| FUNCTIONALISED ANTIFOULING COMPOUNDS AND USE THEREOF FIELD OF THE INVENTION
5The present invention is concerned with small functionalised amide molecules that exhibit antifouling
and/or antibacterial activity and their use in the control of bacterial films and organism growth in the
marine environment. BACKGROUND 10Marine foulifig refers to the settlement and growth of organisms
on submerged, manufactured surfaces and has been has been a problem since the dawn of maritime
history. Colonization of submerged surfaces by marlne organrsms occurs wrthln days to weeks of the
surface entering the radN&: . : 3 ' S aritime structures
(underwater cables, generators 15pipelines etc) the battle agarnst foullng organisms is becoming an
increasingly &grﬁaalsrtocp{a-lgllﬁqg%wor&eed for effective methods to control marine fouling is of
paramount imp | shipping industry. Antifouling coatings prevent the settlement of
marine organismdegERRal PR ianifrourared mtl sraahisiryantisedaviie Mmaleadesgbetrum biocides such
as organotin or eapiperaaoimpiay ds/cAhinighe exteemvely-atieosivase mio roraotlalf dagracation resulting
from the use of (ﬁm@%%%,%%mgg AR severe,hatmatine paint companies voluntarily withdrew

these paints from the market in 2003, and the IMO banned their use in 2008 (International Convention on
the Control of H WHEGAF‘{B! igfoulrng Systems on Ships, entered into force 17 September 2008).
Although coppe ooster containing paints are still widely available, their use is not desirable
since they have Mrsipptewiingl refese & e Rad s eRbarheiow B i rRRIERME VbrHOBEeD006). 30Current
commercial marinenoc6stings arabs divides dentis olasse prandtosiiog taaddadlafelease. Antifouling
coatings use braagARRGIRIER DI HAN Gl iRHIEHS a8 Ina e BRIRUARL Bl EXpOSure o toxic

metal ions. Foul-release coatings are mainly silicon based polymers that are easy to clean, however the

best of these ust4IN SR LN L S fLEIRAN 1S AT RAICSHIQATRRAL 2% deadgoove,
35legislation ane\@grieeeasing pnzssedeorf theyitierognitivesf{thdeameieo nab@stalbnenatceeptable

consequenpes ofibaie B HINGREBAAYSII GRS HRINEHE becHRRYRBSNERYSRYIPMPted interest to

develop new IeSg‘lgerr \Ilég?l rﬂef‘éﬁg';'éf q’%gnrlrcelgéjfso f?tlcrtlrge ‘methods to control marine fouling is of

paramount importance to the international shipping industry.

Antifouling coatings prevent the settlement of marine organisms, generally by killing

20 larval foulers through the action of broad spectrum biocides such as organotin or
copper compounds. Although extremely effective, environmental degradation
resulting from the use of organotin compounds was so severe that marine paint
companies voluntarily withdrew these paints from the market in 2003, and the IMO
banned their use in 2008 (International Convention on the Control of Harmful Anti-

25  fouling Systems on Ships, entered into force 17 September 2008). Although copper
and biocide booster containing paints are still widely available, their use is not
desirable since they have the potential to accumulate in the marine environment
(Voulvoulis, 2006).

30  Current commercial marine coatings can be divided into two classes: antifouling and
foul-release. Antifouling coatings use broad-spectrum biocides which kill foulers by
oxidation or, more usually, exposure to toxic metal ions. Foul-release coatings are
mainly silicon based polymers that are easy to clean, however the best of these
usually also contain additives and catalysts that kill organisms. As noted above,

35 legislation and agreements, based on the recognition of the environmentally
unacceptable consequences of toxic antifouling agents such as tributyl tin in



An approach reported by Teo et al (an inventor of the present application) in US 511/265,833, is the use
of pharmaceuticals as antifouling agents. It has been demonstrated that pharmaceuticals may disrupt the
metamorphosis of fouling organisms. Commercially available pharmaceuticals, with their known
synthesis, chemical properties and primary mechanis# of action in vertebrates and in humans, were
screened as potential sources of antifouling agents. Whilst eight 10pharmaceuticals with promising
bioactivity were FOBHISAN T8 RS VBRI aTHE PR PR B AP th AR tHE S oM A AR LA BREYASYSaccumulate in the
marine environneeatinBeirthermore, some of these pharmaceuticals suffer from delivery problems because
of poor solubility in sea water. 15A further alternative to broad spectrum biocides is small, biodegradable

organic molecules that inhibit the settlement of marine organisms. Such molecules should not be
recalcitrant in the S SRICTR AR SRQ T D BaNSR LY Jobe P8 (e SRA AL & al recenty

demonstrated th&!&&G88Rng (Petetfial RitanmansiGisanpfaulndfieams:tiias keeides (selected examples
shown below) onidarviedthasaiche sraintd a8baeisriahpidHipstiR G e 5GRNHBAD IollihgThese molecules are

predicted to bregkdayn, tapidiy, 8 MRLNR EPHIRRREN carsl Rtk irawRARRGG T oxicity: 3
mg/mLBarnacle Toxicity: 9.11kg/mLBarnacle Toxicity: 9.83 WM L Anti-settlement; 0.47

ktg/mLAnti-settl SRREHEA BRPRIIEHATE RSt AR ISHE PYANIN YERRRTALTE G8bRyATEE Bfocides have been
used as additivesdarasdinefredgsepntentizbamvess tientifedingeoeptrabibitsodighball molecules into coating
systems presenisharmdiebgEnd ineusSnidiag sleadflepaeehiierRibanic-antiariantsprobrlibe sustained for
several years in gy lo minimize e requrement o renainting of e yesse) gr g scheduled
dry-docking. In addition, many curren?lly ean?oye organic antitoutants are 3otoxic 1o marine foulers,
which, with incre®8eriah feeed apace disain raeraion felpyset PsobleatebhtaHR BH98Ystem in the event of
accumulation. Thelydiygiealdarapeities of the organic antifoulants can also have a profound impact on the
integrity of a commercially available coating system, which in the absence of metal-based binders may
require reformulation of coatin%éystems. Crucially, the mechanism by which the small molecule is

incorporatel intd e AR AG LR P IGTBSFEHHIPRAERTIS S BEth 8 SFRIRY A IRE98RIAI molecule. It is to
be expected thatretirgotesdhahmdifit ditio pettEnthet oftadrimoteganéstes ingvabnuresatdsisheddhat incorporating

any active molegigleiecaIGRatNe B¥Lamoneiid heidnliRndingeAMMARINOTohIESMNVENTION

Teo et al recently demonstrated the antifouling potential of a family of simple a,a -
disubstituted amides (selected examples shown below) on larval barnacles and
20  bacterial biofilms (PCT/SG2009/000175). These molecules are predicted to

breakdown rapidly in the marine environment.

O o e

121 12.2
Barnacle Toxicity: 3 pg/mL Barnacle Toxicity: 9.11ug/mL Barnacle Toxicity: 9.83 u/mL
Anti-settlement: 0.47 pg/mL Anti-settlement: 1.50 pg/mL Anti-settlement: 2.00 pg/mL

25  Numerous organic biocides have been used as additives into tin-free paints,
however, the direct incorporation of small molecules into coating systems presents a
number of issues. First, the release of the organic antifoulants must be sustained for
several years in order to minimize the requirement for repainting of the vessel prior to
scheduled dry-docking. In addition, many currently employed organic antifoulants are

30 toxic to marine foulers, which, with increased use could have an unfavorable impact



The present inventors have sought to address the problem of providing an environmentally benign biocide
that is suitable for incorporation into coating systems, and coating systems including such biocides. 15 At
its most general, the present invention proposes that certain aryl-containing a,a - disubstituted amides
should be provided with one or more selected substitdents on the aryl, which substituents are suitable for
attachment to a component, e.g. a polymer, of a coating composition. Surprisingly, amide compounds
modified in this é’@ﬁ%‘?ﬂ&ﬁw%&?ﬂ‘é 'fcjgmvsehef@mwéﬁmﬁpe&éwmbe%ﬁ 58 €81 molecule
antifouling additiegsrdesctioadnts PATISCER00 1000176 s ctisoltheadtégriwinf avhich derivatives possess

functionality thatcgpakirsatpyalanbaitashnpapsion fahrrampleaselimolishing sasingisystems. The

25ability to covalentl “Ukeard% tlves Itgna}) eX|{srt]|ng Patlng system has potential to facilitate their controlled
release, thus expén)él Coating hetime and eran cing antifouling properties. Further work has identified

structural médifications that permlt a stable bond to coating systems without significantly compromising
biological potencrutiwikelkne enadblang theyreleas et hia e unrokcioutesoviacpratexisting release
30chemistry. In pasticniar e preaeptARPILEENRR deseriesids: HthesisBRApiolgigpbLesting of a

range of a-aryl amides bearing functionality to serve as a point of attachment to a marine coating system.
A number of mofRPGR&HRE RILCHIERIRATR TeSiA PRt oiseHif & IR BPERIKYY (FSgh potency
against barnacleteyprigreetttiment estievintdsdoigyntovhitedtindLalisigne sterld be tinatidimdiagies that will enable
covalent atigchment 4 to existing coating systems. Compounds The present invention pertains
generally to a classviARMPEUTNHIS IVENEI0 herein 5as "antifouling amide compounds”, which
compounds have e {arNE HERSHAI A AiHPHPSIBHIEESU HThiER, or BRI ONe or both of RA and

RB is an aryl and wherein Rc and RD independently represent optionally substituted alkyl or together
form a ring. The%}E@QH%%H%%BSW%}BBBQ&”EHQFﬁt&t%t%&?l rAE BP AR P BARPEPRAAESRB of such
compounds shoaldl lseatingctistertis dtthdihgowstobintaies groups tailored to permit 15 connection to coating
systems (e4g. a polymer). Furthermore, the present invention proposes that such compounds having an

aryl substituent thatis, 3 product of e LSAYANS Al eHEBAL R (oM . 5r2ing Ry erg (e.0- @ polymen)
can retain useful ac IVI'[

dlsubstltuted amides should be provided with one or more selected substituents on

the aryl, which substituents are suitable for attachment to a component, e.g. a
polymer, of a coating composition. Surprisingly, amide compounds modified in this

20  particular way retain useful activity.

In particular, derivatives of the small molecule antifouling additives described in
PCT/SG2009/000175 are disclosed herein, which derivatives possess functionality
that enables covalent attachment to, for example, self-polishing coating systems. The
25  ability to covalently link additives to an existing coating system has potential to
facilitate their controlled release, thus extending coating lifetime and enhancing
antifouling properties. Further work has identified structural modifications that permit
a stable bond to coating systems without significantly compromising biological
potency, thereby enabling the release of bioactive molecules via pre-existing release

30 chemistry.

In particular, the present application describes the synthesis and biological testing of
a range of a-aryl amides bearing functionality to serve as a point of attachment to a
marine coating system. A number of molecules are described which retain desirable
35 antifouling properties (high potency against barnacle cyprid settlement yet low
toxicity), while including ester or ether linkages that will enable covalent attachment



20The present invention pertains to such antifouling amide compounds, which exhibit biocidal or biostatic
properties. Therefore, the antifouling amide compounds may also be referred to as "biocidal compounds”
or "biostatic compounds". Embodiments of the invention have the potential to enhance antifouling
properties of 25existing marine coating systems. In pérticular, embodiments preferably have one or more
of the following advantages: highly potent against barnacle settlement, low toxicity and are likely to
degrade rapidly iR SHEIRBFRRIEHSIRSHRRent (environmentally benign). 30Substitution of the aryl group with
different functional groups can be employed as a point of attachment to tailor properties for different
coatings and forsliffgigmaapplications. 5 An advantage of this system lies in the potential to incorporate

these moleculesﬂqto an existin .coatip[g.s stem and the release of the nti;oul%qt \1\1/ill be directly linked to
. . e present nve%*ontoe In q nera g 0 a class of.com oung% rererred 1o er%ln
the lifetime of the coating. 5In a first aspectthe present invention provides a compound of formula (1) or a

salt thereof:® 10 vitdfRiHne AT RMBRINEE) i8his0 cpRRALAIR SR e (PHRIYNG 8509 A/l substituted with
at least one of OHjiR®idideDR&R1IRes10Rs2, OC(0)H, OC(0)Rs2, R sIOC(0)H, Rs10C(0)Rs2, C(0)0H,
C(0)0ORs2, R SIC(0)OH R siC(0)0Rs2 , OR OH, OR sIORs2, OR sl OC(0)H, OR sl OC(0)Rs2, OR
siC(0)OH and OR siC(0)0Rs2, 20 wherein, if present, each Rs1 is independently optionally substituted C1
to C5 alkylene, and wherein, if present, each Rs2 is independently selected from optionally
25substituted C1 to C5 alkyl, C2 to C5 alker@/f nd 84 _to CH§ilyl-C1 to C5 alkylene. and 30(B) optionally
substituted C3 to C12 alkyl ’T

RE RP

10  wherein one or both of R* and R® is an aryl and wherein R® and R® independently

represent optionally substituted alkyl or together form a ring.

The present invention proposes that the aryl group of one or both of R* and R® of
such compounds should be functionalised with one or more groups tailored to permit
15  connection to coating systems (e.g. a polymer). Furthermore, the present invention
proposes that such compounds having an aryl substituent that is a product of the
cleavage of such a group from a coating system (e.g. a polymer) can retain useful

activity.

20  The present invention pertains to such antifouling amide compounds, which exhibit
biocidal or biostatic properties. Therefore, the antifouling amide compounds may

also be referred to as "biocidal compounds" or “biostatic compounds”.

Embodiments of the invention have the potential to enhance antifouling properties of
25  existing marine coating systems. In particular, embodiments preferably have one or

more of the following advantages: highly potent against barnacle settlement, low

toxicity and are likely to degrade rapidly in the marine environment (environmentally

benign).

30  Substitution of the aryl group with different functional groups can be employed as a
point of attachment to tailor properties for different coatings and for different

applications.



with the proviso that at least one of R1 and R2 is (A); 6 and each of R3 and R4 are independently
optionally substituted C1 to C6 alkyl, or R3and R4 together form an optionally substituted 5 to
12-membered heterocycle which 5incorporates the nitrogen to which they are attached. Whilst it is
possible for both R1 and R2 to be (A), i.e. aryl, it is preferred that one of R1 and R2 is (B), i.e. C3 to C12
alkyl. 10As described herein, C3 to C12 alkyl includes saturated and unsaturated, branched and
unbranched C3 {§'@423R9%. Ih1¥8 M BreHER B Rl AR L CHROAES M8SG BRFUEE Ky . In particular,
preferably at leagt exietiof RdatingisiRteig and dteraieasE 8f theCrdfalignt préferdivbgtiyiiseieréted C3 to C10
alkyl, preferably ypsatkratediteXttrg. alkyl and most preferably unsaturated C3 to C6 alkyl. Thus,
preferably at least one of 15R1 and R2 is C3 to C12 alkenyl, more preferably C3 to C10 alkenyl, more
preferably C3 to C8 alkenyl and most preferably C3 to C6 alkenyl. Indeed, the addition of unsaturation
can provide actiVity BshisRpsbiBeraraserdanveation RIRYFaR SERMRANTISLRIiFAERHES Breferadlly there is one
carbon-carbon daataler:bond in the 20alkenyl, for example one carbon-carbon double bond in C3 to C10
alkenyl, or one carbon-carbon double bond in C3 to C6 alkenyl. Suitably the carbon-carbon double bond
is at the end of the alkenyl group, i.e. a terminal carbon-carbon double bond between the Cn and C,1
carbons. C6 alkenyls are particularly preferred. A particularly preferred alkenyl is C6 alkenyl, most
preferably 5-hexenyl (-CH2-(CH2)3-CH=CF12). 25 I embodiments, at least one of R1 and R2 is C3 to
C5 alkyl. Alkyl groups, especially saturated Is, on the alpha carbon having between 3 and 5 carbon
atoms in combination with one or more of the spegcifiedNubstituents on the aryl are particularly useful in
providing antifouling activity whilst also exhibiting desirdble solubility in sea 30water and degradability. In
embodiments at least one of R1 and R2 is C4 aIk@Iz, moré preferably n-butyl. A C4 alkyl group, and in
particular ntputyl, on the alpha carbon, in combinatiqy with one or more of the specified substituents on
the aryl, can provide surprisingly high levels of 35antifouling activity and is degraded at an appropriate
rate. 7 Itis preferred that R1 is C3 to C8 alkyl, preferably C3 to C6 alkyl, more preferably C4 to C6 alkyl
and most preferd§ € alkyl or C6 alkyl. Suitably R2 is (A).

each of R' and R? is independently selected from
15
(A) aryl substituted with at least one of OH, R¥'OH, OR®?, R%'"OR®?, OC(O)H,
OC(O)R%2, RS'OC(O)H, R S'0C(0)RS?, C(O)OH, C(O)OR®?, R S'C(O)OH,
RS'C(0)OR®? , OR®'0OH, OR *'0OR®?, OR *'0C(0O)H, ORS'OC(O)R®?, OR
$1C(0)OH and OR S'C(O)OR?,
20
wherein, if present, each R®" is independently optionally substituted C; to

Cs alkylene, and
wherein, if present, each R%? is independently selected from optionally
25 substituted C4 to Cs alkyl, C, to Cs alkenyl and C; to Cssilyl-C4 to Cs
alkylene.
and

30 (B) optionally substituted C; to C+, alkyl

with the proviso that at least one of R' and R? is (A);



As described herein, one of R1 and R2 is (A), i.e. aryl (preferably C5 to C15 aryl, more 5preferably
phenyl, as discussed below) and the other is C3 to C12 alkyl (preferably C3 to C6 alkyl, more preferably
n-butyl or 5-hexeny1l). The tests conducted by the present inventors demonstrate that desirable levels of
antifouling activity are possible with this substitution gattern in conjunction with one or more of the
specified substituents on the aryl. 10 Thus, it is preferred that one of R1 and R2 is selected from
saturated C3 to €f§alkyl and C3 to C10 alkenyl. The alkyl (saturated or unsaturated) is optionally
substituted, however, it is preferred that it is unsubstituted. 15Suitably the aryl of (A) is C5 to C15 aryl,

preLerablly C?] toééa?ﬁmb arm% W@f?&éﬁ%&ﬁt@o@ﬂ&a%f@ﬁkmpf@f%@hw l@r%aar?ﬂdme g?ﬂ c?g)be .
carpoaryl or ne Ut carpoaryl IS ecC Ir rererably IS an
3 g%her orm an %éo 3 54%%% de r){cciey Ih ﬁ

R2is 20 Srem each o i5ind epe ently selected from 250H,
Rs10H, 0R§2, R%RURE%?@CE(@)FRQ@U(D‘)‘R@Q,W%WPHGR sIOC(0)Rs2, C(0)0H, C(0)ORs2, R
sIC(0)0OH, R sIC(0)0ORs2 , OP OH, OR slORs2, OR sIOC(0)H, OR slOC(0)Rs2, OR sIC(0)0H, OR

SIC(0)0Rs2, H amﬂh.fs%s%aggsr&er doBreschls RaEhyBTR)1S IndRpeNdeRily slacled-Laroptionally
substituted C1 to C5 2 to C5 alkenyl and C1 to C alkylsilyl-C1 to C5 alkylene, 5with the proviso

that at least oneBFP& F?’A? Rﬁfﬁ%ﬁ%ﬁﬁyﬂz% is not H or Rs2.  Suitably each Rs' is independently
optionally substituted C1 to C3 alkylene, preferably optionally substituted C1 to C2 alkylene and most

preferably methygngssulaplyi&si %@B%ﬂmm&l%@s saturated and unsaturated, branched
and unbranched C; to C4;, alkyl. In some preferred embodiments, the alkyl is
unsaturated alkyl. In particular, preferably at least one of R' and R? is unsaturated Cs
to Cy2 alkyl, preferably unsaturated C; to C4 alkyl, preferably unsaturated C; to Cg
alkyl and most preferably unsaturated C; to Cs alkyl. Thus, preferably at least one of
15  R'and R?is C; to C; alkenyl, more preferably Cs to Cyo alkenyl, more preferably Cs
to Cs alkenyl and most preferably C; to Cg alkenyl. Indeed, the addition of

unsaturation can provide activity comparable to the saturated alkyl.

In such embodiments, preferably there is one carbon-carbon double bond in the

20  alkenyl, for example one carbon-carbon double bond in C; to C4q alkenyl, or one
carbon-carbon double bond in C; to Cg alkenyl. Suitably the carbon-carbon double
bond is at the end of the alkenyl group, i.e. a terminal carbon-carbon double bond
between the C, and C,4 carbons. C; alkenyls are particularly preferred. A particularly
preferred alkenyl is Cs alkenyl, most preferably 5-hexenyl (-CH,-(CH,)s-CH=CH,).

25
In embodiments, at least one of R' and R? is Cs to Cs alkyl. Alkyl groups, especially
saturated alkyls, on the alpha carbon having between 3 and 5 carbon atoms in
combination with one or more of the specified substituents on the aryl are particularly
useful in providing antifouling activity whilst also exhibiting desirable solubility in sea

30  water and degradability.

In embodiments at least one of R' and R? is C, alkyl, more preferably n-butyl. A C,4
alkyl group, and in particular n-butyl, on the alpha carbon, in combination with one or
more of the specified substituents on the aryl, can provide surprisingly high levels of

35  antifouling activity and is degraded at an appropriate rate.



Suitably each Rs2 is independently selected from optionally substituted C1 to C3 alkyl, C2 to C3 alkenyl
and C1 to C3silyl-C1 to C3 alkylene. For the avoidance of doubt, silylalkylene referred to herein is an
alkylene (e.g. -CH2-CH2-) substituted with a silyl 15such as Si(Me)3. Preferably each Rs2 is
independently selected from optionally substituted C17to C2 alkyl, C2 to C3 alkenyl and C1 alkylsilyl-C1 to

C3 alkylene. Espe_ciall¥ preferred js that each Rs2 is independently selected from methyl, CH2=CH- and

y
(Me)35i-CH2-CHZ3 PO THSHIRE (faify Brigr&e b MIBEERNE fts R G Y RAY S REE NS '1RA4 and RAS is
independently sélegtiet] fdm@HhredvenOTo YOk G2k SHEOARTE®)CH3, OCH2C(0)0H,
OCH2C(0)0CH3, OCH2CH20H, OCH2CH20C(0)CH3, OCH2CH2Si(Me)3, OC(0)CH=CH2 and H, with

the proviso that at least one of e, 25RA2 _KnA3,.RA4 and RA5 is not H. In especially preferred
emodments ea o B B AR A B e R L G Bt e O Do, CH2OH,
OC(0)CH3, DCHBhHhenHaClss SRl on ) tha-oterisshd -CwithtHerpieiely ¢hat at least one of
e, 30RA2, KnA3to BAdkanthB&A priganaib iniugvenahexeyiefetiecd sesrdoadinients eachreddriil , RA2, RA3,

RA4 and RAS iSim@%@&*&ﬂgﬁsﬁﬁlg?@%ﬂ%&%@b@h‘e@@@fg}%&ﬁﬂﬁ%ﬁmgaﬂQ%ésiWEMﬂe proviso that at

least one of R Al, RA2, RA3, RA4 and K IS not H. iIst multiple substituents on the aryl are

possible, it is prélP'éSrrSé‘Bsﬁj{Hrti%H REYEIIS BRI R BN RIS TRIRICAH (RIS AP SHASH- BPEerably that at
least three of e, 80ARe B3, RA4 and RAS are H. Thus, mono and di-substituted aryls (e.g. phenyl) are
preferred. 3he substituents can be at any of the 1- to 5- positions, i.e. ortho, meta or para

Thus, it is preferred that one of R' and R? is selected from saturated Cs to Cs alkyl
and C; to Cqo alkenyl. The alkyl (saturated or unsaturated) is optionally substituted,
however, it is preferred that it is unsubstituted.

15  Suitably the aryl of (A) is Cs to Cys aryl, preferably Cg to C4, aryl, more preferably Cg
to C4o aryl, and most preferably C¢ aryl. The aryl can be carboaryl or heteroaryl, but
carboaryl is preferred. Especially preferred is phenyl.

Preferably R" is (B) and R? is
20

RA5 RA1

S

RA3
(Ia)

RA2

wherein each of R, R*?, R® R* and R is independently selected from

25 OH, R®'OH, OR®?, R%'OR®?, OC(O)H, OC(0)R®?, RS'OC(O)H, R*'OC(0)R*®?,
C(O)OH, C(0)OR®?, R$'C(0)OH, RS'C(0)OR®?, OR%'OH, ORS'OR®?, OR
S10C(0)H, OR5'OC(0)R®?, OR *'C(O)OH, OR °'C(0)OR®?, H and R%?,

wherein, if present, each R®" is independently optionally substituted C to
30 Cs alkylene, and



substituents. However, the 3-position (meta) is preferred. Thus, suitably RA3 is not H. Suitably R3 and R4
together form an optionally substituted 5 to 10-membered heterocycle, preferably a 5 to 7-membered
heterocycle and most preferably a 6- 10membered heterocycle. It is especially preferred that the
heterocycle is piperidine. In particularly preferred emodiments R3 and R4 together form an optionally
substituted 6-membered heterocycle which inco%g%'gltes the nitrogen to which they are attached

f

according to formula (11): 18"e7ify WAEREH - S36R AR IRESMY R hERRPEIBed from hydroxyl,
optionally substituted C1 t&GBtalkyICointionalty! subistitisteldephieand antd B #kggivefertedthat 20each of R5
and R6 are independently ggiggted from hydroxyl, optionally substituted C1 to C6 alkyl and H. Itis
particularly preferred that R5 and R6 are H. In other embodiments, each of R3 and R4 is independently
selected from optionally substituted C1 to C6 alkyl, more pgefeArzabI% CJA4to C3 a})lkyl. Suitably R3 and R4
are unsubstRuted. It is alsWifyETeREyisRPE R IeasR3eRR RS sBtlrBteaiky/l iR8%AAPR4 can be the
same or different. It is prefeited that they are the same. In embodiments, R3 and R4 are both methyl. 10
Suitably the compound is a compound of formula (lll) or formula (IV) RA3 5

Suitably each R®" is independently optionally substituted C, to Cs alkylene, preferably

optionally substituted C+ to C, alkylene and most preferably methylene. Suitably RS

10 is unsubstituted.

Suitably each R%? is independently selected from optionally substituted C+ to C5 alkyl,
C, to C; alkenyl and C; to C;silyl-C4 to C; alkylene. For the avoidance of doubt, silyl-
alkylene referred to herein is an alkylene (e.g. —-CH,-CH,-) substituted with a silyl

15  such as Si(Me),.

Preferably each R%? is independently selected from optionally substituted C; to C
alkyl, C, to C; alkenyl and C, alkylsilyl-C4 to C3 alkylene. Especially preferred is that
each R%?is independently selected from methyl, CH,=CH- and (Me);Si-CH,-CH-.
20
In particularly preferred embodiments each of R*', R*?, R*, R* and R* is
independently selected from OH, OMe, C(O)OH, CH,OH, CH,OAc, OC(O)CHs,
OCH,C(O)OH, OCH,C(0O)OCH3;, OCH,CH,0H, OCH,CH,OC(O)CHj,
OCH,CH,Si(Me)s, OC(O)CH=CH, and H, with the proviso that at least one of R*",
25 RM R R™and R¥is notH.

In especially preferred embodiments each of R, R*?, R*, R* and R* is

independently selected from OH, OMe, CH,OH, OC(O)CH3;, OCH,CH,OH,

OCH,CH,Si(Me)s, OC(O)CH=CH, and H, with the proviso that at least one of R*",
30 R¥ R™ R*and R™is not H.

In even more preferred embodiments each of R, R*?, R*®, R* and R* is
independently selected from OH, OMe, OC(O)CH=CH; and H, with the proviso that
at least one of R*, R*, R®, R™ and R* is not H.

35



RA3 (V) 10wherein each of RAL, RA', RA3, RA4 and RAS5 is independently selected from OH, Rs10H,
Rs', R slORs2, OC(0)H, OC(0)Rs2, ROC(0)H, R sIOC(0)Rs2, C(0)0OH, C(0)0ORs2, RC(0)OH, R siC(0)0Rs2
, OR OH, OR slORs2, OR slOC(0)H, OR sIOC(0)Rs2, OR siC(0)0H, OR siC(0)0ORs2, H and Rs',
15wherein, if present, each Rindependently optionall@substituted C1 to C5 alkylene, and wherein, if
present, each Rs' is mdeﬁenden%selected from optionally substituted C1 to C5 alkyl, C2 to C5 alkenyl

and C1 to C5 alRYRI MRl 8 IBHTRS AN BRsTRisu il Rigeaeriet 8heast Wﬂf RA2, RA3, RA4
and RAS5 is not I-R’br RE2R1 BffilbodiRieats Hf marsaneferably Ratlaiddastdpendé Rt Bﬁ‘)ﬁcﬁiﬁ\&lly substituted C1

to C3 5Salkylene,rndwherain i peseMosashdRE2ussidenaendsily. splaqisdirorreptenally substituted
C1lto C3 alkyl and C2 to C3 alkenyl and C1 to C3 alkylsilyl-Ci to C3 alkylene. Suitably the compound is

selected from compounds 15.1, 15.2, 15.3, 15.4, 15.5, 1015.6, 15.7, 16.1, 16.2, 16.3, 16.4, 16.5, 16.6,
16.7, 16.8, $6.9,706 3ubsiiants ¢anperat 20y of He1tr i Fpssitions i 7ortheyneeiel 8779, Preferably the
compound is selagistdusorm Hompeunts 1pa3itibh.dndth) 55 dreféted Ay BBtably. B lE 6ot 1.8, 15.1, 16.1,
16.2, 16.4, 16.5, 16.6, 16.10 and 17.5. More 15preferably the compound is selected from compounds
15.3,15.4,155,16.11,17.1,17.3,17.4, 17.6 and 17.8. In E?eferred embodiments these compounds (and

polymers descrﬁé&*&&nﬂ%g |ﬁ?§ﬁ158fé?58 Tt8RUGARRGR T EHEY 3 RV RETER-ES are protected from
premature 20degetetaticriebprefetetiy@dbdt d-merdeterdriintetodetduostiteefaraih atfey are degraded by

bacteria in {ge erRAHe R alIndkreqsierIIbReAuRie.thas HieRiaje obtppaRilR Polymer/coating

chemistry provides several ways to deliver molecules in this way, depending on the requirements of the

application.
In particularly preferred embodiments R® and R* together form an optionally

substituted 6-membered heterocycle which incorporates the nitrogen to which they
are attached according to formula (ll):
15
O
R1
T
R? R
R6
(I
wherein each of R® and R® are independently selected from hydroxyl, optionally
substituted C4 to Cs alkyl, optionally substituted phenyl and H. It is preferred that

20 each of R® and R°® are independently selected from hydroxyl, optionally substituted C,
to Cg alkyl and H. It is particularly preferred that R® and R® are H.

