
























Octanoate follows a coordination insertion mechanism of ROP, in this the initiator used is 

generally some kind of alcohols. Mechanism of this process is given in fig (4) 

 

 

Fig (4)-Coordination insertion mechanism of ROP 

PCL based polymers due to biocompatibility have enormously been used in drug 

delivery approaches. To impart functionality to PCL based polymers several derivatives of PCL 

have been made. Making different functional group to polymers gives a room of modifications 

like multiple drug delivery, target specific delivery, improve oral bioavailability, sustain 

drug/gene effect in target tissue, solubilize drugs for intravascular delivery, and improve the 

stability of therapeutic agents against enzymatic degradation. Some of the modified 

Caprolactone based monomers are listed in figure. 

 

Fig (5)- Different derivatives of Caprolactone reported in the literature 

From our research group, Bapu et al. designed a new carboxylic-functionalized 

caprolactone monomer and further subjected to ring opening polymerization. The carboxylic 

substituted PCL block copolymers PEG-b-CPCLx resulted in the production of 



water soluble 80-250 nm sized pH responsive vesicles capable of loading both hydrophobic and 

hydrophilic drugs. In vitro drug release revealed that the drugs released exclusively under 

simulated intestinal fluid conditions that is similar to the physiological environment of the small 

intestine.  

They designed a new class of hydrogen bonded and enzyme-responsive (biodegradable) 

PCL diblock copolymer nanoparticles for loading and delivering anticancer drugs by tuning the 

biodegradability and hence the release mechanism as 

“burst” and “controlled” at the intracellular compartments in cervical (HeLa) and breast (MCF-7) 

cancer cells. New amide and ester substituted - caprolactone monomers were tailor-made and 

their ring opening polymerization was carried out employing PEG-2000 mono methyl ether as an 

initiator in order to synthesize hydrogen bonded amide and nonhydrogen bonded ester PEG-b-

PCL diblock copolymers. The nature of the linear or bulky substituent had great impact on the 

drug loading content of the diblock copolymer nanoparticles. The in vitro drug release studies 

revealed that the aliphatic polyester PCL chain was readily degradable by lysosomal esterase 

enzyme in PBS at 37 C to release the loaded drugs. The hydrogen bonded amide copolymer 

nanoparticles degraded slowly in a much more controlled manner over a prolonged period, 

whereas the non-hydrogen bonded ester copolymers underwent burst uncontrolled release of 

drugs. The nascent polymer scaffolds were non-toxic to cells up to 40 µg/mL and the DOX loaded 

nanoparticles accomplished more than 90 % cell killing in both HeLa and MCF-7 cells. The 

hydrogen bonding interaction was proven to play an important tool in controlling the drug 

release profiles of the anticancer drugs at the cancer cells. The cellular uptake of the DOX loaded 

polymer nanoparticles and their cleavage in the cytoplasm was further supported by the confocal 

microscope imaging. 

 Further, Bapu et al. successfully demonstrated the concept of biodegradable diblock 

copolymer core-shell nanoparticle assemblies for cisplatin delivery against detoxification by 

cytoplasmic thiol residues in breast cancer cells. They did it by protecting the Cis platin in a core 

shell NP, made of BPCL by covering a layer of Polyethylene glycol. The nascent polymers were 

found to be biocompatible and non-toxic to cells. Due to over expression of GSH in MCF-7 cell 

lines, more than 50% of cells were 



viable at higher concentration of free cis platin. The polymer-cisplatin nanoparticles showed 

enhanced cell killing in MCF-7 and the cell viability was found to be < 10 % at 4 

g/mL drug concentration. This selective and enhanced cell killing in MCF-7 cells by the polymer 

nanoparticle was attributed to their resistance to drug detoxification by GSH.15 

 

Fig(6) BPCL based polymeric scaffolds for multiple drug delivery(adopted from Bapu et al, acs.biomac.6b01608) 

This concept was extended to triblock copolymer nanoparticles in order to study the combination 

delivery of cisplatin and DOX and achieve synergistic killing in resistant breast cancer cells. In the 

fabrication of TLNs, cisplatin was chelated to COOH groups of CPCL block and DOX was physically 

encapsulated into the PCL layer. The TLNs were found to be very stable in water. TLNs stabilized 

> 90% of cisplatin and < 60 % of DOX in PBS, which is evidently attributed to the protection 

rendered by the middle PCL layer. 

In vitro drug release studies revealed that the PEG shell and PCL layer protected cisplatin drug 

against detoxification by the cytoplasmic thiol residues, i.e. GSH. Further, the biodegradable 

aliphatic PCL ester backbone ruptured upon exposure to esterase enzyme at conditions identical 

to that of intracellular compartments, where cisplatin showed controlled release up to 48 h. 

Cytotoxicity of the polymer and dual drug loaded nanoparticles was tested in WT-MEF, HeLa, and 

MCF-7 cell lines. The nascent polymers were found to be biocompatible and non-toxic to cells. In 

MCF-7 cell lines, free cisplatin drug failed to kill all the cells and more than 50 % of the cells were 

viable even at very high drug concentration. Over-expression of GSH in MCF-7 is responsible for 

poor killing by free cisplatin drug. Polymer nanoparticles showed selective and enhanced cell 

killing in MCF-7 cells, which was due to their resistance against drug detoxification by GSH. The 



dual drug loaded nanoparticles emanated in 3 fold excess cell killing over polymer cisplatin 

conjugates, which can be attributed to the increased stability of the DNA-Pt adduct rendered by 

DOX that retards the DNA repair mechanism efficiency. The dual loaded TLNs containing cisplatin 

and DOX act synergistically to enhance the killing of breast cancer cells. The CI values showed 

that the dual loaded nanoparticles exhibited synergistic killing, however when cisplatin and DOX 

were administered as a cocktail they showed antagonistic effect.16  

Mehak et al. reported a new class of complete biodegradable amphiphilic random and block 

copolymer design based on carboxylic functionalized polycaprolactone- copolycaprolactone. 

