1 FUNCTI ONALI SED ANTI FOULI NG COVPOUNDS AND USE THEREOF FI ELD OF THE

| NVENTI ON  The present invention is concerned with small functionalised
anm de nolwoubasetdyat exhi bit antifouling and/ or anti bacterisgkoambécg2ty and
their use in the control of bacterial iilms and organismgrowh in the
marine environnment. BACKGROUND 10Marine fouling refers to the settlenent
and growt h of organisns on subnerged, manufactured surfaces and has been
has been a problem since the dawn of maritinme history. Colonization of
subner ged sur FENETIONADISEDIANT |INGECONMPQUND SVAND USH REOReeks of the
surface entering the marine environment and, given the ever-increasing
presence of maritinme structures (underwater cables, generators, 15pipelines
etc), theFlEUD OF THEAINVENTIONI i ng organi sns is becoming an i ncreasi ngly
signifjcant challenge. The need for effective thods to contr rrarine
Fouli 1 ShepreganCigAaen (s hsBre RS 1t smef Griclional g PV mRRPIE B f ndust ry.

Antifoul i egmsaoatufma? ah@/beaﬁtubtab@némdtw.gx@m'm@.f uSBRini the cORtERBS IsdBteriagener al |y
by Kkilli nﬁ 20l arval foul ers through the action of broad spectrum bi oci des

such as oS HIVST gFEh BRFATIRESVERRIPRIigh extrenely ef fecti ve,

envi ronnment al degradation resulting fromthe use of organotin conpounds was
SO severeB]‘AmGRm[ane pai nt conpanies voluntarily w thdrew t hese pai nts
from M:e R N 03, and tl; | MO banned their use in 2008
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bi oci de booster cont a(l|léll n%%@ ts are a wi dely available, their use is
not desi r BBMEMeN ff‘(t:%(yt on! RePPeree FF'ﬁqceF@y (TSRS THOSHE mar i ne
envi r onmewithin ey m»édk%,of%%afac@eﬁ?éﬁﬁg:me ARSI viredhmémIang giteathengs can be
divided into two ¢l asses tifouli n% and foul -rel ease. Antifouling

coati ngs 8% 'W%%ﬁff‘%‘b"@ﬁ?'i‘i‘?rﬂ?mad@m GiresHuRdgnvates Galies 96Pe&Q¥at i on or,

nor e t@uabllpkéhne%mstbhé%atﬂé doamisEfolifigbrghMiBSs iSts8torig) Qﬁﬁn@re@@uaglyngs are
mainly silj to clea best of
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not ed abop@ranﬁﬁhﬁmpahameqa t@dt@mtmm;ﬁ;mgm&@i on the recogni t| on of the
environnmental Iy unaccept abl e consequences of toxic antifouling agents such

as tributyl tinin 2 coatings, have pronpted interest to devel op new | ess
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cheni cal [FUPEP {PEING HEe BH"HaY 'nrﬁ?g}PQHP%W%? S%E‘:t'\ieé‘ﬁ ”\‘75? B‘B'Pht es and in

humans, _V\edsrﬁpaiﬂésammdamyswnbmewtthede mints Grom thé naitat iro2003gnagenIMO Wi | st

eight 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
- ox.idation 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



10pharmaceuticals with prom sing bioactivity were reported, there remains
the problemthat these pharmaceuticals may accunulate in the marine

envi r onmewd.2ofutdser nore, some of these pharmaceuti cal s peufsiao11fonese
delivery probl ens because of poor sol u£)| lity in sea water. 15A further
alternative to broad spectrum bioci des®is small, biodegradable organic

nol ecul es that inhibit the settl|enent of rine organis Such nol ecul es
shoul d nofPHEIS. é@é?@fqm@ﬁg interestig deys/PR BE %H@@W gsp@én'“'ﬁ'é% gn by
design". deatingss end, Teo et al recently denonstrated the antifouling
potential of a famly of sinple a,a - disubstituted am des (sel ected
exanpl es shown bel ow) on |arval barnacles and 20bacterial biofilns

(PCH SGZOQQ/aQQ%Zﬁ}epoTtQ@%?T@B'e@éll{bﬁﬁiwéh@r@flﬂd'p@és‘éﬁt applibsRakiowe rapidly in
t he .marine_environ Barnacle Toxicity @#g/ n1_Bar nacl e Toxi ci ty
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organi ¢ bi oci des have been used as additives into tin-free paints, however,

the di recPrgaHk‘?mSpQP@meéﬂa'UfaV@m"F Phasmaeayticals; With thelf kPP wg S¥pthesitns presents a

nunber of che’?ﬁlﬁﬁsprod:érﬁé“standtpﬂﬁndr?'rr%%ﬁéhl% of B&uo%ﬂ@é‘r&ébré‘t@& ah@ Rithangyust be
sustained for several years in order to mnimze the. requirenent for

r epai nt i nYeB¥ syPrRNegassotental squrees of apaYingRagnty- W&‘@ﬂleﬂﬁi‘t In addition, many
curren | ypRifae¥@itaR Vit premiiid Bl@éﬂt@i‘w WerRl rBpSdDHefe FePndimy !h@%r&tﬂé&’her S,

which, with increased use could have an unfavorable inpact on the marine
ecosyst en{hahthteﬁ% PRYEIACeHicalsrayRFAMUae inhe ”r!ﬁW@ﬁ(E‘éi‘Fo%?%eF YiheEmere. t he
organi ¢ aggé erhass: Eh&ﬁﬁc@utﬁﬂls%ﬁ@r@orﬁ@@fwgrobmecﬁﬂsé&%dom egrity of a
comercially avail abl e coating system which in the absence of netal-based
bi nders n8Q/URIRYiN $&2 Wa%€br mul ati on of coating systens. Crucially, the .
mechani sm by which the small nolecule is incorporated into the coating
system shoul d permt retention of the activity of the small nolecule. It is
to be1%xpéé%'@%?rtaﬁ%ﬁ“a%‘fertﬁé’("iﬁdaﬁpeﬁ%qu%ﬁsdﬁémé'f bigdegeadable wgACul e to '
i mpact onnRedcuMk that ShiBiltAE sbEMEROSfahAring ordbhistRd.i SEchblesMbEshdil® a coating
system woul d be chal | en . .10 SUMMARY OF THE | NVENTI ON The present

i nvent or s"ARFTECR AR 'ﬁgwea%ﬂre%@ewr?@dpﬁheﬁlpaﬁ BENigh BY Aesigny- Aa this end,

envi r onmemga bt 3 ré&smitig BeMoAstAed ﬂwbaatntnosll@pdtarmaqaoffaafamup@oénm@& lban into
coating systens, éamd coztl n%?fi%’ftrﬁﬂs i.ncl ud| n uch |00|q 5 At its
nmost gene igpbstifies pmidespzele eHIPYBS lapal banac %ﬁ?/“ cont ai ni ng
a, a -20@li sphaéiid BlolitnsPCIRSG2brn/0ab178). Mheyed ﬁhetécmreg Areopredietedt®r € sel ect ed
substi tue ts n t he &%J%V\hl .ch sybstituents are suitable for attachnment to

a conponefeak "ﬂ‘ rap! frange eQVICHa¥ ' hg conposition. Surprisingly, amde
conpounds nodified in this

12.2
Barnacle Toxicity: 3-ug/mL Barnacle Toxicity: 9.11ug/mL Barnacle Toxicity: 9.83 u/mL

Anti-settiement: 0.47 pg/mL Anti-settlement: 1.50 ng/mL Anti-settlement: 2.00 pg/mL

25 Numerous organic biocides have been used as additives into tin-free paints,
- howe\)er, 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



20particular way retain useful activity. In particular, derivatives of the
smal | nol ecul e antifouling additives described in PCT/ S&009/ 000175 are

di scl osedwbenaimssonhi ch derivati ves possess functional i PyTisGaotieoast es
covalent attachment to, for exanple, sglf-polishing coating systens. The
25ability to covalently link additives“to an existing coating system has
potential tq facilitate their contralled release, thus extending coating
0t et o G heuRRARRC SV DR SAG! s uEisT 1Ph phyieal REsne e Mfon |  Led
str ECt Ur-abrgﬁp?!afn'tifb@}ainmd&w hmrmrgfoarétrﬁ;bdcsleobmnte@rmﬁbi ng syst glms .
wi t hout significantly. romsin i ol ogi cal potency, thereby enabling the
rel ease oFg'BWSPﬁ'ﬁahy\%X'f?%fee t'B%SYFIt%"p‘P’lé'Q'é%tg?iaH r}célog\é?éalﬁ’éé%%‘f‘g?'ﬁy. In
parti cul amaytré@ir@rrgﬁ)ﬁﬂmaa@paic@aﬁ,ié@gys@,m@ri bes the synthesis and bi ol ogi cal
testvij'n‘g of a range of a-aryl am des bearing functionality to serve as a

poi nt *0f attachnment to a marine coating system A nunber of nolecules are
descri bedCVlAHiaQIF, the hticRafiS®I byadtieh Be afall itk dungis cRRRIrhte@ $nté fHegh pot ency
agai nst” barnacle cyprid sett]enment yet low toxicity), while including ester
or ether F9aildgustemshouldinermit rripntionahihg agtivitnefithe amahmolesuleq tisdode ng

coati ng - s¥gicR iR thiios el Sod FREtICHSST Y sthalVBleb @B [P RijRt % abfipEal |y to a
cl ass of conpounds referred to herein as "antifouling am de conpounds”,

whi ch confBhiNGerPAZAIET AR a¢tye| BRIp s it Fedting sysier) weibd Pe chelledg®dr uct ure: 0
RARD RB RD 10wherein one or both of RA and RBis an aryl and wherein RD and
RD i ndepeSUMMARY IORTHE $VEKRPIONMNal |y substituted al kyl or together forma
ring. The_present I nvent hgn roposes, that the arn%/lgfé%rqu_p of . one or both of

RA and RBTEF PEgen REGpRIBAAE hf 1@ asldress ks PoRS oVifiP@@Bne or nore
groups takh@ioffhehfIPBEMYH bib2ide WL éiRbletier ifEFbbrators e 88ing 8ysdems,

pol ymer). Furthernore, the present invention proposes that such conpounds
havi ng ana%cr(j“?at'é‘ﬂﬁﬁt?’ﬂ"ﬁfof“cgqgaﬁ“cf‘é"%?'d&ﬁoduct of the cleavage of such a
groupigrom a.- coating system (e.g. a polymer) can retain useful activity.
20The . pr e?e,nt i nvent | ?n %)ertai ns to such antjfouling am de conpounds, which
exhi bi t bf\bit Bgpt asreR. ¢ BiEsENtiPsHEeR PrRposes brkiesial arylroniaiing 8@ 1 ng ani de
COTTDOUngsdigﬁbéstiﬂlti@ahﬁiteé%ﬁfeml? ﬁd prévide with 6 &'&h?rﬁ%ﬁlé@%éﬂcﬁﬁbst?ﬂ?ﬁtbbﬁﬁ tatic
conpounds’. odi ments. o e ipvention have the potential to enhance

ot Toul K FopReh Fustpnsate Ul e Rt 8 § ARG RLRT 4 - part: cul ar,
enbodi menpéslymee bes abhtihgavieposifien. Burprisingly, 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.

Ih 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 toa

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
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30Substitution of pcrscaomoo@spup with
| oyed as a point of attachnent to

5

gct %he present invention provides a conpound of formula (1) or a

R13N R2 R4 10(1) wherein each of RL and R2 is

2

sl OC( 0) H, o ubbddel)skiadurédR s1C(0) OH and OR s1C(0)ORs2, 20 wherein, if

present,
al kyl ene,
sel ected
G to C5
C12 al kyl
2011/0968
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15

each Rs 1 is independently optionally substituted G to C5

and wherein, if present, each Rs2 is independently

fromoptional ly 25substitutgy Cl1 to C5 alkyl, C2 to C5 al kenyl
silyl-Cl to 05 alkyleng, and|30(B),optionally substituted 03 to

with the proviso that' h/oﬂ% of Rl and R(A); WO
97PCT/ S&011/ 000052 |

RE RD

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

represent optionally substituted alkyl or together form a ring.

The present invention proposes that the ary! group of one or both of R* and R® of
such compounds should be functionalised with one or more groups tailored to permit
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

- 20

.25

activity.

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

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

Embodiments of the invention have the potential to enhance antifouling properties of

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.

I prsshenietod o ol A vhtbedhain s 1 o
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and



6 and each of R3 and R4 are independently optionally substituted C1 to C6
al kyl, or R3 and R4 together forman optionally substituted 5 to

12- menberW¥0 208109689¢ycl e whi ch i ncorporates the nitrogenPCd/S6RoiaR0e2y are
attached. Whilst it is possible for both RL and R2 to be (A), i.e. aryl, it
is preferred that one of Rl and R2 is {B), i.e. C3 to Cl12 alkyl. 10As
descri bed ,herei C3. to C12 al kyl .includes, saturat and unsat urated,

br anchod. ARGciRpanatbE GaRrDies T bRt sty Edretk miRE B Bent 5. ¢ he
al kyl i's aneaktingtetinglsistem dnd thardiéaselofithe gntitfumabliyoeadirdctypiikeane of Rl

and R2 i s, unsatur .to Cl12 al kyl, preferably unsaturated C3 to C10

d C3
al kyl., pr g}egﬁ%lﬂ??/g{fﬁgﬁ??fpgt ed C3 to C8 al kyl and nost preferably
unsaturated C3 to C6 al kyl. Thus, preferably at |east one of 15R1 and R2 is

C3 to L£12, al kenyl re preferably C3 to Cl0O al kenyl, r referably 03 to
08 o Ky 1" 8 15 e T drSrenb Yo h i (e KRN et OheB ol ¢+ on of
unsat ur at thereafan provi de activity conparable to the saturated alkyl. In
such enbodi nents, preferably there is one carbon-carbon double bond in the
20al kenyl , for exanpl e one carbon-carbon double bond in 03 to C10 al kenyl,
or one carbon-carbon double bond in 03 to 06 al kenyl. Suitably the
car bon-carbon double bond is at the end of the al kenyl group, i.e. a
termnal carbon-carbon doubl e bond betiween the Cn and Cn_i carbons. 06
al kenyl's are particularly prefemRed. partReul arly preferred al kenyl is C6
al kenyl, nost preferably 5-hexenyl (- CHN'(CH2) 3-CH=CH2). 25 In enbodi nents,
at |east one of R1 and R2 is 03 to aHkyI. Al kyl groups, especially
saturated al kyls, on the al pha carb®h ha&d ng between 3 and 5 carbon atons
i n conbination with one or nore of the specified substituents on the aryl
are pXticularly useful in providing(fantifouling activity whilst also
exhibiting desirable solubility in sea 30water and degradability. In
enbodi ments at |least one of RL and R2 is 04 al kyl, nore preferably n-butyl.
A 04 al kyW"g¥®8up, and in particular n-butyl, on the al pha carbon, in
conmbi nation wth one or nore of the specified.substituents on the aryl, can
provi de surprisingly high levels of 35antifouling activity and is degraded
at an app?%‘ﬂ?‘?fj%@%dﬁzg? %dwwdqngy BFIefted fe@ that RL is C3 to 08 al kyl,
prefetmbly C3 to 06 alkyl, nore preferably C4 to 06 al kyl and nost
preferably 04 kyl or 06 alkyl. Suitably R2 is (A descri bed herein,
one of Rl and %)%é' S("hﬁt!t”tfa‘.j é".'%é‘lt !ﬂasfwfé?'étﬁi}stko%gz’glsséog%gﬂc(%'r"e
Fr ef ?r ablbly pggn%flocws)Rléﬁ, ?@@@k@ﬂd@(@)ﬁ{@@g@ﬂhl@mbﬁs@? %19(@)%)?-1,alTEyl
preferably s 8. pr - aor_ 5-hexe : e
tests conducted 3@/%5@ esgﬁggﬁvgﬁﬁsﬁ{)é dér'?;kﬁ EE%%Q%?PC&QE{%!@%Be | evel s
of antifouling acC(0)OH #EORSKYOYORSW th this substitution pattern in
conjupnction with one or nore of the specified substituents on the aryl. .10
Thus,“7t is preferred that one of RL and R2 is selected fromsaturated 03
to C5 al kyl and Qiheréin Glpresémtessoh. RTheinaédandehbadptionsiRcuestitueaat usat ed) is
optional |y substi utg?, however, it is preferred that it is unsubstituted.
15Suitably the ar§p@Kfenead"fs cs to 015 aryl, preferably C6 to 012 aryl,
nore preferably 06

wherein, if present, each R%* is independently selected from optionally

.25 . substituted C; to Cs alkyl, C, to Cs alkenyl and C4 to Cssilyl-C4 to Cs
S ' alkylene. -

and
30 (B) optionally substituted C; to C4, alkyl

with the proviso that at least one of R' and'R2 is (A):



to C10 aryl, and nost preferably 06 aryl. The aryl can be carboaryl or
heteroaryl, but carboaryl is preferred. Especially preferred is phenyl.

Pr ef er ablwoRM1/®e9B) and R2 is 20 RA3 (la) wherein eaclrCofsGRAljooRA2, RA 3,
RA4 and RA5 is independently sel ected §5rom 250H, Rs10H, ORs2, R sl ORs2,
OC(0)H, OC(0)R82, R sl OC(0)H, R sl OC(0YRs2, C(0)OH, C(0)OR82, .-. Sl r<
C(0)OH, R sl C(0)0Rs2 , OR sIOH, ‘OR sl ORs2, OR sIOC(0)H, OR sl OC(O)RSZ,j OR
s1C(0) OH, apR s1C(0)ORs2, H and Rs2, 8 wher ei n, i.f present, each Rs2is

I ndependent |y sel ect ed from optionally substituted Cl to 05 al kyl, C2 to 05

al kenyl and C I 5| I -C al k provi 50 that at
| east  one€B iﬁﬂpt'or@"ﬂ?b“%t'%eqﬁt to Goarlkyﬁl Riandgyj tably

each Rs 1R sogemnﬁmcmm;itwn&@tmsﬁxhiem %hatmémb@dd GéteréoycR widey! ene,
pr ef-er abl %Cgﬁ%pl onal Iy substituted al kyl ene and nost preferably

net hyl faé‘fﬁS/el’?étTgfﬁlt%Wﬂl??ﬁ'ﬂ?s)’tqr?@ft@ﬂ‘edSw tably each Rs2 is
| ndependent ly selected from optionall y substituted C1 to 03 alkyl, 02 to 03
al kenyl and G to 03silyl-C to 03, al kyl ene. For the avoidance of doubt,

oi Lyl al kyligt i spessicle A PATLROAPR RS 6 ) KA @R 1(ig Peeferred thatepe gf R

substi tut gy. e 1By iel Cylo dpawgh as Si(Me)3. Preferably each Rs2 is
i ndependent |y sel ected from optionally substituted C1 to 02 alkyl, 02 to 03

al kenyl and Cl alkylsilyl-Cl to C3 al kyl ene. Especially preferred is that

each Rp2 jA§ de&%@%@%‘"ﬁ loy, t§€|1zeélkﬁ(ﬂ1cmd@5‘s€f€ﬁ'éié{d] and-birszfditate@NBranched
(Me)3Si-CH2-CH2-. 20 In partijcul argé referred enbodi rrents each of RA, RA2,
|

- A3, RA4 ARy U'P&KB”?*?dl%c}eEeheﬂéHt Inypogte Riefergd erbriitgntote alky ) oH, cHeoH,

CH20AC, OGhéhr&iRad a@a}'ﬁZ%QﬁtlQMar OrBIEb )= a3t o HIFCHHAR? ihPfeRRA(6) CH3,

OCI—IZCHZSlgl\/E)B OC$ nd H. wth the proviso that at Ieast one of
RA, eferably unsaturated C; to Cy, alkyl, preferably unsaturated C; to

o Ciz alkyl

v alkyl and most preferably unsaturated C; to Cg alkyl. Thus, preferably at Ieast one of

. ‘1‘5 R'and R%is C; to C4, alkenyl, more preferably C; to Cqo alkenyl, more preferably C;
~ to Cg alkenyl and most preferably C; to Cg alkenyl. Indeed, the addition of

unsaturation can provide activity comparable to the saturated alkyl.

In such erﬁbodiments, preferably there is one carbon-carbon double bond in the
- 20 . alkenyl, for example one carbon-carbon double bond in C; to Cqp 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,. carbons. Cg alkenyls are particularly preferred. A particularly
. preferred alkenyl is Cg alkenyl, most preferably 5-hexenyl (-CH,-(CH;);-CH=CH,).
v:25 ‘
In embodiments, at least one of R' and R%is C; 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 C4
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.



25RA2, -A3, RA4 and RA5 is not H In especially preferred enbodi nents each
of RA, RA2, RA3, RA4 and RA5 is independently selected fromOH Owe, CH20H,
OC( 0) CH3,wOGhiAG@eggot, OCH2CH2Si (Me) 3, OC(0) CH=CH2 and H, peirisiz20h@o@soVvi SO
that at |east one of RA, 30RA2, -A3, RA4 and RA5 is not H In even nore
preferred enbodi nents each of RA, RA2, "-A3, RAA and RAS5 is independently

oneof - Ralt® REP TSGR S raaaieiestisth o o JRyRrP St pele | "

subst i t ued; alkgharidv@ostipyfe &by QosIRYI bt €, alkyl. BoitadheReis Ay that at | east two of
RA, RA2, RA3, RA4 and RA5 are -, ri nore
preferably that at |east three of RA, RA2, RA3, RAA and RA5 are H. Thus,

mono-.b; and Ab-d%ﬁ&)?d‘eb%ﬁétﬁﬁl ofmexdg R' @Ad ®? iPreny. )arya(pﬁefal;]aﬂbi;eu B, ; AR nsorest i tuent s
can be_at a e 1- to 5- positjon i .e. . ortho ta or r '
Substi 3 ueRe faﬁlefw%sasf", ag %@0@§%«£gw?w ?P‘f Wﬁtog)eri'ssébtf’&ég&é@?mﬁfg@}’%Qui tably
RA3 i's noto & alky] inakd prefdtatna-bBd| bogBé i) f THetests copdicitbby theprdieint t uted 5
to 10- menber ed heterOCécnlge, p_referablsy a b to 7-nmenbered heterocycle and
most pr ef EMVEBICJS deraRnstaisiaRtflasEabIR VeI peieuling adtivity g #eREPIEWilr ef er r ed
that 't he le¢ eibeeEbe patterRiiPedrjeHcien with oB@bE imekd G¥ithe s ciflearsuastiteeiodi nent s
R3 and R4 t (&gq?t her forman optionally substituted 6-nenbered heterocycle

whi ch i nc8PF8 3¥ks the nitrogen to which they are attached according to
formuhb@ (11): 15 0 RIN\/\ R5 R6 (Il) wherein each of R5 and R6 are

i ndependent |y :sel ect ed from hydr.oxyl_ ., optionally substituted Cl to C6

oyt oA et PRSP Gy RGP RERod from2lated GedeiCe Y S00ach of
RS and R6aad €;itd\GRRaeagNtThy akel (esturfled srainshidtedyib opfiHallpBadtiutsd bst i t ut ed

c1 L - .
however, it is preferred that it is unsubstituted.

