FUEL ADDI TI VE COVPOUNDS AND METHOD OF MAKI NG THE
COVPOUNDS DESCRI PTI ON OF THE DI SCLOSURE Fi el d of the
Di scl osure [0001] The present application is directed
to a novel process for meking detergents and fuel
conmpositions conprising the detergents. Background of
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[0004] The major fuel-related deposit problem areas for PFi and DIG engines are
injectors, intake valves, and the combustion chamber, Mannich base fuel additives are
well known in the petroleum industry for controlling such deposit problems. However, whiie
Mannich base additives traditionally provide excellent control for intake vaiveldeposits, they
may not control deposits to a desired degree for injectors in PFl andfor DIG engines. There
is, therefore, a desire in the petroleum industry to 'produce fuel additives suitable for use in
PF1 and/or DIG engines that can provide improved controt of engine deposits, and fo
develop methods for producing such fuel additives.




1 SUMVARY OF THE DI SCLOSURE [ 0005] In accordance with
t he di scl osure, an enbodi nent of the present
application is directed to a process for formng a

det ergent base product. The process conprises formng
a bis-Mannich internedi ate conpound by reacting (i) at
| east one hydroxyl substituted aromatic ring conpound
having on the ring

substituent derived froma pol yol efi n havi ng a numnber
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Hadinglafofdlulani, unsat urat ed al kyl am ne group. [0007]

Anot her enbodi nment of the present application is

directed to a fyel conposition conprising: a base

fuel; and a det gfgent base product c rising a

m xture

R! R

where R! is chosen from a hydrogen radical and Cy-¢ alkyl; R® is a hydroxyaromatic
.compound having on the ring an aliphatic hydrocarbyl substituent derived from a polyclefin
having a number average molecular weight of about 500 to about 3000; and R*is a linear;
branched, or cyclic, substituted or unsubstituted. saturated or unsaturated alkyl amine
group.

[0007] Another embodiment of the present application is directed to a fuel
composition comprising: a base fuel, and a detergent base product comprising a mixture
of fermulae (Vi) and (VIl),




of formulae (VI) and (VIl), 2 OHOH RIL R R5 NH + N
Rs R4 VI VII R3 R3 where Rtand R3 are substituents
i ndependently chosen froma hydrogen radical, C.s

al kyl s and hydrocarbyl substituents having a nunber
average nol ecul ar weight in the range of about 500 to
about 3000, with the proviso that at | east one of Wand
R3 is a hydrocarbyl substitutent; R4 is a substituent
chosen from al kyl, aryl, alkenyl, kyl am no, di al kyl
am no, P4l kyl ani noal kyl, and di al am noal kyl groups;

R5 and R6 are each |ndepend§ntly froma
Rydr ogefrnr adi cal , al kyl, cycloal k aI@R I,
and gr oupsiH with the pyjovi so~ythat (| east
one dnd R6 i|s not a hydr [BOQB]
Addi sand advant ag he di scl osure
will besget forth in part in thes#escription which
foll ows{ and can be | earned by prgctice g,; t he

di scl osure. The Ubj ects and advaggages t he

di sclosfire will be realized and afYai ned by neans of
the elements and conbinations particularly pointed
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from a hydrogen radical, alkyl, cycloalkyi, aryl, alkaryl, and aralky! groups, with the proviso

that at least one of R® and R® is not a hydrogen radical.

[0008] Additional objects and advantages of the disclosure will be set forth in part in
the description which follows, and can be learned by practice of the disclosure. The objects
and advantages of the disclosure will be realized and attained by means of the elements
and combinations particularly pointed out in the appended claims.

[0009] It is to be understood that both the foregoing general description and the
fqliowing detailed description are exemplary and explanatory only and are not restrictive
of the disclosure, as claimed. |



base product using a bis-Mnnich internediate. In
enbodi nents, the reaction nechanismcan include a two
stage process, wherein the bis-Mannich internediate is
formed during the first stage, and then reacted with
an am ne during the second stage to formthe
detergent base product. The reactions of the first and

second stage wi | | DES& £ I
Bi s- Manni ch | nternedi at e [0011] In enbodi mants of the
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[ ng_corrpounds used in formng the bis-Mnnich
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tlge bis—ﬁ)\nénnich intermediates of the present application are represented by the following
formula I

OH

RS

where R', R? and R® can each be independently chosen from a hydrogen radical, a Cq-g
alkyl, or a hydrocarbyl substitutent having a number average molecular weight in the range
of about 500 to about 3000, with the proviso that at least one of R!, R and R%is a
hydrocarbyt substitutent. Representative Cq.5 alkyl groups include methyl, ethyi, propyl,
isopropyl, butyl, and isobutyl.

[0012] Representative hydrocarbyl substituents can include polypropylene groups;
polybutene groups; polyiscbutylene groups; polyalpha-olefin groups, such as poly 1-octene
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pol ybut ene groups; polyisobutyl ene groups;

pol yal pha-ol efin groups, such as poly 1-octene 4
groups; and et hyl ene/ al pha-ol efi n copol yner groups.

O her simlar |ong-chain hydrocarbyl substituents nay
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nomer _chosen from butyl ene,
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Camsrereishgraries phsich polymeasimag stsardontant m@tghmbant@nﬁfunﬂssof other
olefifdl4] I n sone enbodi nents, high reactivity
polylsobutenes havi ng relatlvely hi gh proportions of

pol yio8i4h\s| sem ersbadimbnts, high mawhty\/pdhuéc{lﬁﬁé?'{és gllb? A rdl&tVely high
i tuen n

ar b t
P%OH%FI‘Q of ?Ofwﬂ Heég‘s"?g }érgﬁbag?rnglﬁgl \@r(y? é eng YeHP fan be used to form the
hMr@qqrbyl (,suasiumré inkam’mbdlmefntslm Redst g(m% o @&l toldl tefminal olefinic double

b e an al k i nylidene isoner.
&?rsy'l' él;j()(gpﬁlﬁﬁ ?éac?@iﬁy Sl abylghes can; CHX'@(Iﬁ% an alkylyipylidenedgomer. For.
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AGRBR Sor 8 e UBRIpSE o ANl (ko eoriet Suligs bgh reeatiy
P%ﬁ%l@eslaﬁe Uls&osétatfor xample, 150, 3t Fht ans! AN5RIIBY W. German
Offenlegungsschrift 29 04 314, the disclosures of which are herein incorporated by
reference in their entirety. In other embodiments, ethylene alpha-olefin copolymers having
-a number average mo[ecular weight of 500 to 3000, wherein at least about 30% of the
polymer's chains contain terminal ethylidene unsaturation, can be used to form the
hydrocarbyi substituent.

