next, the pwiyhewatesl dehgsies tRet Boldentt ahad isbﬁ@@ba%lprz@yﬂaué/ver e
reduced to @%%ghgés b tregtnent wi th sogiungoro y%&i e. Ig%s was by '
additi on of t E%vé?aﬂg 8F Y3GRHM BY: BRSLAPHe 25048 Cad® 50 to 100 m of
i sopropdnol Convehsionrvwasgdeterminedt byt theeskandarss AI( wiest .co@heng from.
an ice bat hpf@,{RENLALN égefgfgﬁhgéﬁbg_ﬁﬁaegbgg_gg_45 to [err]). The
product was -~ 26 then ?lltere , using filter aid on paper, washed wth
wat er, 5% aqueous hydrochloric acid, and then twice nore with water. Next,

the sol vent and isopropanol residuemMS%?rgnmwed under vacuum by heating at
40 to [err]. 5 Conversion was determ ne y the standard Al test. The
results are set forth beloq

g.yn Tabl eéﬁﬁeTabl & Pol y er ﬁ?g tane
Cat al yst Pergent of nver gg Sangz i Vvh ‘a : o0 (grans)
to Pol ymeric %"@Ehydeﬁg . . rasr M. 4

1

1000 383.9 725.8 62 . 68.4
2 1000 391.4 7036 65 | . 82.9
3. 500 3897 664.7 6.1 ' 417
4 1000 495.0 s0 10 719

10

Table 2 compareé'the conversioh to hydroformylated
products‘of three types of polybutenes to that of the
metallocene catalyzed ethylene-propylene copolymer of

15 the present invention. The higher heating température
of 170°C'tends to_favor alcohol rather than aldehyde
formatidn. The reaction products were further reduced
with sodium bp:ohydride to convert any famaining
aldehyde to alcohol. The yield of functionalized

20 ethylene-propylene'copother was substantially higher

' than that observed with any of the functionalized
polybutene polymers. |

E E 3
25 30 grams of an ethylene-propylene cOpOIYmer formed
in accordance with the present_inventiqn containing
about 85% vinylidene olefin structure and having a
number average molecular waight (Mn) of 1600 was
. combined with 30 grams of héxane, 3.8 grams of 3-



2 1000 391.4 703.6 6.5 - .:.82.9 3 500 - 389.7 - 664.7
6.1 WO/9sR24431 1000 495.0 :© 525.0 7.0 7?‘-’9‘"@95"1’§B?e 2
conmpares the conversion to hydrofornyl ated products of three types of

copol ymer of 15 the present invention. Theyhi gher heating.t

ol ybutenes to that of the netall ocene catal d et hyl
pol y yzed et hyl ene- peln%ven E_r S BEEN
‘' [err] tends to favor al cohol rather than al dehyde formation.:L.The A HACED

products were further reduced.wi th sodi um borohydrl de to convert any

remai ni ng al de ,ﬁ&g
et hyl ene- propyl Ene 03' 34,“019{2,0 B ?ﬁ%d q'lée?\taﬁ{a I %her t han ‘aﬁat observed
with any of th@:qunrnmmﬂammmmm @ AcAg)n\PIEhe peactiongg

gr ams ?f an et il angrd vl Ippes éiﬁ%ass)sl'{)?rl foy 1n(?a\ogfmctanm6vm1h2)h§
presen |nvent|on contalnln { ne, ol e structure.an
havi ng a numberiffb "g’aﬂ’%‘% '5#1\{"%‘#8 JfB(f'b 3P n2fwi th 30
grans of hesanheatell gtarmsuﬁc Tor 282hatimst hyl ami no propyl am ne and 26 ny
of rhodi um di carbonyl acetylacetonate [err]. The reaction m xture was

pressured to 1,000 psi (6.996 x [err]) with carbon nonoxide and hydrogen in
a1/l ratio and 5 IRekventaandkeNcass amingWere eneved byl BeakiBdani ne

vere removed by, ieajddifinfind MRC PElymeie YOGt FoEkithed 062 aRin8E4E
am nat ed pol yrrer active i n, recll ent’) . deterni ned b:i/' Cé)l um Li)
chr onat ogr aphy P®& t @ty i ned by column

10 chromatography. Elemental nitrogen by duplicate
analysis was 1.37% (1.63% theory for 100% conversion).