15 Suitably the aryl of (A) is Cs to Cys aryl, preferably Cq to Cy2 aryl, more preferably Cs
to Cyo aryl, and most preferably Cq aryl. The aryl can be carboary! or heteroaryl, but

carboaryl is preferred. Especially preferred is phenyl.

: Preferably R' is (B) and R? is
20

RAS RA1

RA4 RA2
RA3
(Ia)

wherein each of R*, R*, R, R™ and R* is independently selected from
25 OH, RS'OH, OR®2, RS'OR®?, OC(O)H, OC(0)R%?, RS'OC(O)H, RS'OC(0)R®?,
' C(O)OH, C(0)OR®?, R®'C(0)OH, RS'C(0)OR®?, ORS'OH, ORS'OR®?, OR

S'TOC(0)H, ORS'OC(0)R®?, OR®'C(O)OH, ORS'C(O)OR®?, H and R%?,

wherein, if present, each R%" is independently optionally substituted C; to

30 Cs alkylene, and



to C6 alkyl and H It is particularly preferred that R5 and R6 are H In
ot her enbodi nents, each of R3 and R4 is independently selected from

opt i onal lwoubstsgoat ed G to C6 al kyl, nore preferably @trisG208/08d085y! .
Suitably R3 and R4 are unsubstituted. |t is also preferred that each of R3
and R4 is saturated alkyl. R3 and R4 cHn be the same or different. It is

preferred that t are_the sane. enhodi nen R4 ar both -
methyl. 10 Sui ta‘%%)fe'f’h'ép@éﬁﬂoﬁ?ﬁﬁ‘ '%HB Gﬂ@ﬁlﬁ%cfﬁﬁ’i‘@p "P”q or f.ormul a
(1V)  RA3 RA3 (lsdpbstilisleas, abmsaa@hogfto Béelkwanwxo Béélkymg

i ndependent |y seI%c ed fromOH Rs10H ORs2, R sl ORs2, OC(0)H, OC(O)RsZ R
sl OC(0) H, RsIOC( ; C(0)OH, C(0)ORs2, Rle(O)OH Rs1C(0)ORs2 , OR sl OH,
OR sl ORs2, OR sl OC(O)H OR sl OC(O)RsZ CR sI C(O)OH OR si C(0)0ORs2, H and
Rs2,. 1 wher ei n, &r esent, each 1lis ,gengenkj%/ 1si. onal I
substituted Cl td"" hﬁlp!i‘i)’l'@rfaata&tjﬁfsmne of RA viRer Bi nR dp‘geé%ﬂ‘?t 8ach Rs2 is
i ndependently selg®ted fromoptionally substituted C1L to C5 alkyl, C2 to C5
al kenyl and G to C5 alkylsilyl-Cl to C5 20al kyI ene, 11 with the proviso
that at | east one of RA1 , RA2, RA3, RA4 and .-.A5 Kis not Hor RS2. In

enbodi NnEnkgitatilf efsrERE M »nd@@&meﬁ’ﬁy éptloﬁaw%eﬁué@rtt lt¥ ARIKyRAR] br&fe‘amt i tuted
Cl t.o C3 al kyl'ene, and wh esent, each Rs2.is |nde ende

Sel bot 64 PPIAREBASHhsTed CotattdhRne e Imes Po @b THEnD B BRECL! kony|

and Cioto.s%sab&yutgalyl Cl to C3 alkylene. Suitably the conpound is
sel ect ed fromconpounds 15.1, 15.2, 15.3, 15.4, 15.5,

Suntably each R% is independently selected from optlonally substituted C; to C3 alkyl,
‘C2 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)s.

Preferably each R%? is independently selected from optiohally substituted C; to C;
~ alkyl, C, to C; alkenyl and C; alkylsilyl-C, to C; alkylene. Especially preferred is that
: each R%2 is independently selected from methyl, CH,=CH- and (Me);Si-CHp-CHo-.
20 '
In particularly preferred embodiments each of R*', R*, R*® R* and R* is
independently Selécted from OH, OMe, C(O)OH, CH,OH, CH,0Ac, OC(O)CHjs,
OCH,C(O)OH, OCH,C(O)OCH;, OCH,CH,OH, OCH,CH,OC(O)CHs,
~ OCH,CH,Si(Me)s, OC(O)CH=CH; and H, with the proviso that at least one of R*",
25 R¥ R® RMand R™is not H.

In especially preferred embodiments each of R*, R*, R* R* and R* is
: ihdepen_dently selected from OH, iOMe, CH,0OH, OC(O)CH3;, OCH,CH,0H,
. OCH,CH,Si(Me);, OC(O)CH=CH, and H, with the proviso that at least one of R*,
30 R R* RMand 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*2, R*®, R* and R™ is not H.

35



1015.6, 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. Preferably
t he conpowodoiigesseect ed from conpounds 15.3, 15.4, 15. pcrhG2diloods2 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 15preferably the conpound. is sele%ted from conmpounds 15.3, 15.4, 15.5,

16. 11, 17,1, 17.3, 17.4, 17.6 and 17.8. In preferred enbodi nents these
compounds RGBS sLpdiuenks o1 Ferv arepesbib.d s RS TRt Bt AR VBt 1 ngs i n
su?:h_ a \évaRA’t, A, RAQGR/M ane Rr‘)?d éxteew,tMefpwgnabryem@ttau{Aeﬁ_semeb%wfwa,tm"é,g?ﬁptd i by
rel eased ah, a prgdeterm ned target tinme, afte ich they ar egr aded by
bacteri a n4?'}$£'£erﬂ'/"?ﬁoﬁl’r%ﬂ’?°”? dé*k‘???%‘&'t?‘{e%’éf r(e P erygaéqvayegerfe{ggt the
state of the art in polymer/coating chem stry provides several ways to
deliver.nghecules in this way, gepending on the requirenents of the

appl i.cat i ohe SealifepistasteR bBbtene i 3, PasHioss: 'EoRfMA PaPRf@pol yner s
descri bedslhgstifiefls. AoRelICePOpitRA (matd) isrefeertl PR, saitdblyf RAlid Ast Hp.0at | ngs
as antifouling agents for the prevention of marine growth. For exanple, the
conmpounds can be bl ended into existing acrylate paints and are therefore
practi cal sahdiy Raélhd/R$to?@thbh%rﬁ!!arnrd?iﬁbnéll?%hbﬂﬂut%@t@"l@-mérﬁbé}éétl cular, these
conpounds, may -be offered as environnentally safer 30alternatives to reduce
use of ex"SEIIRYCIBIYEEELIP 9P dEBSTPErBL NEEIRYCle FRAIMRSt PER'eraP B Bns, as a
repl :.apoerreﬁienfuéfedor«;&éﬂozY&egtriaéa&l&q||9>plr§éﬂrétgthapm§tr@ter@¢ya@ ilBperiding/ or augnent
exi sting coating fornulations to inprove perfornmance. In this connection, a
nunber of the conpounds are oils and suitably conpatible for incorporation

i nto coat imgticdldty RERFBY embblinfeds RBSRIRT BYLhEELAASA opheidIgs. | n
35enbodi nent s S conpatlblllté naﬁBnggrt t he coatings wth increased
05y o1 WE(PH R

. th .
ef fect i veRwtituisdfrmamhered,aste Rotatse o 1itregsn} BiUAHeY onal
pr ot ect'i ofre atthdhédiaédording toforrhll&#lH: conmpounds (and pol ynmers descri bed
her ei may be applied in such way to reduce or replace copper/ netal
presemt in conventional antifouling coatings, thereby reducing the
environmental inpact of antifoulingcoatings. Suitably, the conmpounds (and
pol ynmers descri bed herein) 1 be ed in the renoval of marine organisns
in seawater treatnment processe Ny bal | ast water treatnment and for
control of marine growth in cooling ter [and desalination processes. The
conpounds (and pol yners descri beg,her 8{n) Rparticularly suited to
processes where rapid degradati oh/renov f the active agent is necessary
to 10prevent environmental contam nation argefor conpliance purposes.
Pol yner s The present invention also pertains generally to a class of
polyners referred to herein as "antif@Wling pol yners", which pol yners

conprise @ReriH édcPUWf RIGNAMCAe thasseiRHINscléQEd REAMURXASoptionaMdant group.
substituted C, to Cg 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 Cgalkyl 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
o substituted C, to Cs alkyl, more preferably C; to C; 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.



In a further aspect, the present invention provides a polymnmer conprising at
| east one repeating unit formed froman antifouling conpound according to

t he firstwepaaweso20l n enbodi nents, the conpound is incecpscatamosnsto the
polynmer via free radical polymerisati {Q or polynerisation of
silyl-containing groups. Thus, preferably the polymer is selected froma

pol ynmer f om one or nbre no [ ng.an unsat urat ed

car bon-cagﬂg%g%&}?&omp&m J?aﬁ‘rﬁ?'@p%‘ Og&rm(il;a({'hﬁgfﬂr%' e mononer; and a
silicone polyner. 25 Suitably the polyner is a (nmeth)acrylate pol yner.
Suitably the polymer conprises repeating units derived fromone or nore of
nmet hyl net hacryl ate (MVA), hydroxyethyl acyylate (HEA) and vi nyl
pyrrolidinone (VP). Preferably the polynmel_is copol yrmer. 30In

enbodi ments, the polynmer conprise daniN"groyp according to fornula X
13 RL(RAX)n (X) wherein-R Omilonall substituted C3 to Cl12 al kyl
each of R3 and R4 are independently [optional ubstituted C1 to C6 al kyl,
or R3 and R4 together form arR¥pti Refbstituted 5 to 12- nenbered

het er ocycl e whi ch incorporates:thy ogen to which they are attached,
each RAx is independently selecte mthe options for any one of RA1 to
RAS5 described herein, nis a 3 J?Qe range O0.to 4, and wherein RL
is a linker group. 20The optlonal and preferred features in respect of RI,
R3 and R4 are as described above fof,the first aspect. Preferably RL is a 1
to 5 atomchain, preferably a 1 to 3 atomchain, nore preferably a 2 atom
chain. Suitably the atonms of the chaimar e selected fromC and 0.
25Pref€rably the |inker group conprlses one or nmore of -0-, -C(0)- and
-CH2- tunits. Particularly preferred is a |linker group having the structure:
wherein each of a, b, ¢ and d are independegt|ly selected froman integer in
the range O to 4, nore preferably 0 to 2.

RA3

(V)

10 wherein each of R*', R*? R® R* and R™ is independently selected from
OH, RS'OH, OR®?, RS'OR®?, OC(O)H, OC(0O)R?, RS1OC(O)H,4RS1OC(O)R32,
C(O)OH, C(0)OR®, R%'C(0)OH, R5'C(0O)OR®? , ORS'OH, ORS'OR®?, OR
S'OC(O)H, ORS'OC(0)R%?, OR $'C(0)OH, OR *'C(O)OR®, H and R%,

‘ 15 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 Cs alkyl, C, to Cs alkenyl and C, to Csalkylsilyl-C4 to Cs
20 alkylene,



14 I n enbodinents, RL is selected from-0-, R -10, ORI -2, R -10R1-2, OC(0),
OC(0)R1-2, R L10C(0), R L'OC(0)RL-2, C(0)0, C(O)ORL2, RRI-1C(0)0ORu, OR L10,
OR Li ORLRO 20R/de69C( 0), OR L' OC(0) RI-2, ORL1C(0)0 and ORcCirACoONdks2
wherein, if present, each RI-1 is independently optionally substituted Cl
to C5 al kyl ene, and wherein, if preseﬁﬂ each RI-2 is |ndependentlyv

optionally substlt t dClto 05 al kyl ene. ,Thu
correspond to, %‘EEP&DVﬂ%’dh%ﬂt 'ereé?/?r%"ddf'? é LS QRE

up

RL can

ROtlRhor RA2  etc

of the corresponolqsﬁg "free" compound. Pref erably RL is -0C(0)-
Is O or 1, preferably nis O (i.e. the aryl has no further substituents).
in the marine

envi ronnem embdsyinakts] .cFJ Ent, ééch' I$S1FP§iﬁ866ér@€nﬂMtloh£'I§/ s%eﬂaitéﬁ @Noen | tS .
i's perm s e

Suitably the pendant group is releasable fromthe pol yner

rel easable fromthe l'ysis. 'For exanple

pendar ( Bk &56%.w)wfmimdf @rssmt %q)(wé%fg&dnwe& denily Redrsdedtimm oational

Suitably n

In a

further aspegtuted b?tomgeeﬂ%n%ndj @ngc:% ?Iﬂerm aNd 828 6, MRNIFRE, Roepr di ng' to

formula (X): RL{ RAX) n 25Poi

wherein Pol is the pol ymer backbone,

and wher e?ﬂ'ﬂ”@ﬁ%h of Rl, R3, R4, RAX, n and RL is .as defined in respect of

forml a (X). -15 Preferably the Tg of t he pol yner is hi gher t han room

terrperature -Preferably the nol-ecul ar wei ght of theg %/ e i}i_)as nmeasur ed
|

by GPC, |§U5absr@3w”mm@p 'srﬁe@rcaqdafmrycwmwﬂﬁﬂort@& 1

2he pol yner

i's a 50 owrs el enseren, %L@t1€|31@é4f©é§a$636p@z/%f8 wWor ébYoafs. fntiizfoul i ng
conmpound, ﬂ%)refera bl'y an antifoulin n‘gound of the first aspect, is

8m F-Rel b1 Yrker! 7itn 1(Lel7- and

r el eased

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
16 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 alterhatives 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.



10l n a further aspect, the present invention provides use of a compound of
formula (1) or a salt thereof in a nethod of making a polyner. In a further
aspect, twe priaeesdt i nventi on provides a pol yner nmade byctspabymesissi ng a
conmpound of forrmula (I) or a salt thergof with a conononmer. Preferably the

15conononer is selected froma (neth)é ylate and vinyl nononmer. In a

further aspect, the present inventio royi des use of a conpound, polyner
or | coat i nEURGRHIGIS. dhdbh RERauats (U aONERE SPachbe ReeRb BRuES ABRIRY Ho or
prevent i ngudroidy Rdedi@de druepladd soppBEmMeRl Prde®fin Comleptiongal antifBhimgent i ng
fouling is a net nod of reduci ng Qr preventi ng bi O,II ‘,m formati on by one or
more of bSeAWEs.dherelyfducing g %WB"B’PBFBWH of antifouling coating$-her aspect, the
present invention provides a nethod of preventing or reducing 25fouling of
a substrate, wherein the nethod conprises the s_tgg{i of applying a conmpound,
pol yrre?  oPURRPAY. ithiyCoaPayBds (aNsRpIviesra dastribet heredn)sedy bg wseddhteapl y t he

anti foul i RgnVEl BEMEMERIYAEISAE iIPS WA tiedtnidHR brRdsads Judh a8 ifP@KMBE and at
a concentration effective to prevent or reduce fouling. Preferably t_he

P (
ant i f.oul i WgtesraRinAst apdiss GrRtrd of peryeBrowt ingosiigwatesaanddesalirtiong
concentr apigBssesNTiRe EdHhpdiRds REslymdh /eBérde8 MerdiM\RabhMBulBAPYIIRES a _
coating .conposition conprising a conmpound or a polymner as described herein.
351 n'a fukxbieressepubere 'R deakasation/ [4Meyat idRe BriyGiagest ianeerRsARdal i ng
conposh t i prvEMENVIrSHAENAItoABNMihRidhi dhl fSMadifIie REEPAMPEseR! Ppol ymer  as _
described herein. 16 In a further aspect, the present invention provides a
coati ng cog&osi tion conprising an antifouling am de conpound or a pol yner
as descri ein. Suitably the coating conposition conprises
convent i omaé prR@dhtihwdtion BRb pXAIRB Yenérall BALEIassBiidoRilers FhdraLRt | Ng
conposition Is a gal nt conposition. For exanple, the conposition can
i ncl ude aRe&EY3A FpEoplng RElYragrs t Whioh Rolyeness SR TMRES T hTETHing AMide o
sel f-pol i gbrhpaurRiafoexamplefaraatdidatyrags.yl i ¢ sel f polishing paint, or a
silicone coating. In a further aspect, the present invention provides a
coating conprising an antifouling 10am de conpound as described herein. In
a further s fedbr adgeet, He588dnt ifVRMIN HBvIBEON pBFMeR coMpPRdiidatiedvheg a
coating aEe{%I ied thereto, wherein the coating conpri sese%n antifouling am de
conpound BPepHiY HitorRed i AnEaYfoH NG FAMPaHIF ascalRiNgdo thefistashstt at e may be
a vessel, for 15exanple a boat. In a further aspect, the present invention
provi des E}ba}gt riostati c conppsi.tion cogﬂpriﬁigg an ant}foullng am de
conpotthd BYepRIImEDts Jhe gaappyiLiy inrorRarated J89 MePYIPE R IR BET t he present
i nvent i onplymetistaion ar palginerisANioh @ kilyt-esarainingigedups. 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), hydroxyethy!

" 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



conprising an antifouling am de conpound or polyner as described herein. In
a further aspect, the present invention provides a biocidal conposition
conpri si ngoantiantgooul i ng ami de conpound or pol yner as sessG:bagodszei n. 25
In a further aspect, the present invea#’ on provides a biostatic conposition
conprising an antifouling am de conpourd or pol yner as described herein.

In a further aspect, the present invention provides an antifoul ant
conposition 30conprising an antifouli ngoam' de conpound or pol ynmer as

descri bed herein. Any one or nore RY_thg optiRAal and preferred features of
any of the aspects may apply, singlypr imconbination, to any one of the
ot her aspects. 17 BRI EF DESCRI PTION O TI—|E DRAW NGS Figure 1 shows
average percentage settlement of barpAaciesgRin wells coated with polyners
containing repeating units derived a conmpound (16.11) of the present
invention. Settlenent on the contr ok ating was simlar to that for

uncoat ed pol ystyrene. \Wereas when/i ncreased anounts of

P( MVA- co- 16. 11-co- VP) resul ted ifRdecline(RX)parnacl e settlement, with no
settlenent for test treat msnts&.LI 401al . DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Chem cal Terns The term "saturated,” as used herein, pertains to
conpounds and/ or groups which do not ve any carbon-carbon doubl e bonds or
carbon-carbon'triple bonds. 10 15The’term "unsaturated,” as used herein,
pertains to cowpelgids and/ or groups which have at |east one carbon-carbon
doubl e bond or carbon-carbon triple bond. Conmpounds and/or groups may be
partially unsat ur at ed or fully unsaturated. The term "carbo, "
"carbyd," "hydRbisamtionallysabistitited CodaCmalkyl as used herein, pertain 20 to
corrpounds and/ or groups which have only carbon and hydrogen atons. The term
"hetero," as used here| n, perta| ns to conpounds and/or groups which have at
| east one het eeacit @R’ agiR" eainslependently pptidnehy substikitest® oteeCe(@Mi,oi are al so
suitable as riRYaAEREIAE] r%mrms#‘gﬂm%ﬁa@%me@?m%h'étsqaxm&hséreaen phosphor us,
oxygen, 25sul fur, and eni um trogen, oxygen, and sul fur)
and nonoval ent hﬁem@vdamm inedrates the nibpgeTeto vdhichoihenere aftashede, and

i odi nﬁ)

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 optlonal 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-].[-C(O)]o[-CH2-]c}4,
wherein each of a, b, ¢ and d are independently selected from an integer in the range

0 to 4, more preferably 0 to 2.



The phrase "optionally substituted,” as used herein, pertains to a parent
group which may be unsubstituted or which may be substituted. 30 Unl ess

ot her w seweperi/ds®d, the term "substituted," as used hemeirrsczpﬁmt)w'sms to a
parent group which bears one or nore s%bstl tutents. The term "substituent”
is used herein in the conventional sende and ref ers to a chem cal noiety

which is ovIe,tI tachedto or_if a , fused to, par ent
group. A f/]&o‘F sglgptedifiome-sR3 a%@q %(Obﬁﬁ(@'ﬁﬁoas for

their for HetO(gm Fa%@lcv(oyﬂibdugl)@oo(omw RLV@(O)QtRLQ‘f(d@@RE?nDR}FGL@R are al so
wel | knowp, m,, herein, pertains to a
monoval ent ng? rﬂﬁj QW@&mQ%gCéO)@H’P‘b@@n GPRR rom a carbon atom
of a hydrocar bon conmpound havi ng from1l to 20 carbon atons (unless

ot herwi-se specified), which may be_aliphatic or alicyclic, and which may be
saturated or unsa\’f’lﬁ%ﬁeﬂpr@éerﬁ eac“d%r ﬁ'ﬁq’?%?”%@b(t‘lﬁ’rt'a’ﬂ%!ﬂ SUPﬂIt‘I‘@d%é“htur at ed) .
Thus, the term' ' atamtylerdeNghaides the sub-cl asses al kenyl, al kynyl, :

cycl oal kyl, cycl oal kyenyl, cylcoal kynyl, etc., di scussed below. In the
context of al kyl groups, the prefixes (e g., Cl to ¢4, Cl to C5, etc.)
denote the ”U”berwr%frelﬁafﬁ’rggerﬁt% R'Ofs ih@SHEAdhtyBHEBRIIy RLbSAGRE T, 3 ons.  For
exanmple, the 10term"C to Cdal kyl," as used hérein, .pertains to an al kyl
group having f r orfrsBlYeN®- car bon at ons. Exanpl es of groups of al kyl groups
incluge CL to Cdal kyl -("lower alkyl"), and C2 to Céal kyl. Note that the
first prefix may vary according to other limtations;, for exanple, for
unsat ur at EBU%I"RVIFgéqlﬁljf)sca”t%’érefi?qr@ttorﬁ gfhe@ rAdiqal fasmad fremathe 20 for cyclic

and branCE@QtlﬁJeKVRA‘QRWBﬁ:,of'ftﬂeeodcriersﬁéndﬂgﬁffr‘eé 8Bpodra, at least 3; etc. 15
Exanpl es of (unsubstituted) saturated kyl groups include, but are not
limted to, nethyl (Cl), ethyl (C2), propyl (C3), butyl (C4), pentyl (C5)
and hexyl ptdiélably R‘xaopl@p. of (unsubstituted) saturated | i near al kyl groups
i nclude, but are not limted 20to, nmethyl (Cl), ethyl (C2), n-propyl (C3),
n- but!ﬁ (C4), n-pentyl (anmyl) (C5) and n-hexyl (Cs). Exanpl es of
(unsubst i SukRM) n &0 o Bipestelb cﬁﬂﬂ'ﬁ@(lé'tKé’brﬂhé’yﬁ@fdrﬂhé}élﬂﬁtnluéﬁtsPr0py| (X)),

i so-butyl (C4), sec-butyl tert buty (4), iso-pentyl (C5), and
neo-pentyl (C5). 25 Al kenyl The term"al kenyl," as used herein, pertains

to an al kglithowe peaaarn@rwws emeésabe fEch b@wﬁﬁm@tmm@ mﬁdﬁmeﬁxarrpl es
of groups, of al ken g}rougé &}lﬁllﬁﬁ% 4al kené %fﬁ_éal ken%cé 20al kenyl .
30Exanpl elf Qﬂ““‘("t?r\'siﬁé’t?f?ﬂ dRBEERuURiS 'ﬁ??a RIpLNG PRIYDEEDY but are
not 12gr t Bglrb S|sGltd?%ﬂé(ﬂnkalhfkyéerrthrEcﬂ'éZﬁant](bi@é@ﬂﬁéﬁl toupt&°bE Catedddd)in

2- propenyl CH CH=CH2), isopropenyl (1-nethylvinyl, -C(CH3)=CH2),
butenyl (?ﬁ%q“%%’ﬁteéﬁ'{/?”“@%) and hexenyl (C8).

