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LAB SAFETY RULES SAFETY APPAREL (WHAT TO WEAR!) In chemistry lab: (a)



(b)



(c) (d)



(e) (f)



You must ALWAYS wear protective eyewear that conforms to the ANSI Z87.1-1989 Standard for chemical splash hazard, which complies with OSHA 29CFR1910 regulations for eye and face protection. This means goggles, either non -vented or with indirect venting, or eye cup type glasses that form a seal over the eyes and conform to the contours of the face, protecting the eyes from splash, dust, or fumes. This type of eye protection is available through the PJC bookstore.. You must always wear shoes in lab. The shoes must COMPLETELY cover the foot and must have sturdy soles (no sandals or open-toed shoes allowed.) Leather or vinyl shoes are highly recommended. You must wear a full-length, chemical-resistant plastic apron in the laboratory, You may NOT wear loose clothing in the lab, such as neckties, scarves, hats, and oversize sleeves (this type of clothing can easily be dragged or fall into a burner flame or beaker of chemicals). While in the lab, long hair must be pinned up or otherwise restrained. The use of chemical-resistant gloves is highly recommended when working with certain chemicals that may be absorbed through the skin and/or are suspected toxins, mutagens, carcinogens, or otherwise harmful agents. SAFETY ENVIRONMENT



Many accidents and injuries can be prevented simply by good housekeeping practices. (a) (b) (c)



(d)



(e)



(f)



Smoking is NOT permitted in the lab. Open containers of food or drink may NOT be brought into the lab. Drinking and eating (including chewing gum) are NOT permitted in the lab. Bring to the lab only those items that you need. Clutter increases the likelihood of accidents! Store purses, briefcases, bookbags, etc. in the center cupboards at each station during the lab; DO NOT LEAVE THEM ON BENCHES, ON TOP OF THE FUME HOODS, OR ON THE FLOOR! The trash cans are for PAPER TRASH ONLY! NEVER put broken glass or metal in a trash can! If you break something, notify the instructor or lab supervisor immediately. DO NOT ATTEMPT TO CLEAN UP THE BROKEN GLASS ITEMS YOURSELF! Chemicals should be disposed of according to the written or ve rbal instructions for each chemical. NEVER put chemicals in the trash cans or glass disposal containers. In the event of a chemical spill, notify your instructor or the lab supervisor for directions and assistance in the proper clean-up of the spill.
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SAFE WORK HABITS Perhaps the most important way to avoid accidents is to develop good, safe, working habits. (a) NEVER put anything in your mouth while in the lab! Do not touch chemicals with your bare hands! Avoid contact with all chemicals, whenever possible, whether you think they are hazardous or not. If you get (or think you have gotten) any lab chemical(s) on your hands or elsewhere on you, rinse the effected area immediately and thoroughly with water and consult your instructor or the lab supervisor. Before leaving the lab, ALWAYS wash your hands THOROUGHLY!



(b)



(c)



(d) (e)



ALWAYS read the label on a container both BEFORE and AFTER you remove a chemical from it. Make sure that both the SUBSTANCE and CONCENTRATION are correct. Take only what you need from a container of reagent. If you accidentally take too much, DO NOT return the excess to the container! Instead, try to share it with your classmates or take the excess to the instructor or lab supervisor. NEVER put anything into a container of stock reagent!!! ALWAYS read the safety and disposal information posted in the lab that is provided for each reagent. If you are in doubt about how to dispose of a substance, ask the instructor or lab supervisor.



Follow written and/or verbal instructions EXACTLY on all experiments. DO NOT conduct any unauthorized experiments!! If you engage in unauthorized and/or careless work, you may be expelled from the lab, either for the day or permanently. When you need to look at something at eye level, bring the object UP to your ey es rather than bending down. When pouring, keep the container BELOW eye level. (h)



Use flint strikers to light burners. NEVER LEAVE A LIT BURNER UNATTENDED!!! Watch it yourself or, if necessary, request assistance from the lab instructor or lab supervisor.



(I)



NEVER leave a potentially dangerous situation (such as a reaction in progress) unattended. Watch it yourself or, if necessary, request assistance from the lab instructor or supervisor. EMERGENCY PLANNING



Despite all precautions accidents will still happen, and you need to plan what to do BEFORE the emergency arises: (a) In the event of any accident or injury, NO MATTER HOW MINOR, notify the lab instructor or lab supervisor. (b) Learn the location of all safety equipment--fire extinguishers, eyewash stations, showers, and fireblankets. (c)



Learn the location of the nearest telephone. In case of an accident or emergency, notify the lab instructor or lab supervisor AT ONCE. If you cannot immediately locate at least 6



one of these staff members, call Public Safety at: X 2000 or X 2500, for a minor emergency. In the case of an extreme medical emergency (cardiac arrest, choking, allergic reaction, etc.) or other extreme emergencies (fire, explosion, etc.), immediately dial 9-911 first, followed by calling the PJC Police/Public Safety office at X 2500 or X 2000. OTHER LAB RULES 1.



ALWAYS clean your work space before leaving the lab, to include wiping the bench top with a clean, damp sponge. Other students will be using the same space and common courtesy is necessary. Put all equipment from your drawer, back in your drawer before you leave, if you want to see it again! Thoroughly clean all equipment checked out of the stock room and return it in the same condition that you received it! Make sure that all electrical equipment is turned off and unplugged, all water taps, gas and vacuum outlets are turned off before you leave the lab!



2.



You will not be held responsible for a broken item IF YOU REPORT IT TO THE INSTRUCTOR OR LAB SUPERVISOR. If you fail to report a broken item, lose an item, or if you fail to clean and return equipment checked out of the stockroom, a grade penalty may be assessed based upon the severity and frequency of the infraction.
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EXP. No. 1 Crystallization: Purification of an Unknown Solid Techniques:



Crystallization is a technique which chemists use to purify solid compounds. It is one of the fundamental procedures each chemist must master to become proficient in the laboratory. Crystallization is based on the principles of solubility: compounds (solutes) tend to be more soluble in hot liquids (solvents) than they are in cold liquids. If a saturated hot solution is allowed to cool, the solute is no longer soluble in the solvent and forms crystals of pure compound. Impurities are excluded from the growing crystals and the pure solid crystals can be separated from the dissolved impurities by filtration. This simplified scientific description of crystallization does not give a realistic picture of how the process is accomplished in the laboratory. Rather, successful crystallization relies on a blend of science and art; its success depends more on experimentation, observation, imagination, and skill than on mathematical and physical predictions. Understanding the process of crystallization in itself will not make a student a master crystallizer, rather, this understanding must be combined with laboratory practice to gain proficiency in this technique . Suggested Viewing: ―Crystallization‖, available for check-out from the Stockroom. In this laboratory period you will purify an unknown solid by recrystallization. Your TA* will assign to you one of the ―recrystallization unknowns‖ (#1–8). In order to choose a suitable recrystallization solvent (or solvent pair) for your unknown, it will be necessary to carry out solubility tests as outlined in the ―How to Choose a Recrystallization Solvent‖ of the Crystallization section of the Handbook for Organic Chemistry Lab . The section in the box entitled ―Procedure for Determining a Recrystallization Solvent‖ will be especially helpful. When you have determined which solvent is the best for the recrystallization of your unknown, weigh out an amount of the unknown (about 0.5 g), recrystallize it, and weigh the recrystallized unknown in order to determine your percent recovery. Take a melting point of the unknown and use this melting point to determine which of the 8 compounds (below) is your unknown. If none of these single solvents proves suitable for recrystallizing your unknown, you will need to investigate the use of a solvent pair, as described in the Handbook. The solvents that will be available to you for testing are: methanol, ethanol, 95%, acetone, distilled water. petroleum ether (30–60 boiling range). hexanes
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The unknown that you will receive will be one of the following compounds:



*TA : technical assistance



How to do a crystallization To crystallize an impure, solid compound, add just enough hot solvent is added to it to completely dissolve it. The flask then contains a hot solution, in which solute molecules – both the desired compound and impurities – move freely among the hot solvent molecules. As the solution cools, the solvent can no longer ―hold‖ all of the solute molecules, and they begin to leave the solution and form solid crystals. During this cooling, each solute molecule in turn approaches a growing crystal and rests on the crystal surface. If the geometry of the molecule fits that of the crystal, it will be more likely to remain on the crystal than it is to go back into the solution. Therefore, each growing crystal consists of only one type of molecule, the solute. After the solution has come to room temperature, it is carefully set in an ice bath to complete the crystallization process. The chilled solution is then filtered to isolate the pure crystals and the crystals are rinsed with chilled solvent. Detailed photos from the website (http://orgchem.colorado.edu/hndbksupport/cryst/cryst.html ) Safety Precautions All the solvents used in this lab are mildly hazardous and most are flammable so exercise due care in handling them. Wear your gloves and protective clothing. Wastes Organic Waste: All recrystallization filtrates go in the Organic Waste carboy in the main hood. Unknowns: Turn in your labeled recrystallized compound to your TA. Study Questions 1) Which of the following cannot be used as solvent pairs for recrystallization? Explain the problems that exist in the pairs you choose. a) hexanes and water b) chloroform and diethyl ether c) acetone and ethanol 2) For each of the solvents listed below, indicate an advantage and a disadvantage in their use as solvents for recrystallization. 9



a) water b) methanol c) benzene d) carbon tetrachloride e) acetone 3) A student crystallized a compound from benzene and observed only a few crystals when the solution cooled to room temperature. To increase the yield of crystals, the student chilled the mixture in an ice-water bath. The chilling greatly increased the quantity of solid material in the flask. Yet, when the student filtered these crystals with vacuum, only a few crystals remained on the filter paper. Explain this student's observations. CH2CO2H phenyl acetic acid 77° biphenyl : 69-72° fluorine: 114-116° HO2CCH2CH2CO2H succinic acid 188°



EXP. No. 2 Distillation: Separation of a Mixture of Pentane and Cyclohexane Techniques: Simple Distillation, Fractional Distillation, Gas Chromatography (read the sections on these techniques in the Handbook for Organic Chemistry Lab). Suggested Viewing: ―Gas Chromatography‖, available online or from the Stockroom. Distillation is the process of vaporizing a liquid, condensing the vapor, and collecting the condensed vapor (or condensate) in a different container. It is a general technique that permits liquid compounds to be purified or solvents to be removed from non-volatile materials. Simple, fractional, steam, and vacuum distillation are four modifications of the basic distillation technique. If a perfect separation of two components A and B is achieved during a distillation, a plot of temperature vs volume of condensate looks like the ideal graph (Figure 3.1). All of the lower boiling component A distills at its boiling point until it is removed from the mixture; then, the higher boiling component B distills at its boiling point. When separating mixtures of compounds with boiling points closer together than 100°C, completely ideal separations are not achieved. This is because the component B has an appreciable vapor pressure at the boiling point of component A. In a laboratory situation, one can plot the volume of distillate vs temperature of the distilling vapor to determine how closely a distillation resembles an ideal separation.
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In this experiment, you will use the techniques of simple and fractional distillation to separate two liquids,n-pentane and cyclohexane. You will compare the efficiencies of the separations chieved in the two distillation techniques, both by monitoring the temperature of the condensing vapors as a function of the quantity distilled and by analyzing the composition of two or three samples of the distillate by gas chromatography.



Gas Chromatography Gas chromatography (GC or GLC) is an important chromatographic technique used by the organic chemist. In the gas chromatograph an inert carrier gas constitutes the moving phase while a highboiling liquid layer deposited on an inert solid support makes up the non-moveable component. Gas chromatography is explained in detail in the Handbook for Organic Chemistry Lab. Safety Precautions Cyclohexane and pentane are flammable. Do not distill to dryness, since it can lead to a potentially explosive situation. Procedure Section You are to distill 25 mL of a 1:1 (by volume) pentanecyclohexane mixture. This lab takes two lab periods, the first period will be spent doing the simple distillation, the second the fractional distillation. Set up your apparatus as illustrated in Figure 3.2 (simple distillation) or Figure 3.3 (fractional distillation). Place a heating mantle under the round bottom flask. Plug the heating mantle into a Variac—never plug a heating mantle directly into an electrical outlet—but do not turn the Variac on yet. Use a 10 mL graduated cylinder as the receiving flask. The fractionating column, a condenser packed with glass beads, is available from your TA. Place 25 mL of the pentane-cyclohexane mixture in the round bottom flask; don’t forget to add boiling chips to this flask. Set the Variac to 40, then turn on the Variac power. When the mixture begins boiling, adjust the Variac setting as necessary so that the distillate collects at a rate of 1– 2 drops/sec. As the distillation proceeds and liquid collects in the 10 mL graduated cylinder, record the temperature of the vapors at the distillation head as a function of the volume of condensate (take a reading about every 1.0 mL). When 3 mL have been collected, remove the graduated cylinder and substitute it with a sample vial. Collect about 20 drops (0.5 mL); cap and save this sample for GC analysis. Then, put the 10 mL graduated cylinder back under the vacuum adaptor and continue collecting. Continue recording the temperature of the vapors every 1.0 mL. You may have to turn up the Variac if the distillation slows down during the process (try setting it to 60). When 15 mL (total; 11



you will have to empty the 10 mL graduated cylinder once) have been collected, again remove the graduated cylinder and substitute it with a sample vial. Collect about 20 drops (0.5 mL); cap and save this sample for GC analysis. Again place the 10 mL graduated cylinder under the vacuum adaptor and continue collecting. Discontinue the distillation after 20 mL have been collected or before the distillation pot is dry. Run GC samples as demonstrated by your TA or as shown in the film.



