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The synthesis of antibacterial polymer for grafting onto the natural rubber for

the development of antibacterial rubber
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Abstract

Methylparaben, an effective antifungal and antibacterial agent, is subjected to the chemical
modification as a polymerizable monomer. Methylparaben is chosen in this project due to its cost
effectiveness which is suitable for a large-scale (industrial) processing. The addition of allyl functional
group to methylparaben provides the methylparaben monomer with polymerizable functional moiety (allyl
group). Of prepared methylparaben derivatives, methylparaben 3 exhibited higher anti-fungal activity
against Candida albicans. In the addition, three antibacterial agents (6a-c) were prepared and evaluated
their antibacterial activity against Staphylococcus aureus. From the preliminary screening, all reagents

have shown high antibacterial activity.

Keywords: Methylparaben, Antifungal Rubber, Natural Rubber Films, Anti-fungal Agent, Antibacterial
Agent
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cyclization léim7 4a-c a1sdanaitlavinlfAzenilasunyWaridu amino Ui chioro fauiaz
(% a d' a A ] 6 o d! ] aaa o . ‘V

ldasnania 5a-c ikasananInanaadnydaridu chioro $9hdalATenmIvi coupling Auas

Linezolid TaidunadlwnsNagyinnns coupling &13N98a9lNa LA LORNIHANAG 6a-c @NN L

Maunnliludasdu GUnnd 4)

N H
[»\ i A\ —>ii A\
Ar—CH(OCOCHgz); + O,N” “N” “CHO — - » Ar N’NH\H/NHZ PN
CH

3 S
la,b,c 2 3a,b,c 4a,b,c
ii ’/\'“Q‘
> Ar/ks)\CI N
a O,N s b O,N o c OyN N
5a,b,c )

sUnmn 4 UJATenIdiaeRaNseunNus nitroaryl-1,3,4-thiadiazoles 5a-c. &n1Izfilglu

U7A38N (i) thiosemicarbazide, EtOH, HCI, reflux; (ii) (NH,)Fe(SO,),, H,0

= o o ' { < v & ' { < [y . . [

Fanasnntaasiuaiuiidu  heterocycle udin  funidulaseaine  Linezolid la

[ 14 add o 13 3 ' v Ao A o A & v o 6

fuanzinudtnsuanzinusieunthidanlduaasliluzunmi 5 lwdasduniduasesd

gsduiBanuafi3e a-c la3uimMIsaeszianl §isensznitssns difluoronitrobenzene
i . ) A A o ' v a Aaa . a o

813 piperazine auldan3y 8 TallasIainanldiiny i3 reduction lasifauainny nitro ‘lu
& 1 ~ 2 A { Q ] LY o aAaa Y 1 v
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i hydroxyl group @aidlumssnlumaaswiuny amide ldlasasaans 11 39ldvinufazm

MUANT MsCl LNaLLauuwnyWaridu hydroxyl group

o
0
i /\ . i 7N »\o
— 2 - CbZN\_/NAQ7N\)O\/OSOZMe . CozN N NN
=

i, Csz/_\N N>\\O H X HN/_\N N>\\O H
ix __/ QVNTI/ - T\ QVNTI/
o} F o}

- .
X >N N ? 6a O,N

S

I\
lac Ar= < 6b OzN/Q\
RN

6c O,N l}l

~ CHs;

gﬂmwﬁ 5 ﬂﬁﬁ%mmiéﬂaLmﬁzﬁm‘sﬁ'}m%al,l,mﬁL“’%U 6a-c. anefilEludfA3en (i) piperazine,
CH3CN, reflux; (ii) Hy, 5% Pd/C, THF; (iii) benzyloxycarbonyl-Cl, NaHCO;, acetone-H,0; (iv) n-
BuLi, THF -78°C; (v) (R)-glycidyl butyrate; (vi) MsCl, Et;N, CH,Cl,; (vii) potassium phthalimide,
CH,CN, H,0, reflux; (viii) aqueous MeNH,, EtOH, reflux; (ix) AcO,, pyr; (x) Pd/C, H,, MeOH-