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

(XI):
0]
R1 R3
T/
R4
Rt (RAX)
/
25 Pol
(X1

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

is as defined in respect of formula (X).



19 replaced with a hydroxy group. Exanples of such groups include, but are
not limted to, -CH2OH, -CH2CH20OH, and - CH( OH) CH2OH. Hydrogen: -H. Note
that if twesubwtsoruent at a particular position is hydpogsc2oittoosmsy be
convenient to refer to the conpound or,cgroup as bei ng "unsubstituted" at
that position. Aryl: The ter m'"aryI gs used herein, pertains to a

nonoval en i et vin dro tomfroman aromatic
ring at on{:EﬂE’m Hlyip%ﬂ%p 66’8 (r}? %ﬂncrﬁ %p@raﬁgg- from3 to 20 ring
atons (unl ess ot herw se specrfr ed). Preferably, each ring has from5 to 7
ring . ato S _cont ext h refrxes -7 etc.)
denote th reﬁ?fﬁB'éEheomorePW@”é(?'Q ort p?'é’ﬁ@% a%f"e%ﬁHﬁgi’y?PQ’r 'ﬁ@t '§?§)th whet her
car bon at ma,qfreﬂaegwgaém(mﬁgr 15 exanple, the term"C5 _6aryl,"” as used
herein, pertains to an aryl group having 5 or 6 ring atons. Exarrpl es of

group§ of .aryl groups include C3_20aryl, C5_20aryl, C5_ 15aryl, C5_12aryl,

G5 108ry18ur%7)ﬂtlh¥5boly%r_@d ylbw réledse/br. sudtithedatkhbse Edil?méhﬂﬁer@bpﬁﬁ may be all
carbon atons, as in "car oarry gr oups Iestpg 200arboary| gr oups

i ncl ude  CaNtBerding spmPYYUNd, Gﬁaf?GEB(ﬁﬂ@a\t'gﬂu"“wrﬂg%&d st asgedtpSar boar yl |

C5 10car betdaskd from tRE pblARF H useC5_6car boaryl , CScar boar yl,- and Cécar boar yl .
Exarrpl es of car boaryl groups include, but are not limted to, those derived
from benzene (i.e., Phenyl) (GCs), naphthal ene (Cl0), azul ene (CO

ant hrﬂ):enm 4 fakhds as%aammméégrenﬁeﬁﬁﬂamwa@@hﬁéwmdo@mm forRdlaRyr ene

(C1e). les o rouyps which c rise fused rings, at |east one of
which is %?%'bﬁ'ﬁ‘ﬁﬁo ing Wgthor’ﬁ’imaag abqg)?y 'e not l'imted to,.groups derived

from i ndane (e g., 2,3- d| hydro-1 Hindene) (C9), indene (C9), isoindene
(C9), tet raI 4-t et r ahydr onapht hal ene (C10 acen ht hene (Cl12),
fl uorene pﬁ‘ﬁgﬁatl tieerregprt jnve t@@pcrrarrarﬁ %P%'M@eé @fgé by §ARPIYBR S % r ene

(C16). ﬁl Y @6lﬁhﬁbuhbeofyom’€d1ﬁ3(l)”d)rr!aGsaﬂtttﬁﬁiféofTMt‘h h l&@ﬂndd@m@ﬂﬁ’r@éraﬁ@rtﬁ? hgt er oat ons,
as in et er oar es o roups i ncl ude
&5 h0tet orTamer e IHal ko Be Vot Bevlsta SHOBH AR PIerD 10het or aryl |
C5_10het.er oar yl-, C57het eroar yI C5_6heteroaryl, C5heteroaryl, and
C6het eroa{ VO 2011/ 096897PCT/ SG2011/.000052 .20 Hal o (.or hal o en): -F,
_ - Br, @rrthor aspp& w'eserktquentron provides use of a compound, polymer o

' 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 Inafurther aspect, the present invention provides an antifouling composition

comprising an antifouling amide compound or polymer as described herein.



Silyl: -SIR3, where Ris a silyl substituent, for exanple, -H a d Jalkyl
group, a C3.20heterocyclylgroup, or a C5_20aryl group, preferably -H a

G j al kyl woaupyoeese7a C5_20aryl group. Exarrpl es of silyl pgreepeijona@sude, but
are not limtedto, -SiH3, -Si H2(CHB),1 H(CH3)2, -Si(CH3)3 , -Si(Et)3,
“Si(i'Pr)3, -Si(tBu)(Cl-13)2, and -Si(t §u)3 Oxysilyl: -Si (OR)3, where Ris
an oxysilyl substituent, for exanple, -H a Cl_7al kyl group, a

C3_20het erocycl yl group, or a C5_20aryl group, preferably -H a Gijal kyl

group, oOr Infa farth@Pauprdt, gfe%t@serEmgﬁﬁcﬁﬁpr@\hdwaébétmb BPYBition BSrhpiling but are
not limted tQ gl—l) -Si ( &9? 3, and -Si ClBu)S 10 15
Siloxy (sPT¢ Pt'f%‘ﬂlwgrafé € BaiPpeuNd Qf & y@ep@sl S%L” I'}ﬂre'ﬁr%ﬂtﬁ lydle di scussed
above. Q<&’c$dt|hg>éb5mp09ﬁibr( R priseddem@inflodPaiSi)es, fo$e mﬁlé)ésmh&ér SiwR: as

di scussed above 20Si | y| - al kyl ene: -al kyl ene- &i R3 ere Rjis a silyl

subst it uelhe cgating %‘H’E&%?@E?"é%%%‘”t ?‘HPD‘??%QHpF%r exaRE. $OSROSEIPR CaP el udes

Qt her  For figludé/ah @81 RRINSuRatsp el doal cornsdsitdads bRek-BBlishivsaidr e the wel |
known' i onic salt 25sol vate, and protected forns of these subst it uents.

For exain@feré Yéf‘@P%’H‘ééﬁW“&B‘F‘%BﬁW i0f 28iicang cQalBy) al so i ncl udes the
ani oni c (carboxylate) form(-COO), a salt or solvate thereof, as well as
conventional protected forms. Sinmilarly, a reference.to an anino group

i ncl udes IfusPek 2pafle therRipsant inventionrarRises & caating compeiging ap@nkieuinge ani no

gr Oup10fOém@é%ﬁ{p@un@.abuggdp@Qaﬁéﬂedﬁ salt, as well as conventional protected
30forns of an amino group. Simlarly, a ref erence to a hydroxyl group al so

includes the anionic form(-0), a salt or solvate thereof, as well as

convent i ofmad fuﬂh@ﬂ&fbb@ldtt‘feq{ré%nt #Rvbhton provided 4 s@lﬁs‘frahﬁhélW@BédilﬂE or desirable
to prepare, purif and/ or handl e a correspondi ng 35salt of the active

conpound, apriied dhesip) whergin BRGPIBRREAPAPPS 2 E@é?)‘ﬂ'@ﬁlaé"%%?qmpo@ Exanpl es of

sui tabl e galer @sr@esféhsé‘dméiem Fér SarpRe, e sbstratt Iy be Fhassanequtical |y
Acceptable Salts, . Pharm Sci., Vol. 66, pp. 1-19. For exanple if the

conpolrhd ?@%ﬂ?ame or has a functional group which may be anionic (e.g.,
-COOH may be -COO, then a salt may be formed with a suitable cation.

Exanpl es of fsu'latable |rh§ anlc catjons include, but are not_linmited to,
al kal i melnd furtBRaspaEh thePTReeNt iiYanten Prayides ¢ RACtRURYAlICCRMPEREC] uch as Ca2+

and My2+, canghistiget atidling amideCtonisould b8 polfprandd @ssciibed Héreab! € or gani ¢
cations include, but are not limted to, ammoniumion (i.e., NH4) and
substituted ammoniumions (e.g., NH3R+, 10NH2R2+, NHR3+, NR4+). Exanpl es of

some ,mdi t ik ﬁlrtﬁel{h?dpbbluthécblrééhﬁm mivbﬁﬁdn(bwwaésﬁa tﬁaaéﬁqw bdmﬂos}‘itmm et hyl a
m ne, i et hyl am ne Ccl O amne, triet am ne t am ne,
Ct hyi eneareItRas Gt HHHOH GRAIE o BRaH o BAPFIE! SpPnisy Hebin

In a further aspect, the present invention provides a biocidal composition comprising
- . anantifouling amide compound or polymer as described herein.
s |
2 ~ 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.



benzyl am ne, phenyl benzyl am ne, choline, nneglum ne, and tronetham ne, as
well as am no acids, such as lysine and arginine. An exanple of a comon
guat er naryyORBa/M968 um i on is N(CH3)4+. |f the conpound PETSE&2OAMNS20r has
a functional group which may be cati on|i (e.g., -NH2 may be -NH3+), then a
salt. may be formed with a suitable anion. Exanples of suitable inorganic

ani ons | n%'R'IEjI?DEg’ER Bt 8E .|J|_| ) R QVI B ¢ hose derived fromthe 20foll ow ng

i nor gani cm}m@'ﬂlwrr% C, ic, hydroiodic, sulfuric,

sul furous, nitric, nitrous, phosphoric, and phosphorous. Exanples of

sui t abl e biggeni shaws avesagenedrositagdisdttiement obbarnaties mdvdlie cobfedsdthder i ved from

the follow nhg organi.c acids: 2-acetyoxybenzoic, acetj asc¢orbic, aspartic,
25benzoi-c P°|¥%ﬁﬁn‘%tr‘galﬂ'?%lzﬁp8?f'?9 %tﬁr‘f{%\,’e%ﬁ?miacc,o ¢y ??ﬁé??epﬁzﬁ?cﬁrgfﬁ'?onj c,
et hanesul frvantibn. Settiament orgihe cbaps| @dating Wadisimilacto tigdtddramcoate@l ycol i c,

hydroxymal ei ¢, hyd t hal boxyl i l.Set hiani | act i
Lt obi onPRYSYE( KRCERDRteh RePReed SratatineCuMhRe: Ot isos PEiebited oy i c.

pal mtic, inndedingin aardol $edmtent phigNyd satdrnént ferestitteatthémgbgoulpr opi oni c,
pyruvic, salicylic, stearic, succinic, sulfanilic, tartaric,

30t ol'uenegul fanic. iC: A of suitable polyneric organic

ani ons | NeraacT=hot>ck S FHER 4—: 2Rose derived fromthe foll owi ng
pol ymggi ¢ acids: tannic acid, carboxymethyl cellul ose. WO
2011/.096897PCT/ SG2011/ 000052 22 Solvates It may be conveni ent or desirable
to prieparg,—%&ﬁl—%@and/ or handl e a correspondi ng solvate of the active

conpound. TR &rineEaurted, vad esed Hersif Ssbrid@isab BomPoliit dHam @RdupaRdichs@nse to
refer to a ﬁ%ngl ex of sol li{oe %e g active conpound, salt of active
conpound) "AHEVE §hy ERPoMcariopd SBIERoRES pecafaensFarbe Kirlepandse may be
conveniently referred to as a hydrate, for exanple, a nono-hydrate, a.

di - hydr at a tri-hydrate, etc. _ Unl ess ot herw se specified, a

r ef of Bhoe 0% &mo ypsaturaleds” asiisgE AP PEAIR & CREPSS POZIOERTOUBS ISP her eof |
Cer t ai n - Phgfecstn@sbt Sudsarbbheaiodn dbiblebend beéfboedaeoh afblebsta. t he
substitue tg]%?)’ ften referred to her&i nas R ar-fe i ndependently sel ected
from hal HOMRGUPBANA/QL GRS MRaybe paialy| unsatyated gr il unsgtyrptede o7

15C Jal kyl acyl , Cb.20arylacyl); acyl halide; carboxy; ester; acyl oxy;

am do; acy] am dq, {hi,ganm dq;, tetrazolyl;:, anino; nitro; nitroso; azido;
. SRS R et Syl o, dudrSBpERY ! SorRr G rel f hydryi
t hi oe2dher to{ @nipoundd ped/iydrobpOwhich bbieomlg cadon ans hydregai gonssul f one;

sul f onyl oxy; sul finyl oxy; sulfam no; sul fonam no; sulfinam no; sulfanyl;
sul fonam do; GCijalkyl (including, e.g., unsubstituted Cl7al kyl,

G ghal oal K¢ 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 sﬁbstituents
| 35 are well known, and methods for their formation and introduction into a variety of

parent groups are also well known.



204 j hydr oxyal kyl, C1..7carboxyal kyl, G Jam noal kyI C5_20aryl -C1_7al kyl ) ;
C3_20heterocyclyl; or C5 20aryl (including, e.g. CS 20car boaryl ,

C5_20het ewoanyln96$95_20aryl and C5. 20hal oar Y1)). Imcmxse;zpmmﬁmsz ed
enbodi ment, the substituent(s), often 1r8ef erred to herein as R are
25i ndependent | y sel ected from F, -d'°-Br, and -1; -O4, OMe, -OEt,

-0(tBu), d - 30- SMe, . - SEt t Bu d - SCH2Ph; =0
CE 0)‘ l,\J/)E %&/ L 0 term Ca\llgg) ef Bﬁﬁd hee{ﬁ@ paa(yjq:tﬁ(a mg,%os@f n|t_|m0|e@( a@?@ C( )
- C(=0) OEt rerﬁcmh %y& ﬁ&tﬁn frob® a cettdhMbm of £ayEbtiyEn cofap o@)d\%\@/ and

=0) NHE = - NH - succi ni m dyl,  an
n'acl( ei Zn dyf 12§ % ‘N%“ilf‘ithe“”ﬂq( PF"}'ed N Pich Bray be. ?lll%%t'c Q'NEL 2,
- N|(:>I Pr) ZBahdy(:IR‘Péhg whroN(rﬁ@LBe?sat@r@ﬂad'd\J(JngbﬁJ%ted pah@[y unyﬁtura‘t&! ,fultyg Pr,
-i Pr, -nBu OBr 3, - ., an

_creer: @‘iaﬁﬂfatedbdw thecleyp falkyl'dpgldes th @'assm'&mtlﬂ y"bcHchFz and

OCH2CF3; ¢ M@H‘ clbiiReriy Doyl cadIkyry CalcOHigdidddd beléi2NH2, - CH2CH2NHZ, and
-CHZCHZNI\/EyZ and leoptlon ly ?ungstltut ed phenyl

In the context of alkyl groups, the prefixes (e.g., Cq to Cy, C1 to Cs, etc.) denote the
_ number of carbon atoms, or range of number of carbon atoms. For example, the

10 | term "C4 to Cjalkyl," as used herein, pertains to an alkyl group having from 1 to 4
. carbon atoms. Examples of groups of alkyl groups include C; to C,alkyl ("lower

alkyl"), and C,to Cgalkyl. 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; étc.
15
| ~ Examples of (unsubstituted) saturated alky!l groups include, but are not limited to,

methyl (C4), ethyl (C,), propyl (C3), butyl (C4), pentyl (Cs) and hexyl (Cs).

_ Examples of (unsubstituted) saturated linear alkyl groups ihclude, but are not limited
- 20 to, methyl (C4), ethyl (C,), n-propyl (Cs), n-butyl (C,4), n-pentyl (amyl) (Cs) and n-hexy!
(Ce)-

Examples of (unsubstituted) saturated branched alkyl groups include iso-propyl (Cs),
.- iso-butyl (C,), sec-butyl (C.), tert-butyl (C,), iso-pentyl (Cs), and neo-penty! (Cs).
25 o
. 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, Coopalkenyl.

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

- and hexenyl (Cg). '

35 Hydroxy-C; — Cg alkyl: The term "hydroxy-C, — Cgalkyl," as used herein, pertains to
| a Cy — Cg alkyl group in which at least one hydrogen atom (e.g., 1, 2, 3) has been



In one preferred enbodi ment, the substituent(s), often referred to herein
as R are independently selected from -F, -d, -Br, -1, -OH -0Me, -OEt,
- SH, - SMawo-28h109689C( =0) M2, "-C(=0) OH, -C(=0)O0Me, - CONH2pCTSGxHYm00sNH2,
-NMe2, -NEt2, 15-N(nPr)2, -N(iPr)2, % -NO2, -Me, -Et, -CF3, -0CF3,
-CH20H, - CH2CH20OH, - CH2NH2, - CH2CH2NH2,” and -Ph. In one preferred

enbodi nent, the substituent(s),_.often referred to herejn as . a

e pendolAFE B RIS e oy AR es iHED Sty el ey biteds pst indlefe,
am do; antd)eCHABNCH,CHGHKkard OHIOHYOHs@H. €. 9., unsubstituted Cl7al kyl,
d j hal oal kyl, G jhydroxyal kyl, G jcarboxyal kyl, d jam noal kyl,
C5_20aryl-Cl.7alkyl). In one preferred enbodi nent, the substituent(s),
of ten: ref Blyd@deh:CHNNRE thad i tHR subsBtubmdR peadIldr positbreisthydrogeant map - OH;

1 =0) R e SRRUERAKITEre 4 T ipo S REOOLE bR unsabstidedhaghal Ny,

- NHEt, - Nplpsifsn., -NH(nPr), -NMe2, -NEt2, -N(iPr)2, -N(nPr)2, -N(nBu)2,
30and -N(t1302; -Me, -Et, -nPr, -iPr, -nBu, -tBu; -CF3, -CHF2, -CH2F,-CBr3,
- CH2CH2F, - CH2CHF2, and - CH2CF3; CH2OH, - CH2CH2OH, and - CH(OH) CH2OH; and,
- CH2NH2, - GHR.OrBNEZm "aRil" adtikddHiNh Zpertadts t©ahBsnol@lemoy siagitlediByei n, the
term"fouli n(g/‘i regeé[s to the attachnent and (gro h of. m'cr'oorga I sms and
smal | or gEHIAMRY § YOG AP a0 SEIRRYICNY 349 ohAR RLMptc,LomRO ri“gui d nmedi um
for exanphiichmnsisty ®as $rofE3liolI rifSatdmk (ufissst thérliderspecins®). iMteferapper of the
m cr oor gani §e a}qld/ or gma | organisnms in a container of the Iiquid nmedium
Accor di ngFeN g Mas fom 310 7 Bng alas)| er s* are used i nt erchangeably and ref er
to the organisns that foul a substrate. Fouling may occur in structures
exposed tp or inmersed in fresh water as we|l as jn sea water, In

oar et el afn Disontest dias s Eed ety Greplerlstaolen? Bomba iig: subst rat e
exposed t aton®, of KFEMGE SLAUMPerst anyatodts, whether carbgh dtonissr He@rsatome! Féroul i ng"
refer t of. preventin r elimnati %%rfGOL” i.ng.

to the ef . "V educi d/
Aot 501 | REPRRRriDS P Corpik sisRh et Serae dueh M BrUB PERDaS

ring atoms. Examples of groups of aryl groups include C;_zaryl, Cs.zparyl, Cs.isaryl,

Cs.10aryl, Cs.qparyl, Cs.zaryl, Csearyl, Csaryl, and Cgaryl.

The ring atoms may be all carbon atoms, as in "carboaryl‘groups." Examples of
- 20 carboaryl groups include Cs.xcarboaryl, Cs.xcarboaryl, Cs.iscarboaryl, Cs.1ocarboaryl,

_ Cs.1ocarboaryl, Cs;carboaryl, Csgcarboaryl, C5ca'rboaryl, and Cgcarboaryl.

Examples of carboaryl groups include, but are not limited to, those derived from
benzene (i.e., phenyl) (Cg), naphthalene (C+o), azulene (C1o), anthracene (C14),

- 25  phenanthrene (C4), naphthacene (C1g), 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 (Cg), isoindene (Cy), tetraline

30 (1,2,3,4-tetrahydronaphthalene (C4g), acenaphthene (Cy»), fluorene (C,3), phenalene

(Ci3), acephenanthrene (Css), and aceanthrene (Cyg).

Alternatively, the ring atoms may include one or more heteroatoms, as in "heteroaryl
groups." Examples of heteroaryl groups include C;.sheteroaryl, Cs.ooheteroaryl,
.35  Cs.sheteroaryl, Cs.1oheteroaryl, Cs.oheteroaryl, Cszheteroaryl, Csgheteroaryl,
| Csheteroaryl, and Cgheteroaryl. |



15An antifoul ant conmpound is usually applied at a standard concentration
which is the concentration that is effective for its purpose. Accordingly,
a concentwet2oomeb®ss t han or bel ow the standard concent petiscnoiimo@mse wher e
the antifoul ant i s not effective'v\henaé is used alone. 20The term
"substrate" as used herein refers to solid nmedium such as surfaces of
structures or vessels exposed to, or imersed in a |liquid medium The

| i qui-d nmedium may be fresh water or seawater and may be a body of water in
a manmade Haoah&iegersudh -GIs-Br, st 4.1 e, pool or tank, or the liquid may be
uncont ai ned by any mannmade contai ner such as seawater in the open sea. 25 A
"structure" as used herein refers to natural geological or manmade
structureﬁyampmpl ers or oill rigs and the term"vessel" refers to

manmade vehicles used in water such as boats and ships. 30The

"m crodrganisns” referred to herein include viruses, bacteria, fungi , al gae

and pr ot osoﬁn-s.R Qifetd RGHQ&WI suBsstitues, wrreadmbré hﬂer@cryamgngrbn@laude or gani-sms
t hat- co i mrer sed fresh water or

foul substrates exposed
Seanat of | CaeHOIEOGPHETaNS B Cod 2R DIFIER T o APV |y ¢ hose

t hat -adheicg, syl gro%pbs&amb%s oExmrﬁioegs m‘clrugugdsm%@hét magﬁé :ﬁ?i 2?1 I ;ﬁlgo e

bar nacl eﬁﬂfﬂdgm.ls sel s and
called s haP§!(Chne -PEC)s orlf&hb sRitF ereH iR Gy n@reritBYst o be
under $¢ ood accor di ngl y and i ncludes m croorgani sms and smal |l organisns. The
term"marine o V\g I§ as used herejn refers %ﬂcr) anlsms whose nat ur al
yl: )3 GER

habi tat | &8 whereRis a0 oxyeiiv sibshivepl E'ﬁi LAY ne snal |
or gani sn gasip, & €l Ebﬁe!é?&@bl?lg}ﬁﬁb Qﬁ@@s%d?ﬁlg‘foup prefé‘rubls/hﬁra ch haﬂky‘l §Fdp,

"mcrofouling' refers t oulln croor ani sns and the term

10" macr of 80P eer@ny 8fuPs EXeMPISIq Hﬁysﬂg%ﬁ“ﬁ&d dyde. PH?%{%I“OE 'Hﬁ'??%tpcr oor gani sms

such ‘as ssﬂbH)ptggwg)grs stngﬂysedn@tm@Bujghe ternms "biocide" or "biocidal
corrpo*%d" refer to conpounds that inhibit the growh of m croorgani snms and

smal | “organi snms by killing them The ternms "biostatic" 15or "biostatic

conpound” siedygsilyl ethe NTIBIRG SVH@BIRNéh Bilyl g, 8¢ dtlsed apbwy, oor gani sns or
smal | organisns by preventing them fromreproduci ng and not necessarily by
killing them The term "degradati on" as used herein refers to the

chemi cal loxgsilostpwo SHORS) npeidin OBi(OR); BfandxgEINPGUOL dstisvatssd atpvef er ably sea
water. The term"growth" as used herein refers to both the increase in
nunber of m croorgani sns and snall organisns, as well to the devel opnent of

a smeRd osggailkyiener @lkyjenee3IR), avHete RIS kily balgtituenfes okdissgl wbow. For des and
bi ostatics can bg:l_fgé]_gp%.i,ﬁ%as atreatnment to a body of liquid or to a
subst r at e RIPPEcEHEFTTRINT% the growth of microorgani sms and snal |
organi sms. As such, biocides and biostatics can be antifoul ants and can
prevent, iegu!ce ;q!r |rm nate biofilmformtion. ~ Accordingly, the
terms "badl& d "bacteriostatic" refer to effects of 30conpounds
on bact er Ualess 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 (-O7), 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.