Analysis of Data In G.C. ( for ferther reading) For each type of distillation, simple and fractional: 1) Draw a graph of temperature vs volume of distillate for the distillation you performed. Place the simple and fractional data on the same graph. Add to the graph the ideal curve expected for a mixture of pentane and cyclohexane. 2) Decide which peak belongs to which compound in your GC print outs and report the relative compositions of the mixtures. Wastes Place the pot residue, all distillation fractions, and the GC samples in the ―Recovered Distillate‖ bottle in the main hood. This mixture of cyclohexane and pentane will be recycled for use in future laboratory sessions. Make sure that you do not contaminate the recovery bottle with water. Place used boiling chips in the trash. Study Questions 1) In Boulder, Colorado, the atmospheric pressure is always less than standard atmospheric pressure, and therefore the observed boiling points will always be lower than those reported in the literature. The barometric pressure in Boulder is usually around 625 mm Hg. What will be the observed boiling points of pentane and cyclohexane? (Refer to the first three pages of the Distillation chapter of the Handbook for Organic Chemistry.) 2) A gas chromatograph is being used to study a mixture of chlorobutanes. The column is 1.5 meters long and contains 5% silicon elastomer on Chromosorb W;the column temperature is 60°C, the injector and detector temperatures are 200°C; the carrier gas flow rate is 40 mL/min. Under these conditions, the retention times of five chlorobutane isomers are:
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a) A small sample of an unknown is injected into the GC under the identical conditions listed above, and the GC trace below is obtained. What compounds might be present in the unknown and what percent of each is present?



b) What effect would raising the column temperature of the GC to 90°C have on the retention times of the compounds in (a)? (Assume all other conditions are identical.) 3) Why does a rapid distillation which floods the fractionating column lead to poor separation of components? 4) Two alcohols have a low retention time and are not separable on a silicone GC column. Explain why they have a longer retention time and are separable on a Carbowax column. (Hint: the structures and relative polarities of the two types of columns are given in the gas chromatography section in the Handbook.) 5) Why is it better to rinse a microsyringe with the mixture to be analyzed than with ethanol?
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EXP. No. 3 The Nitration of Methyl Benzoate The nitration of methyl benzoate is a typical, acid-catalyzed electrophilic aromatic substitution reaction. O



O



O C



O C



CH3



CH3



HNO3 H2SO 4 NO2



Methyl Benzoate MW 136.16 bp 199.6°C density 1.09 g/mL nD20  1.5170



Methyl 3-nitrobenzoate MW 181.15 mp 78°C



The electrophile is the nitronium ion (NO2+) generated by the interaction of concentrated nitric and sulfuric acids:



HNO3 + 2H2SO 4



NO2+ + H3O+ Nitronium Ion



The solvent also protonates the methyl benzoate:



The nitronium ion then reacts with this protonated intermediate at the meta position, where the electron density is the highest. It does not reacts easily at ortho and para positions as those positions carry a positive charge in the resonance forms of the reactant ion. (See next page 13.)
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The arenium ion intermediate then loses a proton in an acid-base reaction with bisulfite ion acting as the base. Once deprotonated, the product of the reaction is methyl 3-nitrobenzoate.



Procedure To 1.2 mL of concentrated sulfuric acid in a small test tube (not a reaction tube), add 0.60g of methyl benzoate. Place the tube on the Vortex mixer and gently vortex to mix the reactants. Cool the mixture to 0°, and add drop wise, using a Pasteur pipette, a mixture of 0.4 mL of concentrated sulfuric acid and 0.4 ml. of concentrated nitric acid. Keep the reaction mixture in ice. Use extreme care in handling concentrated sulfuric and nitric acids. Using a Pasteur pipette, keep the reaction well mixed during the addition of the acids, and do not allow the temperature of the mixture to rise above about 15°C as judged by touching the reaction tube (It should remain cool to the touch). After all the nitric acid has been added, allow the mixture and tube to warm to room temperature, and, after 15 min, pour it onto 5 g of ice in a small beaker. Isolate the solid product by suction filtration using the Hirsch funnel and a 25-mL filter flask. Wash the product well with water and then with one 0.4-mL portion of ice-cold methanol. If the methanol is not ice-cold, product can be lost in this washing step. Save a small sample for melting-point determination and analysis by thin-layer chromatography. The remainder is weighed and recrystallized from methanol using 1.5X the weight of the solid in a reaction tube. Alternatively, the sample can be dissolved in a slightly larger quantity of methanol and water added drop wise to make the hot solution saturated with the product. Slow cooling should produce large crystals, with a melting point of 78°C. The crude material can be 15



obtained in about 80% yield with a melting point of 74 to 76°C. If the yield is not as large as expected, concentrate the filtrate and collect a second crop of product. Determine the final yield of your product, measure the melting point of the crude and purified product, and obtain an IR spectrum of the purified product using a KBr disk, the ATR attachment, or a thin film on a salt plate or Teflon film. Cleaning Up Dilute the filtrate from the reaction with water, neutralize with sodium carbonate, and flush down the drain. The methanol from the crystallization should he placed in the organic solvents container. The Infrared Spectrum of methyl 3-nitrobenzoate



Report: Turn in the Lab Data Sheet and the labeled FTIR spectrum of your product in the end of this manual.
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Experiments. No. 4, 5, and 6 Synthesis of o -Nitroaniline and p-Nitroaniline via a Multi-Step Sequence To prepare Acetanalide The purpose of this experiment is to prepare ortho- and para -nitroaniline from nitro benzene.Para -nitroaniline is used in the synthesis of the dye para red, also known as American flag red. You have the option to use your product to synthesize this dye when you have finished the experiment. One of the intermediates in the current synthesis scheme, acetanilide, is used in the synthesis of sulfanilamide, one of the first synthetic antibiotics. The synthesis of ortho – and para -nitroaniline takes several steps: reduction of nitrobenzene to aniline, acetylation of aniline to form acetanilide, nitration of acetanilide to form ortho – and para -nitroacetanilide, and hydrolysis of the nitroacetanilides to liberate ortho – and para -nitroanilines. Separation of the ortho – and para-nitroanilines is accomplished by crystallization and column chromatography. High yield is important when each reaction uses as start ing material the product of the previous reaction. For example, if in three successive reactions the yields are: 80%, 90%, and 75% respectively, the overall yield at the end of the third reaction is 0.8 x 0.9 x 0.75 x 100 = 54%. For this reason, multi-step syntheses are a good test of laboratory skills. You will have four lab periods to complete this experiment. We suggest the following schedule: • Day 1: Step 1, Reduction of nitrobenzene. • Day 2: Step 2, Preparation of acetanilide. • Day 3: Steps 3 and 4, Nitration of acetanilide and hydrolysis of nitroacetanilides (and crystallization of para -nitroaniline if you have time). • Day 4: Column chromatography purification of ortho-nitroaniline. • Day 4 optional: Prepare para red (see page 83).



Safety Precautions Nitrobenzene, aniline, and nitroaniline are highly toxic; aniline is also a cancer suspect agent. Hydrochloric acid, sulfuric acid, nitric acid, acetic anhydride, 50% NaOH and ammonium hydroxide are extremely caustic; avoid skin contact. If contact does occur, flush with water for 15 minutes. Methylene chloride and hexanes are considered moderate health hazards. Hexanes is flammable. Wear your gloves and protective clothing throughout this experiment and avoid breathing vapors.
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EXP. No. 4 Reduction of nitrobenzene In the first step of the multi-step sequence, you will reduce nitrobenzene to aniline using chemical reduction: Step 1: Reduction of nitrobenzene



You might ask: why not start this multistep sequence with aniline? One answer is that nitrobenzene is less expensive than aniline, since it is easier to introduce a nitro group to a benzene ring than it is to add an amine group. (Another answer is that we want you to gain practical experience in reduction chemistry techniques.) Nitro compounds can be reduced in one of two general ways: by catalytic hydrogenation using molecular hydrogen or by chemical reduction. Chemical reduction is most often accomplished by treating a mixture of the nitro compound and a metal in the presence of acid. In industry, the metal is usually iron, while in the laboratory setting tin is usually the metal of choice. Since the reaction is done in acidic solution, the amine is obtained as a salt; to obtain the free amine (aniline), it is treated with base. The aniline is isolated from the aqueous reaction mixture by steam distillation. Steam distillation is the distillation of a mixture of water —steam—and an immiscible organic compound. The mixture will boil below 100°C because an immiscible mixture does not behave like an ideal solution (a mixture of miscible liquids). In a mixture of immiscible liquids, the total vapor pressure is the sum of the vapor pressures of the pure individual components. Thus for a steam distillation: P total= P°A+ P°B and the total vapor pressure equals atmospheric pressure and the mixture boils at a lower temperature than the boiling point of either of the components alone. Sinceone of the components is always water, the mixture will always boil below 100°C. After the steam distillation, you will have a mixture of water and aniline. These compounds are immiscible, so you could separate the aniline layer from the water layer in the steam-distillate. In this reaction scheme, separation is not necessary because the next step is performed in aqueous solution.
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Procedure Section: Reduction of nitrobenzene: Place 30 mmoles of nitrobenzene and 65 mmoles of mossy tin in a 250 mL round bottom flask, securely clamped above a stir motor. Place a Claisen adaptor on top of the flask; put a water-cooled condenser on one outlet of the Claisen and a separatory funnel on the other. Add a spin bar to the flask and turn on the stir motor. Place 15 mL of concentrated HCl in the separatory funnel. Add the HCl to the nitrobenzene/tin mixture a few mLs at a time. After each addition, monitor the flask so that it does not get too hot; if necessary, immerse the reaction flask briefly in a cold water bath. After the initial reaction has subsided, add another portion of the acid. Again, control the temperature of the reaction in a cold water bath. Continue until all of the HCl has been added. After all of the acid has been added let the mixture stir at room temperature for about 10 min. Remove the separatory funnel (and rinse it) and place a ground glass stopper on the open Claisen outlet (the other outlet still has the water-cooled condenser). Place a heating mantle under the reaction mixture and heat (Variac setting 35) and stir for 20 min. Test to see if the reaction has gone to completion by testing f or unreacted nitrobenzene (below). If nitrobenzene remains, heat and stir for an additional 10 min and testagain.



Test for unreacted nitrobenzene: Put a few drops of the reaction mixture in a small amount of water in a test tube; a clear solution (no oily drops) indicates that there is no nitrobenzene present. When the reaction is complete, cool the reaction flask to room temperature. While stirring, carefully add 18 mL of 50% NaOH through the Claisen adaptor. This reaction is exothermic, so have a cool water bath (not an ice bath) ready in case the flask gets too warm. The mixture must be strongly alkaline to ensure complete liberation of the aniline. Dilute the reaction mixture with 40 mL of water and then steam distill the mixture using a heating mantle as the heat source (Variac setting 100). Collect the distillate in a 100 mL graduated cylinder: the first 18 mL or so of distillate should be quite cloudy because you are distilling over a mixture of aniline and water. Once the distillate ceases to be tur bid, collect an additional 4 mL. Transfer the entire volume of distillate to an Erlenmeyer (do not stopper the flask until the solution is cool!) and save for use in the acetylation step. Place the pot residue in the Aqueous Waste carboy in the main hood.
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EXP. No. 5 Preparation of Acetanilide Aniline is acetylated with acetic anhydride to produce acetanilide: Step 2:Preparation of acetanilide.



Note that the desired final product in this experiment is a mono -nitroaniline. Why, then, is this step of acetylating the aniline included in the reaction scheme? The reason is that direct nitration of aniline to obtain a mononitro derivative is essentially impossible due to the high reactivity of nitric acid* toward aniline in electrophilic aromatic substitutions. Also, aniline is oxidized by nitric acid. In order to successfully nitrate aniline to a mononitro derivative, it is first converted to acetanilide.



Procedure Section: Preparation of acetanilide: Dilute the distillate from the previous step with water to a final volume of 65 mL. Add a spin bar and place it over a stir motor. Add 2.5 mL of concentrated hydrochloric acid and stir to obtain a homogeneous solution. Dissolve 4.5 g of sodium acetate trihydrate in 10 mL of water in a beaker. Measure 3.5 mL of acetic anhydride into a graduated cylinder. Warm the solution of aniline/ hydrochloric acid to 50°C on a steam bath, add the acetic anhydride, stir, then add the sodium acetate solution all at once with stirring . Remove the heat source; a white solid should begin to precipitate. Continue to stir the mixture for 20 min then cool it in an ice bath to complete crystallization. Isolate the product by suction filtration, wash it with cold water, and allow it to dry. It is imperative that your acetanilide be dry for the next step. You can dry it by leaving it in an open container in your lab drawer until the next lab period. If you plan to do Step 3 immediately, you should pull air through the sample in the Büchner funnel for at least 30 min. Determine the melting point and the yield of dry acetanilide.



* If aniline and nitric acid are mixed directly, a violent oxidat ion of the aniline occurs which can cause the mixture to ignite.
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EXP. No. 6 Nitration of acetanilide The third step is the nitration of acetanilide to obtain a mixture of isomers: Step 3: Nitration of acetanilide



Unlike aniline, acetanilide displays only moderate reactivity in electrophilic aromatic substitution. Also unlike aniline, acetanilide is not oxidized by nitric acid. Nitration of acetanilide gives principally the ortho and para mononitroacetanilides (with more para than ortho), together with a small amount of 2,4dinitroacetanilide. To prevent dinitration of the acetanilide, the nitrating mixture of concentrated nitric a cid and sulfuric acids is added in small portions to the acetanilide solution (and not vice versa), so that the concentration of the nitrating agent is kept at a minimum. The nitroacetanilides are not isolated in this reaction scheme. Instead, the reactio n mixture is heated and the acid present serves to hydrolyze them to the nitroanilines: Step 4: Hydrolysis of the nitroacetanilides



Separation of the Para – and ortho -nitroanilines is effected both by crystallization and by column chromatography. The major product, para -nitroaniline, is almost insoluble in ethanol. In contrast, ortho -nitroaniline is soluble in ethanol. Thus, the crude mixture of solid para –and ortho -nitroaniline is taken up in ethanol, and the para isomer is insoluble and can be filtered out while the ortho isomer is soluble and is present in the filtrate. Since para-nitroaniline is soluble to some extent in ethanol, the filtrate still contains a mixture of para – and ortho -nitroaniline. Column chromatography of the concentrated filtrate yields pureortho-nitroaniline.
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Procedure Section: Nitration of acetanilide Measure 3 mL of concentrated sulfuric acid into a small graduated cylinder. Pour about half of this acid into a small round bottom flask. To the acid remaining in the grad uate, add 0.5 mL of concentrated nitric acid. Carefully mix the two acids in the graduate by filling a Pasteur pipet at the bottom of the graduate and discharging it at the top several times. Add 0.90 g of the dry acetanilide to the sulfuric acid in the ro und bottom flask, swirl until almost all of it has dissolved, and then cool the flask in an ice bath. Using a Pasteur pipet, transfer about 1/4-mL portions of the nitric-sulfuric acid mixture to the flask and swirl the flask in the ice bath after each addition. Do not allow the flask to become warm; the addition of all of the mixture of acids should require about 10 min. (Mixtures of sulfuric and nitric acid can react violently—exercise due care!!!)



