UNSATURATED ORGANOMETALLI C COVPOUNDS DERI VED FROM TI TANI UM AND
PROCESS FOR THEI R PREPARATI ON The present invention #&4t8s to
new unsat urated organonetal | i c conpounds derived fromtitaniumaH® to a
process enabling themto be prepared. These new conpounds can be applied to
t he manuf acture of new polynmers which can in particular formpart of the
formul ati on of paints, in parti culmat of marine pai nts. The

subj ect - TEUNSATERATRR proREANOMERALLIIGON COMPIOENSSor eDEREVEDY (\FROM ur at ed

or ganorTet af | g PR dSm dEELY CHok O LR! BREMIRAEBR! od bY The formla (1):
[err] - yI, tert-anyl or 2-ethyl- hexyl
radi cal . To prepare the conpounds (I) nethacrylic acid is reacted

with a tetraal koxyghtagiggedt (QRIESEIdn WORICeR fo I paPnad cuFades t - butyl,
to obtain the corresi)opdl ng conpound (1), or with Ti(OR) (OGAm[err], where
R = i sopr opy¥anemebrilpat gropauntanteriyed fimpm HSadHts #2% ddhpbund (1)
Wth R = tgrbedB¥| endEi OMMUNGAD bl pWebBrBd= TEORE RN cdipouRid - butyl
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can in particular form part of the formulation of paints,

in particular of marine paints.
The subject-matter of the present invention is
therefore firstly unsaturated organometallic compounds

derived from titanium, denoted by the formula (I):

‘!’33

CH, = C ~ C = 0 = Ti(OR)4 (1)

©

in which R denotes a tert-butyl, tert-amyl or 2-ethyl-
hexyl radical.

To prepare the compounds (I) methacrylic acid is
reacted with a tetraalkoxytitanium Ti(OR),, where R =
isopropyl or tert-butyl, to obtain the corresponding
compound (I}, or with Ti(OR) (OtAm),, where R = isopropyl
or tert-butyl and tAm = tert-amyl, teo obtain a compound
{X}) with R = tert-amyl, the compounds (I} with R =
isopropyl or tert-butyl furthermore denoting inter-
mediate synthesis products which can be reacted with
tert-amyl alcohol or with 2-ethylhexanol, to obtain a
compound (I) in which R denotes tert-amyl or 2-ethylhexyl
respectively.

In particular, methacrylic acid is reacted with
Ti(OR), or Ti(OR) {(OtAm),; with R = isopropyl or tert-butyl
and tAm = tert-amyl in stoichiometric cconditions at a
temperature of 40-80°C, at a pressure of 13.3-66.7 kPa
(100-500 mmHg), the methacrylic acid being added to
Ti(OR), or Ti(OR) (OtAm),, if appropriate in a solvent



compound (I) in which R denotes tert-anyl or 2-ethyl hexyl respectively.

In particular, nethacrylic acid is reacted wwth Ti (OR) [err] or Ti (OR)
(GAmM[err] with R = isopropyl or tert-butyl and tAm= tert-anyl in
stoichionetric conditions at a tenperature of 40-80[err]C, at a pressure of
13.3-66.7 kPa (100-500 mm Hg), the nethacrylic acid being added to
Ti(OR)[err] or TI(OR) (OXAM[err], if appropriate in a solvent
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but anol rel ease t he reaction | owi.ng exanples illustrate
the present |?ﬁ/etrﬂ dre S %&lehBﬁk%%?edll?Yn"tl}%grqat"st g‘o EXAVPLE 1 :

Preparation of tri-TeQRINOtaxyti {AN=UMscpropyl or termm ydrat e

Into a 100-m tinl{”_e‘%e%c-%ﬁ‘}ﬂ oNLd ﬁo%sa%g'i;xl ésﬁy reacting Ti(OR}), with
tert-amyl alcohol in a proportion of 3 moles of the
latter per 1 mole of Ti(OR)4, at a pressure of
13.3-66.7 kPa {100-500 mmmHyg), at a temperature of
40-80 °C, while distilling the isopropanol or tert-
butanol released by the reaction.

The following examples illustrate the present

invention without, however, limiting its scope.