PLE 4
Example 3 was repeated using a cationic polymer of
15 poly-n-butene (PNB) . This polymer has a high
trisubstituted olefin content and a number average
molecular weight (Mn) of 559. After 28 hours reaction
time, the product contained only 39% aminated polymer.

20 : EXAMPLE S

Example 3 above was repeated using a 42 hour
reaction time. The conversion (AI) was 90.0% and
elemental nitrogen was 1.36%.

25 EXAMPLE 6
The method of Example 3 above was repeated using an
ethylene-butene polymer with a number average weight of
2,000. The product had an aminated polymer content of
83.2% and an elemental nitrogen content of 1.03%.
30
The metﬁbd of Example 3 above was repeated using
6.5 mg of catalyst'and'a 120 C reaction temperature.
The product had an aminated polymer content of 88. 1% and
3§ an elemental nltrogen content of 1.41%.

Sheet. Has Been' Reﬁaced
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anal ysis was 1. 3796(1 63% t heory for 100% conversi on). EXAMPLE 4 Exanple 3
was %lepeaﬂ'géfs’%?hg a cationic polymer of 15 poly-n-butene PENB3IsHESIoS

pol yner has a high trisubstituted olefin content and a nunber average

mol ecul ar melght “ttvh) of 559. After 28 hours reaction tine, the product
cont:di ned onl y 39% ani nat ed pol ymer. 20,g EXAMPLE 5
- Exanple 3 above was repeated using a 42 hour reaction tinme. The conversion
(Al) was 90.0% and el enental nitrogen was 1.36% $5d _

EXAMPLE 6 The nethod of Exanple 3 a _Jepea ed using an

et hyl ene- but ene pol yner wth a nunb ight of 2,000. The product
had an aminated poP H%?t%%%t%ﬁtE¥ﬁmBQeZ@6ahevanWeSeaneatedlusaggnacontent

of 1.03% 3(ub{léhé-prdpylome Q?sllﬁeEXﬁﬂehteafre;ﬁHB&% %ég&@@eﬁkgéh%s' ng 6.5
f tal reacti o eratuy

gﬁ1gatgg po%?%erqggﬁtee#h%ﬁ gg aRminakesd: PgﬂpﬁFogéﬁtéaﬁtent of

1.41% 5 28fHo &% and cin &bemémtén ahbveogan coptahtdoBsbhness. .

but yl ene- propyl ene polyner with a nunber average wei ght of 2,140. The

product had an am nated polynmer content 5 of 69.3% and an elenental
nitrogen content of 0.64% EXAWPLE EXAMPLE-t9hod of Exanple 3 above was

repeat ed using armnweiéwdamazx B ihffbé(iénﬁaéz H?é&t&& @gifg per 10
mol e of et”ﬂﬁ?ﬁ%&%ﬁ§¥§ié) 21n2 c%:he éﬁhgi ?Q'Sbfe of amine per
10 mole of ethylene-butene polymer) and 52 mg of catalyst.
The product had an aminated polymer content of 88.8% and ‘
an elemental nitrogen content of 2.07% (theory 2.43%).

) E PL .0
15 The method of Example 3. above was repeated us1ng
105 mg of triphenylphosphine ligand and 52 mg of
catalyst. The product had an aminated polymer content
of 77.9% and an elemental nitrogen content of 1.18%.

20 EXAMPLE 11 .

The method of Example 3 above was répeated using a
l-butene polymer prepared via a metallocene catalyst
with a number average weight of 978. ' The product had an
aminated polymer content of 66.5% and an elemental

25 hitrogen content of 1.60%.

