ORGANOVETALLI C COVPOUNDS AND PCLYMERS MADE THEREFROM

BACKGROUND OF THE | NVENTI ON The present invention relates to novel
compotinds that are particularly useful in marine antifoul ant coating
conmpogi tions. ’ Marine fouling on ships and marine structures has been

a prablemfor thousands of years. Thig_problem has been recently

addr e$sed prlnarlby by the use of certaln coati ngs contalning bi oci des
that are toxic to marine or anls hese conviﬂﬁlon coatings | eached
bi oci des out of the coati@ g¢h$ Such a paint system
however, fails to provide a B R@%X|cant rel ease, and

nor eover, does not advantageously erode in service. This is due to the
sel ective extraction of the mater-soluble conponent and consequent

| eachi ng of the toxicant fronBROEGROUND| O DE film A matrix of
t he i nsol uble resin conponent remains behi nd after t he wat er-sol ubl e
conmponent of the Thﬁnpr@gsntresvgptngnlyaéaé@Saﬁ@ynovar@@mmoundﬂaQhanu
paint film no |longer controls faouling even thou it _mght contain up to
30- 40% of t herenPRFRLcHeFELYouSEEWLlcARt MBELRGsE F@P S3INgh requi r ed

for Ieachlng t he tQX|cant to the surface
composition

Marine fouling on ships and marine structures has been a
problem for thousandé of years. This problem has been
recently addressed primarily by the use of certain coatings
containing biocides that are toxic to marine organisms.

These conventional coatings leached biocides out of the
coating when in seawater.

Such a paint system, however, fails to provide a desired
constant toxican; release, and moreover, does not
advantageously erode in service. This is due to the
selective extraction of the water-soluble component and
consequent leaching of the toxicant from the interior of the
paint film. A matrix of the insoluble resin component
remains behind after the water-soluble component of the film
(gum rosin) is leached away. Moreover, the spent paint film
no longer controls fouling even though it might contain up to
30-40% of the initial level of toxicant because water
penetration required for leaching the toxicant to the surface
is limited through the matrix of residual resin. Spent
antifouling systems of this type do not provide a suitable

base for repainting since they possess poor mechanical

properties due to the voids in, thﬂ@&llm rggultlgg lﬂﬂEO?% 53 -~
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Is limted through the matrix of residual resin. Spent antifouling systens
of this type do not provide a suitable base for repainting since they
posséss poor nechanical properties due to the voids in the filmresulting
in poor adhesion of the new paint film

-2- = Attenpts to incorporate toxicants into water soluble polyners
and to use these as antifouling painrg'have also failed to produce the

desired results... .Suc ints swell |n seawat er and cannot be expected to
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Al'l such paints also contain a toxicant additive such as cuprous oxl de or

a triorganpriopexaiEsinghd uri fde (doditrdin® e iRt NHimeldidHe/ ashSeh as
pi.gnents, thixotropic agents, etc. may also be present. In normally

al kal i ne spaistterfilnhe poteakaned argprailiondedidertdrs ingtearkisdd y hydrol yzed
and the tributyltinis liberated in a

In recent years, so-called self-polishing antifouling
coatings have become increasingly popular. These coatings
are based on polymers of tributyltin méthacrylate, methyl
methacrylate, and film softening monomers such as
2-ethylhexyl acrylate. The organotin polymér acts as the
paint binder. All such paints also contain a toxicant
additive such as cuprous oxide or a triorganotin compound.
In addition, the uéual paint additives such as pigmentsﬁ
thixotropic agents, etc. may also be present. In normally
alkaline seawater, the polymeric organotin binder is
gradually hydrolyzed and the tributyltin is liberated iﬁ"a
form that is an active antifoulant. The hydrolyzed polymer
formed ‘is water-soluble or water-swellable and is easily '
eroded off the surface by moving seawater, exposing a fresh.
surface of paint. The major advantage of these systems is
that, unlike leaching paints, toxicant release is linear with
time and all of the toxicant preéent is utilized over the
lifetime of the paint. Furthermore, there is no need to
remove the residues of an old seif-polishing paint system
prior to repainting; since the composition of the residue is
essentially the same as it was wh?n.qriginally applied unlike
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formthat is an active antifoulant. The hydrolyzed polynmer forned is

wat er-sol uble or water-swell able and is easily eroded off the surface by
novi g seawat er, exposing a fresh. surface of paint. The major advant age
of these systens is that, unlike |eaching paints, toxicant release is
linear with tinme and all of the toxicant present is utilized over the
lifetYme of the paint. Furthernmore, thdre is no need to renove the

resi dues of an old self-polishing paint system prior to repainting, since
t he conposi danvesitignak enttifoukinge paint s whicheleaye asweakwas when
originally applied unlike

: -3-
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meet sone Sea-going vessels usually have between 2 and 4 coats of
antifouling paint, each coat éf 100 microns £ilm thickness,
applied to the hull. This coating, of 200 to 400 microns
total film thickness, is expected to last for ébout five
yéars.
A marine antifoulant coating should preferably meet sone
criteria in order to be commercially. acceptable, such as:
1. The polﬁmef is preferably soluble in a paint media
for easy‘application;
2. The polymer solution preferably has good
-film-forming properties;
3. The f£ilm coating preferably has good adhesion to
the ship’s surface and is flexible;
4. The film preferably undergoes hydrolysis only at
the coating surface. This permits the controlied
release of the metal. The remaining paint surface
becomes susceptible to the moving seawater and is
eroded. This mechanism is known as

"gelf-polishing"” and a marked improvement in the

ship’s fuel efficiency is observed; and



criteria in order to be comercially acceptable, such as: 1 The

polymer is preferably soluble in a paint nedia for easy

appl iscat i on; 2. The pol yner solution preferably has good
filmform ng properties; 3. The filmcoating preferably has good
adhesion to the ship's surface and is flexible, 4. The
fil mYpreferably undergoes hydrolysis only at the coating
surface. This permits the controlled -4- rel ease of the netal. The
remai ni ng paint gurfa co S ept.i bl th Vi ng
seawater and is §,- The poé‘?’é"&(gd.prgﬁf§g%§gh§§r%s%oflgr%%g%ﬁ gglggse

"sel f-polishing" and ghggggggr&gggggqnent in the ship's fue
efficiency is observed; an -4-

5.
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Accordingly, the present “invention is directed to novel conpounds an

narine antiEambanhd@oahan@a&QﬁapahtEQaalaﬁenbaheEﬁg pehyBBRAEiBAkYeri zed
fromthese conpounds. Addi ti onal features and advantages of the
present ineentadning pbolgmees beolymerizeHe fdemcthpseorompbahdsol | ows, and
in part wll be apparent fromthe description, or may be
Additional features and advantages of the present
invention will be set forth in the description which follows,
and in part will be apparent from the description, or may be
learned by practice of the present invention. The objectives
and other advantages of the present invention will be
realized and attained by means of the elements and
combinations particularly pointed out in the written

description and appénded claims. ' N

SUMMARY OF THE T ION
To achieve these and other advantages and in aCcordgnce
with the purpose of the present invention, as embodied and
broadly described herein, the present invention relates to a

compound of formula (I):

In this formula, Ll is a main group atom. M is a transition

element of the Periodic Table. Alternatively, M is a metal



| earned by practice of the present invention. The objectives and other
advant ages of the present invention will be realized and attained by neans
of the elenents and conbinations particularly pointed out in the witten
description and appended cl ai s. SUMVARY OF THE

| NVENTI ON To achi eve these-and ot her advantages and in accordance
with % he purpose of the present inveqﬁion, as enbodi ed and broadly
described herein, .the present invention relates to a conpound of fornula

l): _ a, compoun |
el n group SLGAET OF SR d Ak 16 AhEnsHeRh T aple. | x°
Al ternativel, -
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of M nis %H?]efé“@?xeh,o“an%?%{ U 5 IS iy YH RY ¥ gL the

nunber of [err
ligands bonded to M, which is usually 1.

1

R™ is a polymerizable group.

2 and R3, which can be the same or different, are a

R
substituted or unsubstituted alkyl of up to 15 carbons; a
substituted or unsubstituted aryl of up to 30 carbons; a
substituted or unsubstituted alkoxy or thioalkyl of up to 15
carbons; a substituted or unsubstituted aryloxy or thiocaryl
of up to 20 carbons} an oxygen or sulfur containing
heterocycle of up to 25 carbons; a substituted or
unsubstituted amine; a substituted or unsubstituted amide; or
a substituted or unsubstituted nitrogen heterocycle of up to
25 carbons when Ll is not N.

R.4

is an anionic ligand and can be the same or different
when x is greater than 1.

Lastly, 1? is a neutral ligand group.

In another aspect, the present invention includes
polymerizing one or more of the above compounds of
formula (I) for use in marine antifoulant coatings as a
binder which may also be effective as a co-biocide.

The present invention also relates to controlled release

compositions containing polymers obtained by polymerizing

monomers of formula (I).



| i gands bonded to M which is usually 1. [err] is ap y Sﬁg@,}ﬁASBEEN

group. [err] , which can be the sane or different, ar m@@tpbgbed

or umsubstituted al kyl of up to 15 carbons; a substit ut ed torred
aryl of up to 30 carbons; a substituted or unsubstituted alkoxy or

t hi oal kyl of up to 15 carbons; a substituted or unsubstituted aryloxy or
thiodryl of up to 20 carbons; an oxygefr or sul fur contai ning heterocycle

of up to 25 carbons; a substituted or unsubstituted am ne; a substituted
or unsubstitut edlfam%ltmn: Fheipresenedoyenhionsreiated wetmegerds to
heterocycle of up to 25 carbons when [err] is not N err] is an

ani oni ¢ I i W%FHH Eowl HRI 1R SHEARGRS RY fAPRIYINGRCIPISHr kR er than 1.
Lastly, [err] is, a, neutral d | n anot her aspect, the
present |n ?%ﬁp+?&lﬁmﬁgmp?£#£ﬁ%€ é%éhP%ﬁe(B¥)nDre of the above conpounds
of formula (1) for use in marine antifoul ant coatings as a binder which
may al so be effective as a co-bioci z) The present invention also

relates to controlled rel ease conp M8ns contalnlng pol ymers obt ai ned by
pol ynmeri zing nononers of fornulﬁf

" 6- | . }R‘),

wherein M, x, Lz, n, and R? nave the same meénings as in
formula (I).

It is to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory only and are not intended to
provide further explanation of the present invention, as

claimed.

DETAILED DESCRIPTION

One aspect of the present invention relates to the novel

compounds of formula (I):

o -
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| Compounds of formula (I) can also be considered monomers
since these compounds are capable of conversion to polymers

by combination with the same monomer or any other monomers
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In addition, the present invention relates to nethods to prevent fouling
on surfaces by applying a conposition containing a conpound of formula

(i) above or a polyner of that- conpound [err]
wherein M x, [err] n, and [err] have the sanme neanings as in formula
(ry. - It is to be understood that both the foregoing general

description and the fol | owi ng det ai | edydescription are exenplary and

explanatory only .and are pot, i ntended to rovi de_ further explanatiopn of
Lhe present SRR Gif 3AditioR ey che pol er. ~Polymers regprpyagfrom
(E)Eﬁpcgh Egls O(;Ifthreo qﬂ}l%neeﬁai?)a C"fonOfof.t Qa%ep ro%:'S ?n%trel ncvo%tnptoluorpdsf Fci)f ﬁfgrnh?lat. hFI )novel

Commouncs S dule A A ANS LU LTHIERE s SUESHIRE,

same NMONONMBlZY ik B'YIJEN'YE'S binder in a paint formulation to make
marine antifouling coating compositions.

Referring to formula (I), Ll is a main group atom or

element that preferably is a Group 15 element of the Periodic
Table. L1 can also be a Group 13, 14, or 16 element of the
Periodic Table. All groups of the Periodic Table referred to
herein are wigh reference to the "New Notation" qf the
Periocdic Table set forth in Hawley'’s Condensed Chemical
Dictionary 1ith Ed. Thus, Ll is preferably nitrogen,
phosphorus, arsenic, antimony, or bismuth. Most preferably,

1

L~ is phosphorus.

2 .3

m represents the number of (Rl R® R7) Ll ligands bonded

to M. m is usually 1 except for the following exceptions.

1is phosphorus, 12 is not

m is 2 when M is Cu, x is 1, L
present (i.e., n-{(x+m) is zero) and R4 is cyanate,
thiocyanate, and isocyanate; and

m is 3 when M is Cu, x is 1, L1 is phosphorus, L2 is not

4 is a substituted or

present (i.e., n- (x+m) is zero), and R
unsubstituted thicalkyl having up to 15 carbons or a
substituted or unsubstituted thiocaryl having up to
25 carbons.

M is a transition element of the Periodic Table (i.e.,

Groups 3-12 of the Periodic Table).



-7- capable of addition to the polyner. Polyners resulting from the

pol ynmeri zati on of one or nore conpounds of formula (1) wth any other
knowh nmonomer, such as nmethyl methacrylate, can then be added as a binder
in a paint forrmulation to nake marine antifouling coating conpositions.
Referring to formula (1), [err] is a main group atomor elenent that
preférably is a Goup 15 elenment of the Periodic Table. [err] can al so be
a Goup 13, 14, or 16 el enent of the eriodic Table. Al groups of the

Periodic Table r ; ergi n.aLe W ce gt " New tion"
of the Periodicﬁ§g%%§g§%?e%gftﬁ ?ﬁ éﬁ&%%%mség%ﬁgggsgg %ﬁ%gggaE§ b?g%?onary
11th Ed. - Toys, pbBibiikbSTREEEET aBhYoRhEEORERds, PROSRAOLHES scar §8NtS, ac,
antinony, or bisnuth. Most preferably, [err] is phosphorus. m
represents the pynbge, o7, [ 8br] Thi gepdsmBpndedunt oTM, Rei SFesURL Yod, exsept
for the foll owi ng exceptions. mis 2 when Mis Cu, x is 1, [err] Is
phosphor us,Rheri¥, i NinoPd, ppesedt, (Age. Aup- gxncdi SHger AL, acd, [ €al] TLS
cyanate, thiocyanate, and isocyanate; and mis 3 when Mis Cu, x is
1, [er] is @apsPhorBb, FbirPBiisShotAspr8senor(Poe., n-(x+nm is zero), and
[err] is a substituted or unsubstituted thioalkyl having up to 15 carbons
or a substituteBreferablilst Mt 4fc@OPReBar infavPBgtiip-t oMogs paebensbly,

M is copper.

X represents the oxidation state of M. n is the number
of coordination sites on M. As presently known with regard
to coordination sites in existing elements encompasséd by M,
n can be a. whole number from 2 to 9 depending on M. For
instance,

where M is a Group 3 element, which includes Sc and Y,

- M has a coordination number of either 4 or 6

(mainly 6); and

- M has an oxidation state of +2, +3, +4 (mainly_+3).

where M is a Group 4 element, |

- M has a coordination number of 4, 5, 6, 7, or 8

(mainly 4 or 6); and

- M has an oxidation state of +4.

