Abstract
     Parabens can be found in everyday necessities such as cosmetics, food, and pharmaceuticals. These compounds are present to help stop the growth of bacteria. Certain parabens are believed to be more hazardous than others due to their estrogen mimicking abilities. The phenol in parabens mimic the phenol in estrogen; they can fit in the estrogen receptor like estrogen. Adding bromines to the ring of parabens is known to create a safer molecule to kill bacteria. P-cresol is being manipulated to create a paraben able to kill Streptococcus salivarius. The alcohol octyl was found to have the best MIC of 2, showing that the increase in carbon chains was better for SAR. In this experiment, primary alcohols were successfully created and able to stop the growth of bacteria. 
Introduction
     Parabens are a homologous series of alkyl esters of 4-hydroxy- benzoic acid, and typically include methylparaben, ethylparaben, propylparaben, butylparaben, heptylparaben, and benzylparaben (Soni et al., 2005). These compounds are commonly found in daily necessities such as food, medicine, and cosmetics. People are exposed to many of these substances in consumer goods, sometimes without the knowledge of them. (Watanabe, 2013). Parabens are placed in these products to prevent the growth of bacteria on them. 
     Another importance of parabens is the phenol attached, which mimics the phenol in estrogen. This allows the phenol on parabens to bind to the estrogen receptor (ER). Commonly found products with parabens exert a weak estrogenic activity which is determined by in vitro estrogen receptor assay and in vivo utero- trophic assay (Oishi, 2002). This mimicking ability is brought to attention due to its possible negative effects, such as cancer and the effects on secretion of testosterone in males. 
      Not only do parabens negatively affect testosterone in males, but they also can negatively affect females and weaning mammals. The application of cosmetics containing oestrogenic properties, near the upper quadrant of the breast, have been linked to breast cancer diagnoses.  Oestrogenic properties have been found in human breasts and human milk (Darbe, 2008). The secretion of testosterone in the male reproductive system has been shown to be negatively affected when coming in contact with parabens (Oishi, 2002).  Oishi performed a study to find comparisons between a recent study that looked into buytl parabens and how this compound affected mammals post-weaning. The compared study showed that post-weaning mammals had lower testosterone when introduced to the butyl paraben (Oishi, 2002). Oishi found that the propyl paraben led to a decrease in the male testosterone level (Oishi, 2002). 
     Recent studies have shown that common parabens have the ability to penetrate the skin of humans after topical application and are excreted through urine. They then showed how the hydrolytic metabolism of butyl paraben leads to a decrease of estrogenic activity. (Watanabe, 2013). Conversely, parabens are safe to consume since the digestive system hydrolyzes them to safer benzoic acid derivatives. Parabens have serious implications on absorption through the skin, and therefore, should not be edible.
      The type of parabens that we will be testing in this experiment are brominated parabens, to see how they will affect the growth of streptococcus salivarius. Brominated parabens do not contain oestrogenic activities, potentially creating a safer paraben. By using brominated parabens, the ability to bind to an estrogen receptor is eliminated. Along with brominating parabens, we will be adding alcohols with different carbon chains to the ring. Researchers often look at the alkyl chains that are commonly found in preservatives: butyl, propyl, ethyl, and methyl. (Zhang, 2014). In the experiment that we will be conducting, alcohols will be tested methyl through octyl. A study has shown evidence that the estrogenicity of parabens depends on the side-chain structure (Watanabe, 2013). Based off the data collected, we have chosen to test butyl paraben along with various other carbon chains due to the belief of creating a safer paraben. We expect brominated parabens will devoid the oestrogenic properties, but contain antibacterial properties. The antimicrobial properties of the parabens will be tested by serial dilution to see how effectively the paraben will stop the growth of Streptococcus salivarious. This experiment could help scientists understand more on parabens and how the compound can be safe to use in our daily life-style products. 



Results 
[image: ][image: ]Figure 1. Synthetic scheme
    
     To determine the antimicrobial properties of parabens, the brominated parabens had to be synthesized. In Figure 1, the process of creating the desired brominated paraben is shown. In Figure 1, P-cresol was used in the first step during benzylic bromination to add bromides to the paraben. The bromides were successfully added to the benzene ring creating 2,6-dibromo-4-methylphenol (77.8%). Benzylic substitution then took place to create the intermediate product 2,6-dibromo-4-bromomethylphenol. This could not be isolated due to its ability to polymerize with itself. Next a benzylic bromide was substituted with a benzylic alcohol. Flash chromatography was used to purify the product (67.98%). Little product was lost during Jones Oxidation to create the carboxylic acid (95.28%). The last step was fisher esterification which was used to add various alcohols with different carbon chain lengths to the paraben. Sulfuric acid was used to add the different alcohols in the place of R. For the alcohol isobutyl there was a yield of 35.48%. This yield was low due to the limited time in lab to properly run the experiment.
[bookmark: _GoBack]Table 1. Minimum Inhibitory Concentration (g/mL) of the brominated parabens.
	Br Parabens 
(R)
	Compound
	MIC

	Methyl 
	A
	>256

	Ethyl
	B
	256

	Propyl
	C
	256

	Butyl
	D
	128

	Pentyl
	E
	64

	Hexyl
	F
	4

	Heptyl
	G
	4

	Octyl
	H
	2

	Isobutyl
	I
	128

	Secbutyl
	J
	N/A

	Isopentyl
	K
	64

	Capryl
	L
	N/A













Table 2. MIC (g/mL) values of the positive controls.
	Positive 
	Trial 1

	Me Paraben
	>256

	Et Paraben
	>256

	Pr Paraben
	256

	Bu Paraben
	128

	Erythromycin
	0.007813

	Penicillin
	0.5




     