[0015] In one embodiment the compound of formufa (l) can be obtained by alkylating
o-cresol with the high molecular weight hydrocarbyl polymers described above. For
example, an o-cresol, such as ortho methyl pheno!, can be reacted with polyisobutylene
(P1S) to form an ortho methyl pheno! substituted at the para position with a PIS group.
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O fenl egungsschrift 29 04 314, the disclosures of

which are herein incorporated by reference in their

entirety. In other enbodi nents, ethylene al pha-olefin

copol ynmers having a nunber average nol ecul ar wei ght

of 500 to 3000, wherein at |east about 30% of the
olynmer's chains contain term nal ethylidene
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Drdrep ﬁ@ﬁﬂ%"é‘?ﬁ ﬂferf@% [iag CW@!PWS ﬁ@%@ﬁ@r'%%s b 89938 and U.S. Pat.
Hes o, 2356 BP0e, 70lF05 8762%6818hé& 5,900, 1@3%@%%105%% kvt 8 of which are
Erthq net h * hen . can be reacted with

RPN IacseRrgied hy re ﬁ’@?‘Q@eFSFVﬁeﬁ’n ortho nethyl phenol

‘substfob16] atlord erbadimantaRPesthe 'h9@ro§€9ltst]b§|t!ﬁb§5aﬂfn%%ﬁ rmé compound of
dr oxyar {) mat i c

I t
B e BE e oy, ekt b s oo VDR Tt hydocarby
substimeht chEsaﬂﬂbmSh@ﬁyc&@cfwbyﬁ HubstiRlePts MdscrilaPHbvEEE 4 QSEmple, R’
for, for P% %/g mgd subst tuted gromatic rin
bR & g4 fogegdical sed iRiran e 2 patyishutylene group. In

dther. emh @i Be@a Both R3Qﬁ)d RO4re I@d&?g@n‘lﬁ&cal@%dﬁ?ﬁ@@ h8rcarbyl
are herei

d |
%‘ﬂ'?g%‘ﬁ"ﬁ chpgen @9}“?‘@ Bilorupy ﬁuli%{eﬂtse#ﬂsw%wb%01e] In
one ¢odigHAmies whRh rﬁéy bé embWé@ithe fﬁrﬂ@%idgbldﬁ 81 reaction include

aromatic rln

B teniamite <G 1 o i Tsdptionsrter R epis annich
iftg ainexdiate biyl emisodiraénts, ke privbgsephiné camhaRethb ety |
substituents descri bed above. For exanple, R - can be

nmet hyl, R2 can be a hydrogen radical, and R3 can be a

pol yi sobutyl ene group. In ofher enbodinents, both R

and R2 are hydrogen radicals, and R3 is a hydrocar byl
substituent chosen fromthe hydrocarbyl substituents
descri bed above. [0017] Am nes which may be enpl oyed

ohBrd REchl 5040 LS A0St AEARN, NG, bt g b
afnine, falikylarminpalkyd anﬁsiiawlmmohalkyl graupsedi ate. I n

e ook Bl Syl BB bR bl
qutlyylamagydlethaﬂamm@(Id;prqby{gthlnamshtﬁylamsm leyd dipentylamine.
Representative examples of suitable primary amines include cyclohexaneamine; 1 ,3-
propanediamine; 1,2-ethane diamine; 1,4-butanediamine; 1,6-hexanediamine; 1,2-
cyclohexanediamine; 1,2-diamino-3-methyl cyclohexane; 1,2-diamino-4-methyl
cyclohexane; N-aminomethyl-1,1-methanediamine and 3,3-dimethyl amino propy! amine.

[0019] In some embodiments, the amine of formuta (I1) may be a hydrocarbon
chain substituted at one end with a primary amino group, and substituted at the other end
with a primary, secondaty, or tertiary amino group. For example, R* of the compound of
formula (Il) can be -C1sNR'R", where the Cy.5 portion of the substituent is a straight or
branched chain alkyl, and R' and R" can be independently chosen from H, methyl, ethyl,
propyl and butyl substituents. Examples of such compounds include dialkylaminoalkyl
amines, such as dimethylaminopropyl amine, diethylaminopropy! amine, and
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am ne, al kyl am noal kyl, and di al kyl am noal kyl groups.
[0018] Representative exanples of suitable secondary
am nes include dinethylam ne, diethylam ne,

di propyl am ne, di butyl am ne, and di pentyl am ne.
Representati ve exanpl es of suitable primary am nes

j ' hexaneani ne; 1 ,3- propanedi am ne;
qﬂgt%ﬁ%ﬁqgm%e 1, 4- but anedi am ne;
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longer or shorter times can be used as necessary.

| [0023] The resulting bis-Mannich infermediate compound is a compound of
formula {lli):

OH | OH

R* Ikl




mxed in a ratio of about: | nole of hydroxyl
substituted aromatic ring conpound; about 0.3 to
about 0.7 noles of primary am ne; and from about 0.8
to about 1.5 noles al dehyde. For exanple, the
reactants can be mxed in a ratio of about: | nole of
hydr oxyl substituted aromatic ring conpound; about 0.5
nDIes of primary am ne; and about | nole aldehyde
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er.or sh
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hydr oxyl substituted aromatic ring groups formed from

the reactant conpounds of fornula (1) above, which

are bridged together with agtertiary anmine group. The

bi s- Manni ch internedi ate can be used to“forn1the

desi red det ergent bagg oducts in a second stage
reaction, which wll 3 crlbed bel ow. Formati on of

a Deteroent Base fromthe Bus Manni ch | nter nedi at e




[0024] In the second stage of the reaction process,
the bis-Mannich internediate of fornmula (I11) can be
reacted with a primary or secondary anmine to forma
desired detergent base product. The primary or
secondary am ne can be an amne of formula (1V): R6 IV
R5-N H 8 wherein R5 and R6 are each i ndependently
chosen from a hydrogen radical, alkyl, cycoal kyl,

aryl, alkaryl, and aral kyl groups, wth the proviso
that at [east one of R5 and R6 is not a hydrogen

wheedsie BF andTR®aralelsptt indépanbionly ‘@‘lbsenq&igﬁ a hgd B@F%’E?IC ,D%keyé cycoalkyl,