EXAMPLE 1 : Preparation of tri-tert-butoxytitanium

methacrvlate
Into a 100-ml three-necked round bottom £lask
equipped with an isobaric dropping funnel, a thermometer
and a distillation column are introduced 25.53 g of
tetra- tert-butoxytitanium. The reaction is successfully
conducted at 18 kPa (135 mmHg), the reaction flask being
placed in an oil bath at 55°C. 6.13 g of methacrylic acid
are added dropwige with magnetic stirring. The tert-
butanol released by the reaction is gradually distilled
(boiling point: 41°C/19 kPa (140 mmHg)). The reaction is
followed by weighing the distillate released. At the end
of the reaction tri-tert-butoxytitanium methacrylate is
recovered in the round bottom flask: it is a slightly
viscous, pale yellow liquid.
Yield : 87.5 %
‘H NMR analysis
by (CcDg) in ppm :
1.4 {s, 27H, -CH,]



equi pped with an isobaric dropping funnel, a thernoneter and a distillation
colum are introduced 25.53 g of tetra- tert-butoxytitanium The reaction
is successfully conducted at 18 kPa (135 mmHg) , the reaction flask being
placed in an oil bath at 55[err]C 6.13 g of nethacrylic acid are added
dropwi se with magnetic stirring. The3tert- butanol released by the reaction
Is gradual ly distilled (boiling point: 41[err]C/ 19 kPa (140 nmmHg)). The
reaction is foll owed.- by wei ghi gy t i di st¢¥Jlate rel eased. At the end of the

reaction tri-terg- oxyjitani mejpacrybgtie is recovered in the round
bottom f | ask: e?t i%!l% sr%ghtly%}l scous, pa’e] yellow liquid. Yield: 97.5 %

[err]H NVMR analysis [err] ((err]Derr]) in ppm 1.4 [S,
27H, - CH B WuR analysis -3- 1.7
[s, 3H _- errJJ 5.2 and 6.3 [t, 2H, =CHerr]] . [err]C
NMR anal y&i s{CePef r L2 EF8 ] Dl err]) in ppm 17.0 [-CH err]]
32.1 [-CH e17]d [0, 14 [Ti-OC 127. 2
[=CH err]] 1§6.8 =g 185. 2 [-Cd err]-]
IR analysis (film2375  2026lc"§dhrr] : -CcHerr](9 1645 cnjerr]
C=C (w) 79.4 {Ti-0-C]

127.2 [=CH,]

136.8 [=C]

185.2 [-CO,-]

IR analygis {film)
2972, 2926 cml : -CH,(S)
1645 em ™t : C=C (w)
1588, 1525 em™' : -COO- asym (m)
1426 em ™ : -COO- sym (m)
1005 em ™ : c-0 (8, broad)
638 cm™! : Ti-O (m)

EXAMPLE 2 : Preparation of tri(2-ethyvlhexoxy)titanium
methacrylate

A first stage is conducted, which consists in

preparing triisopropoxytitanium methacrylate as synthesis

intermediate according to a procedure described in Tr.

Inst. Xhim., Akad. Nauk. S8R Ural. Filial. 13 39-47
(1968} .

The second stage of the gynthesis is carried out
immediately following the first, at a reduced pressure of
15 kPa (110 mmHg): 19.54 g of 2-ethylhexanol are intro-
duced dropwise with heating and with magnetic stirring,
using the second dropping funnel, intec the reaction flask
containing the synthesis intermediate. The isopropancl
released by the reaction is digtilled rapidly.

The expected product is recovered in the reaction

flagk; it is ligquid, wiscous and proncunced vyellow in
colour.

