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12 APR 2001 Al kal i ne earth gtal salts, transition netal §15P&£aﬁdr§t,
transition netal conplexes of ketocarboxylic acids a rrosion inhib rs
0619290  The present invention relates to novel alkgf WHQ;@Q(&hHgQgg_NI
salts, transition netal salts and transition netal c EX@&kaCED “
ket ocar boxylic acids, coating conmpositions conprisin £t
filmform ng binder, preferably a Iiquid coating, and the novel corrosion
inhibitors, and also the use thereof in coating conpositions for protecting
metal surfaces. The use of alkali netal, ammonium and am ne salts of

ket ocar boxylic acids as corrosion inhibitors in aqxeiﬁg Béstens I s known
and described, for exanple, in US-A-4 909 987, EP-AX 3 or EP-A-496
555. The use of the calciumsalts of

3-(3-chl oro-4-isopropyl benzoyl ) propi oni c acid and of

3-(3-chl oro- 4- cyclohexylbenzoyl)proplonlc aC|d for prodUC|ng analge5|c
and/ or anti iAdkdlinerea ctatesdlts; mansitie dl 5ad tre jetal porople

use of the %@kﬁhﬂgkl %&&Bﬁ§nﬁﬂﬂﬁuﬁélts of 4- benzoylbutyrlc aC|d for
pronoting t e S-known and described, for exanple, in
EP- A- O 300 325.

The present invention relates to novel alkaline earth metal salts, transition metal salts and
transition metal complexes of ketocarboxylic acids, coating compositions comprising an
organic film-forming binder, preferably a liquid coating, and the novel corrosion
inhibitors, and also the use thereof in coating compositions for protecting metal surfaces.

The use of alkali metal, ammonium and amine salts of ketocarboxylic acids as cbrroéion
inhibitors in aqueous systems is known and described, for example, in US-A-4 909 987,
EP-A-412 933 or EP-A-496 555.

It has now been found that alkaline earth metal salts, transition metal salts and transition
metal complexes of ketocarboxylic acids are particularly suitable for use as corrosion
inhibitors in coating compositions for protecting metal surfaces.

The present invention accordingly provides alkaline earth metal salts, transition metal
salts and transition metal complexes of compounds of the formula I

Rg —C—(CH)=COOH (1)

-in which Ry, Ry, R3, R4 and R are, independently of one another, hydrogen, halogen,

nitro, cyano, CF;, C;-C;salkyl, Cs-C;,cycloalkyl, C,-Cysalkenyl, Cy~Cy,haloalkyl,

C,-Cysalkoxy, C;-C;qalkylthio, C¢-C;paryl which is unsubstituted or substituted by

C;-Caalkyl; C4-C;paryloxy which is unsubstituted or substituted by CI-C4alkyl;

C;-Cqarylalky! which is unsubstituted or substituted on the aryl radical by from 1 to 3
Ry

’
-C,-Cyalky! groups; -CO,R¢, -CORg or —N
Rs

, where at least one of the radicals R, to
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It has now been found that alkaline earth netal salts, transition netal
salts and transitign netal conp|exes of ketocarboxylrc'acrds are
particularly suitable for use as corrosion inhibitors ifny, WAlo
conmposi tions for protecting metal surfaces. The present ﬂ &bﬁ*ﬁBEEN
accordingly provides alkaline earth netal salts, transild 5t 5f8Hl ts amd
transition metal conpl exes of conpoundspaf the formula |
[err] in which Rerr], RR, R3, R4 and R err] are, independently of one
anot her, hydrogen, hal ogen, nitro, cyano, CF3, ([err]-Cerr]5alkyl,
(err]- ClZcu;is n, Kalogdehot G, ¢ alayll, in 4ddéon] th€tlidals R| and I\K;\%le and R3, R;

Cerr]-Jerr ko&gﬁ%&%@% tli1 | thl Q C%n%‘élgﬁﬁegﬁ? ich i

unsubsti t ut
unsubst i t utwhzoor sydictiexenplenhghby C err] C4a| kyI Cr-Cerr]aryl aI kyI whi ch
I's unsubstituted or substituted on the aryl radr cal bys\froml to 3

Rg is C;-Cppalkyl, Cy-Cypalkyl interrupted by oxygen, sulfur or /N Ry ;

C;-C,sarylalkyl which is unsubstituted or substituted on the aryl radical by from 1 t0 3

C;-C,alkyl groups,
R; and Ry are, independently of one another, hydrogen, C;-Cyalkyl or Cy-Cysalkyl

(7]

\
interrupted by oxygen, sulfur or /N—Rg ,

Ry is hydrogen or C;-Cgalkyl, and
n is an integer in the range from 1 to 10.

Halogen is, for example, fluorine, chlorine, bromine or iodine. Preference is given to
fluorine, chlorine or bromine, in particular chlorine or bromine.

Alkyl having up to 24 carbon atoms is a branched or unbranched radical, for example
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl,
n-pentyl, isopentyl, 1-methylpentyl, 1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl,
isoheptyl, 1,1,3,3-tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl,
1,1,3-trimethylhexyl, 1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl,
dodecyl, 1,1,3,3,5,5-hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, octadecyl, eicosyl or docosyl.

C5-C;,Cycloalkyl is, for example, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclodecyl or cyclodocecyl. Preference is given to cyclohexyl.

Alkenyl having from 2 to 15 carbon atoms is a branched or unbranched radical, for
example vinyl, 2-propenyl (allyl), 2-butenyl, 3-butenyl, isobutenyl, n-2,4-pentadienyl,
3-methyl-2-butenyl, n-2-octenyl, n-2-dodecenyl or iso-dodecenyl.

Haloalkyl having up to 12 carbon atoms is a branched or unbranched radical, for example
chloromethyl, bromoethyl, fluoropropyl, chloropentyl, chlorohexyl, chlorooctyl,
chlorodecyl or chlorododecyl.

Alkoxy having up to 12 carbon atoms is a branched or unbranched radical, for example
_—
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- 2- Cerr]-C4al kyl groups; -CJerr]Rerr]6, -COR6 or ", Where at

| east one of the radicals RL to

R8 R5 is hydrogen, halogen or CJerr]-C[err]al kyl, and al,;q:;;bg:r:%cﬁ”# S
Rlerr] and R2, R2 and R3, R3 and R4 or R4 and R5 f Qgei:’\hﬂf’“\ﬁ“{ﬁ he
carbon atons to which they are bound, a benzo or cylf h xﬁﬂylfﬁMg,,_% S
err]-err]alkyl, Cferr]-C20alkyl intgrrupted by ——su0T  or
NRerr] derr]-Cerr]arylal kyl which i's unsubstittted or substituted on
the aryl radical by from1l1l to 3 (Jerr]-Cerr]al kyl groups, R err] and
Rlerr] are, mbﬂfaﬁ eémkw popeky,asspr ?h@ibutohng&ﬁﬁéky, piftbxy, ﬁﬁxbl;gtlﬂexbx}or
Cerr]Cerr]a Wmch |s |nterrup ed by oxygen, ‘sul fur ,

Rlerr] is h ﬁc@?‘y@f Yo% errjal kyl, and n is an integer in the range
from1l to 10; with the proviso that the calci um salt of

3-(3-chlor OAﬂc'yiltﬁPoDﬁaWé l?pe%zﬁyéa}%noa%rﬁmsca, §%hdhed bP GatRhHed B fof Example
methylthio, ethylthio, propylthio, isopropylthio, n-butylthio, isobutylthio, pentylthio,
isopentylthio, hexylthio, heptylthio, octylthio, decylthio or dodecylithio.

Cs-CoAryl which is unsubstituted or substituted by C,-C,alkyl and bears preferably from
1 to 3, in particular 1 or 2, alkyl groups is, for example, phenyl, naphtyl [sic], o-, m- or
p-methylphenyl, 2,3-dimethylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl,
2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2-methyl-6-ethylphenyl,
4-tert-butylphenyl, 2-ethylphenyl, 2,6-diethylphenyl, 2-methylnaphtyl, 1-methylnaphtyl,
4-methylnaphtyl, 2-ethylnaphtyl or 2,6-diethylnaphtyl {sic].

Cs-CoAryloxy which is unsubstituted or substituted by C,;-C,alkyl and bears preferably
from 1 to 3, in particular 1 or 2, alkyl groups is, for example, phenoxy, naphtoxy [sic], o-,
m- or p-methylphenoxy, 2,3-dimethylphenoxy, 2,4-dimethylphenoxy,
2,5-dimethylphenoxy, 2,6-dimethylphenoxy, 3,4-dimethylphenoxy, 3,5-dimethylphenoxy,
2-methyl-6-ethylphenoxy, 4-tert-butylphenoxy, 2-ethylphenoxy, 2,6-diethylphenoxy,
2-methylnaphtoxy, 1-methylnaphtoxy, 4-methylnaphtoxy, 2-ethylnaphtoxy or
2,6-diethylnaphtoxy [sic].

C;-CisArylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
C,-C,alkyl groups is, for example, phenyl-C;-Cgalkyl or naphtyl-C,-C,alkyl [sic] such as
benzyl, 4-methylbenzyl, 4-tert-butylbenzyl, 2,4-dimethylbenzyl, a-methylbenzyl,

o, a-dimethylbenzyl, 2-phenylethyl, 2-naphtylmethyl, 1-naphtylmethyl, 1-naphtylethyl or
2-naphtylethyl [sic]. Preference is given to benzyl.

~ Alkyl having from 2 to 24 carbon atoms and interrupted by oxygen, sulfur or >N-R9 is,
for example, CH3-O-CH2- CH3-S CHz‘- CI‘I3-NH-CH2- 3-N(CH3) CHz-
CH3-O-CI{2CI‘12-O-CI'12- CH3 (O-CH2CI'I2-)20 CHz- CH3 -(O- CH2CH2-)3O CHZ- or
CH;-(0O-CH,CH,-),0-CH,-.

The alkaline earth metals are, for example, magnesium, calcium, strontium or barium.
Preference is given to calcium.
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3-(3-chl oro-4-cycl ohexyl benzoyl ) propionic acid and the cal ctum mnagnesi um
and zinc salts of 4-benzoyl butyric acid are excl uded. Hal ogen is, for
exanple, fluorine, chlorine, brom ne or iodine. Preference is given to
fluorine, chlorine or bromne, in'particular chlorh&e;Q£:Qr~ﬁ1ne Al kyl
having up to 24 carbon atons is a branched or unbrpnnhed~réalcaf“~FBF
exanpl e nethyl, ethyl, propyl, |sopropyh n-butyl,jsec-hu 1‘ ¥¥
tert-butyl, 2-ethylbutyl, n- pentyl i sopentyl, 1- penLym“;;\‘ {
1, 3-di net hyl butyl, n-hexyl, 1- nethylhexyl n- heptyl, i soheptyl,
1,1, 3,3-tetranet hyl butyl, 1- nethylheptyl 3- nethylheptyl n- octyl
2- ethylhexyl 1,1, 3- trlnethylhexyl

3 3-tetraneth I n
decyl undethe transitian metals Ieemfé@fez,]ytp 30439 toA&and. éﬁé]{'
tridecyl, tﬁlﬂ@@‘iﬁﬁ&enc@ ﬁéiﬂ@)dtannhﬂxﬁ dfsankse, ﬁr@ﬁ)tc%ﬁﬂ@)éﬁnc 9ﬁﬁﬁhﬁeﬁYdmulﬁﬁ cosyl

or docosyl . r for exa cyclopentyl
cycl ohexyl, laB'g}’gP é’k?% r:%ﬂ%’gﬁ ?fk nﬁ?’élg&ﬁ%ﬁ) WCI odocecyl . Preference
is given to cycl ohexyl . Al kenyl having from2 to 15 carbon atons is a
branched or gg_R 2 propenyl (allyl),
2-butenyl, %l%gq%%%%&ql sgao Ohgldufl&so&tgé -pu? Y’é ﬁ/ 3- net hyl - 2- but enyl ,
n- 2- oct enyI Ry, R2RaRicand R4 areyrin qpsndmdwénm another, hydrogen, halogen, nitro, cyario,

CF;, C,-C,5alkyl, C5-C,,cycloalkyl, C,-C;salkenyl, C;-Cyshaloalkyl, C;-C;,alkoxy,

C;-C;qalkylthio, C4-Cigaryl, Cg-Cgaryloxy, C4-Cyqarylalkyl, -COsRg, ~-CORg Or

Ry

’
—N\R , where at least one of the radicals R, to Rs is hydrogen, halogen or C1-C15a1ky1,
8

in addition the radicals R, and R,, R; and R3, R3 and R4 er R4 and R form, together with
the carbon atoms to which they are bound, a benzo or cyclohexenyl ring, and

—t
——

\
Rg is C;-Cypalkyl, Cp-Cpoalkyl interrupted by oxygen, sulfur or N—Rs ; or
C7-C12aryla1kyl.

Preference is likewise given to compounds of the formula I in which at least two, in
particular 3, of the radicals R, to R5 are hydrogen.

Preference is also given to compounds of the formula I in which the metals are calcium,
titanium, manganese, iron, cobalt, zinc, yttrium, zirconium, lanthanum or cerium.

Preference is likewise given to compounds of the formula I in which the metal is
zirconium.

n in formula I is preferably from 1 to 5, in particular 2.

Particular preference is given to compounds of the formula I in which R; is hydrogen,
Rj, R3, R4 and Ry are, independently of one another, hydrogen, chlorine, bromine, nitro,
cyano, CF;, C;-Cgalkyl, Cs-C;cycloalkyl, C,-Cgalkenyl, C,y-Cgalkoxy, C,-Cgalkylthio,
Ry
/
phenyl, phenyloxy, benzyl, -CO,Rg, -COR¢ or "‘N\R ,
8
Rg is C;-Cyjalkyl, C,-C;,alkyl interrupted by oxygen; or benzyl,
R7 and Ry are, independently of one another, hydrogen, C,-Cgalkyl or C,-C;,alkyl
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- 3- Hal oal kyl having up to 12 carbon atons is a branched or unbranched
radi cal, for exanple chloronethyl, bronoethyl, fluoropropyl, chloropentyl,
chl orohexyl, chlorooctyl, chlorodecyl or chlorododecyl . AIkoxy havi ng up

met hoxy, ethoxy, propoxy, isopropoxy, n-butoxy, |sobut
| sopent oxy, hexoxy, heptoxy, octoxy or_gecyl oxy. Alk
12 carbon atoms is a branched or unbranched radical, f : =Nl
met hyl t hi o, ethylthio, propylthio, isopropylthio, n-butylthlo
isobutylthiﬁmnﬁgﬁ&yg &kygﬂﬂdﬁgpentylthlo hexyl t hi o, heptylthio, octylthio,
decyl thio or . dodec Ith|o Cgp r] Aryl which is unsubstituted or

substi t ut ed? E)’ya"Gf‘E’lgF‘Jm eRIES bears preferably from

Particular preference is likewise given to compounds of the formula I in which R;, R, and
R, are hydrogen,

Rj and R are, independently of one another, hydrogen, chlorine, bromine, CF;,
Ry
s
C;-Cgalkyl, cyclohexyl, C;-Cgalkoxy, -CO,R¢, -CORg Or —N\R .
8

R5 is C] -Cs'alkyl,
R7 and Rg are, independently of one another, hydrogen or C;-Cgalkyl, and
n is an integer in the range from 2 to 4.

Particular importance is attached to compounds of the formula I in which R, Ry, R4 and
R; are hydrogen and n is 2.

Specific importance is attached to compounds of the formula I in which Ry, Ry, R4 and R
are hydrogen, Rj is hydrogen, C;-Cyalkyl or chlorine, n is 2 and the metals are calcium,
titanium, manganese, iron, cobalt, zinc, yttrium, zirconium, lanthanum or cerium.

Very particular preference is given to the alkaline earth metal salts, transition metal salts
and transition metal complexes of 3-(4-methylbenzoyl)propionic acid and
3-(4-chlorobenzoyl)propionic acid.

The alkaline earth metal salts, transition metal salts and transition metal complexes of
compounds of the formula I according to the invention can be prepared by methods known
per se.

The invention also provides a process for preparing alkaline earth metal salts, transition
metal salts and transition metal complexes of compounds of the formula I, which
comprises reacting a ketocarboxylic acid of the formula I or an alkali metal salt thereof
with an alkaline earth metal or transition metal compound.

In a preferred process, the alkaline earth metal or transition metal compound used is salt,
an organometallic compound or an inorganic metal base.

\
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1to 3, in particular 1 or 2, alkyl groups is, for exanple, -phenyl,
napht hyl, o-, m or p-nethyl phenyl, 2,3-dinethyl phenyl, 2,4-dinethyl phenyl,
2, 5-di et hyl phenyl , 2, 6-di nmet hyl phenyl , 3,4-dinethy|ph9nv|

3, 5-di net hyl phenyl, 2-methyl -6-ethyl phenyl, 4-tert-but i ﬁQenyj#p- AS BEEN I

2- et hyl phenyl, 2, 6-di et hyl phenyl, 2-nethyl napht hyl, 1- thylaaﬁbg gh, l

4- met hyl napht hyl , 2-ethyl napht hyl or 2, q;dlethylnaphth e

Co-Cerr]Aryl oxy which is unsubstituted or substit uted by

Clerr]-Cferr]alkyl and bears preferably from1l to 3, in particular 1 or 2,

al kyl groupgy i r%ﬂira aﬁsm@ﬂ‘ﬁﬁ?&ﬂéom &RFE &A%Y invention] for¥xample zirconium

p- met hyl phenoxy I met hyl phenox di met hyl phendxy,

2, 5-di met hy COR@KFEE S tazwg‘@?rﬁépmpmférﬂi fosnula&.aﬂétzm%mﬁawnaw, the

‘Z” 5- ﬂ' Imath hy Iré&ma@xs/caxﬁcmt libyiva@r @ﬁﬂhﬁﬁ%ﬂﬂﬂi(uydrémﬁe Edlutior atl emamxm perature,
et hyl phenogx

4- et hyl napht ﬁ?ﬁ'ﬁm teg{pﬁ ﬁ?fg &} (23198%5 %ﬁ?‘gc Wq%géﬁlﬁ&‘ﬁ?n%a te perl‘]t%}g

d err] - er minke\frah Qo 95 h |s unsubstituted or substituted on the aryl
radical by from1l to 3 (Jerr]-Cerr]alkyl groups is, for exanple,

phenyl - err -C[er{ﬂ]éqor al kyl or naphthyl-Clerr]- C2a| kyl such as benzyl,
4- et hy| benHawevar, the reagripndap alsg\pe carried oyt ingannFeaie selvent fopexample taluspe,
a, a- di net hylabg &,el&aﬁhw Db, Th%ﬁ@eﬁdsa R\speatieunly, préfeﬂe@tftthwélmydarm

1- napht hyl et h hthyl ethyl . Jonef t kyl
navi ng. 1 onPEitl g8 FaESRbCH RIS A SRRl PRRES TIEGHPn
N-Rlerr] i stfémblymaamﬂcmtxr&&r@eﬁrmem@d&@a OBito 70°CHif pirkiCitiar from 40 to

Cr8- N(CHB) - e

The compounds of the formula I (free acids) are preferably used in equimolar amounts
with alkaline earth and transition metal compounds. The alkaline earth metal salts,
transition metal salts and transition metal complexes of compounds of the formula I
according to the invention can have, for example, the general formula II

Rs C~(CH)=COO | Mm+ (),

R4 R5 _J

in which M is an alkaline earth or transition metal and mis 2, 3 or 4.

In the case of transition metal salts and transition metal complexes, in particular of the
metals zirconium and titanium, particularly when reaction is not equimolar, the end
compounds can also have structures deviating from the formula II. Examples thereof are
given below for zirconium complexes.

In the case of transition metal complexes of the invention, in particular of zirconium and
titaniam complexes, the compounds of the formula I (free acids) can be used in an excess,
equimolar or deficient amount in relation to the zirconium or titanium compound used.
The molar ratio of ketocarboxylic acid of the formula I to the transition metal compound
can be from 20:1 to 1:10. Preference is given to a ratio from 10:1 to 1:3.
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CH3- 0- CH2CH2- O- CH2-, CH3- (O CH2CH2-) 20 CH2-, CH3- (O CH2CH2-) 30- CH2- or
CH3- (O CH2CH2-) 40- CH2- The al kaline earth netals are, for exarrpl e,

magnesi um cal cium strontiumor barium Preference i Fyen =10 Ldlg m'
The transition netals are the elenments 21 to 30, 39 t S anGEs T rj‘o ?‘
the Periodic Table. Preference is given to titanium nqarfés’e’ "“‘{lrbn ,

cobalt, zinc, yttrium zirconium |anthanum or cerium Specific preference
is given to zirconium Preference is given to conpounds of the formula I
in which Rerr], RRZ, R3, R4 and R5 are, independently of one another,

hydr ogen, hal ogen, nitro, cyano,

Accordingly, the present invention also provides a process for preparing compounds of the
invention, wherein the molar ratio of the ketocarboxylic acid of the formula I to the
transition metal compound is from 20:1 to 1:10.

In a specifically preferred process for preparing compounds of the invention, the transition
metal compound is a zirconium or titanium compound.

The alkaline earth metal salts, transition metal salts and transition metal complexes of
compounds of the formula I according to the invention can also be further complexed by
free acid (formula I), water or by other anions such as hydroxides which are present in the
reaction medium. In the case of metal acetates or metal alkoxides, the acetate or alkoxide
anions can be present in the compounds of the formula I according to the invention.

On the basis of the above observations, the percentage metal content by weight of the
compounds of the formula I according to the invention can be different. Thus, the
particularly preferred zirconium complexes of 3-(4-methylbenzoyl)propionic acid
according to the invention can have a zirconium content from 5 to 50 % by weight,
preferably from 10 to 40 %.