In other embodiments, each of R® and R* is independently selected from optionally

substituted C4 to Cg alkyl, more preferably C, to C3 alkyl.

25
Suitably R® and R* are unsubstituted. It is also preferred that each of R* and R* is
saturated alkyl.
R® and R* can be the same or different. It is preferred that they are the same.

30

In embodiments, R® and R* are both methyl.



25In preferred embodiments, these compounds (and polymers described herein) are incorporated into
conventional antifouling coatings as antifouling agents for the prevention of marine growth. For example,
the compounds can be blended into existing acrylate paints and are therefore practical alternatives to the
current coating options. In particular, these compount$ may be offered as environmentally safer
30alternatives to reduce use of existing booster biocides in existing coating formulations, as a
replacement for PUBPRY. f4FAURBIE L &iTRIBOUSY ottt ARSI URYent existing coating
formulations to improve performance. In this connection, a number of the compounds are oils and suitably
compatible for incorporation into coatings, for example sitigon-based foul-release coatings. In
35embodiments, this compatibility may impart the coatings with increased effectiveness such that the
coated substrate benefits from additional protection. rmgre, these compounds (and polymers
described herein) may be applied in su ay torgduce or replace copper/metal present in conventional
antifouling coatings, thereby reducing the environmental impa antifouling coatings. 5Suitably, the
compounds (and polymers described herBimayhe ysedf'in the removal of marine organisms in
@ treatment and for control of marine growth in

seawater treatment processes such as in balla
cooling water and desalination processes. The‘sgmpoeunds (and polymers described herein) are
particularly suited to processes where raB{Ef degradationfféfmoval of the active agent is necessary to
10prevent environmental contamination and for cqpliance purposes. Polymers  The present invention
also pertains generally to a class of polymers referred to herein as "antifouling polymers", which polymers
comprise an antifouling amide 15compound, for exdtHple as a pendant group. In a further aspect, the
present invention provides a polymer comprising at least one repeating unit formed from an antifouling
compound according to the first aspect. 20In embodiments,(ghe compound is incorporated into the
polymer via free radical polymerisation or polymerisation of inI-containing groups. Thus, preferably the
polymer is selected from a polymer formed from one or mor
methyacpytate monomer;|and a silicone polymer. 25 Suitably
polymer comprises repeating units derived from one

Preferably the polymer is a copolymer. 30In embgé
according to formula X

S, the polymer comprises a pendant group

RA4 RA2
RA3
(V)
10 wherein each of R*, R*, R® R* and R is independently selected from

OH, R%'OH, OR®?, R$'OR%2, OC(O)H, OC(0)R%2, RS'OC(O)H, RS'OC(0)R%,
C(O)OH, C(0)OR®?, R$'C(0)OH, R®'C(0)OR®?, OR*'OH, OR®'OR®?, OR
S'0C(0)H, OR3'OC(0)R%?, OR S'C(0)OH, OR%'C(0)OR®? H and R%?,

15 wherein, if present, each RS'is independently optionally substituted C; to

Cs alkylene, and

wherein, if present, each R%? is independently selected from optionally
substituted C, to Cs alkyl, C, to Cs alkenyl and C4 to Csalkylsilyl-C4 to Cs
20 alkylene,



wherein 5It is optionally substituted C3 to C12 alkyl each of R3 and R4 are independently optionally
substituted C1 to C6 alkyl, or R3 and R4 together form an optionally substituted 5 to 12-membered
heterocycle which incorporates the nitrogen to which they are attached, each RAX is independently
selected from the options for any one of e to RA5 deddribed herein, n is an integer in the range 0 to 4, and
wherein RL is a linker group. 20The optional and Preferre%feqtyre,g in respect.of R1, R3 and R4 are as

described above for the firdihL5eP iR RFLHIP R 98501 Ro 5 ato cﬁg‘i‘rﬁ'ﬁrgfefﬁﬂﬂ} H 9"t0 3 atom chain,

more preferably a 2 atom BFain. Suitably the atoms of the chain are selected from C and 0. 25Preferably
the linker group comprises one or more of -0-, -C(0)- and -CH2- units. Particularly preferred is a linker

group having thefnsé%:é re; he(ein egg:h of aRQ,.c.and d gr%tinde enﬂentl¥§

iments, | eny, each is,indepen ptionally s %It%%t%gtfr 3 an integer in
the range 0O to 4, more prefeerab fbefo - *24"In embodiments, RLVs setééted from -0-, R(°10, ORu, R

L'ORu, OC(B), Giptare, ard wheia; iRrresrntograh RE{osandepmmRtReiReied R PREPDTIRU, OR L10, OR
'ORL2, OR L'OGihstiired © G @Rk yCiRd -0 (00, amdripRhC0)DBLabwEiBtan idfaresent, each RL1 is
independently ogﬁ@%ﬂgy substituted C1 to C5 alkylene, and wherein, if present, each Ru is independently
optionally substituted C1 to C5 alkylene. Thus, linker group RL can correspond to, e.g. be a radical
formed from, the substituent RA1, RA', etc of the corresponding "free” compound. Preferably RL is
-0C(0)-. SuitablySuitstly dnel¢cqneferabiy selac@difeniwapgunds Holfutdhizrisibditders). Suitably the
pendant gregip i sejeasable frors shedlyseris shestvaiiie ep\grapmersi1b) paticuiar, it is preferred that

the pendant groyp Js {6lgasARiq oM Re NS B 170

Preferably the compound is selected from compounds 15.3, 15.4, 15.5, 16.11, 17.1,
17.3,17.4,17.6,17.8, 15.1, 16.1, 16.2, 16.4, 16.5, 16.6, 16.10 and 17.5. More

15  preferably the compound is selected from compounds 15.3, 15.4, 15.5, 16.11, 17.1,
17.3,17.4,17.6 and 17.8.

In preferred embodiments these compounds (and polymers described herein) are
incorporated into coatings in such a way that they are protected from premature
20  degradation but released at a predetermined target time, after which they are
degraded by bacteria in the environment. The skilled reader will be aware that the
state of the art in polymer/coating chemistry provides several ways to deliver

molecules in this way, depending on the requirements of the application.

25 In preferred embodiments, these compounds (and polymers described herein) are
incorporated into conventional antifouling coatings as antifouling agents for the
prevention of marine growth. For example, the compounds can be blended into
existing acrylate paints and are therefore practical alternatives to the current coating
options. In particular, these compounds may be offered as environmentally safer

30 alternatives to reduce use of existing booster biocides in existing coating
formulations, as a replacement for poorly-degradable existing booster biocides,
and/or augment existing coating formulations to improve performance. In this
connection, a number of the compounds are oils and suitably compatible for
incorporation into coatings, for example silicon-based foul-release coatings. In

35 embodiments, this compatibility may impart the coatings with increased effectiveness

such that the coated substrate benefits from additional protection.



20hydrolysis. For example, this permits the pendant (bioactive) group to be released in an aqueous
environment. In a further aspect, the present invention provides a polymer according to formula (X0: (XI)
wherein Pol is the polymer backbone, and wherein each of R1, R3, R4, RAX, n and RL is as defined in
respect of formula (X). 15 Preferably the Tg of the pdBmer is higher than room temperature. Preferably
the molecular weight of the polymer, as measured by GPC, is at least 5KDa, preferably at least 10KDa. 5
Suitably the polyHEPSE P QolRPRAE3TR W da $Pah B BRIA & 35ERAN BP RIS FARY P4 BRI Ming compound,
preferably an ansifolulivey toregoearnd Ehthes fagtrespete) iveedobivediventichel poljentsrdn use. 10In a further
aspect, the presggitinye Mgy RYdasURe Slvir&arRel iebatferaiR (ihgtsagadsthereof in a method of
making a polymer. In a further aspect, the present invention provides a polymer made by copolymerising
a compound of formula (I) or a salt thereof with a comonomer. Preferably the 15comonomer is selected
from a (metR)acBHERR iBOFATIRPIEIASHRA Rl MaFERasaRRCRSRIE ITPey I YRS MIBA provides use of a
compound, polyrasioes edaittEorgapusiion assdesarthethiwiteintesdastivacdoinrealssing or preventing
fouling. 20 SuitaplydheemrALA ISR S RIRYE BIAA LB A4 GfRbisgna o preventing

biofilm formation by one or more of bacteria, fungi, algae and protozoans. In a further aspect, the

present inventioR BrEYTa&s' AT B HRREMING 57 FESEAAG PERNIAG B AP wherein the
method compristesptioeestes wherspBirpdagredation e pehehte actcatigentis dessmsbeddderein to the
substrate. Sglitabbsibe: apliferirataniderMaRMAHISRIAYRIRREE BoRlRdAt in an amountand at  a
concentration effective to prevent or reduce fouling. Preferably the antifouling 30amide compound or
polymer is proviq,%g“%g standard concentration. In a further aspect, the present invention provides a

coating composifion comprising a compound or a polymer as described herein.
The present invention also pertains generally to a class of polymers referred to

herein as “antifouling polymers”, which polymers comprise an antifouling amide

15  compound, for example as a pendant group.

In a further aspect, the present invention provides a polymer comprising at least one

repeating unit formed from an antifouling compound according to the first aspect.

20  In embodiments, the compound is incorporated into the polymer via free radical
polymerisation or polymerisation of silyl-containing groups. Thus, preferably the
polymer is selected from a polymer formed from one or more monomers having an
unsaturated carbon-carbon bond, for example a vinyl or (meth)acrylate monomer;
and a silicone polymer.

25
Suitably the polymer is a (meth)acrylate polymer. Suitably the polymer comprises
repeating units derived from one or more of methylmethacrylate (MMA), hydroxyethyl
acrylate (HEA) and vinyl pyrrolidinone (VP). Preferably the polymer is a copolymer.

30 In embodiments, the polymer comprises a pendant group according to formula X



35In a further aspect, the present invention provides an antifouling composition comprising an antifouling
amide compound or polymer as described herein. 16 In a further aspect, the present invention provides a
coating composition comprising an antifouling amide compound or a polymer as described herein.
Suitably the coating composition comprises conventibdal additives, for example a binder. Suitably 5 the
coating composition is a paint composition. For example, the composition can include an acrylate resin.
Suitably the coating composition is a self-polishing pai , preferably an acrylic self polishing paint, or a
silicone coating. In a further aspect, the pres®nt inve

antion-firovides a coating comprising an antifouling
10amide compound as described herein. In a furthert aspe¢t, the present invention provides a substrate
having a coating applied thereto, wherein the coatipg.comprises an antifouling amide compound or
polymer as described herein. For example, the substrafile may be a vessel, for 15example a boat. In a
further aspect, the present invention provides a b Klstatic composition comprising an antifouling
amide compound or polymer as described hereir. 20In a fur&Qer aspect, the present invention provides a
bacteriocidal composition comprising an anti |ﬁng amide(%or?lpound or polymer as described herein. In a
further aspect, the present invention providgs a biocidal composition comprising an antifouling amide
compound or polymer as described herein. 25 In a further aspect, the present invention provides a
biostatic composition comprising an antifouling amidé()compound or polymer as described herein. In a
further aspect, the presénrtréivention provides an antifoulant composition 30comprising an antifouling
amide compound or polymer as described herein. Any one or more of the optional and preferred features
of any of the_aspects may apply, singly or i bination, to any one of the other aspects. 17 BRIEF
DESCRIPTION OF TIEE Bé)ﬁ%ﬁ?jé %tbjpggl%g]ﬁ%\gvg Eé‘tl\[;élrage percentage settlement of barnacles in
wells coated with polymers containing repeating units derived from a compound (16.11) of the present
Sinvention. Settlement&rie ROAEORtaatingep@sisinylapiondptdaisuneanisdo Cs alkyl, or

R® and R* together form an optionally substituted 5 to 12-membered

SVl

heterocycle which incorporates the nitrogen to which they are attached,

10
each R™ is independently selected from the options for any one of R to R*®
described herein,
n is an integer in the range 0 to 4,

15

and wherein

R" is a linker group.

20 The optional and preferred features in respect of R', R® and R* are as described

above for the first aspect.

Preferably R"is a 1 to 5 atom chain, preferably a 1 to 3 atom chain, more preferably
a 2 atom chain. Suitably the atoms of the chain are selected from C and O.

25  Preferably the linker group comprises one or more of —O-, -C(O)- and —CH,- units.
Particularly preferred is a linker group having the structure: {[-O-1,[-C(O)][-CH2z-]c}d,
wherein each of a, b, ¢ and d are independently selected from an integer in the range

0 to 4, more preferably 0 to 2.



polystyrene. Whereas when increased amounts of P(MMA-co0-16.11-co-VP) resulted in decline in
barnacle settlement, with no settlement for test treatments >441. DETAILED DESCRIPTION OF THE
INVENTION 10 Chemical Terms The term "saturated,” as used herein, pertains to compounds and/or
groups which do not have any carbon-carbon double’donds or carbon-carbon triple bonds. 15The term
"unsaturated," as used herein, pertains to compounds and/or,grqups which have at least one
carbon-carbon dBESIEBYRE G %aﬂBSﬁ'—%%‘?Béﬁ‘?Triﬁ?é gor%.%omﬁoﬁﬁs it FPEME) be partially
unsaturated or fUIRGIESRITACM)R THO OB (REBE, REAIBIV: Ry GHEIQRS, ORTIOHYBrocarbyl," as used
herein, pertain 20REOMHROUNCDINGHO! GERORSWhikH BayR QY GRMe30Rhydrogen atoms. The term
"hetero," as used herein, pertains to compounds and/or groups which have at least one heteroatom, for
example, multivalent heteroatoms (which are also suitable as ring heteroatoms) such as boron, silicon,
nitrogen, phBsphorus, oxyYesTePsErrereninePst BnilfintaRsRsiedin ARIARAMItRE BRI uBRIeR, and sulfur) and
monovalent heteroatoms, GuaRy&s\dLaiine, chlorine, bromine, and iodine. The phrase "optionally
substituted," as used herein, pertains to a parent group which may be unsubstituted or which may be
substituted. 30 Unless otherwise s_fpecified, the term "substituted,” as used herein, pertains to a parent
group which bears one or Hi6F& s RGRHENEECT e {IRoeRARLERIN RPIRIZ ey PRIFEIRG Yt conventional
sense and refers to a cheficdiytrogety which is covalently attached to, or if appropriate, fused to, a parent
group. A wige variety of substituents 35are well known, and methods for their formation and introduction
into a variety of Qﬁrgnﬁ r%g?u DS arﬁL%IaerCvgrerz(lalsknR(\%{(\). e18 Ikg/lr:aTlfggl 8rrrrr?e:j§tjr%¥rl1"'tr"f‘e-s used herein, pertains to
a monovalent m0|el‘iy obtai ed‘%ﬁx removing gchy rdg'e%’ atomtrom a carbon atom of a hydrocarbon
compound haviriyBe5ientB 20Rcartis R dhsraerererdnstifernisepruiied), which may be aliphatic or
alicyclic, and which may be saturated or unsaturated (e.g., partially unsaturated, fully S5unsaturated).
Thus, the term "gp&y&gg@lﬁdgss_tae(gjp_-classes alkenyl, alkynyl, cycloalkyl, cycloalkyenyl, cylcoalkynyl,
etc., discussed below. In the context of alkyl groups, the prefixes (e.g., C1 to C4, C1 to C5, etc.) denote
the number ¥f carbon atoms, or range of number of carbon atoms. For example, the 10term "C1 to
Cdalkyl," as use8uitepdyim, iprtaihsptefenataykyisPdup thevand iesmolfudhér substituents).

Suitably the pendant group is releasable from the polymer in the marine environment.
In particular, it is preferred that the pendant group is releasable from the polymer by
20  hydrolysis. For example, this permits the pendant (bioactive) group to be released in

an agueous environment.

In a further aspect, the present invention provides a polymer according to formula

(XI):
O
R R3
T/
R4
R (R),
/
25 Pol
(XI)

wherein Pol is the polymer backbone, and wherein each of R, R®, R*, R*, n and R"

is as defined in respect of formula (X).



carbon atoms. Examples of groups of alkyl groups include Ci to C4 alky! ("lower alkyl"), and C2 to C6
alkyl. Note that the first prefix may vary according to other limitations; for example, for unsaturated alkyl
groups, the first prefix must be at least 2; for cyclic and branched alkyl groups, the first prefix must be at
least 3; etc. 15 Examples of (unsubstituted) saturatedalkyl groups include, but are not limited to, methyl
(C1), ethyl (C2), propyl é/CB), butyl (C4), pentyl (C5) and hexyl (C6). Examples of (unsubstituted)
saturated linear é}ﬁﬁﬂr@P UpE Tecfide RYee S BidheitBarIBR RERRIPEES), ethyl (C2), n-propyl (C3),
n-butyl (C4), n-pentyl (amyl) (C5) and n-hexyl (C6). Examples of (unsubstituted) saturated branched alkyl

groups inclll(Jde)iWem.tla.Ew l(*lglﬁr?ié@l]QHWbi@%flﬂ%cpbwmgﬁﬁé@)m@ﬁ@ékm)(@ﬁ’b,iﬁpalﬁﬁlaé‘{' (CSr){ and
neo-pentyl (C5).25 Alkenyl: The term & nyl," as used herein, pertains to an alkyl group having one or
more carbon-car onad%rﬁ%‘%?%&ﬁaﬁgagxﬁnl?gﬁés of groups of alkenyl groups include C2_4alkenyl,
C2_7alkenyP, C2_20alkenyl. 30Examples of (unsubstituted) unsaturated alkenyl groups include, but are

not limited to, etnamwma/bm(ﬁhbr@&&)oﬂrmeww §usHintiHeRHI) pahprepanytdaliyh -CH-CH=CH2),
isopropeny! (L-meipyyiny b SHPPERRLPUIEINIGAL BEALEIN (Rl ARdigYend (CO). 19 replaced

with a hydroxy group. Examples of such groups include, but are not limited to, -CH20H, -CH2CH20H,
and -CH(OH)CH55%$e9 Hom B MeNd S Shat if the substituent at a particular position is hydrogen, it
may 5be convenient to refer to the compound or group as being "unsubstituted” at that position. Aryl: The

term "aryl,"1gs uged fRFRIPRERAINS rescManeyAREBIRIe LSS BRI IRMeMEEhahysrogen atom from

an aromatic ring atom Pf apeafr%rga}%ig r?anOPPn%rlld’ 10which moiety has from 3 to 20 ring atoms (unless

otherwise specif?erg).siairtehfpérélbly, each ring has 'ﬂ%r%qglf/gl?r'ring atoms. In this context, the prefixes (e.qg.,
C3_20, C5_7, C5_6, etc.) denote the number of ring atoms, or range of number of ring atoms, whether
carbon atoms onmeterozicmssedtahebessanplentihe fRiieCoHpast madiseyldopoimepsiAgins to an aryl

group having 5 ¢f & HpG APPSR KA lfr%%Bﬁl'ER&B%f%ﬁMc%m&ﬁb?ﬂé‘r‘?'%?eﬁﬁ#%ﬂé“_yl’ C5_20ary1,
C5_15aryl, C5 12aryl, C5 10a 5 7aryl, C56aryl, Charyl, and C6aryl. The ring atoms may be all

>_10aryl, C5_ :
carbon atoits, ORGP BRASLEOERUMSEAS Rt and viny monomer.

In a further aspect, the present invention provides use of a compound, polymer or
coating composition as described herein in a method of reducing or preventing
fouling.

20
Suitably the method of reducing or preventing fouling is a method of reducing or

preventing biofilm formation by one or more of bacteria, fungi, algae and protozoans.

In a further aspect, the present invention provides a method of preventing or reducing
25  fouling of a substrate, wherein the method comprises the step of applying a

compound, polymer or coating as described herein to the substrate.

Suitably the antifouling amide compound or polymer is applied at in an amount and at
a concentration effective to prevent or reduce fouling. Preferably the antifouling

30 amide compound or polymer is provided at a standard concentration.

In a further aspect, the present invention provides a coating composition comprising

a compound or a polymer as described herein.

35 In a further aspect, the present invention provides an antifouling composition

comprising an antifouling amide compound or polymer as described herein.



20carboaryl groups include C3_20carboaryl, C5_20carboaryl, C5_15carboaryl, C5_12carboaryl,
C5_10carboaryl, C5_7carboaryl, C5_6carboaryl, C5carboaryl, and C6carboaryl. Examples of carboaryl
groups include, but are not limited to, those derived from benzene (i.e., phenyl) (C6), naphthalene (C10),
azulene (C10), anthracene (C14), 25phenanthrene (¢84), naphthacene (C18), and pyrene (Cm).
Examples of aryl groups which comprise fused rings, at least one of which is an aromatic ring, include,
but are not limited to, groups derived from indane (e.g., 2,3- dihydro-1H-indene) (C9), indene (C9),
isoindene (C9), tetadliribeBOgpez 3tdetpteatryidnuearijsinthrdedes(CdGiirmcerapdsitieneof@rg)dluorene (CO,
phenalene (C13ynagrRrinRg B e (pbnddnd M%W@H%é@@@h@ﬂéﬂ'@jh{ﬂw tHae ring atoms may
include one or morq?hetelrr(])aotg[%% as in. hseteroa%o%(?ugé y %Q%Xeas o heé ary [’g{% s include

C3 20heteroaryf G Eieroar 5"2?&? ﬁ:?f?e‘?eroaryla heteroaR/F% Ohetero

C5_7heteroaryl, tb%@?ét@ré&’ﬂﬂ?@t%\éﬁe@@&f% Caﬁ@@@ﬁ@tgﬂﬁﬁmm@@’ FH‘SIBO(B?%&IB'@éﬁ) F CI, -Br, and -I.
Hydroxy: -OH. SigludSiJoninaeadsiis sustidylystibsitutpgtcdatpexaioniea ddif-adishallydagroup, a

C3 20heterocyc¢yé%%8{ 2 M%Xﬂsﬁ\ﬁ“& H%@@Fﬁ%n‘é‘ cBafidalkyl group, or a C5_20aryl group.
Examples of silyl groups include, but are not limited to, -SiH3, -SiH2(CH3), -SiH(CH3)2, -SRCH3)3,

-Si(Et)3,-Si(tBu)(CH3)2, and -Si(tBu)3. Oxysilyl: -Si(OR)3, where R is an oxysilyl substituent, for example,
-H, a CiJalkyl group fuati®3 ag¢rttére oyetpligrioventon 2re8de0appatmocpnprieferablgntfhuingiJalkyl group, or

a C5_20aryd groipa&xsnpeias ek pessiybgiaues. include, but are not limited to, - Si(OH)3, -Si(OMe)3,
-Si(OEt)3, and -Si(OtBu)3. 15 Siloxy (silyl ether): -0SiP3, where SiR3 is a silyl group, as discussed above.

Oxysiloxy: -OSROR)3, wherein OSROR)3 is an oxysilyl group, as discussed above. 20Silyl-alkylene:
-alkylene-SiR3, WHetetreiersmy/Itae PEReRiN e B dliRYeasahB RS RIS hexii® plecatima2-CH2-Si(Me)3.
Includes Other Fppnsd tHeless witbasiwise speatifiedminrtiusand dnttioaliahavedaresthgowelldenown ionic, salt,

polymer as described herein. For example, the substrate may be a vessel, for

15 example a boat.

In a further aspect, the present invention provides a bacteriostatic composition

comprising an antifouling amide compound or polymer as described herein.

20 In a further aspect, the present invention provides a bacteriocidal composition

comprising an antifouling amide compound or polymer as described herein.

In a further aspect, the present invention provides a biocidal composition comprising
an antifouling amide compound or polymer as described herein.

25
In a further aspect, the present invention provides a biostatic composition comprising

an antifouling amide compound or polymer as described herein.

In a further aspect, the present invention provides an antifoulant composition

30  comprising an antifouling amide compound or polymer as described herein.

Any one or more of the optional and preferred features of any of the aspects may

apply, singly or in combination, to any one of the other aspects.

35



25solvate, and protected forms of these substituents. For example, a reference to carboxylic acid
(-COOH) also includes the anionic (carboxylate) form (-000), a salt or solvate thereof, as well as
conventional protected forms. Similarly, a reference to an amino group includes the protonated form
(-WHP1R2), a salt or solvate of the amino group, for &ample, a hydrochloride salt, as well as
conventional protected 30forms of an, amino . Similarly, a reference to a hydroxyl group also
e R S T ST eSS as well as conventional protected forms. Salts

includes the aniehicH
It may be convenient or deswable to prepare, purify, and/or handle a corresponding 35salt of the active
compound, for eXgHipIE ShensRYREIaN eptedR8ccEaprRNsalbarpEsamprRls epaiafatie salts are discussed
in Berge et al., I}iyméRhartadey tiaadbtifcosipiably &icthan' @ chthpsomd306. Mobfbe presérl9. For example,
if the ComP%J“d|#ﬁlé}ﬁﬂ&‘i"§eﬁfemﬁt%mﬂg%ﬂ%|%9£mmg%ﬁﬂﬂ*éf RERAMUP e85ty ~-COOH may be -000),

then a salt may be formed with a suitable cation. Examples of suitable inorganic cations include, but are
not limited to, alRAYFhEEFiohdel5as HE%%%&EQ?%{&W& R eatidRd iﬁBh YRS es4edhind Mg2+, and
other cations sughdasliAe.if-kammuliesseitiso¢ableitrgaritieaion fomrekideatmerdase 4@t limited to, ammonium
ion (i.e., NH4+) and substituted ammonium ions (e.g., NH3R+, 10NH2R2+, NHR:, NR44). Examples of
some suitable syjystifuted apsempmmoRSEarathesederdied from: ethylamine, diethylamine,
dlcyclohexyf@mlne triethylamine, butylamine, ethylenediamine, ethanolamine, diethanolamine,

piperazine, benzylamine, _Iphenylbenzylamlne choline, meglumine, and tromethamine, as well as amino
acids, such as I)ghﬁé"—ﬁﬁh—é@%me An example of a common quaternary 15ammonium ion is N(CH3)4+. If
the compound isTbatienmic'setulasdd fusncteaitadrgiro yeramis o raydoe raatonio grgupsNiizmimy be -NH3), then
a salt may be formag yithha sHfahle ARiPGo PRSP EswtRRIS RArgRRIp oS include, but are not
limited to, those derived from the 20following inorganic acids: hydrochloric, hydrobromic, hydroiodic,
sulfuric, sulfurous, nitric, nitrous, phosphoric, and phosphorous. Examples of suitable organic anions
include, butare hbe fermedngatiraise. cesrivead frengirtheeftsiiosimepompmidsasidior areursyd)sibenzoic, acetic,

ascorbic, aspartitadhenreisnCasmpicssubanisusinbamis: sitenedasish eifiapestisulfonic, ethanesulfonic,
fumaric, glucheptanic, QucaniG, AlYIARNG: G/ YEol G XA QYMAIEIFar fully unsaturated.

The term "carbo," "carbyl," "hydrocarbo," and "hydrocarbyl," as used herein, pertain

20  to compounds and/or groups which have only carbon and hydrogen atoms.

The term "hetero," as used herein, pertains to compounds and/or groups which have

at least one heteroatom, for example, multivalent heteroatoms (which are also

suitable as ring heteroatoms) such as boron, silicon, nitrogen, phosphorus, oxygen,
25  sulfur, and selenium (more commonly nitrogen, oxygen, and sulfur) and monovalent

heteroatoms, such as fluorine, chlorine, bromine, and iodine.

The phrase "optionally substituted," as used herein, pertains to a parent group which
may be unsubstituted or which may be substituted.
30
Unless otherwise specified, the term "substituted," as used herein, pertains to a
parent group which bears one or more substitutents. The term "substituent" is used
herein in the conventional sense and refers to a chemical moiety which is covalently
attached to, or if appropriate, fused to, a parent group. A wide variety of substituents
35 are well known, and methods for their formation and introduction into a variety of

parent groups are also well known.



hydroxynaphthalene carboxylic, isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic,
mucic, oleic, oxalic, palmitic, pamoic, pantothenic, phenylacetic, phenylsulfonic, propionic, pyruvic,
salicylic, stearic, succinic, sulfanilic, tartaric, 30 toluenesulfonic, and valeric. Examples of suitable
polymeric organic anions include, but are not limited 18, those derived from the following polymeric acids:
tannic acid, carboxymethyl cellulose. 22 Solvates It may be convenient or desirable to prepare, purify,

and/or handle a téHedb6riNg riats SPEHEOLEINETEHIBSUAT NEAEHH S RAREHALEd herein in the
conventional semg@dvnefehtdregeomipletrohsotatedieaioraetiadycorpiandosmiowiBzativg compound) and

solvent. If the solvant i MRIRFLERERANALR IR BRIGARVaIENLY) raiacreddp rsadnydeale, for example, a
mono-hydrate, a fji-ra/drat%, %%F%’dr%te tc. Unlegtsl,j%hgmise ) meq'fied reFerer(ﬁe to a particular
e

compound also hciide £0Solva %rrﬁs‘ﬁ ué?}aegf.o enain ?ef((—?r'rgé’do u s’fiﬁ?éﬂ h ﬁd(‘)neypreferred

embodimen® théRR4RgERt()ud e treterpéd i RUASH AR RoHHesrrdaienikatlysélected from: halo;

hydroxy; ether (eyglp&ldyl, gioxyyefornaylcamin@, gtc 1 dictlatiedaeldw.C5_20arylacyl); acylhalide; carboxy;
ester; acyloxy; amido; acylamido; thioamido; tetrazolyl; amino; nitro; nitroso; azido; cyano; isocyano;
cyanato; isocyanato; thiocyano; isothiocyano; sulfhydryl; thioether (e.g. CiJalkglthio); sulfonic acid;
sulfonate; sulfor8; BRI AAHOIERY A MERITO RitGn i - friafiin eRRIFaRfyI; sulfonamido;
CiJalky! (includimgnier. oticrsbibstates] @ 1Fedekgfin@idbadbatidybroaas. 7hgdesxyalkyth€idcarboxyalkyl,
Cisaminoaky, GnPlendcCatALEY i Reaasaaruaydn LGB AW ichiinG £.0.
C5_20carboaryl, C5_20heterqar 17alky105 20aryl and.C5 20haloarY & «.. In one preferre
embodiment, theb %rgggt?t%renﬁt(%%f%rﬁ[gﬁsr%%gH‘yéjastgf ﬁ’@ eri)ér%u' ',ng?ue% |P?t3ep4ear1& Ie {P)\/N Selected from: -F, -Cl,
-Br, and -I; -OH; alsie amte: o @Baikyhiieiep ArerirsSpeBomRNerySEeorddBia)0hat -SCH2Ph,
-C(=0)Me, -C(=Qikitatici{s:0(tBxamaredfsC(redfdhbted alkyl groups, the first prefix must be at least

2; for cyclic and branched alkyl groups, the first prefix must be at least 3; etc.