The term "bioactivity" as used herein refers to the effect of a given agent
or conpound, such as a biocidal or biostatic conpound, on a living

or gani smwpantioedoar | y on m croorgani sms or small or ganipemsG2013H0052
"biofilm is a conplex aggregation of gy croorgani snms, usually bacteria or
fungi, marked by the excretion of a protective and adhesive matri Xx.

et or ogenBrEyb e Bh B PR RIS PG @cru'séeﬂwb%zé%é{a?ﬁﬁpﬁt"?ﬁ%‘r&%%%wahr "Cand-an

extracel | Bcegptamé Saks, 0. MRIYNSC, Yok 8bsp@Ncrs. Biofilms may al so be nore
resistant to antibiotics corrpared t o unaggregated bacteria due to the
presence of the matrix. The term "pharmaceutical™ as it relates to a use,

ggent‘ COF@gém;gé iftREBeOBbbUrels ahidhiel 6r| Ha2 atlﬂgﬁActmdld grahp Whﬁ;atnwﬁe of at |
| Sease- or I sSQraer unma ni nal s. ccordin maceuti ca
conpouhd P8O3ICeH th"{}?@\ﬁlg?oeépﬁ thRR gisaimayrke-lp ‘?f?wé?aéu'gq@‘ease or

di sor.der bé’tldﬂiUm&\anrs oa@ulmmjlémor@@nm&ﬁdoﬁﬁhauab bub&gret it Mnited RNEREK

concentratio as ‘it rtain n antl-foulln agenj, or c m)ound refers
to the cof¥ ﬂqnéﬁuﬁrhagfe\'av\,ﬁi‘%% ‘%ﬁ@?ﬁ%%ﬁ’i‘ ER10BD A C?%s aﬂ.‘gé’fg(‘ae@ﬂpve agai nst

m croor gaatharrsat@hs SO&H 4s nrbaEuammesaéf sohai8 oidanil atighd iREILES! BubgR Adiat agent
or conpouy g\!eéftoused al one. Accor.d the term"effective" means having a

desired e 2 ATMORAIT P i-©- b'élHO\)vag‘? g‘l‘ﬂféﬁ?‘ﬁedc%'ﬁﬁ‘éﬁluf‘h‘f’i‘%@ '9rlFeR's to the

| evel 1@t WhiL,RST, NAR; agIRDY). E&aﬁ@féﬁ@ﬂ@&né%uﬁbﬁe afseetddvammbsomusesaral one. 20
Exanmpl es Part Synthesis o Several nethods for

f unds
the cheni Hgse §’9H‘f9r5’§g’rg %?yq%'ﬁﬁo‘ﬂﬁ@?am’nee H@V?JSE‘?‘@W'”‘?\J%’PY@H'“% e descri bed
her ei.n. Tbe@anam/emylehbbiarmrvaelethalﬁelamdmtéﬂ%%lamwe Bpeidahd, i ed and/ or
adaptedlgk%xj) F%SI gr tof<';1C|I|tﬁ‘11p‘I t he s.yntheS|s of additi onal
25conpoun8& AN RgeY! mife.chelingy Beglming, f8f oBIe Nafhee. A% WRlsay be
prepared apaRr#bidigsilich ésh?sm@bhd)WgﬁmegeNeéﬁdmmebh@d@ﬂnﬁ@h%aMﬂde A 30The
synt hesi s of al kox Iahg&_lagbstltut ed conpounds such as the 15-series

conpothds2MERELR PN step protocol in which commercially available
phenyl acetic acid derivatives under go DCC nedi ated am de formation with
pi peri di n Scherre é) §ubse ent I a[l on o he resultant

i

2-aryl ace BREEPAYRE P HEE’eB HnFtXO@a FHRHR WRCHHMYRE SHigM5{8Fobut ane
]lcmde'r hst SFM@eray‘.béldﬂlﬂj pmer? a &hﬁﬁ?b&f&ﬁﬁdm mtabledmidri?g)Ex&ﬁﬁ)IegkﬁOdadopt edI

or the di Thus, the synthesi et n ydr oxyary
congener s® Hkab{enlgorgﬁ@ﬁ@g{on? dlcwepg'fté’)r/ﬁ? na %83‘81 tf‘%seo%?sr%{ﬁgﬁﬁmé hree or four
step 20 ot fzﬂ:o\Mngmomarﬁdﬂammmdmcalbhy r@umbkc&hbehydhﬂwb auflnia; salfureugjer i vat i ves
are first I;t:onvgrted to either the ﬁ%rgerdl ne or dimethyl am des via the

cor r esponBifiy "oHY RERPRNG e LPNISBAYSES i azol yI esters. Subsequent LDA
pronot ed al kyI ation vmth elther 1- br onobut ane or 6-brono-1- hexene affords

tsgﬁe(rjrgsar Qan]iglggtcz suut%glre organlc I’('l)IgTI:l]Sdi?’ldluge bu\{vare n qeyltoelth%%e %rix?eh wnoin

: 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, Iactobioni‘_’c, 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 alsd includes salt
'35  forms thereof. )



15Scheme 1.1 Denet hyl ati on of sel ected nmet hoxyaryl targets was perforned
using boron tribromde in dichloronethane as outlined in Schene 1.2.

Tr eat nentwof20iif9d89715. 2, 15.3 and 17.2 under these condiptir®cao@dloboosz oceeded
snoothly to afford the correspondi ng ydroxyaryl derivatives in good
yield and in high purity. AIkBBr3, CHZO 2Alk N-78 C- RT a.HOy - 0 11 - 80%
Schene 1.5 %E hod B 28 The synthesis of hydroxynethyl ated conpounds and
acetyl at eg® ogues were accessed fromthe readily synthesized am des

f ol I owi.ng itsihaytstacshveniontasidesiraAd b srepare aburby) aRERF AERIIS a(COBSIBRdIRY.
Acetyl ati on of e p-derivative T%fford,«,ed corrpoumgsh I n ogd I sol ated yield.
1 LDA p_‘avgte_ t eﬁ:_tlﬁjg?mpound-. e term "solvate” is used herein in the
2 . conventional sense to refer to a complex of solute (e.g., active compound, salt of
B a'cti\:/‘e'compound) and solvent. If the solvent is water, the solvate may be

conveniently referred to as a hydrate, for example, a mono-hydrate, a di-hydrate, a

tri-hydrate, etc.

Unless otherwise specified, a reference to a particular compound also include

| 10  solvated forms thereof.

- Certain Preferred Substituents
‘In one preferred embodiment, the substituent(s), often referred to herein as R, are
‘ - ihdependeﬁtly selected from: halo; hydroxy; ether (e.g., Cq.7alkoxy); formyi; acyl (e.g.,
15 Ci.ralkylacyl , Cs.zoarylacy!); acylhélide; carboxy; ester; acyloxy; amido; acylamido;

" thioamido; tetrazblyl; amino; nitro; nitroso; azido; cyano; isocyano; cyanato;
isocyanato; thiocyano; isothiocyano; sulfhydryl; thioether (e.g., Cialkylthio); sulfonic
acid; sulfonate; sulfone: sulfonyloxy; sulfinyloxy; sulfamino; sulfonamino; sulfinamino;

_ sulfamyl; sulfonamido; C,.alkyl (including, e.g., unsubstituted Ci.zalkyl, C,.7haloalkyl,
| 520 Ci.zhydroxyalkyl, Cs.;carboxyalkyl, Ci.zaminoalkyl, C5-20aryI-C1_7alkyI);
’ Cs20heterocyclyl; or Csparyl (including, e.g., Csacarboaryl, Cs oheteroaryl, Cq.zalkyl-
Cs.20aryl and Cszohaloaryl)). -

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

25  independently selected from:

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

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



0- = 31% p-= 52% Schene 2 More specifically, in order to gain access the
hydr oxynmet hyl at ed congeners of 12.1 10and their acetate derivatives, it was
necessar ywbeougwesdf f erent synthetic routes based on thectsoenomves?2

avai lability of the phenylacetic acid derivatives. Wil st

phydr oxynet hyl phenyl acetic acid is co rcially avail able and was able to

be used directly in o] [ r tion wt i peri dine, _the caorresponding
ohydr oxynﬂ‘f'ﬁ%ﬂ%’ﬁ@ﬁy]%t W@%dﬁﬁ@f%@“"&bﬁﬂéﬁd@ﬁ% 'gg’?ﬁrﬁzag?@gugzlence t he
requi sit eaddamBle,;was accessed by nucl eophilic ring opening of commercially
avai l abl e éﬁ_ochr omanone with piperidine in noderate isolated yield (Schene
2.1 below)y"Wth the o- and p-hydroxynmethyl am des in hand, treatnent with
tert-butylndset hyl silyl (TBS) chloride in the presence of imdazole

af foﬁ’r_d§d h\?er&or rlgspﬁndi ng IBS ethers in noderate yield and these underwent
al kyl-at i oMk uffifi SR 1854 -4 16.2 in their 20protected form Treatnent of
the TBS etdwl THFL ICHBARCCID -EBF, '@0H,.BdGHICHE Rl -cebCcEhe TBS protecting

group to,aéf!(:)rd 16.1 and 16.2 in near quantitative yields. Conmpound 16.3
was then Qelar@aHfoIrPoRhgOGdarehts HCHERFWQGHE i anduiiyidGFge in

pyridi ne. -ng(ﬁﬁ,i-@HwQMH,idhdSQPTOHE)@ﬂzbmﬁ ow, being a nodified version of
Schene - WO_ 2011/ Q96897PCT/ SG2011 00052 29 o- = 48%- = 52%p- = 68% 1 hr,
RT i LDA, “GigH2-GH2EH Ny apd -GAAdNMeeii afidne 16. 1 (69% TBAF, THF

10 optionally substituted phenyl.

’ n 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(=O)Mé, -C(=0)OH, -C(=O)OMe, -CONH,, -CONHMe, -NH,, -NMe;, -NEt,,
: ;1_5: _' -N(nPr),, -N(iPr),, -CN, -NO,, -Me, -Et, -CF3, -OCF;3, -CH,0H, -CH,CH,0H, -CH,NH.,
" -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., Ci.7alkoxy); ester; amido; amino;
20 and, Cq.zalky! (including, e.g.,'unsubstituted Ci7alkyl, Cy.7haloalkyl, Cs.7hydroxyalkyl,
' Cyzcarboxyalkyl, Ci7aminoalkyl, Cs.z0aryl-Cy.7alkyl).

In one preferred embodiment, the substituent(s), often refe}red 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(=0)NH,, -C(=0)NHMe, -C(=0O)NMe,, and -C(=O)NHEt;
-NH,, -NHMe, -NHEt, -NH(iPr), -NH(nPr), -NMe,, -NEt;, -N(iPr),, -N(nPr),, -N(nBu),,
30 and -N(tBu); '
~ -Me, -Et, -nPr, -iPr, -nBu, -tBu; -
~ -CF;, -CHF;, -CH,F, -CCl,, -CBrs, -CH.CH:F, -CH,CHF;, and -CH.CF;;
-CH,0OH, -CH,CH,0H, and -CH(OH)CH,OH; and, '
- -CHyNH,,-CH,CH;NH,, and -CH,CH,NMe;.
35



16.3 (909 16.2 (80% TBSO/-7-0 = 31% 53% Schene 2.1 The procedure to
convert 16.2 directly to 17.9 was a two step process whereby Swern

oxi dat i oowbaotimessor r espondi ng al dehyde was perforned prcersczeoron@at nent
wi th Oxone(r) .. The desired acid was ained in .noderate overall yield
(Schene 3). The remai ning targeted ngeners of 12.1 could all be

accessed Ez m)ldlflcatlon of 16.5 by treatnment with an appropriate
el ectroph L |1 cases the target corrpounds wer e obtained in noderate

to excel | @Btusyd Bbin, MestermBoMlirgf réfBRI6 tHeeattichMaAt AidegrolWevetr i n Scheme 4. WO
2011/.096897PCT/ SG2011/ 000052 30. Schene 4 Usi ncp; t he above net hodol ogi es,

t he conpodhdeorganiaes GRIsHR! PEIANGMTG astUPatets cPARaAdO Y Mesteskn, @ and are
pr efer r.ed iQuid afidipn tfsr dxafiphs SNSQUCATRRIANMN 26ClSIdRMb an incr&¥¥? it humber

. j' 5 ofthe mlcroorganlsms and/or small organisms in a contalner of the liquid medium.

Accordingly "foulers” or "microfoulers" are used interchangeably and refer to the
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 to refer 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”.

f '1_5. 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 asb a bottle, pool or tank, dr 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
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their larvae. Small organisms can also be called small animals. The term “organism”
- referred to herein is to be understood accordingly and includes microorganisms and

~ small organisms.

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 miicroorganisms and smiall organisms by killing them. The terms "biostatic"
:1_5‘ or "biostatic compound" refer to compounds that inhibit the growth of microorg'anisms
| or small organisrhs 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
rhicrodrganisms and small organisms, as well to the development of a small
~ organism from juvenile to adult stages. Accordingly, biocides and biostatics can be
..ﬁ25 - 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 agentor
compound, such as a biocidal or biostatic compound, on a living organism,

» particularly on microorganisms or small organisms. '

35
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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
: chafaCterized by surface attac_himént, structural heterogeneity, genetic diversity,
‘ . complex community interactions, and an extracellular mat.rix 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 uséd herein, the term "standard concentration” as it pertains to an‘anti-fouling
a'gent or compound, refers to the concentration at which the agent or combouhd 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
a (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 - RS RS
R4 OH DCC, HOBt Rrg4 N LDA, THF -78°C ' O
) > —_———" R4 N
S o DMF n-BuBr :
L RN ORA R3 rR1° , ) '
" Ro - R3 R1
- R2 R2
40-70% j , 15 - 60%
Scheme 1

The same methodology was also adopted for the dialkyl amides. Thus, the synthesis
' 5  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
5 alkylation w_ith either 1-bromobutane or 6-bromo-1-hexene affords the desired

10 methoxyaryl cbmpounds in low to good yields as shown in Scheme 1.1.

1. DCC, HOBt | o
- R or R® o LDA, R® Al
R OH  soc, R4 Nog THF-78°C _ R N
' . Alk-Br :'ﬁ
R3 R 0] 2. Amine R3 R 0] R R’ (o)
Rz - R2 Rz
40 - 80% 16 - 80%
15 , : 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

20  hydroxyaryl derivatives in good yield and in high purity.

Alk "VI"’V BBI’3, CHzclz Alk "Vl‘""
78 °C - N
N N\fe 78°C -RT _',\ \,f
MeO-r ; ' HO
— (o) S 4 o
11 -80%
Scheme 1.2

25
Method B
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The synthesis of hydroxymethyiated compounds and acetylated analogues were
- a;écessed from the readily synthesized amides following standard protection and
alkyklat;ion protocols (Scheme 2). Acetylation of the p-derivative afforded compounds

in good isolated yield.

Imidazole g |

TBSCI, A O
N

p-=53%

|
. TBSO .
Fm DMF -
HO : . 0-=60%

LDA, THF - 78 °C

n-BuBr
. Pyridine 16.1(69%)  TBAF, THF N
16.3 (60%) 16.2 (76%) D 3
TBSO
) ' . 0-=31%
S p-=52%
Scheme 2

- More specifically, in order to gain access the hydroxymethylated congeners of 12.1
10 j and their acetate derivatives, it was necessary to use different synthetic routes based
- on the commercial avai'lability 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
15  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
20  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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The procedure to convert 16.2 directly to 17.9 was a two step process whereby
"5 Swemn 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 o
35% over two steps S :
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.
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- . Using the above methodologies, the compounds based on the following structure

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

@)
)
RA5 RA1
RA4 RA2
RA3
(1
R R R™ R™ R™ ‘Compound
H H H H H . 12.1
(reference)
H H OMe H H 15.1
H OMe H " H H 15.2



HOC(0) CH20- H H 16.9 H H CH300(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) 3Si CH2CH20-
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‘OMe H H H H 153
H OMe ~H OMe H 154
H OMe H H OMe 155 -
H OMe OMe H H 15.6
OMe H OMe H H 15.7
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. OH H H 16.5
H OH  H H H 175
OH H ~  H H H 174

~ Additionally, the fdllowing compounds were synthesised, and are preferred

embodiments.

R™ R™ R™ - R™ - R® 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,0Ac 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 CH;0C(0)CH,O- H H 16.7
H H HOCH,CH,0- H H 16.6
H H  CH,C(O)OCH.CH,O-  H H 16.8
H H (CH3):SiCH,CH,O- H H 16.10
H H CH,CHC(0)0- H H 16.11

Additionally, the compounds of the following structure were synthesised, and are
preferred embodiments
10
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o RA3
S (V)
. RM R _ RS R - == Compound
: | | . No.
: " ) OCH, H  H 171
S Ho H oH Ny | | i
5
: Additionally, the compounds of the following structure were synthesised, and are
preferred embodiments :
RA3
10
V).
RA R™2 _ R ~ RM R® Compound
| No.
" ) OCH; H H 172
" " OH H H 17.7

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

preferred embodiments
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20

25

(V1)
R™ R¥ - RP RM "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.

Synthésis Methods and Data for Selected Amide Derivatives

- 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

| (CDCl;) 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
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 (5),
multiplicity (s: singlet, d: doublet, t: triplet, g: quartet, qt: qﬁintet, m: multiplet, dd:
doublet of doublets, etc., br: broad), coupling constant (J Hz,) and relative integral

- (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 (Umax cm™), strength (vs: very strong,
s: strong, m: medium, w: weak). High resolution El mass sp'ectra were recorded on a
Thermo Finnigan MAT XP95 mass spectrometer. Analytical thin layer

chromatography (tic) was conducted on aluminium sheets coated with silica gel Fass
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- (Merck). The chromatograms were analysed at a wavelength of 254 nm (where
éppropriate) and/or devéloped using an acidic solution (5% H,SO,) of potassibum
- permanganate in water followed by heating. All solvents used were of AR grade and

. purified by literature procedures where appropriate (Armarego, 2003).

General Procedure - DCC mediated amide bond formation
To a cooled (0 °C) stirred solution of phenylacetic acid derivative (1 equiv.) in DMF
j (1.2 mL/mmol) was added DCC (1.1 equiv.) and HOBt (1.1 equiv.). The resulting
- mixture was allowed to stir for 1 hour, by which time a heavy colourless precipitate
' ;10' - was evident, Piperidine (1.1 eq:uiv.) was added to the reaction mixture and stirring
' was cOntinuéd for a further two hours, after which time thé reaction mixture was'
- filtered. The mother liquor was taken up in EtOAc and washed successively with
~ saturated NaHCO; and water (x 3, 2.4 mL/mmol). The organié layer was dried
(MgSO4) and concentrated in vacuo to afford the crude amides, which were purified

‘ :15 by flash column chromatography using the solvent systems specified.

- General Procedure - Amide bond formation via acid chlorides
- To a cooled ('O °C) stirred solution of methoxyphenylacetic acid in DCM (0.4 mL
- mmol ™) wés added thiony! chloride (0.4 mL mmol™). The resulting mixture was
; '20v allowed to warm to room temperature and was heated at 50 °C for 2 hours after
which time the reaction mixture was cooled to room temperéture and carefully poured
_ ontd ice. The organic layer was dried (MgSQO,) 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,CI; and added sIoWIy 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 bfor a further two hours. The

* crude reaction mixture was washed with water and the organic layer dried (MgSO,)
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
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and centrated in vacuo to afford the crude am des, which were purified
15by T1ash col um chromat ography using the sol vent systens specified.
CGeneral Procedure - Anide bond forgatl om~yi@Checi d chl orides To a cooled (0
C) stirred solution of nethoxyphenyl ac acid in DCM (0.4 nL mmorl) was
added thionyl chloride (0.4 . >The resulting m xture was 20
allowed to warmto roomtenperatudre and was heated at 50 C for 2 hours
after which tine the reaction mxture was cooled to roomtenperature and
carefully poured onto ice. The organic |layer was dried (MgySO4) and
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following the general procedure for amide bond formation. The product was isolated

- 25  as a colourless 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, 2J = 8.4 Hz 2H). *C NMR (75 MHz, CDCl;) §24.47, 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 C14HoNO; 234.1489, found 234.1496.