Hydrolysis of nitroacetanilides When the addition of acids is complete, add to the reaction mixture 10 mL of ice water and a boiling chip. Attach a water-cooled condenser to the flask. Using a heating mantle as the heat source (Variac setting 70), gently boil the mixture for 15 min to effect hydrolysis of the nitroacetanilides. Cool the flask in an ice bath. When the reaction mixture is thoroughly cold (make sure it and the ice bath are directly under your hood), cautiously add a total of 9 mL of concentrated ammonium hydroxide in approximately 1 mL portions, tak ing care to swirl the flask after each addition. Make sure that the mouth of the flask is not pointed at yourself or your neighbor. This neutralization reaction is quite exothermic and if carried out carelessly results in a sudden evolution of ammonia that expels the contents out of the flask. Collect the crude product by suction filtration, wash the product in the Büchner funnel with a total of 4 mL of cold water, and dry it by drawing air through it for a few minutes.



Separation of Ortho and Para Nitroaniline Crystallization The crude product contains both ortho- and para-nitroaniline. As stated in the introduction to this experiment, the major isomer is para nitroaniline. (The amount of dinitroaniline present is negligible.) The purpose of the final steps of this experiment is to separate these two isomers. Recrystallize the crude product by dissolving it in about 2 mL of hot ethanol. Allow the mixture to slow-cool to room temperature, then set it in an ice bath for 10 - 15 min. Under these conditions, the para isomer will crystallize out of the solvent while the ortho isomer will remain in solution. Vacuum-filter the solution* to collect the para-nitroaniline on the filter paper and the orthonitroaniline in the filter flask. Use 1-2 mL of cold ethanol to transfer remaining * Use a clean filter flask, since you want the filtrate as well as the crystals!



crystals to the funnel and to wash the crystals on the funnel. Do not discard thefiltrate! When the crystals of para-nitroaniline are dry, weigh them, take a melting point, and run a TLC (hexanes/ethyl acetate 50:50) to determine the purity. Then, save them for spectroscopic nalysis as advised by your TA.
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The filtrate contains ortho-nitroaniline as well as some para-nitroaniline (remember, crystallization is not perfect, and when a compound crystallizes out of a solution, some of that compound also remains in the mother liquor). Remove the solvent from the filtrate (while it is still in the filtering flask) by corking the flask, attaching the flask to th e vacuum system, heating it on a steam bath, and swirling it until only an oily residue remains. Scrape the residue out of the flask and save it for column chromatography.



Column Chromatography Microscale flash chromatography is used to further purify the ortho-nitroaniline. Obtain a Pasteur pipet and plug it with a small amount of cotton. Add dry silica to a depth of 3 -4 cm and tap the pipet to pack the silica. Pre-elute the column by adding hexanes to the top of the column and forcing it through the column with a pipet bulb. Weigh out 50 mg of the residue (from the filtrate, mostly ortho nitroaniline). Mix it with 150 mg of silica and enough methylene chloride to make a slurry. Allow the solvent to evaporate completely, until the silica is free flowing. Do not heat the mixture on a steam bath! Transfer this silica-product mixture to the column. Elute with hexanes/ethyl acetate (90:10); use a total of 15 mL of solvent to elute the ortho-nitroaniline. Under these conditions, the ortho isomer will elute from the column and the unwanted para isomer will remain on the column. (If you did want the para isomer, you would need to elute the column with a solvent containing a higher percentage of ethyl acetate.) Evaporate the eluent nearly to dryness using the vacuum system. Then, transfer to a tared, small side-arm flask using a milliliter or two of methylene chloride. Run a TLC using hexanes/ethyl acetate (50:50) as the eluting solvent. If the sample is not pure ortho isomer, you must re-do the column. If it is pure, evaporate off the methylene chloride, determine your yield and melting point, and analyze by spectroscopic methods as advised by your TA. The NMR spectra of ortho- and para-nitroaniline are shown in Figures 11.1 and 11.2.



Wastes: 23



Aqueous Waste: Pot residue from the first step, the reduction of nitrobenzene; filtrate of the reaction mixture and water washes of the product from the second step, the preparation of acetanilide; filtrate and washes of the reaction mixture in the third and fourth steps, t he nitration and hydrolysis of nitroacetanilides. Organic Waste: Eluants from the column chromatography preelution step, TLC eluting solvents. Used columns: Place in container provided in main hood. Used disposable glassware: Used microcaps and melting point capillaries go in the small trash receptacle labeled ―used microcaps, mp capillaries, pipets‖. Used TLC plates: TLC plates go in the small trash receptacle labeled ―used TLC plates‖ (in the main hood). Recovery Jars: For the products, p-nitroaniline and o-nitroaniline.



Study Questions: 1) What are all the products of the following reaction?



Why is this reaction impractical if one wants to synthesize p -nitroaniline? 2) What is the product of the following reaction?



3) How would you make 2, 4-dinitrobenzoic acid from p-nitrotoluene? 4) How would you decrease the polarity of the eluting solvent during the column chromatography? What effect would this have on the movement of the compounds through the column?



Refrences: Introduction to Organic Chemistry by Streitwieser, Heathcock, and Kosower, pp. 695-696 (23.3), 752-756 (24.7A, B), 781-784 (25.1C). (Organic Chemistry by Francis Carey, 4 th ed., pp. 501-502 (12.3); 511-515 (12.9, 12.10); 517- 522 (12.12, 12.13); 961-964 (22.9); 969-971 (22.14).)
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EXP. No.7 Azo Dyes: The Synthesis of Para Red from paraNitroaniline Azo dyes form a large structural group of synthetic dyes. An azo dye has the general structure (Ar–N=N–Ar') and is produced by the reaction of an aryldiazonium salt wi th an aromatic amine or a phenol. Aryl diazonium salts are prepared by treating an acidic solution of an aryl amine with sodium nitrite:



Aryl diazonium salts are stable for a reasonable period of time if kept in an aqueous solution at 0–5°. They are relatively weak electrophiles but have sufficient reactivity to attack highly activated aromatic rings such as amines and phenols. The ensuing reaction, called ―azo coupling‖, results in molecules that have the –N=N– system linking two aromatic rings:



Azo dye compounds come in a broad range of colors, including yellows, oranges, reds, browns, and blues; it is the structure of the azo compound that determines the color that will be exhibited. The extensive conjugated ! systems of azo dyes cause them to abso rb at a certain wavelengths in the visible portion of the spectrum. When a compound absorbs a particular wavelength (color) from white light, the combination of the reflected wavelengths (colors) makes the compound appear colored. For example, if a compoun d absorbs in the visible region at 5000 Å, which is green, the combination of all the other wavelengths which are reflected makes the compound appear red. In general, the more extensive the conjugated ! system of a molecule, the longer the wavelength of vi sible light it will absorb, and the observed color will change accordingly.



In aromatic systems, another factor which increases the intensity and wavelength of the absorption is having a strong electron-donating group and a strong electron- withdrawing group para to one another on the aromatic ring. The electronically excited state produced upon absorption of light has dipolar character which is stabilized by these groups as shown below:



Since the excited state is stabilized relative to the ground state, the ground state absorbs light of lower energy (longer wavelength) than would be expected for an 25



analogous molecule without the electron donating/withdrawing groups. In this experiment, you will synthesize the dye para red from para -ntiroaniline and ß-naphthol:



You will not synthesize the dye in a flask, but in the grain of a fabric. This dye process, called ―ingrain‖, is used industrially to apply azo dyes to cloth (especially cotton). The fabric is soaked in a basic solution of ß-naphthol and then in the prepared diazonium salt. If possible, use the para -nitroaniline that you synthesized in the Aromatic Multistep Synthesis lab. Beta -naphthol is a suspected carcinogen: to minimize the risk of handling this compound, it will be prepared for you as a solution and kept in the hood at all times. Note that ß-naphthol is dissolved in a base; this is to make the phenol group highly activated to electrophilic aromatic substitution.



Safety Notes: Para -nitroaniline is highly toxic and ß-naphthol is a suspected carcinogen. Solutions of HCl and NaOH are caustic. Para red may be a carcinogen, sodium nitrite is an oxidizer and highly toxic. Wear gloves throughout the experiment.
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Procedure Section This may be done as a group experiment. Place 1.4 g of para -nitroaniline in 25 mL of water, add 6 mL of 3M HCl and heat (boil) to dissolve. Add a few more drops of 3M HCl if necessary to dissolve the nitroaniline. Cool in an ice bath (the amine hydrochloride may crash out of solution). Add all at once 10 mL of a 7% (aq.) sodium nitrite solution and stir for 10 min—the solution will probably become clear. Keep the mixture cold. There may be some solidsafter the addition of the sodium nitrite: you Can filter them off, but it is not necessary. Just before you are ready to use it, add a solution of 0.8 g of sodium acetate in 5 mL of water. Put 0.5 g of ß-naphthol in hot water and add just enough 10% NaOH to dissolve it (probably about 1-2 mL). Soak a fabric strip for a couple minutes in this solution. Since the solution is slightly basic, the fabric will dissolve if it is left in the solution too long. Remove the fabric strip from the ß-naphthol solution and pat it dry between paper towels. Then, place it in the diluted solution of para -nitroaniline/HCl/sodium nitrite. Take the fabric out after a couple minutes and note the results. When you are done dyeing the fabrics, mix the two dye solutions together. This will yield the azo dye, which could be isolated by filtration. In this form it is not very efficient at dyeing fabrics unless a dispersing agent such as biphenyl and a surfactant (detergent) are used to help disperse the dye into the fabric.



Wastes The used dye solutions will be disposed of by the Lab Coordinator.
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EXP. No.8 Aldol Condensation – Synthesis of Dibenzalacetone The reaction of an aldehyde with a ketone employing sodium hydroxide as the base is an example of a mixed aldol condensation reaction, the Claisen-Schmidt reaction. Dibenzalacetone is readily prepared by condensation of acetone with two equivalents of benzaldehyde. The aldehyde carbonyl is more reactive than that of the ketone and therefore reacts rapidly with the anion of the ketone to give a /3-hydroxyketone, which easily undergoes base-catalyzed dehydration. Depending on the relative quantities of the reactants, the reaction can give either mono- or dibenzalacetone. Dibenzalacetone is a fairly innocuous substance; its spectral properties (UV absorbance) indicate why it is used in sun-protection preparations. In the present experiment sufficient ethanol is present as solvent to readily dissolve the starting material, benzaldehyde, and also the intermediate, benzalacetone. The benzalacetone, once formed, can then easily react with another mole of benzaldehyde to give the product, dibenzalacetone. The reaction we will carry out is:



The mechanism for the formation of benzalacetone is shown below. Dibenzalacetone is formed when benzalacetone reacts with another equivalent of benzaldehyde following the same mechanism.
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Procedure Prepare a shallow ice-water bath in a 100-mL beaker. Place 1.6 mL of USP ethanol and 2.0 mL of aqueous 10% NaOH into a large test tube. Add a stir bar. Place the tube into the ice-water bath. Set the entire assembly onto a magnetic stirrer and clamp the tube in place, positioned so that the stirring bar mixes the solution when the stirrer is on. While stirring, cool the solution to 20 °C. After the solution reaches 20 °C, remove the ice bath. Continue to stir the solution. Prepare a mixture of 210 mg (200 µL) of fresh benzaldehyde and 60 mg (75 L) of reagentgrade acetone in a test tube. Add the benzaldehyde–acetone mixture to the ethanol–NaOH solution in two portions (about 140 L each), 5 min apart. Then stir the reaction for another 30 min. Cool the mixture in an ice-water bath. Use a Pasteur pipette to remove the solvent, taking care to leave the crystals in the flask. Place the solvent into the container labeled "Aldol Waste", found in the waste disposal hood. Rinse the crystals with 4mL of distilled or deionized water. Using a Pasteur pipette, remove the water. Rinse again with 2mL of water. Remove the water and pipet it into a watch glass. Check the filtrate on the watch glass using red litmus paper. If the litmus turns blue, rinse the crystals again until the red litmus does not turn blue but remains red. Prepare a hot-water bath by placing 50mL of water into a 100-mL beaker. Place the beaker on a hot plate and heat the water to boiling. To re-crystallize the product from ethanol, add ethanol and swirl the tube in the hot-water bath. While keeping the solution at or near its boiling point, add more ethanol in small amounts until all the solid is dissolved or no more solid appears to dissolve. Do not add more than 4.0mL of ethanol. Use a hot Pasteur pipette to transfer the solution to a small test tube. Allow the solution to cool slowly to room temperature. If the product does not crystallize, scratch the bottom of the tube with a glass stirring rod to induce crystallization. Clamp the tube to a support stand. Then cool the tube in ice water for 5–10 min. Collect the crystals removing the solvent using a Pasteur pipette or by vacuum filtration using the Hirsch funnel. To dry the product crystals, spread them thinly over a clean watch glass and allowing them to stand for 30 min. Do not place the crystals in the drying oven! Stir the crystals occasionally to allow any remaining ethanol to evaporate. Once the solvent has evaporated as indicated by a constant weight for the watch glass and crystals, determine the mass of the product. Measure its melting point and obtain an IR spectrum using the ATR attachment on the Thermo-Nicolet FTIR. Place the product in a properly labeled product vial. Rinse all glassware and the Hirsch funnel with acetone before washing with water.



Molecular Modeling (10 Points Extra Credit) The name dibenzalacetone does not completely characterize the molecule made in this experiment. There are actually three isomeric dibenzalacetones, one melting at 110 to 111°C, λ max 330 nm, ε 34,300; another melting at 60°C, λmax 295 nm, ε 20,000; and a third, a liquid with λmax 287 nm, ε 11,000. Both the melting points and the UV spectral data give some hints regarding the structures of these molecules. The first one is very symmetrical and can pack well into a crystal lattice. The long wavelength of the ultraviolet light absorption maximum and the high value of the molar absorbance ε indicate a long, planar conjugated system (see Chapter 14). The other two molecules are increasingly less able to pack nicely into a crystal lattice or to have a planar conjugated system. In the last step of the aldol condensation, loss of water from the β-hydroxyketone can form molecules in which the 29



alkene hydrogen atoms are either cis or trans to each other. Write the structures of the three geometric isomers of dibenzalacetone, and assign each one to the three molecules described above. Enter the structures of these three isomers into PC Model 7, and carry out an energy minimization to calculate the relative steric energies or heats of formation of each molecule. Note, once the calculation is complete, that the lowest energy conformation of each isomer will be as planar as possible in order that there can be maximum overlap of the p-orbitals on each sp2 hybridized carbon. To test this idea, calculate the steric energy or heat of formation of benzalacetone [(a) Shown below] using the usual energy minimization procedure. The result should be an almost planar molecule. Then deliberately hold the dihedral angle defined by atoms 1, 2, 3, and 4 at 90° [(b) Shown below], and again calculate the energy of the molecule. In the latter conformation, the p-orbitals of the carbonyl group are orthogonal to the p-orbitals of the alkene.