The structure of the zirconium complexes of the invention has not been completely
clarified. The empirical formulae of the zirconium complexes of
3-(4-methylbenzoyl)propionic acid according to the invention

(R = 3-(4-methylbenzoyl)propionate) are, for example (cf. Examples 2 to 14):
ZrO(OH)(O,CR) « 6.6 HO,CR; ZrO(OH)(O,CR) « 2.9 HO,CR;

ZrO(OH)(O,CR) « 0.3 HO,CR; ZrO(OH)(O,CR) - 0.7 HO,CR;

ZrO(OH)(O,CR)g g(acetate)g 2; ZrO(OH)(O,CR)g s(acetate)y s;

ZrO(OH)(O,CR) « 0.3 HO,CR; ZrO, » ZrO(OH)(O,CR);

Zr(OC53H7)3(0,CR); ZrO(OH)(O,CR) « 0.48 HO,CR;

Zr(OC3H7),(0,CR),; Zr(OC4H9)3(02CR) or Zr(OC3H-,)3(02CR)

Accordingly, the present invention also provides products obtainable by reacting a
compound of the formula I or an alkali metal salt thereof with an alkaline earth metal or
transition metal compound.

Particular preference is given to dissolving a compound of the formula I with a base, for

—
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CF3, (err]-CJerr]alkyl, Cerr]-Clerr]cycloalkyl, Cerr]-Cerr]al kenyl,
Cerr]-Cerr]haloalkyl, Cerr]-Cerr]alkoxy, Cerr]-Cerr]al kylthio,
Cerr]-Cerr]aryl, C6-Cerr]aryl oxy, C:[err]qerr]aryljai;k#l:,_:e&[:e&t—]:aﬁ:&rr],
-COR6 or [err] , where at |east one of the radical R[—'ETSHMJE'DE—{*?@EF:]\J
hydrogen, halogen or CJerr]-Clerr]alkyl, and also the radifc#iscRperr] and
Rlerr], Rerr] and Rlerr], Rerr] and Rerr] or Rerr S = B e e A
together with the carbon atons to which they are bound, a benzo or
cycl ohexenyl ring, and R6 is (err]-Cerr]alkyl, C2-C20alkyl interrupted

by oxygen, Subipil arQashofd &fuNalex@bf aﬂcﬁfebﬂls ﬂkﬂi fokal Hydzbkide solutiblt,ahér ence i s
| i kewi se given'to conp

fo h
particul ar wb swethlaéu?aémgdwgﬁ i éﬂ'ﬁou% ﬁ[‘%pr? a“ﬁghﬁﬁﬁg‘%‘bgﬁ?ﬁ E)’I'D enrdeﬂce is
al so given ﬁaetap@dmpwmdsm cdntymouhds ofithe fdmluln Im:cotm:tgm tmamazemcmra@e Eidteredum

titani um ma or
cer i um BRGRE ronL BF g P T rainB iip oéfa,%l%“l?ﬁ&@h%?&’%%‘“%%ﬁ”%‘%@“@

whi ch tlhe mzit(hd:hlomnmthaneni um nin forrrul a is preferably from1l to 5, in
particular 2.

g o oy
U)

The compounds of the formula I (free acids and not the salts and complexes of the
invention) are known and many are commercially available or can be prepared as
described in Houben-Weyl, Methoden der Organischen Chemie, Volume VIII,

pp. 381-382 (1952) and Volume ES5, pp. 398-399 (1985). Thus, for example, the
Friedel-Crafts acylation of substituted aromatics (benzene and naphtalene [sic]
derivatives) with cyclic anhydrides gives the compounds of the formula I in excellent

yields.

The alkaline earth metal or transition metal compounds used are, for example, salts,
organometallic compounds or inorganic metal bases or mixtures thereof.

Examples of salts are halides (in particular chlorides), nitrates, carbonates, sulfates, where
these may also be basic salts, for example lanthanum chloride, yttrium chloride, iron
chloride, titanium tetrachloride, zinc chloride, calcium chloride, manganese chloride,
cobalt chloride, cerium chloride, zinc nitrate, manganese nitrate, cobalt nitrate, cerium
nitrate, iron nitrate, calcium nitrate, lanthanum nitrate, ytirium nitrate, zirconium sulfate,
iron sulfate, manganese sulfate, cobalt sulfate, cerium sulfate, zirconium oxide chloride,
titanium oxide chloride, zirconium acetate, zinc acetate, manganese acetate, cobalt
acetate, lanthanum acetate, calcium acetate, zirconium carbonate, zinc carbonate,
manganese carbonate, cobalt carboante and calcium carbonate.

Examples of organometallic compounds are in particular alkoxides, for example
zirconium n-propoxide, zirconium isopropoxide, zirkonium n-butoxide, titanium
n-propoxide, titanium, isopropoxide, titanium ethoxide and titanium n-butoxide.

Examples of inorganic metal bases are hydroxides, oxides and amides, for example
caicum hydroxide, calcium oxide and calcium amide. |

The alkali metal hydroxide solution used is potassium hydroxide or sodium hydroxide
solution, preferably sodium hydroxide solution.
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Particular preference is given to conpounds of the fornmula I in which RL is
hydrogen, Rlerr], Rerr], Rerr] and Rerr] are, independently of one

anot her, hydrogen, chlorine, bronine, nitro, cyano, CF[éfL NS
Clerr]-Clerr]alkyl, C[err]-C7cycloal kyl, Cerr]-Cerr]alkenyls’
err]-C8al koxy, C[err]-C[err]alkylthio, (L~ HEFLACE
12 APR 2001 _9. “phen
phenyl oxy, benzyl, -CO[err]Rerr], -CCRPerr] or -N R6 is
Cerr]-Cerr]alkyl, (err]-Cerr]alkyl interrupted by oxygen; or benzyl, R7
and R8 are, independently of one another, hydrogen, Clerr]-Clerr]al kyl or

From 1 Lo 5The pikinitabon af HpeBRUpterrt Res) raiaand suin o mes COTRBTE Lt t ho

fornula | i formulhadeberling to thf mvedticnid phferably dastibdageat room temperature.

The alkaline earth metal salts, transition metal salts and transition metal complexes of
compounds of the formula I according to the invention are suitable for use as corrosion
inhibitors in coating compositions for protecting metal surfaces and also for pretreating
metallic substrates. As such they can be added to any liquid or solid organic material.

Accordingly, the invention also provides coating compositions comprising a) an organic
film-forming binder and b) at least one alkaline earth metal salt, transition metal salt or
transition metal complex of compounds of the formula L.

The coating composition is preferably a liquid. Specific preference is givento a
water-based liquid.

Liquid coatings are, for example, lacquers, paints or varnishes. These always comprise an
organic film-forming binder as well as other, optional components.

Preferred organic film-forming binders are epoxy resins, polyurethane resins, polyester
resins, acrylic resins and copolymer resins thereof, polyvinyl resins, phenolic resins, alkyd
resins or mixtures of such resins.

Suitable organic film-forming binders for the coating composition are conventional film
formers for solvent-containing, but in particular for water-based, paint compositions.
Exampleé of such film formers are epoxy resins, polyurethane resins, amino resins or
mixtures of such resins; a basic aqueous dispersion or a solution of an acid resin.

Particularly important are organic film-forming binders for water-based coating
compositions, for example alkyd resins; acrylic resins; 2-component epoxy resins;
polyurethane resins; polyester resins which are customarily saturated; water-dilutable
phenolic resins or derived dispersions; water-dilutable urea resins; resins based on
vinyl/acrylic copolymers. |

Viewed more specifically, the alkyd resins can be water-dilutable alkyd resin systems
which can be used in air drying form or in the form of stoving systems, if desired in
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R3 and .R5 are, independently of one another, hydrogen, chlorine, brom ne,
CF3, derr]-Cerr]alkyl, cyclohexyl, Cerr]-Clerr]al koxy, -CFefr]Rerr],
-COR[err] or-N R6 is (err]-Cerr]alkyl, R7 and-R8-are, .l nﬂe«‘fﬁhzfnt ly of
one another, hydrogen or (Jerr]-C(err]alkyl, apdimeicg:gniigsbeger {n the
range from2 to 4. Particular inportance is &ttachgd £ nds of the
formula | in which Rerr], Rerr], R[e[w_and r]’%ﬁe hydrogen and n is
2. Specific inmportance is attached to conmpounds .of the formula |I in which
Rlerr], Rerr], Rerr] and R5 are hydrogen, R3 is hydrogen,

C err] - C er chabingtioR withhREL difatable intlakind fbsind SthERIkIH YedtisCcaadll ol Bem

titanium manganesie, I.ron, copalt, zinc, yttri urﬂ m.gﬁom Hm |, ant hanum or
cerium VeO¥id3gvely drying. i qrying o stoving systems which ate, if fesiredrised B ¢ b et al
sal ts, trangbinbinatioRvith agatdus divpersions basedionracrgicatsinoogdopslyaners thereof, with

3- (4- et hyl benﬁ%ﬁt%qgi oni ¢ acid and 3-(4-chl orobenzoyl ) propi oni c aci d.
The al kal i n&"¥; & sal ts, transition netal salts and transition netal
conpl exes of conpounds of the forrmula | according to the invention can be

prepared by TREhLBSMS rdsR¥An B8 puitacrylic resins, acrylic ester copolymers, combinations with
vinyl resins or copolymers with vinyl monomers such as vinyl acetate, styrene or
butadiene. These systems can be air drying systems or stoving systems.

Water-dilutable epoxy resins in combination with suitable polyamine crosslinkers have
excellent mechanical strength and chemical resistance. When using liquid epoxy resins, no
addition of organic solvent to aqueous systems is necessary. The use of solid resins or
solid resin dispersions normally requires an addition of small amounts of solvent to
improve film formation.

Preferred epoxy resins are those based on aromatic polyols, in particular those based on
bisphenols. The epoxy resins are used in combination with crosslinkers. The latter can be,
in particular, amino- or hydroxy-functional compounds, an acid, an acid anhydride or a
Lewis acid. Examples of these are polyamines, polyaminoamides, polymers based on
polysulfides, polyphenols, boron fluorides and complex compounds thereof,
polycarboxylic acids, 1,2-dicarboxylic anhydrides or pyromellitic dianhydride.

Polyurethane resins are derived, on the one hand, from polyethers, polyesters and
polybutadienes having terminal hydroxyl groups and, on the other hand, from aliphatic or
aromatic polyisocyanates.

Suitable polyvinyl resins are, for example, polyvinyl butyral, polyvinyl acetate or
copolymers thereof.

Suitable phenolic resins are synthetic resins in the structure of which phenols are the main
component, thus in particular phenol-, cresol-, xylenol- and resorcinol-formaldehyde

resins, alkylphenolic resins and also condensation products of phenols with acetaldehyde,
fufurol [sic], acrolein or other aldehydes. Modified phenolic resins are also of importance.

The coating compositions can additionally’comprise one or more components selected
from pigments, dyes, fillers, flow modifiers, dispersants, thixotropes, adhesion promoters,
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The inyention al so provides a process for preparing alkaline earth netal
salts, transition nmetal salts and transition netal conpl exes of conpounds
of the formula I, which conprises reacting a ketocarngyLLcﬂang: - he
formula | or an alkali metal salt thereof with an,’tKé]anﬁqe@ngmeﬁﬁtl
conpound or transition netal conpound. ! REPLATED
- 6- In a preferred process, the alkglfpe earth

transition nmetal conpound used is a salt, an organonetallic compound or an
inorganic metal base. In the preparation of transition netal conplexes of

the Invent! o SR MITICA AL COTRNEX Py h IR HEOBELRRANT ]S of

the fornul a and zirc¢oni um car bonat he reaction i s _caryied out wat er

Wi t hout sodFOFPRIHPISISCHEN SURPRSItANS LOT BXample éﬂT?%?ﬁ)EfPEPFH?%Plg‘?FnﬁaF'fqh&ﬁl ar
tenperature héspamaS& BoRard RBh@inid£pighees iof inetdd bride pigifents, dr gthee brgaficar

tenperature; nro%g ic congor?mnqnltugnors [f%r e:Lample salts of nitroisophtalic [sic] acid, phosphoric
esters, industrial amines or substituted benzotriazoles.

The pigments are, for example, titanium dioxide, iron oxide, aluminium bronze or
phtalocyanine [sic] blue.

Examples of fillers are talc, aluminium oxide, aluminium silicate, baryte, mica or silicon
dioxide. The corrosion inhibitors of the invention can also be applied to a carrier.
Pulverulent fillers or pigments are particularly suitable for this purpose.

Flow modifiers and thixotropes are based on modified bentonites.
Adhesion promoters are based on modified silanes.

Also advantageous is the addition of basic fillers or pigments which in certain binder
systems have a synergistic effect on the corrosion inhibition. Examples of such basic
fillers and pigments are calcium or magnesium carbonate, zinc oxide, zinc carbonate, zinc
phosphate, magnesium oxide, aluminium oxide, aluminium phosphate or mixtures thereof.
Examples of basic organic pigments are those based on aminoanthraquinone.

The corrosion inhibitors of the invention can be added to the coating during the
preparation thereof, for example during pigment dispersion by milling, or the inhibitor is
dissolved in a solvent and subsequently stirred into the coating composition. The corrosion
inhibitors of the invention can likewise be used for pretreatment of the metal surface.

The alkaline earth metal salts, transition metal salts and transition metal complexes of
compounds of the formula I according to the invention are advantageously used in an
amount from 0.01 to 20 % by weight, preferably from 0.05 to 5 % by weight, based on the
total weight of the coating composition.

The coatings can be applied to the substrate by conventional methods, for example by
spraying, dipping, painting on or by electrodeposition. Often a plurality of coats is applied.
The corrosion inhibitors are first and foremost added to the primer, since they act in
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However, the reaction can also be carried out in an organic-solvent, for
exanpl e toluene, at slightly elevated tenperature. This nethod is
specifically preferred if the alkaline earth nmetal and transiti
conpounds are organonetal | ic conpounds. The reactio f-ef alaby)zcEaJr \;)ed
out in a tenperature range from20 to 70[err]C, in g “b LA fsrrﬁ'm 40 t
60[err]C. The conmpounds of the formulad. (free aci used
in equinolar anobunts with alkaline earth and transition met aI corrpounds
The al kaline earth netal salts, transition netal salts and transition netal
ﬁorrpl e?es Of)axﬁ@ii‘lﬁf)&ttrtﬁé m@falfpmt fn‘i&rfﬂéé aHéwéVéﬁ ,Qhéli ¢4l alsd Belvadidonally h@dedas the
ave, for exa e gener. i s an

kel i no. ealurmisHiags Gofaa Pnen g o hsthes the bingep s aptysicaliy feikelly oF
transition mﬂaﬁvdmﬂiymgan&dintorarlmattormmmmmedurmgmq:duexhnscunng qfahe caatingis of t he
metals zirc %&2 S not equi nol ar,
the end COW%@J% S carli&%i 2:{%8‘3}‘&%@@5&5) v PAf ﬁgﬁﬁdgarn{% 'ltnhe formula Il.
Exanpl es thereof are

Preferably the coating is a primer for metallic substrates, for example iron, steel, copper,

zinc or aluminium, and also alloys thereof.

In addition to the anticorrosive action, the alkaline earth metal salts and transition metal

complexes of compounds of the formula I according to the invention have the advantage

that they favourably affect the paint/metal adhesion and have no negative effects on the
shelf-life of the coating compositions of the invention.

Accordingly, a preferred embodiment of the present invention is the use of the alkaline
earth metal salts, transition metal salts and transition metal complexes of compounds of
the formula I as corrosion inhibitors in coating compositions for metal surfaces.

The present invention also provides a process for protecting a corrodable metal substrate,
which comprises applying to said substrate a coating composition comprising a) an
organic film-forming binder and b) as corrosion inhibitor at least one alkaline earth metal
salt, a transition metal salt or a transition metal complex of compounds of the formula I
and subsequently drying and/or curing the coating.

The following examples illustrate the invention. Parts and percentages are by weight.

Example 1: Preparation of the zinc salt of 3-(4-methylbenzoyl)propionic acid (compound
(101), Table 1).

A solution of 59.5 g (0.20 mol) of zinc nitrate hexahydrate [Zn(NO3),6H,0] in 200 m] of
water is added dropwise to a solution of 38.4 g (0.20 mol) of .
3-(4-methylbenzoyl)propionic acid in 200 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zinc salt of 3-(4-methylbenzoyl)propionic acid,

mp. ~220°C (compound (101), Table 1) is obtained.

The procedure described in Example 1 is repeated, using manganese nitrate, coabalt [sic]
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gi ven bel ow for zirconium conplexes. |In the case of transition netal
conpl exes of the invention, in particular of zirconium and

-7- titani um conpl exes, t he conmpounds of the fornHLa—L (free_acids) can
be used in an excess, equinolar or deficient anDuntyrnﬂsgﬁatwgm~tgré@e'
zi rconi um or tltanlun1conpound used. The nol ar ratlm of Manqg@ﬁgpxyllclacid
of the fornula | to the transition netaksconpound ctm=pe—from=20=3—tel: 10.
Preference is given to a ratio from10:1 to 1:3. Accordingly, t he present
i nvention al so provides a process for preparing conpounds of the invention,

\tﬂher ei n the rﬁ\‘:[?étlé‘rceﬁﬁﬁi xﬁug& ﬁ-&]?m&ﬁfeol-hﬁﬂﬁﬁ%ﬂi'chlbrﬂé' yhritim EMIBrid©4nd dafcitimt 0 t he
ransition rll?trgte w181r93? n thlyfben;qu}proplomc ac1<Ji to prepare the compounds (102) to (108)
(cf. Table 1).

Table 1:
compound of the | Mp. C(%), H (%)
No. ) ; % H,0O
O | Metalsalt | invention ©C) |(calculated/found) |
101 |  Zn(NOs) Zn(OOCR) po | 0L 4 0.3
n n ~. .
2 2 5894 485
6042  5.07
102| Mn(NO;), | Mn(OOCR), | 250 2.1
5087  5.18
o0 Co00CH) o | 98 5w 2
103 0 o ~ :
(NOs), 2 5843 5.0
5548  4.62
104 | CeNO,) Ce(OOCR) 161 2.6
33 3 5420 473
6302  5.29
105 | Fe(NO,); Fe(OOCR)s 94 22
60.80  5.44
5562  4.63
106 | LaCl La(OOCR), 165 2.7
5461  4.82
5083 5.0l
107 YCl, Y(OOCR), 148 45
5707  5.24 |
57.64  5.67
108 | Ca(NOy), |Ca(OOCR),.2H,0| 122 78
5840  5.61
I

The definition of R in Table 1 also applies to Examples 2 to 14 and 16.
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In a specifically preferred process for preparing conpounds -of the

I nvention, the transition netal conpound is a zirconiumor titanium
conpound. The al kaline earth nmetal salts, transition metal salts.and
transition nmetal conplexes of conpounds of the fornula kzggggidlng to the
I nvention can also be further conpl exed by free acid (ferﬁupaﬁrj;
by other anions such as hydroxides which,are present |nuthe rgd""éﬁJua:N
medium In the case of metal acetates or netal al koxi deSs=the. acet%%é or |
al koxi de ani ons can be present in the conmpounds of the formula | accordr
to the invention. On the basis of the above observations, the percentage
metal content by weight of the conpounds of the fornmula | acgcording to the

i nvent i on cdixapplei2sFrepasation ofithe zirgandurp spmpley|of t(§-mythylbenzoypropiasi

conpl exes of(c&nﬁ&ﬂmqbg»hgﬂ%wéa@ﬁﬁgugﬂbc acid according to the invention
can have a zirconiumcontent from5 to 50 % by wei ght, preferably from 10

to 40 % The structure of the zirconium conpl exes of the invention has
not been conpbautidyof183 igf(0.68 molhef Arcphivircailfated@8| % @irodniting irr40 mbof water

(RZ 5-(a. it RSB Eo?%%o‘f%%a%f;’i@;iﬁé §icf) B 3 Bfobscy Drop g b e
14): Zr O OH)ig @p@ ml]of:ﬂa)o N sedigmHigdeoxidecr tmn@(/m S(nqireg wpldﬁ)'he PrecipitayOsCR;
Zrq(oH) (g eriﬂ? off vpasﬁfd‘lgcﬁ WithGRaterd ﬁﬂ%&r%@uﬁfeﬁ hfdRdried B a’vddehBrvEA R

- — ..

Z 0 tat

71 8(( 83 E o% o flg";‘]%‘gg‘gfﬁt’gj’g3‘%§ pethylbenzpyipropiogiciacis{rompgungd (109)) is
HO err] CR @b@imid ElemotDafklly (i€ BAR) ate G EOLOH) (@R 16/ BDSCR} ZR5 8 % C

Zr A OH) (9 ergal [ R 11 5 8 o4 T8O D Found: Zc 7.4 %; C 58.6 %; H 5.6 %; H,0 2.3 %;

HO,CR 79.8 %.

Example 3: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (110)) using zirconium sulfate.

A solution of 35.5 g (0.089 mol) of zirconium sulfate (22.8 % zirconium) in 70 ml of
water is added dropwise to a solution of 76.9 g (0.40 mol) of
3-(4-methylbenzoyl)propionic acid in 400 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at S0°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (110)) is obtained. Elemental analysis calculated for

ZrO(OH)(O,CR) - 2.9 H02CR: Zr 104 %; C 59.0 %; H 5.4 %; HO,CR 63.8 %. Found:
Zr 9.4 %; C 58.3 %; H 5.4 %; H,0 2.0 %; HO,CR 64.2 %.

Example 4: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (111)) using zirconium oxide chloride.