Qhere M is a Group 5 element,

- M has a coordination number of 4, 5, 6, 7, 8, or 9

(mainly 6); and

- M has an oxidation state of +3, +4, or +5.

where M is a Group 6 element,

- M has a coordination number of 3, 4, 5, 6r 6

(mainly 6); and



Mis a transition elenment of the Periodic Table (i.e., Goups 3-12 of the
Peri odi c Tabl e). - 8-

Alternatively, Mis a netal elenent of G oups 13-16 of the Periodic Table.
In other words, Mcan be Sc, Y, La, Ac, Ti, Zr, H, V, Nb, Ta, C, M, W
M, Tc, Re, Fe, Ru, Os, Co, Rn, Ir, Ng. Pd, Pt, Cu, Ag, Au, Zn, Cd, Hg,

Al, G, In, T, GCe, Sn, Pb, Sb, Bi, S, As, Te, or Po. Preferably, M
i s copper, zinc, or tin. Most preferably, Mis copper. X represents

the oxidation state gfyM, gn §xEBStQ§HbEEat8fo%°95d'Q%t'QQ Si,ges o M As

presently known with regar o coordinatron siteS’in éxisting ‘el&nents
enconpassed by Nl n(ﬁ§9n99 g@awhpke gRynber from2 to 9 dependlng on M For
I nstance, where Mis“ a Goup 3 elenent, which includes Sc and Y,

M has a coordi nghbea nuibeh 6kofpt hebldmeht® which mclu(i@%l Bhy Rk, and
M has an oxi dation state of +2, +3, +4 (naln y +3). where Mis a

G oup 4 el gnante, - M has a coordi nation nunber of 4, 5, 6, 7, or 8
(mainly 4 or 6); and

- M has a coordination number of 4, 5, 6, or 7
‘(mainly 4 and 6); and

- M has an oxidation state of +2, +4, +5, or.+7.

where M is a Group 8 element,

- M has a coordination number of 3, 4, 5, 6, 7, or 8
(mainly 6); and

- M has mainly oxidation states of +2, +3, +4,
and +6.

where M is a Group 9 element,

- M has a coordination number of 4, 5, or 6; and

- M has mainly oxidation states of +1, +2, +3; or +4.

where M is a Group 10 element,

- M has a coordination number of 4 or 6; and

- M has mainly oxidation states of +2 and +4.

where M is a Group 11 element,

- M has a coordination number of 2, 4, or 6; and

- M has mainly'oxidation states of +1 and +2.

where M is a Group 12 element,

- M has a coordination number of 2, 4, or 6; and

- M has an oxidation state of +2.

where M is a Group 13 metal element, which includes Al,

Ga, In, and T1,



- M has an oxidation state of +4. where Mis a Goup 5 el ement,

- M has a coordination nunber of 4, 5, 6,.7, 8, or 9 (mai nly
6); and - M has an oxidation state of +3, +4, or +5. where M
is a Goup 6 el enent, S M has a coordi nati on nunber of 3, 4, 5, or
6 (mainly 6); and -10- -9-

- M has an oxidation state of +2, +3, +4, +5, or +6 (mainly +2
and +3). wher a1 Md$ 2 ésmia@i&ﬂ&mtnbé@'&@ 3 nf«i Ucbes .6 Réang and
Tc, - M has a coordi nati on nunber of 6,

(mainly 4 and 6); arM has an oxldamaétée@dﬂlm@ﬁa@ mal ) +5, or
+7. where Mis a Goup 8 el enent, has a coor |nat|on
nunber of 3, 4whHereM7is @ Group 14 metal r@uéﬁemﬁ) wiith includes dM has
mai nl y oxi dation states of +2, +3, +4, and +6. where Mis
"a Goup 9Gs.efight and Pb, - M has a coordination nunber of 4, 5, or 6; and

- M has a coordination number of 4, 5, or 6; and

- M has an oxidation state of +2 or +4.

where M is a Group 15 metal element which includes As,
Sb, and Bi,

- M has a coordination number of 3, 4, 5, or 6; and

- M has an oxidation state of +3 or +5.

where M is a Group 16 metal element, which includes Te
and Po,

- M has a coordination number of 4, 5, or 6; and

- ,M.has an oxidation state of +2, +4, or +6.

1 will be

R1 is a polymerizable group. In othef words, R
a substituent which will be polymerizable when the.compound
of formula (I) is polymerized into a polymer. For burposés
of the present invention, Rl can be any type of polymerizable
group. This iﬁcludes:

(1) Any unit with a double bond and is given by the

following formula:



- M has nmai nly oxidation states of +1, +2, +3, or +4. where Mis a
G oup 10 el enent, - M has a coordi nati on nunber of 4 or 6; and

- ™M has mainly oxidation states of +2 and +4. where Mis a C?oup 11
el ement, - M has a coordi nati on nunber of 2, 4, or 6; and

M has mainly oxidation states of +1 and +2. where Mis a G oup 12

el enént , - Mhas a coordinationtrumber of 2, 4, or 6; and -
M has an oxi dati on state of +2. where Mis a Goup 13 netal elenent,
whi ch i ncl udes MAhereGR~ lis aahydrogen; an alkyl group with up to 25

- 10- - M has a coordination nunber of 3, 4, 5 or 6, and,

M has an ofkied®ong: Sradeffinegraup:yithaiun y:ofé?)s carbonsyhend \f | slsa @roup
14 metal elenent, which includes Si Ge, ,Sn, Pb

coor di nat | BYFPASEY @f spbsiitytes %d‘nsubsutut% FARSTAN Vb‘)&rﬂé’cﬂ dJrP s?csat e

of +2 or +4. IS .a C?oup 15 . net.al nent whi gh |ncludes As,
Sb, and Bj Sarbons; E %rﬁE' MRSURF ThiRs cﬁ‘ by W'ﬁ'su%r £%:23ind

i M has agr%éﬁgﬁtlogéiiaé%() éiﬂgfigated or unsubstituted carboxylic

group with up to 25 carbons; a substituted or unsubstituted
amide group with up to 25 carbons; a cyanate; isocYanate;'or

a thiocyanate. 1In this unit, the substituents R® or R7,

preferably_R7, bond to Ll.

(2) Cyclic monomers which polymerize either through a
double bond within the ring or by ring opening polymerization
(ROMP) . These include rings with three to eight members and
the atoms within the ring .are substituted and unsubstituted
carbons, carbonyl,.oxygen; substituted or unsubstituted
phosphorus, or substituted or unsubstituted amideé. The
total number of carbons can be up to 40.

(3) Monomers with coreactive functional groups which

can include the following:

HN - R® - NH,
HO,C - R’ - co,H
wN - R - coH
HO - R - om
cL - rR*¥? - a1
cloc - rRY? - coc1

8 9 10 11 12 13

where R°, R, R, R"7, R™®, and R are independently
selected from a substituted or unsubstituted alkyl with up to

25 carbons; a substituted or unsubstituted aryl with up to 25



where Mis a Goup 16 netal elenent, which includes Te and Po, - M
has a coordi nati on nunber of 4, 5, or 6; and - M has an oxi dati on
state of +2, +4, or +6. [err] is a polynerizable group. |In other
words, [err] w Il be a substituent which will be polynerizable when the
conpound of formula (1) is polynerized into a polynmer. For purposes of
the present invention, Rl can be any t4i@e of polynerizable group. This
includes: .5 ponbl) 2 ABYEHEL Eutbs Nod QRQQ%Et?fﬂ@e&ng'l né! ¥€EnPYp! BE 25

fol |l ow ng Al where [err] 1s a hy rogen; an al kyl group

With up to,2pnofdt PRNSuLEL: PheEE Nofr QHBuBEE D UPed On 26r636RORELe ABEYLEBE! ] 1S
a hydrogen: a substituted or unsubstituted alkyl with up to 25 carbons; a

substitut egion wpseBsbit eheBoasy! vhikaapcien?5r® ceahoassoabbatagsonyh.
substituted or unsubstituted carboxylic group with up to 25 carbons; a

substit ut efiern theésbstorahetivanidecyional wptbupsg, t th€5Rcgrbups; (d.eyanat e;
| socyanat e; _ or 6 7 a

thiocyanatmg thrdhgh Bﬁ?thbbhé Bobs%ituents [err] preferably [err] bond to
[err] (2) Cyclic nmononers which polynerize either through a double
bond wi t hi n t hePrefigrablyy Ringsopenralypar§neri raEiagrylate group.

R? and R3, which can be the same or different, is a

subétituted or unsubstituted alkyl of up to 15 carbons; a
substituted or unsubstituted aryl_having up to 30 carboﬁs; a
substituted alkoxy or thiocalkyl of up to 15 carbcn;; a
substituted or unsubstituted aryloxy or thiocaryl having up to
20 carbons; oxygen or sulfur containing heterocycle with up -
to 25 carbons; where L = N, the group can also consist qf
substituted and unsubstituted amines, amides, and nit:ogen
heterocycles (e.g., pyridine) with up to 25 carbons.

2 and R3

R can alternatively interconnect to form a
chelating ligand such as catechol. The partial structure

would be as follows:

Rl

e Rz\b/
T~

2

Preferably, R® and R3 are alkyl or alkoxy groups of up

to 15 carbons; or aryl or aryloxy groups of up to 25 carbons.



(ROW). These include rings with three to eight nmenbers and the atons
within the ring are substituted and unsubstituted carbons, carbonyl,
oxygen, substituted or unsubstituted phosphorus, or substituted or
unsubstituted am des. The total nunmber of carbons can be up to 40.

(3) Mononers with coreactive functional grpyps which. can include the

fol | bwi ng: ' [err] ere J[err] are i ndependently
selected froma _substituted or unsubstituted alkyl with up to 25 carbons;
a substituted ®Ynsbet id1Kkyeld aroulp Wi hupitd 6 Zsarbons or represents a
-12- carbons; a substitLgexicw }wwubstituted silane with up to 25 carbons;
a substi t lrcedfl dretwesatbRT tantdRni taroy praéfemply cle a Wwaord Upetwedd Rar bons.

In addition, [efr] can also be carbonyl. Wth these coreactive functional
groups, tadRRjroups (i.e., [err] through [err] bond to [err]
Preferably, [errd is an acrylate or nethacrylate group., [err& whi ch
can be the san® origligh ainiq gligand. Examples of anionic ligands

include, but are not limited to, a halogen, a cyanate, an
isocyanate, a thiocyanate, an alkyl group that preferably
does not contain an a- or f-hydrogen capable of undergoing
elimination, a substituted or unsubstituted thiocalkyl having
up to 15 carbons; a substituted or unsubstituted thiocaryl
having up to 25 carbons; a sulfur containing heterocycle with
up to 25 carbons; a substituted or unsubstituted aryloxide
with up to 25 carbons; a substituted or unsubstituted
alkoxide with up to 15 carbons; an oxygen containing
heterocycle with up to 25 carbons; a substituted or
unsubstituted cyclopentadienyl with up to 30 carbons; gnd an
acetylacetonate with optional substitution of at least one of
any of the hydrogens on aﬁy of the carbons therein with ;
halogen. -Wﬁén x is 2 or higher, 34 can be the same or
different. | |

Preferably, rR? is a halogen, a cyanate, an isocyanate,
or a thiocyanate. |

L2, when it exists, is a neutral ligand. For example,

L2 can be the same or different when [n-(x+m)] is two or
greater. L2 can be a trivalent phosphorus, trivalent
'arsenic, trivalent antimony compound or a divalent sulfur or
divalent selenium or a divalent tellurium compound when

bonded to either three (for trivalent compounds) or two (for



substituted or unsubstituted al kyl of up to 15 carbons; a substituted or
unsubstituted aryl having up to 30 carbons; a substituted al koxy or

thi oal kyl of up to 15 carbons; a substituted or unsubstituted aryl oxy or
thioaryl having up to 20 carbons; oxygen or sulfur containing heterocycle
wth up to 25 carbons; where L = N, the group can al so consist qf
substituted and unsubstltuted am nes, gy _des, and nitrogen heterocycles
(e.g., pyridine) with up to 25 car bons. [err] can alternatively

i nt er connetitvalednreompownidd Jat sulgst 1 et s utédxebud bheg ctive . bdhé perm) al
structure would be as follows: Preferably, R and R
are al kyl wirich lesty kg dups sdmepor tdiAfervembonsThese adivabentrgtroxy groups
- of up to 25 carbons. - 13-

[err] iSmivalens epmrgundsupfen <P bon sCn haye cadpstituenbadswelvween

[err], andspreferabl is a hond between [err]
a halog n, a substituted or unsubstituted aryloxy or

alkyloxy of up to 25 carbons, a substituted or unsubstituted
alkyl, a substituted or unsubstituted aryl.

Alternatively, L2 is a substituted or unsubstitutéd aryl
or alkyl isocyanide; a carbonyl or carbon monoxide; a
thiocarbonyl or carbon monosulfide; a nitrosyl; a substituted
or unsubstituted amine; a nitrile with a substituted or
unsubstituted alkyl or aryl; a coordinating solvent such as
cyclic or linear ethers which include tetrahydrofuran (THF) ;
a substituted or unsubstituted unsaturated alkyl or aryl
which bonds to the M mainly through a x-bond.

When n- (x+m) is greater than 0 (i.e., 1 or higher), L2
substituents will be attached to M due to the additional
coordination sites of M. When there is more than one L2 “
substituent, each 12 substituent can be the same or different
or chelating (i.e., interconnected). For_instance, when M is
chromium (III), n is six, x is three, m is oné, and n- (x+m)
is two. There wéuld be two L2 substituents which could both
be, e.g., an amine or one L2 substituent could be an amine

element and the other L2 substituent could be phosphine.

A preferred formula of formula (I) is formula (II):



and [err] [err] is an anionic |ligand. Exanples of anionic |igands
include, but are not limted to, a halogen, a cyanate, an isocyanate, a

t hi oeyanate, an al kyl group that preferably does not contain an [err]- or
[err]-hydrogen capabl e of undergoing elimnation, a substituted or
unsubstituted thioal kyl having up to 1B5sarbons; a substituted or
unsubstituted thioaryl having up to 25 carbons; a sul fur containing

het erocycle with up to 25 carbgns; a sgbstip@;ed or unsubstituted
aryloxide wth up tg185 carbonpp a subptit edPofXtRsubstituted al koxi de
wWith up to.15 carbonsf‘aﬂ.péygeg copt ai pi nguyxhgeerocycle with up to 25
carbons; a substitutﬁgcgyﬂ'unsu stitut cycl openfadi enyl with up to 30
carbons; and an acetylacetonate with ofBional substitution of at |east one
of any of the hydrogens on any -of the carbons therein with a hal ogen.
When x is 2 or higher, [err] can be the sane or different.

Pref erabl ywhéeeih R¥Sarbpregentsaacihpnbgenasri aoLyneat calkpl droup of

t hi ocyanat e. [err] , when it exists, is a neutral |igand. For
exanpl e, Yprtd éapabbonhe sane or different when [n-(x+m] is two or
greater. [err] can be a trivalent phosphorus, trivalent arsenic, trivalent
anti nony conpoufdmestapyefercad germpoundrhagi the efolleving ufieomnubadi val ent
tellurium conpound when bonded to either three (for trival ent conpounds)
or two (for

CEt

O=—P—1CuX

|
/ .\o OEt | -

n— dm

In this'formula, M is Cu(I} metal which has biocidic
effects in seawater and X is Cl, SCN, or SPh (thiophenyl).
When X is Cl, m = 1; when X is SCN, m = 2; and when X is SPh,

m=3. LI

is P which forms the phosphite portion. This
phosphite portion maintains the +1 oxidation state of the Cu
and hydrolyzes to an inorganic phosphate. The acrylate
portion of the compound is retained as the site for
free-radical polymerization. When released, the phosphite
-portion further increases the adidity (i.e., lowers the pH)
near the polymer surface. Having a lower pH near the polymer
surface creates an undesirable environment to marine life,

e.g., barnacles. The above compound can also couple

electrochemically with Cuj0 where the two Cu(+l) species



-14- dival ent conpounds) substituents (excluding the bond to M which can
be the sanme or different. These divalent or trivalent conpounds, for
exanpl e, can have substituents such as a hal ogen, a substituted or
unsubstituted aryloxy or al kyloxy of up to 25 carbons, a substituted or
unsubstituted alkyl, a substituted or _gyasubstituted aryl.