As you may discover in calculating the energies of the three geometric isomers of benzalacetone, there is still another form of isomerization entering into the conformations of these molecules: single-bond cis and trans isomers, exemplified by isomers (a) and (c) of benzalacetone (Figure shown above). Both these conformers are planar in order to achieve maximum overlap of porbitals, but in (a) the carbonyl group is cis to the alkene bond, while in (c) it is trans. The barrier to rotation about the single bond is not very high, so these isomers cannot be isolated at room temperature. If your molecular modeling program has a "dihedral driver" routine, you can calculate the heats of formation of benzalacetone as a function of the dihedral angle defined by atoms 1, 2, 3, and 4 and thus determine the barrier to rotation around this bond in kilocalories per mole. Draw the structures of all the single-bond cis and trans isomers for each of the three geometric isomers of dibenzalacetone. There are a total of ten such isomers. Pick out the one you regard as the most stable and calculate its steric energy. Which three are represented by the solid (mp 110–111 °C), the solid (mp 60°C), and the liquid? Report: Turn in the data sheet with the labeled IR of your compound attached. If you wish to earn the extra credit points answer the questions below on a separate sheet(s) of paper and turn in separately from the data sheet and spectrum.



Questions 1.



Why is it important to maintain equivalent proportions of reagents in this reaction?



2.



What side products do you expect in this reaction? How are they removed?



3.



What evidence do you have that your product consists of a single geometric isomer or a mixture of isomers? Does the melting point give such information?
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4.



From the 1H NMR spectrum of dibenzalacetone (Shown below), can you deduce what geometric isomer(s) is (are) formed? Hint – Check coupling constants for cis and trans H’s.



6.



Assign the peak at 1639 cm-1 in the IR spectrum of dibenzalacetone shown below.



7.



Write the structures of the three geometric isomers of dibenzalacetone, and assign each one to the three molecules described. Disregard s-cis and s-trans isomerism.



8.



Draw the structures of all the single-bond cis and trans isomers for each of the three geometric isomers of dibenzalacetone. There are a total of ten such isomers.



9.



Use PC Model to answer the questions underlined within the instructions below.



Using PC Model 7 to Study Conformations of Benzalacetone 1. 2. 3. 4. 5. 6.



Open PCModel 7 Click the Ring button. Click on the Phe button to insert a benzene ring. Click on the PT button and select the C button. Then click on the H atom located at about 10 o’clock on the ring. Close the PT Box. Click the Draw button, click on the atom you just converted to C then click above the atom to add a new carbon atom. Click about 45° above and to the left from the atom just added to add another carbon atom. Repeat at 45° down and to the left to add a third carbon atom.
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7. 8. 9.



10. 11.



Click the Draw button again and then click the next to last atom you added. Click above that atom to add another atom. This will become the oxygen of the carbonyl. Click the H/AD button off then on and then off again to shrink the structure and make it easier to manipulate. Your structure should look like this:



Click the Add_B button and then click on the middle of a bond you wish to make a double bond. Repeat to convert the second bond which will be the carbonyl double bond. Click on the PT button and select the O button. Then click on the atom you want to make the carbonyl oxygen atom. Your structure should now look like this: O



12. 13. 14. 15.



Click on the H/AD button to add hydrogen atoms back to the structure. Under the Mark tab on the menu, click the pi Atoms button and answer All to the question. When marked, all sp2 carbon atoms should have a ~ symbol by them. Under the Compute tab on the menu, click Minimize to find a low energy state for the molecule. This should generate a completely flat molecule (except for 2 hydrogen atoms). Rotate and observe the molecule’s structure. Is it in the cis or trans conformation? Is it planar so that all the p- orbitals are perpendicular (required for conjugation).



16.



If the molecule is NOT in the trans conformation you must turn off the hydrogen atoms and use the Move function to get the molecule into something close to a trans conformation. To move an atom, click the Move button then click on the atom you want to move. Then click where you want the atom to be. Repeat for the other atoms you need to move. Add hydrogen atoms back and minimize the structure. You should now have a planar structure. Draw the structure and record the MMX energy of the molecule.



17.



Click the Sel-Atm button and select atoms 1-4 as instructed in the handout. Using the dihedral driver under the Compute Menu tab, enter 0 and 90 for your starting and ending angles and then 10 for the increment. Answer the prompts and watch as the molecule rotates. Record the final energy when the carbonyl is at 90° to the plane of the rest of the molecule. Your carbonyl oxygen atom should be 90° from the plane of the rest of the molecule (see structure (b). Draw the structure and record the energy.



18.



Turn off the hydrogen using H/AD and use the Move tool to switch the positions of the methyl carbon and carbonyl oxygen. Add the hydrogen back and minimize to get structure (c). Record the energy. Your structure should look like this (H atoms not shown in this drawing but will 32



appear on your computer image). You may also generate this structure by starting again at Step 2 and choosing the other atom to change to oxygen in Step 11.



O



19.



Using the procedure above, you should examine the cis isomers (shown below) and determine their energies. In Step 6 you need to move to the right rather than the left to draw the cis isomer. Who is more stable, cis or trans? Explain your observations.



O O
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EXP. No.9 Synthesis of Benzoic Acid by Grignard method Organometallic compounds are versatile intermediates in the synthesis of alcohols, carboxylic acids, alkanes, and ketones, and their reactions form the basis of some of the most useful methods in synthetic organic chemistry. They readily attack the carbonyl double bonds of aldehydes, ketones, esters, acyl halides, and carbon dioxide. The use of organometallic reagents can produce the synthesis of highly specific carbon-carbon bonds in excellent yields. Among the most important organometallic reagents are the alkyl- and arylmagnesium halides, which are almost universally called Grignard reagents after the French chemist Victor Grignard, who first realized their tremendous potential in organic synthesis. Their importance in the synthesis of carboncarbon bonds was recognized immediately after the report of their discovery in 1901. Grignard received the 1912 Nobel Prize in chemistry for applications of this reagent to organic synthesis. The Grignard reagent is easily formed by reaction of an alkyl halide, in particular a bromide, with magnesium metal in anhydrous diethyl ether. Although the reaction can he written and thought of as simply R – Br +



Mg 



R – Mg – Br (RMgX)



it appears that the structure of the material in solution is rather more complex. There is evidence that dialkylmagnesium is present



2 R-Mg-Br



R-Mg-R + MgBr 2



and that the magnesium atoms, which have the capacity to accept two electron pairs from donor molecules to achieve a four-coordinated state, are solvated by the unshared pairs of electrons on diethyl ether:



Grignard reagents, like all organometallic compounds, are substances containing carbon-metal bonds. Because metals are electropositive elements, carbon-metal bonds have a high degree of ionic character, with a good deal of negative charge on the carbon atom. This ionic character gives organometallic compounds a high degree of carbon nucleophilicity. δ– δ+ δ– R – Mg – R The Grignard reagent is a strong base and a strong nucleophile. As a base it will react with all protons that are more acidic than those found on alkenes and alkanes. Thus, Grignard reagents react readily with water, alcohols, amines, thiols, etc., to regenerate the alkane. Such reactions are generally undesirable and are referred to as reactions that ―kill‖ the Grignard.
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In the absence of acidic protons, Grignard reagents undergo a wide variety of nucleophilic addition reactions, especially with compounds containing polar C=0 bonds. The resulting carboncarbon bond formation yields larger and more complex molecules; and because a variety of different organic (R or Ar) groups can be introduced into organic structures, a wide array of organic compounds can be produced. Some reactions of Grignards are shown below.



Formation of a Grignard reagent takes place in a heterogeneous reaction at the surface of solid magnesium metal, and the surface area and reactivity of the magnesium are crucial factors in the rate of the reaction. It is thought that the alkyl or aryl halide reacts with the surface of the metal to produce a carbon-free radical and a magnesium-halogen bond. The free radical R•, then reacts with the • MgX to give the Grignard reagent, RMgX.
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Grinding a few of the magnesium turnings with a mortar and pestle promotes the formation of the Grignard reagent by exposing an unoxidized metallic surface and providing a larger reactive surface area. For an alkyl halide, this procedure will usually be all that is necessary to initiate the reaction quickly; and, in many instances, breaking just one magnesium turning suffices. When an aryl halide is used, grinding a few magnesium turnings and adding a small iodine crystal can promote the heterogeneous reaction at the surface of the magnesium. There is some question about iodine's exact function; it may react with the metal surface to provide a more reactive interface or it may activate the aryl halide. Some of the color changes that one sees are due to the presence of iodine. The proper selection of solvent is crucial in carrying out a reaction involving a Grignard reagent. Diethyl ether is the most frequently used solvent because it is inexpensive and promotes good yields. The yields of Grignard reagents are highest when a large amount of ether is present and when pure, finely divided magnesium metal is used. The magnesium atom in a Grignard reagent has a coordination number of four. The alkyl magnesium halide already has two covalent bonds to magnesium. The other two sites can be occupied by ether molecules (See structure on page 1). These complexes are quite soluble in ether. In the absence of the solvent, the reaction of magnesium and the alkyl halide takes place rapidly but soon stops because the surface of the metal becomes coated with the organomagnesium halide. In the presence of a solvent, the surface of the metal is kept clean and the reaction proceeds until all of the limiting reagent is consumed. As indicated earlier, the presence of water or other acids inhibits the initiation of the reaction and destroys the organometallic reagent once it forms. All glassware and reagents must be thoroughly dry before beginning a Grignard experiment. Oven-drying of the glassware is essential when the laboratory atmosphere is humid. When the humidity in the laboratory is low, as it is during the winter heating season, air-drying the glassware overnight will usually be sufficient for macroscale preparations. The glassware for microscale reactions must always be dried in an oven just prior to beginning the reaction because even trace amounts of moisture become significant at this scale. Commercially available anhydrous ether, alkyl halides, and aryl halides are sufficiently pure for most Grignard reactions. Keep the ether container tightly closed except when actually pouring the reagent, and do not let your ether stand in an open container, because water from the air will dissolve into it. The mechanism of the Grignard reaction with aldehydes and ketones is actually quite complex, but it can easily be rationalized as a simple nucleophilic addition reaction:
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The hydrolysis step is important in a Grignard synthesis. It is common to use an aqueous mineral acid, such as sulfuric or hydrochloric acid, to expedite hydrolysis. Not only does this cause the reaction to go more readily, but Mg(II) is converted from the much less manageable hydroxide or alkoxide salts to water-soluble sulfates or chlorides. For preparing labile products, such as tertiary alcohols, the weaker acid ammonium chloride is an excellent alternative. Strong acids, such as sulfuric acid, may cause tertiary alcohols to dehydrate.
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Preparation of the Phenyl Grignard



It is imperative that all equipment and reagents be absolutely dry. The glassware to be used—two reaction tubes, two 1-dram vials, and a stirring rod—can be dried in a 110°C oven for at least 30 min, along with the magnesium. Alternatively, if the glassware, syringe, septa, and magnesium appear to be perfectly dry, they can be used without special drying. The plastic and rubber ware should be rinsed with acetone if it appears to be either dirty or wet with water and then placed in a desiccator for at least 12 hours. Do not place plastic ware in the oven. New, sealed packages of syringes can be used without prior drying. The ether used through-out this reaction must be absolutely dry (absolute ether). To prepare the Grignard reagent, absolute diethyl ether must be used; elsewhere, tert-butyl methyl ether can be used. Ether extractions of aqueous solutions do not need to be carried out with dry ether. A very convenient container for absolute diethyl ether is a 50-mL septum-capped bottle. This method of dispensing the solvent has three advantages: The ether is kept anhydrous, the exposure to oxygen is minimized, and there is little possibility of its catching fire. Ether is extremely flammable; do not work with this solvent near flames. Place the anhydrous ether in the bottle and apply the septum. To remove ether from a septum-capped bottle, inject a volume of air into the bottle equal to the amount of ether being removed. Pull more ether than needed into the syringe, and then push the excess back into the bottle before removing the syringe. In this way there will be no air bubbles in the syringe, and it will not dribble.
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Procedure 1 Remove a reaction tube from the oven, and immediately cap it with a septum. In the operations that follow, keep the tube capped except when it is necessary to open it. After it cools to room temperature, add about 2 mmol (about 50 mg) of cleaned and crushed or broken magnesium. Using tweezers, add one small crystal of solid iodine to the tube. Record the weight of magnesium used to the nearest milligram. We will make it the limiting reagent by using a 5% molar excess of bromobenzene (about 2.1 mmol). (See below). Using a dry syringe, add to the magnesium by injection through the septum 0.5 mL of anhydrous diethyl ether. Your laboratory instructor will demonstrate transfer from the storage container used in your laboratory. Into an oven-dried vial weigh about 2.1 mmol (about 330 mg) of dry (stored over molecular sieves) bromobenzene. Using a syringe, add to this vial 0.7 mL anhydrous diethyl ether, and immediately, with the same syringe, remove all the solution from the vial. This can be done virtually quantitatively so you do not need to rinse the vial. Immediately cap the empty vial to keep it dry for later use. Inject about 0.1 mL of the bromobenzene–ether mixture into the reaction tube, and mix the contents by flicking the tube. Pierce the septum with another syringe needle for pressure relief (See Figure to the right). The reaction will not ordinarily start at this point, so remove the septum, syringe, and empty syringe needle and crush the magnesium with a dry stirring rod. You can do this easily in the confines of the 10-mmdiameter reaction tube while it is placed on a hard surface. Be careful as you can break the bottom of the tube if you push down too hard with the stirring rod. Immediately replace the septum, syringe, and empty syringe needle (for pressure relief). The reaction should start within seconds. The formerly clear solution becomes cloudy and soon begins to boil as the magnesium metal reacts with the bromobenzene to form the Grignard reagent, phenylmagnesium bromide. If the reaction does not start within 1 min, try adding a freshly broken piece of magnesium ribbon. If you still cannot get the reaction started begin again with completely different, dry equipment (syringe, syringe needle, reaction tube, etc.). Once the Grignard reaction starts, it will continue. To prevent the ether from boiling away, wrap a pipe cleaner around the top part of the reaction tube. Dampen this with water or, if the room temperature is very hot, with alcohol. To the refluxing mixture add slowly and dropwise over a period of several minutes the remainder of the solution of bromobenzene in ether at such a rate that the reaction remains under control at all times. After all the bromobenzene solution is added, spontaneous boiling of the diluted mixture may be slow or become slow. At this point, add a magnetic stirring bar to the reaction tube and stir the reaction mixture with a magnetic stirrer. If the rate of reaction is too fast, slow down the stirrer. The reaction is complete when none or a very small quantity of the metal remains. Check to see that the volume of ether has not decreased. If it has, add more anhydrous diethyl ether. Since the solution of the Grignard reagent deteriorates on standing, the next step should be started at once.
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Synthesis of Benzoic Acid



Treatment of excess dry ice (CO2) with phenylmagnesium bromide gives, after acid hydrolysis, benzoic acid. This reaction takes advantage of the high nucleophilicity of the phenyl portion of the Grignard reagent and the electrophilicity of the carbon atom of CO 2. The Grignard reagent attacks the carbon of CO2 to form a carboxylate salt that is readily converted to benzoic acid by acidification with hydrochloric acid. The use of dry ice as the source of carbon dioxide helps regulate the reaction, because the extremely low temperature of this solid moderates the usual high exothermicity of Grignard additions. BrMgO MgBr O



C



HO



O



O C



C



O H3O



SAFETY INFORMATION Handle solid CO2 , dry ice, with a towel or wear heavy cloth gloves. Contact with the skin can cause frostbite. Diethyl ether is extremely flammable, so NO HOTPLATES are allowed on the benchtop. Aqueous hydrochloric acid solutions are a skin irritant. Wash your hands thoroughly if any acid spills on your hands. Aqueous sodium hydroxide solutions are corrosive and cause burns. Solutions as dilute as 2.5 M can cause severe eye injury.



