
.. ':'. 

... 

· .. · ·~ 

·.·.:.·_,·. 

5 

1 
, ' 

., . ~-; 

qc I 0 <f 7 Z:~!f 
IPDS 

TITLE: UNSATURATED HYDROXYCAIP30xYUC COMPOUNDS 
USEFUL AS INTERMEDIATE.SJ?ORPREPARING LUBRICANT 
AND FUEL ADDITIVES 

FIEL-D OF IHB INVENTION 

This invention relates to unsaturated hydrQxycarboxylic comp~unds which 

10 are intermediates for the preparation of low c.hlorine containing additives for 

lubricating oils and nonnally liquid fuels and to a process for preparing the 

compounds. 

15 

BACKGROUND QF THf; INVENTION 
Numerous types of additives are used to improve lubricating oil and fuel 

compositions. Such additives include, but are certainly not limited to dispersants 

and detergents of the ashless and ash-containing v~iety, oxidation inhibitors, anti-
-

wear additives, friction modifiers, and the like. Such materials are well known in 

the art and are described in many publications:, . for example, Smalheer, et al, 

20 "Lubricant Additives", Lezius-Hiles Co., Clevel~d, OH, USA (1967); M.W. 

Ranney, :Ed., "Lubricant Additives", Noyes Da,ta Corp., Park Ridge, NJ, USA 

(1973); M.J. Satrian,a, Ed.-, "Synthetic Oils and Lubricant Additives, Advances 

since 1979, Noyes Data Corp., Park Ridge NI, USA (1982), W.C. Gergel, 
'·. 

"Lubricant Additive Chemistry", Publication 694·}i0-65Rl of the Lubrizol Corp. , 

25 Wickliffe, OH, USA (1994); and W.C. GergelUrt al,. "Lubrication Theory and 

Practice" Publication 794-320-59R3 of the Lub~l Corp., Wickliffe, OH, USA 

30 

·.·, 

(1994); and in numerous Uni~ S~tes pate~; · for ·example Chamberlin, II, 

US 4,326,972, Schroeek et al, US 4,904,401,· ~: Ripple et al, US 4,981,602. 

Many such additives are freqµently deriv~d from ~boxylic reactants, for example, 

acids, esters, anhydrides, lactont(S, and others. ~pep.fie examples of commonly used 

carboxylic compounds used as intermediates for p~paring lubricating oil additives 

include alkyl-and alkenyl substituted succinic ~~ids and anhydrides, polyolefin 

....•... ,, 
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substituted car~xylic acids, aromatic acids, s~b as salicylic acids, and others. 

Illustrative carboxylic compound~ are described iJl Meinhardt, et al, US 4,234,435; 

Norman et al, US 3,172,892; · LeSuer et al, US 3,454,607 and Rense, 

us 3,215,707. 

5 Many carboxylic intermediates used in :the preparation of lubricating oil 

additives contain chlorine. While the amount of ~Qrine present is often only a very ·. ... . . ' 

small amount of the total weight of the intermediate, the chlorine frequently is 

carried over into the carboxylic derivative whic}l is desired as an additive. For a 

variety of reasons, including environmental re3$0n&, the industrY haS been making 

· · · · 10 ef!orts to reduce or to eliminate chlorine from additives designed for use as lubricant 

;·····. 

or fuel additives. 

Accordingly, · it is de$irable to provide, low chlorine or chlorine free 

intermediates which can be used to prepare low chlQrine or cblorfue free derivatives 

for use in lubricants and fuels. 

15 The present inventiQn provides unsaturated hydroxycarboxylic compounds 

20 

which meet this requirement. 

B.B. Snider and J.W. van Straten, J. Qrg. Chem., 44, 3567-3571 (1979) 

describe certain products prepared by the reaction of methyl glyoxylate with several 

butenes and cyclohexenes. K. Mikami and M. Sbjmizu, Chem. Rev., 92, 1021-1050 
. . . . ·. 

(1992) describe carbonyl-ene reactions, inclu4ing glyoxylate-ene reactions. D. 

Savostianov (communi~ted ·by P. P8$Cal), C~!l: Acad. Sc. Paris, 263, (605-7) 

(1966) relates to preparation of some a-hydroxy~nes via the action of glyoxylic 

acid on olefins. M. Kerfanto et. al., C.R. Acad~ ~c. Paris, 264, (232-5) (1967). 

relates to condensation reactions of a-a-di-(N"."m,()rpholinQ) .. acetic acid and glyoxylic 

25 acid with olefins. 

SUMMARY OF.THij INYSNIIQN 
. .:: 

The present invention provides a composi~on comprising a compound of the 

formula 
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I( 0 
I II 

H--4'-C-(R" -C-' -0~ ... ,." I . Jn 'Y . 

a1-c-R2 
. I 

x 

wherein each of R1 a11<l R2 is Hor a hydr<:>carbon:based group, 

R3 is H or hydrocarbyl; 

(I) 

5 R4 is a divalent hydrocarbylene group; 

n = 0 or 1; 

10 

y is an integer ratl$ing from 1 to at>out 200; 

R5 is H or hydrocarbyl; and 

X is a group of the formula 
R6 R7 

'c=cf' / .,Rs (II) 

wherein each of R6, R7 and R8 is independently H. or a hydrocarbon based group, 

provided that at least one of R1
, R2

, R6
, R7 and:R8 is a hydrocarbon based group 

containing at least 7 carbon atoIDS. 