Altetnatively, [err] is a substituted or unsubstituted aryl or al kyl

i socyani de; a carbonyl or carbon nm ide;, a__thiocarbaon ar.bon
monosul f i GENVELH ttrooﬁlcO ) L?(%{ll L#]”eézqort%r%ﬁ?oslt é‘Hy et % rile
with a subs |tuted unsubstltuted al kyl or aryl; a coordlnatlng sol vent
such as ar et hers which include tetrahydrofuran (THF); a

substituted or t ﬁ%ﬁ%% yl to the
M mainly thr ougt#lzt%ﬁtrdﬁé%se%fm ¥ en %f%lc?{s gﬁrle%\{%ec?lrit an .e.,
1 or hi ghglo)es fli®¥ildns %ﬂ&taﬁmq@a%w ldo B Aldatiethd Udddlus tehd he
additional coordination sites of M Wen there is nore than one [err]
substltue@&eg@ﬁﬂtaﬁyjﬂcagﬂﬁmtltuent can be the sane or different or
chelating (i.e., interconnected). For instance, when Mis chromum(lIl),
nis six, X isamhnasubstitured ayd groupnis idefiimed tiheimclvda datbe two
[err] substituents whi ch could both be, e.g., an amne or one [er]

subst i t uedastulahehdenrent nEing| erhettheanEusdesl chagrof er r'|Fusasdt ineans

coul d be phosphi ne. A preferred formula of formula (1) is fornula
P P P
(r): two or more aromatlc benzene rings share at least one carbon

atom, such as for example in the case of biphenyl or naphthyl
groups. _

A substituted aryl group is defined to include the
addition to one or more aryl ring carbons: at least one
nitrogen-containing ligand, such as for example an azide,
imine, ketimine, amine, amide, or imide; at least one
oxygen-containing ligand, such as for example an alcohol,
ether, ester, ketone, aldehyde, anhydride or organic acid
such as carboxylic; at least one sulfur-cgntaining‘ligand
such as for example, a thiol, sulfide, disulfide, sulfone,
sulfoxide, sulfonic ester, or sulfonic acid; substituted and
unsubstituted alkyl groups such as defined in this
appllcatlon _

With respect to substltuted and unsubstituted aryl
groups, this is intended to also include methyl, ethyl or
other alkyl substitutions including halogen substitutions and
acyl halide carboxylic substitutions that are initiated by
Friedel'Crafts type catélysts. In other words any

electrophilic or nucleophilic type reaction between an aryl



- 15- [err] wherein [err] represents a hydrogen or a |inear alkyl
group of wup to 6 carbons. A nost preferred conpound has the foll ow ng
for nul a: In this formula, Mis Cu(l) netal which has
biocidic effects in seawater and X is O, SCN, or SPh (thiophenyl). Wen
Xis d, m=1 when Xis SCN, m= 2; and_ywhen Xis SPh, m= 3. [err] is P
whi ch fornms the phosphite portion. This phosphite portion maintains the +1

oxi dation ghf &dfe Jlﬁﬁ@itlﬂ}ﬂ: ' Yzesid Q: ﬂ}%fcg.gél% %) %g&edrg%hﬁcal

acrylate portion of e conmpound 1's retalne

pol yner i Zalble‘)'bov\éyi:%ﬁ rd %&Qd,oft hanP R ttﬁltéa)ratxlﬁ“ éﬁd&er B SAsEs the
acidity (i. -l owers the pH)
of such substituted aryl groups are: 2,4,6-trimethyl styrene;
alpha-methyl styrene; m-bromo-styrene; and m-methyl-styrene.

Unsubstituted alle groups, whether saturated or
unsaturated, and cyclic, branched, or unbranched are intended
to ihclude primarily compounds consisting essentially of only
carbon and hydrogen. Examples of such materials include ones
that satisfy the formula CyH2y+1 or Cszy 1 where y can vary,
e.g., from 1 to 20. y is at least 3 for cyclic alkanes, and
y is at least 4 for branched cyclic alkanes.

Substituted alkyl groups, whether saturated or
unsaturated and cyclic, branched, or unbranched, include
materials that result from replacing one or more hydrogens of
an unsubstituted "alkyl group" as defined herein with: at
least one halogen, such as fluorine, chlorine, bromine, or
iodine; at least one'oxygen, nitrogen or sulfur, wherein the
oxygen optionally has at least one additional carbon,
nitrogen, or sulfur attached to it; the nitrogen optionally
has at leaét one additional carbon, nitrogen, or sulfur
attached to it; and the sulfur optionally has at least one
additional carbon, nitrogen,.or sulfur attached to it.
Examples of substituted alkyls include such compounds as
amines, alcohols, acids, esters, ketones, sulfides, sulfones,

sulfoxides, isocyanates, cyanates, thiocyanates, nitriles,

and nitrosones.



near the polyner surface. Having a | ower pH near the polyner surface
creates an undesirable environnent to marine life, e.g., barnacles. The
above conpound can al so couple electrochemcally with [err] where the two

[err species convert to a Cu(O and a Cu(+2) to provide a nore
effective release of Cu. For purposes of the present invention, the
following definitions are applicable fyg.the terms as used in the present
appl i cation. An unsubstituted aryl group is defined to include at

| east one benzeWéthi mggawdetiethiupaeeparatdion 'ofutde’ apoaes deser idyedror e
aromati c benzene rings share_at |east one carbon atom such-as for exanple
in the caseowpPoungrerfl formudpht(fyl, thegepare a varidesybefi metdeds yl group
is defined to include the addition to one or nore aryl ring carbons: at

| east one WhifRoGam- B&nM&RAI-ng | i gand, such as for exanple an azide,

I mne, ketimne,_ amn am de, or imde; ,at |l east. one. o n- cont ai ni ng

| i gand, such asGFBFréiaﬁblé SﬁmQPBBELg?VIQEhé e 5§F@P}ak§§gﬁé, al dehyde,
anhydride or organic acid such as carboxylic; at |east one

sul fur-containing ligand suchpas for exanple, a thiol, sulfide, disulfide,
sul f one, ' -

RZ - fl(zl)

R.3
is reacted with a compound having the formula (IV)

(L2) n- (x+m) -
(22)MX(R4)

L1, R, R2, and R3, in formula (III) and M, L2, R4, n, m, and

x in formula (IV) have the same meaning as in formula (I)

1 represents a pair of electrons on ! or

a functional group (i.e., leavihg_group). Generally, zl is

described above. 2

any functional group which is replaceable by the availabié
-(Fz)n-(x+m)
bond site from -MX(R%), . Examples of functional groups
encompassed by 2zl include -OH, and halides. 21 will
generally represent a pair of available electrons on L' when
Lt is nitrogen, phosphorous, arsenic, antimony, or bismuth.
when L' is not a Group 15 élement of the Periodic Table, such
as éulfur or silicon, Z1 can be'a functional group such as
-OH or a halide.

Compounds of formula (III) are generally commercially

available from such sources as Aldrich Chemical Co.



sul foxi de,” sulfonic ester, or sulfonic acid; substituted and unsubstituted
al kyl groups such as defined in this application. Wth respect to
substituted and unsubstituted aryl groups, this is intended to al so

i nclude nmethyl, ethyl or other al kyl substitutions including hal ogen _
substitutions and acyl halide carboxy{g.c substitutions that are initiated
by Friedel Crafts type catalysts. In other words any electrophilic or

nucl eophilic type reaction between an aryl

-17- and sone td .t i t .S o d to be
covered as par tsi)c%f%'t 15‘?&{%%%&;5563%%1 %rsgutg{.e()%#%sdl%rf%ch

subst i t Ut eebeRicXindl WP EHMRILL, (B18)! WHERINH 1t Wse'}ﬁ'iosg}l EUS
styrene;, mbrono-styrene; and m nethyl-styrene. _ nsubsti tuted al kyl
groups, Waelskehibed UmimMdrik Wisaluralednidyd aEdtractdr aaheds 0rges
unbranched are intended to include primarily conmpounds consisting
essenti al l(p.oflzado) wittbaegurd htydrhiegedidowmnios of phsdpHiRdey | alThis

i nclude ones that satisfy the formula CH or CH where y can vary,
y 2y+1  refedentee.ig sgewfitaldy?2(ncprporatdde dstrein by oefldrermdekanes,
and y is at least 4 for branched cyclic al kanes. Substi tyted al kyl

groups, whet heWiddy FefpasFtoto (igacomposmdsh @ fonmlar@ohed” or

unbr anched, i ncl ude ) . . )
represents an empty orbital which has the proper orientation

1

to accept the pair of electrons (Zl) to form a L7 -M bond. 1In

2

addition, Z° can be a functional group which can react with

Z1 to form an independent le2 molecule and Ll-M bond. - An
example of such a functional group (i.e., leaving group) is a
hydride group or a h;iide group. In such a case, the Z2
functional group will bond with the 7t leaving group to form
a compound and the compound of formula (I) will be formed by

1 and the open bond site in M.

the open bond site in L
Furthermore, Z1 can alternatively represent a pair of
electrons, while 22 represents a labile ligand group such as

acetonitrile. In such a case, the acetonitrile is stable by

itself and upon breaking off from M, a bond forms between Lt
and M*. 22 can also represent an empty orbital position on M
1 1

that can accept electrons from L~ when Z~ represents a pair
of electrons. One example of such a situation is when M is
cu(I) and L2 is cl.

Examples of compounds of formu;a'(IV) include, but are
not limited to, CuCl, .CuSCN, an12‘ Compounds of this type
are generally commercially available from such sources a

Strem Chemical Co. and Aldrich Chemical Co.



materials that result fromreplacing one or nore hydrogens of an
unsubstituted "al kyl group” as defined herein with: at |east one hal ogen,
suchkf as fluorine, chlorine, bromne, or iodine; at |east one oxygen,
nitrogen or sulfur, wherein the oxygen optionally has at |east one

addi tional carbon, nitrogen, or sulfuggattached to it; the nitrogen
optibnally has at |east one additional carbon nitrogen, or sulfur

' h t ddi ti |
car bon i tr og e SiRIpF LhL{aBRNL Oy ?eé"‘csﬁ?éw'p%i%? "Cokh i beded al kyl s
i ncl ud P9 ters, ketones
Isﬂff :Jdgs,SLt?l}? f'ones Uéldtﬁof? oxé”g%agféd s‘g}%%g%éiog é/gn%f%genﬁ‘ﬁl TR LS

nitriles, ofNEbFMUILSPIESof the e t in gﬁ%{% degard to the preparation
of the above-descri bed conpound% ornﬁT there are a variety of

met hods  whi ch mrspdeatised. of the SRMSSBIdY. dds CRIBRY i@)’ %ml“ﬂ mul a

(rer) Is reacted with a conpound haV|ng t he
follows a three-step synthesis. First, sodlum acrylate or

methacrylate is synthesized from the reaction of acrylic or
methacrylic acid with sodium hydroxide. For example, the
reaction scheme below shows a reaction of methacrylic acid

with sodium hydroxide.

>/—~\<°H + NaO-H e ~>/—\<°°"' + HO

o
The sodium acrylate or sodium methacrylate, in turn, is
reacted with chlorodiethylphosphite to give
acrylodiethylphosphite or methacrylodiethylphosphite. For
example, the reaction scheme below shows such a reaction for

methacrylodiethylphosphite.

OP(OEY)2

O Na '
Heptane + NaCl
+ CIP(OE! —

The acrylodiethylphosphite or
methacrylodiethylphosphite, in turn and preferably in situ,
is reacted with CuX (X = C1, SCN; SPh (thiophenyl)) to form

Cu acrylodiethylphosphite or methacrylodiethylphosphite; For



[err], in formula (I1Il1) and M L2, R4, n, m and x in formula (IV) have

the sanme neaning as in fornmula (I) described above. J[err] represents a
pai r« of electrons on [err] or a functional group (i.e., |eaving group).
Generally, [err] is any functional group which is replaceable by the
avai |l abl e bond site from[err] Bxanpl es of functional groups
encohpassed by [err] include -OH, and halides. [err] wll general |y

repr esent aEPalr of avallable el e ﬁtrons on [er when [err] is nltrogen

phosphor o &35 W SIS (5] 3 rerRtie R 1

el enment of .t r|o I C T h as sulfur or silicon, [err] can be a
functionaﬁhﬂg éé ATy Qéi?ﬁhy Cbnpounds of formula (111)
are general ly connerC|aIIy avai |l abl e fron1such sources as Aldrich Chem ca
Co. -19- Spemodm,lewexanpl es as

. OP(OEY \ :
wel | as the preparati %F” conpounds g ormulaN(l Il )y whergin [err] is
phosphor ous ama i bed it PGdSVi k =, C Abstrjact, Vol. 63,
1965 (p. 13420 \Mtr16egard to its discussion|o# phosghites} This

m

Both of these phosphorous containing compounds are
‘abbreviated herein as the chemical symbol of the metal, here
copper, followed by "P" and the word "monomer". Hence copper
acrylophosphite is abbreviated as "PCuX monomer" and the
corresponding zinc metal monbme; as "PZnX monomer". A
synthesis is described for CuCl, but the identical reactions
apply for the preparﬁtion of CuSCN and CuSPh as well as other
metals encompassed by M.

The presence of unreacted acrylic or methacrylic acid,
water, or CuX can lead to undesirable side reactions.
Accordingly, the sodium acrylate or methacrylate should be
washed thoroughly to remove any uﬁreacted acrylic or |
methacrylic acid. The remaining precipitate should then be
dried (e.g., by means of a vacuum pump or a water-xylene
azeotrope where the temperature is preferably maiqtained
under about 35°C and a vacuum is applied simultaneously).

The presence of water results in the undesired hydrolysis of
the acrylodiethylphosphite or methacrylodiethylphosphite to a
phosphate, releasing the acrylate.

Acrylate or methacrylate groups in the presence of

appended phosphites of Cu are predisposed to self



reference is specifically incorporated herein by reference. Wth
respect to the conpounds of forrmula (1V), [err] represents an énpty
orbital which has the proper orientation to accept the pair of electrons
[err] to forma [err] bond. In addition, [err] can be a functional group
which can react with [err] to forman independent [err] nol ecul e and
[err]-M bond. An exanple of such a fé&rctional group (i.e., |eaving group)
is a hydride group or a halide group. In such a case, the [err]

functi onalpodiymér ddddidiond Herde t e dRITind e Rt QWL GO P 1R frgpound
and the conpound of fornula (1) will be fornmed by the open bond site In

[err] and solsespemimnbcinmended.er @ solutidiridmgie®iturd &5f Nesfthan
alternatively represent a pair of electrons, while [err] represents a

| abil e | i gotrtyldRS sigc hremommendteshi thut at |tempextatumess dowdre weai onitril e
is stable by itself and upon breaking off fromM a bond forns between
[err] and@bRdty |5°C.cdmaampd etep phesphise dnsorpatstizin ey theoohmeved hat

can accept electrqns from/|[err when [err] represents a pair of

electrons?naoﬁgqgiénHQEQﬁo a situation is when Mis Cu(l) and [err]

5 1o, PR SRR LS (Y, s, e

((::ﬁrenr?(r;;: a%'é:_&bﬁ%a'dlﬁb | SRR C N BRI %on%tmreexm_i%?tn}}pciaclal% LAnd Aldrich
colorless or light yellow viscous liquid that should '
polymerizé under the influence of heat or light.

The number of phosphites per CuX unit varies, depending
on X. For example, in ﬁhe case of CuCl there is only one
phosphite per CuCl. 1In the case of CuSCN, there are two
phosphites per CuSCN, and in the case of CuSPh there are
three phosphites per CuSPh unit.

UV photolysis of the PCuCl monomer gives a green white
solid and two phosphates. In other words, Cu was released.

The presence of chlorodiethylphosphate indicates that a |
homolytic cleavage of the cu-1.t (e.g., Cu-P) bond has taken
place, followed by a rearrangement to release the phosphate.
(See Rxn (a).) The same décomposition reactions were
observed for PCuSCN monomer and PCuSPh monomer. (See Rxn (b)

and (c).)



