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1.  Project Overview  

 

The  purpose  of  the project is to synthesize, isolate,  and characterize  novel hybrid pro-drugs 

by  chemically  linking  curcumoinoids  (CURs) with non-steroidal anti-inflammatory  drugs  

(NSAIDS) such  as aspirin, ibuprofen and naproxen via ester  linkages,  to prepare  CUR-NSAID  

conjugates. The  resulting  hybrids  combine  the benefits associated with NSAIDs with the anti-

cancer effects of CURs. Their  efficacy  as antitumor agents will  be  studied by  in-vitro  bioassay  

against various cancers including leukemia and colorectal cancer.   

2.  Project Description   

Over the past three  years, I  have  been actively  pursuing  a  drug  discovery  program involving 

UNF  students  and collaborators from the Mayo  Clinic Jacksonville  specializing  in multiple  

myeloma, and more  recently  from UAB-Medical  School specializing  in colorectal cancer. The  

focus of the project is synthesis and bioactivity  study  of novel curcuminoids  with  improved  

physicochemical properties.  The  study  aims to overcome the drawbacks associated with parent 

curcumin (a  naturally  occurring  substance  derived from turmeric), namely  rapid metabolism, poor  

solubility  and low bioavailability, which have  so far prevented the development of an anticancer 

drug based  on curcumin.  Through  this ongoing program,  over  the past three  years my  students and 

I synthesized and isolated close to 100 structurally  modified curcuminoids.  

A significant number  of  these  compounds  were  tested for  their  anti-proliferative  and 

apoptotic efficacy  by  in-vitro bioassay,  and in the  process a  sub-set of potential hit  compounds  

were  discovered. Based on these  efforts, I  published two full papers in the  Journal  of Fluorine  

Chemistry,  and recently  submitted another  full paper to ChemMedChem, all  with UNF  students as 

coauthors.  

Working  with the ORSP, I  filed a  provisional patent last summer, which is currently  being 

transformed into a  regular  non-provisional patent  that includes additional compounds and more  

bioassay  data.  Other activities included  submission of a  joint NIH-STTR phase-1 grant proposal  

with the Mayo Clinic and  a drug discovery Company.  
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At this stage in the process, I am expanding my work into two sub-projects, with one focusing 

on the deuterated analogs of curcuminoids (with the premise that the deuterated analogs may be 

metabolically more stable because of the stronger C-D versus C-H bonds and should therefore 

exhibit increased potency), and the other, which is the subject of this application, focusing on pilot 

studies that are directed toward synthesis and isolation of CUR-NSAID hybrids. 

We wish to begin with fluoro-salicylaldehydes as building blocks and plan to study two 

approaches: one in which the NSAIDs are introduced “early” and then curcuminoids are built, and 

the other is “late” introduction of NSAIDs directly into the curcuminoid. For our pilot studies, we 

will focus on aspirin, ibuprofen and naproxen which are widely used over the counter NSAIDS. 

The fluorine substituent serves as convenient tag for NMR studies to monitor the progress of the 

reactions. Efficacy of these compounds will be determined by in-vitro bioassay against various 

cancers including leukemia and colorectal cancer. The bioassay studies will be performed at the 

NCI of NIH, and at my collaborators’ labs at the Mayo Clinic and at UAB-Medical school. 

As mentioned in the project overview, our working hypothesis is that CUR-NSAID hybrids 

possess the combined anti-cancer effects of CURs and benefits associated with NSAIDs. As such, 

the potential impact of this study will be very high, and the work has the potential to advance my 

research agenda. The fellowship award will greatly facilitate the proposed pilot studies. Talks with 

the UAB scientists are currently underway to develop a joint NIH R21 or R03 proposal, subject to 

satisfactory proof of concept study. 

Since moving to UNF in 2009, I have continuously trained undergraduates in my laboratory. 

A number of UNF students in my lab have become coauthors on publications, and have since 

graduated and moved on to industry or graduate school. A significant portion of this research award 

will be used for student/research assistant stipend so they can participate in this project during the 

academic year and in a more sustained manner during the summer. 
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4.  Project Budget  

I  am not requesting  a  course release  as part of this award.  

Research award budget: 

Student/research assistant support $2500 

Chemicals, supplies, consumables $1500 

Total requested $4000 

Other funding  sources: a  Foundation Board Initiative  grant will  provide  support for  the  purchase  

of a  microwave  reactor needed in our  drug-discovery  projects and some research support for  the  

deuterated  drug  project, but no other  support is currently  available to enable pilot studies proposed  

herein for the CUR-NSAID project.  
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Kenneth K. Laali BSc, PhD, FRSC 

Department of Chemistry, University of North Florida, 1, UNF Drive, Jacksonville, Florida 32224 

Tel:  904-620-1503; E-mail: Kenneth.Laali@UNF.edu; 

http://www.unf.edu/coas/chemistry/faculty/Kenneth_Laali.aspx 

Career and Education  

University of North Florida (since 2009): Professor and Founding Chair of Chemistry (2009-2013); 

Presidential Professor (2014) 

Kent State University (1985-2009): Assistant Professor; Associate Professor; Full Professor 

Postdoctoral Appointments (1977-1985): King's College London (Victor Gold); University of 

Strasbourg (Jean Sommer); University of Amsterdam. (Hans Cerfontain); ETH Zurich (Heinrich 

Zollinger); University of Southern California (George Olah) 

Postgraduate: University of Manchester-UMIST (1974-1977); PhD in Organic Chemistry (Robert 