A solution of 28.1 g (0.115 mol) of zirconium oxide chloride (37.2 % zirconium) in 55 ml
of water is added dropwise to a solution of 57.7 g (0.30 mol) of
3-(4-methylbenzoyl)propionic acid in 300 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (111)) is.obtained. Elemental analysis calculated for

ZrO(OH)(O,CR) » 0.3 HO,CR: Zr 24.5 %; C 46.0 %; H 4.2 %; HO,CR 15.5 %. Found:
Zr 25.2 %; C 48.8 %; H 4.6 %; H,0 3.2 %; HO,CR 8.7 %.
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Zr(OC[err]Herr])[err](Jerr]CR)[err]; Zr(OCferr]Herr])[err](Jerr]CR) or
Zr(OCerr]Herr])[errr](Jerr]CR). Accordi ngly, the present invention
al- so provi des products obtai nable by reacting a Tk\ e

T ——

-8 - conpound of the fornmula | or an alkali nmnetal sé’lbt\‘”efn;gr,emé *Wl: ‘an
al kaline earth metal or transition netal conpound;fwith FEQLMQ&UC t!;at,
oni c

as products, the calciumsalt of 3-(3- Ioro4 | Ssopro

acid, the calciumsalt of 3-(3-chloro- chl cycl ohexyl benzoyl ) propi oni ¢ aci d

and the cal cium magnesium and zinc salts of 4-betizoylbutyric acid are

excluded. Particular preference is given to dissolving a corrpound of the

formula | wth a base, for exanple at |east one equiyal ent ﬁ) an aquequs
%

al kal i et aExdmple 5xPreparetionof b zireorium comwiaret (- medyibentpylpropionc
aqueous SO'%BfngPuﬁH(ﬁﬁ))éﬂs |z'u'&6mﬁ§lr(§,ﬁd§mn@hdeor transition metal conpound.

The conpoun the for according to the invention are filtered
A solution of 14.3 g (0.058 mol) of zirconium oxide chloride (37.2 % zirconium) in 30 ml
of water is added dropwise to a solution of 19.2 g (0.10 mol) of
3-(4-methylbenzoyl)propionic acid in 100 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (112)) is obtained. Elemental analysis calculated for
ZrO(OH)(O,CR) » 0.7 HO,CR: Zr 20.3 %; C 49.9 %; H 4.6 %; HO,CR 29.9 %. Found:
Zr 19.2 %; C 48.3 %; H 4.7 %; Hy0 5.5 %; HO,CR 40.0 %.

Example 6: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (113)) using zirconium acetate.

A solution of 37.2 g (0.075 mol) of zirconium acetate (18.4 % zirconium) in 60 ml of
water is added dropwise to a solution of 19.2 g (0.10 mol) of
3-(4-methylbenzoyl)propionic acid in 100 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (113)) is obtained. Elemental analysis calculated for

ZrO(OH)(0O,CR)p g(acetate)g o: Zr 31.6 %; C 38.2 %; H 3.6 %; acetate 4.1 %. Found:

Zr 32.6 %; C 38.6 %; H 4.1 %; H,0 2.5 %; acetate 5.7 %.

Example 7: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (114)) using zirconium acetate.

A solution of 148.8 g (0.30 mol) of zirconium acetate (18.4 % zirconium) in 100 ml of
water is added dropwise to a solution of 9.60 g (0.05 mol) of
3-(4-methylbenzoyl)propionic acid in 50 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times.and
dried in a vacuum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (114)) is obtained. Elemental analysis calculated for
ZrO(OH)(O,CR)g s(acetate)g s: Zr 36.6 %; C 31.3 %; H 3.2 %; acetate 11.8 %. Found:
Zr 34.9 %; C 29.7 %; H 3.8 %; H,0 3.2 %,; acetate 12.8 %. —_—
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or extracted fromthe reaction nediumwth an organic solvent, for exanple
et hyl acetate or dichloronethane. The conpounds of the formula I (free
acids and not the-salts and conpl exes of the inventio e _known and many
are comrercially avail able or can be prepared as descr bg

Met hoden der O gani schen Chemie, Volunme VIII, pp. 381438 i 52§“éﬁdEENI
E5, pp. 398-399 (1985). Thus, for exanp{il the Friedelx S_é &Fatlon
substituted aromatics (benzene and naphthal ene derivatives) W th cycries
anhydri des gives the conmpounds of the fornula I in excellent yields. The
al kaline earth metal or transition nmetal conpounds used are, for exanple,

salts, organonetal |ic conpounds or inorganic netal bases or m xtures
thereof . EZxampled: Brepgmtion of the Zirspnigmcompiex el 3-(4metylkenroylirraripnic acid
nitrates, Ceidagionhesl1sihsds AfconiiféRbédagse may al so be basic salts, for
exanpl e Iant hanum chl ori de,” yttriumchloride, iron chloride, titanium
tetrachl oride, zinc chloride, calciumchloride, manganese chloride, cobalt

chl ori de, cérsuspensivn@fild®), g Gi6ricmmiol)raftzirconinmgartenaeter(B4 fatieconhmbpdrid I5.Q g at e,

ceriumnitr ffs% id&goﬁ-gz{-%kﬂryl&@L@qﬁ?&aﬁ%ﬁx{: i8in H?@&W%P%Iaf id ﬁe%ie@alt?b*éi um

nitrate, coni um manganese su
sulfate, ¢ eererhO;ﬂEﬂ with mtewvmmnmﬁahsmcmm tb¢ regetion mixtwedsceled shewater | de,

zi rconi um agededifled 8frRAAd MeShAlife is TRALIAER RN 2 IE&e?ate el%%biveﬁﬁ%@ﬁﬁbrated on
| ant hanum acet ate, cal cium acet a 5 §éﬂﬁfiom um carbonat e, zinc caJbonate,

manganese cAFYBR-Avaporaiosand theze H high E?WrSQOGaW ZIroeEh| es of
or ganonet al tarfipleR 6P dasetiaflBerizBylPsropioaie! aeld (abiﬁpasmniﬁ(a;lsj)@s" olexias®.| Elemenabni um

- br opoxi 4o e B EROIGaCRS  PoROIR A B Sas b e

n- but oxi de. HO,CR 135.5 %. Found: Zr 21.0 %; C 48.1 %; H 4.6 %; H,O 0.4 %; HO,CR 16.5 %.

Example 9: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (116)) using zirconium carbonate.

A suspension of 45.0 g (168 mmol) of zirconium carbonate (34 % zirconium) and 15.0 g
(78.0 mmol) of 3-(4-methylbenzoyl)propionic acid in 150 ml of water is heated at 90°C
for 2 hours with intensive stirring. Subsequently the reaction mixture is cooled, the water
is decanted off, the residue is extracted with ethyl acetate and the residue is dried in high
vacuum at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (116)) is obtained. Elemental analysis calculated for ZrO, « ZrO(OH)(O,CR):
Zr41.6 %; C 30.1 %; H 4.6 %. Found: Zr 37.7 %; C 26.8 %; H 3.7 %; H,0 2.7 %.

Example 10: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (117)) using zirconium n-propoxide.

A solution of 44.3 g (0.10 mol) of zirconium n-propoxide (20.6 % zirconium) and 19.2 g
(0.10 mol) of 3-(4-methylbenzoyl)propionic acid in 200 ml of dry toluene is stirred at
50°C for 12 hours under a nitrogen atmosphere. Subsequently the reaction mixture is
cooled and evaporated on a rotary evaporator and the residue is dried in high vacuum at
50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid (compound (117)) is
obtained. Elemental analysis calculated for Zr(OC3H7)3(0,CR): Zr 19.8 %; C 52.2 %;

H 7.03 %. Found: Zr 20.0 %; C 52.4 %; H 6.75 %.

Example 11: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
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9 Exanpl es of inorganic nmetal bases are hydroxi des, oxides and am des,
for exanpl e cal ci um hydroxi de, cal ci um oxi de and cal cium am de. The al kal i
metal hydroxide solution used is potassium hydroxide sodi_ um_hydr oxi de
sol ution, preferably sodi um hydroxi de sol ution. Theji pf ngQI.-tL_a_:[ QI of tfihe
al kaline earth netal salts and transition netal corrplséxes q£ ;r}e\ TR 4] |
according to the invention is preferably carried out ; !
The al kaline earth netal salts, transition netal salts and tran5|t| on net al

conpl exes of conpounds of the forrrul a |l according to the invention are

suitabl e T og. Hs6, AP (1985) ¥flgPirconium carbonate.

A suspension of 50 g (0.18 mol) of zirconium carbonate (32.8 % zirconium) and 50 g
(0.26 mol) of 3-(4-methylbenzoyl)propionic acid in 500 ml of water and 500 ml of toluene
is heated at 83°C for 30 minutes with intensive stirring. The reaction mixture is
subsequently stirred for a further 45 minutes at 83°C. The organic phase is separated off
while still warm and evaporated on a rotary evaporator to a residual volume of 200 mL
2,000 ml of petroleum spirit are subsequently added to the solution with intensive stirring.
The precipitate formed is filtered off and dried in high vacuum at 50°C. The zirconium
complex of 3-(4-methylbenzoyl)propionic acid (compound (1 18)) is obtained. Elemental
analysis calculated for ZrO(OH)(O,CR) - 0.48 HO,CR: Zr 22.4 %; C47.9 %; H 4.4 %;
HO,CR 22.6 %. Found: Zr 22.2 %; C 47.7 %; H 4.8 %; H;0 0.75 %; HO,CR 20.0 %.

Example 12: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (119)) using zirconium n-propoxide.

A solution of 44.3 g (0.10 mol) of zirconium n-propoxide (20.6 % zirconium) and 38.4 g
(0.20 mol) of 3-(4-methylbenzoyl)propionic acid in 200 ml of dry toluene is stirred at
50°C for 12 hours under a nitrogen atmosphere. Subsequently the reaction mixture is
cooled and evaporated on a rotary evaporator and the residue is dried in high vacuum at
50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid (compound (119)) is
obtained. Elemental analysis calculated for Zr(OC3H7),(0,CR),: Zr 15.4 %; C 56.8 %;

H 6.1 %. Found: Zr 15.1 %; C 56.7 %; H 6.2 %.

Example 13: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (120)) using zirconium n-butoxide.

A solution of 43.2 g (0.10 mol) of zirconium n-butoxide (21.1 % zirconium) and 192 g
(0.10 mol) of 3-(4-methylbenzoyl)propionic acid in 200 ml of dry toluene is stirred at
50°C for 12 hours under a nitrogen atmosphere. Subsequently the reaction mixture is
cooled and evaporated on a rotary evaporator and the residue is dried in high vacuum at
50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid (compound (120)) is
obtained. Elemental analysis calculated for Zr(OC4Hyg)3(O,CR): Zr 18.2 %; C 55.0 %;

H 7.6 %. Found: Zr 19.3 %; C 54.2 %; H7.0 %.

Example 14: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid

- T
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inhibitors in coating conpositions for protecting netal surfaces and al so
for pretreating nmetallic substrates. As such they can be added to any
liquid or solid organic material. Accordingly, the j Fon—alsq
provi des coating conpositions conprising a) an organij TH$|@}tarmA|agyb471er
and b) at |east one alkaline earth metal salt, transijion rﬁi,’tr‘aln,g@jt\“'\r/’
transition netal conplex of a conpound the formul a B o)
[err] in which Rlerr], Rerr], Rerr],"Rerr] and Rerr] are,
ic{ldep]enc(i:[ently of one anot her, hydrogen hal ogen, nitro, cyano, CF[err],
err]-Cler ﬂ%h Cerr]-Clerr] al kenyl
Cerr]-Cer cioﬂ{ ?&ﬁ?ﬁ%} rr] C[err+ ?{)()ggéy Cerr]-Cerr]al kyltﬁlo
Cerr]-Cerr]aryl which is unsubstituted or substituted by
Clerr]- C[erms%hﬂﬁﬂmof@@ €.09 bl lop ¥ixcoMnis i-prponide UR6.4 i% uimlumn) ad &6 gt ut ed

b
sﬁbg ?'[ L][ ed (gég l“t‘?b ‘érBy - ﬁ'&iyﬁ)ﬁ? ogbp;qpb%l‘?&{l{%lw&?f@&qﬁ F%‘%‘P%r oups;
R[Cgr re ]r r ][ OR[ eﬁm(I for-10@Easrunfer nitrhigen atmolsphrese. aubsaqamﬂydherﬁatummmlxtam igal st ]
r i
radicals R g i‘i %‘dda' ﬂ?é@ﬁl zlier 8% agé- %ﬁé xlealﬁkﬁfsodrxﬁgiﬂ h}‘i%la%gu %raer)n ©
t oget her wi $6°G.ezirconinmeo 3nfé-mathy fheyzayderapinnieiacid (compound (121)) is
obtained. Elemental analysis calculated for Zr(OC3H;)3(0,CR): Zr 19.8 %; C 52.2 %;

H 7.0 %. Found: Zr 23.8 %; C 47.4 %; H 5.8 %.

Example 15: Preparation of the zirconium complex of 3-(4-chlorobenzoyl)propionic acid
(compound (122)) using zirconium carbonate.

A suspension of 30 g (0.108 mol) of zirconium carbonate (32.8 % zirconium) and 33.2 g
(0.156 mol) of 3-(4-chlorobenzoyl)propionic acid in 300 ml of water is heated at 90°C for
30 minutes with intensive stirring. The reaction mixture is subsequently stirred for a
further 45 minutes at 90°C. The water is then decanted off hot and the residue is extracted
with ethyl acetate. The solvent is evaporated on a rotary evaporator and the residue is
dried in high vacuum at 50°C. The zirconium complex of 3-(4-chlorobenzoyl)propionic
acid (compound (122)) is obtained. Elemental analysis calculated for

ZrO(OH)(O,CR’) « 0.47 HO,CR: Zr 20.9 %; C 40.5 %; H 3.1 %; C1 12.0 %; HO,CR’
22.9 %. Found: Zr 20.7 %; C 40.1 %; H 3.3 %; C1 11.6 %; H,0 0.6 %; HO,CR’ 29.7 %.

O

I
R’ = CI-@-— C— CH2CH2—

Example 16: Preparation of the titanium complex of 3-(4-methylbenzoyl)propionic acid
(compound (123)) using titanium(IV) n-propoxide.

A solution of 14.2 g (50 mmol) of titanium(IV) n-propoxide and 9.61 g (50 mmol) of
3-(4-methylbenzoyl)propionic acid in 100 m! of dry toluene is stirred at 50°C for 12 hours
under a nitrogen atmosphere. Subsequently the reaction mixture is cooled and evaporated
on a rotary evaporator and the residue is dried in high vacuum at 50°C. The titanium
complex of 3-(4-methylbenzoyl)propionic acid (compound (123)) is obtained. Elemental
analysis calculated for Ti(OC3H7)3(0,CR): Ti 11.5 %; C 57.7 %; H 7.8 %. Found:
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benzo or cyclohexenyl ring, R6 is (ferr]-Cerr]alkyl, C2-C20alkyl
i nterrupted by oxygen, sulfur or [err]N-Rerr]

-10- Cerr]-Cerr]arylal kyl which is unsubstituted bstituted on the
aryl radical by from1l to 3 (err]-Cerr]al kyl groupsi %ﬁg,w

are, independently of one another, hydrogen, Cerr]- ]Oa“}’;gg-ﬁ S BEEN |,
Clerr]-Cferr]alkyl which is mterrupte@ Dby oxygen, st —OF_ ] ?{-érr] #9

is hydrogen or (Jerr]-Clerr]alkyl, and n is an integer in the rah‘qe*f?eml
to 10. The coating conposition is preferably a liquid. Specific

preference 510598 565%; H7.6 %.

Example 17: Testing of alkaline earth metal salts, transition metal salts and transition
metal complexes of 3-(4-methylbenzoyl)propionic acid as corrosion inhibitors in acrylic
dispersions based on Maincote HG-54.

To prepare the coating composition based on Maincote HG-54, the components 1 to 8
(formulation without additives) or the components 1 to 9 (formulation with additive) are
added in the indicated order (cf. Table 2).

—_—
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wat er - based |i qui d. Li quid coatings are, for exanple, l|lacquers, paints or
var ni shes. These al ways conprise an organic filmform ng binder as well as
ot her, optional conponents. Preferred organic filmfaorning binders are
epoxy resins, polyurethane resins, polyester resins, écrmktq. 3 @QT”
copol ymer resins thereof, polyvinyl resins, phenolic re5|nsﬂa ?Eb 3re5|

or m xtures of such resins. Sui t abl e ganic filmf¢ ders .
coating conposition are conventional fifmformers for solvent conta|n|ng,
but in particular for water-based, paint conpositions. Exanples of such

fil mforrrerq*aare@ mmmmmm&wmﬁmn&suns amino resins or
m xt ures of pHeh—es+hsS—a—baste—agHaeus d+spcr$| on or a solution of an

acid resin. Pac&mﬁbgﬁ&{y i nportant |ay @y Qegghti ¢ filmformng binders for
wat er - based foating conpositions, for exarrpl e allkyd resins; acrylic resins;
2- conponent FEPOXY Tesing, polyuretnane resins, polyester resins which are

customarily pat gg’, %ﬁ{? - di | ut ablje phegqbl c|resins or derived
di sper si ons; 1?1 Be e urea regins; resing based on vinyl/acrylic

copol yners. Y) emql gicipeci fi cal ] Y, t hg.0! kyd resins can be
wat er - di | ut apl e aI kyd resin systens which can b¢ used in air drying formor
in the form pf 35toydwigy®tens, if dgsired08n

'_.-‘-LLL-.

he

4) Triton CF 109 0.29
5) Drew Plus TS 4380 9 0.28
6) AcrysolRM 8§ © 0.60
7) Bayferrox 130 M D 5.72
8) Millicarb ® 17.40

9) corrosion inhibitor of the invention

10) Butyl diglycol 3.67
11) Maincote HG-54 1 58.70
12) Texanol 1.50
13) Dibuty! phthalate © | 1.50
14) Sodium nitrite D 0.80
15) Drew T 4310 ™ 0.32
16) Ammonia solution (25 %) 0.30

Total 100.00

Total solids: 47 %; pH: 8 t0 8.5; a) ®Methy1carbitol: diethylene glycol monomethyl ether

(Union Carbide); b) ®0rotan 165: dispersant (Rohm & Haas); c) ®Triton CF 10: nonionic

wetting agent (Rohm & Haas); d) ®Drew Plus TS 4380: antifoam (Drew Chem. Corp.);

e) ®Acrysol RM 8: nonionic thickener (Rohm & Haas); f) ®Bayferrox 130 M: iron oxide

red (Bayer AG); g) ®Millicarb: calcium carbonate (Omya); h) ®Maincote HG-54: acrylic

dispersion, 41.5 % in deionized water (Rohm & Haas); i) ®Texanol: coalescent (Eastman

Chem. Prod., Inc.); k) Dibutyl phthalate: plasticizer (Eastman Chem. Prod., Inc.);

1) sodium nitrite: rust film inhibitor (Fluka); m) ®Drew T 4310: nonionic antifoam (Drew
T
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combi nation with water-dilutable nmelamne resins; the alkyd resins can also

be oxidatively drying, air drying or stoving systems which are, if desired,

used in conbination with agueous di spersions based on acrylic resins or

copolynmers thereof, with vinyl acetates etc. The acryl i c resi ns

can be pure acrylic resins, acrylic ester copolymers, W| tT

vinyl resins or copolynmers wth vinyl rgnomers such as vi nyI a;gi_ %D’EEN

styrene or butadi ene. These systens can be air drying |

systens. Water-dilutable epoxy resins in conbination w th sui tabl e

pol yam ne cepssl calpgrs have excel | ent mechani cal strength and cheni cal

resi stance. When using liquid epoxy resins, no addition of organic sol vent

to aqueous systens is necessary. The use of solid resins or solid resin

di sper si onsUsiap aafighyspeed wiitrersat 31008 dpin the comporsened dre dispensedstocd millpd\finenesso

| mprove fi lé?x];lﬁf Ha btk size of < 15 pm. The dispersion result of the pigment paste thus obtained
is assessed by determination of the grindometer value (ISO 1524). The amount used of the
corrosion inhibitors of the invention is based on the total solids of the formulation without
additive (total solids: 47 %). Accordingly, for example, addition of 1 % of corrosion
inhibitor in 100 g of dispersion is an amount of 0.47 g. To finish the coating composition,
the components 10 to 16 according to Table 2 are added at reduced stirring speed
(1,000 rpm) in the indicated order. The pH of the formulation is subsequently monitored

and is adjusted, if necessary, with ammonia solution (25 %) to a value of pH from 8 to 8.5

fhrr s rven o

prior to application.

The coating composition can be applied undiluted by airléss spraying or after dilution by
painting on, rolling or conventional spraying. For application by conventional spraying,
the formulations are diluted to a spraying viscosity from 22 to 23 seconds (Ford cup 4;
DIN 53 211). Diluent: butyl glycol/deionized water = 1:1 (g/g).

The formulation is applied to steel sheets (10 times 15 cm) of the type Q-Panel R
(cold-rolled, untreated steel from: The Q-Panel Company, Cleveland, USA) in a thickness
which is 50 um after drying (drying conditions: 10 days at room temperature).

Prior to the commencement of weathering, defined damage (70 times 0.5 mm) is applied
to the coating films in the form of a parallel cut (i.e. parallel to the longest edge of the
sheet) using a Bonder scoring apparatus (model 205 from Lau, 5870 Hemer/Germany).
The edges of the sheets are protected by application of an edge protector (®Icosit 255
from Inertol AG, Winterthur, Switzerland).