2-(4-methoxy)phenyl-(1-piperidin-1-yl)hexanone
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25as ‘a colourless oil (1.0 g, 65% following purification by flash colum
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The title compound was prepared from 2,4-dimethoxyphenylacetic acid (1.0 g, 4.7
mmol) following the general procedure outline for amide bond formatioh. 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, CDCl;) 5 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, CDCl5) 524.46, 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 C15H2NO; 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 o-

alkylation from 2-(2’,4’-dimethyoxy)phenyl-1-(piperidin-1-yl) ethanone (688 mg, 2.61
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fol | owing the general procedure outline for am de bond fornation. The'

product 266488, 9526, a1t0é&6aé2h9§/él2ﬁc§\ﬁ/ 98.79, 61@@ 3@917256%HRMSI(6§A hdigndrification
by flash Wi%%ht?gmm%mzbﬁo%&,szﬁ&zzgo 6). 1H NMR (400 MHz, CDCI3) g
1.38(m-  2H); 1.52 (m 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).
130 | ,H;;ldg, Jd¥56 3) 824.46, 25.56, 26.26, 40.72, 40.77, 42.94, 47.27,
111. 24 111 0, 120.66, 127.97, 147.80, 149.07, 25169. 45. HRVS (ESI + lion)
Mz cal cd2feytyler - dimethyexy)phenyl-1piprridin-yiiszanone

2- butyl - 2- (2, 4- di met hoxy) pheny1-1- (pi pe (diderd; Yyl ) hexanone. The title
conpound was prepared follow ng the il procedure outline for

ccal kylation from2-(2',4'-dine onyl-1- (pi peridin-1-yl) ethanone
(688 ng, 2.61 WO 2011/096897 052 37 mmol ). The product was
isolated as a pale yellow oil 0, follow ng purification by flash
col urm chr omat ogr aphy (50% Et OAc i p hexane, Rf = 0.7). 1H NWR (400 MHz,
CDClI3) 8 0.87 (t, J =7 H, 3H; 0.973 (m)H); 1.13 (m 1H), 1.23 - 1.65
(multiple signals, 9H); 2.01 (m 1H);15333 (m 3H); 3.7 (m 1H; 3.79 (s,

3H); 3..82 _
g .-~ The title compound was prepared following the general procedure outline for a-

_ a‘IkyIation 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%) fbllowing
| * 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) 6 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 C1gH3NO; 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;) § 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, CDCl,)



(s, 3H); 4.12 (t, J= 7Hz, 1H); 6.42 (m 3H); 7.20 (d, J= 8 Hz). 13C NMR (75
MHz, CDCl 3) 814.06, 22.79, 24.73, 25.67, 26.16, 29.92, 34.04, 39.21, 43.11,
46. 19, 55w02p11796890, 98. 26, 104. 66, 121.93, 128.56, 156PCP/SG2eMQ/08852172. 45.
HRVS (ESI + lion) mz calcd for Cl19H3 320. 2220, found 320.2229. 10
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procedufx;lggﬁtj‘h’l3 12% he t a,2§>2|1a$$’§ﬁ, zﬁﬁuz Qzeﬁ)?a.’rzsedssfﬁ | 610h 92 ! he gener al

2-(2', 4" - dpgmes mares) nfa@nsl‘rsb:{aolmms%sr#wmt,ﬁ@r&alaef&rﬁaa-l 022 61 15nmmol ).
The product was i solated as a pale yellow oil (380 ng, 45% follow ng

purificat Poh1 ﬁ)§/9 found?3¢et488n chr omat ography (50% Et OAc in hexane, Rf =
0.7). 1H NNR (400 NPE CDCIS) 8 0.87 (t, J = 7 Ft SFD 0.97 (m 1H); 1.13
(m 1 - 1.65 ltiple si als ;? 1H); 3.33 (m 3H);
3.7 ( 1?«)(4-fe'tﬂbyts('§'me3hy's"8'°82me vl)ghyny' fPZP‘{'!d'“J' -Wethanone) - 6. 42 (m
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104. 66, 180 939 21%%”15@') angbinydazoles@7 Jag. 114rmmed) in HFINBCME@S addedlén) m z cal cd

for Clgm@éhﬁ&ﬁoﬁ'&(ﬂ%@ﬁ m?oﬂﬂﬁnm |%%?(9\ﬂi I O‘I’ﬁ@re]sﬁ}tlg reaction
252- (4- hydr oxynet hyl ) erid et hanone The title conpound

was pr epafeHUeWH aiﬂ"W?G F‘b%tjf ﬁ%rt%m%ﬁeﬁ%réh'étt'm? thei rgagtipnogixtugs Wasmol )

fol I oyg ngwbgl%@@&%ésﬂlvdﬂf\ﬁﬂ'?wb'tree Mbtdnﬁ'ﬁiqefaﬁa t@%r@@nlﬁ%\f/@WQanJ&e pr oduct
was i sol ated as a vi scous, col ourI ess oil (54 fol | ow ng

puri fi cat (MgSBy and gepcesdilasn eﬁw@n&hwﬂ%\mmwm ohi@'ned 298). 1H NWR ( 400

MHz, CDCl%éIo@rlelss%_ﬁ 4309 m Ogi%)foﬂovﬁgg f)Uﬂlflcg{‘Qn bylflé.% cfommr%l’)romgto%ﬁa;ﬁwm 2H)
3. 56 (m 2 7. 31 (d,

J =8 Hz, ( Et%@ﬁ%m@@%%(@é@ﬂ@ %)@QP&G%MW%@Z@B/ 000052 38
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C141- 120NET 1 15.2H4BE0 (0 olmBHRFH)IA2 (0. J = Bz, 2H). °C NMR (75 MHz, CDCl)
2 (4 tertsbér'w'ziwsetzmsb% ﬁ’rozsyéﬁahbb'4)ﬁlé‘8@y4]rz"7 6Rizheidlif-ba¥p) et hanone

- 133.96,139.81, 169.36. HRMS (ESI+1|on)m/zcach for CooH3«NO,Si 348.2353,
- found 348. 2354

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-yi)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). 3C NMR (75 MHz,
CDCl;) § -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  CuHNOLSI 404.2979, found 404.2983.

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

A solution of 2-(4-ten‘-butyldimethylsilyloxymethyl)phenyl-1-(piperidin—1-yI)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 cooled (0 C) solution of

2- (4- hydr oxymet hyl ) pheny1- 1- (pi peri di n-1-ypet hanone (540 ng, 2.32 mml) and

i m dazol ewO62611my689%. 4 Mol ) in dry DCM was added a sol urconscabiihBss: (214

mg, 1.42 mmol ) in DCM (5 nL). The res‘léltlng reaction mxture was allowed to

stir .for 2 hours. After this tine, reactlon m xture was 10washed

successively wth water (x, 2 d brin d the organic |aye s dried
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2- (4-tert cb@i ¥'5d14 '22'7%' Mb@@@@ﬁ %'ongfavlm 76 UBi19Ck4 64 rksl41yla§to'7an0ne

(420 ny, | 'ow ng the gener rocedure outli'ned

a- aI kyl at |12)7n06 'N?é 99 @ﬁj%% 1\!3853205)?%1 AcdRMS @St o1 bign) @é&scadid fo{ 260 my, 53%

foll ng um chr omat ogr aphy (20% Et OAc i n hexane,
Rf =qéﬂ5o.%§)“‘Jl '\fﬁb %&2?288“%9%’%%) 5 0.010 (s, 6H): 0.087 (t, J = 7 He,

3H); ’0 94 (s, 9H); 1.01 (m 1H); 1.14 (m 1H; 1.2 - 1.6 (multiple S|gnals

8H) ; 168Cmpo% 63.-10 (m 1H); 3.3 - 3.5 (m 3H); 3.68 (m 2H); 4.72 (s,
2H);  7.15 . 13C NVR (75 MHz, CDCI3) 8 -5.20, 14.03, 22.75, 24.75,
25.68, 262 %acg'@xmeﬂy»phsnylzre(maend:e -legl)hexgngne 64. 79 126.38, 127. 66,

igj 25791?3? gdnlgndlt?&toﬁ%d (B BorftEiing DMAP @ nglias Galissla LOLIGPGAL- 142NCRSI

2- (4-Hydr bydreemainyjphemy- -(pipefdipry ieranang| ($6 81a AJRNMOR 81 dvi on of
2-(4-tert N i
(260 g, - BB RAEIE ) Moty Py MR ey N Lt M 8 g
s?): ut| gnt wimaB5oiRAed by adekc éﬂhﬁi@deﬂtﬂO);;L , THemmefuThe mgultl?gwtxtam W?S(Eiu'[ﬁ }[/vas
al | one | Sl S i C e at no
Starting Habisiliasfriana PR AR ohd TeaBiu Ridhy S tetrtBYEE, 50
react i on. satutatedeNatdSOyaetierchng thén brrtecand the 2yganad phase avals\dribd (NaSEnYl t he
' fford th
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h6°/() foll mlpmrgespoﬁ i(ZGngt60%)4foyovﬁhgxshnfcoermr;rw ﬂéahcnm:wmgcraplr;nytogfﬂg%a Ofxcol4 ?
exane, . 4 . , = m/ ;L

114 QQC 'T}‘SX%.R%'?’%)%;“W;@ W%%'” 5,947 ¢ f4:j271 34 (m

2H) ; 3. 473l(|m1 QLH) ;2 (2.x68, ZHy 1.2H) 1.53mGBipletsignals: 8 );Mz68 (bi)1H)44.68 (03, s,2H) ; 7. 25

¥ 7%_ 241[%%3%;’@"55”?3%&%“@ 3?5 <@J‘Z}%3JG§§"?35>£§%W4§%°“%6 7

127. & 120799 2Hb3ﬂ728‘n AH0." T2 NMRY (7538Hz HEDE,  E54.0, 21.08)2R.7en24.5Tal Cd for
10C18H28NGR 290, 2114, of 400l 2855 288 45850 13803 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



2- (4- acet oxynet hyl ) phenyl- 1- (pi peridi n-1-yl)hexanone To a round bottoned
flask containing DVAP (2 ng) was added a sol ution of 2-(4-

15hydr oxywetbylgopdyeny 1- 1- (pi peri di n-1-yl ) hexanone (30 nmpCcT@GEO1moms) in dry
di chl-oronet hane (2 nl). To the resultlf@g m xture was added dry NEt3 (208 L,
1.5 rnnmol) followed by acetic anhydr| (1001AL, 1.0 mol ). The resulting
m xture was allowed to stir for 3 hours. Af
m xture was washed with saturated NaHGERB r and then brine and the
organi ¢ phase was dried (Na2S 20ang hcentrated under reduced pressure.
The title conpound was obtain d afcolourless oil (20 ng, 60% foIIovm ng
purification by flash col um mat ogr aphy (50% Et OAc i n hexane, Rf =
0.7). 1HN|\/R(400M—Iz CDClS)8086(tJ:7Hz 3H; 1.0 - 1.2 (2 x m
2H); 1.2 - 5 (multiple signals, 8H); 3.68 (m 1H); 4.53 (m+ s, 4H); 3.33
(m 1!—1),_3.39(m 1H); 3.49 (m 1H); 3. O\(m 1H); 3.70 (t, J =7 Hz, 1H);
255.07 (s, 2H); 7.72 (m 4H . 13C NVR (75 Mz, CDCl3) 814.01, 21.08, 22.72,
24.57, 25.60, 26.20, 30.09, 34.77, 43730, 46.66, 48.38, 66. 07 128. 03,

128.58, 1 4. 141.0 171. 09, 1.17.
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gog 11/ gggg%%—oc%(_(/}mhggphyl) 1-(pipéenien1dil)pthhnyhe a@’o:lr_ﬁg @?ﬂmﬁmﬁ anH\G bromo-1- g
e coO oun wa T epare

o oo et (B 4 D PSRk T e Pr e orpPLDd BS feclsigas S PRIR Yeflowdd PP

2- (4-hgrdr (DSMﬁ@EZlB%))foIﬂmA(lrﬁy whduudnrayﬂdsh%bmaﬁm&mé@gra@gy (W Btom®ln) and

6- br'ono- 1- hexene ﬁ?O il 47 mmol Gl The Purlfl ed conpound was i saol at ed
as a . pal eN§@ PN D )(f'GNMﬁ(“Q%WZF pdrd Mudipls 8ﬂnaﬂ§ﬁ OHsh col um
chromat ogneefabﬁ Mfl%it(%@mrsé@mn% I‘s’fecmoJ =5) HzLlH M%s( wqmm CDCl 3)

81.1 -1.5 (nult | S g%g I_%-'l Q 3.35, (m
3H): 3. 633(€»'*)J1 ?’”Hz’ QZ, 18); %’;m 1’H)1 Hz.7 )(§77ﬂ4§d JEH PP J =
10Hz, 1H) Hz41l-?56@d"(@1 JJ—851ﬁz le) 2y Sd 5—75756-Qd9|H) Jg NR/IR (379 MIPz FCU'@I) 1H)
6.83 (d, J = 24 T 17 % Mz, CDCl 3)
10g 20 699 2897857962685 257464@9 33D, 3§3‘32793 2364685, 413882553 6 75, 47.88,
55.35, 114148, 1%&%435‘78?5&2@9&9 4@3‘30:‘}913911%315%53811379 HRN@@S‘% liphy 69. HRVE
(ESI + lion) mz calc found 316. 2 65. Conpound
17.2 15 2m(24°q%%ifﬁb%b'hcé‘l@e|%1-6ﬂ?@dfpﬁ’é‘# ﬁw ﬁ%@@nam de

r this tinme, the reaction

_ 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‘mmo|)‘and 1-

20  bromobutane (70 pL, 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, CDCl;) 5 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, CDCl3) 614.16, 22.84, 35;03, 36.02, 37.30, 48.09, 55.37, 114.14, 129.04,



OCH3 17.2 The title conpound was prepared foll ow ng the general procedure
for al kylation from 2-(4-hydroxyphenyl)-N, N-di net hyl acetam de (100 ng, 0.52
mmol ) andwd-202@bsdrobut ane (70 4, 0.57 mmol ). The puri f iped/Scaomouend2 was
isolated as a pale yellow oil (120 MY, 4 60% follow ng purification by flash
colunn chronatography ( Et OAc, ﬂ) 1H NVR (400 MHz, CDCI3) 8 0.85(t,

2. 93(s, 5120% ShYs, ’%lﬁw%ééém\aoﬁ%p@cg?%@@% &0t o,

= 8.8 Hz fo&hbl26212@5(d J= 8.8 Hz, 130 NWR (75 25MHz, CDCI 3) 814. 16,
22 84, 35. 03, 36.02, 37.30, 48.09, 55 37 114.14, 129.04, WO
2011/ 096897PCT/ SG2011/ 000052 41 132. 64, 158.50, 173.75. HRVS (ESI + 1 ion)
m z cal cdcbmpo@icﬁt-izéNOZ 262.1802, found 262.1795. 17.3 The title
conpo d foll the neraJ. procedure for alkylation from
2-(4- ?ﬁ)drﬁfﬂ%éhg’i ?N Ky &mwgﬂ%‘éﬁ" ARRMAE00 ny, 0.52 mml ) and
6- brono--1- 10hexene (84 1AL, 0:57 mmol). The purified conmpound was i solated
as a-pale yellow oil (120 ng, 60% follow(ﬂ%@purification by flash coI um
chr omat-ogr aphy (Et 0Ac, Rf 0.6). olH f WMHz, CDC13) 8 1.1 -1.5"
(mul tiple signals, 4H); 1. 66 (q3 2 (m 3H); 2.93(2 x s, 6H); 3.63
(t, J.=7 Hz, 1H); 3.78 (s, 3H N4.¥ J = 10Hz, -1H); 4.96 (dm J= 17
Hz, 1H); 5.77 (ddd, J= 17, 10, d.5 , ;, 6.85 (d, J =8.8 Hz, 2H);
157.19 (d, J = 8.8 Hz, 2H). 130 NMR (|75 MHz, CDC13) .5 27.41, 29.02, 33.75,
35.10, 36.00, 37.27, 48.05, 55.34, 11413, 114.35, 128.98, 132.49, 139.12,
158.49, 173.62. HRVMS (ESI + lion) mz ch for CL7H26NO2 276. 1958, found
276. 1958 Conpound 16.5 202- ( 4- hydr oxyph&nyl)-1-(pi peridi n-1-yl)hexan-1-one
oH 17.3

- The titte compound was prepared following the general procedure for alkylation from

o . 2-(4-hydroxyphenyl)-N,N-dimethylacetamide (100 mg, 0.52 mmol) and 6-bromo-1-
10 - hexéhe (84 puL, 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, CDCl;) § 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, CDCl;) §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 C17HsNO, 276.1958, found 276.1958.

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

o 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
.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



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 tribromde in DCM (10 nmi, 10 mmol). The resulting
m xture wae 28baloksymed to warmto room tenperature over acmschedtooosst hours
(at least 3) and continued stirring fof,a further 14 hours (17 hours in
total). The reaction was WD 2011/ 096897PCT/ S&011/ 000052 42 quenched by

the careful dropw se addjtion of oni um hydroxjide to the reaction m xture
(cauti on: qg?meagéji%f‘? ‘Eﬁ{egﬁ’j)drrog‘é(@?i %??W&QW%“@QX"&)‘OI Barsagiehi s, wat er
was addednfiutenealitRAcsibRAadal ik W Radith hixRiIr& 8t s FRIAERg ﬂﬂIWé@éi-wa'EPe

cuo. title

organic layer, was dried (MgSO4) and concentrated in v Th

conpound ﬁé&edofﬁttg? F?é’&“%&g‘gq‘ﬁﬁla@d IReSHP PRRsEY T VEd- 8%/6".93'1"9?% (400 MHz,
CDCl 3) g Qa8%ried (MgsD,) ahd 28nédhitraledHh vaduo! Thé fitle edthpouhdOdas(sbtairél as 3. 39 (m
2H); 3.63 (t, 1H); 3.67 (m 1@;16.77 ég, J =85 H 2%25; 7.12 ((d, J= 8.5
Hz, 2H. ﬁy@‘WU?Q"W,%&f’@) HNMR @90 MHz £DCln) a54.8585 355 1.28(m1, 29. 98,
34.59, 43484, 1%(715,12}-6;72.643(m11]ﬂ' 830 (h28H$3.6313 24383 62 ot By 6172409= HRVE
(ESI +1ion) 'mz calcd for O 7H26 276.°1958," found 10276. 1954." Conpound
17. 72 ( 4Bt8ke. @Y phda(d. Y-8 R, AE 1YE NMBaTENIde CR$L) 45399.228Fe title
conpound - 0 } a p el | j ' Vhn | simlar
manner to\éléa}sﬁ-);tﬁ%gg’c%?gégg'%grﬂig?’SA'%férzg\r%G'?g’. Jf%%?”%?’ g%% 1%1%08) g 0.85 (t,
J = 7 Hz, 18HPS5, 172109. HRME(ESE  dlien)gngealcd fordHyHsNO6876.AP58 pund2. 03 (m 1H);
2.94?(@,z 53%49@‘.63 (t, 3 =7 Hz, 1H); 6.76 (d, J = 8.5 Hz, 2H); 7.16 (d, J
= 8.5 , . 130 NWR (75 MHz, 20CDC13) 514.15, 22.82, 30.14, 31.10,
34.96, 48.05, 115.61, 129.22, 132.53, 154.65, 173.87. HRVMS (ESI + 1 ion)

m z cal cd e, O%y{?_:}NOZ 236. 1645, found 236.1644. Conpound. 17.8

2- (4- hydr oxyrﬁ)henyl - N, N-di met hyl oct - 7- enam de 25 43 To a cooled (-78 O
sol-uti on @&f(4dydmoxyphenyl)-NoNglimetilyjhexanamjdeCH2Cl 2 (1 nl) was added BBr3 (1 M
solution in CH2CI2, 0.27 mL, 0.27 nmol). The resulting mixture was all owed
to warmto roomtenperature and was stirred for an additional 30 m nutes.
After this time, the reaction mxtgye led to -78 C and MeOH (2 m)
was added to the reaction m xture. [|Aft mnutes the resulting m xture
was poured onto water and an addiN‘ 0 nL of CH2Cl2was added. The
organi ¢ | ayer was washed dried anld cancentrated in vacuo to afford the
crude product as a pale yellow solid. Purification of the crude product by
flash col um chromat ogr aphy (50% Et OAcAMiexane, Rf. = 0.2) afforded the title
conpoysid as a pale yellow oil which 177

The title compound was obtained as a pale yellow solid (6 fng, 53%) in a similar
manner to that described for 16.5 from 17.2 (12 mg, 0.048 mmol). § 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). 3C NMR (75 MHz,
20 CDCl3) 614.15, 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 Cq4H23NO; 236.1645, found 236.1644.

Compound 17.8

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

17.8



10solidified upon standing (4 ng, 15%. 1H NVR (400 MHz, CDCI3) 81.1 -1.5
(multiple signals, 4H); 1.67 (m 1H); 1.98 (m 3H); 2.93(s, 3H); 2.94 (s,
3H); 3.62w0t2p11098897 Hz, 1H); 4.84(s, 1H ArOH); 4.90 (dmpci/se20QidagosiH) ;
4.95 (dm J = 17 Hz, 1H); 5.77 (ddd J = 17, 10, 6.5 Hz, 1H); 6.76 (d, J =
8.8 Hz, 2H); 7.14 (d, J = 8.8 Hz, A313¢c MR (75 MHz, CDC13) 827. 29,

28.90, 33.64, 34. 97 4 37 1 , 29.10, 132.48,
139. 01, 173 2:80ledigf8 ﬁ '“¥°'l°”379§ (er]i zﬂaﬁ’?&?mf’ i ‘&%@h&% "ﬁéz"afsoz f ound
262. 1086. afgswpBBimd1 Miisdiution in CH,Cly, 027 mL, 0.27 mmol) The resultlng mixture was

OH 17.6 The title

2-(4-h dr phen eridin-1- oct-7-e -

o' 8 e&rteéé’f’@d"‘%"gt%“ﬁﬁr? iyt Jndires stipaipian L RPRLI RISt T 6 {1 om
2- (4-net hmynmsnmyﬂére&ct(dwrﬁ&fur@lwas tokq eri78 Peamdvemi (2 b)) i@s 0. 18 ol ).
The title ound was o talneg as_a colo rles |l ow nmeltin int solid (6
mg, 119 329984 PIRuERGIPLTPAYreat i BV“’F?Sa ﬁr%éi&‘ltlﬁ‘ﬁﬁ“'éWFeoWﬁ? B‘S‘Fﬁgﬁwo( 50%

Et 0AC/ hexaBer aRé an a@diﬁbnambi MG} ¢|4Qﬂ2vbé§2add6@Chﬁé o?galucq erlua‘é vidBnkdi ple

iLéJnagSGS%OQ #ﬁo Stgge%lé%ﬁacgoio qu)rtg theligwde B,r°§!3°t@(§rﬁ paj ¥ellfryv q%&t J_ g ?é

(ddd, - J —P@nﬁ'ﬂcaﬂ@n oﬁhécl‘ﬂ@e &Muctﬁyﬁ@sﬁd&lurﬂn—cl&oﬁla N(50%- 11 (d, J = 8.5
Hz, 2H) MHz , 824.54, 25,58, 6 1 27,31, 28.91, 44

33. 66, 34k W\C/Q@‘aﬂ? R&eo?iaﬁ%‘?e e tiflg gompound as 8 galeysow oil Whish 59 139. 04,

154. 640 13dicRd erBNEta(nEﬁ zthg '19%) "o VRG4S VHR! CBER, '6‘8"4021%({%&?&& found

302.2120. 2-(4- d th 1-1- d 1- th oI OH Th
B L e e e A5k P Sl - ehpanone O O | The

6.0 mol ) 1H§I1I4J msnmu\h@ngmf@lm Qrﬂmﬁﬁ)%@é idaed £ or HRCHBGizat ed amn de

formation as a viscous, colourless 0|; 54 ¢

oduc )
5000 1 of | Si8ng ~0n 00165 Bt 1155055 (01-hof SIEF T, O Ghok DAL E DA, it oo

g g% 1H gi 67%%%(@90@'3&;&7329 Sglo34368) 3824 35394537(1%472475 11&2%8 S m 223H)Hz
%5311%51J1291@ P«§24&H)39 0ﬂ3¢7§4ﬁ@ %SWE@I%M)Wzgawdw 25’44 25. 47,

26 21, 34c?6h24N‘t92 2%65.1842; fotind 262.9886.55- 77, 64.92,

Compound 1 7.6 v
: 2-(4-hydroxyphenyl)-1-(piperidin-1-yl)oct-7-en-1-one
20

OH
O

O

17.6

>

The title compound was prepared in a similar manner to that described for 17.8 frorh
2-(4-Methoxyoxyphenyl)-1-(piperidin-1-yI)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, CDCls) § 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,



127.33, 128.76, 134.65, 139.48, 169.30. HRVS (ESI + 1 ion) nfz calcd for
15C14H20NCO2 234. 1489, found 234. 1489.