ML_;:
A One-Step Amznomethylation With A Diene-Contazning
30 Terpolymer

© An ethylene-propylene-dicyclopentadlene terpolymer,
(30g) containing 9.0 wt.% dlcyclopentadlene, an
éthylene/propylene ratio of 48/52, and a Brookfield _
35 viscosity at 100°C of60,000 CPS w;s dissolved in heptane
(309) and combined with'dimethylaﬁihépropylamine (DMAP)
in an autoclave under an inert (N3) atmosphere. Then



The product had an am nated pol yner content of 88.8% and an el enent al

ni t rogen conwerss2e4312. 07% (t heory 2.43% . EXAMPLE 10 15 PCRASAHIY of
Exanpl e 3 above was repeated using 105 ng of triphenyl phosphine |igand and

52 ng of catalyst. The product had an am nated pol ynmer content_of 77 9%.and ... ..
an el enental nitrogen content of 1.18% 20 2 ANEL

11 The method of Exanple 3 above was repeaﬁgd using a 1- buteﬂe poﬁsgpLAéggattN‘
prepared via a netall ocene catalyst with a nunber average wei

The product had_an_ani nated .pol yner .content of 66.5% and an el e

ni trogen cont enRREFO1 266H4F g 18 2009 hep&ANg WAGRIBTSHY VV‘% A
Di ene- Cbntalnlnghaoautoclave with H /co 1 1. Temndjpnassﬁre was raised

et hyl ene- propyl ycl p ! 3 |ene
di cycl opent adi e J‘gH% %e/ roﬁﬂ/l 6&4}3‘%}5%&?% "&geog& i el d
35 viscosity at lpél’e} oSaap,lesoweps wgmouedspamadmaﬁaptame gdogntarmnd
combined with d 5 %Ié@iﬁ%?r
i nert (N2) a?noggﬁgggkéﬁk%ﬂiﬁnaggqgiﬁ%o 2Ac 026 I'm 20 g ﬁgﬁﬁgﬁgpmas
pressured into VAEURH:.ocTREe aRingtioncwas £o 'ﬁl?é’%’r é§’s WMeARBOF qised to
1000 psi (6.996eiementhl ditridiRer emayeid.c The afddul tmtestamiratedoved
periodicaly and,sqQlvent and 5 unreacted DVAP renoved by neans of a
Kugel rohr at hi&ﬁ- ¥euum The anination was fol | owed by neans of el enent al
ni trogen anal.ysis. The results are tabul ated bel ow.

Run Time (Hrs). % Nitrogen

1 0.70

3 1.32

5 | 1.36

7 1.76

24 o 1.89

28 1.93 .
Theoretical

100 conversion

10 .
Example 13

A Two-Step Aminomethylation With a Diene-Containing
Terpolymer

15
A solution of 175 of the olefin polymer of Example

12 in 175 g heptane was placed in an autoclave under an
inert atmosphere and 3g of Co3(CO)g in 75g heptane was
pressﬁred into the reactor which was then heated and

20 stirred at 120°C and 1500 psi (10.494 x 106 N/m2) Hz/cd,
1:1 gés, 4 hours. Then 50g of DMAP was added and
heatihg continued for an additional hour at 2000 psi gas
pressure. The aminated'product was divided into two
parts. One part was rotovaped and then heated in a

25 Kugelrohr at 110°C to remove any volatiles and

This Sheet Has Been Replaced
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Run Time (Hrs) % N trogen 1 0.70 3 1.32 5

1.36 7 W095224431 1.76 24 1.89 28 - PCTAUSY025192 91% N2
is Theoretical 100 conversion 10 Exanple 13 A Two- Step Am nonet hyl ati on
Wth a Diene-Containing Terpolynmer 15 A solution of 175 of the olefin

. pol.ymer of Exanple 12 in 175 g heptane jyas placed in an autoclave under an
inért atnosphere and 3g of [err] in 759 heptane was pressured into the
react or whi ch.was:then heated and 20 stirred at [err] and 1500 psi (10.494
x [err]) 1:1 gas,.4 hqurs. Then 50g of DVAP was added and_ heating conti nued
for an addi{‘?gﬁa’lhbﬁﬁﬁ apibgeo PBE §25°PFePafte Wam, Faghethi B HiRiuct was
di vi ded i ntB;0\0dpdedswitheMps8ol, fadlowedydyedemavadlnof haslaxliles a 25
Kugel rohr af_|[ _ epove any vol atiles and 30 nonconbi ned ani ne.

The second %gr‘?ié\iés&%éhgg 3x with [err], dried with [err] followed by
removal of volatiles as with part 1. 5 : '

Anal ysi ss C H | Analysi
Part1 2.0 12.41 1.40
Part2 -_8..2-.74. 12.39 132 - (

The imine is suitable for hydrogenation to the amine. Usually
heterogeneous catalyst is preferred.