aral kyl groups can be unsubstitute
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groups, hydroxyl groups and am no
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have, for exanple, from1

of ﬁtﬂﬁltllteHthh%uw@ﬂﬂct%hﬁl%%qﬁg ?dcﬂ gaq%ﬁﬁ’(gro%p&ups and

to 6 carbon atons

ai&"nf‘rgﬁdg&isiﬁgmﬁlﬁﬁ ggclgéﬂﬂ]%ﬁ Iﬁéiﬂr %‘@aﬂ?lﬁﬂ%mﬁ?éiﬁ%@%ﬁq %05 xample,

K /
g Shgaofl i) G’ fﬁﬁ#ﬁ’a‘a&(‘y%?manw & ol cspaptgs. from 1

tor@é’dr&guété 1 to 10 carbon atonms. For exanple, R7 can
be a saturat ed, straight chain hydrocarbon havi ng lto

t nbodi t, R7

<ubd PP EHOF erhanEnR: B foeResen tdeesivsromsoiagcd, and is an aly
whi_ch 1y b

orbip, SR A e dpioen brasering Amine e iamine o faopyia (V)

groups. 9 [0026] Representative exanples of suitable

secondary am nes incl ude
NH,
R \4

AN

NH,

where R is a linear, branched, or cyclic alkyl group having from 1 to 10 carbon atoms. For
example, R can be a saturated, straight chain hydrocarbon having 1 to 6 carbon atoms. In
another embodiment, R can be a substituted or unsubstituted cycloalkane having a4 to 8
carbon member ring, which can optionally be substituted with one or more methyi, ethyl or
propyl groups.




di met hyl am ne, diethyl am ne, di propyl am ne,

di butyl am ne, and di pentyl am ne. Representative
exanpl es of suitable primary am nes include

cycl ohexaneanine; 1,3- propanedi anmine; 1,2-ethane

di am ne; 1, 4-butanedi am ne; 1, 6-hexanedi am ne; 1, 2-
di am po cI ohexane (DACH); 1, 2 di am no- 3- net hyl
cyclo hBepresentalivefxapiblesias suijable aponddie reniess include

anfﬂyﬂwlﬁiﬁ
m no roé :}Iu étgﬁnaﬁé%ealgﬁ%ggm BE’ Mnn cnﬁ dﬁ}:etnlf%mme
Rﬁ'ﬁrg?‘?fgﬁ‘f Stexagples g ﬁwFaéﬂe( Hfm&)fyuam!riﬁsxedumclommr@amme 1,3-
WObhhdcian@H PRENANe [ishARE IR b YtaABIAG M4 6fh%§(ﬁ?'|’éd'i"an(| ’1%,/)1 2-
!%lo t|<ﬂ1 %X rtl%nso t he reactant’s
Jramepyiohexgp H): di2-dinpingskmetiy! eycipliexanes diZedisminard-methyi

tyeloherthe; NrarBineme Pﬂﬂffﬁéthanedfa]?ﬁné Sﬁ@g%rﬁlﬁeﬁlgf‘arﬁﬁo propyl amine.
nol e of primar

;n e)ég&g% af&%%f?e'e'ﬁa'?'ch @é%fweﬂﬁreeof@mmi%ﬂmﬁ mlmd and reacted with the

primay oeskcahaary[h07& ofT&%LﬂaEQV)t lapp sﬁﬁ’ébl@ﬁroﬁ@r‘ﬁ%@&ﬂge kdhctants
200C, such

about t 0o .about
thelel PR i a??%i"z%‘g??'fﬁﬁﬁ@@ ArPisiScAren 966, insone embodiment,
the teaotagls candregmixediin ?mrotctﬁﬁbbl#tmﬁﬁ?ﬁ%t? Fﬁa@?&?,e@éndary amine for
- ro e first state o
' e%ggc | onybés'ﬁpaﬁg'cﬁll'ﬂ%&ﬁd%r ing the second stage of the
r eac{0026] Thedéantiondedh Uﬂembuaédi Gr?bigerangé’?‘f %blﬁzﬂﬁyc R about
if desire

d.st 0
BYE St ?%8§°‘8q%9h§6'?n i1 BASS anangs from 219 4 BW@WIW@ugh
lgngedarstertef timés canibaasddés néb@dsa\(lzx | Sdlver@‘l‘r@ﬁ' thé?f Hgt st% of the

rSRegoincan, Pe pigsiht diing 40 seCong Stageat Bipusaptions sadiof adsional suitable
sblyemts Insay be\dddedntiiring the second stage, if desired.

[0029] The second stage of the reaction results in the following products of
formulae (Vi) and (VIi):

OH OH

R? R? RS
NH + N

Vi Vil

10




(M), the reaction cleaves the bis-Mnnich
internmediate of Fornmula (I11) to formtwo hydroxyl
substituted aromatic ring conpounds that are each
substituted with an ami ne group, in addition to the
R1, R3 and hydroxyl substituents. Forrmula (VlI) is

substituted with an am ne group formed fromthe
W YRB the first stage of the
B R AR A8 PE AR et i Setiath ahaws chbspe fomdermuias (V1) and

reaction,
@fh, the I@actwp cleawemtde bisdnarinkeh imer
the secon aée odm{éf%%%ﬁ@g‘?gﬂﬁbﬁf?{g‘%%ydmxyl

{u%@t‘ftﬁ@@ta omatic Lng CWQ%%F fieegagh syhistitediwith@nranine grodip, in addition

n an e

tomaabaz*‘aadh oXyNSubstithiéhts.!
ﬁ% uct.s of hﬁe@r eact i onleE:@nEIgQﬂZ% S%Pnéﬁge%h@??n gming group formed

G RHBaRF 2MipG FaRgiaa! qf the firslstepesef theyedctiab omele fdlmuavi) is
slubstlillitedi witnee dmm@o“ptfaﬁéarmﬁ‘%ﬁh%% ﬁ' % ! Igs:gr)samme reactant of the

bstit t
SE?fH‘E’taqt%/ agg}r;;ﬁg%@&lc lrjleﬂg ggn’pounds as shown bel ow
i 1 E0R o dnGopiokimer Wikl Rl §iae St fomige Vs yoctkas the amine i