The samples are then subjected to accelerated weathering in the salt spray test

(DIN 50 021 SS) for 168 hours and in the condensation test (ASTM D 4585-87) for

330 hours. The results are summarized in Tables 3 to 6. The results are evaluated on the
basis of the applicable DIN standards according to an evaluation key by giving a corrosion
protection factor (CPF). The CPF is obtained by adding an assessment of the coating
(film) and an assessment of the steel, the maximum being 12 points. The individual
maximum values for the coating (film) and the steel are 6 points. The larger the numbers,
the better the corrosion protection. -
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Preferred epoxy resins are those based on aromatic polyols, "in particular
those based on bi sphenols. The epoxy resins are used.in conbination wth
crosslinkers. The'latter can be, in particular, am

\ \
Poﬂ"él%sbrtaf LGV

hydr oxy-functional conpounds, an acid, an acid anh a:id.
Exanpl es of these are pol yarnines, polyanlnoanldes ﬁbﬁéﬁﬁased oni
pol ysul fi des, pol yphenols, boron fluoriges and conpl ex conpc £ 0f

pol ycar boxylic acids, 1,2-dicarboxylic anhydrides or pyronellitic
di anhydri de. Pol yur et hane resins are derived, on the one hand, from
pol yet hers, polyesters and pol ybut adi enes having term nal hydroxyl groups

and, on the er, Qand, _fro Lphatic or aromatic pol yi socyanates.
Sui t abl e pol %Fhﬁﬁ g%ég?rl% teafpé,%k;hgwsexarrol e, polyvinyl butyral, polyvinyl

acetate or c polyners thEreof. Sjltgﬁg? phienol i c rlesins are synthetic
resins in th #1 of ch phen arg t hgpgai|n conponent, thus in
particul ar pheno cres | - filmyl enpl -mesall resorC|noI-fornaIdehyde resins,
al kyl phenol i je resiro—andlal-so—condbasati-on f+eduets-of phenols with
acet al dehyde, furfurol, pcrolein of other alldehydes.| Modified phenolic
resins are aj so—of—inporfan@8 The codill ng|conPdsitii ons can additionally
conprise ongar _nnre conponents selected frgomthe group consisting of
pi gments, dyles, fl nDdlfler§¢5d|<per , thixotropes, adhesion
pronot ers, ntldzlgg ts '8%% stapilizers 4nd ?ﬁ?lrg catal ysts. They

2 % (102) 4.0 4.5 8.5

1% (104) 4.0 4.5 8.5

2 % (104) 4.0 55 95

1% (105) 32 4.5 7.7

2 % (105) 40 45 8.5

1% (111) 40 5.0 9.0

2% (111) 4.0 5.0 9.0 -

1% (112) 32 4.8 8.0

2% (112) 40 4.8 8.8

1% (113) 4.0 5.5 9.5

2 % (113) 40 53 9.3

1% (114) 34 4.8 8.2

2% (114) 3.8 55 93

1% (116) 3.4 4.0 7.4

2% (116) 34 5.0 8.4
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can al.so conprise other known corrosion protection conpositions, for
exanpl e corrosion protection pignents, such as phosphate- or

bor at e-contai ning pignments or nmetal oxide pignments, or other organic or
inorganic corrosion inhibitors, for exanple salts of=ntrorsophathal-e=acid,
phosphoric esters, industrial am nes or substitutedibBli3cHHEIAARBEEN

The pignents are, for exanple, titaniummgi_oxide, i r:on oxi @erLabEmi ni u
bronze or phthal ocyani ne bl ue. Exanpl es of fill ers—aretare,—aramar um
oxide, alumniumsilicate, baryte, mca or silicon dioxide. The corrosion

I nhibitors of, e, idiyentiqn al so be applied to a carrier. Pulverul ent
fillers or pf{fﬁ?‘e‘lﬂn‘%ssnaﬁrsgmgg?sttmlhgﬁ%/ suitable for this purpose.

CPF CPF
Compound film metal CPF
— 2.4 2.3 4.7
1% (122) 3.0 4.7 7.7
2% (122) 32 54 8.6
Table 5: Condensation test, 330 hours
CPF CPF
Compound Al metal CPF
B 3.2 2.0 52
1% (107) 3.4 55 8.9
Table 6: Condensation test, 330 hours
Compound CPE CPE CPF
film metal
E— 2.8 2.0 4.8
1% (122) 3.2 5.8 9.0

Example 18: Testing of alkaline earth metal salts, transition metal salts and transition
metal complexes of 3-(4-methylbenzoyl)propionic acid as corrosion inhibitors in alkyd
resin systems based on Bayhydrol B 130 H.

The procedure described in Example 17 is repeated, preparing the coating composition
based on Bayhydrol B 130 H by adding the components 1 to 6 (formulation without
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Fl ow nodifiers and thi xotropes are based on nodified bentonites. Adhesi on
pronoters are based on nodified sil anes. Al so advant ageous is the
addition of basic fillers or pignents which in certai have
a synergistic effect on the corrosion inhibition. Exafipl"é8 SoEEsuch; Bas) ¢
fillers and pigments are cal ci umor magnesi um carbonate, _zitc axizde, = Zi fiC
carbonate, zinc phosphate, nmagnesi um qQxyde, al um ni um oXi de&; afuri-pium ¥

phosphate or m xtures thereof. Exanples of basic organic pignents are those

based on am noant hraqui none. The corrosion inhibitors of the invention
can be addeg@dsi6r O BbhPSeRty 1 Y ESen RN M hdiitivd) e gefindicatd exderpife
during pignent dispersion by mlling, or the inhibitor is dissolved in a

sol vent andT%kﬂ‘bZlequent ly stirred into the coating conmposition. The
corrosion inhibitors of the invention can |ikew se be used for pretreatnent

of the netal r . JThe alkal ine earth I , transition netal
salts and tFéﬁtﬁﬁ@ﬁY%%%% Bﬁl(gk%aée‘g?ngg%tg?ﬁ%%?%hfhe fornul a |
according to|the jnvention are advantigeously used in an anmount from 0. 01
to 20 % by wdi ghCoOMPPEHERabI y from 0.5 t o%Ebwaeighteilght, based on the
total wei ght jof—the coati-ng—corpositier—Ihe—coati+ngs can be applied to
the substrate¢ b%/ conventi onal m;t hods}, for exanpl e by

) Bayhydrol B 130 H? 60.03

2) Servosyn WEB (8 %) P 0.14
3) AscininR® | 0.28
4) Bayferrox 130 M 9 21.13
5) Heladol 10 5.15
6) Mikrotalk AT Extra ? 10.57
7) corrosion inhibitor of the invention
8) Aerosil 300 8 0.20
9) Zinc oxide 1.06
10) Butyl glykol 0.90
11) Aluminium oétoate 0.05
12) Deionized water 0.49
Total 100.00

Total solids: 56.1 %; a) ®Bayhydrol B 130 H: 30 % in deionized water, alkyd resin,
water-dilutable (Bayer AG); b) ®Servosyn WEM (8 %): cobalt dryer (8 % metal) (Servo
Delden B.V.); ¢) ® Ascinin R: skin inhibitor based on oxime (Bayer AG); d) ®Bayferrox
130 M: iron oxide red (Bayer AG); e) ®Heladol 10: calcium carbonate (Lange);

f) Mikrotalk AT Extra: micronized talc (Norwegian); g) ® A erosil 300: thickener and
thixotrope, chemically pure silica (Degussa).

The components are dispersed to a fineness or particle size of < 15 um either by using a
high-speed stirrer at 3,000 rpm or by using, for example, a horizontal ball mill. The
dispersion result of the pigment paste thus obtained is assessed by determination of the
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sprayi.ng, dipping, painting on or by electrodeposition. Oten a plurality
of coats is applied. The corrosion inhibitors are first._and forenost added

to the priner, since they act in particular at the netia i nterface.
However, they can also be additionally added to the ifter ﬁ‘e?h;aiwf;d SN

t opcoat. Dependi ng on whether the binder is a physic G%Emlcajf’@t/g{,
oxidatively drying resin or a heat or _r%jl ation curing resm\\-t\_\ ~_ur| ng of
the coating is carried out at roomtenperature or by heating (sto\rﬁg)\ r
by irradiation. - 13-
Preferabl y Ghadsmak: #dud 85O mume houftElsed bf &e%aﬁéglsﬁhﬁ?on&@éf @& arrpl e

I ron, steel copper,, Zi nc or alum niu nd SO a er eo

addi tion t olRveatigmisihassd esthe eotalsofidyof ﬁ@%%@ﬁ@@&??@%ﬁ@tﬂs&l‘lﬂ% and
transition S6l3%). QuEbtdNas, fof eﬁmﬁmuﬂﬂiﬁoﬂbfl |%30f &urfsion ihhibR6OIdIO0g ¢fo t he

I nvention have he advant a Y, ura af fec ai nt/

adhesi on andPTAPERS ﬁ%alapﬁe}éf@%&?? hgihife oSt Bmpptiop. i ESnBoFReT

conposi ti onso t2 acdoadingteeFiablo® are added at reduced stirring speed (1,000 rpm) in the indicated
order.

The application of the formulation to steel sheets of the type Q-Panel R, the salt spray test
(168 hours) and the determination of the corrosion protection factors CPF are carried out
as described in Example 17. The results are summarized in Table 8. The larger the
numbers, the better the corrosion protection. '

Table 8: Salt spray test, 168 hours

Compound CPF CPF CPF
film metal

_— 3.2 1.3 4.5
1% (102) 3.4 3.0 6.4
2 % (102) 4.8 3.1 7.9
1% (103) 34 3.0 6.4
2 % (103) 3.4 43 7.7
1 % (108) 3.0 3.3 6.6
2 % (108) 3.6 3.6 7.2

Example 19: Testing of alkaline earth metal salts, transition metal salts and transition
metal complexes of 3-(4-methylbenzoyl)propionic acid as corrosion inhibitor in an
aqueous dispersion based on an acrylic ester/styrene copolymer (Acronal S 760).

To prepare the coating composition based on Acronal S 760, the components 1 to 5 are
first premixed, then the components 7 and 8 (formulation without corrosion inhibitor) or 6
to 8 (formulation with corrosion inhibitor, compound (115), Example 8) are added in the

indicated order (cf. Table 9). —
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Accordi ngly,

a preferred enbodi nent of the present

i nvention is the use of

the al kaline earth netal salts, transition netal salts and transition netal

conpl exes of

conpositions for
process for protecting a corrodable nmetal substrat¢, whi EEreqnppi S

applying to

as corrosi_
The present inver

conmpounds of the formula |
metal surfaces.

this a coating corrposition_%o_rrprising a

 Tois atisor pReY

in coatin
J_\Ia g

|

&*_\. ;
| east one al kal i ne
salt or a transition nmetal conplex of

filmform ng binder and b) as corrosion |1 nhibitor at
earth netal salt, a transition netal
conmpounds of the fornmula | and subsequently drying and/or curing the
coating. The follow ng exanples illustrate the invention. Parts and
per cent ages Tatde ByAgasaysdispersicarbabed on Aprangh$d6Pon of the zinc salt of

3- (4- net hyl herzeytproptontec—actd—{compourmd—(t9t)—Tabte 1) A sol ution of
59.5 g (0.24Q nol) of zinc nitrate. hexahydrate [Zn&quri[ng errJ]H err]0] in
200 nl of wdter is addCOmMAPEEM se to a sol utiof of 238 we D. 20 nol ) of
3- (4- et hyl Qenzoyl ) propionic acid in 200 m of 1.0 N sodi unf hydr oxi de
solution whiffe stirring wellT. The precipitate s filtered off, washed well
with water g nlnIdeiordzed wates and dried in a vaguum at pO[err]C. The
zinc salt off 3-(4-nethyl benzoyl) propionic acid| np. -220[erf]C (conpound
(101), Tablg 13 il’sgramtaumh.rN}llfi%e procedure descri b&3 n Expmple 1 is
repeat ed, ugi ngnmanganese nitrate, gobalt nitrate, jumnjtrate, iron
nitrate, |arth3nyarenal 76950 % eRdel chl ori de &nd calClum nftrate with
3-(4-net hyl Benzoy] ) propi onic acid to prepare the conpgynds [102) to (108
(cf. Table 1)-_4) §heﬂso(i'f) 8&5 prep : ) ( )

5) Agitan 2809 030

6) corrosion inhibititor of the invention -_—

7) Millicarb®) 10.00

8) Bayferrox 130 M? 8.00

9) Acronal S-760 (50 % grade)® 49.00

10) Agitan 2809 0.30

11) Collacral PU 85/buty! diglycol (1:3 g/g)® 4.10

12) Deionized water 0.55

Total 100.00

Total solids: 57 %; a) ®Pigmentvertei1cr NL: dispersant (BASF AG); b) ® Acronal S 760:
dispersion of an acrylic ester/styrene copolymer (aqueous dispersion, BASF AG);

c) ®Shellsol D 60: white spirit (aliphatic solvent, Shell); d) ®Agitan 280: degassing and
antifoam composition (Miinzing Chemie GmbH); €) ®Millicarb: calcium carbonate
(Omya); ) Bayferrox 130 M: iron oxide red (Bayer AG); g) ®Collacral PU 85: thickener
(BASF AG).

The resulting pigment paste is dispersed with a horizontal ball mill or similar to a particle
fineness < 15 pum. The particle fineness is asessed by means of the grindometer value
(ISO 1524).

\
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-14 - Table 1: conpound of t he Merr]p. C(%,

H (% No. Metal salt i nvention (O (calcul ated/found)[err]0
59. 01 4. 95 101 Zn(NQ err])[err] Zn(OOCR), T =

4. 85 0.3 i THIS SHEET pag BEd 42
5.07 102 Mi(NO[err])[err] Mh( OOCR) 2 >25@—__ BEPLACER 1
2.1 .27 - 59. 8‘7“'”\‘5?8-_\_ 103
Co(NgJ err])[err] Co(OCCR) [ err] - 80 59. 87 5.02 4.2

To finish the coating, the components 9 to 12 are subsequently added in the indicated
order (Table 9). Application is by conventional spraying. Depending on the viscosity
desired, the finished coating can be diluted by addition of butyl diglycol/deionized water

(1:1 g/g).

The coating is applied, as described in Example 17, to steel sheets of the type Bonder
(cold-rolled, de-greased steel from Chemetall, Frankfurt am Main) in a thickness which is
100 pm after drying (drying conditions: 14 days at room temperature).

The salt spray test (168 hours) and the determination of the corrosion protection factors
CPF are carried out as described in Example 17. The results are summarized in Table 10.
The larger the numbers, the better the corrosion protection.

Table 10: Salt spray test, 168 hours

CPF CPF

Compound film metal CPF
— 24 26 50
1% (115) 3.8 60 9.8
2 % (115) 40 6.0 10.0
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58. 43. 5.20

4. 62 104 Ce(Nderr])[err] Ce( OCCR) 3

2.6 ' e ="

63.02 5.29 105 Fe(NJ err])[err] ' Fe(OG:R)S‘ THIS g \
2.2 Gors | BASBEEN |

55. 62 4.63 106 LaCdl [err] %31( OCCR) 3 R Sy ’_:."_361 ]4
2.7 107 YCl[err] Y( OCCR) 148 59. 83 5.0r—
4.5 57. 07 5.24 108
Ca(qurr])ﬁ:gfeh}claﬁ@S(OOCR)Z 2H err] 0 122 57. 64 5. 67 7.8
58.4 5.61 0 [err]

1. An alkaline earth metal salt, transition metal salt or transition metal complex of a
compound of the formula I

Ry C—~{CH)=COOH (1)

in which R;, Ry, R3, R4 and R are, independently of one another, hydrogen, halogen,
nitro, cyano, CF;, C;-C,salkyl, Cs-C;cycloalkyl, C,-C,salkenyl, C;-C,shaloalkyl,
C,;-Cyalkoxy, C;-C;lalkylthio, Cg-Cygaryl which is unsubstituted or substituted by
C;-C,alkyl; C¢-Ciparyloxy which is unsubstituted or substituted by C;-Cjalkyl;

C;-Ciqarylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
Ry
/
C,-Cgalkyl groups; -CO,R¢, -COR; or —N\R , where at least one of the radicals R, to
8

R; is hydrogen, halogen or C;-C,salkyl, in addition the radicals R; and Ry, Ry and R3, Rg
and R, or R4 and R form, together with the carbon atoms to which they are bound, a
benzo or cyclohexenyl ring,

N\,
Rg is C;-Cypalkyl, C,-Cypalkyl interrupted by oxygen, sulfur or /N_Rg ;

C4~C,,arylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
C;-C,alkyl groups,
Ry and Ry are, independently of one another, hydrogen, C;-Cy4alkyl or Cz-Cualkyl

interrupted by oxygen, sulfur or N—Rg ,

Ry is hydrogen or C;-Cgalkyl, and
n is an integer in the range from 1 to 10.

2. A compound according to claim 1, in which

Rj, Ry, R3, R, and Ry are, independently of one another, hydrogen, halogen, nitro, cyano,
CF;, C;-Cysalkyl, Cs-C,ocycloalkyl, C,-C;salkenyl, C;-C;shaloalkyl, C;-Cyzalkoxy,
C;-Cjqalkylthio, C¢-Cygaryl, C¢-Cygaryloxy, C;-Cysarylalkyl, -CO,R¢, -COR¢ or

RN O O | Thlﬁri”i""”ileﬁld




The definition of Rin Table 1 also applies to Exanples 2 to 14 and 16.
Exanpl e 2: Preparation of the zirconium conpl.ex of

3- (4- net hyl benzoyl ) propionic acid (conmpound (109)). u5|qg~§~rcon|un1sulfate
- 15- A solution of 18.3 g (0.05 nol) of 2|rcon|unlsuu'aH_
zirconium) in 40.mM of water is added dropwi se to a solfut P
(0.10 nol) of 3-(4-nethy|benzoyl)propiQQ$c acid in 100
hydr oxi de solution while stirring well. The precipitate i s
washed well with water a nunmber of tinmes and dried in a vacuum oven at
50[err]C. The ziRgonium conpl ex of 3-(4-nethyl benzoyl)propionic acid

d (1 )
ooy (0 e, " PSP MR AT e gl GO,

(?/00' 1% Foqu ‘addfition the 4 cgs 1and%2, Ezan 3, 3%3&{4 or % fH’% géﬂ%?mg‘

the carbon atoms to which they are bound, a benzo or cyclohexenyl ring, and

N
R¢ is C;-Cypalkyl, Co-Cygalkyl interrupted by oxygen, sulfur or /N‘_Rg ;or
C;-Cyarylalkyl.

3. A compound according to claim 1, in which at least two of the radicals R; to R5 are
hydrogen.

4. A compound according to claim 1, in which the metal is calcium, titanium, manganese,
iron, cobalt, zinc, yttrium, zirconium, lanthanum or cerium.

5. A compound according to claim 1, in which the metal is zirconium.

6. A compound according to claim 1, in which
R; is hydrogen,
Rj, R3, R, and Rs are, independently of one another, hydrogen, chlorine, bromine, nitro,

cyano, CF3, C;-Cgalkyl, Cs-Cycycloalkyl, C,-Cgalkenyl, C;-Cgalkoxy, C;-Cgalkylthio,
Ry

/
phenyl, phenyloxy, benzyl, -CO5R;4, -COR; or _N\R ,
8

Rg is C;-Cyralkyl, C,-Cysalkyl interrupted by oxygen; or benzyl,

R; and Ry are, independently of one another, hydrogen, Cl-Cgalkyl or C,-C;qalkyl
interrupted by oxygen, and

n is an integer in the range from 1 to 5.

7. A compound according to claim 1, in which
Ry, R, and R, are hydrogen,

Rj3 and R5 are, independently of one another, hydrogen, chlorine, bromine, CF;,
Ry
s
C,-Csalkyl, cyclohexyl, C,;-Cgalkoxy, -CO,R4, -COR¢ Or —N\R .
8

Rg is C,-Cgalkyl,
R and Ry are, independently of one another, hydrogen or C,-Cgalkyl, and

n is an integer in the range from 2 to 4. _
-
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Exampl e 3: Preparation of the zirconium conpl ex of

3- (4- et hyl benzoyl ) propi oni ¢ acid (conmpound (110)) using_zirconi umsulfate.
A solution of 35.5 g (0.089 nol) of zirconiumsulfate (% : TCOM

70 nl of water is added dropwise to a solution of 76.9 ( cﬁg‘?jﬂ@ﬁ‘{cw
3- (4- et hyl benzoyl ) propionic acid in 400 m of 1.0 N soﬂtufﬂ;tyﬂ & !
solution while stirring well. The precigtate is filtered off, T washed werr
with water a nunber of tinmes and dried in a vacuum oven at 50[err]C The

zi rconi um conpl ex of 3-(4-nethyl benzoyl) propi onic- acid (conpound (110)) is
obt ai ned. El enental analysis calculated for ZrQOH)(Jerr]CR) . 2.9

HJerr]CR 2r 10,4 %, C 59,0 X b CR nd: 7r.9 4 ¢
C 56 5 % b 40@?044?%09?@“5 teo‘:l?g'mﬁq*b ?Eglgézr’]é%?ong Séiﬁh%‘igg‘iﬂ andiis2. "

Pr epar at i on of the zirconium conpl ex of 3-(4-nethyl benzoyl) propionic acid

(conpound (J1 usi Zi 1.co I
(0.115 nol )‘}d&é‘P aREhsForie LR 15 %EglzﬂﬁmRﬁiﬁgﬁlagﬁg&g%&%é 7
glaE er is ha?ht&ﬂoghnoﬂim(helkyborechmrm n m’l and by meta] iy GldgmpBlanivgt, manganese,

4- et hy p f N sodi um hydr oxi de
sol ution V\:h? F%lr %{n% &%ﬁ’.ﬁ%%gug?é%?}%in@gtgcfé I?l | tered offy washed wel |
wth water a nunber of tinmes and dried in a vacuum oven at 50[err]C. The

zi rconi um commA @@'atﬁgcgm Gsifisi Eothesigeoy| ) propi onic acid (conpound (111)) is

obt ai ned. El enent al Si.S alcul ted for ZrQOH)(Jerr]CR) . 0.3
HJ err] CR ranzxgaju@/gﬂﬁf&%‘ %2 % HJ err]CR 15.5 % Found: Zr 25.2 -

% C 48.8 %) dd cbrrosidh intiZlitos aEle%t ohléJﬁRnﬁoﬁ% of the formula I according to claim 1.

11. A coating composition according to claim 10, wherein the coating compositidn isa

liquid.

12. A coating composition according to claim 10, wherein the coating composition is a
water-based liquid.

13. A coating composition according to claim 10, wherein the component a) is an epoxy
resin, a polyurethane resin, a polyester resin, an acrylic resin, an acrylic copolymer resin, a
polyvinyl resin, a phenolic resin, an alkyd resin or a mixture of such resins.

14. A coating composition according to claim 10, additionally comprising one or more
components selected from pigments, dyes, fillers, flow modifiers, dispersants, thixotropes,
adhesion promoters, antioxidants, light stabilizers or curing catalysts.

15. A coating composition according to claim 10, wherein the component b) is present in
an amount from 0.01 to 20 % based on the total weight of the coating composition.