In view of the above, the description set forth below provides a nore
detail ed preparation of preferred conpounds of fornmula (1) of the present
i nventi on. Preparati on of the conpounds descri bed bel ow generally
follows a three-step synthesis. First, sodiumacrylate or nethacrylate is
synt hesi zed fromthe reaction of acryllc or nethacrylic acid with sodi um
hydroxi de. For exanple, the reaction sé€Benme bel ow shows a reaction of

met hacrylic acid w th sodium hydroxide. The sodi um acryl ate
or sodium nethacrylate, inggurn, is reacted with chlorodiethyl plpsghite to
give acryl odi et hyl phosph/t e or nethacryl odi et hyl phof{p )otge . Igpr or_ ] anpl e,
the reacti on™gchenme SSETOWN SH¥s sueh a reqction

met hacryl odi et osphi t 8yg Heptane yl odlégayl phosphi t e9%r (a)
met hacryl odi eyfiyl pRpsphite, in turn and prgferoly in situ,, ﬁ' ? ted
with CuX (X ="d, SBN, SPh (thiophenyl)) Yo formm Cu acrylodle %5 %ﬁosphlte
or nethacrylodiethylphosggéte. For

I
O—P—1CuSCN (v o—¢, \\
G i T
// // \; + Cu(ll) Sait

L o 2 o
[ OEt ] o
|| OEt
o--L-ﬂmsma v o-—-u"oa"'*s E::
j>>___<i | Err—— R\b cet (e)
] / \o o8t | ’ | | / \o + Cuy(lt) sait

The electrochemical behavior of the PCuX monomers were
determined using cyclic voltammetry. The electrochemical

cell contained 10 mL of the PCuX monomer in lx103

M saturated
CH2C12 solution of tetrabutylammonium hexafluorophosphate.
The reference electrode was a saturated calomel electrode
(SCE), the working electrode was carbon, and the auxiliary
electrode was Pt. The procedure followed was described in

the CV-27 Cyclic Voltammograph manual. Electrochemical

studies of the monomers gave the following results:

Reduction Oxidation
Potential ‘Potential
(H5C=C(CH3) C(0Q) O] (EtO) 3PCuCl -1.00 ev 1.375 eV
{ (HyC=C(CH3)C(0)0) ] (EtO) 3P}3CuSPh  -1.350 eV 0.935 eV
[H5C=C(CH3) C(0Q) O] (EtO) PCusBut -1.355 eV 0.875 eV

The electrochemical results are relevant because they
demonstrate that the Cu compounds can couple with another

Cu(+1) compound, Cu;0, to give Cu(0) and Cu(+2) complexes



-21- exanmple, the reaction schene bel ow shows such a reaction for CuX and
nmet hacr yl odi et hyl phosphi te. Bot h of these phosphorous
cont ai ni ng conpounds are abbreviated herein as the chem cal synbol of the
netal, here copper, followed by "P*" and the word "nononer”. Hence copper
acryl ophosphite is abbreviated as "PCuX nononer" and the correspondi ng
zinc Tetal nononer as "PZnX nononer". #4-synthesis is described for Cud
"but the identical reactions, apply for the preparation of CuSCN and CuSPh
as wel | as(péaetioneldls .encthipagafdaby Wh the cohhigopflederedeakeudteact ed
acrylic or nmethacrylic acid,, water, or CuX can |lead to undesirable side
reacti ons. bothcOudspgkyiest he sodi um acryl ate or methacryl ate shoul d be
washed thoroughly to renmove any unreacted acrylic or nmethacrylic acid. The
remai ning precipitate should then be dried (e.g., by neans of a vacuum
punp or a water CgPemeCuidzdoMpapuerwiere=>t Bt (PénpeFutlELe is preferlddly
mai nt ai ned under about 35[err]C and a vacuumis applied simultaneously).
The presence of _water results in the _undesired hydraolysis of the

acryl odi et hyl phB8ffi FBSoFORBPHEE 9F 08PEFRYRpNSL phFt EOFBeG: BRoSRSHESed

rel easing gggvg?r¥LQEECOmpound can then be polymerized with one or more

other monomers to form a polymer. Preferably, a methacrylate
monomer and a film softening monomer, such as an acrylate
monomer, are polymerized with a compound of formula (I) to
form a terpolymer. Preferably, the compounds of formula (I)
with one or more other monomers, such as the film softening
monomer and methacrylate monomer, are polymerized by free
radical polymerization except in the case where M is Cu(II).
Additionally, compounds of formula (I) with one or more
monomers, such as the film softening monomer and_methacrylate
monomer, can also be polymerized by condensation
polymerization. A solvent should be used such that the
polymer remains soluble in the solvent. Generally,
ketone-based solvents are preferred and methyl ethyl ketone
is most preferred. The polymerization reaction is preferably
initiated by a free radical initiator. Once polymerized, the

polymer may have the following repeating unit:



Acryl ate or nmethacrylate groups in the presence of appended phosphites of
Cu are predisposed to self -22-

pol ymeri zati on. Hence, a cooling bath and dilution with nore solvent are
recomrended. A solution tenperature of |less than about 15[err]Cis
reconmended, but at tenperatures |ower than about 5[err]C, inconplete
phosphi te incorporation may be observed25%nd shoul d be avoi ded. The
series of PCuX nononers is limted by the nunmber of stable CuX compounds.
The PCuX mononer is typically a colorless or light yellow viscous liquid
that should polynerize under the influence of heat or |ight. The
nunber of phosphites per CuX unit varies,. depending on X For exanple, in
t he case of threre i sgonl ¥ one phosphite per Cud . _In the case of
CuSCN, there areJtwo phospiftes peR\CuSCN, and
are three phospjjites per SPh unit. WV phot [ CuC
nononmer gives gheen whi Solid t WO JgRosph
was rel eased. The Cbreser?ce ol &hl¥r odMNgt YT PMOSPhat By i £
honol yti c cl eavage lof t he Cu-gerr] (e.gl, Cu-P) bond has takgn 'placg,
foll owed by a reapfidqgenent to rel ease(Ha)ecx-Qhosphate.P\( See n (a). Hﬂme

same deconposit A8n tions were ad’ | om

Howevér, the monomers are incorporated randomly into the
poiymer.

Examples of film softening monomers include, but are not
.limited to substituted and unsubétituted acrylate monomers
such as: methyl acrylate; ethyl acrylate; butyl acrylate;
ethyl methacrylate; butyl methacrylate; isobutyl
methacrylate; isococtyl acrylate; 2-ethylhexyl methacrylate;
nonyl acrylate; nonyl methacrylate; lauryl methacrylate;
stearyl methacrylate; dimethylaminocethyl acrylate;
dimethylamincethyl methacrylate; trifluorocethyl methacrylaﬁe;
2-methoxyethyl acrylate; 2-ethoxyethyl methacrylate;
2-ethylhexyl acrylate; and t;butylaminoethyl methacrylate.

In particular, it has been discovered that it is
possible by use of certain free radical initiators to
polymerize the unsaturation of the acrylate component of the
above material. However, polymerizing such monomers by a
free radical initiator such as those that use hydrogen

peroxide or an organic based peroxide, such as a carboxylic



observed for PCUSCN monomer and PCuSPh monorer . (See Rxn (b)

and (c).)

-23- [err] The el ectrochem cal behavi or of the PCuX
nononers were determ ned using cyclic voltammetry. The

el ectrochem cal cell contained 10 nL of the PCuX mononer in 1x [err] M
saturated [err] solution of tetrabutylampsg_um hexafl uor ophosphate. The

reference el ectrode was a saturated cal onel el ectrode (SCE)

t he wor ki ng

el ectrode was carbon, and the auxiliary electrode was Pt. The procedure
foll oned wagidepakedeben2zoyl peroxide, will usually lead to oxidation

of copper (I) to copper (II) and destruction of the

copper-containing monomer.

Preferably, the free radical initiators suitable

especially for copper-containing monomers of this invention

include azo type compounds, for example, azonitriles;

azoamidines; azo moieties substituted with alkyls; and azo

moieties substituted at the alpha carbon with combinations of

one or more of the following: alcohols, esters, nitriles,

amides, aminoalcohol, and substituted amines and amides

thereof.
Examples of commercially available azonitriles

Wako Pure Chemical Industries Ltd. are: Azonitrile

sold by’

Compounds;'2.2'-Azcbis(4-methoxy-2.4-dimethylvalero-nitrile),

2.2’ -Azobis(2.4-dimethylvaleronitrile),
2.2'-Azobis(2-methylpropionitrile),

(2.2’ -Azobisisobutyronitrile),

2.2’ -Azobis (2-methylbutyronitrile),

1. 1’—Azobis(cycloheiane-l-carbonitrile),
1-[(1-Cyano~-l-methylethyl)azo] formamide

(2- (Carbamoylazo) isobutyronitrile),

-

2-Phenylazo-4-methoxy-2.4-dimethyl-valeronitrile, Azoamidine

Compounds: 2.2’-Azobis(2-methyl-N-phenylpropion-amidine)

dihydrochloride, (2.2’-Azobis(2- (N-phenylamidino)propane)

dihydrochloride,

2.2’ -Azobis [N- (4-chlorophenyl) -2-methylpropionamidine]

dihyrochloride, (2.2’-Azobis 2-[N-{(4-chlorophenyl) amidino]



the CVv-27 Cyclic Vol tanmograph manual .. El ectrochem cal studies of the
nononers gave the follow ng results:

Reducti on Oxi dat i on Pot ent i al
Potential [err] ' -1.00 eV 1.375 eV Jerr]
-1.350 eV 0.935 eV [err] -1.355 eV 0. 875 eV

The el ectrochenical results are rel evantphecause they denmpnstrate that the
Cu conpounds can couple with another Cu(+l) conpound, Cu20 to give Cu(O
and Cu(+2) conpl exes . . -24- (reaction
(d)). Thi sPEaRaard Aihydeochdcrddedd rel ease of both Cu speci es.

[err] Once the conpound of fornmul ) is forned, as .discussed
above, thi¢é-2oApaa &SégﬁqgHEHQEEXHBB§H¥FSiédmﬁ?ﬁYL&ﬁgﬂioqﬁm%gln@ﬂher
nononers tQqQ.{orma,pal L. Brefecably, crylate noqer and.a film
sof t eni ng ﬁﬁﬁgﬁﬁP?hgﬁéﬁggg éﬁ‘ cféﬁgkés 25&3%3?:5§F§°§8F§E%WH§e&mﬁaHQQA-
conpound o rggégﬁlaih§hr59hlg9& a terpolyner. Preferably, the conpounds of
formula (I one“or nore othér nononers, such as the film softening

oo 21 EEhEBH 2 BTSN oA AR oot asta o
dihydrochloride, 2.2’-Azobis[2-(N-benzylamidino)propanel
dihydrochloride, 2.2’-Azobis[2-methyl-N- (2-propenyl)
propionamidine] dihydrochloride, 2.2’-Azobis
[2- (N-allylamidino) probane] dihydrochloride,
2.2”-Azobis(2-methylpropionamidine) dihydrochloride,

(2.2’ -Azobis(2~-amidinopropane) dihydrochloride,
2.2’-Azbbis[N—(2-hydroxyethyl)-2-methylpropionamidine]
dihydrochloride, (2.2’'-Azobis 2-N-2-hydroxyethyl) amidino]
propane dihydrochloride, Azocamide Compounds: 2.2’-Azobis
2-methyl-N-[1,1-bis(hydrdxymethyl)-l-hydroxyethyl]propionamide,
2.2'-Azobis 2-methyl-N-[1.1-bis(hydroxymethyl)ethyl]
propionamide, '
2.2'-Azobis[Z-methyi-N-(2-hydroxyethyl)-propionamide],
2.2'—Azobisl(2-methy1propionamide) dihydrate,

(2.2’ -Azobis (isobutyramide) dihyérate), Alkylazo Compounds:
2.2'—Azobis(2,4,4—trimethylpentane)(Azodi-tert-octane),

2.2’ -Azobis (2-methylpropane) (Azodi-tert-butane) and for azo
moieties substituted at the alpha carbon with combinations of
one or more of the following: alcohols, esters, nitriles,
amides, aminoalcohol, and substituted amines and amides
thereof. Other examples include Dimethyl,

2.2’ -azobis(2-methylpropionate) (Dimethyl



Addi tionally, compounds of formula (I) with one or nore. nononers, such as
the filmsoftening nononer and nethacrylate nononer, can al so be

pol ymeri zed by condensation polynerization. A solvent should be used such
that the polynmer remains soluble in the solvent. Generally, ketone-based
solvents are preferred and nethyl ethyl_xgtone is nost preferred. The

pol yieri zation reaction is preferably initiated by a free radi cal .
initiator. Once polynerized, the polynmer may have the foll owi ng repeating

;J mat :rmnomgr's? ‘arg ?bnicsoirsg?ok?r%'iyézﬁf‘trea?ﬂdo%ﬁqy' T%?P{%g;'%wl.eric acggeﬁglegz of
nbart | L0 RS G pln i 8L 00 |7 L0 028 e e
butyl aCfnt@behzdﬂﬂamzJ?HJ&%HﬁQﬁgéﬁyﬂ%“ﬁ@oﬂ?%&%??ﬁﬂé¥e; | sobutyl
- Organic based peroxide initiators, while generally not
suitable for polymerizing or copolymerizing copper éontaining
monomers of this invention, are however suitable for
polymerizing other metals within the scope of this invention
when they are used in place of copper. Examples of these
alternative initiators are: organosulfonyl peroxides; dialkyl
or diaryl or alkyl aryl peroxides; diacyl peroxides; ketone.
peroxides; peroxyketals; peroxydicarbonates;
perokycarbonates; and peroxyesters.

Examples of these materials are available commercially
from E1f Atochem North America, Inc. under the trade name
LUCIDOL. Specific chemical examples of some of these
materials are: Diacyl peroxides; 2,4-Dichloro Benzoyl
Peroxide, Diisononanoyl Peroxide) Deéanoyl Peroxide, Lauroyl
Peroxide, Succinic Acid Peroxide, Acetyl Peroxide, Benzyol
Peroxide, Ketone Peroxide; 2,4-Pentanedione Perokide,
Peroxydicarbonates; Di (n-propyl) Peroxydicarbonate,

Di (sec-butyl) peroxydicarbonate, Di(2-e£hylhexyl)
peroxydicarbonate, Di (2-phenoxyethyl) Peroxydicarbonate,
Peroxyesters; a-cumylperoxy Neodecanoate, «-cumylperoxy
Pivalate, t-Butylperoxy Neodecanoate, t-Butylperoxypivalate,
2,5-Dimethyl 2, 5-di(2-ethylhexanoyl peroxy) hexane,
t-Butylperoxy-2-ethylhexanoate, t-Butylperoxyiosbutyrate,

t-Butylperoxymaleic acid, 2,5-Dimethyl-2,5-di (benzyolperoxy)



met hacryl ate; isooctyl acrylate; 2-ethyl hexyl nethacrylate; nonyl

acryl ate; nonyl nethacrylate; lauryl methacrylate; stearyl nethacryl ate;
di met hyl am noet hyl acryl ate; di net hyl am noet hyl nethacryl ate;
trifluoroethyl nethacrylate; 2-nethoxyethyl acrylate; 2-ethoxyethyl

met hacryl ate; 2-ethyl hexyl acrylate; and t-butyl am noethyl nethacryl ate.
In particular, it has been discovered thd®-it is possible by use of
certain free radical initiators to polynerize the unsaturation of the
acryl ate conponent of the above material. However, polynerizing such

monorer s Ly, g d I ee_gRty £AL rbk L AGL 0L e & UCH- BE1BSFokOBetiz6a Y M OGEN
c based peroxi de, xyflc

. peroxi de or an organi such as® a car

- 26- aCi&i%ﬁE‘t?ﬁﬂ%ﬁ%ran thg1ath ] | e URHPL | Yol 8¢ bOvRYAEAL i BRa1R{

copper (l) to copper destruction of " the copper-contalning

mononer. peroxfi&d eroblymyl heetsebdépdical initiators suitable especially
for copper-containing nononers of this invention include azo type

conpounds, 2 fa¥Dinetipy - 2 pzodl (t +besyl pazory) dharane azDi fO+Bhted substituted
with al kyls; and azo novieties substituted at the al pha carbon with
conbi nat i Aerafidene2 of -Rinetlnyl + 21eS fdi (ovbugylpérokyl shexgnerd, nitril es,
Hydroperoxides; 2,5-Dihydroperoxy-2,5-dimethylhexane, t-Butyl
Hydroperoxide, Peroxyketals; 1,1-Di (t-butylperoxy)
3,3,5-trimethyl cyclohéxane, 1,1-Di(t-butyl-peroxy)
cyclohexane, 2, 2-Di(t-butylperoxy) butane,
Ethyl-3,3-Di(t-butylperoxy) butyrate.
In addition; one or more of the following substituted or
unsubstituted monomers can be polymerized'wiﬁh a monomexr of
formula (I): acrylates; acroleins; acrylonitriles;. i
acrylamides; acryloyl halides; allyls; butadienes;
citraéonimide; diallyls; isoprenes; itaconic acids;
itaconamates; itaconimides; maleic alkylates; maleic
anhydrides; maleimides; methacrylamides; alkyl methacrylates;
methacrylic acids or anhydrides; oxazolines; pyrrolidones;
sﬁyrenes; vinyls; and vinylidene halides. Some typical
éxamples of some of these are: with respect to acrylates:
alpha-acetoxy ethyl acrylate; alpha-chloro methyl acrylate;
alpha-trifluoromethyl methyl acrylate; benzyl acrylate; ethyl
acrylate; ferrocenylmethyl acrylate; isobutyl acrylate; and
phenyl acrylate; with respect to butadiene, 2,3-dichloro
butadiene; 2-chloro butadiene; Acrylamide;

a-fluorcacrylamide, N-octadecyl-acrylamide, Acrylate;

methyl-a-chloro acrylate, methyl, «a-fluoromethyl-acrylate,



am des, am noal cohol, and substituted am nes and am des thereof.
Exanpl es of comercially avail able azonitriles sold by Wko Pure Chenica
I ndustries Ltd. are: Azonitrile Conpounds;