CH,Cl,; (xi) 5a-c, Et;N, reflux
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IWduny@anfid  (good leaving group) faufisnIasnaIAEUATEAUMT  potassium

.. ' A o A A o ' v a Aaa & 'Y g A
phthalimide naunazlass 13 Faudessasnanlaiadfitonsaurdvezlass 14 dalla
o s 1 Y =3 v & e 1 dy o aaa . v
aaenydnilas Cbz eanfiazldms 15 Gsansdandafiaaninazyhljisen coupling ld

lan@39nua heterocycle 5a-c 71t linaunazldasdwsen 6a-c lufiga

a £ L% g a A aa
Unn 2.4 ﬂ']i‘nﬂaauﬂ"saaﬂqv‘ﬁaqimﬂulﬁalu.]ﬂﬂLiﬂ%']ﬂa']iaaﬂ?f"rﬁaﬂt%%

s

A = A a £ o & A A o ~ ~
Watdunsnasaudszansawlunisesngniaiwauuaiiisovasansaiwuuafisen
RILATIZR LAAINENIRT Ba-C vl,ﬁgﬂﬁﬁmiw@aaulumsﬁﬂm%aLLUﬂﬁﬁ?mﬁ@ Staphylococcus
aureus laatdSoUNHUNURITFWITOULATILISE Linezolid anNan1TItaTzwlszanTawluniy
o & A A & ' a a a Aa o & A A A
ABLTALUANITHUAIRITNIFINNLINIENT 6a-¢  NUTZENTANWAG LN1IF1wLTaLUaNTyTha
Staphylococcus aureus (913199 6) INMINARBI graft AALIINIT LD BIFUNANITNARBILENI
v & o rg A A ' ° a ' o a £
IRANINeN I U TawLAISY 6a-c  MENNITAYINNANT graft ARAIURBEIINII MHTI81RAT

A o & a A o oA o AN a
LWAIINNRITANULDDLLANLIE 6a-C U\‘]N%%}ﬁﬂﬂ’ﬁu'ﬂquL%N']zallluﬂhﬁ graft @aaJUBIIINIIN

¥ dly A A a A v dil a A
1T ULTALUANLIE ﬂiz&ﬂﬁﬂ'lWl%ﬂ’]i@n%L‘ﬁE] LUATNLIE

(MICs in pg/mL)

14



Linezolid
i
NN o)
| O>—N N N H
“ S>_ N @ \)VNW/
\_g F o]
OaN la
T
NN o)
| >—N N N H
“ o>_ N @ \)VNW/
\_0 F o)
O,N "

0.781

0.098

0.096

0.087

1357191 6

15



.;q'
unn 3 a;ﬂwam‘mmaaa

'q]'mNami"?%’amaﬂmz;ﬁﬁ'ﬂﬁﬂimumwuﬁn‘%alumsé’aLmﬁzﬁmimgﬁufmaamﬁaww
Tuwlddisemsdunyndanumuisalumafadjisowediwedinaduld laony
Wanduin ldiaaldsmaafiansiuuaindldunngWaridu allyl,  acrolyl, crotonyl  uaz

. A a ' € @ 1 o v @ 6 a A
dimethylcrotonyl F9anmaidunyiaridudinailildasayiusiufianisiun 1 - 4 53910

n§ v g a . . 1 a
ﬂ'ﬁ'ﬂ@]ﬁﬂﬂﬂ’ﬁﬂElﬂfmﬁ'ﬂ’]\?%’lﬂ’]Wl%ﬂﬁi@l’]%L%aiT’lj%@ Candida albicans WU’J']K’]?@‘H‘;W%’EL&I

a v 'S d 1 a té | g; v
NAWILLW 3 i‘mmwmmmlumsmm%aﬁﬁgamwmimwawnﬁ LD URITAIAT

a

1 & a v v LV o o = L% ¥
‘lu?}ﬂmu%uwaammwmmmzma ﬂ@mmm&mezﬁmsmgwufmaamsmm%a
A A . . A v & o ' A . L a a
LUANLIY Linezolid ﬁmmiagwuﬁmﬂmﬂ@mamad nitroaryl-1,3,4-thiadiazoles LIWNLANIN