Procedure 2 Prepare 2 mmol of phenylmagnesium bromide exactly as described in Part I of this experiment. Wipe off the surface of a small piece of dry ice (solid carbon dioxide) with a dry towel to remove frost, and place it in a dry 30-mL beaker. Remove the pressure-relief needle from the reaction tube, and then insert a syringe through the septum, turn the tube upside down, and draw into the syringe as much of the reagent solution as possible. Squirt this solution onto the piece of dry ice, and then, using a clean needle, rinse out the reaction tube with a milliliter of anhydrous diethyl ether and squirt this onto the dry ice. Allow excess dry ice to sublime, and then hydrolyze the salt by the addition of 2 mL of 3 M hydrochloric acid.
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Transfer the mixture from the beaker to a reaction tube, and shake it thoroughly. Two homogeneous layers should result. Add 1 to 2 mL of acid or of ordinary (not anhydrous) tertbutyl methyl ether if necessary. Remove the aqueous layer, and shake the ether layer with 1 mL of water, which is removed and discarded. Then extract the benzoic acid by adding to the ether layer 0.7 mL of 3 M sodium hydroxide solution, shaking the mixture thoroughly, and withdrawing the aqueous layer, which is placed in a very small beaker or vial. The extraction is repeated with another 0.5 mL portion of base and finally 0.5 mL of water. Now that the extraction is complete, the ether, which can be discarded, contains primarily biphenyl, the byproduct formed during the preparation of the phenylmagnesium bromide. The combined aqueous extracts are heated briefly to about 50°C to drive off dissolved ether from the aqueous solution and then made acidic by the addition of concentrated hydrochloric acid (test with indicator paper). Cool the mixture thoroughly in an ice bath. Collect the benzoic acid on the Hirsch funnel, and wash it with about 1 mL of ice water while on the funnel. Turn the product out onto a piece of filter paper, squeeze out excess water, and allow it to dry thoroughly. Once dry, weigh it, calculate the percentage yield, and determine the melting point along with the melting point of the crude material. The infrared spectrum may be determined as a solution in chloroform (1 g of benzoic acid dissolves in 4.5 mL of chloroform), as a mull or KBr disk (see page 227 of lab text), by using the ATR, or by using the Diffuse Reflectance attachment of the Thermo-Nicolet FTIR. Although the product can be further purified by recrystallization from boiling water, this is not normally necessary as the product we collect above is quite pure. If recrystallization is necessary, use the following procedure. The solubility of benzoic acid in water is 68 g/L at 95°C and 1.7 g/L at 0°C. Dissolve the acid in very hot water. Let the solution cool slowly to room temperature; then cool it in ice for several minutes before collecting the product by vacuum filtration on the Hirsch funnel. Use the ice-cold filtrate in the filter flask to complete the transfer of benzoic acid from the reaction tube. Dry as shown above



Cleaning Up Place all organic layers in the Grignard Waste bottle. Combine all aqueous layers, dilute with a large quantity of water, and flush the slightly acidic solution down the drain.



Turn in the attached data sheet and the labeled FTIR spectrum of your purified product.
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EXP. No. 10 Synthesis of Benzoic Acid by side chain oxidation COOH



KMnO4



Benzoic acid is prepared by oxidation of toluene with an oxygen containing gas, the process is characterized in that the oxidation reaction product is subjected to an extraction with a gas of which the critical temperature is lower than 435 K, this being effected by passing it during at least 1 minute over or through the oxidation reaction product at a flow rate of at least 1 m3 gas per hour per kg of benzoic acid at a temperature of 285-340 K and at a pressure of at least 3 MPa.



Description: The invention relates to a process for the preparation of benzoic acid by oxydation of toluene with gas containing molecular oxygen. This oxidation may take place both in the gas phase and in the liquid phase. In the gas-phase oxidation of toluene to benzoic acid it is preferred to use temperatures of 450-700 K. and pressures of 50-2000 kPa. Such a process for the preparation of benzoic acid by gas-phase oxidation of toluene is known from the European patent application laid open for public inspection No. 40452. In the liquid phase oxidation of toluene to benzoic acid it is preferred to use temperatures of 390-500 K. and pressures of 200-2000 kPa. This liquid phase oxidation may take place in the presence of a solvent, for instance an aliphatic carboxylic acid, in particular acetic acid, and/or in the presence of a halogen-containing substance acting as promotor, but in view of corrosion problems this oxidation by preference takes place in the absence of an aliphatic carboxylic acid and in the absence of a halogen-containing substance acting as promotor. Such a process for the preparation of benzoic acid by liquid phase oxidation of toluene is known from U.S. Pat. No. 4,339,599. A major drawback of these known processes for the preparation of benzoic acid is that the reaction product formed in the oxidation contains a rather large amount of impurities, and with the methods currently known for this it is difficult to separate at least a substantial portion of these impurities from the benzoic acid. One of the impurities that is most difficult to remove is diphenyl oxide (DPO). The object of the invention is to provide a process for the preparation of benzoic acid in which said reaction product is in a simple manner purified from said impurities, in particular 41



from diphenyl oxide. The invention therefore relates to a process for the preparation of benzoic acid by oxidation of toluene with gas containing molecular oxygen, which process is characterized in that the oxidation reaction product formed is in a solid or liquid form subjected to an extraction with a gas or gas mixture of which the critical temperature is lower than 435 K., such as SO 2 , N 2 O, NO 2 , NO, CO, CH 4 , N 2 , CO 2 and ethylene and those mixtures, of these gases among themselves and/or with less than 50 vol.-% of other gases, of which the critical temperature is lower than 435 K., preference being given to CO 2 , ethylene or mixtures of these two gases, which extraction is effected by passing this gas or gas mixture over or through the oxidation reaction product during at least 1 minute and by preference at most 500 minutes, and in particular 5-50 minutes, at a flow rate of at least 1 m 3 (NTP) and by preference less than 500 m 3 (NTP), and in particular 5-200 m 3 (NPT), gas per hour per kg benzoic acid at a temperature of 285-340 K. and a pressure of at least 3 MPa and by preference below 300 MPa and in particular 5-100 MPa. The process according to the invention will be elucidated by the following, non-limiting examples. The starting material used in the examples was benzoic acid flakes with a free surface of 2 m 2 per g and with an impurity content, relative to the total weight, of 0.02 wt.-% diphenyl oxide (DPO), 0.02 wt.-% 2-methyldiphenyl (2-MDP) and 0.16 wt.-% of 3methyldiphenyl and 4-methyldiphenyl combined (3- and 4-MDP). Procedure 1- in a round bottom flask place 2ml of Toluene in a 40ml H2O and 2gm KMnO4 2- Boil and Reflux for 30mints. 3- Acidify with concentrated HCl then added it to a beaker, 4- 4gm of Na2SO3 in 20ml water will added to the solution in No.3 until the brown precipitate of MnO2 will dissolve. 5- Cool the mixture till you get a white crystals of Benzoic acid 6- Filter off the product through a Buchner funnel, wash it with water and dry it. 7- Identify the product, find its M.p.



We can also prepare Benzoic Acid from Benzaldehyde In this experiment, you will design and perform an experiment to prepare benzoic acid from benzaldehyde.



You will devise a procedure to perform this experiment and to fully characterize your product. The maximum amount of benzaldehyde you can use is 2.0 g. Prior to doing this part of the experiment, you must compose an experimental protocol in complete detail.
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EXP. No.11 Diels-Alder Condensation Reaction Synthesis of cis-Norbornene-5,6-endo-dicarboxylic Anhydride Otto Diets and his pupil Kurt Alder received the Nobel Prize in 1950 for their discovery and work on the reaction that bears their names. Its great usefulness lies in its high yield and high stereospecificity. A cycloaddition reaction, it involves the 1,4-addition of a conjugated (Diene in the s-cis conformation to an alkene in which two new ζ (sigma) bonds are formed from two π (pi) bonds.



The adduct is a six-membered alkene ring. The (Diene can have the two conjugated bonds contained within a ring system, as with cyclopentadiene or cyclohexadiene, or the molecule can be an acyclic diene that must be in the cis conformation about the single bond before reaction can occur. This reaction is not polar in nature in that no charged intermediates are formed. Neither is it a radical reaction, because no unpaired electrons are involved. It is instead known as a concerted reaction or one in which several bonds in the transition state are simultaneously made and broken. When a cyclic diene and a cyclic dienophile react with each other as in the present reaction, more than one stereoisomer may be formed. The isomer that predominates is the one that involves maximum overlap of π electrons in the transition state. The transition state for the formation of the endo isomer in the present reaction involves a sandwich with the diene directly above the dienophile. To form the exo isomer, the diene and dienophile would need to be arranged in a stair-step fashion.



But the reaction is also subject to steric hindrance, especially when the difference between the electron-withdrawing and electron-donating characters of the two reactants is not great.
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R. B. Woodward and Roald Hoffmann formulated the theoretical rules involving the correlation of orbital symmetry, which govern the Diels-Alder and other electrocyclic reactions. Cyclopentadiene is a commonly used reactant in Diels-Alder reactions and is obtained from the light oil from coal tar distillation but exists as the stable dimer, dicyclopentadiene, which is the Diels-Alder adduct from two molecules of the diene. Because a bottle of cyclopentadiene actually contains the dimmer, it must be converted into the monomer prior to using it as a reactant. The generation of cyclopentadiene by heating and distillation (pyrol ysis) of the dimer represents a reverse Diels-Alder reaction. To save time in lab, the lab manager will have already carried out this procedure. The cyclopentadiene you will use will be freshly prepared and stored in a flask kept cool to help prevent the dimmer from reforming.



In the Diels-Alder addition of cyclopentadiene and maleic anhydride (the reaction you will carry out for this lab), the two molecules approach each other in the orientation shown in the bottom drawing on the previous page, because this orientation provides maximal overlap of π bonds of the two reactants and favors formation of an initial π complex and then the final endo product. Dicyclopentadiene also has the endo configuration.



Diels-Alder Condensation Reaction Synthesis of cis-Norbornene-5,6-endo-dicarboxylic Anhydride



Maleic anhydride mp 53°C, MW 98.06



cis-Norbornene-5,6-endo-dicarboxylic anhydride mp 165°C, MW 164.16
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Procedure Dissolve 0.20 g of powdered maleic anhydride in 1 mL of ethyl acetate in a tared 10 X 100 mm reaction tube. Make sure all the solid is dissolved before proceeding to the next step! Add 1 mL bp 60-80°C ligroin (a mixture of hexanes) to the solution and mix thoroughly using the Vortex mixer. This combination of solvents is used because the product is too soluble in pure ethyl acetate and not soluble enough in pure ligroin. To the solution of maleic anhydride add 200μL (0.20mL or 0.160 g) of dry cyclopentadiene, mix the reactants using the Vortex mixer, and observe the reaction. Mixing of the reactants is very important. Allow the tube to cool to room temperature, during which time crystallization of the product should occur. It may take 30 minutes for crystals to appear. If crystallization does not occur after 30 minutes, scratch the inside of the test tube with a stirring rod at the liquid-air interface. Your instructor will demonstrate this if it is necessary. The scratch marks on the inside of the tube often form the nuclei on which crystallization starts. Should crystallization occur very rapidly at room temperature, the crystals will be very small. If so, save a seed crystal, heat the mixture until the product dissolves, seed it, and allow it to cool slowly to room temperature. You will be rewarded with large plate-like crystals. After cooling the tube and solvent in an ice-water bath, remove the solvent from the crystals with a Pasteur pipette that is forced to the bottom of the tube, wash the crystals with one portion (2 mL) of ice-cold ligroin, and remove the solvent. Scrape the product onto a piece of weighed weighing paper, spread wet crystals out using a spatula, and dry for a minute in the drying oven. Determine the mass of the crystals, and calculate the yield of the product. Determine the melting point of the product, and turn in any material not used in the next experiment. Thin-layer chromatography of the product is hardly necessary; it is quite pure. The IR, 1HNMR, and 13 CNMR spectra of the anhydride are shown on the last page of this procedure.



cis-Norbornene-5-6,-endo-dicarboxylic Acid



Procedure To 0.2 g (200 mg) of the anhydride from the preceding experiment, add 2.5 mL of water and a boiling stick in a 10 X 100 mm reaction tube. (Because you may not have 0.2g of material, you may need to combine your product with that of another group to get the required mass.) Heat the mixture to boiling by immersing the tube in a hot sand bath or boiling water bath. The anhydride may appear to melt and form globules on the bottom of the tube. As the reaction proceeds, the anhydride will react with the water, and the diacid, which is soluble in boiling water, will be formed. Continue to heat for about 2 min after the last globule disappears. Remove the boiling stick from the hot solution, and allow the mixture to cool to room temperature. If crystallization of the diacid does not occur, follow exactly the same procedure used for the anhydride. On slow cooling with simultaneous crystal growth the solution will deposit long needlelike crystals. Again, cool the mixture in ice, allow sufficient time for crystal growth to occur, and then collect the product by filtration on the Hirsch funnel. Use the filtrate (ice cold) to complete the transfer. Wash the crystals once with a small quantity of ice water, and place the product on a piece of filter paper to dry. You may also use the pipet method to remove solvent and wash as before. Do not discard the filtrate
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until you have weighed the product. Although we won’t be doing this, more material can be recovered by concentration of the filtrate and allowing it to cool to give a second crop of crystals. This is general strategy. Dry and weigh the diacid, and determine percentage yield. IR spectrum of the diacid is shown on the next page. Compare the spectra of the anhydride and the dicarboxylic acid. Cleaning Up Place the crystallization solvent mixture in the organic solvents container. It contains a very small quantity of the product. The aqueous filtrate from the crystallization contains a very small quantity of the diacid. It can be flushed down the drain. You will turn in the Organic Lab Data Sheets and the spectra of your products cis-Norbornene-5,6-endodicarboxylic Anhydride
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EXP. No. 12 Iodoform Test for Methyl Ketones



The haloform reaction is a chemical reaction where a haloform (CHX3, where X is a halogen) is produced by the multiple halogenation of a methyl ketone (a molecule containing the R-CO-CH3 group) in the presence of a base [1] . R may be H, alkyl or aryl. The reaction can be used to produce CHCl3, CHBr3 or CHI3.