2.2' - Azobi s(4- met hoxy- 2. 4-di et hyl val ero-nitrile),

2.2' - Azobi s(2.4-dinethylval eronitrile),

2.2'*~Azobi s(2-net hyl propionitrile), (ZEQP'-AzobisisobutyronitriIe),

2.2' - Azobi s(2-net hyl butyronitrile), 1

1' - Azobi s(cycl ohexane-| -carbonitrile),

"1-[ (1- CyangsJ; h a )
(ZEECaf%aHSV%§§%§i%%ﬁt?%#%hf€%$?£??a%§%éte' ferrocenylmethyl acrylate,

2- Phenyl azoj gspEt PP Xy e | hhv Ltei I g ,dige Conpounds:
2 2 Aroht SOy R TRl o o TE ACEAIMES) | RerfERERPLIY o

(2. 2" - Azobi g{Bréib PAeHY] 881 sé1@) PAEOPPIGn it #iydr ochl ori de,

2.2' - Azobi s[ N- (4-chl or ophenyl ) - 2- met hyl pr opi onam di ne] di hyrochl ori de,

(2.2' - Azobic- i fl (drome oliphretyylomittile®] Allyl; alcohol allyl,

-27- propanel di hydrochl oride), ,

2. 2' - Azobi Buwtddidmyelr oxyphdighlee rlmitydpenp okechloneibudadiemechl ori de)

(2.2'-Azobis, 2-(N-(4-hydroxyphenyl) ami dino] propane di hydrochloride,
Citraconimide; N-benzyl-citraconimide, N-butyl-citraconimide,
N-isocbutylcitraconimide, Diallyl; melamine diallyl, phthalate
diallyl, Diallylcyanamide; Isoprene; 3-acetoxy-isoprene,
Isopropenyl acetate; Itaconamate N¥phenyl-ethyl; Itaconate
dibutyl; Itaconic acid; Itaconimide, N-benzyl; Maleimide;
N- (4-hydroxyphenyl) -maleimide, N-benzyl-ﬁaleimide,
N-butyl-maleimide, N-phenyl-maleimide, Methacrylamide;

' N-methomeethyl-methacrylamide, N-phenyl-methacrylamidé,
Alkylmethacrylates; benzyl alkylmethacrylate, chloromethyl
alkylmethacrylate, cyanomethyl alkylmethacrylate, glycidyl
alkylmethacrylate, 2-hydroxyethyl alkylmeﬁhacrylate, '
2-hydroxypropyl alkylmethacrylate, 2-phenethyl
alkylmethacrylate, Methacrylic acid; anhydride methacrylic,
Oxazolidone; N-vinyl oxazolidone, Pyrrolidone; '
a-methylene-N-methyl -pyrrolidoe, N-vinyi-pyrrolidone,
l-benzyl-3-methylene-5 methyl pyrrolidone, Styrene;
o-methyl-styrene, 2,4,6-trimethyl-styrene, 2,
S-dichloro-styrene, m-bromo-styrene, m-chloro-styrene,
m-methyl-styrene, p-bromo-styrene, p-chloromethyl-styrene,
p-N,N-dimehtylamino-styrene, Vinyl} acetate vinyl, benzoate

vinyl, bromide vinyl, butyrate vinyl, chloride vinyl, ether

viﬁyl, ethyl ether vinyl, ethyl ketone vinyl, ethyl oxalate



. 2- Azobi s(2- net hyl - N- (phenyl net hyl ) - propi onam di ne] di hydrochl ori de,

. 2' - Azobi s[ 2- (N- benzyl am di no) propane] di hydrochl ori de,

. 2'* Azobi s[ 2- net hyl - N- ( 2- propenyl ) propi onam di ne] di hydrochl ori de,
.2'-Azobis [2-(N-allylam dino) propane] dihydrochloride,

. 2' - Azobi s(2- et hyl pr opi onam di ne) di hydrochl ori de,

(2. 2" - Azobi s(2- ami di nopr opane) di hydrochqari de,

2.2' - Azobi s[ N- ( 2- hydr oxyet hyl ) - 2- met hyl propi onam di-ne] di hydrochl ori de,
(2.2'-Azobi s 2-N-2-hydroxyethyl) am dino] propane dihydrochloride,
Azoanm de G@ﬁgmvnagh 2. dulkddei ¥inyl, ethyl sulfoxide vinyl, phenyl
2-met hyl - N-[ ,1-b|s{hydroxynethyl)-1-hydroxyethy|]propionanide, _

2. 2' - Azobket3neeviykil propibnatley sriayinesulfoeehylihylpr opi onani de,

2.2' - Azobi s[ 2- net hyl - N- ( 2- hydr oxyet hyl ) - propi onam de], 2.2'-Azobis

(2- net hyl piopléearodenedi mitdydhydrogringne, Addbpengzioageut yr ani de)

di hydrate), Al kylazo Conpounds:

2. 2" - Azobvipylhydroguisomel pdinydddenesdichleomidec vimy)lidene, cyanide
2.2' - Azobi s(2-net hyl propane) (Azodi -tert-butane) and_fqr azo noieties :
substitutgén¥i1§ﬁ89alHH&YQ&PEGNaR?Fﬁ?cyﬁﬁﬁﬂéﬁi&%§hﬁlsH%%§eor nore of the
foll ow ng: alcghols, esters, nitriles, amd am noal cohol , and
substituted an&QESCQH&CEWF%é§%etHEFESF?SCHﬁbsigfﬁﬁ%ng°Pn5%ﬁae Di net hyl ,
2.2 'aZObb§ %é%%&@%lgg 500 @b a8 Wntrolled release application.

For example, polymers for marine antifoulant applications

NNDNDNDN

must give a flexible film with good mechanical integrity.
Therefore, the monomer of formula (I) must be polymerized
with a rubbery monomer for flexibility (e.g., butyl acrylate)
and a hard monomer for good mechanical properties (e.g.,
methyl methacrylate).

Polymerization of the PCuCl and other transition metal
monomers 6% this invention with methyl acrylate (MA), methyl
methacrylate (MMA) and butyl acrylate (BA) in MEK gives a
polymer solution with Mw of about 50,000 to about 60,000.

| The polymer acts as a bindef which is held in suspension
by a solvent such as a ketone, preferably methylethyl ketone.
Then, pigments, dyes, and other biocides are added in manners
known to those skilled in the art. A description of such
components and ways to add such components to form the paint
is described in a technical book entitled Marine |
Biodeterioration: An Interdisciplinary Study, J.D. Costiaw
and R.C. Tipper, Eds., Naval Institute Press, Annapolis,
Maryland, 1984, incorporéted herein by reference, with

particular emphasis on the chapter titled "The Chemical and



- 28- 2.2' -azobi si sobutyrate), 4.4'-Azobis(4-cyanovaleric acid),

(4. 4" - Azobi s(4-cyanopentanoic acid)), 2.2'-Azobis[2-(hydroxynethyl)

propi onitril e] Organi ¢ based peroxide initiators, while generally not
suitable for polynerizing or copolynerizing copper containing nononers of
this invention, are however suitable for polynerizing other netals wthin
t he scope of this invention when they-3re used in place of copper

Exanpl es of these alternative initiators are: organosul fonyl peroxides;

di al kyl or diaryl or alkyl aryl peroxides; diacyl peroxides; ketone

per oxi des; PEySKYXEtCharaPespxydt Lanhbonamgsine PEHQKYAGEPOBAERSHIi AR -

per oxyesters. Exanpl es of these naterials are avail able comercially
fromEl f AtQuedeemoton t AntdhBoulant s hcby mdbBr Goedt aadec NRIEMohAGhRA). .

Speci fic-chem cal exanples of sonme of these materials are: D acyl

per oxi des; 2, 4- ude of oredzigto #Pepainte, thei paintacay| b&eappliied Pecanoyl
Per oxi de, Lauroyl Peroxide, Succinic Acid Peroxide, Acetyl Peroxide,
Benzyol P&wskare wechbnes reriawdle; and upeont applicaci®er okheesolvent

Per oxydi car bonates; Di (n-propyl) Peroxydicarbonate, Di(sec-butyl)

per oxydi carforfit e KeFPBe Lt SYAPREIFGS bRAVIRAI Ehe bepbyeer Dviphpathexryet hyl )

o comyl per GRS o, FERHABAY o RCBRLERRbERba LB gPchokyPi VaPd o,
2,5-Dimet hyéllgyl Sékgén(.r?'v%fé(ljl %MP&@ Qeéfévx)eggﬁ(gpgtion of the solvent
which assists in avoiding trapping of the solvent beneath the
interior layers of the paint.
The preferred organometallic polymers made in accordance

with this invention achieve the following:

1. The polymer is solvent soluble, for easy
application.
2. The polymer solution provides a clear, hard film

with enough flexibility to coat a ship’s surface.
3. The f£ilm undergoes at least some surface hydrolysis
to release a metal, to become a material that
either dissolves or swells and is attritted or
dissolved off to provide a fresh and new polymer
layer that is preferably smooth to preserve a
ship’s fuel efficiency.
The polymers of the present invention are also capable
of releasing in a controlled manner an active ageﬁt.
Controlled release systéms permit an active chemical agent

(e.g., Cuzo; Manganese ethylenebisdithiocarbamate (Maneb) ;



t - But yl per oxy- 2- et hyl hexanoat e, t-Butyl peroxyi osbutyrate,

t-Butyl peroxymal ei ¢ acid, 2,5-Di nethyl-2,5-di(benzyol peroxy)

-29--  hexane, t-Butyl peroxy Acetate, t-Butyl peroxy Benzoate, Di-t-Butyl
di peroxypht hal ate, t- Anyl peroxy pi val ate, Dial kyl Peroxides, D cunyl
Peroxi de, 2,5-D nmethyl-2,5-di(t-butyl peroxy) hexane, D -t-Butyl Peroxide,
2, 5- TXnethyI 2,5-di(t- butylperoxy) hexﬁﬁe 3, Hydroperoxi des;

2,5-Di hydroperoxy 2, 5- dlnethylhexane t-Butyl Hydroperoxi de, Peroxyketals;

£ D A o SR A B g o)

butyrate. i | t r re.of .the f ng substltuted or
unsubsti t & e r}o%rtpg‘(r;% cslan e p%hﬁ'neigl)ztgd‘ﬁlt%e’ bﬁod?d#e I Lolr mél a (1):
acrylatesgj r | lﬁ&{ a oy al i des;
allyls; but a ene ﬁrﬁcxlém (?'t?ﬁ’& I a ﬁys | sop ne%rsl)hcl taconi ¢ aci ds;

|taconanagggylbhggqupgy$5cdgydﬁdgeauﬁﬁhékg& mal ei ¢ anhydri des;
mal ei mi des; et hacryl am des; al kyl nmethacryl’ates; methacrylic acids or

anhydrlden,(Qaagﬁ&jjyanld@ﬁmeﬂnyxwmmb) PHOHARRE deV | (BLudroFd pde)y! | dene

hal i des. Sone typical exanples of sone of these are: with respect to

acryl at esN,N-dimethyl-N’ -phenyl-N’ - (fluorodichloro-
methylthiosulphamide (Dichlorefluanide, Euparen) ;
Tetramethylthiuram disulfide (Thiram); Methylene
bis(thiourea); 4-Butyl catechol; Captan; Zinc dimethyl
- dithiocarbamate; 2-Methylthio-4-t-butylamino-6-
cyclopropylamino-s-triazine;
2,4,5,6-Tetrachloroisophthaloqitrile; N,N-Dimethyl-N‘-
dichlorophenyl urea; Copper thiocyanate; 4,5-Dichloro-
2—n-octyl-3(ZH)isothiazolone; N-Fluorodichloromethylthio-
phthalimide; N,N-Dimethyl-N’-phenyl-N’-
fluorodichloromethylthio-sulfamide; 2-Pyridinethiol-1-oxide
zinc salt; Tetramethyl thiuram disulfide; Copper—nickei (10%)
solid solution alloy; 2,4,6-Trichlorophenyl maleimide;
2,3,5,6-Tetrachloro-4-methylsulfonyl pyridine; .
3-Iodo-2-propenyl butyl carbamate; Diiodomethyl p-toluyl
sulfone; Bis-(dimethyldithiocarbamoyl zinc) ethylene
bis-dithiocarbamate; Pyridine triphenylboran; Zinc-2-
pyridinetﬁiol-N-oxide (Zinc Omadine) (Zinc salt of
1-hydroxy-2-pyridinethione); Tetrachloroisophthalonitrile
(NuoCide 960s) (Chlorothalonil); 1-Methylthio-3-(t-
butylamino)—5-(cyclopropylamino)-S-triazine (Irgarol 1051);
4,S-Dichloro-z-n-octy1-3-(2H)-isothioéolone/chloro-z-n-

octyl-3-(2H) -isothiazolone 7/1 (Anti-Foulant 3-9211M);



al pha-acet oxy ethyl acrylate; al pha-chloro nethyl acrylate;

al pha-trifluoronethyl nmethyl acrylate; benzyl acrylate; ethyl acrylate;
ferrecenyl nethyl acrylate; isobutyl acrylate; and phenyl acrylate; wth
respect to butadiene, 2,3-dichloro butadiene; 2-chloro butadiene;

Acrylam de; [err]-fluoroacrylam de, N octadecyl-acrylam de, Acrylate;
met hyl -a-chloro acrylate, nethyl, a-fluord#ethyl-acryl ate,

- 30- benzyl acrylate, ethyl acrylate, ferrocenyl nethyl acrylate,

i sobutyl acrylate, phenyl acrylate, Acrylic acid; [err]-brono-acrylic
aci d, Acryhepithiid1orfes ! A |1 NP HiHGHd iRdhm Al IBdas 2l coho
allyl, Butadiene; 2, 3- di chl or 6- but adi ene, 2- chl or o- but adi ene,

Ci t raconi mMp@ig;1 aki=llgnEd )-)Cidd 30 MriindFe Dy =Cidgeridiidd darget at a

N-isobutylcitraconimde, Diallyl; nelamne diallyl, phthalate diallyl,

Di al | yl cyamatied@nd shyyaissin Jeatieinedy tics aaionig 1 ids G dptiatdeat ef fifierit .
| taconamat e N-phenyl-ethyl; Itaconate dibutyl; Itaconic acid; Itaconi m de,

N-benzyl ; Whesiemsystens (havey donnd lgpopingalssl mind@any eeread - fidei m de,

N but yl - mal ei m de, N-phenyl -mal ei m de, Met hacryl am de;

N- met hoxy megdapieLeet Hat mhammageutiasdeny icatadlyadsy| afstdcides, and

Al kyl et ha(;;l li%%%sl;antg:esn.zylFo%! I;_:X.llrg%tshe%.c ro%fl atthee’ pCrhelsOern%rm'J:[nerelntion, the
basic components_of a controlled release system include the
active agent and the polymer matrix which regulates the
active agent’s release. The use of the polymer system is
dependent on its properties and these can be tailor-made for
. each controlled release application. The controlled release
system that is particularly useful with the compounds of the
present invention are "erodable" systems. In particular, the
active agent is blended so that it either dissolves in, is
physically dispersed in, or is chemically bound to the
polymer matrix. The pélymer used is either soluble or
degrades during use and the active agent is released by a
-combination of diffusion and liberation due to erosion. The
metal containing polymer éystems as described in this
invention refer to a delivery system which will release an
active agent through surface erosion due to an environmental
agent such as water.