Haszeldine and Brian Booth) 

Undergraduate: University of Tehran (1969-1973); BSc Chemistry - with distinction 

Awards and Honors  

Presidential Professorship (2014); Outstanding Faculty Scholarship (2017); AA Faculty 

Development Teaching Grant (2014); AA Faculty Development Scholarship Grant (2017); Japan 

Society for Promotion of Science (JSPS) Fellowship (2012); ACS Fluorine Division SURF Awards 

(2015; 2009; 2003; 1996); Editorial Advisory Board “Current Organic Synthesis”; Executive Guest 

Editor “Modern Organofluorine Chemistry—Synthetic Aspects”, “Advances in Organic Synthesis 

Series”, Bentham Science Publishers, 2006; Executive Guest Editor “Current Organic Synthesis”; 
Special Issue (Synthesis in Ionic Liquids); Fellow of the Royal Society of Chemistry (FRSC; since 

1994). 

Research Focus Areas  

Research in my laboratory has focused on multifaceted projects that combine synthetic, physical 

organic (structural/mechanistic and spectroscopic) and theoretical approaches aimed at solving 

diverse problems: 

  Synthesis of bioactive/anti-cancer compounds based on curcuminoids  

 

  Ionic Liquids  as  solvents and  catalysts  for diverse  organic and organometallic  

transformations with emphasis on synthetic methods and mechanistic aspects  

 

  Synthetic Organofluorine Chemistry directed toward the development of novel methods for  

introduction of  fluorine  and trifluoromethyl  group  into  building  blocks of  drugs and 

pharmaceuticals  

 

  Biological  Chemistry  problems focusing on mechanistic and synthetic aspects related to  

PAH  chemistry  and carcinogenesis:  modeling biological  electrophiles, PAH-chemistry,  

structure/reactivity  relationships, studying  the  correlation between DNA-Binding and PAH-

mailto:Kenneth.Laali@UNF.edu
http://www.unf.edu/coas/chemistry/faculty/Kenneth_Laali.aspx
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carbocation stability and structure, hetero-PAHs, onium salts of hetero-PAHs as DNA 

intercalating/anti-cancer agents 

Peer-Reviewed Publications in International Journals: over 210 (55 since moving to UNF) 

Monographs/Books: 4; Textbook/Manual: 1; Book Chapters: 8; Invited Articles: 4; Book reviews: 

3; Proceedings: 4 

UNF Patents: 2 (+1 in progress) 

Peer-reviewed publications involving UNF undergraduates (underlined)  

K. K. Laali, W. J. Greves, S. J. Correa-Smits, A.T. Zwarycz,  S.  D. Bunge, G. L. Borosky, A.Manna,  

A.Paulus,  A. Chanan-Khan “Novel  Fluorinated Curcuminoids and their  Pyrazole and Isoxazole  
Derivatives:  Synthesis, Structural  Studies, Computational/Docking  and in-vitro  Bioassay” J. Fluorine.  

Chem, 2018, 206, 82-98  

 

M. Rathman, S. D. Bunge, X. Qi, G. L. Borosky “Fluoro-curcuminoids and Curcuminoid-BF2  

Adducts: Synthesis, X-ray  Structures, Bioassay, and Computational/Docking Study”, J. Fluorine. 

Chem. 2016, 191, 29-41  

 

A. Jamalian, B. Rathman, G. A. Borosky, K. K. Laali  “Catalytic, Regioselective, and Green Methods  

for Rearrangement of 1,2-Diaryl Epoxides  to Carbonyl  Compounds Employing Metallic Triflates,  

Brønsted-Acidic Ionic Liquids (ILs), and IL/Microwave; Experimental and Computational Substituent   

Effect Study on Aryl versus Hydrogen Migration”, Applied Catalysis A- General  2014, 486, 1-11  

 

G. C. Nandi, B. Rathman, K. K. Laali “Mild Conversion of Propargylic Alcohols  to  

alpha,beta-Unsaturated Enones in Ionic Liquids (ILs);  A New Metal Free  Life for  the  

Rupe Rearrangement” Tetrahedron. Letters  2013, 6258-6263  

 

J.  Jacoway, G.G.K.S. Narayana  Kumar, K. K. Laali  “Aromatic Nitration with  Bismuth Nitrate in  

Ionic Liquids and in Molecular  Solvents:  A  Comparative Study  of  Bi(NO3)3.5H2O/[bmim][PF6]  and  

Bi(NO3)3.5H2O/1,2-DCE Systems”  Tetrahedron Letters,  2012, 6782-6785  

 

K. K. Laali, R. G. Kalkhambkar, S. N. Waters, Kenneth K. Laali  "Highly  Efficient  Synthesis of  

Amides via Ritter Chemistry with Ionic Liquids";  Tetrahedron. Letters, 2011,  52,  867-871  

 

G. Aridoss, V. D. Sarca, J. F. Ponder, J. Crowe, K. K. Laali  "Electrophilic chemistry  of  propargylic 

alcohols  in  imidazolium  ionic liquids:  Propargylation  of  arenes and synthesis of  propargylic ethers 

catalyzed by  metallic triflates  [Bi(OTf)3, Sc(OTf)3, Yb(OTf)3], TfOH, or  B(C6F5)3  Org. Biomol.  

Chem. 2011, 9,  2518-2529  

Citations  activity  

Results: 228; Sum of Times Cited 3293 

Citing Articles: 2204; Average Citations per Item: 14.32; H-index: 27 
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