VI |
tlgeeqecpm $lage Harrroduptseof thaet ieactisin ibHEICCHN GRS Qubéfitufe‘ardéﬁip@und of

onh]ulat(V %E%e&é?i%@&’gtgkﬂr gla%&%v&ggrlh%\%ﬂbqwﬂgﬁ%gkg%;@om@mpnsesa

m xt ur may vary
P&fﬁﬂmamlmsﬂahtderumntme of tha hiyevidic sBHIMAE W
shdish Eél'ﬁv{rﬂm 'f L@) ﬁgﬁonpound(rgf ls(?or nmul a Véi*omgﬁ)é" ofinds, as
compound o "? i a VIIl may range fromabout 1:4 to
about 4:1. In sone enbodinents, the ratio nay be
about 1 :1. 11 [0031] The ami ne substituted products
of the present application can be used as a detergent
‘base ippfuel conpositions. In songgenbodi ments, the
det erggnt base can be used in fu additive
Rq:oncentrat es, which can be_packaggd and sold to -
S S tely from g / \
NH H

2

where R, R®, R* and R’ are defined as set forth above. The ratio of the compound of formula Vi
to the compound of formula VIIl in the product mixture may vary depending on such things as
reaction conditions and/or the reactants employed. For example; the ratio of the compound of
formula VI to the compound of formula VilI may range from about 1:4 to about 4:1. In some
embodiments, the ratio may be about 1 :1.

"




base fuel. The additive concentrates of this invention
can contain, for exanple, fromabout 12 to about 69
wt % and for exanple from about 22 to about 50 wt %
of the detergent on an active ingredient basis. The
additive concentrates may al so contain carrier fluid,
the level of which is determ ned by the desired

carri er to_detergent base ratio. [0032] The carrier
f1 ui dl0@3H Hhe amingsubisuted Piggess Oéthlerprmnifapphaamm@nd)e used as a

Bét@l‘g!]bﬂt H%a%le}h fﬁ?l%ﬁﬁbbgﬁron? 1h 991E rercﬁboli %yguwgﬁst\érgen X%e can be used in

hydrocar bons ypropene,
fy6l gdddiyp gerosatrates, V\thh?b cah bk eaiqkabedqancﬂsdkytdroohms&tbparately from the

k drotreat.e
DR AkaddE SaReRnas, i fidinvedih oAt SoRbS T pampleirom about 1210
@hﬂuyﬁ%wb%% anefor exann;:hefrcbm kiBgut 2ot elbcﬁlt S?Wt % of the detergent on an active
eat e era ol y(oxya ene
BB 581" e FAAITE BonsRbrdes map glog sbataincates Bid iedods of which s
mmumdmyltm ddsiradibatieas téergenbase@htient s. M xtures of
such carriers or solvents can be
errpl 398%5 %ﬁ@f Mppternikg afyprqus typesusiich @8 figs swaraple figuid poly-a-olefin
emetd i C r
‘%‘9 ) Lid PolfefiGnd hARERIOAR fe.2 BblyBiBperte! Boffint! fikobutene, or the
I @d?‘ﬁ‘l"@@ rowdd?ﬁﬂﬁalk?@%lh)rdﬁomt(&g hmrotlreat@knoiypmpene
{
"Y@RMEEeBooly BAAERY, hyiERATE pdiASIHRIcuR or fe ), B Ylp, hyprotreated
fﬁﬁ@@h?'b lespuict n%(m%ylgmitcom?mdanlghuafaI¢dr1]nelsldr fAolyals, Ihqmd esters, and
s ne above that contro
Sifleh i barlelS or RO MitIES g Ficte stifioaan dralvgns can be
emglloyedand i nj ector deposits. [0034] In sone
nmbodgi t.h I f this di I ta
SR ) oo A et o, e
distengent baéﬁa@rﬁi Géﬂ‘ieﬁi flgie (WltH di \rﬁthbﬁ't' lﬂl?er%ﬁdﬂ@é%?‘ Erte%g{&ibggg fhuémounts

% ounds 3{ additive ( _
sy F'?Eﬁ tgr %fﬁ'ce o k! Q?qug Errmati%@tana@ema exmbestionsinginei Fhus, the
fildre cér@ﬁ&ﬂaiﬂfm!ﬁ&o#ﬁoﬁ@s 6 héh g&n@gaﬁ By 4&5‘]&3 ﬁlﬁlﬁ é%rg?

excl es t

i ngr edi ent basi s
PE%H%HM@H @e&%tf@é%ﬁmﬁ/aﬂ ueylu@e@rmemmmea@o-tsasm as intake

-vﬁugahgrfqéabmbﬂog,tg he product as produced and used, and
(ii) diluents or solvents, if any, used in the

rmanufR3tlinesoge emeodiaerip dbafuels ohibis disaidsuge can aintain on an active
mgﬁﬂlalgt?falfégt léﬁr;.gmoﬁHlt oftﬂfé Hg fio @%ﬂh&eéf Q%efq{egﬁmfaalrahgée {)f Bogt 8 to about
3e¢ete @gua#ebsbwew%t@f aridive pot thibbsane st javeisme of fuel), such as,
for example, in the range of about 10 to about 200 ptb. The active ingredient basis
excludes the weight of (i) unreacted components such as polyalkylene compounds
associated and remaining in the product as produced and used, and (ii} difluents or
solvents, if any, used in the manufacture of the detergent either during or after its
formation, but before addition of a carrier, if a carrier is employed.

[0035] Other optional additives, such as one or more fuel-soluble antioxidants,
demulsifying agents; antioxidants, such as hindered phenols and amines; rust or
corrosion inhibitors, metal deactivators, combustion modifiers, alcohol cosolvents, octane
improvers, emission reducers, friction modifiers, lubricity additives, ancillary
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demul si fyi ng agents; antioxidants, such as hindered
phenol s and am nes; rust or corrosion inhibitors,
nmetal deactivators, conbustion nodifiers, alcoho
cosol vents, octane inprovers, em ssion reducers,
friction nodifiers, lubricity additives, ancillary 12