The main advantage of controlled release systems is that

they allow much less of the active agent to be used more
effectively over a given period of time. For example,

pesticides or biocides can be released in a controlled manner

for an extended period of time. A particular example is the



al kyl met hacryl ate, cyanonet hyl al kyl net hacryl ate, gl ycidyl

al kyl met hacryl ate, 2-hydroxyethyl al kyl nethacrylate, 2-hydroxypropyl
al kyknet hacryl ate, 2-phenethyl al kyl met hacryl ate, Methacrylic acid;
anhydride nethacrylic, Oxazolidone; N-vinyl oxazolidone, Pyrrolidone;
a- met hyl ene- N- net hyl - pyrrol i doe, N-vinyl-pyrrolidone,

1- behzyl - 3-met hyl ene-5 et hyl pyrrol i-ddne, Styrene; a-nethyl-styrene,
2,4,6-trinethyl-styrene, 2, 5-dichloro-styrene, nm brono-styrene,

m chl oro-styrene, mnethyl-styrene, p-brono-styrene,

R o s

benzoate vinyl, brom e viny

inyl, eth i e 1 i ’ '
YISt il 8 4080 bl B2 o,

-31- vinyl, ethyl sulfide vin et

vi nyl , prOE&Qﬂﬁkﬁmyg@ﬁns!ﬁd'&g@% ey, Vvinylferrocene, vinylhydroquinone,
di benzoate vinyl hydroqui none, Vinylidene; chloride vinylidene, cyanide

vinylidene, Vingurtimiaieates; t¥iepriedei! hnveintdts relates#® fla@iage of the
nononers i s dependent on the properties required for each controlled

rel ease appbompdieixes havdimgetdepformudlay @Iy :f or mari ne anti f oul ant

appl i cations :
/( )
M

\]fRfl‘

where the definitions of M, x, L2, n, and R are the same as
in formula (I). Compounds of formula (II) can be used as
additives to such compositions as paiht formulations in ,order
to prevent fouling on surfaces susceptible to fouling.
Manners in which the metal complex is incorporated in
compositions'such as paint formulations as well as means to
apply the composition to surfaces (e.g., ship hulls) are
known to those skilled in the art.

In the examples set forth below, there is a comparison
of the effectiveness of introducing copper into a polymer
such as that disclosed above which initially does not contain
copper.

To obtain optimal £ilm forming propérties the average
molecular weight of polymers, measured in accordance with
ASTM method number D 5296-92, made from monomers made and

used in accordance with this invention are preferably in the



must give a flexible filmw th good nmechanical integrity. Therefore, the
nmononmer of formula (1) nust be polynerized wth a rubbery nononer for
flexi-bility (e.g., butyl acrylate) and a hard nononer for good nechanica
properties (e.g., nethyl nethacryl ate). Pol yneri zati on of the PCud
and other transition nmetal nononers of this invention with nethyl acrylate
(MA) ; nethyl nethacrylate (MVA) and buBf4 acrylate (BA) in MEK gives a

pol yner solution with Mv of about 50,000 to about 60, 000. The pol yner
acts as a binder which is held in suspension by a solvent such as a

ket one, preferably nethylet %b ketone. Then, pignments, dyes, and other
bi oci des ar &axEfRePh rﬁhf%e"—f 0 ERvAf &P Qo SO | PTREETaP el m fhe srange

description uch onents nd ways to add such conponents to formthe
paint is d&fﬂfcﬁ | qoecttﬂu 19Qfbok entitl ed Marine Biodeterioration:

Mstitute Press. %@ﬁfﬁ' et ASTEE i, AT o %deh%?%fw%fﬁv 3
reflerence, it fIdSUIGHe WRVRLE G0 E SPRLEL dLLER TN gy

and erlzatlon of

Marine Coat 'ﬁl%%&ﬁﬂtéé WYL r LAY 1w AU Iﬁf&ﬁé)ﬂ&% £ Mt t@%@%&ag

Monaghan. Once fornmed into a palnt he pai nt can be appl
of formula (I).

E LES

Monomer Syntheses
Example 1: Synthesis of lH2C=C§CH3)C(g)O|P§OEt22

Methacrylic acid in slight excess was reacted with NaOH
in xylene to ine Na acrylate and H,0. The solid Na acrylate
was collected and'washed with xylene and heptane until
methacrylic acid could not be detected and then any remaining
traces of H.O were removed under vacuum. Table .l sets forth

2
the precise details of the synthesis.

Table 1: Sodium Acrvlate Synthesis

Materials M.W. oles Charged (g)

Methyacrylic Acid 86.09 - 1.18 100

Sodium Hydroxide 40.00 1.125 45

Xylene 106.17 650

Xylene Wash ' 400

Heptane Wash : - 350

Total Charge: 1545

1. Charge 650 g xylene into a 3 L four necked flask with
Xylene.

2. Degas xylene.

3. Charge 100 g methacrylic acid into the reaction flask.



surface such as a hull, and upon application, the solvent (e.g., ketone)
evaporates |l eaving the polynmer with other ingredients. Preferably, the
solvent that is used has a long alkyl chain which permts a slow
evaporation of the solvent which assists in avoiding trapping of the

sol vent beneath the interior |ayers of the paint. The preferred
orgarionetal lic polyners nmade in accordane®’- with this invention achieve the
fol | ow ng: 1. The pol yner is solvent soluble, for easy

appl i cation. 2. The pol yner solution provides a clear, hard film

wi th enoughy flexddlid Yglsodh BydibPide S f@0fee equivalent Sottidhs
under goes at | egsgesofepsurface hydrol ysis to rel ease a netal,
to becone a material that either dissolves or swells and is
attritted @@, Stir for I séayyeathddf dixfseande a fresh and new pol yner

| ayer that is preferably snmoboth to preserve a ship's fue

efficiency.6. - Collhectpotlysrescdiim tderpratsentn ianvEcilenk af £lodés0 capabl e
of releasing in a controlled manner an active agent. Controlled rel ease
systems perhit dfaskithe sodiumac e ghxep times|witin
et hyl enebi sdi t hi Geetdpbmred @0 (Fhra ;three times for heptane
-33: (total: 350 g).
8. Pump off residual solvents and water. Dry undér vacuum
for 2 days.

A dilute solution of Na acrylate with
chlorodiethylphosphite in heptane was then reacted over
several houfs to give acrylodiethylphosphite and NaCl. The
reaction was monitored to ensure that all of the
chlorodiethylphosphite was consumed. A slight excess (1.15)
of the Na acrylate was used. The NaCl was filtered off to
give a heptane solution of acrylodiethylphosphite. This
phosphite was reacted in situ with CuCl as discussed in
Example 2 below. Table 2 sets forth the precise details of
this synthesis.

The phosphite was characterized by: GC-MS (parent ion =
206.10), IR spectroscopy [v(CO) = 1708 em™t and v{(P-0) =
1027 cm™ %), and 3lp R spectroscopy (134 ppm) .

Example 2: Synthesis of |H2g=C(CH3QC(Olol(Etozzggggl
CuCl was added to the above heptane solution of
acrylodiethylphosphite, which was cooled to 2-5°C. A viscous
purple layer sepérated out and was isolated as a purble oil.

The viscous purple oil was stirred and resulted into a brown

oil. The (HC=C(CH3)C(0)O] (EtO)3PCuCl complex thus formed,



Zi nc di net hyl di t hi ocarbamate (Ziram; 2(Cycl opropyl ani no) - 4-

I sobutyl am no-6-nethylthio-S-triazine; N (3,4-

di chil orophenyl ) -N, N-di met hyl urea (Diuron); Zinc

et hyl enebi sdi t hi ocar bamat e (Zi neb); N—(fIuorodichloronethylthio)
phthal i m de (Fluorofolpet); N Ndinethyl-N -phenyl-N -(fluorodichloro-
nethylthlosulphan1de (EXChIoroquanlde3'Euparen) Tetranethylthiuram
disul fide (Thiranm); Methylene bis(thiourea); 4-Butyl catechol; Captan ;
Zinc dimethyl dithiocarbamate; 2-Methylthio-4-t-butylam no-6-

cycl opropx)aaéwagrfed B2 Neptahet, S hrldaed @@ sepdthed -dd i et
N, N-Di net hyl - N - dlchlorophenyl urea; Copper thiocyanate; 4, 5 D chl or o-

2-n-octyl ﬂo%)urﬁss)téblam&ﬂ%f NHe wingsliesh ! 01 Qﬁ@emémgkemwal i m de;
N, N- Di et hyl - N - phenyl - N - fl uorodi chl oronet hyl t hi o-'sul f am de;

2- Pyri di natable 2l-abdalesetzs o tthel givatiddydetdii 1y asf ditsisd f i de; '
Copper-nickel (10% solid solution alloy; 2,4,6-Trichlorophenyl mal ei m de;
2, 3,5, 6- Tetyradidsiirso- 4- net hyl sul fonyl pyridine; 3-1o0do-2-propenyl buty
carbanmate; Diiodonethyl p-toluyl sulfone; Bis-(dinethyldithiocarbanoyl
zinc) ethylene bis- dlthlocarbanate Pyridi ne trlphenylboran Zi nc- 2-

pyri di net hi ol - N- oxi de (4 CL Monomey Sythesis '

1- hydr oxy- 2- rlq]nethlone) Tetrachlor0|sophth%lo%tr|Ie (W?oClde 960s)
gé@%iq%_g Charged (g)

(Chioroth I\/Ethylth|03(tMW Moles arge
but yl am n%) d%.ugncﬁzl::%ﬂ q_'peyl am no) - §_0t8r 0a82| ne (I rg3ad'ol 1051); " 1s
CIP(OEt) o 156.55 124 19
CuCl - 98.99 91 9
Heptane 200
Heptane wash 50
Methylethylketone 16
Total Charge: 309

1. Dry glassware in oven. Assemble glassware and dry
' further with heat gun.

2. Charge sodium acrylate into reaction flask under Ny.
3. Add 200 g dry heptane to reaction flask via cannula.
4. Maintain reaction solution at 2-5°C (cold water bath).

5. Agitate the solution and syringe CIP(OEt),; dropwise.
Keep the solution temperature at below 10°C.

6. Continue stirring for two hours. NOTE: Reaction is
complete when no CIP(OEt); is detected in the GC-MS
spectrum.

7. Filter off the NaCl by product and cool reaction

solution to t10°C.

8. Add CuCl to reaction solution over 1 h. Keep the
solution temperature at 10-13°C during CuCl addition.
NOTE: The product is a purple oil which turns brown
with continued stirring.

9. Syringe off the heptane layer.

10. Add 16 g of MEK and fllter NOTE: Characterize the
CuCl monomer by 1H- and 31pP-NMR spectroscopy.



4,5-Di chl oro-2-n-octyl-3-(2H )-isot hi ozol one/ chl or o- 2- n-
octyl-3-(2H)-isothiazolone 7/1 (Anti-Foul ant 3-9211M;

-34-- |sothiazol one, an organosul fur biocide (Rohm & Haas, Phil adel phia))
to be transferred to a specified target at a rate and duration designed to
acconplish an intended effect. These sygfems have found grow ng use in
many" areas, for exanple, in pharnmaceuticals, catalysts, pesticides, and
antifoul ants. For purposes of the present invention, the basic conponents
of a controlled rel ease systeminclude the active agent and the pol yner
matri x which, reged atles MR sehhtién dGENEhS CetPagénomde B6E Bhet he pol yner
systemis dep ePizat BoRl OPEF ttips @idl t heacmeanwbEl t Abt obemadedf or
each control | edidifedbste bppl $€6te ofthe THeleobhdn oih ethe efrasgersystem that is
particularly useful with the conpounds of the present invention are

"er odabl e"Foy stwsBh amd peUsBuehl Synthéeis ache veragedure sfbl boved wast hat it
ei t her di ssichilarite thkat phigémalhyrelf spkrsed in, or is chenically bound to
the polynmer matrix. The polymer used is either soluble or degrades during

use and the active agent is rel eased bi a _conbination of diffusign and
liberation due Blemensrbranghesesefifclenedi hing poeyHRIesTaEERE s

descri bed [ thig AIVEN]LON TELruiR S,0eL e YaSYSLEELE] WLl el ease
phosphite was intact and bonded to the Cu. The peak had
shifted upfield from 134 to 120 ppm and was broad due to
coupling the phosphorus with 63cu (abundance = 69.1%) and
65cu (abundance = 30.9%), both of which had spins of 3/2.
The IR spectrum gave a v(CO) peak at 1720 cm'1 which had

shifted from 1708 cm .

Example 3: Svnthesis of {[H C=C(CH,)C(0)0](ELO),P}2CUSCN
CuSCN was suspended.in heptane and mixed with a heptane
solution of [H20=C(CH3)C(O)O]P(OEt)2. The phosphite in
slight (about 10%) excess was prepared in situ and reacted by
stirring at room temperature for at least 12 hours. The
resulting {[H2C=C(CH3)C(O)O](Eto)zP}ZCuSCN was isolated as a
filtered yellow oil. |

1, a phosphite

1

The IR spectrum gave a v(CO) at 1723 cm

band at 1024 cm * and a v(SCN) band at 2115 cm~

Example 4: Synthesis of {[H2C=C(CH3)C(O)O](EtO)2£l3gg§gg
CuSPh was prepared from a 1:2 molar mixture of Cuzo and
HSPh in dry ethanol. The mixture was heated to reflux until

a bright yellow precipitate CuSPh was formed and



active agent through surface erosion due to an environnental agent such as
wat er . The main advantage of controlled rel ease systens is that they
all ow much less of the active agent to be used nore effectively over a
given period of tinme. For exanple, pesticides or biocides can be rel eased
in a controlled manner for an extendeggperiod of time. A particular
exanple is the - 35- mari ne anti f oul ant
controll ed rel ease systens of the present invention which have extended
the lifetinme of ship's coatings fromtw years to five years.

Furt her nor egsubBeaneeadliy allesEi aher eh%behaﬁoréat‘&bd eomehexphehali k@ibhe
formula (I1): where the defifiitions of M x, L, n, and R are the

same as i nofocopper(|) Th€oppecipitatef easuivashkel) with kehased and
additives to such conmpositions as paint fornulations in order to prevent
foul i ng on xyiénees susceptible to fouling. Manners in which the netal
conplex is incorgorated in ' .

- The CuSPh compound was then reacted with
[H2C=C(CH3)C(O)O]P(OEt)2 in a heptane solvent. A yellow
solution resulted which was susceptible to light

- decomposition with time. The IR spectrum gave multiple peaks

due to v(CO) at 1791, 1733, and 1717 em L.

Example S: CuCl-MMA-BA Terpolymer Synthesis
Table 3 sets forth details of the polymerization of CuCl

monomer with methyl methacrylate (MMA) and butyl acrylate
(BA). The composition of the solids in the starting solution
was 27 mol% CuCl monomer, 65 mol% MMA, and 8 mol% butyl
acrylate (BA). The final component of the solution was

80 wt%¥ MEK. The BA was added to give the polymer more
flexibility, thus offsetting the rigidity of the MMA

component.

Table 3: Polvmerization of CuCl Monomer with MMA and BA

_ M.W.

Materials (g/mol) Moles Charged (g)
CuCl monomer 305.2 0.085 26
Methyl methacrylate (MMA) 100.12 0.205 20.5
Butyl Acrylate (BA) 128.17 0.025 3.2
AIBN 164.21 0.006 1
Methylethylketone (MEK) 72.11 0.006 199
Total Charge: : 245.7

1. Charge 20.5 g MMA, 3.2 g BA, and 175 g MEK into a
500 mL, four-neck reaction flask.



conposi tions such as paint formulations as well as neans to apply the
conposition to surfaces (e.g., ship hulls) are known to those skilled in

the-art. In the exanples set forth below, there is a conparison of
the effectiveness of introducing copper into a polynmer such as that
di scl osed above which initially does notgqcontain copper. To obtain

optivral filmformng properties the average nolecular weight of polyners,
measured in accordance with ASTM nethod nunmber D 5296-92, nmade from
nmononmers made -and used in accordance mﬁth this invention are preferably in

t he ange of about 5000 to
200, 000: ndte prafdRsnTieiSotret R EE Y %ﬁ?eﬁb 000 to 75, 000.

Based on thys de&fééé’téﬂé‘ £ PAGke 11g §Q?&é€é& RAREDEESaithasckol | ow, one
skilled inthe art can generally follow the procedures described below in

preparing g | ofgdde epsweupdsgood. faterta (A)vigorous agitation is
EXAMPLES Mononefe &¥8s4€9e6o minimizxaliméeliblEysdbedssfotmbeion.

5. Add 10 mL MEK solution of AIBN via a syringe pump over
4 h. At the same time, add solution of 20 mL MEK and
CuCl monomer via a syringe pump over 3 h.