2- (4-t er twbubyllodssyet hyl si | yl oxynet hyl ) pheny1- 1- ( pi peri dipaThsGgélimbdanone
20To a.cooled (0 C solution of - 44

2- (4-hydr oxymet hyl ) pheny1-1- (pi peri di n-1- ypet hanone (540 ng, 2.32 mol) and

g, 142 ek SPrecaaT By eyt 155 TR, Tl S0 teb 0P Medfa owed o

stir for 27he0rsRMSf(ESH +thbre) rbizalcd fdreC 5leaN0DL G02.01 K3, dd hdvanR . 2vashed
successively with water (x 2) and brine and the organic |ayer was dried
25(MgSO™4) and concentrated in vacuo. The title conpound was obtained as a
col our | 'es 2-(aihydtdknetly|)siHy|- flqbipemnm-wém‘ah@aél on by flash colum
chr omat ogr aphy (20% Et 0Ac, Rf 6). 1H NMR (400 MHz, CDCI3) 8 0.084" (s
6H);: 07929 (s; 9H); 134(m2H) 1.52 (m 2H); 159(m2H) .3.43 (m 2H);
357(m2H) 3.71 (s, 2H); 4.71 (g 2 ~ (d, J = 8Hz, 2H); 7.25.(d, J

8Hz, 2H). 13C NWR (75 MHz, CDCI 3)| 30 21, 24.45, 25.59, 25.97, 26.20,
40 94, 42.89, 47.27, 64.77, 12 ~ 0, 45 133.96, 139.81, 169. 36.
HRVG (ESI + 1 ion) n12 cal cd for C201 134N028| 348. 2353, found 348. 2354
The title conpound was prepared from

2- (4 t er t Thetitje dmmmdm;dlwaslgrhpnwdrﬁbn?A mymexyyﬂlelhjlmqwlacelmcmcﬂdwog]tEEalnone (420
ng, 1.21 t t
The pr odulTbie GG e Xerblef pREBFLR o BEE e B U0 b o BiepltY g™

puri fi cat iTbe pgdutt wmlsclatedras acvisaouat aodpuaieby o @054 E&t3BAE) followimx ane, Rf =

o o4 8" byBsb 8Pl AR b ERp SR = P B MR abaTde T 5Py

1.68 (m CHC:) 3. 1.07 (M) 2K ;5233 2H); .58 (n2H319.36 BnaBHY B1562h) 2HR.3T2 (s, 2H);

712 Taolhgr e Bl P W 5% B s G 20 Bl 780 155 82

139.73, 1Wﬂ:lz42DOH|§ZI}§VB4(3QSQ5 44125 $MP61A1734.01 c4D. TRH1420Q2447 24 2925644024 . 2979,

f ound 404, 1

7 (a hydr S20 i R R ARG S48 169981 HRMS (GS1eifBhEV2R7I48! 1 A sof uti on of
2- (4-1%r t ChpLNOL 261t 1ngosioupd a3y negdyl ) phenyl- 1-(pi peri di n- 1-yl ) hexanone
(260 ng, 0.64 mmol) in dry THF (5 nmL.) was added to a flask containing a
solution of TBAF in THF (1.29 mmol ). The resulting reaction m xture was

al | oned t @-(8{tent-blueyldimethylBilylbxyingthyipbEny - 13{piperidissi-y)diandre r eveal ed t hat
no starting material remained. The reaction m xture was washed with water
(x 2) followed by brine and the organic |ayer was dried (MJSOH) and
concentrated in vacuo. to afford the crude p eruct The title conpound was

i sol ated as a col ourless oil (14in3@%\d O)Kevm ng purification by
§

.20 To a cooled (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  (MgSQ,) 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) 6 0.084 (s, 6H); 0.929 (s, 9H);
1.34 (m, 2H); 1.52 (m, 2H); 1.59 (im, 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,



46 flash colum chromat ography (50% Et OAc in hexane, Rf = 0.4). 1H NMR
(400 MHz, CDC13) 8 0.87(t, J=7 Hz, 3H); 1.04(m 1H); 1.14(m 1H); 1.9- 1.7
(m 8H); WwodsdifowsotH); 1.91 (m 1H); 3.34 (m 2H); 3.47prcmsGrédioo®sH3 (m
1H) ;. 369( , J =7 Hz, 1H); 4.66 (s, 2H; 7.25 (d, J= 8 Hz, 2H); 7.30 (d,
J = 130 NWR (75 VHz, CDCl 3) 14. 02, 22.72, 24.56, 25.57, 26.12,

0,07, 3‘&&%@9@ B sk S 4 e el e R A%,

289. 2117. foupaspeQB84.16. 3

102- (4- acet oxymet hyl ) pheny1-1- (pi peri di n-1- yI)hexanone 16.3 To a round
bottoned flask containing DMAP (2 rng) was added a solution of 2-(4-
hydroxyrrerznwtérmbaw&nietﬁﬂspﬁbxﬂhaw)yhémmw@d.m exdndRle Mol ) in dry
CH2A.2_15(2 mL). To the resulting m xture was added dry NEt3 (208 pt, 1.5
nmol -) qollowed by acetic anhydride (100 !IL, 1.0 nmol). The resulting

m xture was allowed to stir for 3 hours. Aft\e/r this tine, the reaction

m xture was washed with saturat e Nape p®iep~and then brine and the
organi ¢ phase was dried (Na2804) and centrgﬁd under reduced pressure.
The title conpound was obt ai a ourless oil (20 20ng, 60% ‘
followi ng purification by fl coJum chr omat ogr aphy (50% Et 0Ac i n hexane,
Rf =0.7). 1H NMR (400 MHz, 18086(t J=7Hz, 3H; 1.0 - 1.2 (2 X
m 2H); 1.2 - 1.5 (nultiple sigpals, 1.68 (m 1H); 4.53 (m + s, 4H)

3 33 5m071'5%t.t|92%mp ”?T%(Ebrﬁre%ﬁ‘? ffé’@o’- %M&’?Cfm%mykéﬁidk%w%ﬁﬁ)%&"ybl 08, e

22 72, 241 3giperddin-60/)eBandits (420 .9 1. 253 ol follothdhgZBe géﬁerﬁﬁproé&ilﬁ@ 66. 07,
128.03, 128.58, 134.24, 141.02, 171.09, 171.17. Note: r&gound hgdr ol yses

on st andi AglinegivE@yitione Abe Riadkchwag okseingd asagpioyfets. oildep BIgnas %

4- ( 1-qxo- ﬂeﬂémng%ruhﬁ&amo.lbzlfnweefcﬂunnacuﬂomm?ﬂyéh Qb%lamc lﬁlﬁexaT@ Rf£00| ed (0
C) stirred sq ution o and trieth éamne (56 RL,

0. 40 mol 9-6)-nH MMR@%WZ(@@EM? qr;ﬁ*so @d@léuoac@m oy 7 bR 3% 8@4(8PH)L, - 0. 40
mol ) . The gk gsuh fi; o4 t1w z«@a@mfm ﬁaawma%s ﬁompwmture and

was stirred for a furt time 4nal ysis tic (50%

Et 0Ac/ hex k- 3re§e’§a(ﬂb§"'do31®$ @F@*@oﬁ%@rﬁ%tﬁ"ﬁﬂ &% (e 4k i @d\‘Mﬁt@@ Malrlz Af ter
this t t t,ead fied b
is ti ”ECDbhgﬁr 836! 1983 "%?%“2@ 7‘3@%%@“{62’)%?2 4%R?4 g VL ‘5604@%‘5 ?%ﬁ*l | €d by

fl ash col um ¢hr oimat ogr '50% Et to afford the
titlelTonPbdfal29s38% 12 ﬁ@uﬁge@s 189- I73(1172104?rrgiRM@Bi$J)+ 1 m) mEcqlador MHz, CDCl 3)
S. 0.85 ¢ (multiple signals, 10H); 1.70 (m 1H);
2.05 (m ?45"‘]‘2'\'02 k%“%%&m“%d 2§82 68 (m 1H): 3.70 (t, J= 7 Hz, 1H):
5.99, (d, J— 10 Hz, 1H): 6.29 (dd, J= 17, 10 Hz, 1H); 6.57 (d, J = 17 h,
1H); 7.06¢ and'§14HZ 2H); 7.28 (d, J = 8.4 Hz, 2H) . 130 NWR (75 Mz,
CDCl 3) 813 9§ 22.63, 24.49, 25.51, 26.10, 30 00, 34.77, 43.12, 46.61,
47.96, 12%(4bydnaxyprted)phepgl-tdpipeddinaby)hemanepe’ 149 15, 164. 43, 171. 06.
HRVS idESI + 1 ion) mz calcd for C201-128NO3 330. 1989, found 330.2056.
Conpound 16.4 4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenyl acetate

0 . '

@
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
rééction mixture was washed with water (x 2) followed by brine and the organic layer
was dried (MgSO4) and concentrated in vacuo to afford the crude product. The title

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



20 Acetic anhydride (38 pt, 0.40 mmol) as added to a cooled (0 C) stirred
solution of 16.5 (100 ng, 0.36 mmol) and pyridine (32 121 , 0.40 mol) in
dry CH2CWo(BD/m9t897 25The reaction was all owed to war m PoT/SGMM1I080UET at ur e
and stirring was continued for a further 18 hours, by which tine analysis
by tic (50% Et OAc/ hexane) showed consuirpti on of starting material. The

crude reagtion m xture was wash ith dilute (0. 1 fol l db

wat er. Th a%}ﬁ’é‘f{?'&Crl"ag’@p%%(g‘yd?&gcﬁn@ﬁﬁg&ﬁxaé?ﬁd&fc%ﬁé‘ nt"rgl\/@(“pfq%uoyand
the resul coug)eid.g7 g&eg Ecuez \WRS; o4 'pﬁ,i ﬂ?; by 4fnash); ad umy (nfti8H)chypmat ogr aphy
(50% Et OAci hexane, = 0. 26&roto afford the title conpound as a col ourl ess
oi | (110 KB, THos4 (mgHKOR4 (re@Hird47 Aty 368 (me it 3607 +¢ Hz3) ; 1.0 -
1.7 é(jﬁul;thngel;éa @Dﬁhjv.z%kb‘)h%ﬂz omy); 750 éd,3-=2@-lzg§H).3h%?Nl\§R:%‘75 (M, 2H); 3.48
(m 11I-%; 3.59 (m 1H); 3.72 (t, J =77 Hz, 1H); 7.04 (d, J = 8.4 Hz, 2H);
7.28 (¥, SDEIY 541402, 22HR, 24.58 2 INVR 26712, RMP7, TD(BL.3PB. 19548 69.618.41. 6547, 22 67,

24.53, 25 ' , . 3 - v 59, 128.72,
138. 38, 11%?‘3%’,2@123%’ g%?ﬂ%‘?”f?%%; %@é '(4@’3 (E%llarﬁo"r?éy?#zzcaéa d for ClOH28NCB
318. 2064, ChisblasNO-Z8.21080founC3898UHd 16. 6 :

102- (4- (2- hydr oxyet hoxy) phenyl ) -1- (pi peri di n-1-yl)hexan-1-one OH A
solution of 16.5 (0.50 g, 1.8 mmol ) ethyl ene carbonate (176 ng, 2.00 mol)
and 15t et Caswhyhdi®Bni um broni de (20 nmy, 0.09 mmol) in dry DMF (10 nlL) was

heat eg, at j . : .46 hours. After this tine
col dz‘\%at er2q}?ggbiﬁf?%jlmggﬁa%E?ﬁéemgggbﬁ){aﬁan%ﬁ xture was extracted with
Et OAc (3 x 20 m). The conbined organic |ayers were washed with water,
dried (MySO4) and concentrated in vacuo. The grude product. was purified was
purified by flash colum chromat ography 20(10% MeOH in CH2C12, Rf = 0.4) to
afford the title conmpound as a. cobour s~ 0ld” (200 ng, 34% . 1H NWVR (400
MHz, .CDCl 3) 80.84 (t, J= 7 Hz ~3BK (m 1H); 1.17 (m 1H); 1.2 -1.6
mul tiple signals, 8H); 1.7 (m N1I—I) 2.08 (m 1H,; 2.39 (t, J =6 Hz, 1H
OH)); 3.35 (m 3H); 3.62 (t,~J»=7Hz, 1H; 3.64 (m 1H); 3.92 (m 2H);
.05 (m 1H); 6.83 (d, J = 8.4 Hz) 2H); 7.16 (d, J = 8.4 Hz, 2H . 13C NMR
75 MHz, CDC13) 813.96, 2522.64,724.50¢ 425.51, 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. HRVB
(ESI + 1 irom)rouidbatined ffask cALQIABQYNIDBABZD nit} 8@ s alddedhd s8Rbor? 205 (4- '

_ hydroxymethyl)phenyl-1-(piperidin-1-yl)hexanone (30 mg, 0.10 mmol) in dry CH,ClI,
15 (2 mL). To the resulting mixture was added dry NEt; (208 uL, 1.5 mmol) followed by

~ DN~

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,4) 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, CDCl;) 5§ 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, CDCl3) 5 14.01, 21.08, 22.72, 24.57, 25.60, 26.20, 30.089,

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 .



Conpound 16.8 302- (4-(1-o0xo-1-(piperidin-1-yl)hexan-2-yl)phenoxy) et hyl
acetate 49 To a cooled (0 © stirred solution of 16.6 (100 ng, 0.31 nmol)
and DVAP We20h#968734 mmol ) in dry CH2CA 2 (20 nlL) was a@@&$Gaediogeoszhl ori de
(50 1.11_, 0.34 nmol). The resulting rﬁactlon m xture was stirred at refl ux
for 16 hours by which tinme analysis by tic (50% Et 0Ac/ hexane) showed
conpl.ete consunption of starting material. The reaction m xture was washed
with HCl (0.1 M and water and the or cﬁp?%:r was dried (MpSO™4) and
concentrated in vacuo. The title was obtained as a col ourl ess oil
(110 ng, >95%yi el d) foI | ow @ ification by flash colum chronat ography
(50% Et.OAc/ hexane, Rf 0.4) (400 MHz, CDCI3) 10S0.85 (t, J = 7 Hz,
3H); 1.05- 1. 60 (mJItlpIe si gnal s,

17(m 1H); 2.08 (m 1H); 2.10
(s, 3H); 3.35-3.45 (m 3H); 3.6-

QH) ;

. (‘ﬁqﬁz 4.15 (app t, J =5 Hz, 2H):
4.40 (app t, J = 5 Hz, 2H); 6.84 (d J=84H, 2H: 7.17 (d, J = 8.4 H,
o2H) . 13C NMR (75 Mz, CDCI3) S13.99, 20.89, 22.69, 24.55, 25.56, 26.15,
30. 11, 34T97,coo®d10 "Chsirad, solition of 163 (8% me50.86 mndlyargBlriethgensss (5633. 61,

157.13, 17 I r H32N 04
362. 2326, %o@%‘?ﬂ"’i@’ gg’%éﬁ&@ﬁ@uﬁhb My %é]‘%@@]aﬁﬁby' 8Rlofide (3L 640
2- (4- (8- orwadl). (Wepeswltﬂngwmﬂx{lﬁhwaaraﬂawgdl Jopkamotoyrpamataperairnd a3 To a
stirred s f 1 300 2.87-nnDI)
in dry 'acg{'rgnl F “e”h(eg&?‘ﬁf‘! ® Q&d%eda?ﬂ%@%%ﬁo%(?gz % ghe((an g, 1.2
mol ). ‘Thaaveeledlcbmp@temmsunmtlwaef stefting matetial. Oc\’ftelﬂ'llé‘ltlme Shéyeastioeh ti e
anal ysi s t 5% Me CH2C 2) . sh 0 _st rt| terial
r emai-ned. éLér!tegAr'lal(stcroln ara 1S ’r”e"r?S&‘/"eap"? Rurgvﬁcaéé{ UE“P.e e g?fga%s t aken up
in EtOAc &% E3Aee xaint hRiv0 S) to affoed megallaloonipaym as\asolduiled diiNg3D4) and
conce rat ed a t s.,a colourl ess
oo o HE 48y R i Do VB LB R By 7 38008 5
S|gna|s 10H); 1.70 (m, 1H); 2.05 (m, 1H); 3.3-3.5 (2 x m, 3H); 3.68 (m, 1H); .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, CDCl;)
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) nvz
calcd for CyoH2sNO; 330.1989, found 330.2056.

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

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,CI, (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) sﬁowed
consumption of starting material. The crude reactlon mlxture was washed with dilute
(0.1 M) HCl followed by water. The organic layer was drled (MgSO4) and

concentrated in vacuo and the resulting oily residue was purified by flash column



50 chromat ography (5% MeOH in CH2A 2, Rf = 0.7). 1H NWR (400 MHz, CDCl 3)
JO0.86 (t, J =7 Hz, 3H); 1.05- 1.60 (multiple signals, 10H); 1.7 (m 1H);
2.05 (m Wbpeprided7(m 2H); 3.42 (m 1H) 3.6-3.7 (m 2iACT/S828Q/006052 3H) ;
4.61 (s, 2H); 6.83 (d, J = 8.4 Hz, 7.19 (d, J = 8.4 Hz, 2H) . 13C NWR
(75 MHz, CDCI3) 814.02, 22 72, 24. 59 15% 60, 26.18, 30.06, 34.78, 43.15,

46.65, 47.73 4.80, 12 1 6.51, 169.44, 171.48.
HRMVG ( ESI curomaiqw F?}Y.<?§"°ﬁpépfﬁ%?necﬁ%Iﬁ%maﬁqﬂﬁh%&wwné agAg. 2157.
Conpound a;@o@rlek%l(md ﬂqgoxqs%lfy (P NMR (mowﬂz >¢Dd)|§:y<@m8@(tyJ)=r7heﬂw) acetic
acid 0 OLOH 16.9 Powde dded to a sol ution of

16. 7 -( 1001 fg; 148. (w'tlﬁm snéﬂﬁa 1‘r|ﬂ|i:(2(116n mH); %ﬁé (% i‘?’@?)-rﬁ Y UF'ez"\k)a§ 48I(Mowed to stir

at roomt ¢H})@r@t¢w akf&oz 721@ Jéfmi SIH)A. @43( Uhi g atHATBHS; hezg(%agklsomm xture
was aci.dified wth and mashe ‘'with Et 0Ac’ (3 x nL). The

organi% pRH}e GAMR(TEM l\@@@*b) 04R§6cdhterdZr Gt @24-53n2%:82.25. 15I'I3@ Oditle
conpound %%00?3 ﬁ %%4% /7°P08Y l19§$’201é%485g4g?9n£%§9 f19543g-|ﬁms - 0.5)

purification ‘ash co unh chrdomat ogr ap

1H NMVR (4(ﬁﬁlm4i;onm cplcaBipr §40H4NO11318.206¢7 oue 18.2086 - 1.60 (multiple
signals, 10H); 201.68 (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) . 1BCCNMR0(1%7W§IZ CDCl 3) 513.96, 22.61, 24.41, 25.52, 26.10, 29.92,

34. 5244 43: 0 . 3.87, 156.46, 171.92,
172.0% H%zl\t/%(fﬁgdﬁ’g‘yf’ megééél(?dkf]'orﬁél"é&%gﬁﬁ %’?531 2013, found 334.2001.
25 Conpound 16. 10 ~
1-(piperidin-1-yl)-2-(4-(2-(trimethyl
16. 10 To cooled (0 C solution of®16
tri phenyl phosphi ne (140 nyg,

0.54 mmul ) in dry THF (10 niL
m nutes. The resultlng reactl

| yd) hoxy) phenyl ) hexan- 1-one 51
nmgPHO0. 36 mmol ),
nd trimethylsilylethanol (801AL,
dded DI AD (110 RL) over a period of 10
nxture was allowed to warmto room.
tenperature and was stirred for furth 16 hours. After this tinme, the
sol vent was renoved in vacuo and the F%gldue was taken up in EtOAc and
washed with water. The organic layer was dr| ed (MgJS™4) and concentrated in

vacuo and the resulti n resi due was purifie é fl ash col unm chromat ography
(50% Et 0AG/ek%ianef 16p (€59 979 8trwnal9fetbwl9nﬁﬁérb9n@ d 1€ Meo% A8 mgolhand) e

10ye| 115’W Ritraet B niFBonidA YromidEl (DVRg (606 nivkis) mQJQPWF 118-nf9 Wb hedtdg at0- 84 (t.

" 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 (Mgso4) and concentrated in
" vacuo. The crude product was purified was purified by flash column chromatography |

20 (10% MeOH in CH.CI,, 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, 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) . *C NMR (75 MHz, CDCl;) §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 C1gH3NO3
320.2220, found 320.2205.

Compound 16.8
;:30' - 2-(4-(1-oxo-1-(piperidin-1-yl)hexan-2-yl)phenoxy)ethy! acetate



3H; 1.05 (m 1H); 1.17 (m 1H); 1.2 -1.6 (nultiple signals, 10H app
6 Hz, 2H); 1.7 (m 1H); 2.05 (m 1H); 3.25-3.35 (m 3H); 3.62 (t, J =
1H); 3. 65wOrm11l0¢ss974. 03 (app t, J = 6 Hz, 2H); 4.05 (m ptHsG26L1800052,

8.4 Hz, 2H); 7.15 (d, J = 8.4 Hz, H 4 1BCNI\/R(75M—IZ CDCl 3) 8-1. 33,
14.01, 17.75, 22.71, 24.58, 25.57, 26 fl 1530. 03, 34.77, 43.11, 46.60,
47.80, 65.31, 114. 59 128. 70, 132.75, 157. 59, 5:1 67. HRVS (ESI + 1 ion)

t, J=
7 Hz,
J =

mz calcd for 022H38NCR2 376. 2672,' found 376. 266p.
rafdeliyde 20 CHO DMSO (0.20 ni,
stirred solution of oxal oyl -

4- (1- oxo- 1- (pi peridi n- 1-yl ) hexany 2-
2.8 mmol) was added to a cooled
chloride (122 RL, 1.42 mmolfJ W 2C1 2 (5 nL). After 5 mnutes 16.2
(300ng, 1.29 mmmol) was add xnd_stirring was continued for 15 mnutes -
after which tine triethylanine ([0.90 nil6.86.5 mml ) was added dropwi se.
After a further 5 mnutes, 25t m xture was allowed to warmto room

Lemper ot Vs g o2 | @R ToLhABIBR,HELH Wb Gd Quiglio g e

concent r a0.8d mmoly adrp CHEGH (20 trL¢wes apdethacetyd shiokide(50ad., as34anmol)ourl ess oil

222 ny, f t CDCl 3 0. 80
gt ng 7%?—&/%%%9 r rcléi%rl‘ %]?ﬁtbr%n%ﬂa '"fg ?Fﬁ%”iiﬁr 1%f°§p/si%ygwr(‘ﬁtb}w—‘fzapl e si g?]al s,
52 8H)5 larfalysis byltd) (50% BEOAohexhhd ) sHdwa compleZdonsampliorf of stdtihg 3. 61 (m

20 150 Tk 2T bactspanisyfe s bshammgtHCLT 1 hd whieh8n e T 5008

34. 64, ‘430@an.c4@e6wasa&e<a;awgaag 5d col@tiated id 3508 ThbélBIeQ:Bmleﬁh 36, 191.91.