I t/di spersant additives, markers, dyes and
%‘?%?%ﬁ@&gpﬁ@ﬁﬁﬁ fgjdﬂyp@, m@rger@edgs and multifunctional additives (e.g.,
thylé
ﬁg@fo ng:egﬂgﬁpﬁ%grn@éhe@f?ﬁiﬁgég ahtair& %fh%g E%cl penfjadlenyl manganese
é' &d%%m O4fpd %I %‘@ t?eh'ﬁ udretinithe fuels éndsddslltlaedoncentrates
djeset coreparemtecar Bé Ah
e?arh |§ gaocgpo& tio ?ﬁesgnyﬁqggﬁrge ngﬁiin%@q?g% S co%qnttratlons For
n‘E e, each PEBRPSRBAE FEasenbia g5 amewnt at leastrsutfivisnbior itto exert its

|:réa3ctedsfwicftlbn ioe fncfigis ih thet ﬁhlsﬁéﬁ el 'cB 80?% nded
finishe

funct % Lunc{3I ns in

flﬁl : H{;@ T on: 8% UpRd "bfﬁg"ﬁu’?mﬂ the fuelel displogast ubiatcan e any
atealifnged ﬁxeﬂb s.ﬂlabieefdr 216 tHie GRatf & ar@%\‘ﬁtucﬁ:l fhteEr?a‘cf Eombustion

f.or t he oper at

e‘f"gﬁﬁ t§ | %ﬁhfag?jl gfer? gpd E@?FH Blaﬁﬁt'o%ﬂ@i%égs a@d@h-m&ed reformulated
ganpelngd adrialoiften canthirebatlhidrbcst
sbfubféf #@a@gd bidd o' i nes &Ihl clj'agﬁt gﬂﬁégﬁéd;iﬁ%%g'h{ﬁﬂ e and fuet-
hydro d]?g ons lg ?H% CYRRYIE R egenalgs D depepiendoffsuisable
oxygengties Vﬂugl’gmaﬁbe dséd moride ﬁlc@ﬁ&l@ OfIRALR rﬁetﬂé‘%& SH@&&.%,,& fuel-

slaﬁgﬁé El ucﬁ %Fiﬁe%ﬁ &%Pao{}é% %Fg;b}g@'&ﬁtﬁf@m Byl eth¢ruehd methy]

tartiany |gmgf ethbeasd nvixtofesa$ smht mslerihel Dkﬁféﬁa?éﬁ \%6%1%:}?9% can be

r and neth
pge{s%‘]r'“w Bl b 4B ettt Shoari a@;e;fgetwatamqunt of
OWﬂ@ﬁanSMItmamd)tEdmpm&mftﬂneﬂaﬁt.he base fuel in any
desi red anmount. Choosing an effective anount of
"oxygenates is within the ordinary skill of the art.
EXAVMPLES Exanple 1 - Process of Preparing the

I ntermedi ate [0037] Exact qBXAMPLESs of the starting
terl aI S _were pre- determ ned and caI cul at ed based

PEocess phPrgharinglthd Idémiediathy | - 4- pol yi sobut yl

phe d| mat hyl am nepr opyl am ne (OVAPA), and
for Rﬁ¢m aet qqaégﬁ!@(ﬁfﬂ[ﬂ $tgrting Ineat@ral® s pré-determined and

ﬁié%ﬁfﬁz;ﬁﬁé?ﬁmﬁ y anEEf %f E-me hylociJ p&yggguttﬁ rghfalllc?ls k.
ormaldehyde, respectfully. The 2-methyi-4-
-polyisobutyl phenol was added to a round bottom fiask, followed by the addition of
‘approximately 75% of the total calculated amount of Aromatic 100 solvent to be used
during the process. The mixture was stirred under a nitrogen blanket. Once the mixture
was homogeneous, the calculated amount of DMAP A was added. The témperature of the
mixture was about 40 to 45°C. Formaldehyde was added, and the temperature of the
‘mixture increased to about 45 to 50°C. The mixture was heated and distilled under
nitrogen using a Dean Stark trap set to 150°C. During distillation, the temperature of 150°C
was maintained for about 2 1o 2.5 hours. After distillation, sufficient Aromatic 100
solvent was added to the intermediate product to bring the final package composition to
25% solvent, taking into consideration the loss of water,
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approximately 75% of the total cal cul ated anount of

Aromatic 100 solvent to be used during the process.

The m xture was stirred under a nitrogen bl anket. Once

the m xture was honbgeneous, the cal cul ated anount of

DVMAP A was added. The tenperature of the m xture was

about 40 to 45C. Formal dehyde was added, and the

t enpel08E8l Ehegbovp procepe thecreticalle sasatied io tabBIS prbBudtahown in the

RQGkionThdow¥ Xt ure was heated and distilled under

nitrogen using a Dean Stark trap set to 150C. During

distillation, the tenperature of 150C was nai ntai ned

for about 2 to 2.5 hours. After distillation,

suffpei ent Aromatic 100 sol vent was added }o the

hLatejnedi ate product to bring the fina

cong Si i on % setvent {\ t aki ng i f
oss G water. 13 100887 The —above Pk ocg

theofetically resulé&gd in the BI'S product JSho

reactf on below. OH OH OH H3C CH3 O H3C \ *N / +ris

H3N~~/ I/ + ~~-H---~1 H3 P18 PIB PIB /N H3& \CH3

Exanple 2 - Process of Preparing the Final Ppgfuet

[0039] Using the internediate Bl S product of Exanple 1

H9n1nocylcohexane ( DACH)

stirring at room

t enpdPe39] Usingttie mtermudlat@gﬂpmdaakﬂtxarﬁﬁﬁ 1 &9 8ty Raterial,

d f t
Y8 it fhodyboRefardalt) v Hadha ahs 4 et e wHie siias at room
uamperatme uBdér a hitugen bliﬂetmmeﬁ'ﬁ:efdlﬁ@rvﬁsls%ﬂ{d 90°C and held for 2

Kdird lﬂm@‘éeri'lﬂelja{h?e &8& kh(()evr\ulI seft ‘F&Q& Wl{f]l mcreased nitrogen flow and held for 2.5

hours. The process theoretically resulted in the following reaction.

