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I.  Introduction
The aim of the study was to synthesize various derivatives of lycopene with their physical & chemical evaluation. [1] As we know lycopene contain rich source of many bioactive secondary metabolite such as carotenoids, terpenoids, flavonoids, saponins, alkaloids and other constituents were reported to have in vitro antimicrobial properties & powerful antioxidant that protect cells from damage. Therefore, the research on natural products and semi synthetic derivatives of the same has been increases due to their easy availability, effective pharmacological activity and their importance in drug discovery. And such 



II.  Background and Significance
The structural modification of some natural products is highly relevant because such molecular changes provide new structure-activity relationships (SAR) against specific targets. Their unique structural complexity allowing the development of new drug moiety and different molecular mechanisms of their biological targets. Natural products are also having certain pharmacological activity but not as its chemically modified derivative. 
Lycopene is a plant nutrient with high antioxidant properties. It’s the pigment gives red and pink fruits, such as tomatoes, watermelons and pink grapefruit, their characteristic color. Lycopene has been linked to health benefits ranging from heart health to protection against sunburns and certain types of cancers. Lycopene (C40H56) has been found to be potentially beneficial for health as it reduces the oxidative stress appreciably. An epidemiological study shows that intake of carotenoids reduces the risk of several chronic diseases such as prostate cancer and cardiovascular diseases. [18]

[bookmark: _Hlk90827738]III.  Literature Review
Lycopene is a natural pigment that gives some vegetables and fruits their red color. It is a rich source of an antioxidant (a substance that protects against cell damage). Tomatoes processed with high heat contain lycopene in a form more usable by the body than in raw tomatoes; however, heat processing can destroy other nutrients such as beta-carotene, vitamin C, and vitamin E. [1]
Lycopene is an acyclic non-polar carotenoid having the molecular formula C40H56, contains 11 conjugated and 2 unconjugated double bonds. Its structure lacks terminal β-ionone  ring  and  pro-vitamin  A  activity.  As  a  polyene,  it  can undergo isomerization to cis-trans isomers. These isomers are induced by light absorption,    heat    exposure and    chemical reaction.    Lycopene    exists predominantly as   80-97%   in   all-trans   (E),   thermodynamically   stable configuration  in  tomatoes,  fruits  and  vegetables [18].  In  human plasma  and body tissues, lycopene is found as a mixture of 50% cis (Z) and 50% all-trans isomers. [19] 

The role of lycopene in helping prevent atherosclerosis (hardening of the arteries) that can cause high blood pressure, heart attack, and stroke. Some studies have associated high lycopene blood concentrations with reduction of the incidence of cardiovascular disease. One study suggested that lower blood concentrations of lycopene were associated with early atherosclerosis in men. [1]
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Properties of lycopene-[8]
· Lycopene is insoluble in water
· Having molecular weight 536.89 g/mol & molecular formula C40H56
· Lycopene is large unsaturated hydrocarbon usually non-polar in nature.
· Having melting point 172 oC

Absorption & distribution of lycopene: [6][7] As a fat-soluble compound, lycopene has a similar absorption as dietary fat.[16] Lycopene  bioavailability  can  be  affected  by  a number  of  factors,  including  food  processing  and  compoition. [17]
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[bookmark: _Hlk90845280]IV.  Research Design and Methods
In 2007, the world cancer research fund reported that a diet high in fruits & vegetables help reduce the risk of cancer, including prostate cancer but a study that combined the results of RCTs concluded that there was not enough evidence to support the use of lycopene supplements to prevent prostate cancer. [1] So by considering this fact I want to modify the lycopene structurally by adding different reagents because might be the plain structure of lycopene not able to possess the optimum & desired activity.
[bookmark: _Hlk90846878][bookmark: _GoBack]Reactions for lycopene: [9][10]
· Sulphate derivative of lycopene- This derivative of lycopene was accidently synthesized during my graduation project lab work i.e. synthesis of azole derivative of lycopene. But due to end of academic & lack of chemicals and equipment, I couldn’t proceed this reaction further.
As Sulfur has antifungal, antibacterial, and keratolytic activity. It can be useful for various dermatological disorders such as acne vulgaris, rosacea, seborrheic dermatitis, dandruff, pityriasis versicolor, scabies, and warts. Adverse events associated with topically applied sulfur are rare and mainly involve mild application site reaction and has demonstrated efficacy in the treatment of many dermatological conditions. [11][10]
The alkenes react with concentrated Sulfuric acid in the cold to produce alkyl hydrogen sulphates. Therefore, lycopene reacts to give lycopene hydrogen sulphate.