@ . . £ £ o & A A A
Iﬂi@ﬁi’]x‘]“ﬂﬂ\‘] Linezolid "ﬂ"IﬂNaﬂﬁi‘ﬂ(ﬂﬁaﬂﬂﬂﬁi%ﬂ"ﬁaaﬂﬂﬂ‘ﬁ@l"I%L"ﬁaLLTUﬂ‘Y]L‘JU"II%@’I
& o ' v e A 56 o & AAa Aa
Staphy/OCOCCUS aureus EL‘HL‘LIad@luWU’Jﬂﬁﬁia%W%ﬁﬂ\‘]ﬁﬁﬂJ (6a-c) wqwﬂumimumaumm ]

1 =3 o o rgi o d%’ Aa 1 a| 6 1
aﬂﬁx‘lvlﬁﬂ@ﬂll"ﬂ’mﬂﬁiﬂﬁﬂﬂi graft miamgwuﬁmmmﬂﬂmwummammuﬂaumawwm"l,wmmm
a v & ] , \ & o v g &
‘wumi@mmaamsamgwuﬁmmuvl@ﬁmm@mmﬂmwsJVI,aJmm:mﬂlaam&ﬂdﬂ%ﬂumsmgwuﬁm
A v A a 1 % a o 6 v d‘lp a A L 1 a| 6

SAEN ‘Yl’]x‘iﬂfbla::‘u? USJﬂ'J’]&Jﬂ@'J’]‘Wm@]a\‘iﬂﬁ‘i(ﬂ(ﬂﬁ"l‘iﬂi&W%‘ﬁ@]’]%L“ﬁaLLUﬂﬂLiﬂvLﬂHGLLN%WRNUWGW’]T]

g1z e lagmIiaTauanIdwTauuafiise 6d Aaunazyinnmsaaas lUgInwiIvad epoxidized

NR lasrul§iTenn1aians epoxide dausastiluginini 6

16



O]
/\ -
- >—N\_/ @N\j\/“\{( o A
0]

\_x F _
HO
1d
X = heteroatom 0
NN Mo
I >—N N N\)VH
= o __/ N
\_x F
(0]
/
\ / 2\

sinnn 6 RIWLTITNAAINRINIINAARILWLHWA SN ENR o

17



unn 4 ifagam‘mmaaa

Tumsnansad ﬁgwaawa:mﬂgnﬁmiwzﬁﬁwm‘%m Biichi WANNINARBIAILAITILATIZR
infrared spectroscopy Qﬂ%Lm’wﬁﬁmLﬂ%m Bruker Equinox-55 spectrometer Na UV Qrﬁmiﬁzﬁ
ﬁ?ﬂLﬂ%ﬂd Agilent HP 8453 Diode-Array spectrometer HWaN1INa[a3d 1H (113} 13C NMR an
AaTzRaasLaSas DRX-400 Avance spectrometer 71 400.13 uaz 100.77 MHz lagld cDCl, 1l
dazmsuazlfidusnsnnasgiu TLC 14 Merck silica gel sy wazriimyiiamzinalduasyd
ANLIIAE 366 Nm gILAdinnakd1INUIEN Merck, Aldrich  Wwaz Acros g9

sanInmda ldanuiudmlduszgnldlagladlévinne purified

MB1: 'H NMR (400 MHz, CDCly) J 3.89 (3H,s), 4.52 (1H, d, J=2.3 Hz), 5.23 (1H, d, J= 10.5
Hz), 5.35 (1H, d, J= 15.7 Hz), 6.06 (1H, m), 6.91 (1H, d, J= 8.9 Hz); 'C NMR (400 MHz,
CDCls) O 51.8, 68.8, 114.3, 118.0, 122.7, 131.5, 132.6, 162.3, 166.8; MS (ESI) m/z : 193.08

(M+1).