OH .
HC CH,
oH on NH/\/\T/
HE CHy  HN CH,
N
+ ————
PIB
HoN +
PIB PIB HAN
2
' N OH
~
d HC
NH

PiB

Example 3

[0040] Gasoline fue! compositions employing the final product of Example 2 were
subjected to engine tests whereby the substantial effectiveness of these compositions in

reducing intake valve deposit weight was demonstrated. The above reactlon products of
14




H3C CH3 OH OH NH-\N~ H3C N CH3+ HZM\ ~7~/\JIIl -_ | [/
INS H~ ~/ PIBPIBPIBNOHHN H3C \CH3 HC NH PIB
Exanpl e 3 [0040] Gasoline fuel conpositions enpl oying
the final product of Exanple 2 were subjected to

engi ne tests whereby the substantial effectiveness of
i nt ake val ve deposit

t d
Epgfﬁﬁ?ﬁ ‘25 I O%Cf ! %re%mg&rn gent eapduns, inadatiirgt first

wei g

SsmpaAivECampbndZ ;
bt SR £ A g g
\ﬁ'got%' &Pff%lp Uﬁg&awmﬂ%f%mald@we |(“Mannlbh a afidifivel); a®keond

cmh & |
buya e oo oo MR aRRIET T ety
%o i PhepglyBMARA grd f@mjdehyde (“?‘iarzrmdh byadaiwmﬁ BRE B third
0 s
cfo@rﬂiétrétﬁél cé?ﬁpcﬁma thiat qva%ﬁ\ﬂ'ﬁ c? 8‘?'%9”&3% 9f(%a(npigb?rﬁﬂdcthe

yi sobutyl phenol

0
‘g’“H’éEﬁ tive %"BOU"%WGT& eahh blénd@bmnﬁéf Bade\fgel F&fﬁzﬂﬁhﬂﬂagcc%rﬁﬁfsltlons
of exanple 2 an
o 0 e TR B S B retmmaund cmployst(Example

onpar ati ve compaoun
QQ!FEﬂOUf"éﬁ Mannich tiMarrioh® st PI8Amidehat are referred to
inT the additive conpound
enpl gﬁﬂ 3] Agx?s‘i‘g%;ﬂ@ar i“"ei% g8 dest pithe cempaunds/ehkantple]
Vi Mauriciz) and £6.433c fiehilicly | SRARSUAL Hiffudnfih F0 2 iter
mpl e

ounds of Exa
k@ﬁ% Io;ge% t%(lil on a?{egf gtap g@dqr@@ndwidtqmgmmgamdmonefonldstermiﬁatlon of

deyzisitformaffer 6h idtaRe VA& The results are reported in Table 1 below.

TASLE 1- 2.3L VD Engine Test Results

.Example Composition VD (mq)
Fuel Without Additive 478-5n217 mg
Mannich 1 53-56 mg

“Mannich 2 67.9 mg
Example 2 Compound 64.6
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engi ne operated on a test stand under standard ‘
operating conditions for determ nation of deposit
formati on on intake valves. The results are reported

in Table 1 below. TASLE 1- 2.3L |IVD Engi ne Test

Resul ts Exanple Conposition |VD (nmgy) Fuel Wt hout
Addi tive 478-527 ng Mannich 1 53-56 ng Mannich 2
67.9 ng Exanple 2 Conpound 64.6 15 Exanple 4 [0042] A

EesfApd 4conpar ative |'VD Engine test of the conpounds of
Exanple 2, Mannich 1, Mannich 2, PIB Am ne and the

base [bosd) A/\éécbﬁ@bo Qﬂahlré/ R/ Byt RstSTAd c?@p?lgngé?ogﬁ%rnple 2,

| whi ch d
@égﬁfﬁi&ﬂfg\% géﬂ?’ 4’%&‘@? 3B‘Ié ?ﬁedfaggrﬁ@gwlljﬂsrgﬁé additive was run using an
BAOrBéI&ihGEHmUhﬁ)rl(MBdéﬁQPQ}S WhicARah Be %Eecﬁf&%&e%atsm{g d&ger@@ﬁt IVO
t he ositions wt eterg
eETRERER. The g‘ﬁé ﬁ'"&@?%}h@dygﬂepwwpaﬁat@gmr Dufingothe s, the
fuah:ot'r’mbsiﬂglm \ﬂifh detérg‘elnpﬂddlﬁv%@ weRe FLBQhr‘oﬂlt;ﬁ%h %ecta_nhﬁ %Eﬁrate air

’f W and Hasa rﬂlP m xed
Hf) Wz 8H€P t"‘ﬂ é"r ¥t 'UF’éO WSéﬂla‘FtPfe Theairflgw ansltgaaolme flow were
rhmadi etthemp af theliajector, Rt N@ntxﬂ?@%@ﬁ#é&éd WEhiAst da heatechmetai plate.

g@fat aroungl il é soli ne evaporate

sur %ef S} Wererrontpes: arquesa.?ﬂ . Sagefirsseyaparaledemthe surface
db e hﬁﬂpfa!d)mh?]ng%kt défsitand sin Eélﬁnld VD Bench Si mﬁ' agof

t est asi,t ate was wei ghte

e rogaif AR 23| éﬁ'&'@@ﬁﬁ%ﬁ%&aﬁl@t@twtw@mﬂ the metal plate
wagveitshterh Thesésifisaire fdpontad infERO? gefe@Posi tion Fuel

IVD (nmg) Wthout Additive 14 -15 ng Conparative

Exanple 1 7.7ng Conparative Exanple 2 1.3 ngy

TABLE 2~ IVO Bench Test From China

~ Example Composition Fuel IVD (ma)
Without Additive 14 - 1"5I mg
Comparative Example 1 7.7mg

- Comparative Example 2 1.3 mg
Example 2 1.0
PIB Amine 14 mg

[0044] It is clear, upon examination of the above Tables 1 and 2, that the reaction
products of Example 2 exhibit improved performance over the base fuel without additive,
- and comparable performance to the additives of Comparative Examples 1 and 2, as
demonstrated by the reduced amount of deposits in the Ford 2.3 Test. In addition, the
reaction product of Example 2 exhibits improved performance over the base fuel without
additive and the additives of Comparative Examples 1 and 2, as demonstrated by the
reduced amount of deposits in the IVD Bench Test From China.
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Exanple 2 1.0 PIB Amine 1.4 ng [0044] It is clear,
upon exam nation of the above Tables 1 and 2, that the
reaction products of Exanple 2 exhibit inproved

per formance over the base fuel wthout additive, and
conpar abl e performance to the additives of Conparative

Exanp and 2, as denonstrated by the reduced
am)un_kd%g?ﬁ: 00 e Elbesli'n{rgosr% qf s rRAGHicatia anfeanpented adma luo!Bss
ctherwise iclicated, pit ﬂainsérs%fxm%&ﬁg?h@arﬁwgéfye E‘j!gagl[e%r ré)lqamons and

ver the base fu
Bﬁiée er Ut usESHp ?He\?@"@@&rﬁﬂd@éﬁlms.@m t®be anderstood as
B@'ﬁﬁﬁmf&ﬁadalbmshhees lﬁ)eﬂluéﬁéwh HEBLA &Brﬁ%ﬁ%kgs bl 8Ee o the