16. Use of a compound of the formula I defined in claim 1 as corrosion inhibitor in coating
compositions for metal surfaces.

17. A process for protecting a corrodable metal substrate, which comprises applying to
this a coating composition according to claim 10 and subsequently drying and/or curing
the coating.

18. A process for preparing alkaline earth metal salts, transition metal salts and transition
-
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Exanpl e 5 Preparation of the zirconium conpl ex of
3- (4- et hyl benzoyl ) propi oni ¢ acid (conpound (112)) using zi rc’ﬁﬁlaﬂ-mlze
chl ori de. G- ﬁb&agﬁﬁlﬁ
of 14.3 g (0.058 nol) of zirconium oxide chloride (37 2 %2|rco

m  of water i s added dropwi se to a solution of 19.2 g (0.10 nol) of

3- (4-met hyl benzoyl )propionic acid in 1 m of 1.0 N sodi um hydroxide
solution while stirring well. The preci p|tate is filtered off, washed well
with water a nunber of tinmes and dr| ed in a vacuum oven at 50[err]C. The

zi rconi um | ' )) is
obt ai ned. E errec:t)%{n xgﬁgfé%ﬂ@dﬁﬁ%g at eljgh? 9%8% %—@?d gﬁﬁ?@?ﬁ'@%nﬁg
HO[ er r] CR Tggcting aéie%caléomcga asralkatimon! slotheregf with agr 19.2
% C 48.3 %kaﬂnéeMmeHﬂQfﬁirQnﬁmfim%l ddﬁ{yéﬁﬁd.CR 40.0 % Exanple 6: _

Preparation of the zirconium conplex of 3-(4-nethyl benzoyl)propionic acid

(compound (113)) using zirconium acetate.
' 19. A process according to claim 18, wherein the alkaline earth metal or transition metal

compound used is a salt, an organometallic compound or an inorganic metal base.

20. A process according to claim 18, wherein the molar ratio of the ketocarboxylic acid of
the formula I to the transition metal compound is from 20:1 to 1:10.

21. A process according to claim 18, wherein the transition metal compound is a
zirconium or titanium compound.

22. A product obtainable by reacting a compound of the formula I or an alkali metal salt
thereof with an alkaline earth metal or transition metal compound.

FD 4.2/PW

_—
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A sol tﬁ)n of 37.2 g (0.075 nol) of zirconium acetate (18.4 % zirconium in
60 mM of water is added dropwise to a solution of 19.2 g (0.10 nol) of

3- (4- et hyl benzoyl )propionic acid in 100 m of 1.0 N sodi um hydroxi de
solution while stirring well. The precipitate is fllter” gff——washed wel |
with water a nunber of tines and dried in a vacuum oven; "vafrHEH)@eE;f

zi rconi um conpl ex of 3-(4-nethyl benzoyl ) propionic acid ‘;_corrpOBBﬂs_Ari g)B)EENs
obt ai ned. El enental analysis cal culated for S

Zr(OH) (Jerr]CR)O.[err] (acetate)O.[err]: Zr 31.6-% C 38.2 % H 3.6 % — %
acetate 4.1 % Found: Zr 32.6 % C 38.6 %9 H4.1 % Herr]0 2.5 % acetate
5.7 % Exanple 7: Preparation of the zirconium conpl ex of .

3- (4- et hyl benzoyl)propi onic acid (conmpound (114)) using zi réo%rgrsuz'r(l)'@acet ate
A solution of 148.8 g (0.30 nol) of zirconiumacetate (18.4 % zirconiun) in

0oty | BB U Mt G i AR R T) ©
3-(4- net hyl OpT O " .

sol uti on whketecarboxylicragiosss shon hibiors tate is filtered off, washed well
with water a nunber of ti mas and dried in a vacuum oven at 50[err]C The
zi rconi um conpl ex of 3-(4-nethyl benzoyl ) propi onic acid (conpound (114)) S
obt ai ned. EADSERtal anal ysis cal cul ated for
ZrO(C]—l)(CIerr]CR)[err](acetate)OS Zr 36.6 % C 31.3 % H 3.2 % acetate
11.8 % Fou % C % % 8 %
Ernool e 6o B e dekiive nqveeliinglalth ncy KL LAGAGR e s 358 A Siod

3- (4-net hyl etd cpinplexepofmomponndscof(theofopmuled (115)) using zirconi um

car bonat e.

D

Rg C—(CH)=COOH (1)

in which R;, Ry, R3, R4 and R are, independently of one another, hydrogen, halogen,
nitro, cyano, CF3, C;-C;salkyl, Cs-C;,cycloalkyl, C,-C,salkenyl, C;-Cohaloalkyl,
C,;-Cyzalkoxy, C;-Cjqalkylthio, Cg-Cygaryl which is unsubstituted or substituted by
C;-Cqalkyl; C4-Cyparyloxy which is unsubstituted or substituted by C;-Cyalkyl;

C4-C;zarylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
R;
/
C;-C,alkyl groups; -CO5R¢, -COR¢ or _N\R , where at least one of the radicals R, to
8

R; is hydrogen, halogen or C;-C;salkyl, in addition the radicals R; and Ry, Ry and R3, R3
and R, or R, and R form, together with the carbon atoms to which they are bound, a
benzo or cyclohexenyl ring,

Rg is C;-Cygalkyl, C,-Cypalkyl interrupted by oxygen, sulfur or >N_Rg ;

C4-C,,arylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
C;-C,alkyl groups, '
R7 and Rg are, independently of one another, hydrogen, C;-Cyyalkyl or C-Cyqalkyl

N,
N—R
J g »

Ry is hydrogen or C,-Cgalkyl, and
n is an integer in the range from 1 to 10 for use, as corrosion inhibitors in coating

interrupted by oxygen, sulfur or

compositions for protecting metal surfaces. —_—
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-h17 - A.suspension of 15.0 g (56.0 nmol) of zirconium (REEJ@AGEMENJASMT
r

zirconium) and 15.0 g (78.0 nmmol) of 3-(4-nethyl benzoyl)pr¢pionic acid i
50 m of water is heated at 90[err]C for 2 hours with irftenst2aARR 200 ng.
Subsequently the reaction mxture is cooled, the water i4 decanted off and
the residue is extracted with ethyl acetate. The solvent |i S ated on a
rotary evaporator and the residue is dni-ed in high vacuurpat 50[err]C__ T

zi rconi um conpl ex of 3-(4-methyl benzoyl ) propi gni cLds GSOH0AYR 19)) is
obt ai ned. %@%W%ﬁ%}%ﬁl’c ; i q% - %%%L va gr%k
HO er r | CREOFPLEFSOh ke . olc)-;ﬁ;‘.sg 5 oy err éﬁ%ﬂy‘&%&éwnd;@mq_ 0

% C48.1 % H4.6 % Herr]0 0.4 % HJerr]CR 16.5 % Exanple 9:
Preparation of the zirconium conplex of 3-(4-nethyl benzqulig ropioni c _gcid
(conpound The prejenténvegtion relases tornavelalialinecarth metal salise Hang fgwe SHPSANL ) 68

) S HE RIS 1 s s et

- (4- ) acid i of. wa | S t ed. at err]C
for 2 hour SrEapicH! g un iPrF:reﬁﬂ’?y 5 Egﬁ?@ﬂ?ﬁﬁ“&ﬁg x}oggﬁfqrgogw?}l] xt uE e i]s
cool ed, t hghikidoss, and also the use thereof in coating compositions for protecting metal surfaces.

—t

The use of alkali metal, ammonium and amine salts of ketocarboxylic acids as corrosion
inhibitors in aqueous systems is known and described, for example, in US-A-4 909 987,
EP-A-412933 or EP-A-496 555. '

The use of the calcium salts of 3-(3-chloro-4-isopropylbenzoyl)propionic acid and of
3-(3-chloro-4-cyclohexylbenzoyl)propionic acid for producing analgesic and/or
antiinflammatory medicaments is disclosed in DE-A-2 021 445.

The use of the calcium, magnesium and zinc salts of 4-benzoylbutyric acid for promoting
the growth of animals is known and described, for example, in EP-A-O 300 325.

It has now been found that alkaline earth metal salts, transition metal salts and transition
metal complexes of ketocarboxylic acids are particularly suitable for use as corrosion
inhibitors in coating compositions for protecting metal surfaces.

The present invention accordingly provides alkaline earth metal salts, transition metal
salts and transition metal complexes of compounds of the formula I

Rs C—(CHy)~COOH ()

in which R;, Ry, Rs, R4 and Ry are, independently of one another, hydrogen, halogen,
nitro, cyano, CF3, C;-C,salkyl, C5-C12cycloalk.yl, C,-C;salkenyl, C;-Cyshaloalkyl,
C;-Caalkoxy, C;-Cyalkylthio, C4-Cjgaryl which is unsubstituted or substituted by
C;-Caalkyl; C4-Cpparyloxy which is unsubstituted or substituted by C;-Cyalkyl;
C,-Cyparylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3



Is

I's decanted off, the residue is extracted with ethy { .
residue is dried in high vacuumat 50[err]C. The ziy} ?&ﬁ@m&ﬁf@
3- (4- et hyl benzoyl ) propi onic acid (conpound (116)) | s{obtai ned. El engnt al
anal ysis calculated for Zrerr] . ZrQ(OH) (O[err] CRy:| Zrq 2IARR 2801C 0L 1 %
H4.6 % Found: Zr 37.7 % C 26.8 % H 3.7 % Herr]0}2. 7% Exanplie [10:
Preparation of the zirconium conpl ex o0f23-(4-nethyl pbenzoyT)propronic gcid
(compound (117)) using zirconium n-propoxide. A solution of 44 3 g (D.10
mol ) of zirconium n-propoxide (20.6 %zirﬁ;)ni um) and 19.2 g (0.10 nol) of
3- (4- met hyl benzoyl ) propionic acid in 200, of dry toluene is stirred at
50[ err] C f o€;-Calkpligroups, d€O,Re, HCORgge T \Hospﬁ@rfeat leashareyefahe radiGaleR,; to
reaction mxture is cool ed and evaporat ed®n a rotary evaporator and t he

ge?'llduet 'hsl diﬁh ﬂho alﬁﬂﬁdh%mf?gméawk?aw 3 E Ca
e aCI comoun I S, .0 ne n a
d P Rtormeioge M Ot?S’["l %:f% h‘ZFt‘ hey axe pound, a5 5 oy

anal ysi s cai“lﬁﬁa

H 7.03 % Fpstiz@or frclaﬁbxen%nr@ 52.4 % H 6.75 % Exanple 11: Prepar ation of
t he zirconium conpl ex of 3-(4-nethyl benzoyl ) propionic scid (conpound (118))
usi ng zi r coR iNCHEsdatiyhtCy- Czoaneyhmmwadrbmxysm gulfuc arg Mothe of zi r coni um
carbonate (32.8 % zirconiu and 50 (0.26 nol) of

3- (4- met hy| Ewﬁmmybmhmlmxeuwbwmgmwwntﬁd%%Mﬁ@%@ym%#t?é| uene

CI-C4alkyl groups,
R; and Rg are, independently of one another, hydrogen, C;-Cpsalkyl or C;-Cysalkyl which

AN
N—R
ya 9

is interrupted by oxygen, sulfur or
Rg is hydrogen or C;-Cgalkyl, and
n is an integer in the range from 1 to 10; with the proviso that the calcium salt of
3-(3-chloro-4-isopropylbenzoyl)propionic acid, the calcium salt of

3-(3-chloro-4-cyclohexylbenzoyl)propionic acid and the calcium, magnesium and zinc

salts of 4-benzoylbutyric acid are excluded.

Halogen is, for example, fluorine, chlorine, bromine or iodine. Preference is given to
fluorine, chlorine or bromine, in particular chlorine or bromine. -

Alkyl having up to 24 carbon atoms is a branched or unbranched radical, for example
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl,
n-pentyl, isopentyl, 1-methylpentyl, 1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl,
isoheptyl, 1,1,3,3-tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl,
1,1,3-trimethylhexyl, 1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl,
dodecyl, 1,1,3,3,5,5-hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, octadecyl, eicosyl or docosyl. -

Cs-C,,Cycloalkyl is, for example, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclodecyl or cyclodocecyl. Preference is given to cyclohexyl.

Alkenyl having from 2 to 15 carbon atoms is a branched or unbranched radical, for
example vinyl, 2-propenyl (allyl), 2-butenyl, 3-butenyl, isobutenyl, n-2,4-pentadienyl,
3-methyl-2-butenyl, n-2-octenyl, n-2-dodeceny! or iso-dodecenyl.



18- is heated at 83[err]C for 30 ninutes wth@?ﬂggepgm‘tsﬁng The

reaction m xture is subsequently stirred for a f s at
83[err]C. The organic phase is separated off whilelstill warmanf ;
evaporated on a rotary evaporator to a residual yol um20APRESCH | 2, 000 n
of petroleumspirit are subsequently added to the golution with Intensive
stirring. The precipitate forned is filgBered off iand”dri ed in highivacuum
at 50[err]C. The zirconium conpl ex of 3-(4-nethylihenzoyl)propieni-c acid
(conpound (118)) is obtained. Elenental analysis calculated for
Zr O( OH) ( O eHaldalRyl havidgup®y &2 cdribh atdms 29a Hranfshed of Bnbragghed radigalofor prpmple] CR
22.6 % Found: Zr R 0 0 e rr]CR 20.0
% Exampl o Charcrisiik fofosttyf Rubrofhosi trlbrdher e OGNS urrobER
3- (4- net hy| bilorsigtyler hlotedodeesdi d (conpound (119)) using zirconi um
n- propoxi de. A solution of 44.3 g (0.10 nol) of zirconium n-propoxide
(20.6 % zirconiun) and 38. 0.20 npl) of  3:(4-nethyl benzoyl | Qni C
aci d in 200A¥koxyhaying ‘ipépdérfgrq("é’ 20m§ pé&rg{ch%é%?q%%#r@a%g@é&ﬁ?g%r a
ni trogen at KRSHUXT €hosy peappue isdpropdxy, ndatixyoisobritexyy pentoxy,dsapentdxy REXOXY,
evapor at ed 2 rotforxg/og\éga% - or and the residue is dried in high vacuum
c

n.a
at 50[err]C CRIREY . F ni um-corpl ex of 3-(4-net hyl benzoyl ) propionic acid
(conpound (119)) is obtained. Elenental analysis calculated for

Zr(oderr] Hbm.%il 6 ﬁé\?iilé 8p 5 12 £dRban atéins 1Pa Brafithed op Gnbrafiéhed rdidal)for brammple Zr

15.1 % C56.7 % H 6.2 % .. . .. . .
methylthio, ethylthio, propylthio, isopropylthio, n-butylthio, isobutylthio, pentylthio,
isopentylthio, hexylthio, heptylthio, octylthio, decylthio or dodecylthio.

Cs-C,0Aryl which is unsubstituted or substituted by C;-C,alkyl and bears preferably from
1 to 3, in particular 1 or 2, alkyl groups is, for example, phenyl, naphthyl, o-, m- or
p-methylphenyl, 2,3-dimethylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl,
2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2-methyl-6-ethylphenyl,
4-tert-butylphenyl, 2-ethylphenyl, 2,6-diethylphenyl, 2-methylnaphthyl, 1-methylnaphthyl,
4-methylnaphthyl, 2-ethylnaphthyl or 2,6-diethylnaphthyl.

Cs-CoAryloxy which is unsubstituted or substituted by C,-Csalkyl and bears preferably
from 1 to 3, in particular 1 or 2, alky! groups is, for example, phenoxy, naphthoxy, o-, m-
or p-methylphenoxy, 2,3-dimethylphenoxy, 2,4-dimethylphenoxy, 2,5-dimethylphenoxy,
2,6-dimethylphenoxy, 3,4-dimethylphenoxy, 3,5-dimethylphenoxy,
2-methyl-6-ethylphenoxy, 4-tert-butylphenoxy, 2-ethylphenoxy, 2,6-diethylphenoxy,
2-methylnaphthoxy, 1-methylnaphthoxy, 4-methylnaphthoxy, 2-ethylnaphthoxy or
2,6-diethylnaphthoxy. -

C;-C;,Arylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
C;-C,alkyl groups is, for example, phenyl-C;-Cgalkyl or naphthyl-C;-Csalkyl such as
benzyl, 4-methylbenzyl, 4-tert-butylbenzyl, 2,4-dimethylbenzyl, a-methylbenzyl,
a,0-dimethylbenzyl, 2-phenylethyl, 2-naphthylmethyl, 1-naphthylmethyl, 1-naphthylethyl
or 2-naphthylethyl. Preference is given to benzyl.

N\
Alkyl having from 2 to 24 carbon atoms and interrupted by oxygen, sulfur or /N—'Rg is,

for example, CH;-O-CH,-, CH;-S-CH,-, CH3-NH-CHj,-, CH;-N(CH3)-CHy-,



Exanpl e 13: Preparation of ‘the zirconium conpl ey T
3- (4- et hyl benzoyl ) propi onic acid (conpound (12 )RB:PM%MEN@%BE m
n- but oxi de. A solution of 43.2 g (0.10 nol) of rconi um n- but px| de (21.1
% zirconium and 19.2 g (0.10 nol) of 3-(4-nethy I )enﬁgd&m?rzgm ohif acid in
200 mM of dry toluene is stirred at 50[err]C fo rs underjaj ni trogen
at nosphere. Subsequently the reaction ngxture i$ ¢ceeoted-and-—evapofated on a
rotary evaporator and the residue is dried in hijgh vacuum at 50[e¥r]C. The
zi rconi um conpl ex of 3-(4-nethyl benzoyl) propi onicacid (conpound (120)) is

obt ai ned. ECH wzcmrﬂ-)(}lzs, CH}-(OIGH £H # R 0-CH¢-OCH F (O-EHe CH) ) 308 Hy-10r CR) :

Zr 18.2 % A Found: Zr 19.3 % C54.2 % H7.0 % Exanple
14: Prepar a@sio%l{%%ﬁ{ ;ﬂ rcoﬁl um conpl ex of 3-(4-methyl benzoyl) propionic

acid (conpound (121)) using zirconiumi-propoxide. A solution of 17.3 g

(0.05 mol) Pphe AkAlGRHaHA merdls RROTr ERarhPI6; haSfesiubs; @BIciUR, sBBAtidn Or Barfiin05 nol )

of 3-(4- net%%etggnrg &’g&B tcPcacrilln(r:x acidin 200 mM of dry toluene is stirred at

The transition metals are the elements 21 to 30, 39 to 48 and 57 to 80 of the Periodic
Table. Preference is given to titanium, manganese, iron, cobalt, zinc, yttrium, zirconium,
lanthanum or cerium. Specific preference is given to zirconium.

Preference is given to compounds of the formula I in which .
R;, Ry, R3, Ry and Ry are, independently of one another, hydrogen, halogen, nitro, cyano,
CF3, Cl-Clsalkyl, C5-C12cycloalkyl, Gz-Clsalkenyl, C1-C12haloalkyl, Cl-Clzalkoxy,

Cl-Clzalkylthio, C5-C10aryl, C5-Cmaryloxy, C-,-Cuarylalkyl, 'CO2R6, 'COR6 or
Rz

/
—N 7 -, where at least one of the radicals R, to Rs is hydrogen, halogen or C;-C,salkyl,
8

and also the radicals R; and Ry, R, and R3, R; and R4 or R4 and R form, together with the
carbon atoms to which they are bound, a benzo or cyclohexenyl ring, and

Rg is C;-Cygalkyl, C,-Cypalkyl interrupted by oxygen, sulfur or >N—R9 ; or
C7-C12aryla1ky1.

Preference is likewise given to compounds of the formula I in which at least two, in
particular 3, of the radicals R, to Rs are hydrogen.

Preference is also given to compounds of the formula I in which the metals are calcium,
titanium, manganese, iron, cobalt, zinc, yttrium, zirconium, lanthanum or cerium.

Preference is likewise given to compounds of the formula I in which the metal is
zirconium.

n in formula I is preferably from 1 to 5, in particular 2.
Particular preference is given to compounds of the formula I in which R, is hydrogen,

R, R3, R4 and Ry are, independently of one another, hydrogen, chlorine, bromine, nitro,
cyano, CF;, C;-Cgalkyl, Cs-Cscycloalkyl, C,-Cgalkenyl, C;-Cgalkoxy, C;-Cgalkylthio,



-19- 9 50[err]C for 12

hours under a nitrogen atnosphere. Subsequtly the rmmwﬁm dol ed
and evaporated on a rotary evaporator and the residu "s-mdi’féd_ﬁ@#ch

vacuum at 50[err] C. The zirconi um conpl ex of 3-(4-netihyl benzoyl )propl onic’
acid (compound (121)) is obtained. Elenental analysid c4l2dP& 24if qr
Zr(OCerr]Herr])[err](derr]CR: Zr 138 % C52.2 % H7.0 % Foynd: Zr
23.8 % C47.4 % H 5.8 % Exanpl e 15: Preparatidn of the zirconium
conpl ex of 3-(4-chlorobenzoyl)propionic acid (ﬁorrpc |
zi rconi um car bonat e. A suspension of 30 g 7108 nol) of zirconium

car bonat e (phenyd, phenylozpsbenayl, €20,Ry3- QOB(,QU'I 6Rmal) of

3-(4-chl orobenzoyl ) propionic acid in 300 m of Svater is heated at 90[err]C

for 30 m nyfqg d""élhﬂkﬂt 99—%1 ﬁkﬁtlhtﬁﬁh by BRygennet bendylyi xt ure is |
subsequent | Stitr :02 ut es at 9% T&e IS

t hen decantRacpndis %tm%ﬁi’&“@%‘ély §Pﬂﬁ'€?‘$n°§n@§?gf& Gir 1t @@%ﬁ ate. The
sol vent i s ip¥ad aw@x?gbnaaﬁd)t ary evaporator and the residue is dried in
um conpl ex of

hi gh vacuum at 50[ e r‘%ﬁ] The
3- (4- chl or SHEAB A §°5 °d'ﬁ5’%° f’gbrrpound (122)) is obtained. Elenental
analysis calculated for ZrQOH)(Jerr]CR) . 0.47 HJerr]CR : Zr 20.9 % C
40.5 % tHeTdrmeia 129 whicHR CR4@nd %
M3 s o creictarplertnte {igRR el cOipluids of MTEm el 10 WhICR (R4
R, are hydrogen,
R; and Ry are, mdependently of one another, hydrogen, chlorine, bromine, CF;,
Ry
%
C;-Cgalkyl, cyclohexyl, C;-Cgalkoxy, -CO;R¢, -CORg oOr —N N
8

R5 is C1-C8alky1,
" R, and Ry are, independently of one another, hydrogen or C;-Cgalkyl, and
n is an integer in the range from 2 to 4.