15
Examples of (unsubstituted) saturated alkyl groups include, but are not limited to,
methyl (C4), ethyl (C,), propyl (Cs), butyl (C4), pentyl (Cs) and hexyl (Ce).

Examples of (unsubstituted) saturated linear alkyl groups include, but are not limited
20  to, methyl (C4), ethyl (C,), n-propyl (C3), n-butyl (C4), n-pentyl (amyl) (Cs) and n-hexyl
(Ce)

Examples of (unsubstituted) saturated branched alkyl groups include iso-propyl (Cs),
iso-butyl (C4), sec-butyl (C,), tert-butyl (C,), iso-pentyl (Cs), and neo-pentyl (Cs).

25
Alkenyl: The term "alkenyl," as used herein, pertains to an alkyl group having one or
more carbon-carbon double bonds. Examples of groups of alkenyl groups include

C..salkenyl, C,.7alkenyl, Ca0alkenyl.

30 Examples of (unsubstituted) unsaturated alkenyl groups include, but are not limited
to, ethenyl (vinyl, -CH=CHy,), 1-propenyl (-CH=CH-CHy3;), 2-propenyl (allyl,
-CH-CH=CH,), isopropenyl (1-methylvinyl, -C(CH3)=CHy,), butenyl (C,), pentenyl (Cs),
and hexenyl (Ce).

35  Hydroxy-C4 — Cg alkyl: The term "hydroxy-C, — Cs alkyl," as used herein, pertains to

a C; — C; alkyl group in which at least one hydrogen atom (e.g., 1, 2, 3) has been



-C(=0)0H; -C(=0)0Me, -C(=0)0Et, and -C(=0)0(tBu); 35 -C(=0)NH2, -C(=0)NHMe, -C(=0)NMe2, and
-C(=0)NHEt; -NHC(=0)Me, -NHC(=0)Et, -NHC(=0)Ph, succinimidyl, and maleimidyl; 23 -NH2, -NHMe,
-NHEt, -NH(iPr), -NH(nPr), -NMe2, -NEt2, -NOPr)2, -N(nP02, -N(nBu)2, and -N(tBu)2; -CN; -NO2; 5-Me,
-Et, -nPr, -iPr, -nBu, -tBu; -CF3,-CCI3, -CBr3, -CH2CH2F, -CH2CHF2, and -CH2CF3; -OCHF2,
-OCH2F, -OCCI3, -OCBr3, -OCH2CH2F, -OCH2CHF2, and -OCH2CF3; -CH20H, -CH2CH20H, and
-CH(OH)CH20HCRERPNIN 2R354 S1QHR,, BRIMRISS SRR S ARR Fosptiaiai) Ltiieftuted phenyl. In
one preferred ertheditfert -tk Gdis3titwedt(S) (OftbAHePétred to herein as R, are independently selected
from: -F, -Cl, -Br, -I, -OH, -OMe, -OEt, -SH, -SMe, -SEt, -C(=0)Me, -C(=0)0H, -C(=0)0Me, -CONH2,
-CONHMe, -NH2, -NMe2, - , 15-N(nP02, -N(iPn2, -CN, -NO2, -Me, -Et, -CF3 -CH20H, -CH2CH20H,
CHONHD, ~CHRFD A OB b S RTAUel 2 ah e PR BN EoRLT B referredt o
herein as RParelifgep@niiil reiaetadip romPnydreigrosmas reirg "maamsiisdeatéiaamido; amino;
20and, CiJalkyl gasitisghing, e.g., unsubstituted C17alkyl, CiJhaloalkyl, C1_7hydroxyalkyl,
CiJcarboxyalkyl, CiJaminoalkyl, C5_20ary1-C17alkyl). In one preferred embodiment, the substituent(s),

often referred to herein as R, are independently selected from: 25 -OH; -OMe, -OEt, -O(tBu), and
-OCH2Ph: Aryl: The term "aryl," as used herein, pertains to a monovalent moiety obtained by

removing a hydrogen atom from an aromatic ring atom of an aromatic compound,
10  which moiety has from 3 to 20 ring atoms (unless otherwise specified). Preferably,

each ring has from 5 to 7 ring atoms.

In this context, the prefixes (e.g., Cs.0, Cs.7, Css, €tc.) denote the number of ring

atoms, or range of number of ring atoms, whether carbon atoms or heteroatoms. For
15 example, the term "Csearyl," as used herein, pertains to an aryl group having 5 or 6

ring atoms. Examples of groups of aryl groups include Cj xoaryl, Cs.oaryl, Cs.qsaryl,

Cs.1zaryl, Cs.maryl, C5.7aryl, Cs.earyl, Csaryl, and Csaryl.

The ring atoms may be all carbon atoms, as in "carboaryl groups." Examples of
20  carboaryl groups include Cjocarboaryl, Csoocarboaryl, Cs.qscarboaryl, Cs.qo,carboaryl,

Cs.1ocarboaryl, Cs;carboaryl, Csscarboaryl, Cscarboaryl, and Cscarboaryl.

Examples of carboaryl groups include, but are not limited to, those derived from
benzene (i.e., phenyl) (Cs), naphthalene (C4o), azulene (C40), anthracene (Ci4),

25  phenanthrene (C14), naphthacene (Cyg), and pyrene (Cie).

Examples of aryl groups which comprise fused rings, at least one of which is an
aromatic ring, include, but are not limited to, groups derived from indane (e.g., 2,3-
dihydro-1H-indene) (Cy), indene (Cy), isoindene (Cy), tetraline

30 (1,2,3,4-tetrahydronaphthalene (C+o), acenaphthene (C,), fluorene (C43), phenalene
(C13), acephenanthrene (C1s), and aceanthrene (Cs).

Alternatively, the ring atoms may include one or more heteroatoms, as in "heteroaryl
groups." Examples of heteroaryl groups include Cs yheteroaryl, Csoheteroaryl,
35  Cs.isheteroaryl, Cs.ioheteroaryl, Cs.ioheteroaryl, Cs.zheteroaryl, Cs.gheteroaryl,

Csheteroaryl, and Cgheteroaryl.



-C(=0)0Me, -C(=0)0Et, and -C(=0)0(tBu); -C(=0)NH2, -C(=0)NHMe, -C(=0)NMe2, and -C(=0)NHEt;
-NH2, -NHMe, -NHEt, -NH(iPr), -NH(nPr), -NMe2, -NEt2, -N(iPr)2, -N(nP02, -N(nBu)2, 30and -N(tBu)2;
-Me, -Et, -nPr, -iPr, -nBu, -tBu; -CF3,-CCI3, -CBr3, -CH2CH2F, -CH2CHF2, and -CH2CF3; -CH20H,
-CH2CH20H, and -CH(OH)CH20H; and, -CH2NH2,28H2CH2NH2, and -CH2CH2NMe2. 24 Other
Terms As used herein, the term "fouling” refers to the attachment and growth of microorganisms and
small organisms to a substrate exposed to, or immersed in, a liquid medium, for example an aqueous
medium, as wellR&ot¢oahaingesiise. irChubtbardsof the microorganisms and/or small organisms in a
container of the liquid medium. Accordingly "foulers™ or "microfoulers" are used interchangeably and refer
to the organism%k&%){qq@substrate. Fouling may occur in structures exposed to or immersed in fresh
water as well as Nl sed water. In particular, the term may be used 10to refer to a solid medium or
substrate exposed to, or immersed in sea water. Accordingly, the term "antifouling” refers to the effect of
preventing, redusing -SiRl oxed R atngilfoslivgitfentifoulkxgragents, arcoaipoyruds are also called
"antifoulants”. 1%90@3;9&939%8%98}@@ J.?OW&JBG&Rﬂgfé@aﬁkﬂﬁﬁgrﬂ%‘ﬂ(ﬁcﬁ% Itgation which is the

concentration that is effective for its purpose. Accordingly, a concentration less than or below the

standard concerftFati¥ ' ViRe RBITACHNMFGIURAT IeHoE RIS WHBYSE I uSddalone. 20The term
"substrate" as us@itierain-&iFE 0. a Siolitl o e ebilbt)s S IBD s HPfdBeX ©fl straotlir8igin)vessels exposed to,
or immerseqgin a liquid medium. The liquid medium may be fresh water or seawater and may be a body of

water in a manmade.container such as.a bottle, popl or tank, or the liguid may he ontained by any
manmade contgﬁx P gﬁﬁc}%@ﬁssé’av\\/&g{gﬁﬁstﬁg o é? | Eseug).sﬁ'%t’s?lruecﬁrﬁ@ eaérﬂ uge&ﬁaglrg&n refers to natural
geological or maHifYRde StratetREes st IIrasnieT3 brofgERdrisEetabin N Seralefdd®¥s manmade

vehicles used inavater saghgsupo&EsaanikbsbmsyshT helipsiciaodgamisars neeferred to, herein include
viruses, bacteriagfiagi, 2gafa)1d _si(oEt),, and -Si(OtBu)s.
15

Siloxy (silyl ether): -OSiR3, where SiR; is a silyl group, as discussed above.
Oxysiloxy: -OSi(OR)3, wherein OSi(OR); is an oxysilyl group, as discussed above.

20  Silyl-alkylene: -alkylene-SiRs;, where R is a silyl substituent as discussed above. For
example, -CH,-CH2-Si(Me)s.

Includes Other Forms

Unless otherwise specified, included in the above are the well known ionic, salt,

25  solvate, and protected forms of these substituents. For example, a reference to
carboxylic acid (-COOH) also includes the anionic (carboxylate) form (-COQ"), a salt
or solvate thereof, as well as conventional protected forms. Similarly, a reference to
an amino group includes the protonated form (-N*HR'R?), a salt or solvate of the
amino group, for example, a hydrochloride salt, as well as conventional protected

30 forms of an amino group. Similarly, a reference to a hydroxyl group also includes the

anionic form (-O), a salt or solvate thereof, as well as conventional protected forms.

Salts

It may be convenient or desirable to prepare, purify, and/or handle a corresponding

35  salt of the active compound, for example, an environmentally-acceptable salt.



protozoans. "Small organisms" referred to herein can include organisms that commonly foul substrates
exposed to, or immersed in, fresh water or seawater such as crustaceans, bryozoans and molluscs,
particularly those that adhere to a substrate. Examples of such small organisms include barnacles and
mussels and 25 their larvae. Small organisms can akb be called small animals. The term "organism"
referred to herein is to be understood accordingly and includes microorganisms and small organisms.

5The term "marir&PORYEH YT 1300 SBUSHEPHI FaTerd 1o Rrgaribihs WhosE METRSP LAl is sea water. The
terms "marine micxsoteflaiSatts AaddPmaavirecsnvall 66gamidmO.are to be understood accordingly.  Further,
the term "microfouling” refers to fouling by microorganisms and the term 10"macrofouling” refers to fouling
by organisms IangOer than |r’m(%r%orcqoanisms suc L as sm as rganisms dergﬂiegvrac ove. The terms "biocide" o
"biocidal compound reTeDr%o compounds hafin ‘t%e grow{h 0 mig oDrganismsyand small organisms
by killing thém. PRERE (RS bl Akl cnayses %Q%t)afii%@fﬁﬁibm%i befrERA i BeurakR'ehat inhibit the growth
of microorganisrastion.smalinprgasisuiaty ipoayatitiogtitmenndliars, pendnotinighasdinailkgicessarily by killing

them.  The term,AGRLACANGNNAS HRFR-NAKSIRLSISR Egtiéi?s %U@ri*bi&@é‘”%ﬂﬁ%dm HLOmodification of a

compound in water, preferably sea water. The term "growth" as used herein refers to both the increase in

number of micro%tiﬁaﬁ%i‘?i?éHff‘s&iﬁéill orGARTRES ﬁ?%@ﬁ'?oofﬂgn&e%'ﬂmiﬂd&‘i BUATEIMBrganism from
juvenile to adult lstitge $0.Aovoadingljorbioeiddd.Arahd mbisiticecamibertFafyisc@.as MHsBAtment to a body of

liquid or to gpsubetiaie JuHREENRNhIBIEHEIG erVdbhRf DGO UBBIRMY ARFHINEH JidaRisms. As such,
biocides and biot%tatlcg can e ant Iants anglp an rev nt duce or eI| %e biofilm formation.

Accordingly, the ermserbagteﬁgme am'(qe' A foStatic! § Xyl fects of compOunds on bacteria.
The term "bioacﬁvwfa@%%ﬁé?@iﬁm&%rgt'ﬁéQﬁ@@ﬂéc@'éﬁ‘é@\?@ﬁ”&g@ﬁ?@zﬁ'@mpound such as a biocidal
or biostatic compenifythroinea fivéngliesgamaiinepetitmdaniyponmier aodganetnsinsaavenganisms. 26 A

"biofilm™ is a comply aggregatios, Wsiiié%ﬂ&%%iﬂiﬁ@‘%iﬂ%&% BIFLELRIHRELERAKEd by the excretion

of a protective and adhesive matrix. Biofilms are also often characterized by surface attachment,
structural hEeroJBREHY YRR iEisity, complex community interactions, and an extracellular matrix of
polymeric

If the compound is cationic, or has a functional group which may be cationic (e.g.,
-NH, may be -NH3"), then a salt may be formed with a suitable anion. Examples of
suitable inorganic anions include, but are not limited to, those derived from the

20 following inorganic acids: hydrochloric, hydrobromic, hydroiodic, sulfuric, sulfurous,

nitric, nitrous, phosphoric, and phosphorous.

Examples of suitable organic anions include, but are not limited to, those derived
from the following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic,

25  benzoic, camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic,
fumaric, glucheptonic, gluconic, glutamic, glycolic, hydroxymaleic,
hydroxynaphthalene carboxylic, isethionic, lactic, lactobionic, lauric, maleic, malic,
methanesulfonic, mucic, oleic, oxalic, palmitic, pamoic, pantothenic, phenylacetic,
phenylsulfonic, propionic, pyruvic, salicylic, stearic, succinic, sulfanilic, tartaric,

30 toluenesulfonic, and valeric. Examples of suitable polymeric organic anions include,
but are not limited to, those derived from the following polymeric acids: tannic acid,

carboxymethyl cellulose.

Unless otherwise specified, a reference to a particular compound also includes salt

35 forms thereof.



5substances. Biofilms may also be more resistant to antibiotics compared to unaggregated bacteria due
to the presence of the matrix. The term "pharmaceutical” as it relates to a use, agent, compound or
composition, refers to the medical treatment of a disease or disorder in humans or animals.
10Accordingly, a pharmaceutical compound is a con#dund used for the medical treatment of a disease or
disorder in humans or animals. As used herein, the term "standard concentration” as it pertains to an
anti-fouling agerﬁ%@é%-smpound, refers to the concentration at which the agent or compound is 15effective
against microordamasnis opreiEHn galsisiraklatovnéplani angitiirectsut hendie thatreggmandingompound is used
alone. Accordingjmvgkgeaﬁﬁy "gf@@qgfegmeﬂnﬂq@qymg @Qg@r%@@‘@ﬁg@f}d,mﬁgerm "below standard
concentration” refers t(gona eve |ch enxto X Put pound enotoem eoctlv when used alone. 20
Examples Part 1° rt\fom oun fhesiS 0 mp ounds S \ﬂefafmet‘ﬁ dstor the %emlcal synthesis of
compounds of tr?étm%%‘éfﬁt’%'{?éhﬁ%S&r‘@ﬂ’bs‘&ﬁ@eﬂ"ﬁ@'ﬁéiﬁW?H’éé@ea?ﬂiyaed”fﬁérﬁﬁ/ell known methods may
be modified andbtonastagiggriidiravimayays dnatsdier éadmpikiatientie-sydihesis dhadaional 25compounds
within the scopegf, Rresent invention. The amides may be prepared according to the following general
methodologies Method A 30The synthesis of alkoxylated substituted compounds such as the 15-series
compounds is based on a two step protocol in which commercially available phenylacetic acid derivatives
undergo DCC médlietedtieenidke farenéiidreviéfiarpiperid mepaf8ohiemenipo @derneltialkylation of the
resultant 2-gyylagglamifestbanrisgiceeds upon treatment with [DA and bromobutane under standard
conditions. The same methodology was also adopted for the dialkyl amides. Thus, the synthesis 5of the
methoxy- and hydroxyaryl congeners of the unsubstituted parent compound is based on a three or four
step protocol in Wi REEYEEble phenylacetic acid derivatives are first converted to either the
piperdine or d|m&tbybmrd&ed/mﬂlﬁi|ﬁwme$|p@mbegmws§;fdﬂétd%ewebe@net6awﬂ esters. Subsequent
[DA promoted alioalingayih el rBipmaBLigBR S Bottpme: lehaxrae Aok g degired

10methoxyary| compounds in low to good yields as shown
Ciralkylacyl , Csaoarylacyl); acylhalide; carboxy; ester; acyloxy; amido; acylamido;

thioamido; tetrazolyl; amino; nitro; nitroso; azido; cyano; isocyano; cyanato;
isocyanato; thiocyano; isothiocyano; sulfhydryl; thioether (e.g., Cy_ralkylthio); sulfonic
acid; sulfonate; sulfone; sulfonyloxy; sulfinyloxy; sulfamino; sulfonamino; sulfinamino;
sulfamyl; sulfonamido; C,_zalkyl (including, e.g., unsubstituted C,_zalkyl, C4.zhaloalkyl,

20  Cyhydroxyalkyl, Cs.;carboxyalkyl, C4zaminoalkyl, Cs.o0aryl-C4.zalkyl);
Cs.a0heterocyclyl; or Cs.paryl (including, e.g., Csycarboaryl, Cs.oheteroaryl, Cq.zalkyl-
Cs.p0aryl and Cs.ohaloaryl)).

In one preferred embodiment, the substituent(s), often referred to herein as R, are

25 independently selected from:

-F, -Cl, -Br, and -;
-OH;
-OMe, -OEt, -O(tBu), and -OCH,Ph;
-SH;
30 -SMe, -SEt, -S(tBu), and -SCH,Ph;
-C(=O)H;
-C(=0)Me, -C(=0O)Et, -C(=0)(tBu), and -C(=0)Ph
-C(=0)OH;

-C(=0)OMe, -C(=0)OEt, and -C(=0)O(tBu);
35 -C(=0O)NH, -C(=O)NHMe, -C(=O)NMe,, and -C(=O)NHEt;
-NHC(=0)Me, -NHC(=0)Et, -NHC(=0)Ph, succinimidyl, and maleimidyl;



15Scheme 1.1 Demethylation of selected methoxyaryl targets was performed using boron tribromide in
dichloromethane as outlined in Scheme 1.2. Treatment of 15.1, 15.2, 15.3 and 17.2 under these
conditions all proceeded smoothly to afford the corresponding 20hydroxyaryl derivatives in good yield and
in high purity. AIkBBr3, CH2CI2Alk Me00-78C - RT H3C)/ 11 - 80% Scheme 1.2 25 Method 13 28 The
synthesis of hydzﬁg)% EMlated compounds and ace tylated anal(zﬁues were accessed from the readily

synthesized ami TaTeRsiicas SP\(e Lol Rorecteriio) sRA AT Mﬁ(@/léﬂ%ﬁ HESkord (Beke e BY)acetylation of the
p-derivative affortddNf@#rpounds in good isolated yield. TBSCI,NO Imidazole DMF TBSOCO HOo- = 60%
p- = 53% | LDA, ENF - 78 C n- Bu Br

-NOy;

5 -Me, -Et, -nPr, -iPr, -nBu, -tBu;

-CF3, -CHF,, -CH,F, -CCl;, -CBr3;, -CH,CH,F, -CH,CHF,, and -CH,CF3;

-OCF3;, -OCHF,, -OCH,F, -OCCl3, -OCBr3, -OCH,CH,F, -OCH,CHF,, and -OCH,CF3;

-CH,OH, -CH,CH,OH, and -CH(OH)CH,OH;

-CH,;NH,,-CH,CH,NH;, and -CH,CH,NMe;; and,

10  optionally substituted phenyl.

In one preferred embodiment, the substituent(s), often referred to herein as R, are
independently selected from: -F, -Cl, -Br, -I, -OH, -OMe, -OEt, -SH, -SMe, -SEt,
-C(=0O)Me, -C(=0O)OH, -C(=0)OMe, -CONH,, -CONHMe, -NH,, -NMe,, -NEt,,

15 -N(nPr),, -N(iPr),, -CN, -NO,, -Me, -Et, -CF3, -OCF3, -CH,OH, -CH,CH,0OH, -CH,NH5,
-CH,CH;,NH,, and -Ph.

In one preferred embodiment, the substituent(s), often referred to herein as R, are
independently selected from: hydroxy; ether (e.g., Cq.7alkoxy); ester; amido; amino;

20 and, Cq.ralkyl (including, e.g., unsubstituted C,_zalkyl, C4.zhaloalkyl, C,7hydroxyalkyl,
Ci.zcarboxyalkyl, C4.zaminoalkyl, Cs aryl-Cq.7alkyl).

In one preferred embodiment, the substituent(s), often referred to herein as R, are
independently selected from:
25 -OH;
-OMe, -OEt, -O(tBu), and -OCH,Ph;
-C(=0)OMe, -C(=0)OEt, and -C(=0)O(tBu);
-C(=0O)NHa, -C(=O)NHMe, -C(=O)NMe;,, and -C(=O)NHEt;
-NH,, -NHMe, -NHEt, -NH(iPr), -NH(nPr), -NMe;, -NEt;, -N(iPr),, -N(nPr),, -N(nBu),,
30 and -N(tBu)y;
-Me, -Et, -nPr, -iPr, -nBu, -tBu;
-CF3;, -CHF;, -CH,F, -CCls, -CBr3;, -CH,CH,F, -CH,CHF,, and -CH,CF3;
-CH,0OH, -CH,CH,0OH, and -CH(OH)CH,OH; and,
-CH2NH,,-CH,CH;NH, and -CH,CH,;NMe;.
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0- = 31% 5p-= 52% Scheme 2 More specifically, in order to gain access the hydroxymethylated
congeners of 12.1 10and their acetate derivatives, it was necessary to use different synthetic routes
based on the commercial availability of the phenylacetic acid derivatives. Whilst
phydroxymethylphenylacetic acid is commercially av@#able and was able to be used directly in a coupling
reaction with piperidine, the corresponding ohydroxymethylphenylacetic acid was not commercially
available. Henc : ite 15amide was accessed by nucleophilic ring opening of commercially
available isochrdwmaperheeveith thiptaidinieuhngioeierate thelaitechyieid {Stbewth 2f1 below). With the o- and

p-hydroxymethylaiisiegandaaishdrastmegbmidihdes aubdnineatiydsityl T BShridleddenin the presence of
imidazole affordﬁd Fh% g%[jr%s%orég(gn I(I;B% aet[}grssirgn mdcl)lgergte vgéil?ld %ng tlk}]%%ea gnperv&e?netralkylation to
furnish 16.1 and fﬂ%% in their 6pro Eeted oM. treatment of the TBS ethers with TBAF ih THE resulted in
removal of the TEY B roEeaMFYPOHA RS /affoR? L /228801965, 2 AeHeaRidrritiatiEN#8IHE: Compound 16.3
was then isolated following treatment of 16.2 with acetic anhydride in pyridine. This is shown in Scheme

2.1 below, bei”QA%JE}Bméi@dfé!&é?éo%@Eﬁ&%ﬂ?&soérﬁ 486 Rhiér argdinTy BRAGefdto R | LDA, THF - 78 C
n-BuBr 16.3(90%) Ac20, Pyridinel6.1 (69%)TBAF, THF
organisms that foul a substrate. Fouling may occur in structures exposed to or

immersed in fresh water as well as in sea water. In particular, the term may be used

10  torefer to a solid medium or substrate exposed to, or immersed in sea water.

Accordingly, the term "antifouling” refers to the effect of preventing, reducing and/or
eliminating fouling. Antifouling agents or compounds are also called "antifoulants".

15  An antifoulant compound is usually applied at a standard concentration which is the
concentration that is effective for its purpose. Accordingly, a concentration less
than or below the standard concentration is one where the antifoulant is not effective

when it is used alone.

20  The term "substrate" as used herein refers to a solid medium such as surfaces of
structures or vessels exposed to, or immersed in a liquid medium. The liquid medium
may be fresh water or seawater and may be a body of water in a manmade container
such as a bottle, pool or tank, or the liquid may be uncontained by any manmade
container such as seawater in the open sea.

25
A "structure" as used herein refers to natural geological or manmade structures such
as piers or oil rigs and the term "vessel" refers to manmade vehicles used in water

such as boats and ships.

30  The "microorganisms" referred to herein include viruses, bacteria, fungi, algae and
protozoans. "Small organisms" referred to herein can include organisms that
commonly foul substrates exposed to, or immersed in, fresh water or seawater such
as crustaceans, bryozoans and molluscs, particularly those that adhere to a

substrate. Examples of such small organisms include barnacles and mussels and



16.2(60%) TBSOCL.,_4,57-'0 o- = 31% p- = 53% Scheme 2.1 The procedure to convert 16.2 directly to
17.9 was a two step process whereby 5Swern oxidation to the corresponding aldehyde was performed
prior to treatment with Oxone(r) . The desired acid was obtained in moderate overall yield (Scheme 3).
The remaining targeted congeners of 12.1 could all I#baccessed by modification of 16.5 by treatment with
an appropriate electrophile. In all cases the target compounds were obtained in moderate to excellent

yield. A summarSf {28 RERYiBIRE A S KBASR ScFRES 258 SRS e PULIRYIREEbove
methodologies, thetemipbereisibisbe writrsiod|evrergistty end igudaensigribrasivens and are preferred
embodiments (refgsgResarrMEoUNd excluded): RA3 (lll)

5 The term “marine organism” as used herein refers to organisms whose natural
habitat is sea water. The terms “marine microorganism” and “marine small organism”

are to be understood accordingly.

Further, the term "microfouling" refers to fouling by microorganisms and the term
10  "macrofouling” refers to fouling by organisms larger than microorganisms such as

small organisms defined above.

The terms "biocide" or "biocidal compound" refer to compounds that inhibit the
growth of microorganisms and small organisms by killing them. The terms "biostatic"

15  or "biostatic compound" refer to compounds that inhibit the growth of microorganisms
or small organisms by preventing them from reproducing and not necessarily by

killing them.

The term “degradation” as used herein refers to the chemical breakdown or

20  modification of a compound in water, preferably sea water.

The term "growth" as used herein refers to both the increase in number of
microorganisms and small organisms, as well to the development of a small
organism from juvenile to adult stages. Accordingly, biocides and biostatics can be
25 applied as a treatment to a body of liquid or to a substrate surface to inhibit the
growth of microorganisms and small organisms. As such, biocides and biostatics can

be antifoulants and can prevent, reduce or eliminate biofilm formation.

Accordingly, the terms "bacteriocidal" and "bacteriostatic" refer to effects of

30 compounds on bacteria.

The term "bioactivity" as used herein refers to the effect of a given agent or
compound, such as a biocidal or biostatic compound, on a living organism,
particularly on microorganisms or small organisms.
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A "biofilm" is a complex aggregation of microorganisms, usually bacteria or fungi,
marked by the excretion of a protective and adhesive matrix. Biofilms are also often
characterized by surface attachment, structural heterogeneity, genetic diversity,
complex community interactions, and an extracellular matrix of polymeric

5  substances. Biofilms may also be more resistant to antibiotics compared to

unaggregated bacteria due to the presence of the matrix.

The term "pharmaceutical” as it relates to a use, agent, compound or composition,
refers to the medical treatment of a disease or disorder in humans or animals.
10  Accordingly, a pharmaceutical compound is a compound used for the medical

treatment of a disease or disorder in humans or animals.

As used herein, the term "standard concentration" as it pertains to an anti-fouling
agent or compound, refers to the concentration at which the agent or compound is
15  effective against microorganisms or small organisms at which it are directed when
that agent or compound is used alone. Accordingly, the term "effective" means
having a desired effect and the term "below standard concentration” refers to

the level at which the agent or compound is not effective when used alone.

20 Examples Part 1 — Compounds

Synthesis of Compounds

Several methods for the chemical synthesis of compounds of the present invention
are described herein. These and/or other well known methods may be modified
and/or adapted in known ways in order to facilitate the synthesis of additional

25  compounds within the scope of the present invention.

The amides may be prepared according to the following general methodologies

Method A

30 The synthesis of alkoxylated substituted compounds such as the 15-series
compounds is based on a two step protocol in which commercially available
phenylacetic acid derivatives undergo DCC mediated amide formation with piperidine
(Scheme 1). Subsequent alkylation of the resultant 2-arylacetamides then proceeds

upon treatment with LDA and bromobutane under standard conditions.
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R5 Piperidine R5
R4 OH DCC, HOBt Ry N LDA THF - 78°C
_—
nBuBr
R3 R1° DMF R3 r1°
R2 R2
40-70% 15 - 60%
Scheme 1

The same methodology was also adopted for the dialkyl amides. Thus, the synthesis
of the methoxy- and hydroxyaryl congeners of the unsubstituted parent compound is
based on a three or four step protocol in which commercially available phenylacetic
acid derivatives are first converted to either the piperdine or dimethyl amides via the
corresponding acid chlorides or benzotriazolyl esters. Subsequent LDA promoted
alkylation with either 1-bromobutane or 6-bromo-1-hexene affords the desired

methoxyaryl compounds in low to good yields as shown in Scheme 1.1.