Uses In analytical chemistry, this reaction was traditionally used to determine the presence of a methyl ketone, or a secondary alcohol oxidizable to a methyl ketone through the the iodoform test. Nowadays, spectroscopic techniques such as NMR and infrared spectroscopy are preferred because they require small samples, may be non-destructive (for NMR) and are easy and quick to perform. Formerly, it was used to produce iodoform and bromoform and even chloroform industrially. In organic chemistry, this reaction may be used to convert a terminal methyl ketone into the appropriate carboxylic acid. The iodoform test or iodoform reaction is a qualitative chemical test for the detection of ketones and aldehydes carrying an alpha methyl group. The reagents are iodine and sodium hydroxide. Only methyl alcohols with the feature or methyl ketones with the feature



CH3CH(OH)R CH3C(=O)R



may undergo this reaction. There are three steps to the iodoform reaction when starting from an alcohol. If the reaction starts from a methyl ketone, the first step is not needed. 



Addition of I2(aq) (usually I2 dissolved in KI, shown here reacting with 2-propanol)
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2 NaOH + I2 + CH3CH(OH)CH3 → 2 NaI + CH3COCH3 + 2 H2O oxidizes the hydroxyl group to a ketone, 



The ketone formed reacts with the I2(aq) in a substitution reaction to produce a triiodoketone, for example triiodoacetone. CH3COCH3 + 3I2 → CH3COCI3 + 3HI



(Thus, ketone and aldehyde with structure -COCH3 also show positive results). Ethanal is the only aldehyde to give the iodoform reaction. 



Finally, OH- (aqueous) is added, which reacts with, for example, the triiodoacetone.



Procedure If the substance to be tested is water soluble, dissolve 4 drops of a liquid or an estimated 50 mg of a solid in 2 mL of water in a large test tube. Add 2 mL of 3 M sodium hydroxide and then slowly add 3 mL of the iodine solution. Stopper the test tube and shake vigorously. A positive test will result in the brown color of the reagent disappearing and the yellow iodoform solid precipitating out of solution. If the substance to be tested is insoluble in water, dissolve it in 2 mL of 1,2dimethoxyethane, proceed as above, and at the end dilute with 10 mL of water. Positive Test



Formation of solid iodoform (yellow) is a positive test. (Iodoform can be recognized by its odor and yellow color and, more securely, from the melting point 119o-123oC). Complications Test will not be positive if the R group is a di-ortho substituted aryl group
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EXP. No. 13 Preparation of Tri bromo phenols The most widely produced brominated phenol is the colourless and crystalline 2,4,6Tribromophenol (TBP) (figure 2 bellow). TBP can be produced biologically by some algae, thus may be present in water supplies. In addition, TBP may be formed by the oxidation products of water chlorination. Products which contain phenol and bromide, release bromine which may combine rapidly with a number of organic pollutants producing bromo-phenols . TBP can be found in a number of commercial products in common use. The largest application is its use within flame retardants in epoxy, polyurethane, plastics, pape and textiles, and as a fire extinguishing media. TBP can also react with sodium hydroxide to form the salt sodium TBP in water, which is used as a wood preservative or stain prevention. TBP is also used as an antiseptic agent and is found in detergents that contain bromine. Formation of TBA The formation of 2,4,6 Tri Bromoanisole (TBA) initially requires the presence of the precursor TBP either bound within a supporting media or present within a contained atmosphere. The most commonly reported mechanism of formation of TBA is via microbial methylation of TBP (Figure 2). Microbial methylation can occur by fungal metabolism for example by the common environmental filamentous fungus Paecilomyces variotii; found in soil, decaying plant material and food products .



Production and uses 2,4,6-TBP is by far the most widely produced brominated phenol. The production olume of 2,4,6-TBP was estimated at approximately 2500 tonnes/year in Japan and 9500 tonnes/year worldwide in 2001, 2,4-DBP has been produced, but at much lower volumes than 2,4,6-TBP.
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4-BP, 2,4-DBP, and PBP have all been manufactured in the past by Bromine Compounds Ltd but are not manufactured by this company at present (DSBG/BCL, personal communication, 2004).2,4,6-TBP is produced in closed reactors by a nonaqueous process and discharged as a melt, which is cooled and pelleted for easy handling (Weil, 1993). PBP is manufactured by the reaction of 2,4,6-TBP with anhydrous bromine in the presence of ferric bromide as a catalyst (HSDB, 2003). 2,4,6-TBP is not used directly as a flame retardant, but rather as an intermediate for such products as endstop for brominated epoxy resin made from tetra-bromobisphenol A (probably the largest application), tribromophenyl allyl ether, and 1,2-bis(2,4,6-ribromophenoxyethane) (Weil, 1993). The latter is prepared by the reaction of 2,4,6-TBP and ethylene in the resence of a base. It is the second most prevalent flame retardant used in acrylonitrile-butadienestyrene resins (Weil, 1993). 2,4,6-TBP is reacted with sodium hydroxide to form the salt sodium tribromophenol in water, which is used as a wood preservative. Standard application methods of pressure and vacuum impregnation, dipping, brushing, and spraying of the wood are used. The solution is very effective in controlling insects, fungi, and bacteria in construction lumber, plywood timbers, railroad ties, fence posts, utility poles, landscape materials, and foundation materials (DSBG/BCL, personal communication, 2004). 2,4,6-TBP is registered as a wood preservative in South America; for example, the current pesticide register for Chile reveals that three products based on the sodium tribromophenol salt are approved for use as a fungicide treatment (two manufacturers in Chile and one in Brazil). However, it is not registered in the EU or USA and is not known to be registered in other parts of the world (DSBG/BCL, personal communication, 2004). PBP has been reportedly used as a chemical intermediate for pentabromophenoxy compounds (HSDB, 2003). It has also been reported to have been used as a molluscicide (Clayton & Clayton, 1993). Although there are indications of the efficacy of PBP as a biocide (similar to pentachlorophenol), there are no records of its registration as a biocide in Europe or the USA (DSBG/BCL, personal communication, 2004). 2,4-DBP has been used as a reactive intermediate in an epoxy-phenolic polymer DSBG/BCL, personal communication, 2004).
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EXP. No. 14 Oxidation of Alcohols: The Conversion of Borneol to Camphor In this laboratory we will oxidize a secondary alcohol called borneol (IUPAC name endo-1,7,7-trimethylbicyclo[2.2.1]heptane-2-ol) to a ketone called camphor (1,7,7-trimethylbicyclo[2.2.1]heptane-2-one) using a dichromate solution. The camphor product is then extracted with diethyl ether, the ether is evaporated over a hot water bath, and the crude camphor is sublimed in a microsublimation apparatus (shown in the Figure on page forty four). CH3 CH3 H3C H3C



Jones' Reagent



H H3C



H3C
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Borneol



O



Camphor



The first organic compounds to be identified came from plant and animal tissues. Although most organic compounds used today are synthesized from a variety of raw materials, living organisms continue to provide some industrial chemicals and a number of new drugs. Essential oils make up one group of organic compounds still obtained from plants. Essential oils are often characterized by very distinctive odors, and these odors are dependent to a certain degree on the stereochemistry found in the particular molecule. Many essential oils, as well as other important biological compounds like camphor and menthol, belong to or are derivatives of the class of compounds called terpenes. These compounds whose structures have been studied for many years contain carbon skeletons composed of five carbon units, called isoprene units. For example, citronellol (oil of geranium) and menthol are composed of two isoprene units. CH3 H3C C
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OH H3C
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Terpenes are classified as monoterpenes (contain 10 carbons), sesquiterpenes (C15), diterpenes (C20), and so on. Vitamin A is a diterpene: Theories to explain the sense of smell have been the subject of scientific analysis for many years. In fact, the Roman atomist Lucretius suggested that a substance could give off "atoms" of vapor of a given type and the odor perceived for that substance would depend on the nature of pores in the nose amenable to specific "atoms" of vapor. This idea was extended by R. W. Moncrief in 1949. He suggested that nasal pores had shapes and sizes such that they would act as receptor sites and that these sites would fit all molecular structures corresponding to a given primary odor. J. E. Amoore continued to build the theory of primary odors. In the 1950s he postulated seven primary odors: camphoraceous, ethereal, floral, musky, pepperminty, pungent, and putrid. He concluded that there was a general shape and size for all molecules in a primary odor category and that all structures in that odor group would fit into a certain cavity. Amoore recognized that the picture was more complex, because he also concluded that charge distribution on the molecule and correspondingly in the receptor site is assumed to be important for both the putrid and the pungent class. The next level in odor theory involved stereochemistry. Specifically, the biological response of smell can be induced by one enantiomer (because of a proper fit in a receptor, which is composed of optically active proteins), whereas the other enantiomer often shows no response (because of a lack of fit), or it may cause some very different physiological response (because of a fit with another enantiomeric receptor site). Remember the enantiomers of limonene we observed in Organic I. Current theories of smell suggest that the situation may be much more complex and that there may be many different kinds of odor receptors. We still have much to learn about what controls our sense of smell and why different people smell the same compounds with distinctly different results. As far as we know, chiral (or "asymmetric") compounds in nature exist only in living tissue or in matter that was once a part of living tissue. Chirality plays a major role in the mechanisms of biochemical recognition. Yet it is still a mystery why caraway plants, Carum carvi, produce (S)-(+)-carvone and spearmint plants produce its mirror image (R)-(-)carvone. Other plants such as gingergrass produce racemic carvone. Even more curious is the fact that the α-pinenes taken from different pine trees in the same grove can have opposite optical activities. Nature goes even one step further; some botanically indistinguishable plants that grow in different countries can carry out complete metabolic sequences of mirror image reactions. How or why such differences developed is still unknown.
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PROCEDURE (taken from Landgrebe) For this laboratory, you will work in pairs to purify the crude camphor product by sublimation. 1.



Prepare the oxidizing solution by dissolving 1.0 grams (3.3 mmoles) of sodium dichromate dihydrate in 3.0 mL of water and then adding 0.8 mL (1.47 g, 15.0 mmoles) of concentrated sulfuric acid (use a pipette with a control bulb to measure the acid). Dilute the solution to 5.0 mL, transfer 3.0 mL to a 10 mL Erlenmeyer flask, and place the flask in an ice bath. (The concentrated solution will be made by the instructor before the lab begins.)



2.



Dissolve 500 mg (3.24 mmoles) of (+/-)-borneol in 2.0 mL of diethyl ether in a 25-mL Erlenmeyer flask, cool the solution in an ice bath, and with a dropper SLOWLY add (over 10 minute period), with CONTINUAL SWIRLING and COOLING, the 3.0 mL portion of the cold dichromate solution.



3.



Swirl or gently shake the reaction mixture gently for an additional 5 minutes, then pour the contents of the reaction vessel into a small separatory funnel, rinsing the flask with 10 mL of ether and 10 mL of water. The layers may be difficult to see with the dark green chromium +3 ion, but use a bright light to see the boundary between the aqueous and organic layers. Separate the layers. (The organic phase should the upper layer how would you check that??)



4.



Extract the AQUEOUS LAYER with two 5 mL portions of diethyl ether. Extract the COMBINED ETHER LAYERS with one 5 mL portion of 5% sodium bicarbonate and then water. Dry the ether solution with a small amount anhydrous sodium sulfate or magnesium sulfate, filter, and pour a small amount of the solution into the 25-mL side arm filter flask in your micro lab kit.



NOTE: The chromate solutions (both Cr+3 and Cr+6 are HIGHLY CARCINOGENIC and CAUSTIC. The aqueous oxidation waste solutions MUST be disposed of in the waste container provided; they CANNOT be flushed down the drain, even five to ten milliliters are hazardous. Use extreme caution in dispensing and handling the solutions. Do NOT leave pipettes, beakers, and flasks with chromate solutions lying around; dispose of then immediately after using them. 5.



Carefully evaporate the ether over a steam bath or hot water bath, not allowing the camphor to sublime. (If you begin to smell the camphor, stop heating the flask.) After the ether has been removed, dry the flask and assemble the sublimation apparatus as shown below. Warm the centrifuge tube slightly before assembling the apparatus. Once you are sure the system is sealed and are ready to perform the sublimation, fill the test tube with ice water and begin to sublime the camphor onto the inner test tube walls by GENTLY heating the BOTTOM of the flask. Make sure the tube with the ice water is DRY on the outside before beginning the sublimation. Do not add ice to the ice water until the apparatus is assembled and sealed and you are sure no water is condensing on
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the centrifuge tube. 6.



Remove the ice from the tube and allow the tube to warm up. CAREFULLY scrape the purified camphor onto a waxed weighing paper and collect enough crystals for a melting point. The crystals are waxy and may be difficult to put into a glass capillary MP tube. Be sure to describe the appearance and odor of the crystals in your lab report.