MB2: Yield 73%, as a white solid: 'H NMR (400 MHz, CDCl;) O 3.92 (3H,s), 6.02 (1H, d,
J=10.4 Hz), 6.32 (1H, dd, J= 10.5, 10.4 Hz), 6.65 (1H, d, J= 17.3 Hz), 7.14 (2H, d, J=7.1 Hz ),
8.10 (2H, d, J= 7.1 Hz); "C NMR (400 MHz, CDCl,) O 51.8, 121.1, 126.7, 127.5, 130.2, 132.8,

153.8,163.5, 165.9: MS (ESI) m/z : 207.06 (M+1).

MB4: Yield 78%, as a white solid: 'H NMR (400 MHz, CDCl;) O 1.97 (3H, d, J= 6.8 Hz), 3.90

(3H, s), 6.05 (1H, d, J= 15.3 Hz), 6.16 (1H,m), 7.10 (2H, d, J=5.1 Hz ), 8.10 (2H, d, J= 8.6 Hz);
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130 NMR (400 MHz, CDClI3) O 17.8, 51.5, 121.6, 121.7, 127.0, 130.7, 147.1, 154.0, 163.9,

166.8; MS (ESI) m/z : 221.08 (M+1).

MBS5: Yield 84%, as a pale yellow solid: 'H NMR (400 MHz, CDCl,) & 1.95 (3H,s), 2.20 (3H, s),
3.89 (3H, s), 5.92 (1H, s), 7.25 (2H, d, J=13.3 Hz ), 8.05 (2H, d, J= 11.3 Hz); "C NMR (400
MHz, CDCly) O 20.1, 27.2, 51.7, 114.4,121.3, 126.8, 130.6, 154.0, 160.6, 163.7, 165.9; MS

(ESI) m/z : 235.09 (M+1), 257.07 (M +Na)

1-(2-Fluoro-4-nitrophenyl)piperazine (8): Yield 85%; mp 68.5-71 °C; 1H NMR (CDClj): 7.94
(ddd, 1H, J=9, 2.5 and 1 Hz, Hs nitrobenzene), 7.85 (dd, 1H, J=13 and 2.5 Hz, H;
nitrobenzene), 6.88 (t, 1H, J = 9 Hz, Hg nitrobenzene), 3.25-3.23 (m, 4H, piperazine), 3.04—

3.01 (m, 4H, piperazine); MS: m/z 225 (37, M+), 183 (100), 137 (37), 58 (43).

N-Carbobenzoxy-3-fluoro-4-(N-carbobenzoxypiperazinyl) aniline (10): Yield 52%; mp 159-
161 °C; 1H NMR (CDClj): 7.39-7.32 (m, 10H, phenyl), 6.98 (d, 1H, J = 9 Hz, H, nitrobenzene),
6.85 (t, 1H, J = 9 Hz, Hg nitrobenzene), 6.70 (s (brs), 1H, Hs nitrobenzene), 5.19 (s, 2H, CH,0),
5.17 (s, 2H, CH,0), 3.67 (t, 4H, J = 5 Hz, piperazine), 2.99 (s (brs), 4H, piperazine); MS: m/z

463 (54, M"), 328 (40), 91 (100), 88 (66).
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(R)-[N-3-[3-fluoro-4-[N-1-(4-carbobenzoxy)piperazinyl]-phenyl]-2-oxo-5-oxazolidinyl]

methanol (12): Yield 82%; mp 149-150 °C; 'H NMR (CDClg): 7.46 (dd, 1H, J=14.5 and
2.5 Hz, H, fluorobenzene), 7.39-7.37 (m, 4H, H,, Hs, Hs and Hg phenyl), 7.36-7.32 (m, 1H, H,
phenyl), 7.13 (dd, 1H, J=9 and 2.5 Hz, Hg fluorobenzene), 6.92 (t, 1H, J=9 Hz, H;
fluorobenzene), 5.17 (s, 2H, benzylic CH,), 4.77-4.72 (m, 1H, Hs oxazolidinone), 4.03-3.98 (m,
2H, CH,0OH), 3.97-3.93 (m, 1H, H, oxazolidinone), 3.8-3.74 (m, 1H, H, oxazolidinone), 3.68 (t,

4H, J = 5 Hz, piperazine), 3.02 (t, 4H, J = 5 Hz, piperazine).