Particular importance is attached to compounds of the formula I in which R;, Ry, R4 and
R; are hydrogen and n is 2.

Specific importance is attached to compounds of the formula I in which Ry, Ry, Ry and R
are hydrogen, R; is hydrogen, C;-C,alkyl or chlorine, n is 2 and the metals are calcium,
titanium, manganese, iron, cobalt, zinc, yttrium, zirconium, lanthanum or cerium.

Very particular preference is given to the alkaline earth metal salts, transition metal salts
and transition metal complexes of 3-(4-methylbenzoyl)propionic acid and
3-(4-chlorobenzoyl)propionic acid.

The alkaline earth metal salts, transition metal salts and transition metal complexes of
compounds of the formula I according to the invention can be prepared by methods known
per se.

The invention also provides a process for preparing alkaline earth metal salts, transition
metal salts and transition metal complexes of compounds of the formula I, which
comprises reacting a ketocarboxylic acid of the formula I or an alkali metal salt thereof
with an alkaline earth metal compound or transition metal compound.



Exanpl e 16: Preparation of the titanium conplex of

3-(4-nmet hyl benzoyl ) propi onic acid (conpound (123 b I

H- propoxi de. A solution of 14.2 g (50 mmol) of %%W4m 20t p?)?(-i de
and 9.61 g (50 mml) of 3-(4-nethyl benzoyl ) propipnjc acid in 100 of dry
toluene is stirred at 50[err]C for 12 hours under h M 2rARReA0Eit nosipher e.
Subsequently the reaction mxture is co®pled and pvaporated on a fratary
evaporator and the residue is dried in high vacupmat 50[err]C The

titani um conpl ex of 3-(4-methyl benzoyl) propionic |
obt ai ned. El enental analysis calculated for

Ti (O err] enl.] Ti
11.5 % ?g%ﬁ;r%})e{'rgé blocg hﬁxa@lf‘e IW%GS%%&&B of tn{?mf'kr)]rg ntgga?/‘%:?]tﬁrﬁr%\gﬂgll
salts, tr aru§cql iwa&tearaorggmm@tﬂétﬁsompamq?r%ﬂmﬁw A8 es of

3- (4- et hyl benzoyl ) propionic acid as corrosion inhibitors in acrylic

3)) is

In the preparadon of transition metal complexes of the invention, for example zirconium
complexes, starting from compounds of the formula I and zirconium carbonate, the
reaction is carried out in water without sodium hydroxide solution at elevated temperature,
in particular temperatures from 50 to 100°C. Specific preference is given to a temperature
range from 70 to 95°C.

However, the reaction can also be carried out in an organic solvent, for example toluene,
at slightly elevated temperature. This method is specifically preferred if the alkaline earth
metal and transition metal compounds are organometallic compounds. The reaction is
preferably carried out in a temperature range from 20 to 70°C, in particular from 40 to
60°C.

The compounds of the formula I (free acids) are preferably used in equimolar amounts
with alkaline earth and transition metal compounds. The alkaline earth metal salts,
transition metal salts and transition metal complexes of compounds of the formula I
according to the invention can have, for example, the general formula II

Rs C—(CH)=COO | Mm+ (),

- - m
in which M is an alkaline earth or transition metal and mis 2, 3 or 4.

In the case of transition metal salts and transition metal complexes, in particular of the
metals zirconium and titanium, particularly when reaction is not equimolar, the end
compounds can also have structures deviating from the formula IL. Examples thereof are
given below for zirconium complexes.

In the case of transition metal complexes of the invention, in particular of zirconium and
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di spersi ons based on Maincote HG 54. To prepare~the-coating
conposi tion based on Maincote HG 54, the conponents | RL@KTQ’GH
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titanium complexes, the compounds of the formula I (free acids) can be used in an excess,
equimolar or deficient amount in relation to the zirconium or titanium compound used.
The molar ratio of ketocarboxylic acid of the formula I to the transition metal compound
can be from 20:1 to 1:10. Preference is given to a ratio from 10:1 to 1:3.

Accordingly, the present invention also provides a process for preparing compounds of the
invention, wherein the molar ratio of the ketocarboxylic acid of the formula I to the
transition metal compound is from 20:1 to 1:10.

In a specifically preferred process for preparing compounds of the invention, the transition
metal compound is a zirconium or titanium compound. '

The alkaline earth metal salts, transition metal salts and transition metal complexes of
compounds of the formula I according to the invention can also be further complexed by
free acid (formula I), water or by other anions such as hydroxides which are present in the
reaction medium. In the case of metal acetates or metal alkoxides, the acetate or alkoxide
anions can be present in the compounds of the formula I according to the invention.

On the basis of the above observations, the percentage metal content by weight of the
compounds of the formula I according to the invention can be different. Thus, the
particularly preferred zirconium complexes of 3-(4-methylbenzoyl)propionic acid
according to the invention can have a zirconium content from 5 to 50 % by weight,
preferably from 10 to 40 %.

The structure of the zirconium complexes of the invention has not been completely
clarified. The empirical formulae of the zirconium complexes of
3-(4-methylbenzoyl)propionic acid according to the invention

(R = 3-(4-methylbenzoyl)propionate) are, for example (cf. Examples 2 to 14)
ZrO(OH)(O,CR) « 6.6 HO,CR; ZrO(OH)(O,CR) » 2.9 HO,CR;

ZrO(OH)(O,CR) « 0.3 HO,CR; ZrO(OH)(O,CR) « 0.7 HO,CR;

ZrO(OH)(0O,CR)g g(acetate)g 5; ZrO(OH)(O,CR)g s(acetate)q s;

ZrO(OH)(O,CR) « 0.3 HO,CR; ZrO, « ZrO(OH)(O,CR);

Zr(OC3H7)3(0,CR); ZrO(OH)(O,CR) « 0.48 HO,CR;

Zr(OC3H7)2(0,CR),; Zr(OC4Hg)3(0,CR) or Zr(OC3H7)3(0O,CR).

Accordingly, the present invention also provides products obtainable by reacting a



2) Methyl carbitol a) 5. 00 : o 1gxirot an
(1)629b) 5§). 8DrZ o TS g 4) Triton CF O c)

ew Pl us 4380
6) Acrysol RM 8 [err]) 0. 60 12 APR QG@‘!B” Bayf err ox
130 M [err] 5.72 ) MTTicaro—Tg)
17. 40 9) corrosionginhibitor._of the invention
10) Butyl diglycol 3. 67 1 Mai ncot e
TG—584 h) 58. 70 12) Texanol [err])

14) Sodi um ni

n%pound o£ the formdiz X o%h'ﬂc%i(i) nidid] Rk fHefeok With an alkaline dafti metal or
transition metal compound; with 81e proviso that, as products, the calcium salt of

3- (3-chloro-4-1sopropylbenzoyl)proplomc acid, the calcium salt of
3-(3-chloro-4-cyclohexylbenzoyl)propionic acid and the calcium, magnesium and zinc
salts of 4-beuzoylbutyric acid are excluded.

Particular preference is given to dissolving a compound of the formula I with a base, for
example at least one equivalent of an aqueous alkali metal hydroxide solution, and
subsequently treating it with an aqueous solution of an alkaline earth metal or transition
metal compound. The compounds of the formula I according to the invention are filtered
or extracted from the reaction medium with an organic solvent, for example ethyl acetate '
or dichloromethane.

The compounds of the formula I (free acids and not the salts and complexes of the
invention) are known and many are commercially available or can be prepared as
described in Houben-Weyl, Methoden der Organischen Chemie, Volume VIII,

pp. 381-382 (1952) and Volume ES5, pp. 398-399 (1985). Thus, for example, the
Friedel-Crafts acylation of substituted aromatics (benzene and naphthalene derivatives)
with cyclic anhydrides gives the compounds of the formula I in excellent yields.

The alkaline earth metal or transition metal compounds used are, for example, salts,
organometallic compounds or inorganic metal bases or mixtures thereof.

Examples of salts are halides (in particular chlorides), nitrates, carbonates, sulfates, where
these may also be basic salts, for example lanthanum chloride, ytrium chloride, iron
chloride, titanium tetrachloride, zinc chloride, calcium chloride, manganese chloride,
cobalt chloride, cerium chloride, zinc nitrate, manganese nitrate, cobalt nitrate, cerium
nitrate, iron nitrate, calcium nitrate, lanthanum nitrate, yttrium nitrate, zirconium sulfate,
iron sulfate, manganese sulfate, cobalt sulfate, cerium sulfate, zirconium oxide chloride,
titanium oxide chloride, zirconium acetate, zinc acetate, manganese acetate, cobalt
acetate, lanthanum acetate, calcium acetate, zirconium carbonate, zinc carbonate,
manganese carbonate, cobalt carboante and cal¢ium carbonate.

Examples of organometallic compounds are in particular alkoxides, for example
zirconium n-propoxide, zirconium isopropoxide, zirkonium n-butoxide, titanium
n-propoxide, titanium, isopropoxide, titanium ethoxide and titanium n-butoxide.
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The alkali metal hydroxidc solution used is potassium hydroxide or sodium hydroxide
solution, preferably sodium hydroxide solution.

The precipitation of the alkaline earth metal salts and transition metal complexes of the
formula I according to the invention is preferably carried out at room temperature.

The alkaline earth metal salts, transition metal salts and transition metal complexes of
compounds of the formula I according to the invention are suitable for use as corrosion
inhibitors in coating compositions for protecting metal surfaces and also for pretreating
metallic substrates. As such they can be added to any liquid or solid organic material.

Accordingly, the invention also provides coating compositions comprising a) an organic
film-forming binder and b) at least one alkaline earth metal salt, transition metal salt or
transition metal complex of a compound of the formula I

Ry Cc "(CH"’)rT COOH M)

in which R;, R,, R3, R4 and R; are, independently of one another, hydrogen, halogen,
nitro, cyano, CF3, C;-C;salkyl, Cs-Cocycloalkyl, Cy-Cysalkenyl, Cy-Cjyohaloalkyl,
C;-C;qalkoxy, C;-Cpalkylthio, Cg-Cyparyl which is unsubstituted or substituted by
C;-Cyalkyl; C4-Cyparyloxy which is unsubstituted or substituted by C,-C,alkyl;

C,-Cqarylalkyl whxch is unsubstituted or substituted on the aryl radical by from 1 to 3
Ry
/
C,-Caalkyl groups; -CO,R4, -CORg or _N\R , where at least one of the radicals R; to
8
Rs is hydrogen, halogen or C;-Csalkyl, and alsa the radicals R; and Ry, Ry and R3, R3
and R4 or R, and Rs form, together with the carbon atoms to which they are bound, a

benzo or cyclohexenyl ring,

N\
Rg is C;-Cppalkyl, C;-Cjgalkyl interrupted by oxygen, sulfur or /N—’Rg ;
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Liquid coatings are, for example, lacquers, paints or varnishes. These always comprise an
organic film-forming binder as well as other, optional components.

Preferred organic film-fonning binders are epoxy resins, polyurethane resins, polyester
resins, acrylic resins and copolymer resins thereof, polyvinyl resins, phenolic resins, alkyd
resins or mixtures of such resins.

Suitable organic film-forming binders for the coating composition are conventional film
formers for solvent-containing, but in particular for water-based, paint compositions.
Examples of such film formers are epoxy resins, polyurethane resins, amino resins or
mixtures of such resins; a basic aqueous dispersion or a solution of an acid resin.

Particularly important are organic film-forming binders for water-based coating
compositions, for example alkyd resins; acrylic resins; 2-component epoxy resins;
polyurethane resins; polyester resins which are customarily saturated; water-dilutable
phenolic resins or derived dispersions; water-dilutable urea resins; resins based on
vinyl/acrylic copolymers.

Viewed more specifically, the alkyd resins can be water-dilutable alkyd resin systems
which can be used in air drying form or in the form of stoving systems, if desired in
combination with water-dilutable melamine resins; the alkyd resins can also be
oxidatively drying, air drying or stoving systems which are, if desired, used in
combination with aqueous dispersions based on acrylic resins or copolymers thereof, with
vinyl acetates etc.
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Water-dilutable epoxy resins in combination with suitable polyamine crosslinkers have
excellent mechanical strength and chemical resistance. When using liquid epoxy resins, no
addition of organic solvent to aqueous systems is necessary. The use of solid resins or
solid resin dispersions normally requires an addition of small amounts of solvent to
improve film formation.

Preferred epoxy resins are those based on aromatic polyols, in particular those based on
bisphenols. The epoxy resins are used in combination with crosslinkers. The latter can be,
in particular, amino- or hydroxy-functional compounds, an acid, an acid anhydride or a

_ Lewis acid. Examples of these are polyamines, polyaminoamides, polymers based on

polysulfides, polyphenols, boron fluorides and complex compounds thereof,
polycarboxylic acids, 1,2-dicarboxylic anhydrides or pyromellitic dianhydride.

Polyurethane resins are derived, on the one hand, from polyethers, polyesters and

polybutadienes having terminal hydroxyl groups and, on the other hand, from aliphatic or

aromatic polyisocyanates.

Suitable polyvinyl resins are, for example, polyvinyl butyral, polyvinyl acetate or
copolymers thereof.

Suitable phenolic resins are synthetic resins in the structure of which phenols are the main
component, thus in particular phenol-, cresol-, xylenol- and resorcinol-formaldehyde
resins, alkylphenolic resins and also condensation products of phenols with acetaldehyde,
furfurol, acrolein or other aldehydes. Modified phenolic resins are also of importance.

The coating compositions can additionally comprise one or more components selected
from the group consisting of pigments, dyes, fillers, flow modifiers, dispersants,
thixotropes, adhesion promoters, antioxidants, light stabilizers and curing catalysts. They
can also comprise other known corrosion protection compositions, for example corrosion
protection pigments, such as phosphate- or borate-containing pigments or metal oxide
pigments, or other organic or inorganic corrosion inhibitors, for example salts of
nitroisophthalic acid, phosphoric esters, industrial amines or substituted benzotriazoles.



Table 3: Salt spray test, 168 hours
Conpound film net al CPF
5.8 1 % (102) 3.6 3.6

4.5 8.5 1 % (104) 4.0

4.0 5.5 9.5 1 % (105)

% (105) 4.0 4.5 8.512. 1
9.0 2 % (111) 4.0 5.0
4.8 8.0

The pigments are, for example, titanium dioxide, iron oxide, aluminium bronze or
phthalocyanine blue.

Examples of fillers are talc, aluminium oxide, aluminium silicate, baryte, mica or silicon
dioxide. The corrosion inhibitors of the invention can also be applied to a carrier.
Pulverulent fillers or pigments are particularly suitable for this purpose.

Flow modifiers and thixotropes are based on modified bentonites.
Adhesion promoters are based on modified silanes.

Also advantageous is the addition of basic fillers or pigments which in certain binder
systems have a synergistic effect on the corrosion inhibition. Examples of such basic
fillers and pigments are calcium or magnesium carbonate, zinc oxide, zinc carbonate, zinc
phosphate, magnesium oxide, aluminium oxide, aluminium phosphate or mixtures thereof.
Examples of basic organic pigments are those based on aminoanthraquinone.

The corrosion inhibitors of the invention can be added to the coating during the
preparation thereof, for example during pigment dispersion by milling, or the inhibitor is
dissolved in a solvent and subsequently stirred into the coating composition. The corrosion
inhibitors of the invention can likewise be used for pretreatment of the metal surface.

The alkaline earth metal salts, transition metal salts and transition metal complexes of
compounds of the formula I according to the invention are advantageously used in an
amount from 0.01 to 20 % by weight, preferably from 0.05 to 5 % by weight, based on the
total weight of the coating composition.

The coatings can be applied to the substrate by conventional methods, for example by
spraying, dipping, painting on or by electrodeposition. Often a plurality of coats is applied.
The corrosion inhibitors are first and foremost added to the primer, since they act in
particular at the metal/paint interface. However, they can also be additionally added to the
intermediate or topcoat. Depending on whether the binder is a physically, chemically or
oxidatively drying resin or a heat or radiation curing resin, the curing of the coating is
carried out at room temperature or by heating (stoving) or by irradiation.
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Preferably the coating is a primer for metallic substrates, for example iron, steel, copper,
zinc or aluminium, and also alloys thereof.

In addition to the anticorrosive action, the alkaline earth metal salts and transition metal
complexes of compounds of the formula I according to the invention have the advantage
that they favourably affect the paint/metal adhesion and have no negative effects on the

shelf-life of the coating compositions of the invention.

Accordingly, a preferred embodiment of the present invention is the use of the alkaline
earth metal salts, transition metal salts and transition metal complexes of compounds of
the formula I as corrosion inhibitors in coating compositions for metal surfaces.

The present invention also provides a process for protecting a corrodable metal substrate,
which comprises applying to this a coating composition comprising a) an organic
film-forming binder and b) as corrosion inhibitor at least one alkaline earth metal salt, a
transition metal salt or a transition metal complex of compounds of the formula I and
subsequently drying and/or curing the coating.

The following examples illustrate the invention. Parts and percentages are by weight.

Example 1: Preparation of the zinc salt of 3-(4-methylbenzoyl)propionic acid (compound
(101), Table 1).

A solution of 59.5 g (0.20 mol) of zinc nitrate hexahydrate [Zn(NO;),6H,0] in 200 ml of
water is added dropwise to a solution of 38.4 g (0.20 mol) of
3-(4-methylbenzoyl)propionic acid in 200 m! of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zinc salt of 3-(4-methylbenzoyl)propionic acid,

mp. ~220°C (compound (101), Table 1) is obtained.

The procedure described in Example 1 is repeated, using mangahese nitrate, cobalt nitrate,
cerium nitrate, iron nitrate, lanthanum chloride, yttrium chloride and calcium nitrate with
3-(4-methylbenzoyl)propionic acid to prepare the compounds (102) to (108) (cf. Table 1).

5.5



Table 4: Salt spray test, 168 hours

I e Conpound film
met a BV ACEMENT QUERT
4.7 1 % (122) 3.0 5 +RERLACEMENT SHEET
2 % (122) 3.2 5.4 8.6 Tabl e 5:
Condensation test, 330 hours Conpoling 12 APRi2061
net al CPF 4. 3.2 2.0
5.2 1 % (107) 34 55 59
Table 1:
| compound of the Map. C(%), H (%)
) . % H,0
No. | Metal salt Invention (°C) {(calculated/found) z
101 in(No ) Zn(OOCR) 226 D01 495 0.3
n ~. .
32 ( 2 5894 485
102 | Mn(NOy) Mn(OOCR) 250 60.42 507 2.1
n 2 >, .
2 | 5087  5.18
Co(OOCR) " 5087  5.02 42
Co(NO. o(00C ~ .
103 (NOs), 2 5843  5.20
104 | Ce(NOy) Ce(OOCR) 161 5548 4.62 2.6
37 3 5420 473 '
63.02 529
105 | Fe(NO,); Fe(OOCR), 94 22
60.80  5.44
5562  4.63
106 LaCl, La(OOCR), 165 27
54.61 4.82
50.83  5.01
107 YCl, Y(OOCR), 148 45
57.07 5.24
5764  5.67
108 Ca(NO3)2 Ca(OOCR)2 . 2H20 122 7.8
5840  5.61
i
R = HSC—Q—C—CHZCHZ-——

The definition of R in Table 1 also applies to Examples 2 to 14 and 16.

Example 2: Preparation of the zirconium complex of 3-(4-methylbenzoy!)propionic acid
(compound (109)) using zirconium sulfate.



Tablé 6: Condensation test, 330 hours Compound CPF

CPF CPF fiilRﬁ,FLA. EVTNEt@EToT]
2.8 2.0 4.8 3o ﬂgé&.—-ﬁ? SHE
5.8 9.0 Exanpl e 18: Testing of alkalin arth netal saljtd,

3- (4- et hyl benzoyl ) propi onic aci d as coyg.osi on inhithi.tors in al kydjresin _
systens based on Bayhydrol B 130 H  The procedufe described in nple 17
is repeated, preparing the coating conposition bd ~ofi~Bayhydrol B 130 H
by addi ng t §8okei6R@NEBBSg (0.050m6l) of Zitdtniuh sulfare\(22t8%t zirconium) in 40 ml of water

is added dropwise to a solution of 19.2 g (0.10 mol) of 3-(4-methylbenzoyl)propionic acid
in 100 ml of 1.0 N sodium hydroxide solution while stirring well. The precipitate is
filtered off, washed well with water a number of times and dried in a vacuum oven at
50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid (compound (109)) is
obtained. Elemental analysis calculated for ZrO(OH)(O,CR) « 6.6 HO,CR: Zr 5.8 %; C
63.4 %; H 5.8 %; HO,CR 80.1 %. Found: Zr 7.4 %; C 58.6 %; H 5.6 %; H;0 2.3 %;
HO,CR 79.8 %.

transition netal salts and transition nmetal conpliees 168 APR 2001
k%

Example 3: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
{ (compound (110)) using zirconium sulfate.

A solution of 35.5 g (0.089 mol) of zirconium sulfate (22.8 % zirconium) in 70 ml of
water is added dropwise to a solution of 76.9 g (0.40 mol) of _ _
3-(4-methylbenzoyl)propionic acid in 400 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (110)) is obtained. Elemental analysis calculated for

ZrO(OH)(O,CR) « 2.9 HO,CR: Zr 10.4 %; C 59.0 %; H 5.4 %; HO,CR 63.8 %. Found:
71 9.4 %; C 58.3 %; H 5.4 %; H,0 2.0 %; HO,CR 64.2 %. )

Example 4: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (111)) using zirconium oxide chloride.