HRVS ( ESI. 1 18H 958 1963.
mound 435 8ot o eodi S ees b [Tt 3P rudRolog Ry phiaiatBEra™ > 17 o
Oxone ( 25dlamn cArohitograply (50% Biliethexana Rt 0.4 dH SBIRI(400rMES, CDCl)

£ L ol o AN M rHMIE B AR a0 BB AL

hour s. The 1@M,= 39 S3.B83EEh, 3R ) \BE BT @ QH)NR15 eppltt V 8 G mze&quue 40qsppurified

b flash r.o 4 o afford the
dgm rTed c _I{E‘a Qg) g%ﬁg&'e‘?gg é%v%ﬁ)l;? ?ng-n§§$%4@5|w ’\RA%@%M%H NVR
(14(2301MgZ(C©|@§§ 131360, ﬁ@aétzzab 24 65H25.58 6. 151 305 1( 83 .74 H3, 11146%1(411 74H) AP

nmu | e Sli S -
S T eobrab. e 4798, T1e.8 1@3@1@7(-%171-)993@71(@9- RSN Fonky . 5. 09
(d, 15 8nfiz &ed RHE,HLADNGR 4308, ivtiad 36DEBR). 813. 98, 22.68, 24.50, 25.55,
26.16, 30.04, 2034.60, 43.32, 46.68, 48.82, 128.04, 130.50, 153.75, 170.59.
HRVS (ESI + 1 ion) mz calcd for 018H26NC3 304. 1907, found 304.1917.

Compound 16.7

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

O

O O\)J\OCH::,
@

To a stirred solution of 16.5 (300 mg, 1.15 mmol) and K,COj; (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 tic (5% MeOH

in CHzC'z) 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 (MgSQO,) and concentrated in vacuo-and the title compounds was

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



The remai ni ng conpounds were nmade by nethods corresponding to those given
above, with appropriate variation of starting materials. 25 Exanples Part 2
- Pol ynmerweystiawsso7A nunber of pol ynmers were synt hesi se@cTsic2ah/op@isyner s

i ncl uded a pendant group correspondi n% o antifouling conpound 16.5.

30Speci fically, conpound 16.5 was inc porat ed into acryl ate based pol yners

W i 1 os BRIV HROR CPk R M Tl B RRChb B %o an

aqueous envy &qnm@rsH)lﬂoa-sw(mn@% é@ﬁé]é qrmH)lm prarm)cgloarm 4hg ey i foul i ng
ric materials was ary and field assays

ffi
Co | dacY, fo. A% S 0By 1 S iR G, Skt 2 bRt LS 8 o vy o
The sane EH% YIRS @, Werey ASSHHNet AR VNS CEEY) #f.6592embogisgent s to

illustrate the potential applications of our invention i.n marine coati ngs.

But nod |.i APBBt2HEs 30EEnahia. 4(?91@1“@\/515 FF 8% s 85eb b8R8 940l yers

contai ni n%&?@ﬂ%ﬂﬁ 169.24 218" ﬂh@ﬁs%@é%nermnfw%@éd fdPELHMRICS, designed with
n wat er) and- 1o | possess

noder at el drophilic (to ensure hydration
sui tabl e gﬂ& é?ﬁﬁ found 348167ty and conpatibility wit h commerci al marine
paints. To fulfil these 15requirenents, the Tg of the polyner should
preferably be higher than roomtenperature and the nol ecul ar weight is

t ar get ed p@”’@é“’éfgi’ﬁQm matel y 10 KDal t ons. Such pol yners were synthesi zed
by thgy po L 6.11 with the

appr ogorl ath;éﬁtﬁ %611”@”%59”@#\5/h@phggﬁ??éﬁpgg?@p%dlutil ons using Al BN, 20ABCN
or benzoyl peroxide as initiators. Polyner A P(16.11-co- MVA-co-HEA) The
copol yrmer -of conmpound 16.11 with nethyl nmethacrylate (MVA) and 25

hydr.oxyet hyl. ‘acryl ate (HEA) was desi gned é btain the functional polyner.
Thus-16. 11, ‘methyl nethacryl ate QU Hwere m xed and pol yneri zed

under standarq free radi cal @? ¥

16.9
i_?owdered 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
wit_h EtOAc (3 x 20 mL). The organic phase was dried (MgSO4) 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, CDCl;) §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, CDClg) 513.96,
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 C19H2sNO,
334.2013, found 334.2001.

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



54 16.11 M V1A HEA Pol ymer A The nmass rati o was designed so that MVA woul d
formthe majority of the backbone of the polyner, inparting nmechanical
strengt h wocdoamesorng a Tg hi gher than room t enper at ur e pCwsiG261t1/0biieA2 woul d
provi de hydrogen bondi ng capabiliti esr$/)(hi ch can inprove the hydrophilicity
of the polynmer. 0.54 g of the functiorfal nononer .(16.11) (heavy vi scose
oil-like yellow liquid) was 10m xed with 2.0 g of MMA, 1.0 g of

2- hydroxyl ehtyl acrylate (HEA) apd 47Ty in 3 mM of DW. The -

m xt:ure was degassed by purging 'th rogen for 10 min. and then placed
into an oil bath thernosettgd & 7/9C T0r 16 hours. Following this, the
reaction m xture was pouredintlo 50nL of ether. The precipitate was
coll'ected by .filtration and dried under vacuum at roomtenperature to-
afford the title 15conpounds as.a cohew | ess solid (2.5 g, 74%. Analysis
of the polyneric material by IR spectroscopy reveal ed the expected ester
C=0 st ret ¢RCAYEAHS drisetitias og?6-5 ib@bmenﬁ!-% gl trwh@ﬂy'ahqumadgﬂ} Bence

det ect ed : n = ' ' : aracteristic
of t'erti_arg"rfdfﬁn%%%gﬁa gr{)naeﬁé}g?'%'g%fn%[@g#% gxﬁmm?('sr‘%@.'*gﬁ%%gﬁe pi peri di ne
ami de | i nkedgs RIAD: (140 pb) gves aipesidd ©610 minutes. yTher reulirigl@attiorcroixMud- co- VP)
25Pol. yqrer .| i 0 i n rrolidi none
(VP) vis e Bt il iy WEEEAR RN Bl B Bt o RSB OL1 T 'Ci
of the poRAiterhis tirs, fheeso@nt §Bs vesovedrin hiesiozed the casiduervess taleeti wrain condi ti ons

ot ot ur oET At il e, e Hni BYEN Ve ORI R %5 078 g of the
f unct i onafonmentrated inveacuniaxe theneshiting Gesiguefwashyrified By fashf colsmiyl  pyr r ol i done
(vP) 20, 350 B R0 e e o -0 D B S gESSER D
bat h 10t hyellopsel (%@ dga 80%0.CHf NIMRY 600 biltzs CDThe 4 0tQY (sheH)pbBdutt/ abizadded 5 m
of DCM .t'03H); 1 .05 (m, 1H); 1.17 (m, 1H); 1.2 -1.6 (multiple signals, 10H; app t,:J= 6 Hz, 2H);
©1.7(m, TH); 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, CDCl;) §-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 Cx,H3sNO, 376.2672, found 376.2666.

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

o CHO

@

DMSO (0.20 mL, 2.8 mmol) was added to a cooled (-78 °C) stirred solution of oxaloyl
chloride (122 plL, 1.42 mmol) in dry CH,Cl, (6 mL). After 5 minutes 16.2 (300mg,

20

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,
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
(MgS0Q,) and concentrated in vacuo. The title compound was obtained as a
colourless oil (222 mg, 59%). No purification was hecesséry. 'H NMR (400 MHz,
CDCl3) 6 0.80 (t, J=7 Hz, 3H); 1.05 (m, 1H); 1.15 (m, 1H); 1.2-1.6 (multiple signals,



forma clear solution. The solution was poured into hexane with stirring.
The purified product was collected as a white precipitate. The pure product
was col | ewpediianesdri ed in air at roomtenperature to abtwsd20h@odost| e
conpound as a colourless solid (1.9 g,.»4% . 15 Analysis of the polyner by
| R spectroscopy reveal ed the expected €ster carbonyl stretching absorbances

Ui br at  onSHY R0 N B (indF RES BuPkl S b PEP Ty fns AN R £

spect r oscHpy1hy; 71394d c) €814 rab&enb:amw alpqO&an-izngHat”el\&m(meHz coa;gy st ent

w th the of t a G2C reveal ed a f 5300 Dal!tons.
Final |y, %RS ggofggf@"'n"a% 25@50#6 ftggpﬁﬁ 9%\9 PO PS 47 Wg el28al ysis by 1H
NVR spect nsxsgpmeso‘a’l gm@bg ﬂm:{é 991.97.-HRMBESI £ 1a59iaRRLIcH fort he phenyl
noi ety of the 16. | st the broad peak at 4.0 ppmto 25 4.3 ppm

was ‘asdi gﬁ@H2¢N92r38r$g13§§tﬁ‘?yP‘éﬁ%8 3% hcent to the N-atom of the pyrrolidinone
unit. Large broad signals in the 3.5 - 3.8 ppmare assigned to the nethyl
ester of the MVA units (Brar and Kumar, 2002). The signals at 0.9 ppm- 2.5
ppm are aSemPBE {69 56 the methyl ene and nethine groups of the pol ymer
backbone 43) fLokbel- wé}m.m@\)@,@qammwengmm of side chain of 16.11.
Pol yrer - ( TBA- co- MVA- co-VP) A standard co-pol ynmer (polynmer C) was al so
synt hesi zed where 16.11 was replaced with t-butyl acrylate (TBA). Such a
pol ymer was synthesised in order to ascertatgd f any background toxicity or
anti -settlement activity existed a a tion of the copolymer itself.
'10':. TBA MVA VP Pol ynmer C Q adi cal polynerization was carried
a

out wusing the same mass ratio 15polymers A and B. 0.6 g of
tert-butyl acrylate was m xed .0 g of MMA, 1.0 g of vinyl pyrrolidone
(VP) ‘and 40 nmg of ABCN in 3 nl of and the m xture was degassed by
purgit with nitrogen for 10 mi n:” TheH* he ni xture was pl aced into an oil

Pﬂat h ther@?éﬁ‘é 284 ni, o?& r%%wa%rada@d *M@ﬁnedTmumomfutz@-o%qg@rptenms added 5

of DCMto forma clear sdlution. sol uti on was poured I nto hexane

wi t h sti rivhgexaneyihienzalielydsdeRitng. \38 reael) wd?ME %@'—éammeerew'bfag pitate.

The pure ﬁﬁmwas%ﬁeea #o%ﬁ{t%ﬂwp@murérfbrefb hdrdl| Th@DMFQPé'Q fefHERES 7 Ure to
afford the desired nBoun as a colourless solid (3 , 89% 25Anal ysis

of the pol3aterangyhe F?S Y1h6g fesitecyas m&veﬁbéﬂa%@w'@g@rﬁa@ Qarapy(54%ebr at i onal

nodes st pfoMskXapE IR .25 mmblrd %Qiéeﬁe@&onla&&d%d gl yé-l@%dﬁﬂ'gés GPC
i ndicated the desired MNo]c Dal t ons had been achi eved and this was

much hi gh®g- 84ah Mhat1486€al "h%‘l\ﬂﬂ‘ GPOM'I*%I@C@ 0 03861 {4 AR Hen 8HYisti-@5 67, t he
ol ymer c r t t JLer,

gppgarl ngﬂq{ i 1@(% 186 péq n}gﬂs@%s m—guﬁy (rqomrg;o%%\?g%%atl on of
Compounds3- 4%mhg|dg|3&§y(m 1H); 3.77 (t, J = 7 Hz, 1H); 7.38 (d, J = 8.4 Hz, 2H): 8.02(d, J

- =8.4Hz, 2H). 3C NMR (75 MHz, CDClI3) ¢ 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 CqgH2NO;3 304.1907, 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.



Bi ol ogi cal assays were conducted with | arval barnacles. Barnacles are

dom nant and tenaci ous nenbers of marine fouling communities, and often
serve as wouhssmte for |ess resistant organi sns. ThereTsGeihoasorical |y
t hey have been used as a nodel organi ssgrfor antifouling studies. To

determ ne the biological response of vae to test conpounds, two

bi oassays were performed: settlement (using settlerrent stage cyprids), and
toxicity (using naw ’ pethodg standard in the '
10fi el d, which were fi CI‘I bed by Ritgsc @ Hl . (1992). Preparation

of st ock’ solution for % 3 t ock sol uti ons™of Yeadh cpnpound were nade
at 50 ng/m . Pure conpounds \A@I luted in DMSO grd s@piated. Stock:

sol utions were stored at 4mL amber 15screw cap vials until use. For
bi oassays, a small amoung of stock solution was .eiluted in 1 gmfiltered
seawater (in a glass scintillation vial). The solution was then sonicated
for 10 m nutes. To obt ai1e.st he desired concentrat1| QR range, serial dilutions
of the test solution were made. As control, a serlal dilution of the

equi val enThapolymess wéreBdVEOatea vﬁiftﬁ%@;ﬁl aittd/\tasurusmq to ?Q?Mbsﬁgby asr‘ays
Toxicity assa oyed sta naup| i ar rvae of ‘the barnacl e

Aph bl aREPUEHIES a0 qeR0r SUMpTER! B rsBiR ook PRRGHB6 Me2004)
Assay pr oaemiumlfhg eN&ﬁEy mstilirhad: rhaefa Rivids SOdd iatlabdratofylftddleld Adald A

anphi-t F \f/}e g t rom i ntrg- 2% tidal areas near the Kranji

mangr.o e PRy %8’?1&0” 'égr OrRAreL Y R¥SNased on Rittschof et al. (1984).
Fol | .ow ng coI | ection, nauplii were concentrated for use in bioassays by

pl aci ng aS er. OP}S',C | i ght source at one side of the container, and

pi petting YTBRSE REPULEIS i ng dense cl oud of nauplii. 30In order to

det er m ne Th&s&mE pblyeers Wéreafeergnaoﬁp@uwdheﬁmmhé%mwammbemsww a range

of concentr t|o be . _For e ch conmpound at
each]conc&ﬁtqoéﬁ 'Shafwiwelt%@t%a“f 'ﬂVét"‘FgBI'q oA Waiﬁg%asiﬁ?ﬂéﬂ'@% Eh of nauplii.
The oter akhous @y ranmsfraro thiise ledthotliments. usi ng two di fferent batches of
nauplii. Two controls were run along with each assay (in triplicate):
filtered seawater only, and DVSO at 1 pg/nl 35(since DMSO was used as a
sol vent f?blytneﬁf cantaipiog Bospodin Bshsesleealba@ttile)fmnbtsonasﬁmaqetbmb@ﬁédto t he
concentrat es e oncentrati For
assays, 8 B P arBobliC s bREER hdsBtin RorReRey SESRRARRE - Satied to
-t est stseﬂgmi isolubility araindontdatibility vath?oonrﬂmgblasmanmeabau(ntlsaTthl Pk @ PN
11 14 544 for 0 27C. After this
e, 4 v S o T ho e hobio i e bR R BT 667 oy Nawpl i
that wer eteaeratacharmithe eatidrulse neight ortedets tdbadppioxtnaatélpr0aDaleasays was
conbi ned and LD50 was cal cul ated (where possible) using a probit analysis
(Li bermann, 1983). If LD50 could not be cal cul ated using 10probit anal ysis,
val ues weBectepdlyrapsl Mreeiyrhtaesazbcbhsy bk cpbtyerdzndaatiom: of Sizlyt-Eeartanihg asmpysnd

Settl enen ' e r| wer e b sed met ho

descri bedtlsaﬁaﬂ%t%g%ﬁ%ém 'al?gfl'n %@%@m Maf?J Iffee r&gul; ??ﬂ'}se?f %R@é\gcrl bed
above20 andBCNear txeem;éde-budaz&smﬁﬁétom an algal m xture of 1:1 v/v of

Tetrasel m s sueci ca and Chaetoceros mnuel leri (approximtely density 5 x 105
cells per m). Under these conditions, nauplii typically metanorphose to
cyprids i Roymgafds. Cypri ds were aged at 4 C for 2 days. Settlenent in
filtered fter aging is generally 45-70% 20Settl enent
assays werﬁg%con%gﬁwgtc éA neutral glass vials (Sanco@ T103N1; 34 x 23
nm di-anet &g cofelymersd agmpogatts. $owith methyheethaeddata(MMA) eed t he desired fi nal
conc ra To each
oo 28 bt iBePadliaf HEN Bed e bhel i B3ab AR Bl B adiuds, il

cont ai ni ngp. 20) methsbl raqbalcrgiyater(l\/ﬂéA)am (HEﬁt)mre:nMedamslameaﬂae&undmpound at

each concgghyahiRl M HRukdhst 11 P1i cate wi th




25cyprids froma single batch; tw controls (filtered seawater and DMSO)
were run along with each assays; and the overall assay was conducted tw ce,
usi ng t wowoi2bfiemwessty bat ches of cyprids. Assays were conggtisedofi®mooo®z hours,
after which tine the nunber of settleq%ﬁyprids, 30t he nunber of free

swi nm ng (unsettled) cyprids, and the nber of dead cyprids were counted
for each vial. Both netanorphosed, juvenile barnacles and cyprids that had
committed to settlenent (queE%?EenBelves to the vial), but had not yet

met anor phosed, were counted a | ed". Data was expressed as percent
settlenent. Data for all assay conmbi ned and ED50 (the concentrat.ion

t hat -35caused a 50% reducti ong ettl enent as conpared to controls) was
cal cul ated 59 (where possible) sing a progjt analysis (Libernmann, 1983).

| f ED50 could not be cal cul ate ng probi¢t anal ysis, val ues were
extrapolated based on plotted . Resulté} Bi ol ogi cal activity for the
conpounds is shown in Tables 1 and 2. tagls from assays w th batches of

| arvae, "and three replicates of e per batch. Were LD50 or ED50
could not be cal cul ated using val ues were estimated from
pl otted data. Conpounds with (I ow toxicity), but |ow ED50
(hi ghly potency) are nost desirabl exfor ‘@nti-foul i ng.purposes. A nunber of
the tested 10conpounds show a therapeutic. ratio equal to, or greater than
previouSIy identified non-functi efl¢d | A agmpounds (12.1 and 12. 2;

PCT/ S&009/ 000175) Conpound LD50 (ug/ ml) ED50 (Ig/nﬂ) TR (LD50/ED50) 12.1
(reference) 9 11 1.50 6.07 12.2 Polymer A

- The mass ratio was designed se that MMA would form the majority of the backbone
-5 ofthe polyrrter, imparting mechanical strength and ensuring a Tg higher than room
temperature, Whilst HEA would provide hydrogen bonding' capabilities which can

improve the hydrophilicity of the polymer.

0.54 g of the tunctional monomer (16.11) (heavy viscose oil-like yellow liquid) was
10 mixed with 2.0 g of MMA, 1.0 g of 2-hydroxylehtyl acrylate (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 vacuurh at room temperature to afford the title

16 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 ch.aracteristic 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



(reference) 9.83 2.00 4.92 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 2.5 15.5 8.66 2.16 4.01 15.6
WO 2011/096897 PCT/SG2011/000052
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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

-5 o  PolymerB

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
.10 thermosetted at 70°C for 16 hours. Then to the product was added 5 ml of DCM to
R | 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
v g, 54%).
15
| Analysis of the polymer by IR spectroscopy revealed the eXpected ester carbonyl
stretching absorbances at ~1724 ¢m™ along with the previously assigned piperidine
amide carbonyl vibration at ~1640 cm™. The incorporatioh of VP is evident by IR
- spectroscopy with a clear absorbance appearing at ~1660 cm™', consistent with the

20  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 at6.9-7.2 ppm are
assigned to the phenyl moiety of the 16.11 units, whilst the broad peak at 4.0 ppm to
25 43 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



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
WO 2011/096897 PCT/SG2011/000052
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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.

Polymér 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
o cppolymer itself. - '
0 |

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-bufyl 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 Analyéis 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.



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 WD 2011/096897PCT/ SG2011/ 000052 60
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- Examples Part 3 - Biological Investigation of Compounds -

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

f 5 tenacious members of marine fouling communities, and often serve as a substrate for
~ less resistant organisms. Therefore, histbrically they have been used as a model
organi_sm’forbantifouling 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
10 : field, which were first described:by Rittschof et al. (1992).

Preparétion of stock solution for bioassays
Stock solutions of each compound were made at 50 mg/mi. Pure compounds were
diluted in DMSO and sonicated. Stock solutions were stored at —20°C in 4 ml amber
:1_5‘ - 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. ' ’
20
» Toxicity assays
_ Toxicity assays 'employed stage |l 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-
25 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.

| 30 In ordér 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 pug/ml

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



16.116.571.534. 29 Table 1: Biological activity. ED50 val ues are
anti-settlenent (tested with barnacle cyprids); LD50 values are toxicity
(tested wvohobawesel e nauplii). Conpound LD50 (ug/ nl) EBe®/sGcagiividosIR
(LD50/ ED50) 17.1 9.27 2.37 10.71 17. 25%50 8.69 >50 17.3 18.61 2.85 11.82
17.4 14.62 0.65 12.21 17.5 25.14 : _ .

equivalent to the concentration of vDMSO in- the highest test compound

concentration).

A For assays, approximately 20 nauplii (in 50 pl filtered seawater) were added to 1 mi
_ 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)
. u:singa probit a'nalysis (Libermann, 1983). If LD50 could not be calculated using

10 'prdbit éhalysis; values were extfapolated based on plotted data.

Settlement assays

Settlement éssays (using barmmacle 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 DMSQ) 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
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(tested wth barnacle nauplii).

that ‘functionalized nol ecul es retalne

M act | VI t%ﬁ#{%ﬁ&ﬂj@‘\% Z%S' ﬂd

bi ol ogi ca
| ow t'oxic

glcal

Ribermest, (BR)d E8 pudieses)) b

ty. ED50 val ues are

LD50 valruesGasy/ob@s2 city

screening therefore indicates
%r 10i nprove upon desirable

ED50 ( hi gbélyulﬂeﬁelemg)pr@j’l@rﬁ%fs GiiGes wblexirapolaletiibabedion pBtted BRE@S €S .
conpounds gave therapeutic ratios 15greater than 1.