(R)-N-[[3-[3-Fluoro-4-[N-1-(4-carbobenzoxy)piperazinyl]-phenyl]-2-oxo-5-

oxazolidinyllmethyl]phthalimide (14): Yield 66%; 1H NMR (CDCl;): 8.00-7.52 (m, 4H, H
phtalimide), 7.56—7.30 (m, 7H, H Phenyl, H, and Hg flurobenzene), 5.14 (s, 2H, CH, benzylic),
5.00-4.58 (m, 1H, Hs oxazolidinone), 4.40-4.20 (m, 2H, CH,N), 4.15-3.90 (m, 2H, H,

oxazolidinone), 3.69 (t, 4H, J = 5 Hz, piperazine), 3.00 (t, 4H, J = 5 Hz, piperazine).

(S)-N-[[3-[3-Fluoro-4-[N-1-(4-carbobenzoxy)piperazinyl]-phenyl]-2-oxo-5-oxazolidinyl]

methyl]acetamide (15): Yield 33%; mp 174-176 °C; "H NMR (CDClg): 7.45 (dd, 1H, J = 14.5
and 2.5 Hz, H, fluorobenzene), 7.39-7.37 (m, 4H, H,, H;, Hs and Hg phenyl), 7.36-7.32 (m, 1H,
H, phenyl), 7.09-7.06 (m, 1H, Hg fluorobenzene), 6.92 (t, 1H, J = 9 Hz, Hs fluorobenzene), 5.97
(t, 1H, J =6 Hz, CONH), 4.80-4.74 (m, 1H, Hs oxazolidinone), 4.50-4.00 (t, 1H, J =9 Hz,

CH,NH), 3.76-3.71 (m, 2H, CH,NH and H, oxazolidinone), 3.68 (t, 4H, J = 5 Hz, piperazine),
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3.64-3.58 (m, 1H, H, oxazolidinone), 3.08-2.98 (m, 4H, J = 5 Hz, piperazine), 2.03 (s, 3H,

CH,CO).

(S)-N-[[3-[3-Fluoro-4-(N-1-piperazinyl)phenyl]-2-oxo-5-oxazolidinylJmethyl]Jacetamide,

hydrochloride (16): Yield 91%; mp 198-200 °C; "H NMR (DMSQO): 9.03 (s (brs), 2H, NH2+),
8.26 (t, 1H, J = 6 Hz, CONH), 7.50 (dd, 1H, J = 15 and 2.5 Hz, H, fluorobenzene), 7.19 (dd,
1H, J =9 and 2.5 Hz, Hg fluorobenzene), 7.12 (t, 1H, J = 9 Hz, Hs fluorobenzene), 4.71-4.68
(m, 1H, Hs oxazolidinone), 4.07 (t, 1H, J =9 Hz, CH,NH), 3.69 (dd, 1H, J=9 and 6 Hz,
CH,NH), 3.39 (t, 2H, J = 6 Hz, H, oxazolidinone), 3.22-3.21 (m, 4H, piperazine), 3.17-3.16 (m,

4H, piperazine), 1.81 (s, 3H, CH;CO).

(S)-N-[[3-[3-Fluoro-4-[4-[5-(5-nitrothiophene-2-yl)-1,3,4-thiadiazol-2-yl]-1-piperazinyl]