Yield: 98.5 %



1588, 1525 cnferr] : -COO asym (m 1426 cnjerr] : -COO sym (m
1005 cnferr] : GO (S, broad) 638 cnferr] : Ti-O(m EXAVPLE 2:
Preparation of tri(2-ethylhexoxy)titani um nmet hacryl ate

A first stage is conducted, which consists in preparing
triisopropoxytitaniumnethacrylate as 4ynthesis internediate according to a
procedure described in Tr. Inst. Khim, Akad. Nauk. SSR Ural. Filial. 13
39-47 (196H MR analysipe second stage of the synthesis is carried out

i mredi atel g f@d;é;psvyi Nt tdygn first, at a reduced pressure of 15 kPa (110
mHg) : 19. 5% g bf° 2-et hyl hexanol are intro-. duced dropwi se with heating and
w th magnetic sti rPi'ﬁg,l'&si ng tﬁ@'séégnd'ﬁﬁégpi ng funnel, into the reaction
fl ask containing theisynthesi s iial ersedi atyg, - Thedi s8propanol rel eased by
the reaction is distilled rapidl Y The expected product is
recovered in the reaétion flaslé, i IBI{i's"ICﬁqéji d, viscous and pronounced

yellowin colour. Y.l d: 98.5[%, 6H, -CH,-] -4-
[err]H NMR anal ysi rr er.r.] D,err iR ppm : 0.9-1.1
[m 18H, -CH err]]%'é[eané 4? 1-[f.’92%r’ ]:)CHIZFm 25H, -CH err]- and CH|
2.1 i3 na der] ] 4.6 [t, 6H, -CHerr]-]
5.4 and 6. %c [(E,SDSZj—L O ]

11.4 [-CH,4] *

14.4 [-CH,]
18.9 [-CH,]
23.5 [-CH,-]
23.7 [-CH,-]
29.8 [-CH,~]
30.6 [-CH,-]
43.2 [CH]
79.6 [0-CH,]

124.8 [=CH,]

139.2 [=C]

173.9 [~CO,-]

TR analvsis (film

2958, 2928, 2872 and 2859 cm™t : -CH,- and -CHy-(S)

1644 om™t : C=C (w)

1559 cm™t : -COO- asym (m)
1423 em™t : -CO0- sym (m)
1088 em™t : C-0 {m, broad)
673, 618 em™t : Ti-0 (m)

EXAMPLE 3 Preparation of tri-tert-amyloxytitanium

methacrylate

First stage

14.21 g of tetraisopropoxytitanium are introduced
into a 100-ml three-necked round bottom £lask equipped
with a multiple adaptor with two isobaric dropping
funnels, a thermometer and a distillation columm. A
reduced pressure of 20 kPa (150 mmHg) is then applied to
the assembly and the flask is placed in a bath at 55°C.
13.22 g of alcohol are added dropwise with magnetic



[err] C NWMR anal ysi s [err] (derr]Derr]) in ppm 11. 4

[-CH err]] [-CH err]] 18.9 [-CHerr]]
23.5 [-CHerr]-] 23.7 [-CHerr]-] 29.8 [-CHerr]-]
30.6 [-CHerr]-] 43.2 [CH 79.6 [OCHerr]]
124.8 [=CH err]] 139. 2- §=(¢] 173.9 [-CJerr]-]
IR analysis; (film : 2958, 2928, 2872 and 2859 cniferr] : -CHerr]- and
-CH err] dfS)yrring and the isoprkpbhaln{mrldased by thHe=Qegagtion is
1559 crr[r# %ined . -COO- asym (m 1423 cnjerr]
’ 1088 cnferr] : GO (m broad)
673 618 Sadeerd [stage 0 Ti-O (M EXAMPLE 3 Preparation of

tri-tert-anyl oxyt ryl adberidd ro'i;t st age
14.21 g of tetralié%%r opoxycfl ? eurrcl)farteh?f nt%ﬁéﬁﬁp |ntoral 100- i
t hr ee- neckenkdimtel hotabrovine ey filgsdd atwit ReduaattPPrswiRtor with two

i sobaric L4 oRRYNGg (1 sfoun .a fhe émbrretcﬁr g,gqhgn g_tllcl Ia&t@n & um. A
reduced pérjdesrskl%rae o(f 20 Eﬁk& 150 rmHg) t hen %E g.y t he assenbly and
the flaskintrofured |hrePphen a‘[’l%[e‘??ﬁ‘@ng 2 ‘glt’-bf BAPHHGIC are

added dr 9p-SEngWM Wi in®PIJBRE! Gecond dropping funnel. The iso-
propanol released by the reaction is distilled rapidly.
At the end of the reaction the round bottom flask
containg a slightly viscous, light yellow ligquid.
Yield: 85.8 %
’H NMR analysis
by (CgDg) in ppm :