6. Continue heating to 80°C for an additional 10 h.

7. Retain the soluble portion of the polymer solution.

NOTE: Characterize for LOD (loss on dissolution) and by
1H- and 31P-NMR spectroscopy.

Example 6: Erosion Studies

The film forming properties have been demonstrated using
the terpolymers of the PCuCl monomer with methyl methacrylate
and butyl acrylate. A polymer solution synthesized using the.
method given in Example 5 was used. The MEK solution of the
polymer was placed on sanded fiberglass panels and the MEK
was allowéd to evaporaté at ambient temperatures over three
days. A hard film resulted.

The erosion capability of the polymer binder was tested
in artificial seawater. The polymer solution was formulated

with cuprous oxide and Bentone 27 in the-following weight

ratios:
Ingredient Pts/wt
Polymer Solids 10.00
Cuprous oxide 20.00
Bentone 27 : 1.0

The above mixture was poured into a tin and mixed using

a paint shaker. Cuprous oxide is a cotoxicant that is



Met hacrylic acid in slight excess was reacted with NaGH in xylene to give
Na acrylate and [err] The solid Na acrylate was collected and washed with

xyl ene and heptane until nethacrylic acid could not be detected and then
any remaining traces of [err] were renoved under vacuum Table .1 sets
forth the precise details of the synthgsis. Tabl e 1: Sodi um
Acryl ate Synthesis Materials M W Mol es

Charged (g) Methyacrylic Acid 86. 09 1.18 100

Sodi um Hydr oxi de 40. 00 1.125 45 Xyl ene

106. 17 ' dded to mP2® XwkeFeuMHt formulations. The 1
400 Hept antéy%gﬁlly added to m XWe8Feu ormula 1ons350 'Igot z?lw

Char ge: solids content of the polymer solutiokb4fade Lt nedews3ay6%d g

xylene into a 3 L four-necked flask with xyl ene. 2. Degas xyl ene.
3. Char gaqd0e ghikikkaery!(Bentend 20 itherdeacticopridvasit the cuprous
-37- 4. Add 45 g sodi um hydroxide in three equival ent portions over

3 h. 5.  Bkidefl diroh deyslindgeouti bfoghe sciuticm. edhish@igueinmadacryl ate
in a Schlenk filter. 7. Wash the sodiumacrylate three tines with xylene
(total : 408odntins wasepleiceds ohorp sepdede fiberglass panel and allowed

to dry over 3 days. The panels were placed in a circulating
tank of artificial seawater and were monitored over time.
The following results were observed.

1. Small green spots were observed after one day of
immersion and disappeared with time. A uniform
film was obtained afterward and surface erosion was
observed.

2. After two weeks of immersion testing, the panel was
placed in a beaker of moving artificial seawater
for three days. Testing of the water solution for
%Cu release indicated that-it was comparable to the
organotin control (1.84 ppm vs. 1.11 ppm).

3. The film had good integrity and good adhesion to

the panel.

Several different factors were determined as a result of
this polymerization of the CuCl monomer:
1. The initiator generally required was an AIBN
(2,2'—azobis (isobutyronitrile)) type compound.
Benzoyl peroxide tended to oxidize the Cu(i) to
Cu(II), i.e., the solution turned from colorless to

a dark purple. A minimum of ~0.5 mol% of AIBN,



(total: 350 g). 8. Punp off residual solvents and water. Dry under
vacuum for 2 days. A dilute solution of Na acrylate with

chl er odi et hyl phosphite in heptane was then reacted over several hours to
gi ve acryl odi et hyl phosphite and NaCl. The reaction was nonitored to ensure
that all of the chlorodiethyl phosphite was consunmed. A slight excess
(1.15) of the Na acrylate was used. ¥ NaCl was filtered off to give a
hept ane sol uti on of acryl odi et hyl phosphite. This phosphite was reacted in
situ with CuC as discussed in Exanple 2 below. Table 2 sets forth the
precise details of bhsedsypbhethe. total nimbeghofpmoilesnas &ldr acteri zed
by: GC-Ms (parent ion = 206.10), IR spectroscopy [err] = 1708 [err] and
[err](P-O = 1027 [w®menpmgtd Presenkt,spscgesssopyy( requined for Exanpl e
2: Synthesis of [err] .CQud, was added to the above heptane sol ution of
acryl odi et hyl phosphi PelYRRrégakdonc 56 8¢ obseryed. A viscous purple |ayer
separated out and was i oIaLEd as_a purple oil. The viscqus purple oil was

S i
stirred and resaktedPFﬁéﬁr& waﬁheoFF?C?HQ?[EPPPeEéﬁHF@xlﬁh@§ ey
about 80°C.

3. The addition rate of both AIBN and CuCl are
important and preferably are added separately at
about the same rate'and time to the reaction medium
that contains a ketone solvent, such as acetone or
methyl ethyl ketone, and a comonomer, MMA and/or
BA. Addition rates that take in excess of several
hours are generally required depending upon the
comonomer. The quantity of AIBN used is between
0.5 and 2.0 mole percent, as based upon the total
number of moles of all monomers presents.

Sometimes an insoluble solid wil; fofﬁftﬁAn NMR
spectra of a portion of the insoluble solid
revealed that a polymer had formed.

Specific compositions, methods, or embodiments discussed
herein are intended to,be only illustrative of the claimed
invention. Variations of any of these would be apparent to
one skilled in the art based upon the teachings contained
herein and are intended to be within the scope of the present
invention. For example, only copper containing polymers are
expressly discussed in the examples. Others are made

substantially the same way by substituting a different metal



-38- " was washed with heptane. Unreacted CuC was filtered off fromthe
solution of the conplex in nethylethyl ketone. Table 2 also sets forth the

preci se details of this synthesis. Table 2: CuC Nbnoner
Synthesis Materials M W Mol es Charged (Q)
Sodi um Acryl ate 108. 08 139 15 CP(CEt)2

156. 55 124 19 CuCréd4- 98. 99

91 - 9 Heptane

200 Hept ane wash : 50

Met hyl et hyl ket qne . . 16 Total Charge:
309 Y 1. Y %Pﬁﬁ%%rﬂli P PertdeiRf £he Lonper dmdhe ySyntheses t her

wi th heat n. 2. Charge sodiumacrylate into reaction flask under [err]
3.  Add Zggﬁfqﬂifqﬂxnane to reaction ftask via cannula. 4.  Mintain

tion soluti t_2-5l.err].C (.col d water_.bat.h). . Agitate the
;g?ﬁt : on and sy%ﬁ%g’é"ﬁ]ﬁﬂ )" cf'l’somt\é%?n the ’1{%%‘5‘45% ss‘iﬂ%lﬁNgﬁ; tt}b‘r:p)er ?F (l;:le
t bel 1 . e r r our.s. X eac
?s © OWCo%pﬁ’\rree{n]e“:(2 neﬁmnol nﬁd&%ﬁfﬁd s arélel{igfc‘{ugc? nlt\rll\%_ﬁee rElgs Suc# Hect rum
7. Filteewl drheur®d, WigHifYHe %i@?@on{p‘%ﬁﬁfﬂi@%s ag uifddifyl on to
¢ 1 h. eep the

t10C. 8. Add Cud to reaction solution over t sol ution
t enper at ur addi tirek3[povidedlindhag @Hdy add iddbatible N Ranie R 1 S
a purple oil which turns brown with continued stirring. 9. Syringe
of f the heptithe theyersinltatAdck.16 g of MEK and filter. NOTE: Characterize
t he Cud nononer by [err] and 31P- NVR spectroscopy.

For still another example, use of the fact that
acrylic-phosphite esters containing copper (I) as a
coordinated species can be hydrolyzed and oxidized to
phosphate.esters and then phosphoric acid functional groups,
as a method for controlling pH and rates of hydrolysis
depending upon thellength of the organic component of the
phosphate ester. Additionally, contrélling the amount of
hydrolysis after the polymer has been formed and before
incorporating the material into a final coating affords é
useful route for controlling availability of different forms
of antifoulant metal, or changing the polarity and/or
hydrolytic properties of the polymer.

Other embodiments of the present invention will be
apparent to thqse skilled in the art from consideration of
the specification and practice of the invention disclosed
herein. It is intended that the specification and examples
be considered as exemplary only, with a true scope and spirit

of the invention being indicated by the following claims.



- 39-

11. Use the MEK solution of the Cud nononer for th:'ﬁﬂSSHEETHASBEEN
pol yneri zation. |F the Cul nononmer will not be used I n ediatnﬁg;AcEa

|

store the solution in the freezer. For CuSPh and CUSBut SyntHesFs—the
procedure followed was simlar to that given in ref. 1. "El enent al

anal yses

peak had
coupling

spectrumindicated that the phosphite was intact and bonded to the Cu. rﬁ“

(abundance = 39.9% 5
a [err](CO peak at A

di scl osed that the nole ratioz9f P:Cu:d was 1:1:1. The NWR

e - ShA e s L"F‘e?f’f‘ Ezbﬁﬁé’aﬁﬁé" b Neeagkenl | 11N

had shifted from 1708 [err]

Exanpl e 3: Synthesis of [err] : CuSCN was suspended in heptane and
m xed with a heptane solution of [err] The phosphite in slight (about

10% excess was prepared in sftu qnd neacted by stirring at room
tenperature for at |east 12 hpur ' The &jgg R&;ﬁ [err] was isolated as a
filtered yellow oil. The] I R épectru ave"a u(CO at 1723 [err], a

2 |

phosphite band at 1024 [err]| and A'fe+ Mi%?CN) band at 2115 [err]

= (=

- -im

wherein

1l

L~ is an element of Groups 13-16 of the Periodic Table;

L2 is a neutral ligand;

M is a transition element or a metal element of Groups 13-16
of the Periodic Table;

n represents the number of coordination sites of M{

x represents the oxidation state of M,

r! is a polymerizable group;

R2 and R3 are independently selected from the group
consisting of a substituted or unsubstituted alkyl of up to is
carbons; a substituted or unsubstituted aryl of up to 30 carbons;
a substituted or unsubstituted alkoxy or tﬁioalkyl of up to 15
carbons; a substituted or unsubstituted aryloxy or thiocaryl of up
to 20 carbons; an oxygen or sulfur containing heterocycle of up to
25 carbons; a substituted or unsubstituted amine; é substituted or
unsubstituted amide; and a substituted or unsubstituted nitrogen
heterocycle of up to 25 carbons with the proviso that L is not N;

or Rz and R3 having the same definitions as above, interconnect co

‘form a chelating ligand;

*—-—————————___;____

i

(#b gmﬂ spips of 3/2. The IR*sp%ctrun1gave
err?



Exanpl e 4: Synthesis of [err] CuSPh was prepared froma 1:2 nol ar
m xture of [err] and HSPh in dry ethanol. The m xture was heated to refl ux
untid a bright yellow precipitate CuSPh was formed and

- 40- substantially all of the [err] had reacted to thﬂmnmml ' f
copper. The precipitate was washed wth ethanol and xyl ," L[’ﬂ
M Asy ow

CuSPh conpound was then reacted with {d6r} in a heptane sol Vertt .

solution resulted which was susceptible to |ight deconposition with tine.
The IR spectrumgave mul tiple peaks due to [err](CO at 1791, 1733, and
1717 [err] RY is arbeanipingc51iGuil - A\ -Bleder i@l yreatSynthesi s, each rR?
Table 3 sets forth details of the polynerization of CuClL nononer wth

met hyl nethacte asamg Mpdiffersotyl amdryl ate (BA). The conposition of the
solids in the starting, solution was 27 nol % CuC nononer, 65 npol % MVA, and

8 nol % butyl acryl &t &5 Ba) .‘"i’f’HetF? rRFOthidak Toftst ReWBeR M bh Gibs X 46
wt % MEK. T{'u'e PA i’@ Spk?ods%%%rh%,ghzeié hgoe Ogye@éntn%%% R4 is cyanate and m is

3 when M is Cu, x is 1, L1 is phosphorus, L2 is not present, and

R4

is a substituted or unsubstituted thiocalkyl having up to 15

carbons or a substituted or unsubstituted thiocaryl having up to 25

carbons.

2. The compound of claim 1, wherein R4 is selected from the

group consisting of a halogen, a cyanate, an isocyanate, a

thiocyanate, a substituted or unsubstituted thiocalkyl of up to 15

carbons; a substituted or unsubstituted thioaryl of up to 25

carbons; a sulfur containing heterocycle of up to 25 carbons; a

substituted or unsubstituted alkoxide of up to 15 carbons; a

substituted or unsubstituted aryloxide of up to 25 carbons; an

oxygen containing heterocycle of up to 25 carbons; a substituted

or unsubstituted cyclopentadienyl of up to 30 carbons; and an

‘acetylacetonate optionally substituted by a halogen.

3. . The compound of claim 1, wherein Rl has the formula



flexibility, thus offsetting the rigidity of the MVA conponent. Tabl e
3: Polynerization of CuCl Mononer with MVA and BA
MW-<Mterials (g/ nol) Mol es

\
MO 01z aBEl  mlomw Ay WMW'MMIW

0.02% 3.2 Al BN -47 -7 164.21 0. 006

Met hyI et hyl ket Q}j@r@ng) 72.11 0. 006 199 Total Charge:
249. 1. 6geZOSgI\/I\/A 3.2 g BA, and 175 g MEK into a 500 ni,
four-neck reacﬂlodsfhah&drogen, an alkyl of up to 25 carbons; an -cdkfin oZ.
Degas the solution for 30 mnutes. 3. Pl ace the flask in a heated

mant | ed al‘-FPjt?R:kzs carbonggadnd| ask to 80[err]C. NOTE: A vigorous
agitation is nece%é’gr to mnimze insol uble so]ids for

tio
A 20 o MK &1 d o By ArhanRs vr SubLeuked BE BagyeFtLcutad; a1kVk of e

sane tine, S t f %@[ﬁ nge

punp over :fadg c%&’oln%d ?I ﬁég E}t N acpd §5| errg]{g‘“f: g&%cﬁ}ﬂ qﬁpor?éyrz% :

7. Retaidhid¥hss0ladubagoBent | ans@ésﬂmm@d wfehnggbgu@@uea car]:h%gi

Characterize for LOD (loss on dissolution) and by [err] N

spectroscamoup of up to 25 carbons Pamibstitubedsopnuittulskteituted amide
group of up to 25 carbons; a cyanate; an isocyanate; or a

thiocyanate.

4. The compound of claim 1, wherein R! is a cyclic monomer
polymerizable through ring opening polymerization or through a

double bond with the ring.

5. The compound of claim 4, wherein the cyclic monomer has
three to eight members selected from the 'group consisting of a
substituted or unsubstituted carbon; a carbonyl; an oxygen; a
substituted or unsubstituted phosphorus; and a substituted or
unsubstituted amide; with the proviso that the total number of

carbons in the cyclic monomer does not exceed 40.

6. The compound of claim 1, wherein R1 is a monomer with at

least one coreactive functional group.



The filmform ng properties have been denonstrated using the terpolyners

of the PCuC nononer with nethyl nethacrylate and butyl acrylrate. A

polymer sol ution synthesized using the nethod given in .
The MEK solution of the polynmer was placed on sanded f.t?ﬁl“l@ﬂmmmﬁﬂmd
the MEK was allowed to evaporate at amrpgent tenperatures ovvet tihreée sdays.

A hard filmresulted. The erosion capability of the pol yner binder

was tested in_artificial seawater. The pol r solution was for.myl ated
Weh caprous o7-de THE BEWBSHES S (SHAMM. B oPPRRELD. bEt JTRICHaR LR St

| ngr edi ent : ol [ :

Qupr ous ox]ie est one coreac%gé‘é\%unctlo elin?%gﬁoneﬁzﬁgg gﬁe of the fon%%%%
The above gEpshullag.was poured into a tin and m xed using a paint shaker.
Cuprous oxide is a cotoxi cgnt that is

-42- typically asiddd-tB" mpsWH Nt i foul ant fornulations. The low solids
content of the polyner solugion made it necessary to add a thickener

(Bentone 27) in ord&@P;€o-pReventCQ & cuprous oxide fromsettling out of
the solution. This %ignenﬁgd
N -

- CO,H;
HO - R'! - om;
cl - rR*2 - c1; or
cioc - rY? - coci;

9 10 11 12

wherein R”, R™7, R™~, R™°, and R13

are independently selected
from the group consisting of a substituted or unsubstituted alkyl
ofrup 25 carbons; a substituted or unsubstituted aryl of up to 25
carbons; a substituted or unsubstituted silane of up to 25
carbons; a substituted or unsubstituted nitrogen heterocycle of up
to 25 carbons; and

wherein R3 is a group selected from the above or is carboﬁyl;

1

8. The compound of claim 1, wherein L~ is nitrogen,

'phosphorus, arsenic, antimony, or bismuth.
9. The compound of claim 8, wherein L1 is phosphorus.