15 In anothe~ aspect of this invention, there is provided a process for reacting, 

optionally in the presence of an acidic catalyst, 

(A) at least one olefinic compound of the general formula 

(R1)(R2
) C=C(R6)(CH(R7)(R~) (Ill) 

wherein each of R1 ·and R2 is, indql<mdently, hydrogen or a hydrocarbon based 

20 group and each of R6
, R7 and R8 is, indepemtehuy! hydrogen or a hydrocarbon 

based group provided that at least one is a hydr~bon based group containing at 

least 7 carbon atoIDS; with 

(B) at least one carboxylic rea<?tant ~elec~ from the group consisting 

of compounds of the formula ;;: 

.· 25 R3C(O)(R4)0 C(Q)OR5 
. , . (IV) 
··1 

and compounds of the fonnula 

.. _.:, 
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R?? 
R~C- (R4>n""'.'" C(O)QR5 

I . 
(V) 

HO 

wherein each of R3 ~ R5 and R9 is inclqlendent}y. ll or a hydrocarbyl group, R4 is a 

divalent hydrocarbylene group, and ~ is 0 or l, wherein the ratio of reactants 

ranges from aboµ~ 0.6 moles (B) per equivalent of (A), ·to ab~ut 1.~ moles (B) per 

5 equivalent of (A), wherein equivalents of (A) ~defined herinafter. 

Products.p~pared by this process are als.o.provided. 

DETAILED DESCRIPTION OF TIIE PREFERRED EMBODIMENTS . .. .. :• ... · .. .. . . . .. . ... ... . .. ':. . . . . .. . 

As used herein, the teI'UlS "hydrocarbon", "hydrocarbyl" or "hydrocarbon 

based" mean that the group being described has predominantly hydrocarbon 

10 character within t:be context of this invention. These include groups that are purely 

hydrocarbon in natµre, that is, they contain onl~ carbon and hydrogen. They may 

also include groups comaining substituents or atoms which do not alter the 

predominantly hy$'ocarbon character of the group. Such· substituents may include 

halo-, alkoxy-, nitro-, etc. These groups also may contain hetero atoms. Suitable 

15 hetero atoms will be apparent to those skilled iIJ. the art and include, for example, 

sulfur, nitrogen and oxygen. Therefore, while remaining predominantly 

hydrocarbon in character w_ithin the context of this invention, these groups may 

contain atoms otber than carbon present in a chain or ring otherwise composed of 

carbon atoms. 

20 In general, -no more than about three non.-:-hydrocarbon substituents or hetero 

atoms, and preferably no more than one, will \'.)e;pres~t for every 10 carbon atoms 

in the hydrocarbon, bydrocarbyl or hyd.rocarbon b~ed groups. Most preferably, the 

groups are purely hydr~bon in nature, that is they are essentially free of atoms 

other than carbon and hydrogen. 

25 Throughout the specification and claims . the expression oil soluble or 

dispersible is used. By oil soluble or di~persibl~ ,is~ m~t that an amount needed to 

provide tbe desired level. of aptivity or performance can be incorporated by being 

;, 
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means that at \east .OOut O.Q()l % by weight of the ma~al can ))e incorporated in a 

lubricating oil. For a further .discussion· of the.tetQJS oil ~olub.le and dispersible, 

particularly "stably dispersible", see US Patent 4,320,019 which is expressly 

incorporated herein by referel)£e for relevant tea~ -ill~ regard. 

5 As noted hereinabove, provided ·by t;his · inye®on are certain unsaturated 

hydroxycarboxylic compounds and a process· for preparing low chlqrine or chlorine 

free compositions U$efW. as ~rm.ediates for preparing low chlorine or chlorine free 

additives for lubricating oil and fuel compositions. 

The Compounds 

1 O In one embodiment, this invention ~late$ to a composition COillPrising a 

compound of the formula 

R3 0 . 

H-f O-~-(R4\-8-.)1-0R5 . I ~ . . 
R1-c-R2 

I . 
x 

(I) 

Each . of R 1 and R2 is H or a hydrocarbon based group. In one particular 

embodiment, each of R1 and R2 is independently H or a lower alkyl group provided 

15. that at least one is lower alkyl. In another embcxJiment, one of R1 and R2 is Hand 

the other is a lower alkyl_ group. As used herein, the expression "lower alkyl" 

refers to alkyl groups containing from 1 to 7 carbon atoms. Examples include 

methyl~ ethyl and the various isomers of propyl, jtnltyl, pentyl, hexyl and heptyl. In 

one especuuly preferre4 embQdiment, each of R1 ~d R2 is H .. 

20 R3 is H or hydrocarbyl. These hydr~byl groups are usually aliphatic, 

preferably alkyl, more preferably, lower alkyl. ESpecially preferred is where R3 is H 

or methyl, most preferably, H. 

R4 is a divalent hydroparqyl~J,1¢: -groµp. · This group may be aliphatic or 

aromatic, but is usually aliphatic. Often, R4 is an, ,alkylene group containing from 1 
-: ·! 

25 to about 10 carbon atoms, more often from 1 to a~out 3 carbon atoms. The 4n' is 0 

.:i:, .... 
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or 1; that is, qi-~~: ~mbodiment, R4 is present ai;i<l in anQther embodiment, R4 is 

absent. More o~ll~'R4 is absent. 