1.0 {t, 9H, -CH,l]
1.3 [s, 18H, -CH,l
1.5 [m, 6H, -CH,-]
1.8 {s, 3H, -CH,]

5.2 and 6.3 [t, 2H, =CH,]
Lie wMr analysis
6o (CgDg) in ppm :
9.1 [-CH,]
17.0 [-CH,l
29.6 [-CR,l
37.2 [-CH,-]
80.0 [Ti-0-C]
127.1  [=CH,]
136.8 [=C]
185.1 [-CO,-]
IR analvsisg (£film :
2970, 2926 em™* : -CH, (8)
1644 em™t : C=C (w)
1587, 1554, 1517 em™* : -COO- asym (m)
1423 em} : -COO- sym (m)
1003 em™t : C-0 (8, broad)
668, 623, 587 em’! : Ti-O (m)



- 5 - stirring and the isopropanol
Second st age

i medi atel y

following the first,

rel eased by the reaction is distilled.
The second stage of the synthesis is carried out

at a reduced pressure of 20 kPa (150

mmg): 4.30 g of methacrylic acid are introduced dropwi se with heating and

w th magnetic stirring,
rel eased by the reaction is distilled rapidly.
reaction the round bottom fl ask cont @LASM3 slightly viscous,

usi ng the secored -dr oppi ng funnel. The i so-

pr opanol

At the end of the
i ght yell ow

liquid. Yield: 95.8 % LGEEL Mﬁ@@%y&@n{e&rarﬂheqc@%b%eraéamm ppm :
1.0 [t, 9H, -CH e 1.3 [s, 18H, -CHerr]]
1.5 [ﬁﬁ°m6H1taE}f%rr efoted by the foymgla (1) :"rg "3/ cyerr]]
5.2 and 6.3 [t, 2H, =CH err]] [err]C NWR anal ysis [err] (CJerr]Derr])
in ppm 9.1 [-CHerr]] 17.0 [-CHerr]]

29.6 [-CHerr]] CHq 37.2 [-CHerr]-] 80.0 [Ti-O(C
127.1 [=CHerr]] | ©136.8 [=C] 185.1 [-CJerr]-] IR
analysis (film) CH, = C - @%@ 29KR}.err] : -CHerr] ($)

1644 cnerr] : C=C (% 19487, 1554, 1517 cnferr] : -COO- asym (m
1423 cnjerr] : -COO sym (mP@ 1003 cnerr] : GO (S,
br oad) 668, 623, 587 cnferr] : Ti-O(m

in which R denotes a tert-butyl, tert-amyl or 2-ethyl-
hexyl radical.

2 -« Process for manufacture of a compound of
formula {I) as defined in Claim 1, characterized in that
methacrylic acid is reacted with a tetraalkoxytitanium
Ti{OR),. where R = isopropyl or tert-butyl, to obtain a
corresponding compound (I}, or with Ti{OR) (CtAm),, where
R = isopropyl or tert-butyl and tam = tert-amyl, to
obtain a compound (I) with R = tert-amyl, the compounds
(I) with R = isopropyl or tert-butyl furthermore denoting
intermediate synthesis products which can be reacted with
tert-amyl alcohol or with 2-ethylhexanol, to obtain a
compound (I) in which R demotes tert-amyl or 2-ethylhexyl
respectively.

3 - Process according to Claim 2, characterized
in that methacrylic acid is reacted with Ti{(OR), or
Ti(OR} (OtAm), with R = isopropyl or tert-butyl and tAm =
tert-amyl in stoichiometric conditions at a temperature
of 40-80°C, at a pressure of 13.3-66.7 kPa (100-500
mmHg), the methacrylic acid being added to Ti(OR}, or
Ti(OR) (OtAm),, if appropriate in a solvent guch as
toluene, the alcochol ROH or the ROH-golvent azeotrope
released by the reaction being gradually distilled, and,
when it is intended to obtain the compound of formula (I)
with R = tert-amyl or 2-ethylhexyl from synthesis inter-
mediates, the reaction is continued by introducing
tert-amyl alcobhol or 2-ethylhexanol into the mixture in
a2 proportion of approximately 3 moles per 1 mole of

intermediate compound (I) at a pressure of 13.3-66.7 kPa

L



- 6- CLAI M5 1 - Unsaturated organonetallic
conpound derived fromtitanium denoted by the formula (I)