                            C40H56 + H2SO4                        C40H57OSO2OH

This reaction is Electrophilic addition reaction. The mechanism of the reaction between alkenes (lycopene) and sulfuric acid: The hydrogen atoms are attached to very electronegative oxygen atoms which mean that the hydrogen will be slightly negative. In the mechanism, we just focus on one of the hydrogens to oxygen bonds, because the other one is too far from the carbon-carbon double bond to be involved in any way. [12][13][10]
 I have again followed following steps for that accidental reaction to verify the process;

Procedure: [10]
1. Weighted 0.5-gram lycopene and dispersed in 15 ml of distilled water. 
2. Added conc. H2SO4 1-1 ml with an interval of 2 minutes until the color turns in to reddish blue. This is highly exothermic reaction; the temperature of flask will be around 60oC. During the addition of acid, appears as dark blue color but disappears after well stirring.  
3. Flask kept a side until its temperature cools up to room temperature & then immediately poured in to 100 ml crushed ice water. 
4. After melting of crushed ice pieces added NaOH to neutralize the excess acidity. 
5. Filtered the product under suction pump, recrystallized, and dried in oven at 60oC. And Melting point of this product was reported to be more than 300oC.

Electrophilic addition reaction of lycopene-[9]
Unsaturated hydrocarbon (lycopene) have high electron density can under go electrophilic addition reaction. Carbocation intermediate is usually involved in the reaction mechanism in which 1 pi bond breaks in to 2 sigma bonds.

· Hydrogenation reaction of lycopene-[9][10]
This reaction results will be saturated hydrocarbon or may be semi-saturated hydrocarbon just by decreasing pi bond count. This kind of reactions usually require catalyst to enhances the rate of a chemical reaction.

                     -CH2=CH2-  	-CH3-CH3-
Reaction: Lycopene extract + H2  + reducing reagent

· Halogenation reaction of lycopene-[10]
Lycopene does not show any significant reactivity with the chlorine & chlorine water (at high or low temperature) and conc. HCl (with water in presence of HCl).
So, the reaction of bromine with diene can produce Regio isomers; the outcomes can be altered depending on the conditions used. Bromide is good allylic system like SN1 can take place in which both the nucleophile and the electrophile are bromide. Bromide just adds across one of the double bonds to give a 1,2 – dibromide. This is the kinetic product.
Even this reaction, I performed during my project work but didn’t get satisfactory or effective result.
I have followed following steps;[14][15]
1. Weighted 2.5-gram lycopene and dissolved in 11.25 ml of GAA in 250 ml in conical flask.
2. Cooled to below 5 0C. 
3. 1.05 ml bromine in added drop wise in 6.25 ml cold acetic acid with stirring. 
4. Bromine solution is transferred to lycopene solution slowly with stirring & flask is placed in cold water. 
5. Color changed to orange color. 
6. Allowed to stand at room temperature. 
7. Poured the content in to beaker having 50 ml ice cold water, reaction turned in to dark orange red color indicates the reaction is completed.  
8. Solution is colored so added the sodium metabisulfite to decolorize the product. 
9. Filtered the product and washed with cold water. 
10. For purification- dissolved the product in cold water and filtered it, dried in oven.

· Hydration reaction of lycopene-[10]
As per the structure of lycopene this hydration will require strong acid catalysis because  just addition of water will not react with lycopene as it is water insoluble.
We can neutralize the excess amount of acid by adding base.

Reaction:                     -CH2=CH2-  + H2O 	-CH3-CH2-OH

· Oxidation reaction of lycopene-[10]
Lycopene is highly antioxidant so it will require strong oxidizing reagent may produce aldehyde or ketone as product by oxidative cleavage mechanism.
V.  Physiological, Chemical & Biological evaluations
1) Solubility testing & physical evaluation
2) pH & titrimetric analysis of lycopene derivatives- to evaluate its acidic or basic strength
3) Analytical evaluation- 
TLC- to examine whether reaction is completed or not, to detect impurity & separate volatile mixture.
4) If possible, conduct NMR spectroscopy to characterize the precise structure of molecule.
5) Elemental analysis- for functional group detection
6) Antimicrobial assay (specially for skin formulation)
7) ORAC assay (The oxygen radical absorbance capacity)- for quantifying the antioxidant strength of substance.
8) Some other parameters like dissolution testing, partition coefficient, melting point & other toxicity testing
VI.  Application
· Accelerate wound healing & skin repair itself
· Inhibit cell with skin infection & protect from UV radiation
· Reduce skin inflammation
· Maintain youthful skin by minimizing aging
· Properties of lycopene, being a potent antioxidant, against a variety of ROS and RNS & consumption of tomato-based foods may lower CVD risk. [2][4]
· Lycopene minimize the risk of cancer. [3]
VII.    Industrial application & formulation
· Cramp cure skin patches
· Infection cure skin patches
· Baby herbal care massage oil formulation (because absorption of lycopene increases in presence of oil) [5]
· Drop formulation to clean infection & wound if long duration application is found to be bit toxic after evaluation.
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