Part 1 82.09 - . .10 & 41"‘—"“ 1740 Part 2 82. 74

12. 39 WO 9524437 The i m'ne | s ' ogenati on POTANS5/281Me.
Usual | y het erogeneous catal yst™ E" ﬁ I " "CLAINB 1 A pol yier
havi ng an Mh of about 300 to- 10 00 eriwe non1a pol yplefin derived

froma nononer of the formula HZC—CHR4 whepein R4 is hydrog nn.ﬂé SHERTHROBEEN
or branched chain al kyl radical, and having: i) a term ng hydrﬁggﬂApED

substituent, ii) a term nal aldehyde substituent, or 10 Py —an
of a term nal hydroxyl, aldehyde, or al kylam no substltuent when sald
polyolefin is also derived froma polyene or when said polyolefin has at

| east about 30%tLRIMB®al vinylidene unsaturation. 15 ‘2.  The pol yner
.of claim1 wherein said polyner is saturated. 3. The polynmer according to
clairfm 1 wherein said polyolefin has at |east about 30%term nal vinylidene
120 unsaturation. 4. 1The popgk¥mesfhaving anwMer efnabang 300y &Leflidh 900 ian

i nt er pol yners aI égrQQEBVEQoﬁrQWbélﬁehﬁﬁmﬁ d351ved fPom Ihﬁoﬁ%n\éiebefthH ai m

3 wherein said gﬁ§¥ene conpri, g |ene gel. echN fromd %pl | ene;

1, 4- hexadi ene; WP Ha&zbH new areinyR cﬁél oqen gﬁd F%% or

nor bor nene. 30 branchﬁd chagnpallkyer raflichdi,mahdchapingi:ng t he pol yneric

hydr of ormyl ati on al cohol g; alge@égﬁlhgic QQOQRQd%BBsEQEEEthy reaction of
n a

sai d pol yol ef i n hydrogen, d carbon nonox resence 'of
ii) a terminal aldehyde substltuent, or

10 iii) any of a terminal hydroxyl, aldehyde, or .

alkylamino substituent when said polyolefin is also
derived from a polyene or when said polyolefin has at
least about 30% terminal vinylidene unsaturation.

15 2. The polymer of claim 1 wherein said polymer is
saturated. '

o 3. The polymer according to claim 1 wherein said
polyolefin has at least about 30% terminal vinylidene
20 unsaturation.

4. The polymer of claim 1 wherein said polyolefin
is an interpolymer also derived from a polyene.

25 S. The polymer of claim 3 wherein said polyene
comprises a diene selected from dicyclopentadiene;. 1,4~
hexadiene; methyl hexadiene; 4-vinyl cyclohexene, and
ethylidene norbornene.

30 6. The polymer of claim 1 comprising the
_ polymeric hydroformylation alcohol or aldehyde reaction
“ product formed by reaction of said polyolefin hydrogen,
and carbon monoxide in the presence of a
hydroformylation catlyst.
35 '
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hydrofornylation catlyst. 35 7. fornyfat!dn
reacti onWire¥M44¢31 according to claim Hﬂﬁl necvisssmisient from

the reductive am nation of said reaclion The pol yneric

hydrof ornyl ation reaction product according To cuduufa—1aV|ng an al kyl'am no

‘substituent and, wherein said reaction pgpduct is also forr]m mrl
‘presence .of .an’'anmine. 10 9. The pol yrrgezfl ¢ hydrofornyl ati IIIH mHmﬂ”"I
prooduct . according to cIa|n15 further cyanoalkylated and hydTogEnated

10. The polymer pf claiml.n a.lu r| an entrate or |n dlspersant
portion in a Iubﬁfcami% polymeric £t o viation reaction

product according to clalm 5 hav1ng an alkylamino
substituent from the reductive amination of said
reaction product.

8. The polymeric hydroformylatlon reaction
product according to claim 5 having an alkylamino
substituent and wherein said reaction product is also
formed in the presence of an amine.
10 ' _ S _ _
9. The polymeric hydroformylation reaction . ‘
product accordlng to claim 5 further cyanoalkylated and
hydrogenated.

15 3 10. The polymer of claim 1 in a lubricant
concentrate or in dispersant portion in a lubricant.

ThlS Sheet Has B

I mm i ﬁll