A solution of 28.1 g (0.115 mol) of zirconium oxide chloride (37.2 % zirconium) in 55 ml
of water is added dropwise to a solution of 57.7 g (0.30 mol) of
3-(4-methylbenzoyl)propionic acid in 300 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (111)) is obtained. Elemental analysis calculated for

ZrO(OH)(O,CR) » 0.3 HO,CR: Zr 24.5 %; C 46.0 %; H 4.2 %; HO,CR 15.5 %. Found:
Zr 25.2 %; C 48.8 %; H 4.6 %; H,0 3.2 %; HO;CR 8.7 %.

Example 5: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (112)) using zirconium oxide chloride.



additives) or the conmponents 1 to 7 (formulation wt

I ndi cated order (cf Table 7). Tabl e 7: AI"TZVTT"T"E‘sr —
frormul ati on based on Bayhydrol B 130 H C‘£ ositipn
% by wei ght 1) Bayhydrol B 130 H 1278PR %0g0. pa|
2) Servosyn VWEB (8 % b) 0.14 e cjn
) 0. 28 -16- 4) Bayferrox 130 Md)
21.13 5) Heladol 10 [err]) :
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A solution of 14.3 g (0.058 mol) of zirconium oxide chloride (37.2 % zirconium) in 30 ml
of water is added dropwise to a solution of 19.2 g (0.10 mol) of

3- (4-methylbenzoyl)proplomc acid in 100 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacaum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (112)) is obtained. Elemental analysis calculated for

ZrO(OH)(O,CR) « 0.7 HO,CR: Zr 20.3 %; C 49.9 %; H 4.6 %; HO,CR 29.9 %. Found:
Zr 19.2 %; C 48.3 %; H 4.7 %; H,0 5.5 %; HO,CR 40.0 %.

Example 6: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (113)) using zirconium acetate.

A solution of 37.2 g (0.075 mol) of zirconium acetate (18.4 % zirconium) in 60 ml of
water is added dropwise to a solution of 19.2 g (0.10 mol) of
3-(4-methylbenzoyl)propionic acid in 100 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (113)) is obtained. Elemental analysis calculated for

ZrO(OH)(O,CR)g g(acetate)g 5: Zr 31.6 %; C 38.2 %; H 3.6 %; acetate 4.1 %. Found:

Zr 32.6 %; C 38.6 %; H 4.1 %; H,0 2.5 %; acetate 5.7 %. B

Example 7: Preparation'of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (114)) using zirconium acetate.

A solution of 148.8 g (0.30 mol) of zirconiurﬁ acetate (18.4 % zirconium) in 100 ml of
water is added dropwise to a solution of 9.60 g (0.05 mol) of '
3-(4-methylbenzoyl)propionic acid in 50 ml of 1.0 N sodium hydroxide solution while
stirring well. The precipitate is filtered off, washed well with water a number of times and
dried in a vacuum oven at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic
acid (compound (114)) is obtained. Elemental analysis calculated for

ZrO(OH)(O,CR),q s(acetate)q s: Zr 36.6 %; C 31.3 %; H 3.2 %; acetate 11.8 %. Found:

Zr 34.9 %; C 29.7 %; H 3.8 %; H,0 3.2 %; acetite 12.8 %.

Example 8: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (115)) using zirconium carbonate.

n



6) Mkrotalk AT Extra [err] 10. 57 REP [Cf, TEN ER@Or r osi on
I nhi bitor of the invention 8) Aer gstt JJULL];PIH HET 20

9) Zi nc oxide 1.06 0} Butyl

gl ykol : 0.90 11? ZA@B%th o¢toate
0. 05 12) Deioni zed wat er 0 49

Tot al . o 100. 00 Ja solids: {56.1 % a) [err]Bayhydrol
B 130 H 30 % in deionized water, al ky resin, water-dgrtutabte—tBayer AG;

b) Servosyn VEM (8 %: cobalt dryer (8 %rretal) (Servo Del den B.V.); c¢)
Ascinin R zéﬁkéhnkiahlo@uswg 38EmeN oD irosniGmanionAe)34 %)zxfoenninﬁea}ﬂdﬁr(bg 130

(Lange) ; 1 5780 st eic-drmesib oy BrigipSs A in 130 r Bt Sapeliabaighoie

300: thic kmierhomlwnh intersivepstirring: Subseghéntlythe eeagtion wtqmgm , the water
is decanted off and the residue is extracted with ethyl acetate. The solvent is evaporated on
a rotary evaporator and the residue is dried in high vacuum at 50°C. The zirconium
complex of 3-(4-methylbenzoyl)propionic acid (compound (115)) is obtained. Elemental
analysis calculated for ZrO(OH)(O,CR) - 0.3 HO,CR: Zr 24.5 %; C 46.0 %; H 4.2 %;
HO,CR 15.5 %. Found: Zr 21.0 %; C 48.1 %; H 4.6 %; H;0 0.4 %; HO,CR 16.5 %.

Example 9: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
( (compound (116)) using zirconium carbonate.

A suspension of 45.0 g (168 mmol) of zirconium carbonate (34 % zirconium) and 150¢g

_(78.0 mmol) of 3-(4-methylbenzoyl)propionic acid in 150 ml of water is heated at 90°C
for 2 hours with intensive stirring. Subsequently the reaction mixture is cooled, the water
is decanted off, the residue is extracted with ethyl acetate and the residue is dried in high
vacuum at 50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (116)) is obtained. Elemental analysis calculated for ZrO, « ZrO(OH)(O,CR):
Zr 41.6 %; C 30.1 %; H 4.6 %. Found: Zr 37.7 %; C 26.8 %; H 3.7 %; HyO 2.7 %.

Example 10: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (117)) using zirconium n-propoxide.

A solution of 44.3 g (0.10 mol) of zirconium n-propoxide (20.6 % zirconium) and 19.2 g
(0.10 mol) of 3-(4-methylbenzoyl)propionic acid in 200 ml of dry toluene is stirred at
50°C for 12 hours under a nitrogen atmosphere. Subsequently the reaction mixture is
cooled and evaporated on a rotary evaporator and the residue is dried in high-vacuum at
50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid (compound (117)) is
obtained. Elemental analysis calculated for Zr(OC3H;)3(O,CR): Zr 19.8 %; C 52.2 %;

H 7.03 %. Found: Zr 20.0 %; C 52.4 %; H 6.75 %.

Example 11: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (118)) using zirconium carbonate.

A suspension of 50 g (0.18 mol) of zirconium carbonate (32.8 % zirconium) and 50 g
(0.26 mol) of 3-(4-methylbenzoyl)propionic acid in 500 ml of water and 500 ml of toluene
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17. The re sunnar zed | 'arger the
The precipitaie formed is filtered off and dried in high vacuum at 50°C. The zirconium

complex of 3-(4-methylbenzoyl)propionic acid (compound (1 18)) is obtained. Elemental
analysis calculated for ZrO(OH)(O,CR) - 0.48 HO,CR: Zr 22.4 %; C 47.9 %; H 4.4 %;
HO,CR 22.6 %. Found: Zr 22.2 %; C 47.7 %; H 4.8 %; H,0 0.75 %; HO,CR 20.0 %.

The 60rrponents are dispersed to a fineness or artlci T‘SFJF q,

Example 12: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
i (compound (119)) using zirconium n-propoxide.

A solution of 44.3 g (0.10 mol) of zirconium n-propoxide (20.6 % zirconium) and 38.4 g
(0.20 mol) of 3-(4-methylbenzoyl)propionic acid in 200 ml of dry toluene is stirred at
50°C for 12 hours under a nitrogen atmosphere. Subsequently the reaction mixture is
cooled and evaporated on a rotary evaporator and the residue is dried in high vacuum at
50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid (compound (119)) is
obtained. Elemental analysis calculated for Zr(OC3sH7)2(0O,CR),: Zr 15.4 %; C 56.8 %;

H 6.1 %. Found: Zr 15.1 %; C 56.7 %; H 6.2 %.

Example 13: Preparation of the zirconium complex of 3-(4-methylbenzoyl)propionic acid
(compound (120)) using zirconium n-butoxide.

A solution of 43.2 g (0.10 mol) of zirconium n-butoxide (21.1 % zirconium) and 19.2 g
(0.10 mol) of 3-(4-methylbenzoyl)propionic acid in 200 ml of dry toluene is stirred at
50°C for 12 hours under a nitrogen atmosphere. Subsequently the reaction mixture is
cooled and evaporated on a rotary evaporator and the residue is dried in high-vacuum at
50°C. The zirconium complex of 3-(4-methylbenzoyl)propionic acid (compound (120)) is
obtained. Elemental analysis calculated for Zr(OC4Hg)3(O,CR): Zr 18.2 %; C 55.0 %;

H 7.6 %. Found: Zr 19.3 %; C 54.2 %; H7.0 %.

Example 14: Preparation of the zirconium complex of 3-(4-methylbenzoy!)propionic acid
(compound (121)) using zirconium i-propoxide.

A solution of 17.3 g (0.05 mol) of zirconium i-propoxide (26.4 % zirconium) and 9.6 g
(0.05 mol) of 3-(4-methylbenzoyl)propionic acid in 200 ml of dry toluene is stirred at
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3.0 6.4 2 9% (102) 4. .1
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obtained. Elemental analysis calculated for Zr(OC3H7)3(0,CR): Zr 19.8 %; C 52.2 %;

H 7.0 %. Found: Zr 23.8 %; C 47.4 %; H 5.8 %.

Example 15: Preparation of the zirconium complex of 3-(4-chlorobenzoyl)propionic acid
(compound (122)) using zirconium carbonate.

A suspension of 30 g (0.108 mol) of zirconium carbonate (32.8 % zirconium) and 33.2 g
T (0.156 mol) of 3-(4-chlorobenzoyl)propionic acid in 300 ml of water is heated at 90°C for '
30 minutes with intensive stirring. The reaction mixture is subsequently stirred for a
further 45 minutes at 90°C. The water is then decanted off hot and the residue is extracted
with ethyl acetate. The solvent is evaporated on a rotary evaporator and the residue is
dried in high vacuum at 50°C. The zirconium complex of 3-(4-chlorobenzoyl)propionic
acid (compound (122)) is obtained. Elemental analysis calculated for
ZrO(OH)(O,CR’) « 0.47 HO,CR’: Zr 20.9 %; C 40.5 %; H 3.1 %; Cl 12.0 %; HO,CR’
22.9 %. Found: Zr 20.7 %; C 40.1 %; H 3.3 %; C1 11.6 %; H,0 0.6 %; HO,CR’ 29.7 %.

0

Il
R’ = _ Cl@— Cc— CHaCHz—

Example 16: Preparation of the titanium complex of 3-(4-methylbenzoyl)propionic acid
(compound (123)) using titanium(IV) n-propoxide.

A solution of 14.2 g (50 mmol) of titanium(IV) n-propoxide and 9.61 g (50 mmol) of
3-(4-methylbenzoyl)propionic acid in 100 ml of dry toluene is stirred at 50°C for 12 hours
under a nitrogen atmosphere. Subsequently the reaction mixture is cooled and evaporated
on a rotary evaporator and the residue is dried in high vacuum at S0°C. The titanium
complex of 3-(4-methylbenzoyl)propionic acid (compound (123)) is obtained. Elemental
analysis calculated for Ti(OC3H;)3(O,CR): Ti 11.5 %; C 57.7 %; H 7.8 %. Found:

Ti 11.5 %; C 56.5 %; H 7.6 %.

Example 17: Testing of alkaline earth metal salts, transition metal salts and transition
metal complexes of 3-(4-methylbenzoyl)propionic acid as corrosion inhibitors in acrylic



To prepare the coating conposition based on Acronal S 760, the conponents 1

to 5 are first prem xed, then the conponents 7 and &.(fornmul ation w thout

corrosion inhibitor) or 6 to 8 (formulation with cqRR A@EMW i

conpound (115), Exanple 8) are added in the indicatjed-e+ger~{ci-
7 - Tabl e 9: Aqueous di sgersi on based dgn ﬁ\cronal S 760

lie 9).

Conposi ti on 95 by wei ght 2 APR 28011
Dei oni zed wat er 8.12 12
Pigmentverteiler N[err 0.{15

dispersions based o]n) Maincote HG-54.

To prepare the coating composition based on Maincote HG-54, the components 1 to 8
(formulation without additives) or the components 1 to 9 (formulation with additive) are
added in the indicated order (cf. Table 2).



3) Acronal

S 760 (50 % grade)[err]) e ——— 4)
Shel I'sol D 60[err]) 1'%@’ LACEMBNT uiiFﬁ"E)
Agi tan 280d) 0
corrosion inhibititor of the invention 7) |d5rs ak [err])
10. 00 8) Bayferrox 130 Merr] MAPF??G{H
8. 00) 9) Acronal S-760 (581 % grade)[drri)
49. 00 10) Agitan 280d)
0. 30

Tot al

Pigmentverteiler NL: di

11) Collacral PU 85/butyl diglycol (1.3 g/ grerriy 4. 10-
12) Dei oni zed wat er Table 2: Acrylic dispersion based on Maincot® Hf%5

percempodiASF AG); b) Adi%bpiweRht6

5
an acrylic ester/styreng copol yner (aqueous di spgersion, BABF

1) Deionized water 3.10
2) Methylcarbitol ¥ "~ 5.00
3) Orotan 165 0.82
4) Triton CF 109 0.29
5) Drew Plus TS 4380 9 0.28
6) AcrysolRM 8 © 0.60
7) Bayferrox 130 M D 572
8) Millicarb # 17.40

9) corrosion inhibitor of the invention

10) Butyl diglycol 3.67
11) Maincote HG-54 1) 58.70
12) Texanol ¥ 1.50
13) Dibuty] phthalate ¥ 150
14) Sodium nitrite 0.80
15) Drew T 4310 ™ 0.32
16) Ammonia solution (25 %) 0.30

Total 100.00

di spersi on of
AG ;

TO000 rotai sikl ds 57 % a)

Total solids: 47 %; pH: 8 t0 8.5; a) ®Methy1¢arbitol: diethylene glycol monomethyl ether
(Union Carbide); b) ®0rotan 165: dispersant (Rohm & Haas); c) ®Triton CF 10: nonionic
wetting agent (Rohm & Haas); d) ®Prew Plus TS 4380: antifoam (Drew Chem. Corp.);

e) ®Acrysol RM 8: nonionic thickener (Rohm & Haas); f) ®Bayfcrrox 130 M: iron oxide
red (Bayer AG); g) ®Millicarb: calcium carbonate (Omya); h) ®Maincote HG-54: acrylic
dispersion, 41.5 % in deionized water (Rohm & Haas); i) ®Texanol: coalescent (Eastman
Chem. Prod., Inc.); k) Dibutyl phthalate: plasticizer (Eastman Chem. Prod., Inc.);

1) sodium nitrite: rust film inhibitor (Fluka); m) ®Drew T 4310: nonionic antifoam (Drew



c) [err]Shellsol D 60: white spirit (aliphatic solvent, Shell); d) Agitan
280: degassing and antifoam conposition (Minzing Chem e GrbH); e)

M1 licarb: calciumcarbonate (Orwa); f) Bayfer rig de red
(Bayer AGQ; g) [err]Collacral PU 85: thickener v %MENTW sulting
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pi gment paste is dispersed with a horizontal bdllf mll or simljanf to a

particle fineness < 15 [err]m The pa[§'§(_:l e firenesyq 2 &4PRs2B4ed By neans of
the grindoneter value (1SO 1524).

-28 - To finish the coating, the conponents 9 to 12 are subsSequently

added in t@wmgj&gj_ed order (Table 9). Application is by _conventi onal
sprayi ng. pending on the viscosity desired, the finished coating can be
di luted by addition of butyl diglycol/deionized water (1:1 g/g). The

coating is ¢y h Bikh-speediireeriabs,000 rpnxhepompdrnigntstane dispersedshagnidled finenrss t ype
Bonder or milled particle size of < 15 pm. The dispersion result of the pigment paste thus obtained
is assessed by determination of the grindometer value (ISO 1524). The amount used of the
corrosion inhibitors of the invention is based on the total solids of the formulation without
additive (total solids: 47 %). Accordingly, for example, addition of 1 % of corrosion
inhibitor in 100 g of dispersion is an amount of 0.47 g. To finish the coating composition,
the components 10 to 16 according to Table 2 are added at reduced stirring speed
(1,000 rpm) in the indicated order. The pH of the formulation is subsequently monitored
and is adjusted, if necessary, with ammonia solution (25 %) to a value of pH from 8 to 8.5 '
prior to application.

The coating composition can be applied undiluted by airless spraying or after dilution by
painting on, rolling or conventional spraying. For application by conventional spraying,
the formulations are diluted to a spraying viscosity from 22 to 23 seconds (Ford cup 4;
DIN 53 211). Diluent: butyl glycol/deionized water = 1:1 (g/g).

The formulation is applied to steel sheets (10 times 15 cm) of the type Q-Panel R
(cold-rolled, untreated steel from: The Q-Panel Company, Cleveland, USA) in a thickness
which is 50 pm after drying (drying conditions: 10 days at room temperature).

Prior to the commencement of weathering, defined damage (70 times 0.5 mm) is applied
to the coating films in the form of a parallel cut (i.e. parallel to the longest edge of the
sheet) using a Bonder scoring apparatus (model 205 from Lau, 5870 Hemer/Germany).
The edges of the sheets are protected by application of an edge protector (®Icosit 255
from Inertol AG, Winterthur, Switzerland). -

The samples are then subjected to accelerated weathering in the salt spray test

(DIN 50 021 SS) for 168 hours and in the condensation test (ASTM D 4585-87) for

330 hours. The results are summarized in Tables 3 to 6. The results are evaluated on the
basis of the applicable DIN standards according to an evaluation key by giving a corrosion
protection factor (CPF). The CPF is obtained by adding an assessment of the coating
(film) and an assessment of the steel, the maximum being 12 points. The individual
maximum values for the coating (film) and the steel are 6 points. The larger the numbers,
the better the corrosion protection.
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1 % (102) 3.6 3.6 7.2
2 % (102) 4.0 4.5 8.5
[ 1 % (104) 4.0 45 8.5
2 % (104) 4.0. 5.5 9.5
1 % (105) 3.2 45 7.7
2 % (105) 40 45 8.5
1% (111) 4.0 5.0 9.0
2% (111) 4.0 50 9.0
1% (112) 32 4.8 8.0
2% (112) 4.0 48 88 |
1% (113) 4.0 5.5 9.5
2% (113) 4.0 5.3 9.3
1% (114) 34 48 8.2
2% (114) 3.8 55 9.3
1% (116) 34 4.0 74
2% (116) 3.4 5.0 8.4
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conpl ex of a conmpound of t
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——

in
one

i's

which Rerr], Rerr], Rerr] Rerr] and R err] are,;ijndependen f
anot her, hydrogen, halogen, nitro, cyano, CFlerr], [C[iern]s éﬁa}l yl
Cerr]-Cerr]cycloal kyL Cerr]-Cerr]alkenyl, qerr']-qerr%%' kyl ,
Jerr]-err]al koxy, err]-(err]2al kyfthio, derr]-Terrtar i ch
unsubstituted or substituted by Cferr]-Clerr]alkyl; err]-Cerr]aryl
which is unsubstituted or substituted —

1_%gly‘g[err]-C[err]aI kyl;

Clerr]derr]aryl al kyl Tableck Spl spra¥ tasot B® or substituted on the ar

radical by from1l to CPE
CPF
CPF
Compound film metal
—_— 2.4 23 4.7
1% (122) 3.0 47 77
2% (122) 3.2 54 8.6
‘ Table 5: Condensation test, 330 hours
CPF CPF
: CPF
Compound fim metal
— 3.2 2.0 5.2
1% (107) 3.4 55 8.9
Table 6: Condensation test, 330 hours
CPF CPF
Compound film metal CPF
Ram— 2.8 2.0 4.8
1% (122) 3.2 5.8 9.0

Example 18: Testing of alkaline earth metal salts, transition metal salts and transition

oxy

yl

metal complexes of 3-(4-methylbenzoyl)propionic acid as corrosion inhibitors in alkyd

resin systems based on Bayhydrol B 130 H.

The procedure described in Example 17 is repeated, preparing the coating composition
based on Bayhydrol B 130 H by adding the components 1 to 6 (formulation without



Cerr]-Cerr]al kyl groups; -CO[err]Rerr], -CORG] ! where at

| east one of the radicals Rerr] to R[err] i s hy @é@&ﬂ‘&%
Clerr]-Cerr]alkyl, and also the radicals Rerr]ija d R[err] R€fr] and _
Rlerr], Rerr] and R4 or R4 and R err] form toget er1g| tzlag, car pon atons
to mhlch t hey are bound, a benzo or cyclohexenyIL . i'S
Cerr]-Cerr]al kyl, C2- C20al kyl interrapted by oxy b f-tr—er Rl err]
aryl

Cerr]-Cerr]aryl al Kyl which is unsubstituted orLsubstltuted on t
radical by froml to 3 (Jerr]-Clerr]al kyl groups, R7 and R8 are,

| ndependenjdqitias) 8the 20MipbRdnts NTT (fagiula@drewith adfidve)]inkheindicated order (cf.
Cerr]- C[elrgrtha%g which is interrupted by oxygen, sulfur or NRerr] R9
i s hydroge P err]-Cferr]alkyl, and n is an integer in the range from1
to 10; with the proviso that the calci um sal t of

3-(3-chloro-4-isopr e G| It of
3- E?) chl or o- 4- CyC|p ?g%lb%hgnl&d%gﬁ?%t&pWO&ﬁ% WMm magnesi um

and zinc salt of 4- bnnzo acid are excl ude npound
according to claim1l é&ﬁﬂéﬁﬁé&ferr] Rl errl]j, R[e%rti @trr] and Rlerr]

are, independently ot—efe—amotirer—hydrogem {hatogem, T tT O, |cyano,
1) Bayhydrol B 130 H® 60.03 '
2) Servosyn WEB (8 %) ® 0.14
' 3) AscininR® 0.28
( 4) Bayferrox 130M 9 21.13
5) Heladol 109 5.15
6) Mikrotalk AT Extra D 10.57

7) corrosion inhibitor of the invention

8) Aerosil 300 ® 0.20
9) Zinc oxide "~ 1.06
10) Butyl glykol 0.90 -
11) Aluminium octoate 0.05
12) Deionized water 0.49
Total : 100.00

Total solids: 56.1 %; a) ®Bayhydrol B 130 H: 30 % in deionized water, alkyd resin,
water-dilutable (Bayer AG); b) ®Servosyn WEM (8 %): cobalt dryer (8 % metal) (Servo
Delden B.V.); ¢) ® Ascinin R: skin inhibitor based on oxime (Bayer AG); d) ®Bayferrox
130 M: iron oxide red (Bayer AG); e) ®Heladol 10: calcium carbonate (Lange);

f) Mikrotalk AT Extra: micronized talc (Norwegian); g) ® Aerosil 300: thickener and
thixotrope, chemically pure silica (Degussa).