1. DCC, HOBt
R® or RS - LDA, RS Ak s
R OH  soc, R N, THF-78°C _ Rt N,
] Alk-Br ’HJ

R3 R O 2. Amine R3 R O R3 R o)

R2 RZ R2
40 - 80% 16 - 80%
Scheme 1.1

Demethylation of selected methoxyaryl targets was performed using boron tribromide
in dichloromethane as outlined in Scheme 1.2. Treatment of 15.1, 15.2, 15.3 and
17.2 under these conditions all proceeded smoothly to afford the corresponding

hydroxyaryl derivatives in good yield and in high purity.

Alk BBr3, CH,Cl, Ak~
N -78°C -RT N N_
\ N,
MeO+- § ———= ol S ]
= (0] =
11 - 80%
Scheme 1.2

Method B
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The synthesis of hydroxymethylated compounds and acetylated analogues were
accessed from the readily synthesized amides following standard protection and
alkylation protocols (Scheme 2). Acetylation of the p-derivative afforded compounds

in good isolated yield.

TBSCI, SN ’\O
N Imidazole I
X — / X P (@]

]
VA 0 DMF TBSO
HO o = 60%
p-=53%
LDA THF -78°C
n-BuBr
AC20, O
o < tyridine  16.1(69%) _TBAF, THF N
16.3 (60%) 16.2 (76%) T
TBSO
0-=31%
p-=52%
Scheme 2

More specifically, in order to gain access the hydroxymethylated congeners of 12.1
and their acetate derivatives, it was necessary to use different synthetic routes based
on the commercial availability of the phenylacetic acid derivatives. Whilst p-
hydroxymethylphenylacetic acid is commercially available and was able to be used
directly in a coupling reaction with piperidine, the corresponding o-
hydroxymethylphenylacetic acid was not commercially available. Hence the requisite
amide was accessed by nucleophilic ring opening of commercially available
isochromanone with piperidine in moderate isolated yield (Scheme 2.1 below). With
the o- and p-hydroxymethylamides in hand, treatment with tert-butyldimethylsilyl
(TBS) chloride in the presence of imidazole afforded the corresponding TBS ethers in
moderate yield and these underwent alkylation to furnish 16.1 and 16.2 in their
protected form. Treatment of the TBS ethers with TBAF in THF resulted in removal
of the TBS protecting group to afford 16.1 and 16.2 in near quantitative yields.
Compound 16.3 was then isolated following treatment of 16.2 with acetic anhydride
in pyridine. This is shown in Scheme 2.1 below, being a modified version of Scheme
2.
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OH

DCC, HOBt
DMF
TBSCI, SN N
N Imidazole |
. E—— NG~ (¢}
O AT 1 chcy, | T8SO

N HO - =60%

5

H

o -
o0- =48% p-=

/ p- =68%
o 1hr, RT LDA, THF - 78 °C
n-BuBr
o)
ACzo, '\O
16.3 (90%) Pyridine 16.1 (69%) TBAF, THF 7
. ) T 16.2(80%) o
1888~ °©
0-=31%
p-=53%
Scheme 2.1

The procedure to convert 16.2 directly to 17.9 was a two step process whereby
5  Swern oxidation to the corresponding aldehyde was performed prior to treatment with

Oxone® . The desired acid was obtained in moderate overall yield (Scheme 3).

1. DMSO, C,0,Cl, O
O 2. Oxone N
HO O HO 0O
35% over two steps o
17.9

16.2

Scheme 3
10
The remaining targeted congeners of 12.1 could all be accessed by modification of
16.5 by treatment with an appropriate electrophile. In all cases the target compounds
were obtained in moderate to excellent yield. A summary of these reactions are

shown in Scheme 4.



Additionally, the following compounds were synthesised, and are preferred embodiments. 5
Compound No. H H HOC(0)- HH 17.9 CH20OHH H

30

,:ér”\v/OH 30%
\ ° N
DIAD, PPh; o}
)k RO~ o
o
o o,
\/ R=H 16.6 (34%)
{ vew [
j’\/ R=Ac 16.8 (>95%)
B
Roj]/\o (@] H,CO r O
N
5 KoCO5

O
= HO
LIOH, |:R =CH; 16.7 (72%) 16.5 o
THF R=H 16.9 (60%) cl NEt;
Ac,0, pyridine | ’
>95% >95%
()
(e}
I g P
16.4 16.11
Scheme 4

Using the above methodologies, the compounds based on the following structure

5  were synthesised, and are preferred embodiments (reference compound excluded):

0]
@
RA5 RAT
RA4 RA2
RA3
(1
RAL RA? RA3 RA R Compound
H H H H H 12.1
(reference)
H H OMe H H 15.1

H OMe H H H 15.2
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OMe H H H H 15.3
H OMe H OMe H 15.4
H OMe H H OMe 15.5
H OMe OMe H H 15.6
OMe H OMe H H 15.7
CH,0OH H H H H 16.1
H H CH,OH H H 16.2
H H CH,OAc H H 16.3
H H OH H H 16.5
H OH H H H 17.5
OH H H H H 17.4

Additionally, the following compounds were synthesised, and are preferred

embodiments.

° RAL RA? RA3 RA4 RAS Compound

No.

H H HOC(O)- H H 17.9
CH,OH H H H H 16.1
H H CH,OH H H 16.2

H H CH,OAc H H 16.3

H H CH3C(0)O- H H 16.4

H H HOC(O)CH,O- H H 16.9

H H CH30C(O)CH,0- H H 16.7

H H HOCH,CH,O- H H 16.6

H H  CHs,C(O)OCH,.CH,O-  H H 16.8

H H (CHa)sSiCH,CH,0- H H 16.10

H H CH,CHC(0)O- H H 16.11

Additionally, the compounds of the following structure were synthesised, and are
preferred embodiments
10



H H 16.9 H H CH30C(0)CH20- H H 16.7 H H HOCH2CH20- H H 16.6 H H CH3C(0)0CH2CH20- H H 16.8
H H (CH3)3SiCH2CH20-
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RA3
(V)
RAL RA? RA3 RA R Compound
No.
H H OCHj5 H H 171
H H OH H H 17.6
5
Additionally, the compounds of the following structure were synthesised, and are
preferred embodiments
O
~
|
RA5 RA1
RA4 RA2
RA3
10
(V)
RAL RA? RA3 RA R Compound
No.
H H OCHj; H H 17.2
H H OH H H 17.7

15  Additionally, the compounds of the following structure were synthesised, and are

preferred embodiments



HH16.10 HH CH2CHC(0)0- H H 16.11 Additionally, the compounds of the following structure were
synthesised, and are preferred embodiments 32 RA3 (IV) 5 Additionally, the compounds of the
following structure were synthesised, and are preferred embodiments 33 These compounds were tested
for bioactivity against barnacles. 33

RA3
(V1)
RAL RA? RA3 RA R Compound
No.
H H OCH; H H 17.3
H H OH H H 17.8

These compounds were tested for bioactivity against barnacles.

Synthesis Methods and Data for Selected Amide Derivatives

10  Characterisation
Proton (*H) and carbon ("*C) NMR spectra were recorded on a Bruker NMR
spectrometer operating at 400 MHz for 'H and 75.4 MHz for "*C. Deuterochloroform
(CDCl3) was used as the solvent unless otherwise indicated. Chemical shifts (d) are
reported as the shift in parts per million (ppm) from tetramethylsilane (TMS, 0.00

15  ppm). NMR spectra recorded in CDCI; were referenced to the residual chloroform
singlet (7.26 ppm) for 'H, and the central peak of the CDCl; triplet (77.00 ppm) for
3C. "H NMR spectroscopic data are reported as follows: chemical shift (),
multiplicity (s: singlet, d: doublet, t: triplet, q: quartet, qt: quintet, m: multiplet, dd:
doublet of doublets, etc., br: broad), coupling constant (J Hz,) and relative integral

20  (number of protons). "*C spectroscopic data are reported as chemical shift (5) and
assignment where possible. Infrared spectra were recorded on a Bio-rad Excalibur
Series TFS 3000MX FTIR. Samples were run as thin liquid films on NaCl plates. IR
spectral data is reported as follows: frequency (vmax cmM™), strength (vs: very strong,
s: strong, m: medium, w: weak). High resolution El mass spectra were recorded on a

25  Thermo Finnigan MAT XP95 mass spectrometer. Analytical thin layer

chromatography (tlc) was conducted on aluminium sheets coated with silica gel F2s4



Synthesis Methods and Data for Selected Amide Derivatives 10Characterisation Proton (1 H) and carbon
(13C) NMR spectra were recorded on a Bruker NMR spectrometer operating at 400 MHz for 1H and 75.4
MHz for 13C. Deuterochloroform (CDCI3) was used as the solvent unless otherwise indicated. Chemical
shifts (d) are reported as the shift in parts per million$8pm) from tetramethylsilane (TMS, 0.00 15ppm).
NMR spectra recorded in CDCI3 were referenced to the residual chloroform singlet (7.26 ppm) for 1H,

and the central pESRESF ABSCHETR PRI 7 EBPRMTebA EatavEIa RN sp& BIRYSST data are reported
as follows: chendipatophidte(Enaruultiplieitpde using ket adidgtoradligiont (3Pipket O) gliastessymquintet, m: multiplet,
dd: doublet of dqrémeéﬁgﬁrgte mmrem)romummgwmmg&wmsm@@l veltbrartpgdal=Aa (number of
protons). 13C spectrrggg afalta are r roerge as cherrglcrzla Uéf r)%%%% ignment where possible.
Infrared spectraF\)/vere regor e 4 Bio-rad Excalibar Sefies 1 FTIR. Samples were run as
thin liquid filfhs on NaCl plates. IR spectral data is reported as follows: frequency (umax cm-1), strength
(vs: very strong, Gerséranerpbednne diDOC wewgakarighoeesdtitieiidal mass spectra were recorded on a
25Thermo Finnigan WakdB98 (Ut RARKABAIR AaaUca b AYes frhéarr@ QR (tic) was

conducted on aluminium sheets coated with silica g erc e chromatograms were

analysed at a wal@IBIgTeh 28 AR RER Qpprapk éﬁ)ddﬁgﬁfrfbe\?éwﬁed%@s%”@crdrc solution (5%
H2S04) of potassiximepeasriog@ddeesin inatdofollbwedidhtimeatinga viksolv@ssusepitatere of AR grade

and purified Py keI Rl ope@rrmwheeaq@ppm@d&eﬁme&&t@@m@&ﬂaefﬂrrPgr ocedure - DCC
mediated amide bond farmation T, coolegé&rC%itlrr IquEFd %r}err]f/lacetlc acid derivative (1
Bt(P

equiv.) in DMF d’af MLAmmol) Was a %fetg e Wuw ahd equiv.). " Fhe resulting mixture

was allowed to diitefef-1 THEUPCBE WM Wﬁfet%‘ﬁeaw&i%?lé@@ WPREBASt RHECTTRVAY #iftlent. Piperidine (1.1
equiv.) was addegtiieatbe NaBCI@ aRtXibie a6 Surrgwas) Cantringshiokgeturdadrizdo hours, after which

time the reaction pikkue NS fileied 11, MOBIES JiotaR ke AN FIAAR AN ashed successively

with saturated and water (x 3, 2.4 mL/mmol). The organic layer was dried (MgS0O4) and
concentratdd in P4 JARNEOMIT FHRRIOgERA Y mmﬁvﬁ%@ﬁﬁméﬁ%’gw flash column chromatography

using the solvent systems specified. General Procedure - Amide bond formation via acid chlorides To a
cooled (0 C) stire&g@pﬁ%&@mem%@mrmmwg HiPEMride¢ mL mmol-1) was added thionyl

chloride (0.4 mL_mmol- ]rgd-&;t ultrn olu{xtu% r\7[/]vea ahl a%et ) warm (§R/P{6‘Je perature and was
heated at 50 C for 2 ﬁours er wh e rEaCtioN MktLTE Was cooled to Teom emperature and

carefully poured®mes losasT ﬁ@@?g}ﬁﬁ@’l&?@" '%@dﬂé’d NS DINArRFHHMEBIRERWAR vacuo to afford the

desired acn@bchlerrelﬂédrmcxbamaaausea witherdtivsthey wasifisatéart BoFarfgipelidiemenides, the appropriate
amount of acid chloride (1. mal. equi n) was

which |m the Teéactton mixiure was cooled to room temperature and carefully poured

onto ice. The organic layer was dried (MgSO,) and concentrated in vacuo to afford

the desired acid chloride which was used without further purification.

25  For piperidine amides, the appropriate amount of acid chloride (1 mol. equiv.) was
dissolved in an equal amount of dry CH,Cl, and added slowly to a cooled (0 °C)
solution of piperidine (2 mol. equiv.) in CH,Cl, (1 mL mmol™) . The resulting mixture
was allowed to warm to room temperature and stirred for a further two hours. The
crude reaction mixture was washed with water and the organic layer dried (MgSQ,)

30 and concentrated in vacuo to afford the desired amide. No further purification was

necessary.

For dimethyl amides, the appropriate amount of acid chloride was slowly added to
cooled (0 °C) 40% solution of dimethylamine in water (10 mol. equiv.) and stirred for

35 2 hours after warming to room temperature. CH,Cl, was added to the reaction



dissolved in an equal amount of dry CH2CI2 and added slowly to a cooled (0 C) solution of piperidine (2
mol. equiv.) in CH2CI2 (1 mL mmol-1) . The resulting mixture was allowed to warm to room temperature
and stirred for a further two hours. The crude reaction mixture was washed with water and the organic
layer dried (MgSO4) 30and concentrated in vacuo to3#ford the desired amide. No further purification was
necessary. For dimethyl amides, the appropriate amount of acid chloride was slowly added to cooled (0
C) 40% solutionBY¥HIREHY B RFENE WY FE M0 RIS R YU WalHa L 95Cs53 Aours after warming to
room temperaturenGiHRad wagaddeafforthbadastiesha®Bienixture and the organic layer was washed with
water, dried (MgSO4) and concentrated in vacua to afford the desired amide. General Procedure -
a-Alkylation 5ToGereRlIeRkcé8uke) -Stivarghsmntion of freshly distilled diisopropylamide (1 equiv.) in dry THE
(2 mL/mmol) was added n- J# ium in hexanes_(1 equiv). The resulting reactjon mixture became pale
Jellow and Was S eSO oL TR RO B e e SR A R T Ll e i (0.5
equiv.). The res§ingmiXtore TR stirferPed Thg bt iEivehie M PR OrbAsEbtake (2seliiy.) was added.
The 10resulting rabgtivieriasraliRemadpanaande snemdesnnesatireoves ainuadar-o hours (at least 3)
and continued stirring for a further 13 hours (16 hauyrs in.to The reaction was guenched by the careful
Cropise adiioh of Bale e aLasat o e 4ol ST e e A E O A MR cotcion mixaure
and the aqueoud'BhadEerbieiolBerr AW iir) Reiet BRI Ee e d Red it aRardeblIbhfed by brine, dried
15(MgS04) andresuitientnadece uwder ivedidce dvpressute rRaniipesdtore was aainieictoot fyuftash column

chromatography 45ingBr3a e ehgRGCiEAn S ATRAUAH Ehdurs in total). The
2-(4-methoxy)pheny1-1- plperldln-l-%[%ethanone 20 OCH3 The title comg%ound was prepared from

4-methoxypheny UG8 Yar EEHEEY ptaheili Rt gL AMEE SR 78PSMide bond formation.
The product wagrigblegeldhi®sis gtlvel oatierssasipGtia! ¢ BEUSafsvovmIndurrpifit tttorabgoflash column

336 (m. 21y 348 0 ST 3 (o TR, (o S0 B85 B e PR T I8 (1 2 1L 8.4 He 241,
oo (M, ZR)y o. 0. vl [ (S . 0. y o =.0.4.17 . wi.1= 0.4 AZ ZA).
13C NMR ?%5 M?@z‘g%éé Cé’ﬂﬁ.%s'???“fg.%%‘feéé{?ﬁ'g?e 2%, 4 .9&“2’??5%‘3_%‘%?5%?&%’&’?8@ ¥27.47, 129,61,
158,27, 169.60. fﬁqmu(@gphrq@ﬁ)ography using the solvent systems specified.

Compound 15.1
2-(4-methoxy)phenyl-1-(piperidin-1-yl)ethanone

H

20

@
The title compound was prepared from 4-methoxyphenylacetic acid (1.0 g, 6.1 mmol)
following the general procedure for amide bond formation. The product was isolated
25 as acolourless oil (1.0 g, 65%) following purification by flash column chromatography
(EtOAc, Rf = 0.5). "H NMR (400 MHz, CDCl3) §1.35 (m, 2H); 1.49 (m, 2H); 1.57 (m,
2H); 3.35 (m, 2H); 3.55 (m, 2H); 3.64 (s, 2H); 3.77 (s, 3H); 6.85 (d, J = 8.4 Hz, 2H);
7.16 (d, °J = 8.4 Hz 2H). *C NMR (75 MHz, CDCl3) 524.47, 25.52, 26.25, 40.26,

42.90. 47.25, 55.28, 114.08, 127.47, 129.61, 158,27, 169.60. HRMS (ESI + 1 ion)
30 m/z calcd for C14H20NO, 234.1489, found 234.1496.

2-(4-methoxy)phenyl-(1-piperidin-1-yl)hexanone



30m/z calcd for C14H20NO2 234.1489, found 234.1496. 2-(4-methoxy)phenyl-(1-piperidin-1-yl)hexanone
36 OC H3 15.1 The title compound was prepared following the general procedure outline for 0- alkylation
from 2-(4-methyoxy)pheny1-1-(piperidin-1-yl)ethanone (740 mg, 3.41 mmol). The title compound was
isolated as a pale yellow oil (160 mg, 16%) following3purification by flash column chromatography (20%
EtOAc in hexane, Rf = 0.6).1H NMR (400 MHz, CDCI3) 8 O§ ._g J =7 Hz, 3H); 1.03 (m, 1H); 1.14 (m,
1H); 1.2-1.6 (multiple signals, 8H); 1.68 (m, 1H);2.05 S? 31-3.45 (2 x m, 3H); 3.64 (m, 2H); 3.78
(s, 3H); 6.83 (d, J =8.9 Hz, 2H); 7.18 (d, J = 3C NMR (75 MHz, CDCI3) 814.05, 22.74,
24.60, 25.60, 26.16, 30.07, 34.81, 43.15, 46.64, 47,78, 1055.24, 113.98, 128.29, 133,03, 158.34, 171.67.
HRMS (ESI + lion) m/z calcd for CL8H29NOZ 290.2115, found 290.2130. Compound 15.7
2-(2,4-dimethoxy)pheny1-1-(piperidin-1-ypethapone 15 The title compound was prepared from
2,4-dimethoxyphenylacetic acid (1.0 g, 4.7 mmol) fdlfsWing the general procedure outline for amide bond

formation. The pragigs 89w m@@gr velmwal (9 ermaﬁﬁo/ewgr@mnammatlon by flash column

chromatography N 1 38 (m, 2H); 1.58 (m,

2H); 3.36 (m, 2 m, 2A): 350 (S 3H); 7.13 (d, J = 8.6 Hz).
e ooy 6"(0%'5&% g%pér B R

13C NMR (75 Mwotzljmsylszamwuzg B8s 2el2igd4s. apamqﬂpmglglmmm Safofiawing1.70, 120.66,

127.97, 147530, M&&Yno%szﬁ&omRM&(@&tdg}m»m/p&mmh Ga@ﬁamea 8;341—&594, found

264.1605. 2- butx]- (%6 MetM) ‘??é@il pl[:}%_'ldl H'%exa 11 t|t| ._‘?] d was prepared
g oo

following the genera rocedure outf aal ylatlon enyl -(piperidin-I-y1)
ethanone (688 rfguiRka signals, 8H); 1.68 (m, 1H);2.05 (m, 1H) 3.31-3.45 (2xm 3H) 3.64

2H); 3.78 (s, 3H); 6.83 (d, J = 8.9 Hz, 2H); 7.18 (d, J = 8.9 Hz 2H). °*C NMR (75
MHz, CDCly) 514.05, 22.74, 24.60, 25.60, 26.16, 30.07, 34.81, 43.15, 46.64, 47.78,

10 55.24, 113.98, 128.29, 133,03, 158.34, 171.67. HRMS (ESI + 1 ion) m/z calcd for
C1eH26NO, 290.2115, found 290.2130.

Compound 15.7
2-(2,4-dimethoxy)phenyl-1-(piperidin-1-yl)ethanone
15

OCH
o 3

The title compound was prepared from 2,4-dimethoxyphenylacetic acid (1.0 g, 4.7

mmol) following the general procedure outline for amide bond formation. The product
20 was isolated as a yellow oil (690 mg, 56%) following purification by flash column

chromatography (EtOAc, Rf = 0.6). '"H NMR (400 MHz, CDCl3) § 1.38 (m, 2H); 1.52

(m, 2H); 1.58 (m, 2H); 3.36 (m, 2H); 3.56 (m, 2H); 3.20 (s, 2H); 3.29 (s, 3H); 3.81 (s,

3H); 6.45 (m, 3H); 7.13 (d, J = 8.6 Hz). "®*C NMR (75 MHz, CDCl;) §24.46, 25.56,

26.26, 40.72, 40.77, 42.94, 47.27, 111.24, 111.70, 120.66, 127.97, 147.80, 149.07,
25 169.45. HRMS (ESI + 1 ion) m/z calcd for C4sH2,NO3 264.1594, found 264.1605.

2-butyl-2-(2,4-dimethoxy)phenyl-1-(piperidin-1-yl)hexanone
The title compound was prepared following the general procedure outline for a-

alkylation from 2-(2’,4’-dimethyoxy)phenyl-1-(piperidin-1-yl) ethanone (688 mg, 2.61



37 mmol). The product was isolated as a pale yellow oil (380 mg, 45%) following purification by flash
column chromatography (50% EtOAc in hexane, Rf = 0.7). 11-1 NMR (400 MHz, CDCI3) 8 0.87 (t,J =7
Hz, 3H); 0.973 (m, 1H); 1.13 (m, 1H), 1.23 - 1.65 (multiple signals, 9H); 2.01 (m, 1H); 3.33 (m, 3H); 3.7
(m, 1H); 3.79 (s, 3H); 3.82 5(s, 3H); 4.12 (t, J = 7Hz,3H); 6.42 (m, 3H); 7.20 (d, J = 8 Hz). 13C NMR (75
MHz, CDCI3)8 14.06, 22.79, 24.73, 25.67, 26.16, 29.92, 34.04, 39.21, 43.11, 46,19, 55.32, 55.50, 98.26,
104.66, 121.93, THRke NEREOAYCYes 53019199 953 P el Sl (RO LATBUMIPE 10H30NO3 320.2220,
found 320.2229 pLEfiedtibe lmlﬁaebnmnndhmm@pamdmm@mrzﬂfm@dédbfe outline for

aalléylazlon fromﬁ{d% (ﬂogm}‘i’%hM@}@QPB@WﬂgﬂjQ'p@ﬁd/ %)ﬁb@ﬁpﬁ]ﬁ Q%Wﬂ 12—1?11 %§mm0|) The
product was isolated as a pale yello mg, 45% i ri

chromatography?(%é/rnﬂﬁ ﬂ'éx ZIS;‘ -?r@ %QUS ?H) IfoI? 8%(%5%5 7 Hz, 3H);
0.97 (m. 1H 1.18 i) 112 (L 93 THB3HINGHRIE AT 20 ) L=G1Heh 1i¢+l)wazE(MHgH) 3.7 (m, 1H)’
3.79 (s, 3H); 3.82m&i.3batbd 26078 24 1z obtd), 06t 26(9 8113404046129, 231 26 18GHIMR (75 MHzZ,

20CDCI3)8 14.0 4 5 6, 9 4. 4 32 55.50, 98.26,
104.66, 121.93, g%ég égfé 158 % J.%;é?% %@é I\;I;% Z%A%?Bg I%g%) % z cz}%é%r C1§F—?3ON03 320.2220,
found 320.2229 "@éﬁﬁb@dﬂ&l@*@@@@%ﬁ%?@%ﬁ%ﬂ%nyl 1-(piperidin-1-ypethanone The title
compound was prepared from 4-hydroxymethylphenylacetic acid (1.0g, 6.0 mmol) following the general
procedure q)bltllnggr;t)%@ml(;gé:ouphng The product was isolated as a viscous, colourless oil (540 mg,
39%) following purification by flash column chromatography (EtOAc, Rf = 0.5).1H NMR (400 MHz, CDCI3)
8 1.37 (m, 302H¥-AUBI- G- é]q {metBUoR PGV BERETLN BBBGRARANE 3.71 (s, 2H): 4.66(s, 2H): 7.23 (d,
J=8Hz, 2H); 7.31 (d, J = 8 Hz, 2H). 13C NMR 85 PEi8) 38 824.39, 25.44, 25.47, 26.21, 34.91,
40.77, 42.92, 47.25, 55.77, 64.92, 127.33, 1 8 1 @ 139.48, 169.30. HRMS (ESI + lion) m/z calcd
for C14H20NO2 234.1489, found 234.148P.

iperidifitt-ypethanone To a cooled (0 C) solution of
one (540 mg, 2.32 mmol) and imidazole (97 mg, 1.4

52-(4-tert-butyldimethylsilyloxymethyl)phe -
2-(4-hydroxymethypphenyl-1-(piperidin-l-yl)etha

mmol) in dry DCM was added a solution of TBSCI (214 mg, 1.42 mmol) in DCM (5 mL). The resulting
reaction mixture was allowed to stir for 2 hours. Aftdfthis time, the reaction mixture was

The title compound was prepared following the general procedure outline for a-
alkylation from 2-(2’,4’-dimethyoxy)phenyl-1-(piperidin-1-yl)ethanone (688 mg, 2.61

15 mmol). The product was isolated as a pale yellow oil (380 mg, 45%) following
purification by flash column chromatography (50% EtOAc in hexane, Rf = 0.7). 'H
NMR (400 MHz, CDCl3) ¢ 0.87 (t, J = 7 Hz, 3H); 0.97 (m, 1H); 1.13 (m, 1H), 1.23 —
1.65 (multiple signals, 9H); 2.01 (m, 1H); 3.33 (m, 3H); 3.7 (m, 1H); 3.79 (s, 3H); 3.82
(s, 3H); 4.12 (t, J = 7THz, 1H); 6.42 (m, 3H); 7.20 (d, J = 8 Hz). "*C NMR (75 MHz,

20 CDCl3) 5 14.06, 22.79, 24.73, 25.67, 26.16, 29.92, 34.04, 39.21, 43.11, 46.19, 55.32,
55.50, 98.26, 104.66, 121.93, 128.56, 156.79, 159.38, 172.45. HRMS (ESI + 1 ion)
m/z calcd for C4gH30NO; 320.2220, found 320.2229.