The 'y' ~>an integer ranging from 1 t6 about 200, more often from 1 to 

about 50 and ev:en:rti~x:e often from.1toabout20~ Frequently y is 1. 

s·. The grot;tp :~{:~ the formula 

(II) 

wherein each of R6~ :R7 and R8 is independently H or a hydrocarbon based group, 

< 10 provided that at 1~~ one of R\ R.2, R6
, R7 anc;l R8 is a hydrocart>on based group 

containing at least.7{~bon atoms. 

: 15 

When at l~l,one of R6
, R7 and Rs is a hydrocarbyl group, it contains from 

7 to about 5,000 ~t>bn atoms. More often, such hydrocarbon groups are aliphatic 

gr_oups. In one entb&iiment R6 is an aUp~tic group containing from about 10 to 

about 300 carbot;t a~Ihs. In another embodiment~.:R.6 contains from 30 to about 100 

carbon atoms and ~---derived from homopolymeiized and interpolymerized (418 

olefins. 

In a furthet:.elnbodiment, at least one of:R7 and Rs is an aliphatic group 

containing from 10.,,trj:_abou~ 300 carbon atoillS. Qften, at least one of R7 _and R8 

•·• 20 conta~ from abo~f 30 to about 100 carbon atoms and is derived from 

homopolymerized aficJ: Interpolymerized Ci.18 olefins. The polymerized oletins are 

frequently 1-ole~~ :·prefera.bly ethylene, propyiene, butenes, isobutylene, and 

mixtures thereof. l?Ql}'D.lerized olefins are often referred to herein as polyolefins . . · .. ·. . ' 

In yet anoQ).~~embodiment at least one ofR7 and R8 is an aliphatic group 

· ·.· 25 containhl.g from 8 t:O ~boµt 24 carbon atoms. In aµ.~t;her embodiment at least one R7 

and Rs i~ an alipha:i~¢.(group containing 12 to ~tlt ~O carbon atoms. Within this 

embodiment, most ()~~ one of R7 and Rs is H and ~e. other is the aliphatic group. 
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Rs is ll or hydr(>carbyl. When Rs is hydrocart>yl, it is usually an aliphatic 
I 

group, often a group containing from l to about 30 carbon atoms, often from 8 to 

about 18 carbon atoms. In another embodiment, R5 is lower alkyl, wherein "lower 

alkyl" is defined ·tiereinabove. Most often, R5 is H or lower alkyl. 

5 In one preferred embodiment, each of R1
, R2 and R3 is independently 

hydrogen or a lower alkyl Qr alkenyl grQup. In one es~ially preferred 

embodiment, each of R1
, R2 and R3 is hydrogen. a,nd n ::;: 0. 

In another preferred embodiment, R6 is .an aliphatic group containing from 

about 8 to about 150 carbon atoms, R5 is H, n is :o·and R:3 is H. 

10 The Process 

In another embodiment, the present inventi9n relates to a process comprising 

reacting, optionally in the presence of an acidic- cat,alyst, (A) at least one olefinic 

compound with (B) at least one carboxylic reac~ wherein (A) and (B) are defined 

in greater detail hereinbelow. 

15 The Cata!YJt ... 
The process of this invention may be con.<lucted in the presence of an ~idic 

catalyst; however, n.Q catalyst is required and.it is often easier to prepare and isolate 

the monomeric product when no catalyst is employed. 

However, when ca~ysts are used, yi~\~ are sometimes enhanced. Acid 

20 catalysts, such as organic sulfonic acids, for example, paratoluene sulfonic acid, 

·. methaile sulfonic acid, heteropolylacids, the complex acids of heavy metals (e.g., 

Mo, W, Sn, V, Zr, etc.) with phosphoric acids. (e~g., phQsphomolybdic acid), and 

mineral acids, such as sulfuric acid and phospbonc acid, tend to lead to oligomeric 

products, e&pecially when hipr temperatures .afe also used. Lewis acids, e.g., 

25 BF3, A1Cl3 and FeC13, are useful for promoting, ":ene" reactions, tend to promote 

formation of monomeric products, and usually do ~bt hydrolyze esters. 

When they are use<,J, catalysts are used i.Q.Jhlnounts ranging from about 0.01 

mole % to about 10 mole % , more often from abotjt 0.1 mole % to about 2 mole % , 

based on moles of olefinic reactant. 
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(A) The OJefinic Comwuud 

The olefinic compound employed as a reactant in the process of this 

invention bas the general formula 

5 (R1)(R2) C=C(R6)(CH(R7)(R8)) (Ill) 

wherein each of R1 and R2 ·is, independently, hydrogen or a hy<frocarbon based 

group and each of R6
, R7 and R8 is, independently, hydrogen or a hydrocarbon 

based group provided that at least one is a hydrocarbon based group containing at 

least 7 carbon atoms. These olefinic compounds ~e diverse in natUre. 

10 Virtually any compound containing an olefinic bond may be used provided it 

meets the general requirements set forth hereinabove for (Ill) and does not contain 

any functional groups (e.g., primary or seconda.ry amines) that would interfere with 

the reaction with the carboxylic reactant (B). Useful olefinic compounds may be 
/ 

terminal oletins, i.e., olefins having a H2C=C group, or internal oletins. Useful 

' .15 olefinic compounds may have more than one olefinic bond, i.e., they may be dienes, 

trienes, etc. Most often, they are mono-olefinic. Examples include linear a.-olefins, 

cis- or trans- disubstituted oletins, trisubstituted and tetrasubstit\lted oletins. 