- Results

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 ED5§ could not be calculated using probit analysis, values were estimated from

10

plotted data. Compounds with a high LDs; value (low toxicity), but low EDsg (highly

- p'oteinc‘y) are most desirable for anti-fouling purposes. A number of the tested

compounds show a therapeutlc ratio equal to, or greater than previously |dent|f|ed
non-funchonahsed compounds (12.1 and 12.2; PCT/SG2009/000175)

Compound LDs, (ng/ml) EDso (ng/mil) IR (LDso/EDsp)
124 9.11 1.50 6.07

(reference)
122 9.83 2.00 4.92

(reference)
151 22.95 0.19 120.79
15.2 >25 1.46 >17.12
15.3 3.67 2.85 1.29
154 8.22 3.29 25
155 8.66 2.16 4.01
15.6 33.21 9.12 3.64
15.7 >25 175 14.29
16.1 > 50 4.11 >12.17
16.2 > 50 134 >3.73
16.3 > 50 6.35 >7.87
16.4 27.2 0.23 118.26
16.5 1715 0.19 90.26
16.6 >50 9.25 >541
16.7 24 58 26.88 0.91
16.8 >50 29.05 1.72
16.9 >50 >50 NA
16.10 >50 349 >74.33
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The above results denonstrate that these new small organic nol ecul es can be
used as environnentally benign antifouling additives. These nol ecul es
retain efweebimessnti-settl ement activity despite differcmgcaunsbidkseent s
and substitution patterns on the 20ar tic ring. Indeed, a nunber of the
conpounds di splay bioactivity conparabl™e to, or better than that of the

unsubsti t ut ed—p&gq?&k#uek&#g.%hese—n&%eem—esa—mp%ﬁe—upen t he parent
structure in t hat'©1 ey can su ﬁart functioflné_’pity whi ch 829 be used to

tether or anchor the antifouling conmpounds to a marine coating system WO
2011/096897PCT/ S&2011/ 000052 61 The conpounds can be bl ended into existing
acryl.ate parasls 1aBloglcal 40ite BD.evaliarireGati-seltieflcRaftéstePwitl® bhigcigur r ent
coating options. Furthe re, due to their sinple structure the conpounds
are attractive cafthrdsk ngof"@}“edéé‘? ?&&ttYﬂﬁStw&’r‘T"BQ@F@M%ﬂau%éns in the marine
environment and are less likely to accunmul ate and pose a health risk in the
future. In addition, given that existing organic biocides such as Diuron(r)
and Sea- Ni ne(rolpéanaeen £ BOYRgir) DT OaEiNWgAhl anare AURGEBE)H 1 ment al
effects in the narine environnent, the conpounds ‘of the present invention
represent a valudBle alternat®¥é to tradit2dfal netal - bE&EH additives. 10
Exampl es Part -4 -45Polynmeric s ens Rel eas tudies -Pr ration of

mul tiwell plates 1f7?r) | abor at o%ébassays Tvvog‘ggtches of p%lggstyrene 4 X 6

mul tiwell plates lbase of thel8fl |l 2 cnR) &8be 15prepar®ddd or | aboratory
assays. ‘A stock sglption of I r was magecsby di ssol viyg, 50 ng of

P( MMA- co- 16. 11-c§?\%) in 1. Opl%'éﬁg? et hanol .g'%?he pl at es 1\/\2/;;?13 coated with the
desi red anount ofl7the stock S8 ion (10 43.4401al, 30 t24.7340 4, 50 4 and
70 'lL) and placegdn air at gg,C for 6 hoyrg. Then deigpiped water was
added into those wells. After 24 hours the water was renoved conpletely
fromthe wells arld-20stored f8b0further ardi&is. The pdbfPstyrene pl ates
were -then dried r a stre dry air. anwhil e, t ontrol specinens
wer e prepared inq?ﬁi.sane ma?gaf{hout mate?ygoaking. Se???%nent Assay 25The
coatings were test/éd for antiPB@ling effecP80using barnaéPe cyprid

settl nt assays. CyprTus were curtured—as descrroed—above—After 5 days,
cyprids were obtained and they were aged at 4 C for 2 days before the

set tl enent i J - i i . sferring 1
o i Lo ed SRR BBRbical Ky ?xx-%3*5&%@@‘434%%3@39?:'9*3@?‘5%@5?%“?@"@%%@5@%| |, The
mul ti-wel | plat escymide); LRevaitesdrd toxicity (t8sthd with baafaciernawplizh time t he
nunber of settled cyprids, the nunber of free sw nm ng

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 EDsg (highly pbtency) 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.



(unsettled) cyprids, and the nunber of dead cyprids were counted for each
well. The result of the assay is given in Figure 1. For all treatnents,
cypri d nowoabitopessas | ess than 10% Settlenent on the ceotrsckoamadisng,

P( MVA- co-t BA-co-VP), was simlar 35toéhat for uncoated polystyrene. Wells
coated wi th p(MVA-co-16.11-co- VP) shovved reduction in cyprid settlerrent
with no settlenent observed for treatnents >404 WO

2011/ 096897PCT/ SG2011/ 000052 62 Quantification by HPLC Aliquots of
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.- - effects in the marine environment, the compounds of the present invention represent
.- avaluable altemative to traditional metal-based additives.
00 » |
. Examples Part 4 — Polymeric systems
Release Studies

. Preparation of multiwell plates for laboratory assays

Two batches of polystyrene 4 x 6' fnultiwell plates (base of the well 2 cmz).were

15 prepared fc;r 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 pL, 30 pL, 40 uL, 50 pL and 70
HL) 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 épecimens were prepared in the same way without

water soaking.

Settlement Assay
-25  The coatings were tested for antifouling effects using barmnacle cyp'rid 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 m 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 settiement observed for treatments >40pl.



.04 cn2 day"." 10 vtl_ 500 jig 0.247 0.124 20 jil_ 1000 jig 0.136 0.0677
3014 1500 pig 0.212 0.106 40 lit 2000 jig 0.400 0.200 50 pt 2500 |ag 0.242
0. 121 70 wot0B3%4068971 g , PCT/SG2011/000052
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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

. monitored at 226 nm. The amount of 16.5 released into the solutions obtained after

soaking are shown below in Table 3 alohg with the calculated release rate. In each

- case, the-amount of 16.5 reIeaSed falls in a very narrow range (0.15 - 0.45 ng),
, ;representlng the similar surface area exposed to the aqueous environment in each
‘ case regardless of the quantlty of polymer.
10 ‘

. Volume of Mass of Released 16.5 Release
- P(MMA-co-16.11-co- P(MMA—co-16.11-co—  (rg) - Rate
VP)  VP)  (ng cm?
stock solution . - day™
10 ub 500 pug 0.247 0.124
20 pL 1000 ng - 0.136 0.0677
30puL 1500 pg , 0.212 0.106
40 L 2000 e 0.400 0.200
50 pL 2500 pg 0.242 0.121
70 uL 3500 pg 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 settliement 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 declinej 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 = -



0.430 0.215 Table 3 - Mass released and cal cul ated rel ease rates of 16.5
rel eased fromcoated wells after 24 hours. Figure 1 shows average

per cent ageoeidiesyent of barnacles in the coated wells. PCT/SG2011/000052
15P( MVA- co-t BA-co-VP) was applied as t control coating. Settlenent on
this coating was simlar to that for coat ed poI ystyrene. Increased

anounts o P resulte i n baynacl.e
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i nternal  WeElodedde cure qyRinigy Prgt tedie afditenei sk ok dgienisastwatlghas hen

i nocul at eddyéd e%cﬁtmkAﬁ@.l 24 hcsms Qhe Waldvhvas 9erhbveblarrdblhcéd b Aang!  such
that the guantity of copol %IQ present is 500 nmy and 2500 tig of

P( MVA- co- irSS'lqe'EWSWaﬁeésE P'O\‘?%ff%/wa%@%?t?ﬁ@ftﬁr%ﬁ‘fr\*‘ﬁb%“ Bewa apd again3 cnp.
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dei oni sed water was_ added to each . After hour.s, the water was

renoved  aRellectss| sehdignpyrere ryp a@P'”F?%b'ﬁte(ﬂ%ﬁ'éFﬂ”Qé@ (RBgna), MPRECTNGdBRss was
repeaj@d aéstpehsearai.@@tmm%m@wsamﬁ@dqaagefms%le@sewtft ebfichQes 0iving a
time course of 1, 2 and 4 days. Aliquots of the collected solutions were
run agai nQP'”%VFﬁF%W%HIT%bﬂedﬂdard (phenol ), nonitoring the response ratio at
226 nm The resulti ng rrass of 16.5 rel eased at the specified tine points
are shown in TabI e In each case the presence of 16.5 in the water

was confi RN WS%HE WE?%‘CSPfﬂﬁ@ iRy ERIE S WS, CAHRANSY Ptana'm@ thes) . 15 Mass
of Mass afqub&.@yérﬁlﬁaéﬁqm(m ERI.

15
Mass of Mass of 16.5 released (ug)
P(MMA-co0-16.11-co- ‘
. .VP) Day 1 Day 2 Day 3-4 Day 5-7
coatihg '
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 pg 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 ug and 2500 pg coated vials on day 1 (0.468 ng

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



P( MVA- co- 16. 11- co- VP) coating Day 1 Day 2 Day 3 -4 Day 5 - 7 0.482
0.0064 0.046 0.0054 500 jig 0.572 0.0022 0.039 0.0086 0.534 0.0018

WO 2011/096897 PCT/SG2011/000052
o 64 A _
Mass of Average release rate of 16.5 (ug cm™ day™)
P(MMA-co-16.11-co-
VP)
Day 1 Day 2 Day 4 Day 7
Coating ay ay ay ay
‘ 500 ng 0.482 0.0031 0.0089 0.0049
- 2500 pg - .- 0.0448 0.0054 0.0031 0.0083

Tafble 5 - Release rate of 16.5 from P(MMA-co-16.11-co-VP) coated vials as a

* function of time.
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131- 14%. wherein

each of R" and R? is independently selected from

(A) aryl substituted with at least one of OH, R®'OH, OR®?, R $'OR®?, OC(O)H,

15 OC(0)R%2, R$'OC(O)H, RS'OC(0O)R®?, C(O)OH, C(O)ORS?, R S'C(O)OH,

' RS'C(O)OR®? , ORS'OH, ORS'OR®?, OR $'OC(O)H, OR 'OC(0)R®?, OR
S1C(0)OH and OR S'C(0)OR®?,

_ wherein, if present, each R®' is independently optionally substituted C; to
20 Cs alkylene, and

wherein, if present, each R® is independently selected from optionally
substituted C4 to Cs alkyl, C, to Cs alkenyl and C to Cssilyl-C4 to Cs

, alkylene.
25
' and
(B) optionally substituted C; to C1, alkyl
30 with the proviso that at least one of R' and R? is (A);

and



Teo, L. M S., D. Rittschof, F. Janeson, C. Chai, C L. Chen, S. C Lee.
Anti fouling conpounds for use in marine environnent. PCT Int. Appl. (2009),
WD2009139%820A0968doul voul i s, N. 'Antifouling paint boosten/scroaioies:
occurrence and partitioning in water %ﬁand sedi ments' I n: Konstantinou, I.
K. (ed). Antifouling Paint Biocides. e Handbook of Environnent al .
Chem stry 006,; Volayre 5, Part Q, . 155-17 SpLi nger - Ver |

Berl i n- Hefeﬂé\ %2? gfn% %rﬁﬁ?fp 8»9&?9’%@&&]%%6’&96@@0% a&l’il%%qf.ng conpound
of fornul R* {dgkther faamsel dptibhallyenibstituled 5R4 1Rnemibdrpd hewhsoyelerwtiach of R1 and
R2 is independently selected {rom (A) aryl substituted with at
| east one'”8?rp®ﬁ?eﬁq§‘f6&{°Q®P§%‘,"’Lﬁﬁéﬁ‘eéj%fﬁ?“@i‘ﬁt‘*@) H 15 OC(0)Rs2, 1-( OJ(0)H, R
sl OC(0) Rs2, C(0)0OH, C(0)ORs2, R s1C(0)OH, R s1C(0)ORs2 , OR sIOH OR

sl ORs sl OC(0) H, sl 0 2, OR s1C(0)OH and OR s1C(0)0ORs2,
wher eizf_h,-%f vp%(SCQﬁPPUgE‘FFO%SQL?_QQa'WH%?ﬁ% ntly optionally substituted G
to 20C5 al kyl ene, and wherein, -i-f present, each Rs2 is independently

éﬁl ? gt ?:g fSIr Fg}ﬁﬂ@k* %)ijn %51 %gfa\%%s ‘hé%tng%tigpﬂjlty%u%iu?tgg %lnﬁer%ergg hgtSeroetzlylélgnyI and

~~which incorporates the nitrogen to which they are attached according to

‘ | formula (ll):
10
O
R1
T
R? OVR"’
RS
(1
wherein R® and R® are independently selected from hydroxyl, optionally
substituted C, to C¢ alkyl, optionally substituted phenyl and H,
15 '
or
(ii) each of R®and R* is independently selected from optionally substituted C4
to Cs alkyl.
20
. 3. A compound according to claim 2, wherein in respect of option (i) each of R®
" and R®is H; and in respect of option (ii) each of R* and R* is Me.
4. A compound according to any one of claims 1 to 3, wherein

25
R'is (B)and R?is



(B) optionally substituted C3 to C12 alkyl 30with the proviso that at | east
one of RL and R2 is (A); 67 each of R3 and R4 are independently optionally
subst i t utwo 2@h/dese@6 al kyl, or R3 and R4 toget her form aoTegRinnadisy
substituted 5 to 12-nenbered het erocy%l e which incorporates the nitrogen to
whi ch they are attached. 2. A conpound gccordi ng to claim1, wherein (i) R3
and R4 together forman optionally substituted 6-nenbered heterocycle which
i ncorporates the nitrogen to which théy are attached according to fornul a
(I'1): 100 R1 R2 R5 R6 (I11) wheggin R and are independently sel ected
from hydroxyl, optionally substituted 06 al kyl, optionally
substituted phenyl and H, 15 or Ach of R3 and R4 is independently
sel ected fromoptionally substitutek o C6 al kyl. 20 3. A conpound
according to claim2, wherein RA*Tespgct ofR8ption (i) each of R5 and R6 is
H, and in respect of option (ii) eachjof R3 and R4 is Me. 4. A conpound
according to any one of clains. 1 to 3RAWherein 25 Rl is (B) and R2 is 68

(la)

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

5 'OH, R¥'OH, OR%?, R"OR%2, OC(0O)H, OC(0O)R%?, RS'OC(O)H, RS'OC(O)R®?,

| C(O)OH, C(0)OR®*?, RS'C(0O)OH, R3'C(0)OR®?, ORS'OH, ORS'OR%?, OR
S'OC(0)H, ORS'OC(0)R%?, OR®'C(0)OH, ORS'C(0)OR®?, H and R%?,

wherein, if present, each R%" is independently optionally substiiuted Cito

.‘10  - Cs alkylene, and

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

. alkylene,
15 7
' with the proviso that at least one of R", R*, R*, R* and R* is not H or
RS2
- 5. A compound according to any one of claims 1 to 4, wherein R' is C, alkyl or
20" Cgalkyl. ' |
6. A compound according to any one of claims 1 to 3, wherein the compound is

a compound of formula (Ill) or formula (1V)

25



o'W RA3 (la) wherein each of RA, RA2, RA3, RA4 and RA5 is independently
selected fromOH Rs1OH o0Rs2, RS1---.-.S2, UK OC(0)H OC(0)Rs2, R

sl OC(0) HwB 211@86®yRs2, C(0)0H, C(0)ORS2, R S1 C(0)O0H, PRrsice()0ss2 , OR
sIOH, OR sl ORs2, OR s10C(0)H, OR sl OC(6 Rs2, OR siC(0)0OH, OR siC(0)ORs2, H
and Rs2, Werein, if present, each Rs i s independently optionally
substituted C1 to 10C5 al kyl ene, and wherein, if present, each Rs2 is

i ndependently selected fromoptionally s Wstituted CL to C5 al kyl, C2 to C5
al kenyl and Cl1 to C5al kylsilyl-Cl to 05 allkyl eqe, 15 with the proviso that
at | east one of RAl, RA2, RA3 ~-0 is not Hor RS2. 5. A
conpound accordi ng to any offe Of 7 erein RL is 04 al kyl or
2006 al kyl. 6. A compound accordin

the conpound is a conpound ofR¥gr (LRA* or formula (IV) 25 69 0 RA3

RA3

(V)

wherein each of R*, R*, R® R* and R* is independently selected from
OH, R'OH, OR®?, RS'OR®?, OC(O)H, OC(O)R®?, RS'OC(O)H, RS'OC(0)R%?,
10 . C(0)OH, C(0)OR™, R®'C(O)OH, R®'C(O)OR®?, OR ®'OH, OR *'OR%, OR
o S'0C(O)H, ORS'OC(0)RS?, ORS'C(0)OH, ORS'C(O)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 C4 to Cs alkyl, C, to Cs alkenyl and C; to Cs alkylsilyl-C4 to Cs
alkylene, [

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

RS2,



RA3 (1V) wherein each of RAI, RA2, RA3, RA4 and RA5 is independently
selected fromOH Rs10H ORs2, R sioRs2, OC(0)H OC(0)Rs2, RslIOC(O)H R

sl OC( 0) Rswo 20D@o6Y90H, C(0) ORs2, R sl C(0) OH, Rs1C(0) ORs2pcTSB261106h050R

sl ORs2, OR sIOC(0)H, OR sl OC(0)Rs2, IC(O)OH OR st (0)ORs2, H and Rs2,
wherein, if present, each Rsl is inde ndently optionally substituted G to
05 al'kyl'ene, and 15 wherein, if present, each Rs2 is independently selected
fromoptionally substituted Cl1 to C5 alkyl, 02 to 05 al kenyl and C1 to C5

%}A kxF/ek gil yir.é1 Cl lé\Q:o%Xgnthl_ydo@dlﬂg toHa?rQAMﬁe;bftcraen@nws,smérsmt if pfesémgsécrpne of

) . and . -. i S not ) : co accor to any

one of cl & n& Ndepgnhdentlypationa ys‘l‘l?s%'}‘%jsghp 839%@ éj?”ge'ier'fbléf tIy

opti onallyamm%ztls mué@awdsam;t @e|gaecafr&smlo©ﬂ@na|@@dbwmwmxo cf aIRyI%GfIIQ, each Rs2
ion substituted C1 to C3 al kyl and C2

isin ted from op
to C3° Ik@n(g 'g‘}r/ﬂﬁ thC%3aA'fWV| (|E1It9l @iy%‘eCS al kylene. 8. A corrpound
according to any one of clalm; 1 to 3, wherein Rl is (B) and R2 is - RA3
vvherel n each of RA, RA2, RA4 and RA5 is independently selected from
%( 0) 0fy.cornokERd a%ﬂ%%&m @i‘(%’ﬁ(ﬁf@ lainegLpeog Y ReInocH2 o 0) 0CH3, 15
OCHZCHZO—l OCHZCI—lZOC(O)CI—B OCH2CH2Si (Me) 3 and OC(0) CH=CH2, and H, with the
provi-so that g& ﬂtgt one of RA, RA2, RA3, RA4 and RA5 is not H 9. A
conpound 8ctsd Pﬂ‘g § claims8, wherein at l|east two of RA, RA2, RA3, RA4
and R are H 20 10. A conpound according to claim8, wherein at |east
three of RAl, RA2, RA3, RA4 and RAS5 are H.

RA5 RA1

RA4 . RA2

RA3

wherein each of R*, R*?, R® R* and R™ is independently selected from OH, OMe,
, C(O)OH, CH,0H, CH,0Ac, OC(O)CHj;, OCH,C(O)OH, OCH,C(O)OCHs,
15 OCH,CH,0H, OCH,CH,OC(O)CH3;, OCH,CH,Si(Me); and OC(O)CH=CH,, and H,

with the proviso that at least one of R*, R*, R®, R* and R* is not H.

9. A compound according to claim 8, wherein at least two of R*', R*?, R*®, R*
~andR¥are H. |
20
‘ 10. A compdund according to claim 8, wherein at least three of R*', R*?, R*®, R

and R* are H.

11. A compound according to claim 1, wherein the compound is selected from
25 compounds 15.1, 15.2, 15.3, 15.4, 15.5, 156, 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.

12. A polymer comprising at least one repeating unit formed from a compound
according to any one of claims 1 to 11. '
30



11. A compound according to claim1, wherein the conpound is selected from
25conpounds 15.1, 15.2, 15.3, 15.4, 15.5, 15.6, 15.7, 16.1, 16.2, 16.3,
16. 4, 16.wo0 201/0868916. 7, 16.8, 16.9, 16.10, 16.11, 17.1, pET/S&o0th0®5217. 4,
17.5, 17.6, 17.7, 17.8 and 17.9. 12. 1% pol ymer conprisi-ng at | east one
repeating unit formed froma conpound ‘according to any one of clains lto
1 accordi 0 aim12,  wherein th is selected
from a (m:i?‘n) agr’{ﬂ'yﬂeé aﬁB‘WWQRgﬁhﬂn j&s‘?'h‘?rﬁ'aﬁiée BOYPRES Se%c{%gf o %ol yner
accor di-ng(methfdcajlate balymshane aiilicbee psiyvieer is a (meth)acryl ate pol yner and
conprises repeating units derived fromone or nore of nethyl nethacrylate
(M), hydroxyethyl acrylate (HEA) and vinyl pyrrolidinone (VP). 15. A
pol yner aqgor dwmlmr@ayorermg totlath a8 whekaintthe Bdlyenpral (Fefljacry@ndant group
accor.ding to forqy 10 wherein 15R1_is r%tlonall substituted 03 to
C12 alkyl PBYETR' BF ggn%rﬁ&smpegglgg Fﬂ'ﬁ?e‘fféwa FPMPSATMNELT y substituted CL to

06 al-kyl, nwthyRBetncryRis (MMRY, hedrokyitipl abryRis {HEYRdnd virybpjridibinese BYRY

12- menber ed ‘het erocycl e which incorporates the nitrogen to which they are
attached, each RAx is independently selected fromthe options for any one

of RRA5 descri h\%wnﬁbraﬁyoramgt@anycbﬁé BiﬁclémeQZ]t&,M'&om‘bnﬁﬁg hiPef@&it i N the

range 0 to 4, and ‘wher | i nker group. WO
2011/ 0968§FH§E'F'/°§?§§6‘91t? %UGU%X

10

R’ R3
N~

R4
R (RAX),

(X)

wherein
-15 R'is optiohally substituted C; to C4, alkyl
each of R® and R* are independently optionally substituted Cy to Cs alkyl, or

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

heterocycle which incorporates the nitrogen to which they are attached,

20
each R is independently selected from the options for any one of R*" to R*®
described in any one of claims 1 to 11,
n is an integer in the range 0 to 4,

25

and wherein

R" is a linker group.



16. A pol yner according to claim15, wherein RL is selected from-0-, RL10,
ORL2, R L'ORL2, OC(0), OC(0)RL2, R LIOC(0), RLIOCCO)RL2, 0(0)0, C(0)ORL2,
R L1C(0) OwoRoliloofyORL2, OR L10, OR LI ORL2, OR Li0C(0), rORSGR26(00)0R:-2, OR
L1C(0)0 and ORLi C(0 )ORI-2 wherei n,(j present, each RL is independently
optionally substituted C1 to C5 al kyl €rfe, and wherein, if
present,

_ ch RL2 is independent| ptional |y substitute o_.1pC5
B Kyt ene. Ta7. AR Hahirer GRFTREO o eI 45 CUIEEI s SORBIPE: Ty B ocand or a
pO: yner arcoringCt®), an(OJRE, R 00 (@), RH'OCLO)REE .C(mm,&adﬁalmi R&@l(@mo lfgd’
pol ymer of, ¢ B COMPOSLLI accordi t o) t in a
met hod of h#éﬁ@é@ﬁg @% p(Seé%rLu Lg cﬁ%uﬁcﬂé) @%Q%S%éoéﬁl 1&8&%%?8%7} 18,
wherei n t He@pr/kidd of reducing or preventing fouling is a nmethod of
reducing or -preventing biofilmformation by one or nore of 20bacteria,

fungi ,”al gae and protozoans. ,
' wherein, if present, each R"" is independently optionally substituted C; to

Cs alkylene, and

wherein, if present, each R" is independently optionally substituted C to

10 Cs alkylene.

17. An antifouling coating composition comprising a compound or a polymer

according to any one of claims 1 to 16.

: j1_5ﬁ ' 18.  Use of a compound, ponrher or coating composition according to any one of

claims 1-to 17 in a method of reducing or preventing fouling.

19. Use éccording to claim 18, wherein the method of reducing or preventing
fouling is a method of reducing or preventing biofilm formation by one or more of

20  bacteria, fungi, algae and protozoans.