16 [0045] F
of tﬁggﬁ{%@l 403‘:%qu Cpecﬁ‘l getdpidh Wd@@l fc&'P‘dl"ﬂﬁpeqﬁd:aiwe and attached
elaimes 3 appionidiatiane that e vary ABESIRIUORTA Hgswed Rroperties sought to

tages or proportions,
B SEAeinel B9 ner S SBRISR ALieyentleasteancomot anncitiampb o lmit he
r?:g;‘ggggé thmﬁ@lfmﬂﬂ??naﬂglegﬁltm ﬁle?g%gé bfﬁg'cgléuﬁg | ?ach numerical
i ndi cat eﬁ) %IE&t ﬁ{'?tﬁlﬁ? tn fight of theeumber opeaparted sigsificant digits
akb Yf%ﬂpimg Qfdlnale! rbohdm:gvtamgma@@n fication and attached
at can vary dependi ng upon

|
f hzl gﬁ) 54? ];g oggfeh:r F% éluggiﬂbﬁfs spscifigatiopignd threapnanded glaims, the

soslas farmgi 8,2 a5 s “th. inblade plpal l‘éi‘ér%hts@il% bredSly 3
e doctrine o

ft
uAkg &W@Hal& fnitddol t%ter}gfeéearg ptl'}u%? fﬁ)‘é ggqrgplﬁsrefqgg@qe talae atidhincludes

eqU|va ents to
%%Péwef@fﬁ@ﬁammaatﬁslwasnem mthiﬁaud@' rL Aty r%nia"t‘i@al
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[0047] While particul ar enbodi nents have been

descri bed, alternatives, nodifications, variations,

i nprovenents, and substantial equivalents that are or
can be presently unforeseen can arise to applicants
or others skilled in the art. Accordingly, the

aﬁpended clains as filed and as they can be anended
:enbrace all such alternatives,

nodi fj cati,ons variations, |nprovenments, and
subst ant | & PrOGRAS\Y farmiag a detepgent base prodyglethe pmcess comprising:
procgfss for formng a detergent base product, the
pr oc d24Mipg A kis-Mapnich infesmediale compoungibl feadking (i) at least one hydroxyl
i nt i at e .canpound by reacting (i) at |east one
ORI RS B GorBepuat G ot (nd 8k Biatate hysrpersbsubstituent
threv rdi ng an @I if’hﬁ‘t .c h drgcarb | substituent derived
PR palaelinhaving  Buraber mstaoe velpaier waisht ofipbeuUt 500 to about

'Oght of about 500 to about 3000; (ii) at |east one

prifary amne; and (iii) at |east one al dehyde; and
reactdi)rbq IetalgForE' s-Manni ch i nternedi ate conpound with at

| east*‘one Sec en%f'"&?ﬁﬁ@"&%ﬁﬂgund chosen from pri mary

and r ines to formthe detergent base -
pr odﬁ@%?ﬁg.a %ﬁ%%haé%fgdof claim1, wherein at |east
o R e SRR R e e ot M AT ok esord
ubstitggnt | ndependent | y &POSGn froma hydrogen
% sampSUhd sloseR 5 RLie 967 seeandgly asuipes Prioeate detergent base

haa/icgg a nunber average nol ecular weight in the range
P Ibout 500 to about 3000, with the provi so that at
| east one of Rl, R2 and R3 is a hydrocarbyl

subsil t Ut R process of claim 1, wherein at least one hydroxyl substituted aromatic

ring compound has a formula |,

OH

R3
where R', R? and R® are substituents independently chosen from a hydrogen radical,
Cis alkyl.s and hydrocarbyl substituents having a number average molecular weight in the
rrange of about 500 to about 3000, with the proviso that at least one of R, R and R*is a
hydrocarbyl substitutent.

3. The process of claim 2, wherein one of R', R and R®is a C alky!

chosen from methyl, ethyl, propyl, isopropyl, butyl, and isobutyl.
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3. The process of claim2, wherein one of R, R2 and
R3is a Cl.6 alkyl chosen fromnethyl, ethyl, propyl,
i sopropyl, butyl, and isobutyl. 18 4. The process of
claim 2, wherein the hydrocarbyl substituent is a
group chosen from pol ypropyl ene groups, polybutyl ene
groups, pol yal phaol efin groups, and

et hyl ene/ al pha-ol efin copol ymer groups. 5. The process
of claim2, wherein the hydrocarbyl substituent is a

COpOl4/Ier THE PriteBaY¥ (MmaS th%geﬁlai th%pq?ey(slg%gggzgub%ﬂguseg{l is a group

from butyl ene, isobutyl ene,

st 1RSSR ARAPR S il v, an

conononmers. he pr

e br e ool Feim R i's methyls Ro i

5. The_procore er of A ZneRuRA el Yurghtedf s

R b o R e aRaOfo er At i nyiblens lsohyblehe, and
B Ky moh kol o o fosdl o FOBRGEE crfmers
borton of "t hevarons o 2 WBbRPe HBloFaiel Funstients A
palyisobutyRind d% d R' are independently chosen from

hydrogen radicals, methyl, ethyl, propyl and butyl
groups. 1 f.claim4d, wherein at |east )
 ace st D65 2l R "ok s regppacin

one primary amne 1S C

agmmesa%@iéauh@r&@gg@%{ ami ne, and

i met hyl am nobuaty 19 11. The process of claim

L wber i Thd figedls dreafl Qg@se%hng A fﬁa'aéq{%&fﬁ%?ry g is 3

f or mal dehyde, acetal

BHpBLAS HFfdHGL (2! er al dehyde,

where R%is a substituent chosen from alkyl, aryl, alkenyl, alkyl amino, dialky!
amino, alkylaminoalkyl, and dialkylaminoalkyl groups.

9. The process of claim 8, wherein R%is a —C1sNR'R" group, where the
.Cy portion of the group is a straight or branched chain alkyl, and R and R" are
independently chosen from hydrogen radicals, methyl, ethyl, propyl and butyl groups.