When (A) is a mono-olefin, one mole of (A) contains one equivalent of 

C=C; when (A) is a di-olefin, one mole of (A) contains 2 equivalents of C=C 

20 bonds; when (A) is a tri-olefin, one mole of (A)· contains 3 equivalents of C=C 

bonds; and so forth. 

Aromatic double bonds are not conside~ to be olefinic double bonds within 

the context of this invention. 

As used herein, the expression "polyolefin" defines a polymer derived from 

25 olefins. The expression "polyolefinic~ refers to a compo~d ~ontaining more than 

one C=C bond. 

Among useful compounds are those that ~e purely hydrocarbon, i.e., those 

substantially free of non-hydrocarbon groups, or they may contain one or more non­

hydrocarbon grou,ps as discussed in greater detail herein. 
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In one ~mbodiment, the olefiI_rlc compounds are substantially hydrocarbon, 
I 

that is, each R group in (III) is Hor contains essentially carbon and hydrogen. In 

one aspect within this embodiment, each of R 1, Ri, R7 and R8 is hydrogen and R6 is 

a hydrocarbyl group containing from 7 to about 5,000 carbon atoms, more often 

5 from about 30 up to about 200 carbon atolllS, preferably from about 50 up to about 

100 carbon atoms. In another aspect of this embodiment, each o~ R1 and R2 is 

hydrogen, R6 is H or a lower alkyl group and the group (CH(R7)(R8)) is a 

hydrocarbyl group containing from 7 to about 5,000 carbon atoms, more typically 

from about 30 up to about 200 carbon atoms, preferably from 50 up to about 100 

10 carbon atoms. In yet another aspect of the invention, the olefins are a..olefins 

containing from about 8, often from about 12 up to about 28, often up to about 18 

carbon atoms. 

In another embodiinent, one or more of the R groups present in (Ill) is an 

organic radical which is not purely hydrocarbon. Such groups may contain or may 

15 be groups such as au-boxylic acid, ester, ainide, salt, including ammonium, amine 

and metal salts, cyano, hydroxy, thiol, tertiary amino, nitro, alkali metal mercapto 

. and the like. Illustrative of olefinic compounds (Ill) containing such -groups are 

methyl oleate, oleic acid, 2-dodecenedioic acid, octene diol, linoleic acid and esters 

thereof, and the like. 

20 Preferably, the hydrocarbyl groups are aliphatic groups. In one preferred 

embodiment, when an R group is an aUphatlc. gr<>up containing a total of from about 

30 to about 100 carbon atoms, ~ oletinic compound is derived from 

homopolymerized and interpolymerized Cn8 moncr and di-olefins, preferably 1-

olefins, especially those containing from 2 to about 5 carbon atoms, preferably 3 or 

25 4 carbon atoms. Examples of such olefins are ethylene, propylene, butene-1, 

isobutylene, butadiene, isoprene, 1-hexene, 1-octene, etc. R groups can, however, 

be derived from other sources, sucn as monoll).eric high molecular weight alkenes 

(e.g., 1-tetracontene), aliphatic petrolewn fractions, particularly paraffin waxes and 

cracked analogs thereof, white oils, synthetic alkenes such as those produced by the 
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Ziegler~Natta process (e.g., poly-(ethylene) ~es) and Qther sources known to 

those skilled in the art. Any unsaturation ii). ·the R groups may be reduced by 

hych"oge~tion according to procedures known in the art, provided at least one 

olefinic groµp remains, as described for (Ill). 

5 In one preferred embodiment, at least ()ne R is derived from polybutene, 

that is, PQlymers ofC4 olefms, including 1-bu~~;, 2-b11tene and isol?utylene. TJiose 

derived from isobutylene, i.e., polyisobutyl~, are especially preferred. In 

another preferred embodiment, R is derived from polypropylene. In another 

preferred emb~nt, R is derived fro~ ethylene-alpha·· olefin polymers, 

10 particularly ethylene-propylene polymers aruJ ethylene-alpha oletin-diene, 

preferably ethylene .. propylene -diene polymers. Molecular weights of such 

polymers may vary QVer a wide range but ~~y tho~ having number average 

molecular weights <Mn> ranging from about 300 to about 20,000, preferably 700 to 

about 5000. In one preferred embodiment the .olefin is an etbylene-propylene-diene 

15 eopolymer having M0 ranging from about 900 to ~bout 2500. An example of such 

• materials are the Trilene polymers marlreted by the Uniroyal Company, 

Middlebury, CT, USA. 

A preferred source of hydrocarbyl grQup,s Rare polybutenes obtained by 

polymerization of a C4 re~ry stream having ·~ ~ne content of 35 to· 75 weight 

20 percent and isobutylene content of 15 to 60 weight percent in the presence of a 
·~ . . 

Lewis acid catalyst such as aluminum trichloric1e or boron trifluoride. These 

polybutenes contain predominantly (greater ~··SO% of total repeating units) 

isobutylene repeating units of the configuration 

CH ,3 

-CH2-{­

Cff1 

25 These polyb~tenes are typically monoolefinic; tha~ is, they contain but one olefinic 
. . . . . . . ; 

bond per molecule. 
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The 9lefinic compound may be a pqlyolefin comprising a mixture of 

isomers wherein fro111 about 50 percent to about :(>s. Pereent are tri-substituted oletins 
. ···>'. :"' '·'.'. ··.' 

wherein one substituent contains from 2 to abOut . 500 carbon atoms, often from . . .. . . .. 

about 30 to about 200 carbon atoms, more O~J:'l·ftvin about 50 to about 100 c.arbon 

5 atoms, usually aliphatic carbon atoms, and the other two substituents are lower 

alkyl. 