[err] in which R denotes a tert-butyl, tert-amyl or 2-ethyl- hexyl
radi cal . 2 - Process for rranu]f acture of a compound of fornula (1)
as defined in Caim1, characterized in that nethacrylic acid is reacted

wth ate | k tiganpium Ti (OR)[err where R z i I tert-butyl,
to obt ai nt( ga@a?%i%ﬁ&?n&%%&u% r(?%p?r%t%u%et RET, &?W'CI %ﬁ'iﬁerr] , Y
where R =disepldpyl ahet érdognetpancinct athe tert-bupanoilorebeasada conpound

(') with = tert-anyl, the conpounds (1) with R = isopropyl or tert-butyl
furtherm)gg dgﬁofﬁﬁg¥?‘ﬁ’f‘érnedi ate synthesis products which can be reacted
with tert-anyl al éoholprercesis lac:etdiddeandlaint 3, obbaracsecdmpéund (1) in

whi ch R denotes tert- of 2-ethyl hexyl respectiv . 3 -
Process aéBordidty ?h(@gl%é‘f‘)zrh aBt éls%é?&?mi&n é%aﬁgﬁ%tg‘é@ﬂyl PRcid s
reacted wihh T (QRELaRY1Or 1sTi 6SRL 1468 ABY] efsdcmind Ri<ORSppwaphl or
tert-butyl and tAm= _tert-anyl in stoichi,onetri.c conditions:a
t enper aturtértdiaml'g]- goLePRPE I 8 pﬁxé?ﬁﬁnei% ?§.£6§1. eI?Paé% 188-%500
latter per 1 mole of Ti{(OR),, at a pressure of
13.3-66.7 kPa {100-500 mmHqg) at a temperature of
40-80 °C, while distilling the isopropanol or tert-

butanol released by the reaction.

o



mrHg), the nmethacrylic acid being added to Ti (OR)[err] or Ti(OR
(GAm[err], if appropriate in a solvent such as toluene, the al cohol RCH
or the ROH solvent azeotrope released by the reaction being gradually
distilled, and, when it is intended to obtain the conpound of formula (1)
with R=tert-anyl or 2-ethyl hexyl fromsynthesis inter- nediates, the
reaction is continued by introducing 8tert-anyl al cohol or 2-ethyl hexanol
into the mxture in a proportion of approximately 3 noles per 1 nole of

i nternedi ate conmpound (I) at a pressure of 13.3-66.7 kPa

-7- (100-500 nmmHg) and at a tenperature of 40-80[err]C, while distilling
the i sopropanol or the tert-butanol rel eased by the reaction. 4 -
Process according to Caim3, charsBSERACRd in that TI(OR (GAm[err] (R
= i sopropyl or tert-butyl and tAm = tert-anyl) is obtained by reacting
Ti(OR)4 with tert-anyl alcohol in a proportion of 3 noles of the latter
per 1 rraimamfmﬁ:d ORpreoMETRILL I PEONPBURDsOf ﬁﬁnﬁvﬁﬁ 7 gl

(100- 500 i C R e distilling the
i sopr opand J,- A&‘ BROCES HELR REDARA

> ew we oa o om en

These compounds are denoted by the formula (I}

CH
I 3

CHy = C -~ f - O - Ti(CR), {I)

o

in which R denotes a tert-butyl, tert-amyl or 2-ethyl-
hexyi radical.

To prepare them, methacrylic acid is reacted with
a tetraalkoxytitanium Ti{OR),, where R = isopropyl or
tert-butyl, to obtain a corresponding compound (I}, or
with Ti{OR) (OtAm),, where R = isopropyl or tert-butyl and
tAm = tert-amyl, to obtain a compound (I) with R = tert-
amyl, the compounds (I) with R = isopropyl or tert-butyl
furthermore denoting intermediate synthesis products
which can be reacted with tert-amyl alcohol or with
2-ethylhexanol, to obtain a compound (I) in which R
denoctes tert-amyl or 2-ethylhexyl respectively.