10. The compound of claim 1, wherein M is copper, zinc, or

tin.

11. The compound of claim 10, wherein M is copper.



solution was placed on a sanded fi berglass panel and allowed _to dry aover 3
days. The panels were placed in a circulating tank of artificial ‘seawater
and .were nonitored over tinme. The followng results mere-*"ﬂmﬂﬂﬂ " '& I
1. Smal | green spots were observed after one day of -

and di sappeared with tine. A uniform _ 49 _ fil mwas obtained afterward
and surface erosion was observed. 2. After two weeks of

i mrersion testing, tTee pawgdoundsof claim 11, pileexin M dsbeakperof Ihovi ng
artificial seawater for three days. Testing of the water
solution for % u release indicated that it was conparable to the
organotin control (1. 84 mvs. 1._11 n . 3. .The filmh good
integrity and gbdd aﬁﬁﬁﬁggﬁ?Qﬁ§d ot c1bin Lt neheERSt M is coppe§e6gfa|n is

di fferent EacLQ&sRmeig gﬁternined as aresult of this polynerization of
the Cud nDhoner: . The initiator generally required was an Al BN
(2,2 -azobis (isobutyronitrile)) type conpound. Benzoyl peroxide
tended to oxidize the Cu(l) to Cu(ll), i.e., the solution turned
fromcol orl ess 16. A polymer mod@rhkspogphepolymerizadnapmpofng abl €daim Al BN,

15. A polymer of claim 14, further comprising a methyl

methacrylate monomer and a film softening monomer.

16. The polymer of claim 15, wherein said film softening

monomer is a methacrylate monomer or an acrylate monomer.

17. A compound of claim 1, wherein M is Cu(I}, rR? is Cl, x

2 1

is 2, n is 3, m is 1, L1 is P, R® and R3 are ethoxy groups, and R

is a methacrylate group.

18. A polymer comprising a polymerized compound of c¢laim 17.

19. A polymer comprising the repeating unit:




- 43- based upon the-total nunber of noles of all i} THIS SHEET HAS BEEN |
nmononmers present, is general qui red for pol ynglri zat Raeinroshe
obser ved. '- ﬂll‘“‘ﬂ’l“ﬂ“ﬂﬁ“ﬂihe reaction tenperature is- _ '
about 80 C. 1 1RgINR N R n rate of both AIBN and Cud are
important and preferably are added sepgyately at about the sane
rate and tine to the reaction nmedi um that contains a ketone

sol vent, GHERe$ Eetghe i, r%, 1Y, 12, Wihyl £ hHd kehave cR80sdne
conononer, MVA and/ or BA. Addition rates that take in excess of
several definitiondias Smrcdagengrally required dependi ng upon the
conononer. The quantity of AIBN used is between 0.5 and 2.0 nol e
percent, as based upon the total nunber of noles of all nononers
presents. SonetiJres an_insoluble solid will _form _An NVR
spectra of a pdtti &Hﬁlf{théggﬁ‘ggf‘ﬁb?’é SYTREfSing the polymeE PE i L4-

pol ynmer had forned. Speci fic conpositions, nethods, or enbodi nents

di scussed herein are intended to be only illustrative of the clained
invention. Variali @ointa®erallhbess dembshi dih R 9Bl yinr SPCcBkid l1gd in
the art based upon the teachings contained herein and are intended to be
within the scope of the present invention. For exanple, only copper

contai ning polyners are expressly_discusseﬂ in the exanples. Qhers are
made subst ant?3d | A BRI FOTWRYabioB LERMPT Alng) thedpPigkent ofregkaim 19.

23. A controlled release composition comprising a compound

of claim 1.

24. The composition of claim 23, further comprising an

active agent.

25. A method for preventing fouling on a surface susceptible
to said fouling comprising applying to said surface a composition

comprising a metal complex of formula (II):

wherein M, x, Lz, n and R4 have the same meanings as in claim 1.

26. The compound of claim 1, where Ll is an element of

Group 13 of the Periodic Table. .

This Sheet Has Been Re

i



-44- in-place of all or a portion of the copper i n the syntheses—

di scussed. For exanple, it is within the intefg S
invention to include known antifoul ant materi al s, smﬁmglﬂ)mﬂﬁw&)ﬂ!,msm
Wi thin the resin conpositions as useful additives provfded a y are
conpatible or can be nade so wth thegyesin matrix. For still

anof her exanple, use of the fact that acrylic-phosphite esters containing

copper (I) as cerdinated species .can be, hydrol yzed and gxi di zed_to
phosphat e est@ra's arolivget ﬁ8ﬁp%‘ﬁ%§p%orcﬁ'€1§‘ciqd F’h‘ﬁ% Bnal ’@ﬁ otps, em§§‘7ta°ﬁet hod
for cont rglding sPHeaRtler BLLSoPic LANQ . ysi s depending upon the |ength of
the organi c Conponent of the phosphate ester. Additionally, controlling

t he amount of hydrolysis after the polynmer has been formed and before
incorporating the material into a final coating affprds a wuseful route for
control | i ng awesi.l aBhki compdunid fdfrad@inf ar nwhevéinnkT fimlamte lemeak, obr
changi ng the polarit¥ and/or _hydrolytic properties of the polyner.

Ot her enfF@YWeAes off thRePRFE_¥HE Tak&ntion will be apparent to those

skilled in the art from consi derati on of

29. The compound of claim 1, wherein M is a metal element of

Group 13 of the Periodic Table.

30. The compound of claim 1, wherein M is a metal element of

Group 14 of the Periodic Table.

31. The compound of claim 1, wherein M is a metal element of

Group 15 of the Periodic Tablé.

32. The compound of claim 1, wherein M is a metal element of

Group 16 of the Periodic Table.

33. The compound ¢of claim 1, wherein M is a transition

element of the Periodic Table.

34. The compound of claim 1, wherein RY is an écrylate or

methacrylate group.



the specification and practice of the invention disclosed herein.
i ntended that the specification and exanples be conS|de1 I“ﬂﬁ"ﬁﬂﬂﬂﬂ"tﬂ“lL
onlye With a true scope and spirit of the invention bei

foll owi ng cl ai ns. 45°-

CLAI MED | S: 1. A conpound of formga (1) mhereln
[err] is an el enent of Groups 13-16 of the Periodic Table; [err] is a
neutral |igand; Mis a tra sifion el ement .or netal3ele t of

& oupe 1556 3 ¢ AbedTRetedTan slalm £ ieRssd aga tﬁe' ‘(’ﬁﬁ’o%f G be
coor di nat es_of epre oM

[err] is %R%ogyr}'rreer?rgz%ll\éferent 8ré 8% i Q]]S é%%&%ngaé %ct ed

2 rom the 98 0Prb SIS tanargl arsaﬁsiéiytg%@ JENSPOLH byté&@é%yl of up to
36. The compound of claim 1, wherein R is a halogen, a

cyanate, an isocyanate, or a thiocyanate.

37. The compound of claim 1, wherein L2_is a trivalent
phosphorus, trivalent aréenic,'or a trivalent antimony compound or
a divalent sulfur, divalent selenium or a divalent tellurium
compound when bonded to three substituents for trivalent compounds
or two substituents for divalent compounds excluding the bond to

M.

38. The compound of claim 1, wherein L? is a substituted or
unsubstituted aryl or alkyl isocyanide; a carbonyl or carbon
monoxide; a thiocarbonyl or carbon monosulfide; a nitrosyl; a
substituted or unsubstituted amine; a nitrile with a substitﬁted
or unsubstituted alkyl or aryl; a coordinating solvent; a
'substituted or unsubstituted unsaturated alkyl or aryl which bonds

to the M mainly through a pi-bond.



carbons; a substituted or unsubstituted aryl of up to 30 carbons; a
substituted or unsubstituted al koxy or thioal kyl of up‘T“IS“carbOHS—ﬁ}—

subséituted or unsubstituted aryl oxy or thioaryl of up

oxygen or sul fur containing heterocycle of up to 25 ca m’mmmmn ﬂi""ﬁtned
or unsubstituted am ne; a substituted og3 unsubstituted am de;t

substituted or unsubstituted,.nitrogen aeterocycle of up to 25 carbons

with the proviso that [err] is not N, or [err] having the sane

definitions as33h0venel BLAHGHM RS ctltamf Qr, Mrapelsbitd Ity Iegﬁﬂma (1I):

50- 17 MAR 1997 wherein [err] X, n, and m
have the sane definitions as @¢n clalm 1. (L°) 20 A palnt formul ati on
conprising the pongg; of claiq:14. 21 ﬁ\%alnt formul ati on
conprising the poly of cl ail | | 22. A pai nt fornul ation
conprising the pol ymer claim19. 23 A controll ed rel ease
conposition conprising a Sn’pocc'lnd O ot EcI aP’[r’%( 24. The conposition
of claim 23, furtheﬁ rising an a?tlve agent

.’

15 represents a hydrogen or a linear alkyl group of up to

6 carbons, and Rz, R3, Lz, M, R4, x, n, and m have the same

wherein R
meanings as in formula (I).

40. The compound of claim 1, represented by the formula:

Ot

o=—P—+CuX

|
7N 1

wherein X is Cl, SCN, or thiophenyl and m = 1 when X is C1, m = 2

when X is SCN, and m = 3 when X is thiophenyl.



25. A nethod for preventing fouling on a surface susceptible to said
fouling conprising applying to said surface a conposition

nmboumd as clainmed in claim1 or a polynmer of conprising a conpound as
claimed in claiml or a polyner of conpound as

claigred in claim1. 26. The conpound of claim1, where L
Is an elenent of Goup 13 of e | (#HE |
- 51 - 27. The conpound j URE is an el ement of

G oup 14 of the Periodic Table. : The conpound of claim 1,

wherein [err] is an el ement of OR gfé_ﬁ g(:%pgg riodi c Tabl e. 29.

The conpound of claim1l1, mher nt of Goup 13 of the
Peri odi c Tabl e. e conpoun , Wherein Mis a netal
el ement of Goup 14 of the Peri odi c Table. '

Compounds of formula (I) are disclosed:

- -~

N | A

L' M

L T

b d
. m

wherein L' is a main group atom, 12 is a neutral ligand, M ié
a transition element or a metal element of éroup 13, 14, 15, |
or 16 of the Pefiodic Table, X is the number of coordination
sites of M, Rl is a polymerizable group, Rz, R3, and R? are -
ligands,-and R5 is an anionic ligand. The compounds or .
monomers of formula (I) are capable of conversioﬁ to polymers
by éqmbinatibn with one or more other known monomers, such as
methyl methacrylate; Such polymers can then_be added asma
binder in a paint formulation to make marine.antifouling
coating compositions. Also described is a methéd to prevent

fouling on surfaces wherein a composition containing a metal

complex_combound of formula (II):

/(Lz) e
M‘\Q R‘)x

wherein M, x, Lz, n, and R* have the same meaning as-in

formula (I), is applied to the %prface susceptible to

- | T S At i DA
fouling. . ;& - *% :3;& 5} % g}



: IR
31.- The conpound of claim1, wherein Mis a netal elenment o Rgbgnazﬂéﬁnsn—t
the Periodi c Tabl e. 32. The conpound of claim1, whgrein Mi

metal element of Goup 16 of the Periodic Table. 38. D&be é&ﬁganEBT
of claim1, wherein Mis a transition elenent of the Periotie -
34. The conpound of cIa|n11 mhereln [err] I's an acrylate or nethacrylate
gr oup. - 52 - 35. The
conmpound of cjai mherel err mh ch can be sanme or different,
are an al kyl 1 %ﬁ%&mf oEBeoPra enp lﬁseesmengeiatsﬁ 5Py Meghods) K6y
group of onpound of c¢laim11, wherein

[err] |sfégyéﬁogeh&fgggceﬁnﬁYﬁfaﬁﬁs|E%c?HRSYéngoF 5°PﬁP8&§&H&te
37. The,gomp EHfggO%rE$ﬁégﬁ&d ubeg ﬁPLDE%i%%%%ﬁlﬁLﬂnalehﬂl¥mﬁﬁsaﬁnLh3$

trlvaleﬁ% ar seni c rival ent gompowrd a di val ent sul fur,
di val ent sel eniumor a dival ent teIIurium

~fermuta—Ii—r

It is to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory only and are not intended to
provide further explanation of the present invention, as

claimed.

DETATILED DESCRIPTION
One aspect of the present invention relates to the novel

compounds of formula (I):

-t -

R{\ '/(Uﬂnbwm)
= 5{3 | \CR‘)x

Compounds of formula (I) can also be considered monomers
since these compounds are capable of conversion to polymers

by combination with the same monomer or any other monomers



conpouynd when bonded to _three-substituents for trival ent CUNRERDACSEMDRT BWEET

substituents Tor dival ent nds excl uding the bond to (M 38.
The conpound of lﬂmuwﬂ““\“j wE [err] is a substituted or || masunkdiMAR. 4897, .. 1
aryl or alkyl i el s tori=g

K onyl or carbon nonoxi de;
carbon nonosul fide;” a nitrosyl; a _sgpstituted or unsubstituted am ne; a
nitrile wth a substituted or unsubstituted alkyl or aryl; a coordinating

soIvenhggg¥ﬁ§£%§#gﬁﬁkgiﬁﬁr unsubstituted unsaturated al kyl or aryl which
bonds irough a pi - bond. - 53 39. The

conpound of ¢l ai R loonfiRRn@S8R ed-RY1LofEypl @ (11):

[err] wherein [err] represents a hydrogen or a linear alkyl
group of up to 6 carbons, and [err] , x, n, and m have the sane
meanings as in formula (1). 40. The conpound of claim1,
represented by the fornula:[ 1
R /(U?
\\ fe{x+m)
\\\\"“l-.—--Mx
L e
- ﬁ—
m
wherein
Ll is an element of Groups 13-16 of the Periodic Table;
2

L® is a neutral ligand;

M is a transition element or a metal element of -Groups 13-16
of the Periodic Table;

n represents the number of coordination sites of M;

x represents the oxidation state of M,

Rl is a polymerizable group;

R2 and R3 are independently selected from the group
consisting of a substituted or unsubstituted alkyl of up to is
carbons; a substituted or unsubstituted aryl of up to 30 carbons;
a substituted or unsubstituted alkoxy or ttioalkyl of up to 15
carbons; a substituted or unsubstituted aryloxy or thioaryl of up
to 20 carbons; an oxygen or sulfur containing heterocycle of up to
25 carbons; a substituted or unsubstituted amine; ﬁ substituted or
unsubstitutea amide; and a substituted or unsubstitgt%ﬂunitrogen
heterocycle of up to 25 carbons with the proviso that =& is not N;
2

or R® and R3 having the same definitions as above, interconnect to

form a chelating ligand;



- o pres mun

wherein X i's . SCN, or thiophenyl and m= 1 when X i s O ,|| RERLACEMENT SHEET

wnen 1> s | AR "> < oorens o AR,
. * .C [ M s

- 50 - 17 MAR 1997

wherein R, R?, R3, rR*, 1Y, 12, M, x, n, and % have the same

defini;ions as in claim 1.
20. A paint formulation comprising the polymer of claim 14.
21. A paint formulation comprising the polymer of claim 15.
22. A paint formulation comprising the polymer of claim 19.

23. A controlled release cohposition comprising a compound

of claim 1.

24. The composition of claim 23, further comprising an

active agént.

25. A method for preventing fouling on a surface susceptible

to said fouling comprising applying to said surface a_composition

und as claimed in claim 1 or a polymer of
comprising aﬂgﬁmm he compound as
claimed in claim 1.

26. The compound of claim 1, where L1 is an element of

Group 13 of the Periodic Table.