When the olefin is a tri-substituted olefj:Q., 1t fttquently comprises a mixture 

of cis- and trans.,.1-lower alkyl, 1-(alipbatic hyd,tj)~}>yl containing from 30 to about 

100 carbon atoms), 2-lower alkyl ethylene ajid: l,hdi-lower ,. alkyl, 2-(aliphatic 
...... :·.: '.·· 

10 hydrocarbyl containing from 30 to about 100 ~on atoms) ethylene. 

In one embodiment, the monoolefiniq groups are vinylidene groups, i.e., 

groups of the formula 

CH2=< 
although the poly~nes may ~so comprise o~r: ol~fmic configurations. 

15 In one embodiment the polybutene is stJps~tially monoolefmic, comprising 

at least about 30 mole %, preferably at ·least al)out 50 mole % vinylidene groups, 

more often at l~t about 70 mole % vinylidene &m11ps. Such materials and methods 
'. .. :' ... 

for preparing them are described in U.S. Patent$ 5,286,823 and 5,408,018, which 

are expressly incoqx>rated ~erein by reference. . Th.ey are commercially available, 

20 for example under the tradenames Ultravis (BP G~emicals) and Glissopal (B~F). 

As is apparent from the foregoing, olef~ -of. a wide variety of type and 

molecular weight are useful for preparing tbe co~po~itions of this invention. Useful 

olefins are usually substantially hydrocarbon aii_J '.have number average molecular 

weight (1\iin) rangiilg from about 100 to abo;ut:·"iQ,000, more often from about 200 

25 to about 7,000, even more often from about i,:36{fto about 5,000 and frequently 
. ::; ~ -:-~ . 

from about 400 to ab,9ut 3,000. 
~: ; : 

,.·:: .. 

Specific chatjlcterization of olefin nmctai.l~:· (!\) µsed in the processes of this 
· ... ·... . ' 

invention can be accomplished by using techniqii¢~ 'known to those skilled in the art . 
. . . . : · ... ~ .. 

These teclmiques b:lclµde general qualitative analy~i~· by infrared and determinations 
.··; 
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of average mqlecular weight, e.g., Mn, number average molecular weight, etc., 

employing vapor phase osmometry (VPO) aml:. · g~l pcmneation chromatography 

(GPC}. Structural details can be elucidated ~~i()Ying proton and carbon 13 (C13
} 

nuclear magnetic resonance {NMR) tecbniCJ.ues. · · l'fMR is l1$eful for determining 

5 substitution characteristics about olefinic bonds,: ~ provides some details regarding 

the nature of the substituents. More specific dentlls regarding substif:Uents about the 

olefinic bonds can be obtained by cleaving .the substituen~ from the olefin by, for 

example, ozonolysis, then analyzing the cleav~ products, also by NMR, GPC, 

VPO, and by infra~red analysis and other techniques known to the skilled person. 

10 ....,(B..,.)-......__.T .... b....,e_,.C,...a .... rb....,o...,~ .... 1-ic~& .... e .... ac...,t.a:_u_t . 

The carboxylic reactaQ.t is at least one member selected from the group 

consisting of compounds of the formula 

R3C(O)(R4)0 C(O)OR5· (IV) 

and compounds of the formula 

R'O 
I 

R3-f-CR4).-C(O)OR5 

15 HO 

(V) 

wherein each of R3 
, R5 ~ R9 is independently H or a hydrQcarbyl group, R4 is a 

divalent hydrocarbylene group, and n js 0 or 1. Specific embodimen,ts of the 

groups R3 and R5 are ·set forth hereinabove where corresponding groups in the 

compound (I) are described. R9 is preferably H ·or l,9wer alkyl. 
. ·:=·: 

20 Examples of carboxylic reactants (B) ~ :J.lyoxylic acid, carboxy aromatic 

aldehydes, such as 4-carboxybenzaldehyde, and otb~r omega-oxoalkanoic acids, keto 

alkanoic acids such as pyruvic acid, levulinic a.ci4, :ketovaleric acids, ketobutyric 

acids and numerous others. The skilled woi;ker,Jl:a,ving the disclosure before him, 

will readily recognize the appropriate compouµh_l:6f :formula M to- employ as a 

25 reactant to generate a given intermediate. Prefe.~ compound$ of formula (V) are 

those that will lead to preferred compounds of forfilµ1a (I). 
Reactant (B) may be a compound of the fbri,nula 
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R~'),-C(O)OR' (VII) 

wherein each of R3 and R5 is independently H or hydrocarbyl preferably H or 

alkyl. Such compounds arise when the carboxylic react.ant is hydrated. Glyoxylic 

acid monohydrate is a representative example. . 
5 From the foregoing, it is apparent that t:he various 'R' groups in the product 

(I) correspond to the same groups in the olefinic and carboxylic reactants. 

The process of this invention is conducted at temperatures ranging from 

ambient up to the lowest decomposition temperature of any of the reactants, usually 

from about 60°C to about 220°C, more often from about 120°C to about 160°C. 