Compound 16.2
25  2-(4-hydroxymethyl)phenyl-1-(piperidin-1-yl)ethanone
The title compound was prepared from 4-hydroxymethylphenylacetic acid (1.0g, 6.0
mmol) following the general procedure outlined for amide coupling. The product was
isolated as a viscous, colourless oil (540 mg, 39%) following purification by flash
column chromatography (EtOAc, Rf = 0.5). "H NMR (400 MHz, CDCl;) 5 1.37 (m,
30  2H); 1.52 (m, 2H); 1.58 (m, 2H); 3.36 (m, 2H); 3.56 (m, 2H); 3.71 (s, 2H); 4.66 (s,
2H); 7.23 (d, J = 8 Hz, 2H); 7.31 (d, J = 8 Hz, 2H). "*C NMR (75 MHz, CDCl5)



10washed successively with water (x 2) and brine and the organic layer was dried (MgSO4) and
concentrated in vacua. The title compound was obtained as a colourless oil (420 mg, 53%) following
purification by flash column chromatography (20% EtOAc, Rf = 0.6).1H NMR (400 MHz, CDCI3) 8 0.084
(s, 6H); 0.929 (s, 9H); 1.34 (m, 2H); 1.52 (m, 2H); 1.8 (m, 2H); 3.43 (m, 2H); 3.57 (m, 2H); 3.71 (s, 2H);
154.71 (s, 2H); 7.203&?6 J = 8Hz, 222;57.25 d,J=8Hz ZQ. 13C NMR (75 MHz, CDCI3) 8-5.21, 24.45,
2550, 25.97, 26920 30 Guia 2847 2P 24, 84S 4976.42. 987420 P33 66541%D $47-9%9.36. HRMS (ESI +
lion) m/z calcd fde&261+38a%H O BA8 RIBHRMBJESNS. 23&%).m/z calcd for C14H20NO,
202-(4-tert-butyldinetpgsilylqxyarethyhphenyl-1-(piperidin-1-yl)hexanone The title compound was
prepared from 2-(4-tert-butyldimethylsilyloxymethyl)phenyl- 1-(piperidin-l-yl)ethanone (420 mg, 1.21
mmol) following the general procedure outlined for a-alkylation. The product was obtained as a colourless
oil (260 mg,H398) (fotksivingyidiffrRianEH M dRe vdlaran Yhidmaesgiapghy 09 EtOAc in hexane, Rf =
250.6).1H NMR t4Q0chikda, (B 3 Bih G1.0-(8:nG xRSy (fo Ry 7 1-(Bip3 in0 S deadbhie 1.01 (M, 1H);

1.14 (m, 1H); 1.2: iple signals, 8H); 1.68(m. 1H); 2 10 ( .33 -35(m 3H); 3.68 (m, 2H);
4.72 (s, 2H); 71%{9&&5%@%%@@%@6%3 18"-@.%9&%&@5;{%32%% 35.68, 26.12, 30.40,
34.78, 43.16, 4656891198A7 BG4 513544 5768, N BYBAS 19 78he PEUNHRAHSNESI + lion) m/z calcd

for 30C24H42N 02&ird a2 9i@yda tmstiddd 2883 s 2 Aftehyrds dixyentshydpohiemyibxilrgowzeridin-1-yl)hexanone A

solution of 25(4-tggishuidsimetndsivieES ey APhRNE RIRRE IR NARGXANSDE 260 Mg, 0.64 mmol) in
dry THE (5 mL) a solution of 35TBAF in THE (1.29 mmol). The resulting

\(/vas acﬁded to a flask containin ,

reaction mixture WaE X &R/%ﬁ%cgﬁttr%‘?di%‘fﬁfﬁ%&r WH‘%‘F}WRB%HQI%&W&?% caled that no starting
material remained!oPHess39! (da@ tiem Paiketirtianving werdieationieh festesqin) fhleowatddsgebyine and the
organic layer wagejeddMIRQ4) andreRnge sateh i) gBeud joafard the)couste psosiyct. The title

compound was isQlated as a colourless oil (142 img,.76%0) fallowi urificatiop by flash column
chromatography;[:‘(%zgg/%n ﬁ&é%@ﬁ@xﬁi%ﬁﬁ%‘?ﬁhﬁ%é rk/l%l-?ﬁn éé%éo% %Fﬁﬂ J =7 Hz, 3H);
1.04 (m, 1HF, 1.247 tre. BH); 1.2 (¢, 7 r$HeHBHY 7256, 4 A)BHz02H)m, EHIMB 76 MH21GP @47 (m, 1H): 3.63
(m, 1H); 3.69 (t, §-5.71 Hzy 441 P 566626502 B, 20 250(0k, = &b Her, 254 77301 6@, 44 =188120 2H). 13C NMR (75

15750, 150 28, 103 1513 HENS LS E o) L R GO 3P 3980114, founa

289.2117. Compeitt#8:8304(4-acetoxymethyl)pheny1-1-(piperidin-1-yl)hexanone

20  2-(4-tert-butyldimethylsilyloxymethyl)phenyl-1-(piperidin-1-yl)hexanone
The title compound was prepared from 2-(4-tert-butyldimethylsilyloxymethyl)phenyl-
1-(piperidin-1-yl)ethanone (420 mg, 1.21 mmol) following the general procedure
outlined for a-alkylation. The product was obtained as a colourless oil (260 mg, 53%)
following purification by flash column chromatography (20% EtOAc in hexane, Rf =

25  0.6). "H NMR (400 MHz, CDCls) § 0.010 (s, 6H); 0.087 (t, J = 7 Hz, 3H); 0.94 (s, 9H);
1.01 (m, 1H); 1.14 (m, 1H); 1.2 — 1.6 (multiple signals, 8H); 1.68 (m, 1H); 2.10 (m,
1H); 3.3 — 3.5 (m, 3H); 3.68 (m, 2H); 4.72 (s, 2H); 7.15 (m, 4H). "*C NMR (75 MHz,
CDCl3) § -5.20, 14.03, 22.75, 24.75, 25.68, 26.12, 30.40, 34.78, 43.16, 46.62, 48.47,
64.79, 126.38, 127.66, 139.52, 139.73, 171.42. HRMS (ESI + 1 ion) m/z calcd for

30  Cax4H4oNO,Si 404.2979, found 404.2983.

2-(4-hydroxymethyl)phenyl-1-(piperidin-1-yl)hexanone

A solution of 2-(4-tert-butyldimethylsilyloxymethyl)phenyl-1-(piperidin-1-yl)hexanone

(260 mg, 0.64 mmol) in dry THF (5 mL) was added to a flask containing a solution of
35  TBAF in THF (1.29 mmol). The resulting reaction mixture was allowed to stir for 1

hour, by which time analysis by tlc revealed that no starting material remained. The



To a round bottomed flask containing DMAP (2 mg) was added a solution of 2-(4-
15hydroxymethyl)phenyl1-1-(piperidin-l-yphexanone (30 mg, 0.10 mmol) in dry dichloromethane (2 mL).
To the resulting mixture was added dry NEt3 (208 kiL, 1.5 mmol) followed by acetic anhydride (100 kiL,
1.0 mmol). The resulting mixture was allowed to stir % 3 hours. After this time, the reaction mixture was
washed with saturated NaHCO3, water and then brine and the organic phase was dried (Na2S04) 20and

concentrated un8FYRATREY BrEASHRENPR L RIY LB UIRAANEE DORARfearddns eEIBUIALYE Il (20 mg, 60%)
following purificatindbgdidédSECn aneh ccmesmittegraplag & 096 fer0 Alreiprintsxared URS @ 1ielH NMR (400
Z/Ig';.(CDCBL ﬁ)@f%ghnb %gﬁh%lﬁg@ééﬂcée%r(&K dsn,(%ti)m%;érs%ﬁf&mu;ﬂglwiﬂmlﬁa §}l-_||); 11-25)3 (%51(!:7);(
53 (m+s, 4H); 3.33 (m .39 (m - 3. . 1H); 3.60(m, 139,08, 4 = {,Hz, 1H); 255.07 (s,
oy 172 . 4ty oA R B e ek S Bgee F e U B om0 300 r
43.20, 46.66, 483381965781 #8/037 H1z8358; 1.84 (o 114110% (07 11D, 11971 1.7 (NGiH):Gathpound hydrolyses
on standing, HRIMS16ONSistaR, wih 8et oh foeg; alashel; 89 Gmvpeund)13eb (¢, J= 7 Hz,
2-(a-methoxyoxypenyl L iperigitl-y Doy i 988, 4P- GG Bl Ao NHIR fisagaprpound was
prepared following the general procedure for alkylation from
2-(4-hydroxyphehy &J=119(3hRAdR-A2yA4 Sth Z3etTe 1408 #1y0 0.44 HAntsH Rrth §4rBid- $5Réxene (70i1_,
0.47 mmol). The1puobeecoapmozbmas . &nlaredas HRMby &sllew ioi)a026cengl 26%0) following purification

by flash coligmn @QW”R@?Q%%M%%B@ G {p-hexane, Rf = 0.5). 1H NMR (400 MHz, CDCI3) 81.1 - 1.5
(multiple signals, 10!2-?); 1.65 (m, 1H); 2.01 (m, 3H); 3.35, (m, 3H); 3.63(t, J = 7 Hz, 1H); 3.65(m, 1H); 3.78
(s, 3H); 4.89 (dm, J= 10Hz, 1H); 4.95 (dm, J= 17 Hz, 1H); 5.77 (ddd, J= 17, 10, 6.5 Hz, 1H); 6.83 (d, J =

8.5 Hz, 2H); 7.1C¢chpdmn8 Bz, 2H). 13C NMR (75 MHz, CDCI3) 108 24.69, 25.70, 26.25, 27.46, 29.07,

33.79, 35.02, 4322(1,&{3@Agtg%g@g@_mggidlr,;mh%hg;&gge 128.89, 133.05, 139.19, 158.38,
L e R O G 2L i 502057 omooend 172
15  hydroxymethyl)phenyl-1-(piperidin-1-yl)hexanone (30 mg, 0.10 mmol) in dry
dichloromethane (2 mL). To the resulting mixture was added dry NEt; (208 uL, 1.5
mmol) followed by acetic anhydride (100 uL, 1.0 mmol). The resulting mixture was
allowed to stir for 3 hours. After this time, the reaction mixture was washed with
saturated NaHCO;, water and then brine and the organic phase was dried (Na,SO,)
20 and concentrated under reduced pressure. The title compound was obtained as a
colourless oil (20 mg, 60%) following purification by flash column chromatography
(50% EtOAc in hexane, Rf = 0.7). 'H NMR (400 MHz, CDCl3) § 0.86 (t, J = 7 Hz,
3H); 1.0 - 1.2 (2 x m, 2H); 1.2 — 1.5 (multiple signals, 8H); 1.68 (m, 1H); 4.53 (m + s,
4H); 3.33 (m, 1H), 3.39 (m, 1H); 3.49 (m, 1H); 3.60 (m, 1H); 3.70 (t, J = 7 Hz, 1H);
25 5.07 (s, 2H); 7.72 (m, 4H). "*C NMR (75 MHz, CDCl3) §14.01, 21.08, 22.72, 24.57,
25.60, 26.20, 30.09, 34.77, 43.20, 46.66, 48.38, 66.07, 128.03, 128.58, 134.24,
141.02, 171.09, 171.17. Note: Compound hydrolyses on standing, HRMS consistent

with that of free alcohol.

30 Compound 17.1
2-(4-methoxyoxyphenyl)-1-(piperidin-1-yl)oct-7-en-1-one



OCH3 17.2 The title compound was prepared following the general procedure for alkylation from
2-(4-hydroxyphenyl)-N,N-dimethylacetamide (100 mg, 0.52 mmol) and 1- 20bromobutane (70i1_, 0.57
mmol). The purified compound was isolated as a pale yellow oil (120 mg, 60%) following purification by
flash column chromatography (EtOAc, Rf = 0.7). 1H MR (400 MHz, CDCI3) 8 0.85(t, J = 7 Hz, 3H); 1.14
(m, 1H); 1.28 (m, 3H); 1.68 (m, 1H); 2.05 (m, 1H); 2.93(s, 3H); 2.94 (s, 3H); 3.63 (t, J = 7 Hz, 1H); 3.78 (s,
3H); 6.84 (d, J = 8.8 Hz, 2H); 7.20 (d, J = 8.8 Hzp2H) (75 25MHz, CDCI3) 814.16, 22.84,
35.03, 36.02, 37.30, 48.09, 55.37, 114.14,%23\.é .64, 158.50, 173.75. HRMS (ESI + lion) m/z

calcd for C16H24N0O2 262.1802, found 262.1795. Compound 17.3
52-(4-methoxyphenyl)-N,N-dimethyloct-7-enamide QCH3 17.3 The title compound was prepared
following the general procedure for alkylation from 2-(4<hydroxyphenyl)-N,N-dimethylacetamide (100 mg,
0.52 mmol) and 6-bromo-1- 10hexene (84 kiL, 0.57 mmgl). The purified compound was isolated as a pale
yellow oil (120 mg, 60%) following purification by flash column chromatography (EtOAc, Rf = 0.6). 1H
NMR (400 MHz, CDCI3) 8 1.1 - 1.5 (multiple signalé/4H); 1.66 (m, 1H); 2.02 (m, 3H); 2.93(2 x s, 6H);

3.63 (t, J = 7 HZTAEMHS O fpudtiat. DR fersd dbfowiid Zhd binetA BrodatiudeTot alkiZatbn Yrdm/ 7 (ddd, J = 17,
10, 6.5 Hz, 1H);£

29.02, 33.75, 35.1@%@?8%?%%%&%@%@%? 'ﬁ%‘ﬁ%‘fﬁgﬁﬁ%@?%2?&%%5@%&%%’2%2551.339?2177'3.16’2.
HRMS (ESI + lidifaie CQiel & f ETMaReN© pwiisd1essmadishees 7enteteskacopalsoiev 815
5 (26 mg, 26%) following purification by flash column chromatography (20% EtOAc in

hexane, Rf = 0.5). "H NMR (400 MHz, CDCl;) 6 1.1 — 1.5 (multiple signals, 10H);

1.65 (m, 1H); 2.01 (m, 3H); 3.35, (m, 3H); 3.63 (t, J = 7 Hz, 1H); 3.65 (m, 1H); 3.78

(s, 3H); 4.89 (dm, J = 10Hz, 1H); 4.95 (dm, J = 17 Hz, 1H); 5.77 (ddd, J =17, 10, 6.5

Hz, 1H); 6.83 (d, J = 8.5 Hz, 2H); 7.17 (d, J = 8.5 Hz, 2H). "*C NMR (75 MHz, CDCl5)

10 &5 24.69, 25.70, 26.25, 27.46, 29.07, 33.79, 35.02, 43.27, 46.75, 47.88, 55.35,
114.13, 114.34, 278.08, 128.89, 133.05, 139.19, 158.38, 171.69. HRMS (ESI + 1 ion)
m/z calcd for CyoH3oNO, 316.2271, found 316.2265.

Compound 17.2
15  2-(4-methoxyphenyl)-N,N-dimethylhexanamide

OCH,

17.2
The title compound was prepared following the general procedure for alkylation from
2-(4-hydroxyphenyl)-N, N-dimethylacetamide (100 mg, 0.52 mmol) and 1-

20  bromobutane (70 uL, 0.57 mmol). The purified compound was isolated as a pale
yellow oil (120 mg, 60%) following purification by flash column chromatography
(EtOAc, Rf = 0.7). "H NMR (400 MHz, CDCl3) & 0.85 (t, J = 7 Hz, 3H); 1.14 (m, 1H);
1.28 (m, 3H); 1.68 (m, 1H); 2.05 (m, 1H); 2.93(s, 3H); 2.94 (s, 3H); 3.63 (t, J = 7 Hz,
1H); 3.78 (s, 3H); 6.84 (d, J = 8.8 Hz, 2H); 7.20 (d, J = 8.8 Hz, 2H). *C NMR (75

25 MHz, CDCl;) §14.16, 22.84, 35.03, 36.02, 37.30, 48.09, 55.37, 114.14, 129.04,



202-(4-hydroxyphenyl)-1-(piperidin-1-yl)hexan-1-one OH 16.5 To a cooled (-78 C) solution of 15.1 (1 g,
3.46 mmol) in dry DCM was added a solution of boron tribromide in DCM (10 mL, 10 mmol). The resulting
mixture was 25allowed to warm to room temperature over a number of hours (at least 3) and continued
stirring for a further 14 hours (17 hours in total). The f#daction was 42 quenched by the careful dropwise
addition of ammonium hydroxide to the reaction mixture (caution: slow addition to reaction mixture at 0
C). Following thi%?%&ﬁa"te?%/@a@ AP 16 TS Eatibn ki Al Attt 15a89%emoved. The organic
layer was dried (Mg8@eR. tih.concentrated in vacua. The title compound was obtained as 5a pale brown
solid (0.93 g, 97%). 11-1 NMR (400 MHz, CDCI3) 8 0.85 (t, 3H); 1.29 (m, 10H); 1.70(m, 2H); 2.04(m, 1H);
3.39(m, 2H); 3.6§§t 1yg'§7?7ém, 1H); 6.77(d, J= 8.5 Hz, 2H); 7.12 (d, J = 8.5 Hz, 2H). 13C NMR (75
MHz, CDCI3) 8 'B@ 5.6 , 24.51, 25.55, 26.11, 29.98, 34.59, 43.32, 46.75, 47.73, 115.63, 128.83,
132.28, 15495, 37> 0eharmietes NN ¢y ealcdsrmdsH26NO2 276.1958, found 10276.1954.
Compound 17.7 2-(4-hydroxyphenyl)-N,N-dimethylhexanamide OH 1517.7 The title compound was
obtained as a pale yellow solid (6 mg, 53%) in a simila Mg to that described for 16.5 from 17.2 (12
mg, 0.048 mmol). 8 0.85 (t, J = 7 Hz, 3H); 1.1 -%. ble signals, 4H); 1.65 (m, 1H); 2.03(m, 1H);
2.94(s, 3H); 3.63(t, J = 7 Hz, 1H); 6.76 (d, J\8.5+ ); 7.16 (d, J = 8.5 Hz, 2H). 13C NMR (75 MHz,
20CDCI3) 814.15, 22.82, 30.14, 31.10, 34.96| 48.Q5, 115.61, 129.22, 132.53, 154.65, 173.87. HRMS
(ESI + lion) m/z calcd for C14H23NO2 236.1645, folind 236.1644. Compound 17.8
2-(4-hydroxyphenyl)-N,N-dimethyloct-7-enamide

17.3
The title compound was prepared following the general procedure for alkylation from
2-(4-hydroxyphenyl)-N, N-dimethylacetamide (100 mg, 0.52 mmol) and 6-bromo-1-
10  hexene (84 uL, 0.57 mmol). The purified compound was isolated as a pale yellow oil
(120 mg, 60%) following purification by flash column chromatography (EtOAc, Rf =
0.6). "H NMR (400 MHz, CDCls) 6 1.1 — 1.5 (multiple signals, 4H); 1.66 (m, 1H); 2.02
(m, 3H); 2.93(2 x s, 6H); 3.63 (t, J = 7 Hz, 1H); 3.78 (s, 3H); 4.90 (dm, J = 10Hz, 1H);
4.96 (dm, J = 17 Hz, 1H); 5.77 (ddd, J = 17, 10, 6.5 Hz, 1H); 6.85 (d, J = 8.8 Hz, 2H);
15 7.19(d, J = 8.8 Hz, 2H). *C NMR (75 MHz, CDCl3) §27.41, 29.02, 33.75, 35.10,
36.00, 37.27, 48.05, 55.34, 114.13, 114.35, 128.98, 132.49, 139.12, 158.49, 173.62.
HRMS (ESI + 1 ion) m/z calcd for C47H26NO, 276.1958, found 276.1958.

Compound 16.5
20  2-(4-hydroxyphenyl)-1-(piperidin-1-yl)hexan-1-one

H
o o

¢

To a cooled (-78 °C) solution of 15.1 (1 g, 3.46 mmol) in dry DCM was added a

solution of boron tribromide in DCM (10 mL, 10 mmol). The resulting mixture was

16.5

25  allowed to warm to room temperature over a number of hours (at least 3) and

continued stirring for a further 14 hours (17 hours in total). The reaction was



25 OH 43 To a cooled (-78 C) solution of 17.3 (25 mg, 0.09mmol) in dry CH2CI2 (1 mL) was added BBr3
(1 M solution in CH2CI2, 0.27 mL, 0.27 mmol). The resulting mixture was allowed to warm to room
temperature and was stirred for an additional 30 minutes. After this time, the reaction mixture was cooled
to -78 C and MeOH (2 mL) was 5added to the reactiof?mixture. After 5 minutes the resulting mixture was
poured onto water and an additional 10 mL of CH2Cl2was added. The organic layer was washed dried

and concentrate@'{MRL B afYERse maﬂ&?ﬁmﬁlévgm(ﬁ’%%%? BEARARBN of the crude
product by flashroaturaricebtiom atoy rolitipi30%e<EtoA oftxart ORE - e vefio toie dwdiertites compound as a

Elalel yelllow oil l\/V&thdlt%agade‘&d&mw&@aﬂm%@w&@@?&kérhw& (4@)@ gﬂg%mQJ 7f%)HSl 11H )1 i 84
mu tlpe signals ; Z S,
1H ArOH): 4.90 (4 ‘}ﬁ'ed{%'égbi)ﬁ))‘d C%%“‘éﬂ“‘a %é in #" ﬂ‘-ﬁﬁé ’{‘388 %Waif’?b%ﬂ" % 8%z, 1H): 6.76 (d,
J = 8.8 Hz, 2H); 7 PRl (Rrowe=RI8! 9926178 NMMRY@MMHZ@E@IQ)%Q?% 38):962%88m64, 34.97, 35.94,

37.19, 47.92, 1140RG, 115035, Sy L2 LM, 182.480XROH1); 353.651HIRMS (ESIHY; b ionkny/z calcd for
C16H24NO2 26%&

f 2 0 oy
2-(4- hydroxyphenyl% %EBperl gil‘l;lll)ggt’% oﬁi‘ % %15-1'\4#6%@3[)@& %8%%%8% was prepared in a
similar manner té4Rat ederdeliGOPE. 83ﬁr§ﬁ1 @@Qrﬁét%ﬁo@pﬁérﬁﬁ) 3spelidiabl-yl)oct-7-en-1-one
(50 mg, 0.18 mmek).oFhertithe . compeyad wasiebtained as far@leysess 2w geeting@oint solid (6 mg,
11%) 25 follgwingpygfication by flash column chromatography (50% EtOAc/hexane, Rf = 0.5). 1H NMR
(400 MHz, CDCI3) 8 1.0- 1.5 (multiple signals, 10H); 1.66 (m, 1H); 2.02 (m, 3H); 3.38, (m, 3H); 3.62 (t, J =
7 Hz, 1H); 3.65 (m, 1H); 4.88 (dm, J = 10Hz, 1H); 4.95 (dm, J= 17 Hz, 1H); 5.76 (ddd, J= 17, 10, 6.5 Hz,
1H); 6.76(d, J = 8dplyrH)7.7.11 (d, J= 8.5 Hz, 2H). 13C NMR (75 MHz, CDCI3) 824.54, 25.58, 26.12,

27.31, 28.91, 2-(4-hydroxyphenyl)-N,N-dimethylhexanamide

OH

15 17.7
The title compound was obtained as a pale yellow solid (6 mg, 53%) in a similar
manner to that described for 16.5 from 17.2 (12 mg, 0.048 mmol). 6 0.85 (t, J =7 Hz,
3H); 1.1 -1.5 (multiple signals, 4H); 1.65 (m, 1H); 2.03 (m, 1H); 2.94 (s, 3H); 3.63 (t, J
=7 Hz, 1H); 6.76 (d, J = 8.5 Hz, 2H); 7.16 (d, J = 8.5 Hz, 2H). *C NMR (75 MHz,

20 CDCl3) 5§14.15, 22.82, 30.14, 31.10, 34.96, 48.05, 115.61, 129.22, 132.53, 154.65,
173.87. HRMS (ESI + 1 ion) m/z calcd for C14H23NO, 236.1645, found 236.1644.

Compound 17.8
2-(4-hydroxyphenyl)-N,N-dimethyloct-7-enamide
25
OH

17.8



44 33.66, 34.79, 43.27, 46.72, 47.72, 114.24, 115.59, 128.92, 132.59, 139.04, 154.64, 171.80. HRMS
(ESI + lion) m/z calcd for C19H28NO2 302.2115, found 302.2120.
2-(4-hydroxymethyl)phenyl-1-(piperidin-1-ypethanone 5 0 S OH The title compound was prepared from
4-hydroxymethylphenylacetic acid (1.0 g, 6.0 mmol) f6llowing the general procedure outlined for DCC
mediated amide_formation. The groduct was isolated as a viscous, colourless o:ﬂﬁ 54 g, 39%) following

10purification by fEFCREGHTE chiNHESs A dHy ERE, RILrya). mrNIWF@@Pd@) 23€DCI3) 8 1.37 (m,
2H); 1.52 (m, 2H)}de& 8B (M )sadu8en(im CREY 3058 (I, Y, B1Tdl)(sT R Es4I6®) (%)X Wa23 (d, J = 8 Hz,

4755, 55,17, 6400 3 OB e R 10 1600 M (e b e cedTor
on).m/z calca 1or
e 1ataonon T m%und“i%dzf"i fifirewas Qo6 e B Wt B9

2-(4-tert-but?ld|rﬁé‘ﬁﬁ?@l%éi?ﬁ%ﬂﬁﬂ)%’éﬁyﬁf@(é PENERS 08 i5SHEI0RE e TaEPesse@N C) solution of
2-(4-hydroxymetlytep bem i -dddpigesid nadl- W ethagipnes (e ang;h2. 3ymim e eaanchémigstzale (97 mg, 1.4

mmol) in dry DA a5 2ddRd & SO iPROITBSIELAhE Sthe:A78H00 IBRCML(F ). The resuling

reaction mixture was allowed to stir for 2 hours. After this time, the reaction mixture was washed

successively with WA ‘ﬁ;)t%ﬂvlbq'ﬁﬁofﬁﬁttj%ﬂ@?&&?fﬁ’IHS/@FW&%PW%%P%?R/@SO4) and concentrated in
vacua. The title Etofpheaxdrneasfeiidneltbasd tbeldierlesspoil{d 26 amplSBMIWallowiiey purification by flash

column chrmatggraRky eEPeusiOng (hg Qfﬁ% LHINMR @R0WM |Z|7CI5€£P$531) B0108d{sifE1); 0.929 (s, 9H);
1.34 (m, 2H): 1.52 (m, 2H); 1.59 (M 2H ﬁﬁi i 2Hza3§r_’> % 1 (s éH) 4.71 (s, 2H); 7.20 (d, J
= 8Hz, 2H); 7.25° @28 S 46 v T sk ) 3Pk 35 5815 97,2620,
40.94, 42.89, 4712*7 . Ba473, 1@6@1")12801@m4$=l3@'96“139 Si (dB9/361 HRMBI[ESI7+ lion) m/z calcd for
C201-134NO2S|dt8. 2393, fousd BAS1RS®A76 (d, J = 8.8 Hz, 2H); 7.14 (d, J = 8.8 Hz, 2H). "°C
2-(4-tert-butyldimgtayIsiyloxymstxhpheny 1l piReuding L ) eXanone 47 92, 114.26,

15 115.51, 129.10, 132.48, 139.01, 173.55. HRMS (ESI + 1 ion) m/z calcd for

C1sH2eNO, 262.1802, found 262.1086.

Compound 17.6
2-(4-hydroxyphenyl)-1-(piperidin-1-yl)oct-7-en-1-one
20

OH
O

$

A
17.6

The title compound was prepared in a similar manner to that described for 17.8 from
2-(4-methoxyoxyphenyl)-1-(piperidin-1-yl)oct-7-en-1-one (50 mg, 0.18 mmol). The
titte compound was obtained as a colourless, low melting point solid (6 mg, 11%)

25  following purification by flash column chromatography (50% EtOAc/hexane, Rf = 0.5).
'"H NMR (400 MHz, CDCl3) § 1.0 — 1.5 (multiple signals, 10H); 1.66 (m, 1H); 2.02 (m,
3H); 3.38, (m, 3H); 3.62 (t, J = 7 Hz, 1H); 3.65 (m, 1H); 4.88 (dm, J = 10Hz, 1H); 4.95
(dm, J =17 Hz, 1H); 5.76 (ddd, J = 17, 10, 6.5 Hz, 1H); 6.76 (d, J = 8.5 Hz, 2H); 7.11
(d, J = 8.5 Hz, 2H). *C NMR (75 MHz, CDCls) §24.54, 25.58, 26.12, 27.31, 28.91,



The title compound was prepared from 2-(4-tert-butyldimethylsilyloxymethyl)phenyl-
1-(piperidin-I-yl)ethanone (420 mg, 1.21 mmol) following the general procedure outlined for a-alkylation.
The product was obtained as a colourless oil (260 mg, 53%) 10following purification by flash column
chromatography (20% EtOAc in hexane, Rf = 0.6).1HH#IMR (400 MHz, CDCI3) cy 0.010 (s, 6H); 0.087 (t, J
=7 Hz, 3H); 0.94 (s, 9H). 1.01 (m, 1H); 1.14 (m, 1H); 1.2- 1.6 (multiple signals, 8H); 1.68 (m, 1H); 2.10
(115 35 - 3 AL TS SO TE, 5 75 (6068, 7 B ZEs, TASIHY Do WA COC3) B -5.20,
14.03, 22.75, 2417%,825:68\I26ER? +30id0), 84 .F8c A BRI1G.UGINQ,; AR L7,13504nHB0L25.3B, 127.66, 139.52,
139.73, 171.42. HRMS (ESI + lion) m/z calcd for C24H42NO2Si 404.2979, found 404.2983. Compound

16.1 2-(4-hydroxymethyhphenyl-1-(piperidin-1-yh)hexanone 20 16.1 A solution of
2-(4-tert-buty|dir)%lér3?)} gf%&@r%éﬁiﬁ%ﬁéyngfﬂg%l)%g]r)i(]g%%})%ﬁ?&gnone (260 mg, 0.64 mmol) in dry THE
(5 mL) was added to a flask containing a solution of TBAF in THE (1.29 mmol). The resulting reaction

mixture was allowed to stir for 1 25 hour, by Whiwgﬁ by tic revealed that no starting material

remained. The reaction mixture was washed.withlwa 2) followed by brine and the organic layer was
dried (MgSO4) and concentrated in vacuolto afford the crude product. The title compound was isolated as
a colourless oil (142 mg, 76%) following purification by 46 flash column chromatography (50% EtOAc in

L B L 7 e g G . e, 1h)
. m, ;L. m oL, m 0. c . L. m,. , . t,J= Z, ;
4.66 (s, 2H): 7.2%“5&‘)3{(2')%@%?{5%3?”76. ?R?ﬁg:?}@ﬁ%‘?"ﬂﬁﬂ.?‘i'(sﬁéc éudﬁgj'(a?ﬁdr\(ﬁﬁg%@f?&ql%é’s 14.02, 22.72,
24.56, 25.57, 26712 Paeslodt ves isglated Bs :¢6s6aus8Aqures Tl PHA 9639 % foPwWing 28, 140.32, 171.32.
HRMS (ES10r 1 taniicatiocaictibéordoilbin 28/@aRPOpRY 1ZiFacRF 28052 THANIMRIAPO ML 16.3

102-(4-acetoxyna%@yl)%hﬁgy%-égiypq.rgir}%-é@)hq@rmp(% 6.3d ﬂﬁaig&'%e m)%(’jg_lﬁ?k containing

DMAP (2 mg) was added a solution of 2-(4- hydroxymethyljpheny1-1-(piperi In-1-yphexanone (30 mg,
0.10 mmol) in dip@HBAE(86 (s, 2H); 7.23 (d, J = § Hz, 2&); 731 (& J= 8 Fiz, éﬂf%c NMR (?5
MHz, CDCl3) §24.39, 25.44, 25.47, 26.21, 34.91, 40.77, 42.92, 47.25, 55.77, 64.92,

127.33, 128.76, 134.65, 139.48, 169.30. HRMS (ESI + 1 ion) m/z calcd for
15 Cq4H20NO, 234.1489, found 234.1489.