7.



Obtain an IR spectrum of your product by using the ATR attachment on the ThermoNicolet FTIR (if available) or by dissolving a small portion in diethyl ether and placing the solution on a salt plate. Allow the ether to evaporate and take the spectrum of the thin film left deposited on the salt plate. Be sure to clean the salt plate with ether when done. If the GC is set up, obtain a chromatogram of your product dissolved in ether.



Micro-sublimation apparatus: Pipette bulb or vacuum line 15-mL Centrifuge Tube, to be filled with ice Adapter (Pluro stopper – cut off) 25-mL Filter flask Sand bath and Thermometer



Report: Turn in the Organic Lab Data Sheet and a labeled IR spectrum of your product.
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EXP. No. 15 BENZANILIDE



1. Procedure In a 3-l. round-bottomed flask are placed 750 g. (8.1 moles) of aniline (Note 1) and 1 kg. (8.2 moles) of benzoic acid. When about two-thirds of the benzoic acid is in the flask the mixture is melted to make room for the rest. The flask is placed in a large oil bath and connected to a condenser for distillation. The temperature of the oil is raised quickly to 180–190°, at which point distillation starts. The bath is held at this temperature until practically no more aniline and water distil (about two hours), and then the temperature is slowly raised to 225° and maintained at this temperature until no further distillation takes place (one to two hours). The oil bath is now removed and the contents of the flask are allowed to cool below 180° and 550 g. (5.9 moles) of aniline is added. The distillations at 190° and 225° are repeated (about six hours). The hot mixture is poured into two 20-cm. evaporating dishes (Hood) and is allowed to cool. The crude product weighs 1600–2000 g., depending on the amount of aniline retained. The purplish-gray solid is ground (Note 2) in a large mortar and is poured with vigorous stirring into a 12-l. (3-gallon) crock containing 6 l. of approximately normal hydrochloric acid (5.5 l. of water and 500 cc. of concentrated hydrochloric acid). The stirring is continued for one hour after all the benzanilide has been added, and then the solid is filtered on a 20-cm. Büchner funnel. The process of stirring with acid and filtering is repeated twice to remove the excess of aniline. The solid is stirred for two hours with 6 l. of water and is filtered. It is stirred for one hour with 6 l. of normal sodium hydroxide solution to remove the excess of benzoic acid and is then filtered. The stirring with alkali and filtering is repeated. The solid is next stirred for two hours with 7 l. of water and is filtered, sucked dry, and air-dried overnight on paper. After drying on paper the purplish solid is dried to constant weight in three 20-cm. evaporating dishes at 90–100° (about two days) and is then repowdered. The product is light purplish-gray and weighs 1270–1325 g. (80–84 per cent of the theoretical amount). It melts at 157–160°. The product is pure enough for use in the preparation of p-dimethylaminobenzophenone (p. 217) and for most synthetic purposes. When 100 g. of benzanilide is dissolved in 750 cc. of hot alcohol (Note 3) and the solution is boiled with about 10 g. of decolorizing carbon (Norite), filtered, and cooled at 10° overnight, 80–86 g. of an almost colorless product melting at 160–161° separates. A second crystallization from alcohol using decolorizing carbon gives a white product with approximately the same loss in the mother liquors as in the first crystallization. Organic Syntheses, Coll. Vol. 1, p.82 (1941); Vol. 7, p.6 (1927).
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2. Notes 1. The ordinary "pure" aniline of commerce gives as good yields and as pure a product as redistilled aniline. 2. The benzanilide must be finely ground in order that aniline and benzoic acid may be completely extracted. 3. Very little of the solid fails to go into solution. The hot solution must be filtered rapidly as the benzanilide crystallizes easily. 3. Discussion Benzanilide can be prepared by the treatment of aniline with benzoyl chloride,1 benzoic anhydride,2 or benzoic acid.3. Benzanilide has also been prepared from benzamide, aniline, and boron fluoride.4 The method described in the procedure is essentially that of Nägeli.3 This preparation is referenced from: 



Org. Syn. Coll. Vol. 1, 217







Org. Syn. Coll. Vol. 4, 383



References and Notes 1. Gerhardt, Ann. 60, 311 (1846); Dehn and Ball, J. Am. Chem. Soc. 36, 2096 (1914). 2. Meyer and Sundmacher, Ber. 32, 2123 (1899). 3. Hübner, Ann. 208, 291 (1881); Nägeli, Bull. soc. chim. (3) 11, 892 (1894). 4. Sowa and Nieuwland, J. Am. Chem. Soc. 59, 1202 (1937).
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EXP. No. 16 Preparation of 1,2-Diphenyl ethane derivative (preparation of Benzil and Benzoin) Benzil is the organic compound with the formula (C6H5CO)2, generally abbreviated (PhCO)2. This diketone is used as an intermediate in organic synthesis. Benzil is also employed as a photoinitiator for free-radical curing of polymer networks. Ultraviolet radiation decomposes benzil, creating free-radical species which propagate throughout polymer material, creating cross-links between individual polymer chains. Recently benzil has been identified as a selective inhibitor of carboxylesterase enzymes, proteins involved in the metabolism of esterified drugs and xenobiotics.



Benzil can be prepared in the laboratory by the benzoin condensation of benzaldehyde followed by oxidation of benzoin using copper sulfate.[3] PhC(O)CH(OH)Ph + 2 Cu2+ → PhC(O)C(O)Ph + 2 H+ + 2 Cu+ A classical organic reaction of benzil is the Benzilic acid rearrangement to benzilic acid.



Part 2: Synthesis of Benzil Starting with the α-hydroxyketone benzoin (prepared in Part 1), you will prepare an oxidation product, benzil, which is an α-diketone.



This oxidation can easily be done with a variety of mild oxidizing agents, including Fehling's solution (an alkaline cupric tartrate complex) or copper(II) sulfate in pyridine. In addition, benzoin could be oxidized by sodium dichromate, but the yield of benzil is lower because some of the benzoin is converted back into benzaldehyde following cleavage of the bond between the two oxidized carbon atoms, which is activated by the phenyl rings, producing
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benzoic acid as the final product. In this experiment, due to ease of use and consistent results, we will use nitric acid as the oxidizing agent. Caution: Concentrated nitric acid is highly corrosive and causes severe burns if spilled onto your skin. Nitrogen dioxide (NO2) fumes are highly toxic and can damage the lungs due to inflammation. Do not breathe NO2 fumes, and perform this part of the experiment in the hood. Procedure Heat a mixture of 4.0 g of benzoin (prepared in Part 1; save enough for analysis, but proportion reagents as needed) into a round-bottom flask with 14.0 mL of concentrated nitric acid. Add a stirring bar and attach a condenser to the top of the flask. Set up a reflux in the hood to vent NO2 produced during the reaction. With stirring, heat the reaction mixture. Begin timing the reaction when NO2 (red-brownish colored gas) are visible above the reaction mixture and gas bubbles are present on the stir bar. Reflux for at least 30 minutes, or until no more NO2 gas is apparent. Do not stop the reaction until the reaction is complete. Stop the reaction by removing the heating mantle, and letting the reaction mixture cool for about 5 minutes. Add about 75 mL of cold water to the reaction mixture, cool to room temperature, and swirl for a minute or two to coagulate the precipitated product: collect and wash the yellow solid using vacuum filtration. Continue drawing air through the crystals on the funnel by suction for about 5 minutes to assist in drying the crystals.. The crude product (dry weight 3.7-3.9 grams) need not be dried but can be crystallized at once from ethanol. Dissolve the product in 10 mL of hot ethanol, add water dropwise to the cloud point (mixture goes from clear to cloudy, or solids being formed), and set aside to crystallize. Record the yield, crystalline form, color, and melting point of the purified, and recrystallized, benzil. Test for the presense of unoxidized benzoin: Dissolve about 0.5 mg of crude or purified benzil in 0.5 mL of 95% ethanol or methanol and add one drop of 10% NaOH. If benzoin is present the solution soon acquires a purplish color owing to a complex of benzil with a product of autoxidation of benzoin. If no color develops in 2-3 min, and indication that the sample is free from benzoin, add a small amount of benzoin, observe the color that develops, and not that if the test tube is stoppered and shaken vigorously the color momentarily disappears; when the soluton is then let stand, the color reappears.



References 1. ^ Acta Cryst. B43 398 (1987) 2. ^ Spectrochim. Acta A60 (8-9) 1805 (2004) 3. ^ Clarke, H. T.; Dreger.E. E. (1941). "Benzil". Org. Synth.; Coll. Vol. 1: 87.
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Benzoin "Benzoin" is also used to describe benzoin resin, which does not contain the benzoin described on this page. As a biological reagent, the coenzyme thiamine in this reaction will be used to carry out an organic reaction chemistry reaction without using an enzyme. The reaction is an acylion condensation to benzaldehyde:



From a chemical point of view, many coenzymes have what we call "a business end" to the molecule and the rest of the molecule. The reactive part of thiamine is the thiazole heterocyclic ring (a 5-membered ring containing both a sulfur [thio] atom and a nitrogen [azo] atom). This ring is the reactive portion of the coenzyme. The rest of the molecule is important biochemically for enzyme associate, etc., but the thiazole ring is the reactive portion. The rest of the molecule is important biochemically, but it is not required for the reaction described here. In this, the first step of our multistep reaction sequence, benzaldehyde will be condensed, using the thiamine coenzyme as catalyst, to produce benzoin. The same reaction can be performed using the cyanide ion (you should include a plausible mechanism for cyanide catalyst and include it with your report). The reaction mechanism for thiamine catalysis is described above. (It is imperative that the benzaldehyde be from a newly opened bottle because of the ease of oxidation, producing benzoic acid, which will interfer with the reaction. The thiamine hydrochloride must also be from a newly opened bottle, although it is not quite as critical as for the benzaldehyde.)



Benzoin or 2-Hydroxy-2-phenylacetophenone or 2-Hydroxy-1,2-Diphenylethanone or desyl alcohol or bitter almond oil camphor is an organic compound consisting of an ethylene bridge flanked by phenyl groups and with a hydroxyl and a ketone functional group. It comes as off-white crystals, with a light camphor odor. Benzoin is synthesized from benzaldehyde in the benzoin condensation. Its main uses are:  



photocatalyst in photopolymerization and a photoinitiator raw material for benzil by organic oxidation with nitric acid or oxone. In one study,[1] this reaction is carried out with atmospheric oxygen and basic alumina in dichloromethane.
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Benzoin is not a constituent of benzoin resin obtained from the benzoin tree (Styrax) or tincture of benzoin. The main component in these natural products is benzoic acid. Benzoin was first synthesized in 1832 by Justus von Liebig and Friedrich Woehler during their research on oil of bitter almond, which is benzaldehyde with traces of hydrocyanic acid.[2] The catalytic synthesis by the benzoin condensation was improved by the research of Nikolay Zinin during his time with Liebig. [3][4] Procedure Add 1.30 g of thiamine hydrochloride to a dry 50-mL flask. Dissolve the solid in 4.0 mL of water by swirling. Add 15 mL of 95% ethanol and cool the solution for a few minutes in an ice bath. Very carefully and slowly, add 2.5 mL of 3 M NaOH dropwise and mix by swirling, making certain that the temperature of the solution never rises above 20oC. To the yellow solution, add 7.5 mL of pure benzaldehyde and heat the mixture at 60 oC for about 1.5 hour. (The temperature of this reaction cannot go above 65oC. Contstant monitoring of temperature is paramount during this part of the reaction and must be maintained between 60-65oC.) Alternatively, the reaction mixture can be stored for 24-48 hours at room temperature, until the beginning of the next lab period. (The rate of reaction usually doubles for every 10oC increment in temperature.) Cool the reaction mixture in an ice bath. If crystallization does not occur immediately, withdraw a drop of the solution on a stirring rod and let it dry to produce a solid; then, rub it against the inside surface of the flask to induce crystallization. Collect the product by vacuum filtration and wash it free of any yellow mother liquor with a 1:1 mixture of 95% ethanol and water. Weigh your product to determine an approximate yield, realizing that some water will still be in your solid. This still moist product must be recrystallized using hot 95% ethanol (you will need about 8 mL of ethanol per gram of product). Place your product in the drying oven until the next lab period (if used for Part 2 on the same day, continue to draw a vacuum through your funnel for 5-10 minutes to evaporate any ethanol). Your chemical must be dry before beginning Part 2. Typical yield should be about 5-6 g, although some students recover less than 4 grams. The product should be colorless and of sufficient purity (mp 134-135oC) to use in the next reaction. Dispose of the liquid filtrates in the liquid waster container.
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References 1. ^ Konstantinos Skobridis, Vassiliki Theodorou, Edwin Weber (2006). "A very simple and chemoselective air oxidation of benzoins to benzils using alumina". Arkivoc 06-1798JP: 102– 106. 2. ^ Wöhler, Liebig (1832). "Untersuchungen über das Radikal der Benzoesäure". Annalen der Pharmacie 3 (3): 249–282. doi:10.1002/jlac.18320030302. 3. ^ N. Zinin (1839). "Beiträge zur Kenntniss einiger Verbindungen aus der Benzoylreihe". Annalen der Pharmacie 31 (3): 329–332. doi:10.1002/jlac.18390310312. 4. ^ N. Zinin (1840). "Ueber einige Zersetzungsprodukte des Bittermandelöls". Annalen der Pharmacie 34 (2): 186–192. doi:10.1002/jlac.18400340205. 5. L A B O R A T O R Y M E T H O D S OF O R G A N I C C H E M I S T R Y BY