10 When the reaction is conducted in the presence of organic sulfonic acid or mineral 

acid catalyst, the reaction is usually conducted at temperatures up to about 150°C, 

often up to about 120°C, frequently from about 120°C up to ·about 130°C. The 

process employs from about 0.6 moles of reactant (B) per mole of oletinic 

compound (A), to about 1.5 moles (B) per equiyalent of (A), more often from about 

15 0.8 moles (B) per mole of (A) to about 1.2 moles (B) per equivalent of (A), even 

more often from about 0.95 moles (B) per mol~ of (A) to about 1.05 moles (B) per 

equivalent of (A). In order to maximize yield of product of this invention, it is 

generally desirable to conduct the reaction at as· low a temperature as possible. As 

noted .herein, many react.ants contain water which is ~moved. Removal of water at 
. . 

20 moderate temperatures is attainable employ~ r¢uced pressure, a solvent that aids 

in azeotropic distillation of water, or by purging ,~ith an inert gas such as N2• 

The progress of the reaction can be fql1owed by observing the infra-red 

spectrum. The absorption for -COOH carbonyl of tb,e products appears at about 

1710 cm-1• The total acid number as measurec(µsing essentially the procedure in 

25 ASTM D-664 (Potentiometric Method) or ASTM: :p-974 (Color Indicator Method) is 
·:;;. -

useful together with. the infrared, keeping in m,liid that non-acidic products (e.g., 

·' ' 
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polyester prodpcts), those derived from no~-acidic ~tants and condensation 

ptoducts such as lactones will not display signift~ta¢fd;innnbers. 
These procedures appear in the ~µ~l~~ookcif hsTM Standards, Volume 

05.01, ASTM, 1916 Race Street, Philadelphia,:~~.-USA.~· 
: ......... ·.~ 

5 The followµig examples are intended to ijlµs(ra~ '-~~veral compositions of this 
··.·-: .·· . . .·· . 

invention as well as means for preparing same. <(Jnl~s 4idicated otherwise, all parts 

are parts by weight.· It is to be understood.-~~ the$~·-examples ~ intended to 

illustrate several compositions and procedures of·~~ iriveµtion and are not intended 

to limit tbe scope of the invention. 

10 Example l 

A reactor equipped with a stirrer, iliermowell, Dean-Stark trap with 

condenser and sub-surface N2 inlet is chatged :wi~ 500 parts polyisobutylene having 

a number average molecular weight of about ~$0 and containing greater than 70 

mole % of terminal vinylidene group~ and 322. Part 50% aqueous glyoxylic acid. 

15 The materials are heated to 150°C and are held at 150°C for 6 hours while 
. . :~4·' . . 

removing water and maintaining a slow N2 puij~. The materials are diluted with 

1000 parts toluene and extracted with two :?<JO part 5% sodium bicarbonate 
,•·"v.··· . 

sob.i:tions. The combined .sodium bicarbonate ex~cts are.carefully acidified with a 

5 % solution of hydroc.bloric a,cid to a pH= 3 and .. tl,le aqueous solution extracted with 

20. two 500 parts of toluene. Drying and evaporatioP" of the combined toluene extracts 

affordS the product 

carboxylic acid. 

Infrared spectrum shows Q7-0 a~ 1710 cm-1
, consistent with 

;;;:;:;/ 

Example2 ···· 

A :reactor equipped as in Example 1 i~ .:: charged: with 500 parts of the 

25 polyisobutylene of Example 1 and 222 Parts?ciiyoxyli~: acid ethyl ester. The 

materials are heated to gentle reflux.. H~a~ is :continued until the reflux 

temperature reaches 150°C and the materials ~!.:field at f50°C for 6 hours while 
. . . . . . ~ . : . . ; 

maintaining a slow N2 purge. Vacuum remoya{ of umeacted glyoxylic acid ethyl 
. ··•i:·; .. 

... ·.·,/ 

ester affords the product and unreacted polyisobu,t)tlene. 
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Exaµiple 3 

A reactor eq11ipped as in Example 1 is .charged with 500 parts C16 alpha­

olefin and 330 part 50% aqueous glyoxylic ~cid. The materials are heated to 

150°C and are held at 150°C for 6 hours w~e removing water and maintaining a 

5 slow N2 purge. The materials are diluted with 1000 parts toluene and extracted 
. . ····.: 

with two 500 parts of a 5% sodium bicarbonate solution. The CQlllbined sodium . . 

bicarbonate extracts are carefully acidified wi~ a 5 % solution of hydrochloric acid 

to a pH=3 and tll.e aqueous solution is extrac~ with two 500 parts of toluene. 
-Drying and evaporation of the combined toluene extracts affords the product. 

10 Example 4 

A reactor eqUiJ,>POO as in Exaniple 1 is charged with 500 parts C12 alpha 

olefin and 262 parts Glyoxylic acid methyl ester. The materials are heated to 

gentle reflux. Heating-is continued rmtil the refl,µx temperarure reaches 150°C and 
:: . 

the materials are held at 150°C for 6 hours whij.e maintaining a slow N2 purge. 

15 Vacuum removal of unreacted glyoxylic acid m¢thyl ester affords the product and 

unreacted alpha olefin. 

Example 5 

A reactor equipped as in Bxample 1 is . charged with 300 parts 

polyisobutylene having a number average mo~ecular weight of about 1000 and 

20 containing about 50% by weight of terminal vinylidene groups, 44 p~ 50% 

aqueous glyoxylic acid and l part sulfuric acid. Th~ materials are heated to 100°C 

and are held at 100°C for 1.5 hours while remo~ water under a slow N2 purge. 

The materials are then heated to 125°C and heldia~ izs 0 c for 2.5 hours then heated 

to 150°C and held at 1so~c for 3 hours while c6ntinuing to remove water under a 
·.· .. 