Their polymer topology driven enzyme-controlled degradation and delivering capabilities were 

studied at the intracellular compartments for doxorubicin (DOX) drug in breast (MCF-7) and 

cervical (HeLa) cancer cells. In vitro drug release kinetics revealed the polymer nano-scaffolds’ 

exclusive susceptibility to rupture in the 

presence of lysosomal esterase enzyme to deliver DOX. Their ‘slow’ and ‘burst’ release kinetics 

was indirectly controlled by the composition of the random copolymers. In vitro cytotoxicity 

studies in MCF-7 and HeLa cell lines revealed that the newly designed polymer scaffolds are non-

toxic to cells and their DOX loaded nanoparticles exhibited more than > 95 % cell death. Confocal 

microscope analysis confirmed the internalization of the polymer-loaded drugs and indicated 

that the drugs are predominately delivered at the nucleus of the cells for complete cell killing.17 

 

Fig(7) completely biodegrable BPCL based polymers for drug delivery to cancer cells( adopted from Mehak 

et al. Macromolecules, 2016, 8098-8112 ) 









General Procedure: - 

 
2.3.1. Multistep Synthesis of γ-substituted Caprolactone (BPCL): 

 

Synthesis of t-Butyl-3-((4-hydroxycyclohexyl) oxy)-propionate (1) 1,4-Cyclohexane diol (30 g, 

258.6mmol) was dissolved in 300 ml of dry tetrahydrofuran in a round bottom flask containing 

a magnetic bid, to this catalytic amount of tertiary butoxide was added as a base, the reaction 

mixture was stirred for 15-20minutes on room temperature. Separate mixture of tertiary butyl 

acrylate (26.52g, 206.9mmol) was prepared in dry THF(50ml), this was added dropwise to the 

reaction mixture using a dropping funnel over a period of 1 hour. The reaction mixture was 

heated at 80oC and monitored over a period of 30 hours. After 26 hours no significant change 

was seen on TLC so reaction was stopped. From the reaction mixture THF was evaporated 

completely, and Dichloromethane(DCM) was added. Since, 1,4cyclohexane diol is insoluble in 

DCM, the reaction mixture upon filtration by Buchner funnel separated the unreacted 

1,4cyclohexanediol and the products. The product mixture was separated by column 

chromatography by using 100-200mesh silica as a stationary phase and Ethyl Acetate(EA) and 

Petroleum Ether(PE) as mobile phase. The desired product was obtained at 5:19(v/v) EA:PE 

solution. The product was yellow liquid in nature. Yield of this reaction was 40%.1H-NMR (400 

MHz, CDCl3), δ ppm: 3.64 (m,3H, O−CH2− and O−CH), 3.29−3.39 (m, 1H, CH−OH), 2.4 

(t, 2H, −CH2CO−), 1.96−1.81 (m, 4H, OCH(CH2)2), 1.64−1.32 (m, 4H, CO(CH2)2), 1.45 

(s, 9H, −C(CH3)3).13C-NMR (100 MHz, CDCl3 δ ppm: 171.01, 80.42, 69.49, 63.84, 

63.60, 32.54, 30.32, 29.20 and 27.48. FT-IR (cm−1): 3422,2979, 2937, 2863, 1731, 

1462, 1393, 1366, 1215, 1158, 1116 and 1134. 















RESULTS AND DISCUSSION: 

 

Synthesis and characterization of monomers: - The monomers were synthesized using multistep 

synthesis as mentioned in fig (10) 

 

 

 

Fig (10)-Scheme of monomer synthesis 

In the first step the 1,4cyclohexane diol undergoes Michael addition with tertibutyl acrylate to 

give the monosubstituted product. This was confirmed by using 1H NMR, by splitting of signal 

corresponding to the hydrogen attached next to the oxygen molecule, this is due to formation of 

two chair confirmations of cyclohexane conformers. Also appearance of additional singlet peak 

at 1.4ppm, corresponding to tert-butyl group and the monosubstituted product. In the next step 

the mono coupled product was subjected to oxidation of alcohol group by using Pyridinium 

chlorochromate(PCC). The formation of this product was confirmed by 1H NMR. In the NMR 

signal, the signal coming from hydrogen attached to carbon next to alcohol group was vanished, 

this showed the formation of ketone, also from IR spectra we got a new frequency at around 

1716cm-1 which is a typical frequency shown by ketone group in a 6 membered ring. In the last 

step of synthesis, the ketone was subjected to bayers billigars oxidation. The product was 

confirmed by using 1H NMR, and IR. In NMR there were two new peaks appeared in the NMR 

spectrum at 4.49 ppm and 4.06 ppm, these appearances in deshielded region confirms the 

incorporation of oxygen in the ring, also by IR spectra there was a new peak appearing at  

1726cm-1, confirms the formation of ester bond in the molecule.  

Synthesis and Characterization of polymers: - To start synthesis of polymer, a clean and dry 

schlenk tube is taken, to this monomer, initiator, and catalyst were added. This tube was then 

subjected to one-hour high vacuum conditions to make it completely free from 










