2-(4-tert-butyldimethylsilyloxymethyl)phenyl-1-(piperidin-1-yl)ethanone

20 To acooled (0 °C) solution of 2-(4-hydroxymethyl)phenyl-1-(piperidin-1-yl)ethanone
(540 mg, 2.32 mmol) and imidazole (97 mg, 1.4 mmol) in dry DCM was added a
solution of TBSCI (214 mg, 1.42 mmol) in DCM (5 mL). The resulting reaction
mixture was allowed to stir for 2 hours. After this time, the reaction mixture was
washed successively with water (x 2) and brine and the organic layer was dried

25 (MgSO0,) and concentrated in vacuo. The title compound was obtained as a
colourless oil (420 mg, 53%) following purification by flash column chromatography
(20% EtOAc, Rf = 0.6). "H NMR (400 MHz, CDCl3) & 0.084 (s, 6H); 0.929 (s, 9H);
1.34 (m, 2H); 1.52 (m, 2H); 1.59 (m, 2H); 3.43 (m, 2H); 3.57 (m, 2H); 3.71 (s, 2H);
4.71 (s, 2H); 7.20 (d, J = 8Hz, 2H); 7.25 (d, J = 8Hz, 2H). "*C NMR (75 MHz, CDCl;)

30 5-5.21,24.45,25.59, 25.97, 26.20, 40.94, 42.89, 47.27, 64.77, 126.41, 128.40,



15(2 mL). To the resulting mixture was added dry NEt3 (208 kiL, 1.5 mmol) followed by acetic anhydride
(100 KiL, 1.0 mmol). The resulting mixture was allowed to stir for 3 hours. After this time, the reaction
mixture was washed with saturated NaHCO3, water and then brine and the organic phase was dried
(Na2S04) and concentrated under reduced pressurétdhe title compound was obtained as a colourless
oil (20 20mg, 60%)31\1;5)Howin purification b¥ flash column chromato raphxggo_% EtOAc in hexane, Rf =
0.7).1H NMR (438 ﬁz*,%gb@%ﬁ:éﬂﬂ (ESY HE,‘%%W{.??JT.?@;@W § $2:2B% (multiple signals,
8H); 1.68 (m, 1HpuaG3 BrR364%, 4H); 3.33 (m, 1H), 3.39 (m, 1H); 3.49 (m, 1H); 3.60 (m, 1H); 3.70 (t, J =7
Hz, 1H); 5.07 (s, 2H); 7.72 (m, 4H). 13C NMR (75 MHz, CDCI3) 814.01, 21.08, 22.72, 24.57, 25.60,
26.20, 30.09, 2534,77, 43.20, 46.66, 48.38, 66.07,128.03, 128.58,.134.24, 141.02, 171.09, 171.17. Note:
Compound hyarai e B SRR R B R P R 08 pouna 6.0
4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenyl acrylate 47 To a cooled (0 C) stirred solution of 16.5 (100
mg, 0.36 mmol) and triethyiamine (56 kiL, 0.40 mmol) in dry CH2CI2 (10 mL) was added acryloyi chloride
(33 kiL, 0.40 5mmol). The resulting mixture was all oV to room temperature and was stirred for
a further 1 hour, by which time analysis(%:j: Ac/hexahe) revealed complete consumption of

starting material. After this time, the reagtionmixture was concentrated in vacua and purified by flash
column chromatography (50% EtOAc/hexatie, Rt = 0.5) to afford the title compound as a colourless oil
(120 10mg, >95%). 1H NMR (400 MHz, CDCI3) 8. 0.85 (t, J = 7 Hz, 3H); 1.0- 1.6 (multiple signals, 10H);

1.70(m, 1H); 2.05(m,. 1H): 3.3 -3,5(2 x m, 3H); 3.68(m, 1H): 3.70(t, J =.7 Hz, 1H): 5.99, (d, J = 10 Hz, 1H);
650 (a0 - 17745 1 Bl Rl AT b S ey e L
13C NMR (75 MH@rettinsy giethanonex$2) mg, 42 bmmal) sefovingthegenera propgdise 46.61, 47.96,
121.53, 15127 .88t 69, ol ARyERioh 3§ HE2prdd4Sclivad 68t4lde d 44 DévlbliRdS oiH 26 o-ngi@BRaN/z caicd for

2oL 1 2NE° R R MAAATY AP SIAMRAIARy 7 ki (¥ Ot RIPR s YR e xan-2-yl)phenyl
0.6). "H NMR (400 MHz, CDCl3) § 0.010 (s, 6H); 0.087 (t, J = 7 Hz, 3H); 0.94 (s, 9H);
1.01 (m, 1H); 1.14 (m, 1H); 1.2 — 1.6 (multiple signals, 8H); 1.68 (m, 1H); 2.10 (m,
1H); 3.3 — 3.5 (m, 3H); 3.68 (m, 2H); 4.72 (s, 2H); 7.15 (m, 4H). "*C NMR (75 MHz,
CDCl3) § -5.20, 14.03, 22.75, 24.75, 25.68, 26.12, 30.40, 34.78, 43.16, 46.62, 48.47,
15  64.79, 126.38, 127.66, 139.52, 139.73, 171.42. HRMS (ESI + 1 ion) m/z calcd for
C24H4oNO,Si 404.2979, found 404.2983.

Compound 16.1
2-(4-hydroxymethyl)phenyl-1-(piperidin-1-yl)hexanone
20
O

@)
OH
16.1
A solution of 2-(4-tert-butyldimethylsilyloxymethyl)phenyl-1-(piperidin-1-yl)hexanone
(260 mg, 0.64 mmol) in dry THF (5 mL) was added to a flask containing a solution of
TBAF in THF (1.29 mmol). The resulting reaction mixture was allowed to stir for 1
25  hour, by which time analysis by tlc revealed that no starting material remained. The
reaction mixture was washed with water (x 2) followed by brine and the organic layer

was dried (MgSO,) and concentrated in vacuo to afford the crude product. The title

compound was isolated as a colourless oil (142 mg, 76%) following purification by



Acetic anhydride (38 kiL, 0.40 mmol) as added to a cooled (0 C) stirred solution of 16.5 (100 mg, 0.36
mmol) and pyridine (32 kiL, 0.40 mmol) in dry CH2CI2 (20 mL). 25The reaction was allowed to warm to
room temperature and stirring was continued for a further 18 hours, by which time analysis by tic (50%
EtOAc/hexane) showed consumption of starting mateffal. The crude reaction mixture was washed with
dilute (0.1 M) HCI followed bwater. The %r#anic layer was dried (MgSO4) and concentrated in vacua

and the resultind il SELHUENPRL IR RRIY P HREHP Imﬁﬁ’(%t'ﬁfr&%ﬁ?od DMR(E89%\EBAc/hexane, Rf =
0.26) to afford theDitle) eohaTctint-asHE CBHOLTIBS oill L0 tAdT>9B%). ALHINNIR 84001MHZ, CDCI3) 80.86

(3t,539=( 7 lﬁ—l )3I;)'§A;8H}-?.gm$mrigé%ﬂﬁe,%WB.ZZRHMW ﬂ;é?% (EpRB37 £r51?1,H%)H)l;33(-:4|€\3I '\(Arg (17H5);
.59 (m, ; 3. o= X o = ; WJ 8. .

MHz, CDCI3) 815%‘%)6‘,%‘&&@27 , éﬂs@,gz“gz.sé'}zézﬁ,&bdﬁf?ﬁ(%@; 4§@|gé7é§{\”m%.97, 12159,
128.72, 138538, €A9129; 169BL21721 24156 RS, @8SII2+ 300, vz 6 ASd! B €89 M2 81M®8.81.8.2064, found
318.2060. Comp@um@;;@ﬁg@g:ﬁz{g-rw@g(yﬂk@gymyﬁslq(pipﬁ)i@i,yygg)dmgp(an-l-one A solution of

16.5 (0.50 g, 1.8@,11%25{?%% 5%?1 z}nt& 171 mg, 2.00 mmol) and 15tetraethylammonium bromide (20
mg, 0.09 mmol) iH°dRy 1 mg was heated at an oil bath temperature of 180 C for 16 hours. After

this time cold water (50 mL) was added and the resulting mixture was extracted with EtOAc (3 x 20 ml).
The combined omaipedaygesavere washed with water, dried (MgSO4) and concentrated in vacuo. The
crude prodyet W?—?APH(!Q{SQy‘M%?h%HHSH;}PX-f(' ﬁlgrﬁ:&prl_mglﬂﬁérgp&g%graphy 20 (10% MeOH in CH2CI2, Rf =
0.4) to afford the title compoundas a colourless oil (200°'mg, 34%). 1H NMR (400 MHz, CDCI3) 80.84 (t, J
=7 Hz, 3H); 1.05 (m, 1H); 1.17 (m, 1H); 1.2-1.6 (multiple signals, 8H); 1.7 (m, 1H); 2.08 (m, 1H); 2.39 (t, J
=6 Hz, 1H (OH)); 3.35 (m, 3H); 3.62 (t, J = 7 Hz, 1H); 3.64 (m©1H); 3.92 (m, 2H); 4.05 (m, 1H); 6.83 (d, J
= 8.4 Hz, 2H); 7.16 (d, J = 8.4 Hz, 2H) .13C NMR (75M D%JS) 813.96, 2522.64, 24.50, 25.51, 26.09,
29.96, 34.70, 43.10, 46.58, 47.70, 61.36,&;10 114 128.78, 133.38, 157.28, 171.55. HRMS (ESI + 1

ion) m/z caled for C19H30NO3 320.2220 folhhd 320.2205. Compound 16.8

302-(4-(1-oxo-1-(piperidin-1-yl)hexan-2-yhphenpxy)ethyl acetate oiC

16.3
To a round bottomed flask containing DMAP (2 mg) was added a solution of 2-(4-
hydroxymethyl)phenyl-1-(piperidin-1-yl)hexanone (30 mg, 0.10 mmol) in dry CH,Cl,
15 (2 mL). To the resulting mixture was added dry NEt; (208 uL, 1.5 mmol) followed by
acetic anhydride (100 uL, 1.0 mmol). The resulting mixture was allowed to stir for 3
hours. After this time, the reaction mixture was washed with saturated NaHCOs3,
water and then brine and the organic phase was dried (Na,S0O,) and concentrated
under reduced pressure. The title compound was obtained as a colourless oil (20
20 mg, 60%) following purification by flash column chromatography (50% EtOAc in
hexane, Rf = 0.7). "H NMR (400 MHz, CDCl3) § 0.86 (t, J =7 Hz, 3H); 1.0 - 1.2 (2 x
m, 2H); 1.2 — 1.5 (multiple signals, 8H); 1.68 (m, 1H); 4.53 (m + s, 4H); 3.33 (m, 1H),
3.39 (m, 1H); 3.49 (m, 1H); 3.60 (m, 1H); 3.70 (t, J = 7 Hz, 1H); 5.07 (s, 2H); 7.72 (m,
4H). *C NMR (75 MHz, CDCl;) §14.01, 21.08, 22.72, 24.57, 25.60, 26.20, 30.09,
25 34.77,43.20, 46.66, 48.38, 66.07, 128.03, 128.58, 134.24, 141.02, 171.09, 171.17.
Note: Compound hydrolyses on standing, HRMS consistent with that of free alcohol.

Compound 16.11
4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenyl acrylate
30



To a cooled (0 C) stirred solution of 16.6 (100 mg, 0.31 mmol) and DMAP (85 mg, 0.34 mmol) in dry
CH2CI2 (20 mL) was added acetyl chloride (50 kiL, 0.34 mmol). The resulting reaction mixture was stirred
at reflux for 16 hours by which time 5analysis by tic (50% EtOAc/hexane) showed complete consumption
of starting material. The reaction mixture was washed#vith HCI (0.1 M) and water and the organic layer
was dried (MgSO4) and concentrated in vacua. The title cgmpound was obtained as a colourless oil (110
mg, >95% yield) following purification by flash eplu aphy (50% EtOAc/hexane, Rf = 0.4). 1H
NMR (400 MHz, CDCI3) 10 80.85 (t, J :i:ﬁ ; - 1.60 (multiple signals, 10H); 1.7 (m, 1H); 2.08

S0

(m, 1H); 2.10 (s, 3H); 3.35-3.45 (m, 3H); 3.6-8.7 (M, 2H); 4.15 (app t, J =5 Hz, 2H); 4.40 (app t, J = 5 Hz,
2H); 6.84 (d, J = 8.4 Hz, 2H); 7.17 (d, J = 84 Hz; 2H) . 13C NMR (75 MHz, CDCI3) (S13.99, 20.89, 22.69,
24.55, 25.56, 26.15, 30.11, 34.77, 43.11, 46.61, 47164,62.86, 65.88, 114.68, 128.85, 133.61, 157.13,
171.00, 171.55. HRMS (ESI + lion) 15m/z caicd for C21H32N04 362.2326, found 362.2320. Compound

16.7 Methyl 2-(4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenoxy)acetate 0 20 OCH3 To a stirred solution of
16.5 (300 mg, 1.1GaxANAY ShdCKk STEB AR, 1281 190hiag hidrpaeberthieliPenne Was added
methyibromoacetgte 40.4gl) in Ama1er,The reswtsadabduteywaschelimsgd@Iar 16 4mours by which time
analysis by tic (5% MeOH | 2CI12) show rting material ined. Acetonitrile was
removed in 5v?Jc{ﬁfillyll):;ir(ljlg< ﬁ%%@gp u@)\(/?/lgg &%ge%ﬂng‘%%ﬁtét %@%%r wﬁéﬁwﬁe{%@v@itﬁ%\%&%r&f he organic layer

was dried (MgS&#5esrier SdHERpRrabed Py 4EiRR HmE Bralvitie RokelitddYrRedsiiafed as a colourless oil
(300 mg, 72%) falealktcpumistationsoynfitshotslartimy HAtehabmiotiaime (Glorkéedbh in CH2CI2, Rf =

0.7).1H NMR (400MHZ, SRGIDBEE #vd o HE palitsly %a;h@gmmmemmgg?a\gh OH); 1.7 (m, 1H);
2.05 (m, 1H); 3.38 (M ZOH);/3.4%ém 1H), %.6-3.; ém, 2H); .80%% 3H), 4.61 (s, 2H); 6,83 (d, J = 8.4 Hz,
oH); 7.19 (d, J =4 HOBEHeY ’W& MY IS 1S STRYSIARS 3 solprisss 845280 26 18 30.06,
34.78, 43.1®, 46(@?%%8,1*524% @98 HL13[80;)128.84 (1134 .2912186)51.0 16D Ultitle48. HRMS (ESI +
1 ion) m/z calcd Jgrn&i20biBANE 44 R YES faund)348.215% Campouaesléd1H): 3.70 (t

J=7Hz, 1H); 5.99, (d, J = 10 Hz, 1H); 6.29 (dd, J = 17, 10 Hz, 1H); 6.57 (d, J = 17

Hz, 1H); 7.06 (d, J = 8.4 Hz, 2H); 7.28 (d, J = 8.4 Hz, 2H) . *C NMR (75 MHz, CDCls)

613.93, 22.63, 24.49, 25.51, 26.10, 30.00, 34.77, 43.12, 46.61, 47.96, 121.53,

15 127.88, 128.69, 132.42, 138.42, 149.15, 164.43, 171.06. HRMS (ESI + 1 ion) m/z
calcd for CooHsNO3 330.1989, found 330.2056.

Compound 16.4
4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenyl acetate
20

16.4

Acetic anhydride (38 uL, 0.40 mmol) as added to a cooled (0 °C) stirred solution of
16.5 (100 mg, 0.36 mmol) and pyridine (32 uL, 0.40 mmol) in dry CH,ClI, (20 mL).
25  The reaction was allowed to warm to room temperature and stirring was continued
for a further 18 hours, by which time analysis by tlc (50% EtOAc/hexane) showed
consumption of starting material. The crude reaction mixture was washed with dilute
(0.1 M) HCI followed by water. The organic layer was dried (MgSO,) and
concentrated in vacuo and the resulting oily residue was purified by flash column



102-(4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenoxy)acetic acid 16.9 Powdered LIOH (72 mg, 3.0 mmol)
was added to a solution of 16.7 (100 mg, 0.30 mmol) in THE (10 mL) and the mixture was allowed to stir
at room temperature for 16 15hours. After this time the reaction mixture was acidified with HCI (0.1 M)
and washed with EtOAc (3 x 20 mL). The organic pha$e was dried (MgSO4) and concentrated in vacuo.
The title compound was obtained as a colourless ail (59 mg, 60%%Afollqwing purification by flash column
chromatography {1095 REEBRMH BB I RE2HS A Wﬁ?&gﬁr P& IYSSBTH RIS &, J = 7 Hz, 3H);
1.05- 1.60 (multipegigsats| (1081NRODBB[NH NNYR 2408 (MHZA ISR G 3O862H), 3A48a8H)H), 3.66(m, 2H);

4.63(s, 2H); 6.85 (5. d 7 Bk 2ENaid- 481d022178.41h125 3b1)s IMR (75 MHzsGRCI3) 813.96, 22.61,
s @47 S%wﬂlme S5Ra1g. 48Hd 207841122 %k'g’,lsﬂ% NW%E% 58%\{'%3 ot o

24.41, 25.52, 26,10, 29,92, 34,52, 43.49, 46.82, 47.71, 65. 4.87 7,

172.03. HRMS (Ekgi ﬁ?i%)%‘?{)'z%cgfé& R AL INAECOE T ol 428 59017 34 Edmpound 16.10
1-(piperidin-4.-y RE) (4 QNI sity S@B by ) hemya jhek23-670P 58,126.9%.20 o 3bted (0 C) solution of
16.5 l()lpodm9+ac3@8@‘d’E@Ll‘)s,t%%ﬂ,ng*ip@f[?)ﬁ?ﬁi.B@, (1(1)243(._)7%]939.@4 mg]@é), %@oﬁifﬁ'ﬂthwﬁlrﬂﬁﬂ@anoltﬁ (80 kil-,t_0-54
mmol) in dry mL) was a r.a per minutes. The resulting reaction
mixture 5was all v%a gdov%/é?qn? t%gr%%%ﬁ %ﬁﬁﬁ&éﬁuﬁ%ﬁ%&ggi iérqe% o6r]Oa further 16 hours. After this time,
the solvent was removed in vacua and the residue was taken up in EtOAc and washed with water. The
organic layer wasdhigdiVigss6D4) and concentrated in vacua and the resulting residue was purified by
flash column chromatogr 9 /Rexane, Bf =0 ford the title compound as a pale
10yellow (:?II%(40 %(gﬂé{?%?%?f:’ %%ﬁ%&%@%ﬁim [?(%?89 . 7%%(3&9%?;&(?84 (t, J =7 Hz, 3H); 1.05(m, 1H);
1.17(m, 1H); 1.2 -1.6 (multiple signals, 10H; app t, J = 6 Hz, 2H); 1.7 (m, 1H); 2.05 (m, 1H); 3.25-3.35 (m,
3H); 3.62 (t, J = 7 Hz, 1H); 3.65 (m, 1H); 4.03 Qpp =6Hz ), 4.05 (m, 1H); 6.80 (d, J = 8.4 Hz, 2H);
7.15(d, J = 8.4 Hz, 2H) .13C NMR (75 MHz, CDCI @ .33, 14.01, 17.75, 22.71, 24.58, 25.57, 26.11,
1530.03, 34.77, 43.11, 46.60, 47.80, 65@14.9, 8.70, 132.75, 157.59, 171.67. HRMS (ESI + 1 ion)
m/z calcd for C22H38NO2 376.2672, fo 5:2666. 4-(1-0xo-1-(piperidin-1-yl)hexan-2-yl)benzaldehyde

()]

16.6

A solution of 16.5 (0.50 g, 1.8 mmol) ethylene carbonate (176 mg, 2.00 mmol) and

15  tetraethylammonium bromide (20 mg, 0.09 mmol) in dry DMF (10 mL) was heated at
an oil bath temperature of 180 °C for 16 hours. After this time cold water (50 mL)
was added and the resulting mixture was extracted with EtOAc (3 x 20 ml). The
combined organic layers were washed with water, dried (MgSO,) and concentrated in
vacuo. The crude product was purified was purified by flash column chromatography

20 (10% MeOH in CH,Cl,, Rf = 0.4) to afford the title compound as a colourless oil (200
mg, 34%). '"H NMR (400 MHz, CDCl3) §0.84 (t, J = 7 Hz, 3H); 1.05 (m, 1H); 1.17 (m,
1H); 1.2 -1.6 (multiple signals, 8H); 1.7 (m, 1H); 2.08 (m, 1H); 2.39 (t, /= 6 Hz, 1H
(OH)); 3.35 (m, 3H); 3.62 (t, J = 7 Hz, 1H); 3.64 (m, 1H); 3.92 (m, 2H); 4.05 (m, 1H);
6.83 (d, J = 8.4 Hz, 2H); 7.16 (d, J = 8.4 Hz, 2H) . ®*C NMR (75 MHz, CDCls) §13.96,

25 22.64,24.50, 25.51, 26.09, 29.96, 34.70, 43.10, 46.58, 47.70, 61.36, 69.10, 114.59,
128.78, 133.38, 157.28, 171.55. HRMS (ESI + 1 ion) m/z calcd for C4gH3oNO;
320.2220, found 320.2205.

Compound 16.8
30 2-(4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenoxy)ethyl acetate



20 CHO DMSO (0.20 mL, 2.8 mmol) was added to a cooled (-78 C) stirred solution of oxaloyl chloride
(122 kiL, 1.42 mmol) in dry CH2CI2 (5 mL). After 5 minutes 16.2 (300mg, 1.29 mmol) was added and
stirring was continued for 15 minutes after which time triethylamine (0.90 mL, 6.5 mmol) was added
dropwise. After a further 5 minutes, 25the mixture waallowed to warm to room temperature. The
reaction mixture was washed with HCI (0.1 M) and the organic layer was further extracted with water,
dried (MgSO4) and concentrated in vacua. The title con}g)ound wgs obtained as a colourless oil (222 mg,
59%). No purification was necessary. 1H NM® (4 2, €D@3) 8 0.80 (t, J = 7 Hz, 3H); 1.05 (m, 1H);

1.15 (m, 1H); 1.2-1.6 (multiple signals,
(m, 1H); 3.71 (t, J= 7 Hz, 1H); 7.39 (d,|J = 3.
6

A, 1H); 2.05(m, 1H); 3.29(m, 2H); 3.36(m, 1H), 3.61
4 Hz, 2H); 7.76 (d, J = 8.4 Hz, 2H) .13C NMR (75 MHz,
CDCI3) 813.97, 22.67, 24.49, 25.55, 26, 05, 34484, 43.33, 46.69, 48.88, 128.57, 130.21, 135.08,
148.03, 170.36, 191.91. HRMS (ESI + 1 ion)m/z calcd for 5C18H26NO2 288.1958, found 288.1963.

Compound 17. 9.6)%1 ﬁmn Og{ﬂjgdjséfm%x&qgé/ )I%%%B gr':irqlmo é’é %@Kfr?%(% 7 mg, 0.42 mmol)

was added to a stlrre 1-oxo-1-(piperidinl-yl)hexan-2-y1)benzald 00 mg, 0.35

mmol) in DMF (% ﬁ@m& At iyt 28R e Mt FolIoRTe aQL%rﬂS‘POi)B hours. The DMF
was removed in Uacts dtive thha desutting esmtusinasap teilie doby dlasircojumiic ingsnatography (50%

15Et0Ac/hexane, B 5 @tl@gﬁ@@t&%ﬂ@%@ SRNBLLET @o%ﬁL%MSHQH‘b?QMt‘%B mg. 64%). MP =142
C. 1H NMR (400 MHz C J =7 Hz, 5 (m, 1Hg 2-1.6 (multiple

signals, 8H); 1.79#&H]"9 ffaccm“ m)‘use wsgva%h%vvéw@ (5] <'>4} afdyagssand e 7 1z, 1H); 7.38 (d, J
= 8.4 Hz, 2H): 8024t Bye8whsdr@HMIST)NMRETEMIdEICDEEP 8TBIBe2R8Bo @ 50, 25.55, 26.16,
30.04, 2034.60, @3:3t46:8B48:88ued Bt (1130 >853. Yieid} ia@ng RMR R by figgh m/z calcd for
C18H26NO3 3041907 found 3041919 EtoAchexane, Rf = 0.4). 'H NMR (400 MHz, CDCls)
10 50.85 (t, J = 7 Hz, 3H): 1.05 — 1.60 (multiple signals, 10H): 1.7 (m, 1H): 2.08 (m, 1H);

2.10 (s, 3H); 3.35-3.45 (m, 3H); 3.6-3.7 (m, 2H): 4.15 (app t, J = 5 Hz, 2H); 4.40 (app

t, J =5 Hz, 2H); 6.84 (d, J = 8.4 Hz, 2H): 7.17 (d, J = 8.4 Hz, 2H) . ®C NMR (75 MHz,

CDCls) §13.99, 20.89, 22.69, 24.55, 25.56, 26.15, 30.11, 34.77, 43.11, 46.61, 47.74,

62.86, 65.88, 114.68, 128.85, 133.61, 157.13, 171.00, 171.55. HRMS (ESI + 1 ion)

15  m/z calcd for C,1H3,NO,4 362.2326, found 362.2320.

Compound 16.7
Methyl 2-(4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenoxy)acetate

o)

o) OQkocm
$

To a stirred solution of 16.5 (300 mg, 1.15 mmol) and K,CO; (400 mg, 2.87 mmol) in
dry acetonitrile (20 mL) was added methylbromoacetate (0.18 g, 1.2 mmol). The

16.7
20

resulting mixture was refluxed for 16 hours by which time analysis by tlc (5% MeOH

in CH,Cl,) showed that no starting material remained. Acetonitrile was removed in
25  vacuo and the residue was taken up in EtOAc and washed with water. The organic

layer was dried (MgSO,) and concentrated in vacuo and the title compounds was

obtained as a colourless oil (300 mg, 72%) following purification by flash column



The remaining compounds were made by methods corresponding to those given above, with appropriate
variation of starting materials. 25 Examples Part 2 - Polymer systems A number of polymers were
synthesised, which polymers included a pendant group corresponding to antifouling compound 16.5.
30Specifically, compound 16.5 was incorporated intod8crylate based polymers via the use of monomer
16.11. 53 16.516.11 The polémers were evaluated with ri_ls‘;&ect to their ability to release (active)

compound 16.5 f"aR2iqe@s0% et MsardnCiS s iRy f ¥R (DM GRC e SAfifouling efficacy of
polymeric materials wasistadied.0s labhGatonytiatedsiyaklsadsays! Stonderjifg. em (rfoltlin g performance and

toxicity. Synthesig, ofiijobymers, The same ?,quym%rglgyﬁgg siesigaedsand)sygsizedsas he embodiments

to illustrate the potential applications of.our invention in marine coatln%?ss. ut no limitations 10should

be drawn from tH58e b dim rﬁg!zP%Wmé%WﬁtgﬁiM&%omﬁcf‘lg% "2réfedkable functional unit
were desigried @B BaEEERN0RYyBHTIBhAR (5o 4riir KRR 65 Wttt 8ad1289dssess suitable

strength, solubilifg.apsl ¢espatiaiinawiin agmrersial snaringnyainisaibe i, jhesel Srequirements, the Tg
of the polymer sg%%% K%e{eurgg%%% h%'?her than room temperature and the molecular weight is targeted to
be approximately altons. uch polymers were synthesized by the polymerization of

vinyl-containing compound 16.11 with the appropriate vinyl monomers under free radical conditions using
AIBN, 20ABCN aohgozaylieegoxide as initiators. Polymer A

10  2-(4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenoxy)acetic acid

0 O\)]\OH

i
16.9

Powdered LiOH (72 mg, 3.0 mmol) was added to a solution of 16.7 (100 mg, 0.30
mmol) in THF (10 mL) and the mixture was allowed to stir at room temperature for 16

15  hours. After this time the reaction mixture was acidified with HCI (0.1 M) and washed
with EtOAc (3 x 20 mL). The organic phase was dried (MgSO,) and concentrated in
vacuo. The title compound was obtained as a colourless oil (59 mg, 60%) following
purification by flash column chromatography (10% MeOH in CH,Cl,, Rf = 0.5). 'H
NMR (400 MHz, CDCl3) §0.84 (t, J = 7 Hz, 3H); 1.05 — 1.60 (multiple signals, 10H);

20  1.68 (m, 1H); 2.05 (m, 1H); 3.37 (m, 2H); 3.42 (m, 1H), 3.66 (m, 2H); 4.63 (s, 2H);
6.85 (d, J = 8.4 Hz, 2H); 7.18 (d, J = 8.4 Hz, 2H) . *C NMR (75 MHz, CDCl5) §13.96,
22.61, 24.41, 25.52, 26.10, 29.92, 34.52, 43.49, 46.82, 47.71, 65.10, 114.87, 128.89,
133.87, 156.46, 171.92, 172.03. HRMS (ESI + 1 ion) m/z calcd for C4gH,sNO4
334.2013, found 334.2001.

25
Compound 16.10
1-(piperidin-1-yl)-2-(4-(2-(trimethylsilyl)ethoxy)phenyl)hexan-1-one



P(16.11-co-MMA-co-HEA) The copolymer of compound 16.11 with methyl methacrylate (MMA) and 25
hydroxyethyl acrylate (HEA) was designed to obtain the functional polymer. Thus 16.11, methyl
methacrylate (MMA) and (HEA) were mixed and polymerized under standard free radical conditions.
Polymer A The mass ratio was designed so that MMAwould form the majority of the backbone 5of the
polymer, |mpart|ng mechanlcal strength and ensurlng a Tg higher than room temperature, whilst HEA
ngrweme hydrophilicity of the polymer. 0.54 g
of the functional monomer (16.11) (heav bse oil-like yellow!liquid) was 10mixed with 2.0 g of MMA,
1.0 g of 2-hydroxylehtyl acrylate (HEA) nd O g of ABCN in 3 ml of DMF. The mixture was degassed
by purging with nitrogen for 10 min. and theh pfaced into an oil bath thermosetted at 70C for 16 hours.
Following this, the reaction mixture was poured intqp@nL of ether. The precipitate was collected by
filtration and dried under vacuum at room temperature to afford the title 15compounds as a colourless
solid (2.5 g, 7499 AePMY<I ‘6P hriusBn phéfic matenal Bya R eeBctisieppvnrspbne i tfemkpected ester C=0
stretching absorbamﬁs]@.; abd 3hemisajragrdtiea KeyomasaraneaideTertethanlles cm-1. Such low
frequency C=0 VIB %Bﬁﬁh ctepgtl%rcl)g it@%m |de ZO%nq IheFefoe'g thllxgand is assigned to
the piperidine aml mkag ymgrlzed mer °B I‘?’ igglf TMA-Co- VP) 25Polymer B

was of a sinfilar Was@lP S HEIYYAED IQ Biﬂ”?/FﬁVIW?é‘lﬁjﬂﬁ‘éH@%\?F’)"Wé@r@s@ﬂhﬁrtﬁ‘érﬁfﬁée of HEA in order to
increase the hydxaphtisitynef the qoolynieastelyored B abuyassitthesinedvas deefrap kadical conditions

using the same BeAMES &%‘éﬂéoa\%ﬁh%f&?sﬁrﬁg%ﬂg@ﬂ@%’@%édrﬂ?}%ﬁoa’é'ét i@t polymer B is shown

below. 5Polymer B 0.5 g of the functional monomer was mixed wi MMA, 1.0 g of vinyl
oyirolidone (/P FARGEREPIRG Br ABE AT B oA BRSNS e AL SeieAdBig

chromatography (50% EtOAc/hexane, Rf = 0.7) to afford the title compound as a pale

10  yellow oil (40 mg, 30%). "H NMR (400 MHz, CDCls) §0.07 (s, 9H); 0.84 (t, J = 7 Hz,
3H); 1.05 (m, 1H); 1.17 (m, 1H); 1.2 -1.6 (multiple signals, 10H; app t, J = 6 Hz, 2H);
1.7 (m, 1H); 2.05 (m, 1H); 3.25-3.35 (m, 3H); 3.62 (t, J = 7 Hz, 1H); 3.65 (m, 1H);
4.03 (app t, J = 6 Hz, 2H); 4.05 (m, 1H); 6.80 (d, J = 8.4 Hz, 2H); 7.15 (d, J = 8.4 Hz,
2H) . *C NMR (75 MHz, CDCl5) §-1.33, 14.01, 17.75, 22.71, 24.58, 25.57, 26.11,

15  30.03, 34.77,43.11, 46.60, 47.80, 65.31, 114.59, 128.70, 132.75, 157.59, 171.67.
HRMS (ESI + 1 ion) m/z calcd for C»,H3sNO, 376.2672, found 376.2666.