25 slow N2 purge. The strong acid (neutralization h\unber, bromphenol blue indicator) 

is neutralized by sodil1111. hydr9xide. At this pomt fu,e materials contain by analy~is 

(fLC-FID) 34.9% unreacted polyisobutylene. ·The materials are reheated to 110°c 

-· :.3 
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and 'µltered tbrpugh a diatomaceous earth filter ~d. The filtrate has saponification 

no. = 40 and total acid no. = 12.0. 

Example6 
A reactor equipped as in E;xample 1 is charged with 300 parts 

5 polyisobutylene having a number average molecular weight of about 1000 and 

contajning about 70 mole % of terminal vinylidene groups, 44 p~ 50% aqueous 

glyoxylic acid and 1 part sulfuric acid. The materials are heated to 100°C and are 

held at 100°C for 1.5 hours while removing water under a slow N2 purge. The 

materials are then heated to 125°C and held at 125°C for 2.5 hotirs, then heated to 

10 150°C and held at 150°C for 3 hours while continuing to remove water under a 

slow N2 purge. At this point the materials contain by analysis (TLC-FID) 27 .2 % 

unreacted polyisobutylene. The materials are reheated to l 10°C and filtered through 

a diatomaceous earth filter aid. The filtrate has saponification no. = 35. 7 and total 

acid no. = 16.2. 

15 Example7 

A reactor equipped as in Example 1 is cMtged with 300 parts 

polyisobutylene having a number average molecular weight of about 1000 an4 

containing about 50 mole % of terminal vinylidene groups and 44 parts 50% 

aqueous glyoxylic acid. The.materials are heated to 100°C and are held at 100°C 

20 for 1.5 hours while removing water under a slow Nz purge. The materials are then 

heated to l25°C and held at 125°C for 2.5 hours, then to 150°C and held at 150°C 

for 3 hours while continuing to remove water uncier a slow N2 purge. At this point 

the materials contain by analysis (TLC-FID) 35.7% unreacted polyisobutylene. The 

materials are re~ted to ll0°C and filtere4 thrqugh a diatomaceous earth tilter aid. 

25 The filtrate has saponitication no. ~ 48 and total acid no. = 14.2. 

Example 8 

A reactor equipped with a Dean-Stark trap. and condenser, thermometer and 

stirrer is charged with 168 parts of C12 aJpha olefin and 92 parts of glyoxylic acid 

monobydrate. The material are heated at 180-210°C for 10 hours while collecting 
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36 parts distillate (about 75% water) in the Dean-Stark trap. The materials are 
I . 

filtered at 25°C using a diatomaceous earth filter aid. Saponification no. = 231. 

Infrared spectrum shows -COOR and lactone C=O groups. 

Exa~9 

5 A reactor equipped as in Example 1 is charged with 269 parts 1-hexadecene 

and 222 parts 50% aqueous glyoxylic acid and heated under N2 at r~flux, 120°C to 

200°C, for 13 hours. Water is removed and collected in the Dean-Stark trap during 

the first 5.5 hours. The materials are cooled then stripped to 170°C and 2 mm Hg 

for 1 hour. The residue is filtered with a diatomaceous·· earth filter aid. 

10 Saponification no. = 78.9. Infrared shows -COOH and lactone C=O. 

~ample 10 

A reactor equipped as in Example 1 is charged with 210 parts ·c12 alpha 

olefm and 100 parts glyoxylic acid monohydrate. The materials are heated under N2 

at 180-195°C for 7 hours, collecting 76 parts distillate then stripped at 83°C/6 mm 

15 Hg for 1 hour. The residue is filtered at 70-80°C using a diatomaceous earth filter 

aid. Saponification NQ. = 275. Infrared shows ...,.CQOH and lactone C=O. 

Example 11 

A reactor is charg~ with 100 parts of the polyisobutylene of Example 7, 15 

parts 4-carbozjtbenzaldehyde and 50 parts butanol. Heat to 120°C (reflux). Infra-

20 red spectrum does not indicate any changes. Heat to 210°C~ removing butanol; 

hold 210°c for ~O hours. Filter at 150°C yielding a viscous liquid that solidifies on 

standing at room temperature. Acid No= 20.6. 

Example lZ 
The process of Example 2 is repeated employing 0.1 mole % AIC13 catalyst. 

25 Example 13 

The process of Example 4 is repeated employing 0.1 mole % FeCl3 catalyst. 

Example 14 

The process of Example 7 is repeated employing 0.2 mole % BF3 catalyst. 
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Example 15 i 

The process of Example 1 is repeated replacing glyoxylic acid with an equal 

molar amount of pyruvic acid. 

Example 16 

5 The process of Example 1 is repeated repJacing glyoxylic acid with an equal 

molar amount of levulinic acid. 

While the invention has been exp~~ in relation to its preferred 

embodiments, it is to be understood that various ·.modifications thereof will become 

apparent to those skilled in the art upon reading ~ specification.· Therefore, it is to 

10 be understood that the invention disclosed herein is intended to cover such 

modifications that fall within the scope of the appended claims . 

