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Bacterial contamination resulted from frequently-touched surface 
materials is responsible in the acquisition of infection especially in 
hospital. The utilization of copper as antimicrobial touch surfaces offers a 
solution that can serve as an additional line of defense against pathogens. 
Copper is the first and currently the only one surface metal that has 
received registration from Environmental Protection Agency (EPA) as 
antimicrobial material which is capable to inhibit biofilms, retains the 
antimicrobial activity under typical indoor conditions. In this study, 
electrodeposition technique was used to coat copper on 304 stainless 
steel using 0.01 M Cu2+ solutions containing either uncomplexed CuS04 
or complexed Cu-EDTA based systems. Effects of applied potential 
(based on CV analysis) and deposition time were investigated to study 
the formation, nucleation and growth of copper on the 304 stainless 
steel. Copper coatings Cu/SS(-0.25 V, CuS04 pH 1, 900 s) and Cu/ 
SS(-1.1 V, Cu-EDTA pH 8, 900 s) prepared at low overpotential from 
both electrolyte solutions possess good physicochemical and surface 
properties. In addition, they also have high contact angle,high surface 
roughness and well-adhered to the substrate. Both copper coatings 
showed excellent antimicrobial activity towards E. coli (100 % reduction 
within 5min of exposure) and S. aureus (100 % reduction within 10 min 

of exposure), compared to solid copper (100 % of reduction for both 
bacteria required within 10 min of exposure) whereas stainless steel 
surface showed no antibacterial activity even after 30 min of exposure. 
A significant observation is on the reduction of S. aureus after 5 min of 
exposure with Cu/SS(-l.l V, Cu-EDTA pH 8, 900 s) showed outstanding 
antibacterial activity compared to Cu/SS(-0.25 V, CuS04 pH 1, 900 s) 
and solid copper. Even though solid copper has higher dissolution rate 
(0.1292 mm/yr) than the copper coatings (i.e.: Cu/SS(-0.25 V, CuS04 
pH 1, 900 s) = 0.0531 mm/yr and Cu/SS(-l.l V, Cu-EDTA pH 8, 900 
s) = 0.08048 mm/yr) but both copper coatings have faster killing rate 
of bacteria than solid copper. This indicates that the killing rate does 
not only depend on dissolution rate but also surface properties. Cu/ 
SS(-1.1 V, Cu-EDTA pH 8, 900 s) sample with high surface roughness, 
hydrophobic, high compositions of copper with uniform distribution of 
nano-sized grains structure resulted in better and more efficient contact 
killing of bacteria by allowing copper structure to interact closely with 
bacterial membranes. 
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In this study, bicyclic moieties 3,4-fused y-lactone-y-lactam and 
y-lactone-pyrrolidine were chosen as the target molecules due to 
their highly functionalized structures and their ability to be bioactive 
5,5-bicyclic molecules. The synthetic strategy was divided into three 
main parts in which the first part concentrated on the construction of the 
key-intermediates, lactam and pyrrolidine ring moieties, from D-alanine 
methyl ester hydrochloride. The approach involved N-protection of the 
starting material with either benzyl or Boc protecting groups. Condensation 
with methyl malonyl chloride followed by Dieckmann cyclization gave 
the required y-lactam ring moiety 5 which is also known as the p,p-
diketoester with an overall yield of 39%. Consequently, decarboxylation 
of the methyl ester functional group followed by reduction of the keto 
amide functionality with LiAlH4 afforded the desired pyrrolidine ring 
25 in 18% overall yield. The second part focused on the formation of the 
fused y-lactone-y-lactam and y-lactone-pyrrolidine bicyclic systems. The 
y-lactam ring moiety underwent C-alkylation reaction at the C3-position 
via insertion of the ethyl acetyl functionality by utilizing TBAF as the 
base. Subsequently, selective dimethoxy-carbonylation was performed 
using two different decarboxylating agents which were a salt-solvent 
system, Lil/DMF, and an acid medium, HCl/AcOH; both successfully 
gave decarboxylated products but the former with the presence of 
C-3 methyl group as anticipated and the latter without. Accordingly, 
reduction of the C-4 carbonyl keto of the y-lactam rings with NaBH4 in 
acid-base condition had concomitantly lactonized the systems to furnish 

the desired 3,4-fused y-lactone-y-lactam synthons 1 and 8 in 4% and 2% 
overall yields, respectively, in diastereomeric mixtures. Alternatively, 
prior to the concurrent lactonization, the y-lactam rings with C-3 ester 
functionality were also hydrolysed into their respective carboxylic 
acid-lactam analogues with LiOH. These leading compounds were then 
further explored to furnish the desired bicyclic systems via different 
lactonization procedures. The final part of this study emphasizes on 
various lactonization protocols through carboxylic acid activation 
modes using four different reagents which were p-toluenesulfonyl 
chloride, carbodiimides, cyanuric chloride and phosphorus-based 
reagent. Final transformations of the y-lactone-y-lactam systems 
into 5,5-bicyclic derivatives were carried out through direct aldol 
reactions with five different aldehydes which include benzaldehyde, 
4-nitrobenzaldehyde, 4-methoxybenzaldehyde, isobutyraldehyde and 
acetaldehyde. In conclusion, not only 15 new bicyclic-aldol derivatives 
were successfully synthesized, but various synthetic approaches and 
most importantly different lactonization procedures were also explored 
towards the formation of the target fused ring systems. The structures of 
all synthesized compounds and intermediates were characterized using 
spectroscopic techniques. The presence and ratio of some diastereomers 
were analysed using chiral HPLC. 
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