4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)benzaldehyde

CHO
O

@

DMSO (0.20 mL, 2.8 mmol) was added to a cooled (-78 °C) stirred solution of oxaloyl
chloride (122 uL, 1.42 mmol) in dry CH,CI, (5 mL). After 5 minutes 16.2 (300mg,

1.29 mmol) was added and stirring was continued for 15 minutes after which time

20

triethylamine (0.90 mL, 6.5 mmol) was added dropwise. After a further 5 minutes,

25  the mixture was allowed to warm to room temperature. The reaction mixture was
washed with HCI (0.1 M) and the organic layer was further extracted with water, dried
(MgSO0O,) and concentrated in vacuo. The title compound was obtained as a
colourless oil (222 mg, 59%). No purification was necessary. '"H NMR (400 MHz,
CDCIl3) 6 0.80 (t, J = 7 Hz, 3H); 1.05 (m, 1H); 1.15 (m, 1H); 1.2-1.6 (multiple signals,



by purging with nitrogen for 10 min. Then the mixture was placed into an oil bath 10thermosetted at 70C
for 16 hours. Then to the product was added 5 ml of DCM to form a clear solution. The solution was
poured into hexane with stirring. The purified product was collected as a white precipitate. The pure
product was collected and dried in air at room tempebature to afford the title compound as a colourless
solid (1.9 g, 54%8. 15 Analysis of the polymer by IR spectroscopy revealed the expected ester carbonyl
stretching absor Hhdes G -1Fh4 Bx{d: éfa}ia'a\ﬂtht%"ﬂirég%ﬂglf é%s?gaﬁe‘ﬂ’p?ﬁ@'r%iﬁe(tar{u:dé carbonyl
vibration at -1648zrtH1;. 7Rfe(thooT Bt Atio BHOf V/PGisdevid8rt By, BRIspectNdBdpG With, £B/&lar absorbance

Dattons. Fnally. (e et o e e e s peCtioScOpy.
altons. Finally, the so of the po r rther analysis spectroscopy.
Signals at 6.9 - ﬂ%j &m@?‘z)ggsﬁjéﬁéd%ot% gﬂ%&%&;&% 'the f@r}ﬂ% ﬁﬁ?@é\%ﬁﬁilst the broad peak at 4.0
ppm to 25 4.3 ppntiwb® a2y RSG ttounty28fetRffene adjacent to the N-atom of the pyrrolidinone unit.
Large broad signals in the 3.5 -3.8 ppm are assigned to the methyl ester of the MMA units (Brar and
Kumar, 2002). Tegn?é%U’%SﬁtQO.g ppm - 2.5 ppm are ascribed to 56 the methylene and methine groups of
the polymer backbone and the methylene and methyl groups of side chain of 16.11. Polymer C 5
P(TBA-co-MMAL6- 9By -A GiRsd4ia- C gyt ShsPieICEf flas also synthesized where 16.11 was
replaced with t-butyl acrylate (TBA). Such a polymer was synthesised in order to ascertain if any
background toxicity or anti-settlement activity existed as a f@@gnon of the copolymer itself. 10 -r- TBA
MMA VP Polymer C  The free radical polyme ati @s carried out using the same mass ratios as for
15polymers A and B. 0.6 g of tert-butyl acrytatgwas-mixed with 2.0 g of MMA, 1.0 g of vinyl pyrrolidone
(VP) and 40 mg of ABCN in 3 ml of DMF and the mixture was degassed by purging with nitrogen for 10
min. Then the mixture was placed into an oil bath thermosetted at 20 700C for 16 hours. Then to the
product wagyadded 5 ml of DCM to form a clearSolutiegh. The solution was poured into hexane with

sirring. The purifi gradychavasslisciegAs A e RLRAR IR I BUTeRIofy AR collected and

dried in air at room temperature to afford the desired compound as a colourless solid (3.2 g, 89%)

25Analysis of thd PEIGKBr Y RS EBEERELR 617 BT ARUTAL iR DAL SP kAN diliatiA hodes ester and
lactam carbonyl girdupsiais Biz8dorhrdoanereé4atorefor GRGursditaegdMRevde seredvietiin of 67000 Daltons

had been achieved @/ihihiseWas TG MABGIEaHRa 1 ikRiR el dRPhamEtoBraphy (50%

15 EtOAc/hexane, Rf = 0.4) to afford the desired compound as a pale yellow solid (68
mg. 64%). MP = 142 °C. "H NMR (400 MHz, CDCl;) §0.86 (t, J = 7 Hz, 3H); 1.05 (m,
1H); 1.15 (m, 1H); 1.2-1.6 (multiple signals, 8H); 1.71 (m, 1H); 2.10 (m, 1H); 3.33-
3.43 (m, 3H); 3.69 (m, 1H); 3.77 (t, J =7 Hz, 1H); 7.38 (d, J = 8.4 Hz, 2H); 8.02 (d, J
= 8.4 Hz, 2H). *C NMR (75 MHz, CDCls) §13.98, 22.68, 24.50, 25.55, 26.16, 30.04,

20 34.60, 43.32, 46.68, 48.82, 128.04, 130.50, 153.75, 170.59. HRMS (ESI + 1 ion) m/z
calcd for C41gH26NO3 304.1907, found 304.1917.

The remaining compounds were made by methods corresponding to those given
above, with appropriate variation of starting materials.

25
Examples Part 2 - Polymer systems

A number of polymers were synthesised, which polymers included a pendant group

corresponding to antifouling compound 16.5.

30  Specifically, compound 16.5 was incorporated into acrylate based polymers via the

use of monomer 16.11.



301H NMR analysis of the polymer confirmed the presence of the t-butyl moiety in the polymer, appearing
at 1.4 ppm. 57 Examples Part 3 - Biological Investigation of Compounds Methodology Biological assays
were conducted with larval barnacles. Barnacles are dominant and 5tenacious members of marine fouling
communities, and often serve as a substrate for less¥8sistant organisms. Therefore, historically they have
been used as a model organism for antifouling studies. To determine the biological response of larvae to
test compounds, two bioassags were peformed: settlesent fisirysettiement stage cyprids), and toxicity
(using nauplii). Procedures follo methods standard in toe 10fieJd, whichwere first described by
Rittschof et al. (1992). Preparatiorrof's ockliso;j:tion for bioassays Stock s@ns of each compound were
made at 50 mg/ml. Pure compounds were diluted in DMSO and soniCated. Stock solutions were stored at
-20C in 4 ml amber 15screw cap vials until use. For bioassays, a small amount of stock solution was
diluted in 1 im filtered seawater Or a glass scintillation vial). The solution was then sonicated for 10
minutes. To obtain the desired contehtration range, serial dilutionggqfithe test solution were made. As
control, a serial dilution of the equivalent amounts of DMSO in seawater was used. 20 Toxicity assays
Toxicity assays eRfIGYE St 45Ee P YRIVHRAMEEEPEFiERIIRITARER IR AsfFRRAIaFIlE)amphitrite (previously
Balanus amphitrisnRito he.52084 hqissay grocatheresneesestainddiadHicom RitigchGi ghal. (1992). Adult A.
amphitrite were galigciag gf%ﬁd!]'tﬁ;{io RdAIEAIRA NRIKIANILAAIERPNR RiROARG(S- Larval culture

was based gn Rijttschof et a_I.é198 . Following callection, nauplii were concentrated for use in bioassays
by placing afibePd ?%'ﬁ}'g?‘ﬂt'éf Heg e Ge ad}dtﬁoé('g'&ﬁtainer, and pipetting from the resulting dense
cloud of nauplii. 30In order to determine LD50 values for each compound, compounds were tested over a
range of concengpiipas strspndlsS0 For each assay, each compound at each concentration was tested
in trplicate with q,single baieh onauelJe.RUelAl Area was andMElef M, iring o different
batches of nauplu.eTwo controls were run gl?)ng wltﬁYeac ~assay (in triplicate): |It_eredS seawater only, and
DMSO at 1 ..ig/iE BS&IHRPPAIFSEPIT L 2dBVERIRRIRHING PR Wt R8T oncentration is 58
equivalent 10 theslbaurid drtdation fafnDS© dmitheimigitest test compound concentration).

Polymers containing compound 16.5 as a releasable functional unit were designed

with moderately hydrophilic (to ensure hydration in water) and to possess suitable

strength, solubility and compatibility with commercial marine paints. To fulfil these
15 requirements, the Tg of the polymer should preferably be higher than room

temperature and the molecular weight is targeted to be approximately 10 KDaltons.

Such polymers were synthesized by the polymerization of vinyl-containing compound
16.11 with the appropriate vinyl monomers under free radical conditions using AIBN,

20  ABCN or benzoyl peroxide as initiators.

Polymer A
P(16.11-co-MMA-co-HEA)
The copolymer of compound 16.11 with methyl methacrylate (MMA) and
25  hydroxyethyl acrylate (HEA) was designed to obtain the functional polymer. Thus
16.11, methyl methacrylate (MMA) and (HEA) were mixed and polymerized under

standard free radical conditions.



For assays, approximately 20 nauplii (in 50 pi filtered seawater) were added to 1 ml 5 test solution or
control, in a 2 ml glass vial (La Pha Pack@ PN 11-14-0544). Assays were run for 22 - 24 hours at 25-
27C. After this time, living and dead nauplii were counted using a Bogorov tray. Nauplii that were
approaching death were scored as dead. Data for alldssays was combined and LD50 was calculated
(where possible) using a probit analysis (Libermann, 1983). If LD50 could not be calculated using 10probit
analysis, values were extrapolated based[on plotted data. Settlement assays Settlement assays (using
barnacle cyprids) were based on methodotggy described in Rittschof et al. (1992). Nauplii were cultured
as described above, and then reared at 15 25CJon an algal mixture of 1:1 v/v of Tetraselmis suecica and
Chaetoceros muelleri (approximately denSity § x 105 cells per ml). Under these conditions, nauplii
typically metamorphose to cyprids in 5 days rids were d at 4 C for 2 days. Settlement in filtered
seawater controls after aging is generally 4 0. 20Settlement assays were conducted in 7 ml neutral
glass vials (Samco@ T103/V1; 34 x 23 mm di meter(),/ Forassays, each solution was made at twice the
desired final concentration; 0.5 ml of this soluff as Yansfetred to vials. To each vial, cyprids were
added by transferring 0.5 ml filtered seaw j 0 aged cyprids. As in toxicity assays: each
compound at each concentration was run in tnpli 25¢yprids from a single batch; two controls
(filtered seawater and DMSO) were run along with each assays; and the overall assay was conducted
twice, using two different batches of cyprids. Agsqyswareganducted for 24 hours, after which time the
number of settled cyprids, 30the number of free swimming (unsettled) cyprids, and the number of dead
cyprids were counted for each vial. Both metamd:r’BWBBeécf‘, juvenile barnacles and cyprids that had
committed to settlement (glued themselves to the vial), but had not yet metamorphosed, were counted as

‘'settled’. Data wasE£xRERSSR6 ﬁ%ﬂ%@?&fﬁﬁ&@étlﬁéﬂWAW%rﬁ“tﬁéﬁ%Y&W% FRpRirsshand EDSO (the
concentratiogw thg{ tﬁgcaysed a 50% reducF]ion in's ttle%}ent as compared. to C(Prt‘l;[rols% was calculated 59

(where possible) u5|n8°ayr|:1)1reorb5r€] ﬂefl@%@?ﬁ %'r(:%asnrr?,ng E?i%d i ED5 %08|8'%‘1 b& caicUlated using probit
analysis, values'@eperatdiaydittbdifavedldarpYitedty dragenResding SBwMIbifeaetiohy for the compounds
is shown in Tablisploanth@ hiRpspHEdQT Aeseygnveith batches of larvae, and three replicates of each
compound per batch. Where LD50 or ED50 could not be calculated using probit analysis, values were
estimated from plotted data. Compounds with a high LD50 value (low toxicity), but low ED50 (highly
potency) are moStd&sHf T 4oriona Bemrgss it B dde<haanyMiser D FhE b iissthPGinds show a
therapeutic! fationegerdivith, 20 grefatdithanO e ihgtyaxidetitfisttrylate (HEA) and 40 mg of

ABCN in 3 ml of DMF. The mixture was degassed by purging with nitrogen for 10

min. and then placed into an oil bath thermosetted at 70°C for 16 hours. Following
this, the reaction mixture was poured into 50mL of ether. The precipitate was
collected by filtration and dried under vacuum at room temperature to afford the title

15 compounds as a colourless solid (2.5 g, 74%).

Analysis of the polymeric material by IR spectroscopy revealed the expected ester

C=0 stretching absorbances at ~1730 cm™ along with a key absorbance detected at

1621 cm™. Such low frequency C=0 vibrations are characteristic of tertiary amides,
20 and therefore this band is assigned to the piperidine amide linkage of the

polymerized 16.11.

Polymer B
P(16.11-co-MMA-co-VP)

25  Polymer B was of a similar design to polymer A but vinyl pyrrolidinone (VP) was used
in the place of HEA in order to increase the hydrophilicity of the polymer. Polymer B



non-functionalised compounds (12.1 and 12.2; PCT/SG2009/000175) Compound L D50 (jig/m1) E D50

(i.tg/m 1) TR (L D50/ED50) 12.1 9.11 1.50 6.07 (reference)

0.19

10

15

20

25
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was synthesized under free radical conditions using the same monomer ratios as that

described for polymer A. The structure of polymer B is shown below.

16.11 MMA VP

Polymer B

0.5 g of the functional monomer was mixed with 2.0 g of MMA, 1.0 g of vinyl
pyrrolidone (VP) and 40 mg of ABCN in 3 ml of DMF and the mixture was degassed
by purging with nitrogen for 10 min. Then the mixture was placed into an oil bath
thermosetted at 70°C for 16 hours. Then to the product was added 5 ml of DCM to
form a clear solution. The solution was poured into hexane with stirring. The purified
product was collected as a white precipitate. The pure product was collected and
dried in air at room temperature to afford the title compound as a colourless solid (1.9
g, 54%).

Analysis of the polymer by IR spectroscopy revealed the expected ester carbonyl
stretching absorbances at ~1724 cm™ along with the previously assigned piperidine
amide carbonyl vibration at ~1640 cm™. The incorporation of VP is evident by IR
spectroscopy with a clear absorbance appearing at ~1660 cm™, consistent with the

presence of the y-lactam.

GPC revealed a MW of 5300 Daltons. Finally, the soluble nature of the polymer
allowed further analysis by "H NMR spectroscopy. Signals at 6.9 - 7.2 ppm are
assigned to the phenyl moiety of the 16.11 units, whilst the broad peak at 4.0 ppm to
4.3 ppm was assigned to ring methylene adjacent to the N-atom of the pyrrolidinone
unit. Large broad signals in the 3.5 - 3.8 ppm are assigned to the methyl ester of the

MMA units (Brar and Kumar, 2002). The signals at 0.9 ppm - 2.5 ppm are ascribed to

12.2 9.83 2.00 4.92 (reference)

15.1 22.95



120.79 15.2 >25 1.46 >17.12 15.3 3.67 2.85 1.29 15.4 8.22 3.29 2.5 15.5 8.66 2.16 4.01 15.6 33.21 9.12
3.64 15.7 >251.75
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the methylene and methine groups of the polymer backbone and the methylene and
methyl groups of side chain of 16.11.

Polymer C
5 P(TBA-co-MMA-co-VP)
A standard co-polymer (polymer C) was also synthesized where 16.11 was replaced
with t-butyl acrylate (TBA). Such a polymer was synthesised in order to ascertain if
any background toxicity or anti-settlement activity existed as a function of the
copolymer itself.
10

TBA MMA VP

Polymer C

The free radical polymerization was carried out using the same mass ratios as for
15  polymers A and B.

0.6 g of tert-butyl acrylate was mixed with 2.0 g of MMA, 1.0 g of vinyl pyrrolidone
(VP) and 40 mg of ABCN in 3 ml of DMF and the mixture was degassed by purging
with nitrogen for 10 min. Then the mixture was placed into an oil bath thermosetted at
20  700C for 16 hours. Then to the product was added 5 ml of DCM to form a clear
solution. The solution was poured into hexane with stirring. The purified product was
collected as a white precipitate. The pure product was collected and dried in air at

room temperature to afford the desired compound as a colourless solid (3.2 g, 89%)

25  Analysis of the polymer by IR spectroscopy revealed the presence of key vibrational
modes ester and lactam carbonyl groups at 1728 cm™ and 1664 cm™. GPC indicated
the desired MW of 67000 Daltons had been achieved and this was much higher than
that obtained for polymer B.

30 'H NMR analysis of the polymer confirmed the presence of the t-butyl moiety in the

polymer, appearing at 1.4 ppm.



14.29 16.1 >50 4.11 >12.17 16.2 >50 13.4 >3.73 16.3 >50 6.35 >7.87 16.4 27.2 0.23 118.26 16.5 17.15
0.19 90.26 16.6 >50 9.25
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Examples Part 3 - Biological Investigation of Compounds

Methodology
Biological assays were conducted with larval barnacles. Barnacles are dominant and

tenacious members of marine fouling communities, and often serve as a substrate for
less resistant organisms. Therefore, historically they have been used as a model
organism for antifouling studies. To determine the biological response of larvae to
test compounds, two bioassays were performed: settlement (using settlement stage
cyprids), and toxicity (using nauplii). Procedures followed methods standard in the
field, which were first described by Rittschof et al. (1992).

Preparation of stock solution for bioassays

Stock solutions of each compound were made at 50 mg/ml. Pure compounds were
diluted in DMSO and sonicated. Stock solutions were stored at —20°C in 4 ml amber
screw cap vials until use. For bioassays, a small amount of stock solution was diluted
in 1 um filtered seawater (in a glass scintillation vial). The solution was then
sonicated for 10 minutes. To obtain the desired concentration range, serial dilutions
of the test solution were made. As control, a serial dilution of the equivalent amounts

of DMSO in seawater was used.

Toxicity assays

Toxicity assays employed stage Il naupliar larvae of the barnacle Amphibalanus
amphitrite (previously Balanus amphitrite: Pitombo, 2004). Assay procedures were
modified from Rittschof et al. (1992). Adult A. amphitrite were collected from inter-
tidal areas near the Kranji mangrove, Singapore. Larval culture was based on
Rittschof et al. (1984). Following collection, nauplii were concentrated for use in
bioassays by placing a fiber optic light source at one side of the container, and

pipetting from the resulting dense cloud of nauplii.

In order to determine LD50 values for each compound, compounds were tested over
a range of concentrations between 0 — 50 ug/ml. For each assay, each compound at
each concentration was tested in triplicate with a single batch of nauplii. The overall

assay was conducted twice, using two different batches of nauplii. Two controls were
run along with each assay (in triplicate): filtered seawater only, and DMSO at 1 pg/ml

(since DMSO was used as a solvent for test compounds, this concentration is



>5.41 16.7 24.58 26.88 0.91 16.8 >50 29.05 1.72 16.9 >50 >50 NA 16.10 >50 3.49 >14.33 60
16.116.571.534.29 Table 1: Biological activity. ED50 values are anti-settlement (tested with barnacle
cyprids); LD50 values are toxicity (tested with barnacle nauplii). Compound L D50 (jig/m1)
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equivalent to the concentration of DMSO in the highest test compound

concentration).

For assays, approximately 20 nauplii (in 50 pl filtered seawater) were added to 1 ml
5 test solution or control, in a 2 ml glass vial (La Pha Pack® PN 11-14-0544). Assays
were run for 22 — 24 hours at 25 — 27°C. After this time, living and dead nauplii were
counted using a Bogorov tray. Nauplii that were approaching death were scored as
dead. Data for all assays was combined and LD50 was calculated (where possible)
using a probit analysis (Libermann, 1983). If LD50 could not be calculated using

10  probit analysis, values were extrapolated based on plotted data.

Settlement assays

Settlement assays (using barnacle cyprids) were based on methodology described in

Rittschof et al. (1992). Nauplii were cultured as described above, and then reared at
15  25°C on an algal mixture of 1:1 v/v of Tetraselmis suecica and Chaetoceros muelleri

(approximately density 5 x 105 cells per ml). Under these conditions, nauplii typically

metamorphose to cyprids in 5 days. Cyprids were aged at 4° C for 2 days. Settlement

in filtered seawater controls after aging is generally 45-70%.

20  Settlement assays were conducted in 7 ml neutral glass vials (Samco® T103/V1; 34
x 23 mm diameter). For assays, each solution was made at twice the desired final
concentration; 0.5 ml of this solution was transferred to vials. To each vial, cyprids
were added by transferring 0.5 ml filtered seawater containing 20 — 40 aged cyprids.
As in toxicity assays: each compound at each concentration was run in triplicate with

25  cyprids from a single batch; two controls (filtered seawater and DMSO) were run
along with each assays; and the overall assay was conducted twice, using two
different batches of cyprids.

Assays were conducted for 24 hours, after which time the number of settled cyprids,
30 the number of free swimming (unsettled) cyprids, and the number of dead cyprids
were counted for each vial. Both metamorphosed, juvenile barnacles and cyprids that
had committed to settlement (glued themselves to the vial), but had not yet
metamorphosed, were counted as ‘settled’. Data was expressed as percent
settlement. Data for all assays was combined and ED50 (the concentration that

35 caused a 50% reduction in settlement as compared to controls) was calculated



EDSO (j..ig/m I) TR (L Da/FDA 17.1 9.27 2.37 10.71 17.2 >50 8.69 >50 17.3 18.61 2.85 11.82 17.4 14.62
0.6512.21 17.525.14 3.44 22.73 17.6 9.82
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(where possible) using a probit analysis (Libermann, 1983). If ED50 could not be
calculated using probit analysis, values were extrapolated based on plotted data.

Results
5 Biological activity for the compounds is shown in Tables 1 and 2. Data is from assays

with batches of larvae, and three replicates of each compound per batch. Where LDsg
or EDsp could not be calculated using probit analysis, values were estimated from
plotted data. Compounds with a high LDs, value (low toxicity), but low EDsq (highly
potency) are most desirable for anti-fouling purposes. A number of the tested

10  compounds show a therapeutic ratio equal to, or greater than previously identified
non-functionalised compounds (12.1 and 12.2; PCT/SG2009/000175)

Compound LDso (ug/ml) EDso (ng/ml) TR (LDso/EDsp)
12.1 9.11 1.50 6.07

(reference)
12.2 9.83 2.00 4.92

(reference)
15.1 22.95 0.19 120.79
15.2 >25 1.46 >17.12
15.3 3.67 2.85 1.29
15.4 8.22 3.29 25
15.5 8.66 2.16 4.01
15.6 33.21 9.12 3.64
15.7 >25 1.75 14.29
16.1 > 50 4.11 >12.17
16.2 > 50 13.4 >3.73
16.3 > 50 6.35 >7.87
16.4 27.2 0.23 118.26
16.5 17.15 0.19 90.26
16.6 >50 9.25 >5.41
16.7 24.58 26.88 0.91
16.8 >50 29.05 1.72
16.9 >50 >50 NA

16.10 >50 3.49 >14.33



2.1410.44 17.7 >50 34.12 >50 17.8 12.46 4.29 12.45 17.9 >50 >50 >50 5 Table 2: Biological activity.
ED50 values are anti-settlement (tested with barnacle cyprids); LD50 values are toxicity (tested with
barnacle nauplii). Biological screening therefore indicates that functionalized molecules retained or
10improve upon desirable biological activity (high poféhcy against barnacle cyprid settlement, yet low

toxicity). CompouWﬁhWWWncy) are most
desirable for anti-fouling |5ﬁrbbses. All the6c%7mpounds gav '?ﬁerapeutic ratiog 5greater than 1. The

above results demonstrate that these new small organic molecules can be used as environmentally
benign antifouling additives. These molecules retain effective anti-settlement activity despite differing
substituents and suBRiBIP!pARR ALY tFD2 0l Atk A eitement UeRiGrhyr BRTRE'8ompounds display
bioactivity comparable to, cypoidtietBhamathes afethexitins(ibsttinet) parentestawptiire. These new molecules
improve upon the parent structure in that they can support functionality which can be

Compound LDso (ug/ml) EDso (ug/ml) TR (LDso/EDsp)
17.1 9.27 2.37 10.71
17.2 >50 8.69 >50
17.3 18.61 2.85 11.82
17.4 14.62 0.65 12.21
17.5 25.14 3.44 22.73
17.6 9.82 2.14 10.44
17.7 >50 34.12 >50
17.8 12.46 4.29 12.45
17.9 >50 >50 >50

Table 2: Biological activity. EDsg values are anti-settlement (tested with barnacle

cyprids); LDsg values are toxicity (tested with barnacle nauplii).

Biological screening therefore indicates that functionalized molecules retained or
10  improve upon desirable biological activity (high potency against barnacle cyprid

settlement, yet low toxicity).

Compounds with a high LDs, value (low toxicity), but low EDsq (highly potency) are
most desirable for anti-fouling purposes. All the compounds gave therapeutic ratios

15  greater than 1.

The above results demonstrate that these new small organic molecules can be used
as environmentally benign antifouling additives. These molecules retain effective
anti-settlement activity despite differing substituents and substitution patterns on the
20 aromatic ring. Indeed, a number of the compounds display bioactivity comparable to,
or better than that of the unsubstituted parent structure. These new molecules
improve upon the parent structure in that they can support functionality which can be

used to tether or anchor the antifouling compounds to a marine coating system.



used to tether or anchor the antifouling compounds to a marine coating system. 61 The compounds can
be blended into existing acrylate paints and are therefore practical alternatives to the current coating
options. Furthermore, due to their simple structure the compounds are attractive candidates for
degradation via bacterial S5means in the marine envirdhment and are less likely to accumulate and pose a
health risk in the future. In addition, given that existing organic biocides such as Diuron@ and Sea-Nine@
have been shown to bioaccumulate and cause detrimental effects in the marine environment, the
compounds of thidngresmauimsesioperepndsdiiita xftinh kealaierrstive todrarditieneforaetal-based additives.

10 Examp|eSbP%ﬁa‘hi%@hﬂ.&ﬂaﬁv&é%ﬁﬁ@cB@‘:ﬁ%%%litﬁglj%%ng.’ﬁﬂ@?ﬁ@ﬂe??lmuﬁiwau Hlates for Iabogitory
assays Two batches o styrene 4 X 6 tiwell plates.(base of the well 2 cm') were 15prepared for
amormtory asem R L s B T B B e e T e Tt 1 covP)
in 1.0 ml of 8thaRSRMFHR HRfed Rrepe\EeateRM AT fie BesiialvdanisHmofaleestrae8@ution (10 i1_, 20 kil_,
301i1_, 40 kil_, heapH riaxich Tk kiltyraniel plaited igiain 8ia? ékstorgmhauisbibbiaasdeicnised water was added
into those wells. f\iter 84 P8LS TRRMAIS R TEMRVER BRRRIGIRILEAmy G Yelis aRdhepstored for further

analysis. The polystyrene plates were then dried under a stream of dry air. Meanwhile, the control
specimens were BRI HE'S SME NI WithE (PIAEP SHAKR P SEHIE MG AL EBR®8Fhe coatings were
tested for antifodivgjuetfleciiansatigebatrettilioray prlatotiteheanditiesays. Cyprids were cultured as described
above. Afterp5 days, cyprids were obtained and they were aged at 4C for 2 days before the settlement
experiment. For Expepissardrteyp rdymweate seded by transferring 1 ml filtered seawater containing 20 - 40
aged cyprids intRelaate@ibighe multi-well plates were incubated for 24 30hours, after which time the

number of settleggypridsy hrenmumbes okl es pubnmadsysettled) cyprids, and the number of dead
cyprids were coqnteggto each well. The result or thei assay iven,in Fi yre 1. For all treatments, cyprid

. IS

. fyrenc 4 sl 5 f >t

mortality was less than 10%. §8{¥Fe hent on the contr cgal(mag ,eF? I\M\Gfl -eco-%%\)-(\:'\f)e-RE}P), was similar
15  prepared for laboratory assays. A stock solution of polymer was made by dissolving

50 mg of P(MMA-co-16.11-co-VP) in 1.0 ml of ethanol. The plates were coated with
the desired amount of the stock solution (10 uL, 20 puL, 30 uL, 40 pL, 50 uL and 70

uL) and placed in air at 27 °C for 6 hours. Then deionised water was added into
those wells. After 24 hours the water was removed completely from the wells and

20  stored for further analysis. The polystyrene plates were then dried under a stream of
dry air. Meanwhile, the control specimens were prepared in the same way without

water soaking.