     The results of the micro dilution assays were used to determine the MIC values of the parabens. All of the primary alcohols were successful in killing the bacteria tested, Streptococcus salivarius. The alcohols with longer carbon chains were more effective, having a lower MIC compared to the smaller carbon chains.  The most successful alcohol tested was compound H, containing a MIC of 2. The least successful alcohol tested was methyl with a MIC of >256 (Table 1). In Table 1, When testing the alcohols some had low MIC’s; for example, trial 2 of compound D had a MIC of 16. These low numbers appear because different amounts of bacteria grew in the well plates or a contaminate could have been present, such as, human bacteria from breathing on the well plates (Table 1). The branched alcohols were not successful out of all the attempts made. Comparing the brominated parabens to the positive control parabens, there is not a large difference in MIC values. Brominated parabens which are deemed to be safer are just as effective as parabens that do not contain bromides. 
Conclusion 
      The primary alcohols successfully killed the bacteria introduced in this experiment and the longer carbon chains were found to have better MIC values. This experiment could further be developed to understand how parabens penetrate through the skin of humans, and scientists could sample the urine of humans to see if the parabens were excreted. The experiment could concentrate on which parabens would be excreted and the rates at which they excrete. This information found in this experiment will help people understand the impact of parabens in our daily lives. 
Experimental
     2,6-dibromo-4-methylphenol (2).  P-Cresol (3 g, 0.027 mol) was refluxed with pyridinium tribromide (18.634 g, 0.058 mol) in acetic acid for 30 minutes. The product was precipitated by adding reaction mixture drop wise to 0.5M HCl with stirring. The product was then filtered to provide a white solid (5.741 g, 7.989%).  A GC-MS was taken of product: GC-MS 266 MS [calculated mass of C7OH6: 265.914].
     2,6-dibromo-4-(hydroxymethyl)phenol (4).  To a flask 2,6-dibromo-4-methylphenol (3g, 0.0113 mol) was added and N-bromosuccinimide (2.11g, 0.012mol) was added in chloroform (50 mL) and placed under UV light for 7 days. The product was placed in a separatory funnel. The organic layer was washed 3 times with 50mL portions of 1M hydrochloric acid. After washing the organic layer, it was dried (MgSO4), filtered, then placed into a Rotary Evaporator. 2,6-dibromo-4-methylphenol was dissolved in a 2:1 ratio of acetone to 1M HCl to make a 0.25M solution. This reaction was left to sit for a minimum of 3 days. 75mL of ethyl acetate and the product was poured into a separatory funnel. The separatory funnel was shaken to extract the organic layer, which was washed 3 times in 25mL portions of deionized water. The organic layer was dried (MgSO4), filtered, and product analyzed by TLC. The remaining solvent was removed by Rotary Evaporator. 2,6-dibromo-4-(hydroxymethyl)phenol was dissolved in no more than 3 mL of ethyl acetate. 2,6-dibromo-4-(hydroxymethyl)phenol was run through a column with 20% then 30% and then 50% of ethyl acetate/ hexanes. Liquid from column was collected in test tubes. A TLC was ran to determine which test tubes contained the desired products. Fractions containing product were concentrated to isolate a white solid (3.22 g, 67.976 %).  H NMR 10 (S, 1H), 7.0 (S, 2H), 5.2 (S, 1H), 4.5 (S, 2H).
     2,6-dibromo-4-hydroxybenzoic acid (5). 2,6-dibromo-4-(hydroxymethyl)phenol (1-3g) was dissolved in acetone (39.01mL). The solution was stirred vigorously (1 hour), Jones Reagent (3.902 mL) was added dropwise. A NMR tube was prepared with 2,6-dibromo-4-(hydroxymethyl)phenol (20-50mgs)  and 0.75 to  of DMSO (1mL) was added to run the NMR. Ethyl acetate (50 mL) was added to the reaction in a separatory funnel, the organic layer was washed 3 times with deionized water. The product was dried (MgSO4) then filtered. The remaining solvent was removed by Rotary Evaporator leaving a solid white product (1.10g, 95.28%). The melting point of the product made was 268C (270C).
     3,5-dibromo-4-hydroxybenzoic acid (300mg), of iso-butanol (2-methyl-1-propanol) (1mL), and of H2SO4 (4-5 drops) were refluxed (1 hour). During reflux the color of the product changed to black. A column was run with the solvent and eluted with 10% then 15% ethyl acetate/ hexanes. The liquid was collected in test tubes and a TLC was run to find the desired product. The TLC was observed and then dipped into KMnO4 and any white spots were noted. The product was collected from the test tubes, then placed into the Rotary Evaporator. (0.139 g, 35.48 %).
      Bio Assay Procedure 5-10 mg was weighed into an Eppendorf and dissolved with DMSO to have a final concentration of 16 mg/mL. A 96 well plate was labeled with the positive control, negative control and the paraben that had been created.  One control was inoculated with broth without the ester product, the other control was broth and the propyl paraben. Our sample was added to the test tube with incubated broth (1mL), creating a 256g/mL concentration. The solution was vortexed and pipetted (200L) into the top well. The steps were repeated for the propyl paraben. A pipet was used to fill all three columns (rows 2-12) with inoculated broth (100L). Each column was then diluted. After dilution the plate was sealed tight and placed into and incubator (37 degrees) for at least 16 hours. 
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