The components are dispersed to a fineness or particle size of < 15 um either by using a
high-speed stirrer at 3,000 rpm or by using, for example, a horizontal ball mill. The
dispersion result of the pigment paste thus obtained is assessed by determination of the



_30- ] CF[err], derr]-Jerr]alkyl, REPLACE%?E?WP?EWI
C2-Cerr]alkenyl, Clerr]-Cerr]haloal kyl, Cerr]iCerTiatkoxys—

- | kyl t hi o, - I, ]- I N
Gerr]-Glorrlarylalkyl, -coetr]Rert], ~corterr] pr 1 2MHRZAN tlrk] *where

at |east one of the radicals Rerr] to Rerr] isg h n,__ﬂgl\og’e or
Clerr]-Clerr]alkyl, and also the radiggl-s R errf] and R[mr] and
Rlerr], Rerr] and Rlerr] or Rerr] and R err] formtog | t he
carbon atonms to which they are bound, a benzo or cycl ohexenyl ring, and R6

i s { err] - @rindometek yhlue (IS 13240] Hheranaduny iseidrof everaoptosibnlighibitgryefithesul f ur  or
[err]N-Rlerr] . or : | jorowi ing to
a1 g s pAsEd i e et ol of e Totilinontinfolt AP o S
hydrogen. 56.1 %)ceqendinglyafor sxamplg, additiancafrh % of corrosier inhibiter ine1QQ g pE
lca' C ihu m  tigahiieien TRRAHRAES 0.56 5. TG AR the cohiiy compdsito, thel ofipohsrt 8

ant hanum Otcr) 1 eaE:cl:ol{'H;ng to Table 7 are added at reduced stirring speed (1,000 rpm) in the indicated

order.

The application of the formulation to steel sheets of the type Q-Panel R, the salt spray test
(168 hours) and the determination of the corrosion protection factors CPF are carried out
as described in Example 17. The results are summarized in Table 8. The larger the

( numbers, the better the corrosion protection.

Table 8: Salt spray test, 168 hours

CPF CPF
PF
Compound film metal ¢

—— 3.2 13 45
1% (102) 34 3.0 6.4

2 % (102) 4.8 31 7.9

1% (103) - 34 3.0 6.4

2 % (103) 3.4 43 7.7

1% (108) 3.0 - 33 6.6

2 % (108) 3.6 3.6 7.2

Example 19: Testing of alkaline earth metal salts, transition metal salts and transition
metal complexes of 3-(4-methylbenzoyl)propionic acid as corrosion inhibitor in an
aqueous dispersion based on an acrylic ester/styrene copolymer (Acronal S 760).

To prepare the coating composition based on A.cronal S 760, the components 1 to 5 are
first premixed, then the components 7 and 8 (formulation without corrosion inhibitor) or 6
to 8 (formulation with corrosion inhibitor, compound (115), Example 8) are added in the
indicated order (cf. Table 9).



5. A conmpound according to claim1,

I n which the r:retaL._J_s zi.rconi um 6. A
conpound according to claiml1, in which Rerr] |sm r ENT[ﬁHJQ 3R[err]
Rlerr] and Rlerr] are, independently of one anot h; IlyurCND fine,
brom ne, nitro, cyano, CF3, (err]-(err]alkyl, Q{e r]- C[err]cycl | kyl ,
Clerr]-Clerr]al kenyl, Cerr]-Cerr]al koxy, C[err] q er"r?a‘iﬁﬁlﬁﬂﬂiro, phenyl,
phenyl oxy, benzyl, Cq err]Rerr], C(Jﬂ7e.rr] or - N err]_is
Cerr]-Cferr]alkyl, Cferr]-Clerr] al Kyl i nterruptéd by oxygen; or bgnzyl,
Rlerr] and Rlerr] are, independently of one anot Her——hyetegen, ,
Cerr]-Cerr]al kyl or C[err] C[err]al kyI I nterrupted by oxygen, and n is an
integer in the ra fro to,5. oun rding to claiml, in
whi ch Rl, R2 and I%%’éﬁ% %}&pgﬁ@ﬁpﬁrﬂgﬂgmdﬁg g]rﬁ i;endently of one
anot her, hydrogen[ chlorine, bromne, C-3, ( err] d err|al kyl, clycl ohexyl,
Clerr]Clerr]al koxy, -CJerr] . -COR[err] or-N R erglJSe:
Cerr]-Cerr]al kylf, . &rﬁﬁésﬁnom % b))éelght

1) Deionized water 8.20
2) Pigmentverteiler NL# 0.15
3) Acronal S 760 (50 % grade) 8.00
4) Shellsol D 60° 1.00
{
5) Agitan 2809 0.30
6) corrosion inhibititor of the invention —
7) Millicarb® 10.00
8) Bayferrox 130 MP 8.00
9) Acronal S-760 (50 % grade)® 49.00
10) Agitan 2809 0.30
11) Collacral PU 85/butyl diglycol (1:3 g/g)® 4.10-
12) Deionized water 0.95
Total 100.00

Total solids: 57 %; a) ®Pigmentverteiler NL: dispersant (BASF AG); b) ® Acronal S 760:
dispersion of an acrylic ester/styrene copolymer (aqueous dispersion, BASF AG);

c) ®Shellsol D 60: white spirit (aliphatic solvent, Shell); d) ® Agitan 280: degassing and
antifoam composition (Miinzing Chemie GmbH); e) ®Millicarb: calcium carbonate
(Omya); f) Bayferrox 130 M: iron oxide red (Bayer AG); g) ®Collacral PU 85: thickener
(BASF AQG).

The resulting pigment paste is dispersed with a iworizontal ball mill or similar to a particle
fineness < 15 pm. The particle fineness is asessed by means of the grindometer value
(ISO 1524).



g

) : 3 i m
- 31- Rlerr] and Rlerr] are, independently of of :IF; ﬁfpiﬁgh h’-\}ﬁ%en
r

Cerr]jalkyl and nis an integer in the range fro to 4. A [cdnmpound
according to claim1, in which Rlerr], Rerr], r]1ZlWﬂ’RR50[ﬁre Hydr ogen
and n is 2. 9. A conpound according to cIa|m1 I n which R[err | Rerr],
Rlerr] and R err] are hydrogen, R3 is hydrogen, C[err] derrrarkylt or
chlorine, nis 2 and the netal is cal ciogm titahium nanganese, ifon,
cobalt, zinc, yttrium zirconium |anthanum or cerium 10. A coating
conposition conprising a) an organic filmform ng binder and b) as

corrosi on iTdfihish tie ctlatihgahéd canmsonahis §ltor12 aessubkequentdy addettin theriadisated on

metal salt et (rl‘%gl%iQt).i Rﬂpl%‘gﬁgﬁ iscb?'%h%&m%ixalasp?am ﬂggelfginé Qr? thfe%JEHLi%' |
desired, the ﬁnishegl coating can be diluted by addition of butyl diglycol/deionized water
(1:1 g/g).

e

The coating is applied, as described in Example 17, to steel sheets of the type Bonder
(cold-rolled, de-greased steel from Chemetall, Frankfurt am Main) in a thickness which is
100 pm after drying (drying conditions: 14 days at room temperature).

The salt spray test (168 hours) and the determination of the corrosion protection factors

CPF are carried out as described in Example 17. The results are summarized in Table 10.
The larger the numbers, the better the corrosion protection.

Table 10: Salt spray test, 168 hours

CPF CPF
Compound film metal CPF
E— 24 2.6 5.0
1% (115) 3.8 - 6.0 9.8
2 % (115) 4.0 6.0 10.0
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[err] [err]
in which Rerr], Rerr], Rerr], Rerr] and Rferr] are | ndependent |y of
one anot her, hydrogen, hal ogen, nitro, cyané® T RCEACT ﬁjm g@hﬁr] al kyl ,
Clerr]-Cerr]cycloalkyl, Clerr]-(err]al keny ? "‘“ Hhal oal kyl ,

Do

Cerr]-Cerr]al koxy, CJerr]-Clerr]alkylthio l2] err atyl which is
unsubstituted or substituted by (ferrd29 erti] ARR&DA] - ] prr] aryl oxy
which is unsubstituted or substituted by (& C[err]al kyl
Cerr]-Cerr]arylal kyl which is unsubstitutged or substituted pn the aryl
radical by from1 to 3 (err]-Cerr]al kyl groups—CQ.err] R ErQ619290
-COR[err] pheatVifiils] -+ Where at least one of the radicals Rerr] to RS is
hydr ogen, r Jerr]-Clerr]Jalkyl, and also the radicals R err] and
Rlerr], Rerr] and R3, R3 and R4 or R4 and R5 form together with the
carbon at owp AlnGaikdling lRaith eiéra k&t MRusIdon el BTOOOamRiionGhexlcdipléx oa R err]

iIs CJerr]-Cerr Oal kyl interrupted by oxygen, sulfur or
N-Rerr] ‘BP?"} %ql%éhfom kyl which is unsubstituted or substituted on

the aryl radical by from1l1l to 3 (Jerr]-Cerr]al kyl groups, R7 and R8 are,
i ndependently of one another, Mdroggp, Clerr]-(err]alkyl or C2-C24alkyl
~whi ch o)

il
Rs C—(CH=COOH (1)

R4 Rs

in which Ry, R,, R3, R4 and R; are, independently of one another, hydrogen, halogen,
nitro, cyano, CF;, C;-C,salkyl, C5-C;,cycloalkyl, C,-Csalkenyl, C,-C;,haloalkyl,

- C4-Caalkoxy, C;-C,jalkylthio, C-Cygaryl which is unsubstituted or substituted by
C;-C,alkyl; Cg-Ciparyloxy which is unsubstituted or substituted by C;-C,alkyl;

C4-Cy,arylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
7
C,-C,alkyl groups; -CO,R4, -COR¢ or _N\R , where at least one of the radicals R, to
8

Rs is hydrogen, halogen or C;-C;salkyl, and also the radicals R; and Ry, Ry and Ry, R3
and R4 or R4 and Rs form, together with the carbon atoms to which they are bound, a
benzo or cyclohexenyl ring,

Rg is C;-Cypalkyl, Co-Cypalkyl interrupted by oxygen, sulfur or >N_R9 ;
C7-Cparylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3

C,-Cqalkyl groups,
R; and Rg are, independently of one another, hydrogen, C;-C,4alkyl or CZ-C24a1kyl which

is interrupted by oxygen, sulfur or N—'Rg ,

Ry is hydrogen or C;-Cgalkyl, and

n is an integer in the range from 1 to 10; with the proviso that the calcium salt of
3-(3-chloro-4-isopropylbenzoyl)propionic acid, the calcium salt of
3-(3-chloro-4-cyclohexylbenzoyl)prdpionic acid and the calcium, magnesium and zinc salt
of 4-benzoylbutyric acid are excluded.

2. A compound according to claim 1, in which
Rj, Ry, R3, Ry and Ry are, independently of one another, hydrogen, halogen, nitro, cyano,

A




H

is interrupted by oxygen, sulfur or NRerr] ;

- 32 - Rlerr] is hydrogen or Clerr]-Cerr]al Kyi’ faﬁﬁifﬁVT%}@ET
tthe range from1 to 10. 11. A coating corrposrtl!on accorarng
wherein the coating conposition is a liquid.

according to claim 10, wherein the coating con q5| ﬁ%%ﬁ?s?@1
liquid. 13. A coating conposition ace80ding tjo letai-m-10, v\/ner’el
conponent a) is an epoxy resin, a polyurethang resin, a poI yeste

nteger in
cl aim 10,
nyosi ti on

ér - based

n the

'r resin, an

acrylic resin, an acrylic copol ymer resin, a pol évu i rest

resin, an éIHgyGl-l(quallwloeyﬁhmyxloalkal §h-GrsalkenydsCn

phenollc

lzha oalkyl Cl-Clzalkoxy,

C1 Clzalk}’lthlo, C5'C108I)’1, C6-Cmaryloxy, C7-C1231'y13.1ky1, -C02R6, -COR6 or

Rz
—N:R , where at least one of the radicals R; to Ry is hydrogen, halogen or C
8

1-Cysalkyl,

and also the ra;dicals R; and Ry, R, and R3, R; and R, or R4 and Rs form, together with the

carbon atoms to which they are bound, a benzo or cyclohexenyl ring, and

N,
R is C;-Cypalkyl, C;-Cypalkyl interrupted by oxygen, sulfur or /N—Rg ; or C3-Cyqaryl-

alkyl.

3. A compound according to claim 1, in which at least two of the radicals R; to
hydrogen.

Rsare

4. A compound according to claim 1, in which the metal is calcium, titanium, manganese,

iron, cobalt, zinc, yttrium, zirconium, lanthanum or cerium.
5. A compound according to claim 1, in which the metal is zirconium.

6. A compound according to claim 1, in which
R, is hydrogen,

Ry, R3, R4 and R; are, independently of one another, hydrogen, chlorine, bromine, nitro,
cyano, CF;, C;-Cgalkyl, Cs-Cscycloalkyl, C,-Cgalkenyl, C;-Cgalkoxy, C;-Cgalkylthio,

/R7

Rg
Rg is C;-Cyaalkyl, C;5-Cysalkyl interrupted by oxygen; or benzyl,

phenyl, phenyloxy, benzyl, -CO,R,4, -CORg or —N

R, and Rg are, independently of one another, hyd:ogen, C,-Cgalkyl or C,- Clzalkyl

interrupted by oxygen, and
n is an integer in the range from 1 to 5.

7. A corhpound according to claim 1, in which

R}, Ry and R, are hydrogen,
Rj and R are, independently of one another hydrogen, chlorine, bromine, CFj3,
Ry
C,-Cgalkyl, cyclohexyl, Cl-Csalkoxy, -CO,R¢, -CORgor —N _
8

Rg is C;-Cgalkyl,

A



ry

14. A coating conposition according to claim10, additionally conprising
one or nore conponents selected fromthe group cephsisting of pignents,
dyes, fillers, flow nodifiers, dispersants, thi x&*ﬁp@"*fgﬁh?@ﬂr
pronot ers, antioxi dant s, Ilght stabilizers and curing-cat-at 15. A
coating conposition accord| ng to claim10, whereg n the cowent H) is
present in an anmount from0.01 to 20 Y3based on it ghti ¢f the
coating conposition. 16. Use of an alkaline e rt rm'r al_salt, jtransition
metal salt or transition netal conplex of a conpound of the formulja | of

t he for mul R;aniRgare,dadapardently of pa¢ anotliterakydsegeniest ' inicoating
conposi ti onsisGRkNt %&%m@%g @#dfom 2144, A process for protecting a corrodable
netal substrate, ch conprises applying to this a coating composition
according to claim 10 and subsequently drying and/or curing the coating.

18. A proc&sa donipoahépedordigg 8 Kaim DeinetiitRERAR, and R§ aretHydrsgeniaad nie2al
salts and transition netal conpl exes of conpounds of the fornula I
according to claim1, which conprises reacting a ketocarboxylic acid of the

formula | O AstompeiuRdiaccordingito claim 1¢inevhichk RyiRxRaandRy arei hydregen: Rs iset al
conpound of, y?{]c%@ %F%Hﬁ%kh@ﬂﬂ?%@@ and e mé‘taPi’s%ﬁléﬁﬁn aftafhl ﬁﬁngﬂxes‘é aim

18, wherein ¥ne’ earth netal. conpound of transition fetal conpound
used is a J%m cobal, FRGHEINEL &W?’E"’Bdﬁ@%ﬁ“ﬁcﬂ'¥m ‘nor gani ¢

10. A coating composition comprising

a) an organic film-forming binder and

b) as corrosion inhibitor at least one alkaline earth metal salt, transition metal salt or
transition metal complex of a compound of the formula I

Rs C—~(CH)=COOH (1)

in which Ry, R,, R3, R, and Rs are, independently of one another, hydrogen, halogen,
nitro, cyano, CF3, C;-C,salkyl, Cs-C;scycloalkyl, C,-Cysalkenyl, C,-C;shaloalkyl,
C;-Cyqalkoxy, C;-Cqalkylthio, Cg-Cygaryl which is unsubstituted or substituted by
C;-Caalkyl; C4-Cyparyloxy which is unsubstituted or substituted by C;-C,alkyl;

C;-C,,arylalkyl which is unsubstituted or substituted on the aryl radical by from 1 t0 3

Ry

/

C;-Caalkyl groups; -CO,R¢, -CORg or _N\R , where at least one of the radicals R, to
8

Rj is hydrogen, halogen or C;-C;salkyl, and also the radicals R, and Ry, R, and R3, R
and R4 or R4 and R form, together with the carbon atoms to which they are bound, a
benzo or cyclohexenyl ring,

Rg is C;-Cypalkyl, C,-Cypalkyl interrupted by oxygen, sulfur or ;N—Rg ;

C;-Coarylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
C,-C,alkyl groups,
Ry and Ry are, independently of one another, hydrogen, C;-Cyalkyl or C,-Cysalkyl which

\
is interrupted by oxygen, sulfur or /N—Rg ,

) O O




- 33- metal base. 20. A process according to claim18, wherein the nolar
rati o of the ketocarboxylic acid of the fornula {EQEQA R ENSIrE L met al
conpound is from20:1 to 1:10. 21. A process actof L A8
wherein the transition nmetal conpound is a zircohi
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Ry is hydrogen or C;-Cgalkyl, and
n is an integer in the range from 1 to 10.

11. A coating comfaosition according to claim 10, wherein the coating composition is a
liquid.

12. A coating composition according to claim 10, wherein the coating composition is a
water-based liquid.

13. A coating composition according to claim 10, wherein the component a) is an epoxy
resin, a polyurethane resin, a polyester resin, an acrylic resin, an acrylic copolymer resin, a
~ polyvinyl resin, a phenolic resin, an alkyd resin or a mixture of such resins.

14. A coating composition according to claim 10, additionally comprising one or more
components selected from the group consisting of pigments, dyes, fillers, flow modifiers,
dispersants, thixotropes, adhesion promoters, antioxidants, light stabilizers and curing
catalysts.

15. A coating composition according to claim 10, wherein the component b) is present in
an amount from 0.01 to 20 % based on the total weight of the coating comﬁosition.

16. Use of an alkaline earth metal salt, transition metal salt or transition metal complex of
a compound of the formula I of the formula I {sic] defined in claim 10 as corrosion
inhibitor in coating compositions for metal surfaces.

17. A process for protecting a corrodable metal substrate, which comprises applying to
this a coating composition according to claim 10 and subsequently drying and/or curing
the coating.

18. A process for preparing alkaline earth metal salts, transition metal salts and transition
metal complexes of compounds of the formula I according to claim 1, which comprises
reacting a ketocarboxylic acid of the formula I or an alkali metal salt thereof with an
alkaline earth metal compound or transition metal compound.

19. A process according to claim 18, wherein the alkaline earth metal compound or
transition metal compound used is a salt, an organometallic compound or an inorganic

oo
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metal base.

20. A process according to claim 18, wherein the molar ratio of the ketocarboxylic acid of
the formula I to the transition metal compound is from 20:1 to 1:10.

21. A process according to claim 18, wherein the transition metal compound is a
zirconium or titanium compound.

_—
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Alkaline earth metal salts, transition metal salts and transition metal complexes of

ketocarboxylic acids as corrosion inhibitors

Abstract

There are described novel alkaline earth metal salts, transition metal salts and transition
metal complexes of compounds of the formula I

Rg C "(CHZ)E COOH M

in which Ry, R, R3, R, and R are, independently of one another, hydrogen, halogen,

nitro, cyano, CF3, C;-C,salkyl, C5-C;ocycloalkyl, C,-Cysalkenyl, C;-C;zhaloalkyl,

C,;-C,zalkoxy, C;-C;,alkylthio, Cg-Cgaryl which is unsubstituted or substituted by

C;-C,alkyl; C4-Cyparyloxy which is unsubstituted or substituted by C;-C4alkyl;

C,-C;,arylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
R7

C,-C,alkyl groups; -CO,R¢, -COR¢ OF —Niﬂ , where at least one of the radicals R; to

8

R is hydrogen, halogen or C;-C;salkyl, in addition the radicals R; and R, R; and R3, R5
and R, or R, and R; form, together with the carbon atoms to which they are bound, a

benzo or cyclohexenyl ring,
Rg is C;-Cypalkyl, Co-Cypalkyl interrupted by oxygen, sulfur or >N""Rg ;
C4-Cy,arylalkyl which is unsubstituted or substituted on the aryl radical by from 1 to 3
C,-Cqalkyl groups, '
R5 and Ry are, independently of one another, hydrogen, C;-Cyyalkyl or C,-Cy4alkyl

N\,
interrupted by oxygen, sulfur or /N—Rg -
Ry is hydrogen or C;-Cgalkyl, and _
n is an integer in the range from 1 to 10 for use, as corrosion inhibitors in coating
compositions for protecting metal surfaces.