Settlement Assay

25  The coatings were tested for antifouling effects using barnacle cyprid settlement
assays. Cyprids were cultured as described above. After 5 days, cyprids were
obtained and they were aged at 4° C for 2 days before the settlement experiment.
For experiment, cyprids were added by transferring 1 ml filtered seawater containing
20 — 40 aged cyprids into each well. The multi-well plates were incubated for 24

30  hours, after which time the number of settled cyprids, the number of free swimming

(unsettled) cyprids, and the number of dead cyprids were counted for each well.

The result of the assay is given in Figure 1. For all treatments, cyprid mortality was
less than 10%. Settlement on the control coating, P(MMA-co-tBA-co-VP), was similar
35 to that for uncoated polystyrene. Wells coated with P(MMA-co-16.11-co-VP) showed

reduction in cyprid settlement, with no settlement observed for treatments >40pl.



35to that for uncoated polystyrene. Wells coated with P(MMA-co-16.11-co-VP) showed reduction in cyprid
settlement, with no settlement observed for treatments >404 62 Quantification by HPLC Aliquots of
solutions obtained after soaking for 24 hours were mixed with a known volume of the internal standard
and directly injected into a HPLC system and 5Smonit62ed at 226 nm. The amount of 16.5 released into the
solutions obtained after soaking are shown below in Table 3 along with the calculated release rate. In
each case, the amount of 16.5 released falls in a very narrow range (0.15 - 0.45 representing the similar
surface area expgosutifteatios tiE€6Gs environment in each case, regardless of the quantity of polymer. 10

Volume of MassgfRseasef déhs JaalnagamdiiddAringot 04 Aot M MReanl dldnsan (fig) Rate VP)
stock solution Vl\zl)glugﬁ%%fqmezlnqg%éji)s{%adlérd and directly injected into a HPLC system and

5

10

15

20

monitored at 226 nm. The amount of 16.5 released into the solutions obtained after
soaking are shown below in Table 3 along with the calculated release rate. In each
case, the amount of 16.5 released falls in a very narrow range (0.15 — 0.45 ng),
representing the similar surface area exposed to the aqueous environment in each

case, regardless of the quantity of polymer.

Volume of Mass of Released 16.5 Release
P(MMA-co-16.11-co- P(MMA-co-16.11-co- (ng) Rate
VP) VP) (ug cm?
stock solution day™
10 uL 500 ng 0.247 0.124
20 uL 1000 ng 0.136 0.0677
30 pL 1500 ng 0.212 0.106
40 uL 2000 ng 0.400 0.200
50 uL 2500 ng 0.242 0.121
70 pL 3500 ng 0.430 0.215

Table 3 - Mass released and calculated release rates of 16.5 released from coated

wells after 24 hours.

Figure 1 shows average percentage settlement of barnacles in the coated wells.
P(MMA-co-tBA-co-VP) was applied as the control coating. Settlement on this coating
was similar to that for uncoated polystyrene. Increased amounts of P(MMA-co-
16.11-co-VP resulted in decline in barnacle settlement, with no settlement for test

treatments >40ul. In all treatments, cyprid mortality was less than 10%.
Following successful release of active compound 16.5 from the polymer, analysis
was carried out into the hydrolysis of compound 16.11 from the polymer to release

compound 16.5 into solution.

Preparation of coated vials for laboratory analysis



500 ag 0.247 0.124 20 kil_ 1000 pig 0.136 0.0677 30 kil_ 1500 pig 0.212 0.106 40 kil_ 2000 pig 0.400
0.200 50 kil_ 2500 pig 0.242 0.121 70 kil_ 3500 pig 0.430 0.215
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The inner base of glass vials with an internal diameter of 12 mm was matted with
coarse sandpaper and then inoculated with a stock solution of P(MMA-co-16.11-co-
VP) in ethanol such that the quantity of copolymer present is 500 ug and 2500 pg of
P(MMA-co-16.11-co-VP) respectively, covering a surface area of 1.13 cm?. The vials
5 were allowed to cure overnight prior to the addition of 2 mL of deionised water was

added to each well. After 24 hours, the water was removed and replaced by 2 mL of
fresh deionised water. The process was repeated after a further 24 hours and again
for a further 48 hours giving a time course of 1, 2 and 4 days. Aliquots of the
collected solutions were run against an internal standard (phenol), monitoring the

10  response ratio at 226 nm. The resulting mass of 16.5 released at the specified time

points are shown in Table 4.

In each case the presence of 16.5 in the water was confirmed by analysis of the
aliquots by analytical HPLC- ESI.

15
Mass of Mass of 16.5 released (ug)
P(MMA-co-16.11-co-
VP) Day 1 Day 2 Day3-4 Day5-7

coating
0.482 0.0064 0.046 0.0054

500 ug 0.572 0.0022 0.039 0.0086
0.534 0.0018 0.083 0.0096
0.067 0.0042 0.0031 0.0263

2500 ug 0.034 0.0051 0.0013 0.0233
0.050 0.0091 0.0053 0.0350

Table 4 - Mass of 16.5 released from polymer coated vials after 24 hours

The average release rates for the first four days are shown in Table 5. The strikingly
different release rates of the 500 pug and 2500 ug coated vials on day 1 (0.468 nug

20 cm?day” and 0.045 ug cm? day ™' respectively) reflect the different surface roughness
of the coatings at the start of the release studies. After day 1 it can be seen that the
release rates converge and this level of release is sustained at similar levels over the

next 6 days.

25



Table 3 - Mass released and calculated release rates of 16.5 released from coated wells after 24 hours.
Figure 1 shows average percentage settlement of barnacles in the coated wells. 15P(MMA-co-tBA-co-VP)
was applied as the control coating. Settlement on this coating was similar to that for uncoated
polystyrene. Increased amounts of P(MMA-c016.11-86-VP resulted in decline in barnacle settlement, with
no settlement for testireatments >404 In all treatments_cyprid martality was less than 10%. 20Following
successful release of active ¥%H8lind 16.5 ffoieraEe ippsrraiamily8is Was®arfiad dut into the hydrolysis
of compound 16.11 fror(hrpoadybéeritodelease compound 16.5 into solution. Preparation of coated vials
for laboratory analysis 63 The\}ﬁyer base ofgtass-vialswith-an-internat-diameteref-£2 mm was matted
with coarse sandpaper and then inoculated witbay 3tock sbhytipn of BéMMA-copk§.21-coVP) in ethanol
such that the quantity of copSRRIEP present is 500 ig and 2500 ig of P(MMA-co-16.11-co-VP) respectively,
covering a surface area of 1.13ccpy. The vials pugre alloyed3p curgspeernighd. poley to the addition of 2
mL of deionised water was added to each well. After 24 hours, the water was removed and replaced by 2
mL of fresh deionised water.2PR8 p¥ocess wastEfdated K04 furtA@O34 holRPEHY again for a further 48
hours giving a time €QIJE% - Beole s PP P S f EQHER PITENSMELE 4un against an
internal standard (phenol), monitoring the 10refs onse @tio at 226 nm. The resulting mass of 16.5
UITUPRAE T % each case the presence of 16.5 in the water

released at the specified time points are shown
was confirmed by analysis of the aliquots by analytical HPLC- ESI. 15 Mass of Mass of 16.5 released
(fig) P(MMA-coHrERERCES

5 A number of patents and publications are cited above in order to more fully describe
and disclose the invention and the state of the art to which the invention pertains.
Full citations for these references are provided below. Each of these references is
incorporated herein by reference in its entirety into the present disclosure, to the
same extent as if each individual reference was specifically and individually indicated
10  to be incorporated by reference.

Armarego, W.L.F.; C.L.L. Chai. 2003. Purification of Laboratory Chemicals; 5th ed.;
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0.067 0.0042 0.0031 0.0263 2500 ig 0.034 0.0051 0.0013 0.0233 0.050 0.0091 0.0053 0.0350 Table
4 - Mass of 16.5 released from polymer coated vials after 24 hours The average release rates for the
first four days are shown in Table 5. The strikingly different release rates of the 500 ig and 2500 ig
coated vials on day 1 (0.468 ig 20 cm' day-1 and 0.045 ig cm' day-1 respectively) reflect the different
surface roughness of the coatings at the start of the release studies. After day 1 it can be seen that the
release rates converge and this level of release is sustained at similar levels over the next 6 days. 64
500 pig0.4820.00310.00890.0049 2500 pig0.04480.00540.00310.0083 Table 5- Release rate of 16.5
from P(MMA-c0-16.11-co-VP) coated vials as a funééion of time.

CLAIMS
1. Use of compound of formula (1) or a salt thereof in & method of reducing or
preventing fouling:
S
0
R! R3
\[)L“["/
R? Rs
M
10
wherein
each of R' and R? is independently sslected from
15 (A) aryl substituted with at least one of OH, R¥'OH, OR®2, R¥'OR%2, OC(O)H,
OC(O)R™, R*'OC(O)H, R*'OC(O)R*, C(O)OH, C{O)OR™, R¥'C(O)OH,
RE'C(0)OR™, OR®'OH, ORS'OR®, OR *'OC(O)H, OR='0C(0)R®, OR
#1C(0)OH and OR 5'C(O)OR®?,
20 wherein, if present, each R%! is independently optionally substituted C, to
C; alkylene, and
whereln, if present, each R* is independently selected from optionally
substituted C; to C; alkyl, C; to C; alkenyl and C, to Csalkyl silyl-C; to Cs
25 alkylene.
and
(B) optionally substituted saturated C, to Cy3 alkyl or C; to Cys alkenyl
30

with the proviso that at least one of R' and R? is (A);

and



REFERENCES 5A number of patents and publications are cited above in order to more fully describe
and disclose the invention and the state of the art to which the invention pertains. Full citations for
these references are provided below. Each of these references is incorporated herein by reference in
its entirety into the present disclosure, to the same extent as if each individual reference was
specifically and individually indicated 10to be incorporated by reference. Armarego, W.L.F.; C.L.L.
Chai. 2003. Purification of Laboratory Chemicals; 5th ed.; Butterwortth-Heinemann: Sydney. 15Brar, A.
S. and R. Kumar. 'Investigation of Microstructure of the N-Viny1-2- pyrrolidone/Methyl Methacrylate
Copolymers by NMR Spectroscopy' Inc. J Appl Polyéh Sci 85: 1328-1336, 2002. Libermann H. R.
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(o)
Rt
T)L”
Re R
R6

@in
wherein R® and R® are independently selected from hydroxyl, optionally -
15 substituted C, to Cg alkyl, optionally substituted phenyl and H,

or

(it) each of R* and R* is independently selectad from optionally substituted C,
20 to Cg alkyl.

3 Use according to claim 2, wherein in respect of option (1) each of R® and R® is
H; and In respect of option (ii) each of R® and R* is Me.

25 4. Use according to any one of claims 1 to 3, wherein

R'is (B)and R®*Is



CLAIMS 1.Use of compound of formula (1) or a salt thereof in a method of reducing or preventing
fouling: 10 wherein each of RI and R2 is independently selected from 15(A) aryl substituted with at
least one of OH, 12310H, OR22, FeOR22, 00(0)11, OC(0)R22. R2100(0)H, R810C(0)R22, C(0)OH,
C(0)OR, R5I0(0)0H, R81C(0)0R22 , ORZ2I0H, OR GIORS2, O0R5100(0)H, OR210C.(0)R22, OR
21C(0)OH and OR2IC(0)0R22, 20wherein, if present, each R2lI is independently optionally substituted
Cl to C5 alkylene, and wherein, If present, each R22 is independently selected from optionally
substituted Ci to C,elicyl, Cato Cs alkenyl and 01 to Cs alkyl silyl-C1 to Cs 25alkylane. and (B)
optionally substituted saturated Cs to 012 alkyl or C&to C12alkanyl with the proviso that at least one of
Rl and R2 is (A); 87 each of Rs and R4 are independently optionally substituted CI to Cu alkyl. or Rs
and R4 together form an optionally substituted 5 to~42-membered heterocycle which Incorporates the
nitrogen to which they are attached. 5 2.Usegaecording tgsglaim 1, wherein () R3 and R4 together
form an optionally substituted 6-membered hete which Incorporates the nitrogen to which they
are attached according to 10formula (ll):
. RA4 RA2
RA?
(la)

_ wherein each of RM, R®, RM R™ and R is independently selected from
5 OH, R¥'OH, OR®, R%'OR™, OC(Q)H, OC(0)R™, R¥'OC(O)H, R*'OC(0)R™,
C(O)OH, C(O)OR™, R3'C(0)OH, R¥'C(0)OR™ , OR*'OH, OR%'OR®, OR
$'0C(O)H, OR *'OC(O)R%?, OR®'C(0)OH, OR5'C(OYOR®, H and R,

wherein, if present, each R¥! Is Independently optionally substifuted C, fo
10 Cs alkylene, and

wherein, if present, each R is independently selected from optionally
substituted C, to Cs alkyl, Ca to Cs alkenyl and C4 to Csalkyisily-Cy to Cs
alkylene,

15

with the proviso that at least one of R, R*2, R™, R™ and R* is not H or
R%?,

5. Use according to any one of claims 1 to 4, wherein R' is C, alkyl or Cq
20 alkenyl.

8. Use according to any one of claims 1 to 3, wherein the compound Is a -
compound of formula (lll) or formula (IV)

25



(1 wherein Rs and R5 are Independently selected from hydroxyl, optionally 15substituted CI
to CQ alkyl, optionally substituted phenyl and H, or (i) each of Rs and R4 is independently
selected from optionally substituted CI 20to Co alkyl. 3.Use according to claim 2, wherein in respect of
option (I) each of R5 and He is H; and in respect of option (ii) each of R3 and R4 Is Me. 25 4.Use
according to any one of claims 1 to 3, wherein Rs Is (B) and R2 Is 68 RA3 wherein each of RAI,
RA2, RA, RAI and IRAs is independently selected from 50H, RsIOH, OR52, R sIORs2, OC(0)H.
OC(0)R52, 11510C(0)H, R5I0C(0)Rs2, C(0)0OH, C(0)0R82, R51C(0)0H, R sIC(0)0Fts3 , OR 810H, OR
sIORs2, OR sIOC(0)H, OR50C(0)Rs2, OR5IC(0)0H, ®RsIC(0)0R82, H and Ra2, wherein, if
present, each Rsi Is Independently optionally substituted Ci to 10C alkylene, and wherein, if present,
each Rs2 is independently selected from optionally sub$tituted Ci to 05 alkyl, C2 to C2 alkenyl and CI
to Cs alitylsllyl-C, to Cs aikylene, 15 with the prowso tha¥ st one of RA1, RA2, Rim, Rm and RA3
Is not H or Fts2. 5. Use according to any.efe.e sit t@herein R1is C. alkyl or Co 20alkenyl.
6. Use according to any one of claims Ito 3hxgher|n theRco und Is a compound of formula (I11) or

formula (V) O
. RM

RA2
RA3
(i
° .
- ®

RAS RA1
RA4: RA2

RAS

5
(V)

wherein each of R, R*, R®, R™ and R™ is independently selected from

OH, R¥OH, OR%, R*'OR®2, OC(O)H, OC(O)R2, R'OC(O)H, RS'OC(O)R2,
10 C(OYOH, C(O)OR®, R¥'C(O)YOH, RE'C(O)OR®? , OR®'OH, ORS'OR®, OR

$'OC(0)H. OR®'OC(0)R?, OR®'C(0)OH, OR *'C(0)OR®?, H and R,

wherein, if present, each R*' is independently optionally substituted C, to
Cs alkylene, and

15
wherein, if present, each R is independently selected from optionally
substituted C, to C; alkyl, Cz to Cs alkenyl and C, to Csalkylsilyl-C; to Cs
alkylene,

20 with the proviso that at least one of R*, R™, R*, R™ and R* is not H or
R,



25 69 0 5 wherein each of RAI, RA2, Ro.,RA4 and Fr is independently selected from OH, R310H,
OR32,sFt ioRs2, Gee*. oc(0)R52, - OC(0)H, R310C(0)1R32, 10C(0)0H, 0(0)01:232, R51C(0)OH,
R51C(0)01R32 , ORsIOH, OR slORa2, OR 310C(0)H. 012310C(0)R32, OR31C(0)0H,
OR31C(0)0R321 H and R32, wherein, if present, each R51 Is independently optionally substituted C,
to Cs aikylene, arid 15 wherein, if present, each R is independently selected from optionally
substituted C, to Cs alkyl, Cz to C5 alkenyl and CI to C5alkyisityl-C1 to C5 alkylene, 20with the proviso
that at least one of RAI, RAI, RAI, RA4 and RAI Is not H or 70 7. Use according to any one of claims
1 to e, wherein, if present, each R21 is independenfty optionally substituted CH to 03 alkyiene, and
wherein, if present, each R32 is independently selected from optionally substituted C, to 03 alkyl and
02 to Cs 5alkenyl and CI to C3 alkylsily1-C1 to 03 alkyiene. 8. Use according to any one of claims 1 to
3, wherein R4 is (B) ahd R24sat@rding to any one of claims 1 to 6, wherein, if present, each R™ is

independently optionally substituted C4 to Cs alkylene, and wherein, if present, each

R® s independently selected from optionally substituted C, to C; alkyl and C; to Cs

S alkenyl and C, to C;alkylsilyl-C, to C; alkylene.

8. Use according to any one of claims 1 to 3, wharsin

R'is (B)and R?Is
10

RAS RAt

RM RA2
RA3

wherein each of RM, R*2, R, R™ and R is independently selected from OH, OMe,
C(O)OH, CHa0H, CH,0ACc, OC(Q)CHs, OCHZC(O)OH, OCH;C(O)YOCH,,

15 OCH;CHyOH, OCH,CH,OC(0)CHs, OCH,CH,Si(Me)s and OC(O)CH=CHj, and H,
with the proviso that at least one of R*, R*, R*, R™ and R*® is not H.

9. Use according to claim 8, whereln at least two of R, R®2, R, RM and R*
are H.

20
10.  Use according to claim 8, whereln at least three of R, R, RA%, R™ and R
are H.

11, Use according to clalm 1, wherein the compound s selected from compounds
25 15.1,18.2, 15.3, 154, 16.5, 16.6, 15.7, 16.1, 18.2, 16.3, 16.4, 16.5, 16.6, 16.7, 16.8,
' 16.9, 16.10, 16.11, 17.1, 17.2, 17.3, 17.4, 17.5, 17.6, 17.7, 17.8 and 17.9.

12. A polymer comprising at least one repeating unit formed from a compound of
formula (1) as defined in any one of claims 1 to 11,
30



RA3 wherein each of RAI, 1242, RA4, IRA4 and RA4 is independently selected from 014, OMe,
0(0)014, CH20H, CH20Ac, OC(0)CH2, 0CH2C(0)0H, 00H2C(0)0C1-12, 15 OCH2C1-120H,
OCH2CH200(0)0H3, OCH2CH2SI(Me)3 and OC(0)C14-C142, and 1-1, with the proviso that at least
one of RAI, RA2, RA3, RA4 and RAIl is not H. B.Use according to claim 8, wherein at least two of R41,
RAI, Rm, RAE and R.42 are H. 20 10.Use according to claims, wherein at least three of Rm, RA2,
RA2, RA4 and RAG are H. 11,Use according to claim 1, wherein the compound is selected from
compounds 2515.1, 15.2, 15.3,15.4, 15.5, 15.6, 15.7, 18.1, 18.2, 16.3, 16.4, 16.5, 16.6, 16.7, 16.8,
16.9, 16.10.16.11! 17.1, 172,17.3, 17.4, 17.5,17.6, 174.7,17.8 and 17.9. 12.A polymer comprising at
least one repeating unit forrned from a compound of formula (1) as defined in any one of claims 1 to
11, 30 71 13. A polyriver adéeobiergorardingitncie 1&decdin taaqaisiaeelidtesdierced from a (meth)acrylate
polymer and a silicondmsdiipandate polymerandeisiitrer exteeaeling to claim 13, wherein the polymer Is a
(meth)acrylate 5 polymer and comprises repeating units derived from one or more of
methylmethaciylate (WHA), hyochigrsratioyting ryeste (5 Wbégiathapoimer pyar(odibtimone (VP). 15. A polymer
according to any ofie efipiwmg ddnpdsdstepesthgnisia geavpinaant gnaerp diccording to formula X wherein
15RI is optionally substiteetsatijaatema) oG atiydoHES ioaQdy? pplisiimpheqveh of R3 and R4 are
independently optionally substituted C1 to Cs alkyl, or R3 and R4 together form an optionally
substituted 5 to 12-memberesbipetciaoitiewdnicind soanpenate sakmptii@gaintanthich they are attached,
each RAX is independenip/asaleatadidian the options for any one of R'l to R44 described in any one of
claims Ito 11, n istan integer In the range 0 to 4, and wherein

0O
R1 R3

N/
|

R4

/RL (RAX),
W
x)
wherein
15 R' is optionally substituted saturated Cj to Cyz alkyl or Cj to Cyz alkenyl

each of R? and R* are Independently optionally substituted C, to Cg alkyl, or
R* and R* together form an optionally substituted 5 to 12-membered '
heterocycele which Incorporates the nitrogen to which they are attached,

20
each R is independently selected from the options for any one of RM to R
described in any one of claims 1 to 11,

n is an infeger in the range 0 to 4,
25

and wherein



72 RI-is alinker group selected from -0-, WO, ORL2, lit LI ORLI, OC(0), OC(0)1R12, RI-10C(0), R
u0C(0)RL2, C(0)0, C(0)0R1-2, RI:IC(0)0, RI-IC(0)OW, ORLIORI-2, 0R110C(0), ORI-10C(0)R-2,
OR1IC(0)0 and ORIJC(0)ORt 5wherein, If present, each R11 is independently optionally substituted C,
to C5 allcylena, and wherein, If present, each RI-2 is independently optionally substituted Ci to
alkyiene. 10 16. An antifouling coating composition comprising a compound or a polymer according to
any one of claims 1 to 15. 17. Use of a compound, polymer or coaling composition according to
any one of 15 claims 1 to 16 in a method of reducing or preventing fouling. 18. Use according to claim
17, wherein the method of reducing or preventing faaling is a method of reducing or preventing biofilm
formation by one or more of bacteria, fungi, algae and protozoans. 20 19. A compound of formula (1)
or a salt thereof: 72a R/ARSi{Emx&whar einceacbcORRIORIRE, Rior‘Rot@nd Rm is independently
selected from OH, R34CEHNRARMHGES1RTRREZRE Eihb, OCIORR 33'cl@B 1RCH@)bR-R310C(0)R33, 0(0)01-1,
C(0)ORm, R51C(0)0Hom18 16K R & ' OR8)L Okt 20RO HUEYKHEGEREOC(0)R33, OR
81C(0)OH, OR 81C(0)0R32, H and R32, 10wherein, if present, each R81 is independently optionally
substituted Oi to Gs alkylene,whadin, if pro¥¥hsi RUTiPrASRANeAA iR dfbdtaepensently selected from
optionally substituted C, to Cealkybné; 4O Cy alkenyl and Ci to Cs alkyisily1-C1 to Ca 15alitylene,

whereln, If present, sach R'? is indepandently optionally substituted C, to
Cs alkylene.
10 .
16.  Anantifouling coating composition comprising & compeund or a polymer
according to any one of ¢laims 1 to 15.

17.  Use of a compound, polymer or coating composition according to any ona of
16  claims 1 to 16 In @ method of reducing or preventing fouling.

18,  Use according to claim 17, whersin the method of reducing or preventing
fouling is @ method of reducing or preventing biofilm formation by one or more of
baacteria, fungi, algae and protozoans.

20
19. A compound of formula (1') or a salt thereof:
e Aoy
S
(¥)
25

wherain

R%is



with the proviso that at least one of Ftm, RA3, Rm, RA4 and RA3 is not H or Rs2, and 20 R1is
selected from an unsubstituted saturated Cy IO Cy Ellryl and an unsubstituted Cy to Cto alkenyl and
25 (i) R3 and irt3 together form an optionally substituted 6-membered heterocycle which incorporates
the nitrogen to which they are attanhori Ary-nraing to formula 00: 72b R6 wherein R5 and Re are
independently selected from hydroxyl, optionally substituted Ci to C6 alkyl, optionally substituted
phenyl and H. 5 Or 00 each of R3 and Fels Ma. 10 20.A compound according to claim 19 whereln Rl is
04 alkyl or C.6 alkenyl. 21.A compound according to claims 19 or 20, wherein the compound Is a
compound of formula (lll) or formula (IV) 0 72c 72a

RAS RA
RA4 RA2
RA3
{la)
5 whereln each of RM, RA2, RA, RM and R* Is independently selected from

OH, R*'OH, OR™, R¥'0R®, OC(O)H, OC(O)R®, R*'OC(O)H, R¥'0C(OR™,
C(O)OH, C(0)OR®, R*'C(0)OH, R¥'C(O)OR™ , ORS'0H, ORS'OR®, OR
S'0C(0)H, OR *'OC(0)R?, OR S'C(D)OH, OR*'C(O)ORS?, H and R%,

10 wherein, if present, each R®' is Independently optionally substituted C, to
Cs alkylene, and - '

wherein, if present, each R¥ is independently selected from optionally
substituted C, to C; alkyl, C; to Cs alkenyl and C, to Csalkylsilyl-Cy to Cs

15 alkylene,

with the proviso that at least one of RM, R, RA, R™ and R* is not H or R%2,

and
20
R' Is selected from an unsubstituted saturated C; to C;alkyl and an
unsubstituted C, to Cyq alkenyi
and
25

(i) R® and R* together form an optionally substituted 6-membered heterocycle
which incorparates the nitrogen to which they are attached according to
formula (I1):



(IV) wherein each of RAI, RAI, RAA, RA4 and RAS is independently selected from 50H, R210H,
01122, R 210R22, OC(0)H, 0OC(0)1222,14210C(0)H, R210C(0)R22, C(0)0H, C(0)0OR221, RC(0)OH,
R21C(0)0R22 OR210H, ORBIOR22, OR 210C(0)H, OR310C(0)R82, OR21C(0)0H, OR21C(0)0R22, H
and R wherein, if present, each Rai is Independently optionally substituted C1 to 10C5
allcylene, and wherein, if present, each Rn Is independently selected from optionally substituted CI to
C5 alkyl, C2 to Cs alkenyl and CI to C5 elkYISitY1C1 to Cs alkylene, 15 with the proviso that at least
one of RAI, Rm, Rm, Rm and RAZ2 is not H or e. 22. A compound according to any one of claims
19 to 21, wherein, if present, 20 each R2I is Indepeftlently optionally substituted C, to C2 alkylene,
and wherein, if present, each R2215 independently selected from optionally substituted CI to C2 alkyl
and Ce to Cs alkenyl and C1 to Ca alkyl1511Y1-@1 to C2 alkylene. 23. A compound according to

any one of claims 19 to 22, wherein 25 R2R 3 wderein each of R, R,Rm and RA3 is
"CH2 H, C.H20Ao0, 00(0)CH2, OCH2C(0)O0H,

independently selected from OH, CM., 30 C
OC112C(0)0CH3, 72d OCNCH20H, OCH2CR#20 ROCH2CHISI(Me)3 and OC(0)CH=CH?2,

and H, with the proviso that at least one of Ftim, R, R, Rnrand Ftm is not H. 5 24.A compound
according to claim 23, wherein at least two of RA1#2, Rm, Rm and Rm are H.

wherein R® and R® are indepandently selectad from hydroxyl, optionally substituted
Ci to Cq alkyl, optionally substituted phenyl and H,

or
(i) each of R? and R*is Ma.
10 20. A compound aceording to claim 19 wherein R' is C, alkyl or Cs alkenyl.

21. A compound according to claims 19 or 20, wherein the compound is a
compound of formula (lI1) or formula {IV)

16




25. A compound according to claim 24, wherein at least three of RA1, RA2,RA3, Rm and RAI are H.
10 26. A compound according to claim 19, wherein the compound is selected from compounds 15.1,
15.2, 15.3, 15.4, 15.5, 15.6, 15.7, 16.1, 16.2, 16.3, 16.4, 16.5. 16.6, 16.7, 16.8, 16.9, 16.10,16.11,
17.1,17.2,17.3,17.4,17.5,17.6,17.7,17.8 and 17.9.

72¢

(v

wherein each of RM, R*2, RA%, R™ and R*® is independently selected from

5 OH, R¥'OH, OR®?, R®'OR®?, OC(O)H, OC(O)R™, R¥'OC(O)H, R¥'OC(O)R®,
C(O)OH, C(0)OR®, RE'C(O)OH, R¥'C(O)OR®? , OR*'OH, OR*'OR®, OR
$'OC(O)H, OR *'0C(0)R™2, OR *'C(0)OH, OR ¥'C{O)OR™, H and R%,

wherein, if present, each R®' is independently optionally substiuted Cy to
10 Cs alkylene, and

wherein, if present, each R is independently selected from optionally
substituted C, to Cs alkyl, Cs to Cs alkenyl and C; to Cs atkylsilyl-C4 to Cg
alkylene,

15
with the proviso that at least one of RM, R*?, R*, R*™ and R* is not H or
R%,

22, A compound according to any one of claims 19 to 21, whersin, if present,

20 each R* is independently optionally substituted C to C, alkylene, and wherein, if
present, each R™ is independently selected from optionally substituted C, to C; alkyl
and G, to C; alkeny! and C, to C; alkylistiyl-C, to C; alkylene.

23. A compound according to any one of claims 19 to 22, wherein
25
R2s

RAs RAY

RA4 RA2
RA3

wherein each of RM, R, R, R* and R™ is independently selected from OH, OMe,
30 C(Q)OH, CH,OH, CH,OAc, OC(Q)CH;, OCH,.C(Q)OH, OCH,C(OYOCH;,
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OCH,CH;0H, OCH,CH;OG({O)CH,, OCH,CH;Si(Me)s and OC(OYCH=CH, and H,
with the proviso that at least one of R*, R*, R*, RM and R™ is not H.

24. A compound according to claim 23, wherein at laast two of RM, R*2, R®, RM
and R are H.

25. A compound according to claim 24, wherein at least three of R, R, R*,
R and R are H.

26. A compound according to claim 19, wherein the compound is selected from
compounds 15,1, 16.2, 15.3, 15.4, 15.5, 15.6, 15.7, 16.1, 16.2, 16.3, 16.4, 16.5, 16.6,
16,7, 16.8, 16.9, 16,10, 16.11, 17.1, 17.2, 17.3, 17.4, 17.5, 17.8, 17.7, 17.8 and 17.0.