.......... 
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THts SHEET Hl\S BEEN· 
REPLACED 

l. A composition comprising a co~pound ·of the formula 

R3 0 
H-+o-¢-(R4).-~-)rOR5 

R1-'f-R2 
x 

(I) 

s wherein each ofR1 and R2 is H or a hydrocarbon based group, 

6 R3 is Hor hydrocarbyl; 

7 R 4 is a divalent hydrocarbylene group; 

s n= 0 or l; 

9 y is an integer ranging from 1 to about 200; 

10 R5 is H or hydrocarbyl; and . 

11 

12 

13 
14 

15 

16 

1 

2 

3 

4 

1 

2 

Xis a group of the formula 

R~ - Jt7 
/c-c"e.• (II) 

wherein each ofR6
, R7 and_ Rs is independently Hor a hydrocarbon based group, 

provided that at least one ofR1, R2
, R6

, R7 and Rs is a hydrocarbon based group 

containing at least 7 carbon atoms. 

2. The composition of claim 1 where~~ each of R1
, R2 and R3 is 

independently hydrogen or a lower alkyl or alk~yl group, wherein R4 is an alkylene 

group containing from 1 to about 10 carbon atom~, and wherein at least one ofR6
, R7 

and R8 is a hydrocarbyl group containing from 7 t9 about 5000 carbon atoms. 

3. The composition of claim 1 wher:ein each of R 1, R 2 and R3 is 

-hydrogen and n =zero, y = 1, and R5 is Hor lo~~ alkyl. 
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1 4. The ¢omposition of claim 2 whereiri R6 contains from 30 to about 100 

2 carbon atoms and is derived from homopolymerized and interpolymerized C2-10 

3 olefins. 

1 5. The composition of claim 2 wherein at least one of R7 and R8 

2 contains from abo:ut 30 to about 100 earbon atoms and is derived from 

3 homopolymerized and interpolymerized Ci-10 olefins. 

1 6. The composition of claim 4 or 5 wherein the olefins are 1-olefins 

2 selected selected from the group consisting of ethylene, propylene, butenes, 

3 isobutylene and mixtures thereof. 

1 7. A process comprising reacting, optionally in the presence of an acidic 

2 catalyst selected from the group consisting of organic sulfonic acids, mineral acids 

3 and Lewis acids, 

4 (A) at least one ole~nic compound of the general formula 

s (R.1)(R2) C=C(R6)(CH(R7)(R8
)) (Ill) 

6 wherein each ofR 1 and R2 is, independently, hydrogen or a hydrocarbon based 

7 group and each ofR6~ R7 and R8 is, independently, hydrogen or a hydrocarbon based 

8 group provided that :at least one is a hydrocarbon based group containing at least 7 

9 carbon atoms; with 

10 (B) at least one carboxylic reactant selected from the group consisting 

11 of compounds of the formula 

12 R3C(O)(R4).C(O)OR1 (IV) 

13 and compounds of the formula 

R'O 
I 

R3-f-CR4).;-C(O)OR1 

HO 

(V) 

14 

15 wherein each ofR3
, R5 and R9 is independently Hor a hydrocarbyl group, R4 is a 

16 divalent hydrocarbylene group, and n is 0 or 1, wherein the ratio of reactants ranges 

17 ·rromabout 0.6 moles (B) per mole of{A) to 1.5 moles (B) per equivalent of(A) 
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18 provided that wheri. an organic sulfonic acjd or minefat acid is used, the maximum 

19 reaction temperature is about 150°C .. 

1 8. The process of claim 7 wherein reactant (B) is selected from the group 

2 consisting of glyoxylic acid and a compound of the formula 

Ri;j-{R4).-C(O)OR5 

Hb · 
(VII) 

3 

4 wherein each of R3 and R5 is H or a lower alkyl group and n = 0. 

1 9. The process of claim 7 wherein each ofR1
, R2

, R7 and R8 is hydrogen 

2 and R6 is a hydrocarbyl group containing from 7 to about 5000 carbon atoms, and the 

3 olefin has Mn ranging from about 100 to about 70,000. 

1 10. The process of claim 7 wherein each ofR1 and R2 is hydrogen and R6 

2 is Hor a lower alkyl group and the group (CH(R7)(R8
)) is a hydrocarbyl group 

3 containing from 7 to ai,out 5000 carbon atoms and the olefin has has M n ranging 

4 from 400 to about 3000. 

3 11. The process of claim 10 wherein the olefinic compound is a polyolefin 

4 comprising a mixture of isomers, at least about 50% by weight of the mixture 

s comprising isomers of the formula 

6 (VI) 

7 wherein R6 is Hor lower alkyl, the group (CH,'(R7)(R8
)) is an aliphatic group 

8 containing from about 30 to about 200 carbon atoms and the olefinic compound is 

9 derived from homopolymerized and interpolymerized ~-10 olefins. 

~ . 

1 12. The process of claim 7 wherein the olefinic compound is a polyolefin 

2 comprising a mixture ofisomers wherein from about 50% to 65% are tri-substituted 
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3 olefins wherein one substituent contains from 1 to abi>Ut 5000 carbon atoms and the 

4 other two substituents are lower alkyl. 

1 13. The process of claim 8 wherein R6 is an aliphatic group containing 

2 from about 30 to about 100 carbon atoms, R4 is an alkylene group containing from 1 

3 to about 10 carbon atoms, and (A) is derived from homopolymerized and 

4 interpolymerized Ci-10 olefins. -

I 14. The process of any one of claims 7-13 wherein the olefinic compound 

2 is a polyolefin wherein at least 75% of the polyolefins are terminal olefins. 

1 1 S. The process of claim 7 wherein the olefinic compound is a monoolefin 

2 wherein at least 70% of the olefinic groups are terminal vinylidene groups. 

1 16. A product prepared by the process of any one of claims 7-15. 

..... · 