phenyl]-2-oxo-5-oxazolidinyllmethyllacetamide (6a): Yield 41%; mp 271-273 °C (dec); 1H
NMR (CDCly): 7.87 (d, 1H, J = 4 Hz, H, thiophene), 7.56-7.46 (m, 1H, H, fluorobenzene), 7.40
(d, 1H, J = 4 Hz, H; thiophene), 7.10 (dd, 1H, J = 9 and 2.5 Hz, Hg fluorobenzene), 6.95 (t, 1H,
J=9Hz, Hs; fluorobenzene), 592 (t, 1H, J=6 Hz, CONH), 4.78475 (m, 1H, Hs
oxazolidinone), 4.03 (t, 1H, J = 9 Hz, CH,;NH), 3.80 (t, 4H, J = 5 Hz, piperazine), 3.78-3.74 (m,
1H, CH,NH), 3.72-3.69 (m, 1H, H, oxazolidinone), 3.64-3.58 (m, 1H, H, oxazolidinone), 3.21 (t,
4H, J = 5 Hz, piperazine), 2.02 (s, 3H, CH;CO); “C NMR (DMSO, 125 MHz): 172.7, 169.9,
155.6, 153.9, 153.6, 150.2, 149.6, 139.6, 133.8, 130.7, 119.9, 114.0, 106.7, 106.5, 71.5, 49.5,

47.3,41.3, 39.4, 22.4.
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(S)-N-[[3-[3-Fluoro-4-[4-[5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl]-1-piperazinyl] phenyl]-2-
oxo-5-oxazolidinyllmethyl]acetamide (6b): Yield 47%; mp 277-278 °C; 1H NMR (CDCly):
7.52-7.47 (m, 1H, H, fluorobenzene), 7.44 (d, 1H, J = 4 Hz, H, furan), 7.18 (d, 1H, J =4 Hz,
H; furan), 7.10 (dd, 1H, J=9 and 2 Hz, Hg fluorobenzene), 6.96 (t, 1H, J=9 Hz, H;
fluorobenzene), 5.92 (t, 1H, J = 6 Hz, CONH), 4.78-4.75 (m, 1H, Hs oxazolidinone), 4.03 (t, 1H,
J =9 Hz, CH,NH), 3.82 (t, 4H, J = 5 Hz, piperazine), 3.78-3.74 (m, 1H, CH,NH), 3.72-3.69 (m,
1H, H, oxazolidinone), 3.64-3.58 (m, 1H, H, oxazolidinone), 3.22 (t, 4H, J = 5 Hz, piperazine),
2.02 (s, 3H, CH;CO); “C NMR (DMSO, 125 MHz): 172.4, 169.9, 155.6, 153.9, 153.6, 151.5,

147.2, 145.5, 133.9, 131.6, 119.9, 114.0, 106.6, 106.5, 71.5, 49.5, 47.3, 41.3, 39.5, 22.3.

(S)-N-[[3-[3-Fluoro-4-[4-[5-(1-methyl-5-nitro-1 H-imidazole-2-yl)-1,3,4-thiadiazol-2-yl]-1-

piperazinyl] phenyl]-2-oxo-5-oxazolidinyllmethyllacetamide (6c¢c): Yield 80%; mp 261-
262 °C; 'H NMR (DMSO): 8.05 (s, 1H, imidazole), 7.49 (dd, 1H, J=14 and 2.5 Hz, H,
fluorobenzene), 7.10 (dd, 1H, J =9 and 2.5 Hz, Hg fluorobenzene), 6.96 (t, 1H, J =9 Hz, Hs
fluorobenzene), 5.94 (s (brs), 1H, CONH), 4.78-4.75 (m, 1H, Hs oxazolidinone), 4.50 (s, 3H,
NMe), 4.03 (t, 1H, J = 9 Hz, CH,NH), 3.82 (t, 4H, J = 5 Hz, piperazine), 3.75 (dd, 1H, J=9
and 7 Hz, CH,NH), 3.71-3.70 (m, 1H, H4 oxazolidinone), 3.69-3.59 (m, 1H, H, oxazolidinone),
3.22 (t, 4H, J = 5 Hz, piperazine), 2.02 (s, 3H, CH;CO); “C NMR (DMSO, 125 MHz): 172.2,
169.9, 155.6, 153.9, 153.6, 149.3, 141.0, 140.4, 133.8, 133.1, 119.9, 114.1, 106.7, 106.5, 71.5,

49.5, 47.3, 41.3, 39.6, 35.0, 22.4.
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