10.  The process of claim 1, wherein at least one primary amine is chosen from

dimethylaminopropy! amine, diethylaminopropyl amine, and dimethylaminobutyl amine.
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capr oal dehyde, hept al dehyde, stearal dehyde,

benzal dehyde, salicyl al dehyde, furfural al dehyde,
t hi ophene al dehyde, and par af or mal dehyde. 12. The
process of claim1l, wherein at |east one hydroxyl

substituted aromatic ri ng conmpound, the at |east one
ast one al dehyde are m xed

PLI ga{%t ?ghggmgggﬁﬁfhc%“ﬁﬂl whgteim (hgrad lapst afigrddshyde dgichosen from
BRERb e, AR VRS iop P a6 ool pyenetakiensde.

s @d@*ﬁggi‘iggﬁ%&@ﬂ? S .&gﬁ CBnpoRFeNAS, FalHAdEnyRafurura

| J{ h‘oﬁﬁ’ﬁﬁl?'l'} %lﬁﬂygﬁ ! rﬁ%%ﬁs@@% ?gglhcau al kyl ,

f he S‘?L‘C.y*sfo Blkbes 1ok, B3 e e PRARY st romatc
R ing 6 %@8%%1%3&Eﬁ%rf ARG e BHeRon aldeyae are mbed
i eatic bEaebut Mo Ao Be Biien ot Todragaipospgabout 03 to
%?PEQZE‘%@% ﬁ“ﬁ@%ﬁ’*‘%%%ﬁ‘ﬁﬂ%hﬁo 3l gt ey E'Egta%%hvde
ijgst 't ut %FGP OJ%E’SGE Uwg%reﬁ'lc%é?%gsﬂ%ﬁm%%rﬂ P’H@"I" % a400mpound

rﬁ,m@n menber ri ng that is optionally substituted
one

RG
R5——N
H

wherein R® and R°® are each independently chosen from a hydrogen radical, atkyl,
cycloalkyl, aryl, alkaryl, and aralkyl groups, with the proviso that at least one of R® and R®
is not a hydrogen radical. |

14, The process of claim 1, wherein at least one second amine is a

compound of formula (V):

NH,
R7/ V

NH,

where R is a linear, branched, or cyclic alkyl group having from 1 to 10 carbon atoms.

15.  The process of claim 14, where R’ is a saturated, straight chain

hydrocarbon having 1 to 6 carbon atoms.
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or nore nethyl, ethyl or propyl groups. 17. The
process of claim1, wherein the at | east one second
amne is chosen from dinmethylam ne, diethylam ne,
di propyl am ne, di butyl am ne, and di pentyl am ne. 18.
The process of claim1, wherein the at |east one
second am ne is chosen from cycl ohexaneam ne;

1, 3- pIrGQPantIQ g@%&eéf c%iréjﬁltegﬁ%e ﬁ.aiggg,gtgéﬁtuted or unsubstituted

1, 4- but ane m ne;

dyc I aREhaRRY %4%9 B &on &ewé%rﬁ ringntgé%lp gﬁ@%h§§ubstituted with one

cycC ohexane; ) am no

OBl MR é}ﬁy;ﬁ“}%wg%beérsi.ne and 3,3 dinethyl am no

propyl am ne. ergent base product forned by

t he it hodTief prebedsief &iaim A0whéreR] 6 f Q0] i
Manni ch reacti on product, t heepr ocg‘z%aggé)"ﬁps%cgpi’d}ngm%e Is chosen

frm dimethylamine edisthylaminea tipnepytonipo isutpReTRY) ahd Qﬁbntylamine.

pri y d secondary amnes with a bis-Mnnic
conpng'ghdaﬂ'é?/?rﬁﬁesé ‘fa}&?;ﬁﬁlﬂawmesn Opl ablgasRineRiecond dmine-is chosen

ftdrh c%@éeﬁg?%ﬁfn& 15%—;:@#%‘&3%&% 1 %&%{ﬁ;&%ﬁﬂ bmldiamine;
Herhexaedianing 113-BEmatbcablbRahbC1 éi%{ﬂan%Q%gl oyclonsrane: 1.2

substituent derived froma polyolefin havin

amyiee 4deethyhsyelengxane idmgibylarhinelethadaeRnhie ahe 813 PRyl amino
and R4 is a |linear, branched, or cyclic, substituted
PSPPYLARNSsti t uted, saturated or unsaturated al kyl

ann roup., 21. f uel conposition conprising:
?9.9 AI Eetergent @‘ase product%prmed by the me?ﬁ)od of cla?m 1.

20. A process for forming a Mannich reaction product, the process
comprising:
reacting at least one amine compound chosen from primary and secondary

amines with a bis-Mannich compound having a formula IlI,

OH OH

where R' is chosen from a hydrogen radical and C,.¢ alkyl;

¥
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a base fuel; and a detergent base product conprising a
m xture of fornmulae (VI) and (VI1), OHOH Rl RL R5
NH+ N~R5 RWVI VI R3 R3 where Rland R3 are
substituents independently chosen from a hydrogen
radical, Cl-6 al kyls and hydrocarbyl substituents

havi ngs_a nunber average nol ecul ar weight in the range
of abBul BVUIrexyarswalic cROPOyNdhaving drethenimgisaliphatic at

| east one of Rland R3 is a hydrocarbyl substitutent,
pydrpgarhyl subsiityeni dativastiowe a pblyolefimhiving aanmiber avecagey | |
al kyl am no, dial kyl am no, al kylam noal kyl, and
ook lpr wrighbel abput é?%éFp@l?OURBOdenRG are each

I ndependent |y chosen from a hydrogen radical, alkyl,
cycl ol Ry linegy, pranched.or gyclic savipstiteted deyinsrstitybed, saiutdied or
t he Lgrovi so that at |least one of R5 and Rs is not a

Hspteaed akyhpmie group. |

21.  Afuel composition comprising:
a base fuel; and
a detergent base product comprising a mixture of formulae (Vi) and (VI1),
OH ' OH
Rl R? RS

/
NH N
+ \RG

VI Vi
R3 R?
where R'and R® are substituents independently chosen from a hydrogen
radical, C1 alkyls and hydrocarby! substituents having a number average
molecular weight in the range of about 500 to about 3000, with the proviso that at least one
of R'and R® is a hydrocarbyl substitutent, R* is a substituent chosen from alkyl, aryl, alkenyl,
alkyl ami.no, dialkyl amino, alkylaminoalkyl, and dialkylaminoalkyl groups, R® and R® are
each independently chosen from a hydrogen radical, alkyl, cycloalkyl, aryl, alkaryi, and

aralkyl groups, with the proviso that at least one of R® and R® is not a hydrogen radical.
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