L.GATTERMANN



OTHER PROCEDUER FOR BENZIL FROM BENZOIN The crude benzoin, prepared as above, after being dried and finely powdered, is heated (with frequent shaking) in an open flask on a vigorously boiling water bath for 1-5 to 2-0 hours with twice its weight of pure concentrated nitric acid. The reaction mixture is then diluted with cold water and when the material which separates has solidified the liquid is poured off, and the solid, after being dried on porous plate, is crystallised from alcohol. The crystals, after filtration, are dried in air on filter paper. Melting point 95°. Yield about 90 per cent of the theoretical. The so-called acyloin or benzoin condensation is a further interesting aldehyde reaction. In the aromatic series it takes place as a result of the action of potassium cyanide, and it is very probable that the potassium compound of the cyanohydrin is formed as an intermediate product. As in the case of benzyl cyanide (p. 260), there is here a labile H-atom which, in an alkaline medium, is capable of undergoing a species of aldol condensation with a second molecule of aldehyde Experiment.-—Benzoin (1 g.) in concentrated alcoholic solution is boiled for some time on the water bath with 1-5 c.c. of phenylhydrazine. On cooling the osazone of benzil crystallises. Melting point 225°. The production of the ammonia during the reaction should be demonstrated and the equation for the process written out. An identical compound is formed from benzil by the action of phenylhydrazine, and from benzaldehyde phenylhydrazone by autoxidation (Busch). The formation of osazones from a-hydroxyketones (and ahydroxyaldehydes) will be discussed later (p. 298).The preparative importance of the acyloins depends on the fact that they are intermediate products, from which many 1: 2diketones can be obtained. The simplest aromatic member of this group is benzil (anisil and furil are analogous); like its aliphatic prototype diacetyl CH3.CO.CO.CH3 (and like anhydrous glyoxal) it is yellow in colour. Diacetyl is obtained from methyl-ethyl ketone via the monoxime of the former compound (von Pechmann). It is remarkable that diacetyl condenses to y-xyloquinone. (Formulate). That the two C : O-groups of these diketones are adjacent is proved by the fact that they are capable of condensing with o-phenylenediamine (quinoxalines, Hinsberg).
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Experiments—About 0-1 g. each of benzil and benzoin are dissolved in a test tube in 10 c.c. of alcohol and a few drops of alkaline hydroxide solution are added in the cold. A fine red colour is at once produced and disappears when the liquid is shaken with air. The colour reappears after a short time and can be caused to disappear by renewed shaking ; these changes may be brought about repeatedly. When, after a feW more drops of alkali have been added, the colour does not reappear there is no more benzoin left in the solution. Quite pure benzil does not give the colour. This remarkable reaction occurs because alkalis (potassium hydroxide) convert benzoin partly into the di-enol form, i.e. into the potassium derivative of stilbenediol C6H5.COK : COK.CeHg.1 If water is excluded this potassium salt can be isolated in the form of orange-yellow crystals which, with benzil, yield the red solution sensitive to the action of air. The solution probably contains the potassium-benzil radicle which is also obtained by the addition of metallic potassium to benzil (Beckmann and Paul,2 Schlenk 3 ) :



The radicle is converted by autoxidation partly into benzil, partly into benzoic acid.4 The most important reaction of benzil and related compounds is the benzilic acid rearrangement discovered by J. von Liebig. Experiment.1-—Benzil (5 g.) is heated for ten minutes to boiling on the water bath with 15 c.c. of alcohol and a solution of 5 g. Of potassium hydroxide in 10 c.c. of water. After cooling, the suspension of potassium benzilate crystals is filtered as dry as possible by suction, and the salt, after being washed with a little alcohol, is dissolved in 20-30 c.c. of cold water. The solution is filtered and dilute sulphuric acid is added, at the boiling point, to the clear nitrate. The free acid is precipitated partly in the form of crystals. It is separated by filtration with suction while hot and washed with hot water. It can then be recrystallised at once from a large volume of hot water or, after drying, from benzene. Yield about 4 g. The first stage of the rearrangement, which proceeds according to the equation



consists in the addition of a molecule of alkali hydroxide to the benzil (Scheuing). In this addition product, evidently because of the tendency of the potassium to become neutra.1, the C6H5- and OK-groups exchange places:



By a similar reaction phenanthraquinone yields biphenyleneglycollic acid. (The equation should be written.) The benzilic acid rearrangement also plays a part in many other reactions (croconic acid, purpurogallin). The so-called pinacoline rearrangement is closely related :
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Here also formally OH exchanges its place with an alkyl radicle, CH3, although actually—since concentrated sulphuric acid is used—the elimination of water between the two OH-groups provokes the wandering of a methyl .group. A rearrangement which takes place in similar compounds, and has been much studied recently, may be briefly mentioned here. This rearrangement has been named—not quite correctly—the retropinacolin rearrangement. Refrences: 1 Scheuing, Annalen, 1924, 440, 72. a Annalen, 1891, 266, 23. 3 Ber., 1913, 46, 2840. 4 Compare, in this connexion, A. Weiasberger, H. Mainz, and E. Strasser, Ber., 1929, 62, 1942. 2- H. v o n L i e b i g , Ber., 1908, 4 1 , 1644.
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EXP. No. 17 Preparation Benzilic acid



Benzilic acid is a white crystalline aromatic acid soluble in many primary alcohols. It can be prepared by heating mixture of benzil, alcohol and potassium hydroxide. The other preparation way is through benzaldehyde, which dimerizates to benzil and it is further transformed by benzilic acid rearrangement to benzilic acid. This reaction was also the first example of benzilic acid rearrangement performed by Liebig in 1838.[1] Benzilic acid is used in organic synthesis, as a base point for preparation of glycollate pharmaceuticals and some hallucinogenic drugs



Benzilic acid rearrangement The benzilic acid rearrangement is the rearrangement reaction of benzil with potassium hydroxide to benzilic acid. First performed by Justus Liebig in 1838 [1] this reaction type is displayed by 1,2-diketones in general. The reaction product is an α-hydroxy-carboxylic acid.



Certain acyloins also rearrange in this fashion. This diketone reaction is related to other rearrangements: the corresponding keto-aldehyde (one alkyl group replaced by hydrogen) rearranges in a Cannizzaro reaction, the corresponding 1,2-diol reacts in a pinacol rearrangement.
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Reaction mechanism The reaction is a representative of 1,2-rearrangements. These rearrangements usually have migrating carbocations but this reaction is unusual because it involves a migrating carbanion. The long established reaction mechanism updated with in silico data [2] is outlined in scheme 2. A hydroxide anion attacks one of the ketone groups in 1 in a nucleophilic addition to the hydroxyl anion 2. The next step requires a bond rotation to conformer 3 which places the migrating group R in position for attack on the second carbonyl group in a concerted step with reversion of the hydroxyl group back to the carbonyl group. This sequence resembles a nucleophilic acyl substitution. Calculations show that when R is methyl the charge build-up on this group in the transition state can be as high as 0.22 and that the methyl group is positioned between the central carbon carbon at a separation of 209 pm.



The carboxylic acid in intermediate 4 is less basic than the hydroxyl anion and therefore proton transfer takes place to intermediate 5 which can be protonated in acidic workup to the final α-hydroxy-carboxylic acid 6. Calculations show that an accurate description of the reaction sequence is possible with the participation of 4 water molecules taking responsibility for the stabilization of charge buildup. They also provide a shuttle for the efficient transfer of one proton in the formation of intermediate 5. From a molecular orbital point of view this rearrangement may at a first glance not obvious. Contrary to a carbocationic rearrangement as in the Wagner-Meerwein rearrangement in which the empty carbocationic orbital interacts positively and symmetry allowed with the filled pi orbital HOMO of the central C-C bond (situation A in scheme 3), a filled carbanionic orbital should not be able to escape a symmetry forbidden MO overlap with the LUMO which is the empty antibonding pi orbital having one node (situation B).
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In reality a 1,2-diketone LUMO is a 4 electron system without any nodes in the central C-C bond and a symmetry allowed transition is possible (Situation C). In other words the transition states of both a carbocationic rearrangement and the benzilic rearrangement obey the Woodward-Hoffmann rules because the involves respectively 2 electrons and 6 electrons (n=0 and 1 in the 4n+2 Hückel's rule).
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EXP. No. 18 Nitration of -Naphthol Naphthols are either of two crystalline monohydric alcohols, derived from naphthalene and belonging to the phenol family. The naphthols are position isomers; Alpha-naphthol (also called 1-naphthol) is 1-hydroxynaphthalene and Beta-naphthol (also called beta-naphthol) is 2-hydroxynaphthalene. The compound 1-naphthol is made by heating 1-naphthalenesulfonic acid with caustic alkali or by heating 1 naphthylamine with water under pressure. The compound 2-naphthol is manufactured by fusing 2-naphthalenesulfonic acid with caustic soda. They are used directly in making several dyes and are converted into numerous dye intermediates, as well as into tanning agents, antioxidants, and antiseptics.



Refrences : 1-Practical organic chemistry by VOGEL page 979
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EXP. No. 19 Preparation of Anthranilic acid *



Anthranilic acid is the organic compound with the formula C6H4(NH2)CO2H. This amino acid is white solid when pure, although commercial samples may appear yellow. The molecule consists of a benzene ring with two adjacent funcitonal groups, a carboxylic acid and an amine. Because these two groups are polar, this organic compound is highly soluble in water. It is sometimes referred to as vitamin L Anthranilic acid is biosynthesized from chorismic acid. It is the precursor to the amino acid tryptophan via the attachment of a ribose to the amine group.



Uses Anthranilic acid is used as an intermediate for production of dyes, pigments, and saccharin. It and its esters are used in preparing perfumes, pharmaceuticals and UV-absorber as well as corrosion inhibitors for metals and mold inhibitors in soya sauce. Anthranilic acid can be used in organic synthesis to generate the benzyne intermediate.



References * Practical organic chemistry By VOGLE page 898 1. ^ IPCS (http://www.inchem.org/documents/icsc/icsc/eics1295.htm) 2. ^ Logullo, F. M.; Seitz, A. H.; Friedman, L. (1973). "Benzenediazonium-2-carboxy- and Biphenylene http://www.orgsyn.org/orgsyn/orgsyn/prepContent.asp?prep=cv5p0054)". Org. Synth.; Coll. Vol. 5: 54.



Anthranilic acid, amino group substituted benzoic acid at ortho position, is used as an intermediate for production of dyes, pigments and saccharin. It has amino and carboxylic
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group attached in ring structure. It and its esters are used in preparing perfumes, pharmaceuticals and UV-absorber as well as corrosion inhibitors for metals and mold inhibitors in soya sauce. APPEARANCE White to pale yellow crystalline powder MELTING POINT 146 ± 1.5 C



Procedure
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EXP. No. 20 Sulphanilic acid (p-Toluenesulphonic acid) CH3



SO3H



H2SO 4 Reflux 5min. with stirring CH3



p-Toluenesulfonic acid (PTSA) is an organic compound with the formula CH3C6H4SO3H. TsOH, as it is abbreviated, is a white solid that is soluble in water, alcohols, and other polar organic solvents. Most often, TsOH refers to the monohydrate, TsOH.H2O. TsOH is a strong organic acid, about a million times stronger than benzoic acid. It is one of the few strong acids that is solid and, hence, conveniently weighed. Also, unlike some of the strong mineral acids (especially nitric acid, sulfuric acid, and perchloric acid), TsOH is nonoxidizing



Preparation and handling TsOH is prepared on an industrial scale by the sulfonation of toluene. It hydrates readily. Common impurities include benzenesulfonic acid and sulfuric acid. Impurities can be removed by recrystallization from concentrated hydrochloric acid followed by azeotropic drying.[2] Toluenesulfonic acid finds use in organic synthesis as an "organic-soluble" acid catalyst. Examples of uses:   



Acetalization of an aldehyde.[3] Esterification of carboxylic acids.[4] Transesterification of an ester.[5]



Procedure : 1- place 6ml of pure toluene and 2ml of concentrated H2SO4 in a round bottom flask(size 100ml) fitted with a reflux water condenser. 2- Boil the mixture gently over a benzene burner for 5 mints with frequent stirring to mix the two layers. 3- Cool the mixture in an ice bath when the lower layer of the crude sulphonic acid will solidify decant off and discard the upper layer of toluene. 4- Add 4.16ml of concentrate HCl. Attach the condenser and heat the mixture gently until a clear solution is just obtain and cool it again .
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5- The p-toluenesulphonic acid separate as a white crystals, filter them using a small Buchner funnel, drain quickly and return crystals to the flask know add 2.5ml of HCl conc. And repeat recrystallization as befor. 6- Dry the product in a vacuum desicator.



References 2. ^ Merck Index, 11th Edition, 9459. 3. ^ Perrin, D. D. and Armarego, W. L. F., Purification of Laboratory Chemicals, Pergamon Press: Oxford, 1988. 4. ^ H. Griesser, H.; Öhrlein, R.; Schwab, W.; Ehrler, R.; Jäger, V. (2004). "3Nitropropanal, 3-Nitropropanol, and 3-Nitropropanal Dimethyl Acetal". Org. Synth.; Coll. Vol. 10: 577. 5. ^ Furuta, K. Gao, Q.-z.; Yamamoto, H. (1998). "Chiral (Acyloxy)borane Complexcatalyzed Asymmetric Diels-Alder Reaction: (1R)-1,3,4-Trimethyl-3-cyclohexene-1carboxaldehyde". Org. Synth.; Coll. Vol. 9: 722. 6. ^ Imwinkelried, R.; Schiess, M.; Seebach, D. (1993). "Diisopropyl (2S,3S)-2,3-Oisopropylidenetartrate". Org. Synth.; Coll. Vol. 8: 201.
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EXP. No. 21 CANNIZZARO'S REACTION. BENZOIC ACID AND BENZYL ALCOHOL FROM BENZALDEHYDE Freshly distilled benzaldehyde (20 g.) is shaken in a stoppered cylinder or in a thick-walled flask with a cold aqueous solution of potassium hydroxide (18 g. in 12 g. of water) until a permanent emulsion is formed. The container is corked and left over night. To the crystalline paste (potassium benzoate) which separates, just sufficient water2 is added to enable the benzyl alcohol to be extracted by repeated shaking with ether. The combined ether extracts are concentrated to 30-40 c.c. and are then thoroughly shaken twice in a separating funnel with 5 c.c. portions of commercial (40 per cent) bisulphite solution. after the ethereal solution has been separated, freed from dissolved sulphurous acid by shaking with a few cubic centimetres of sodium carbonate solution, and dried with anhydrous sodium sulphate, the ether is removed by distillation and the benzyl alcohol then passes over at 206°. Yield of benzyl alcohol about 8 g. The aqueous alkaline liquid (from which the benzyl alcohol was removed with ether) is acidified with hydrochloric acid. Benzoic acid is precipitated and, when cold, is filtered off with suction. It is recrystallised from boiling water without previous washing. Melting point 121°. Yield 9-10 g. Cannizzaro's reaction probably proceeds in such a way that two molecules of aldehyde condense to form an ester which is then hydrolysed to alcohol and acid :



This view is supported by the fact that aldehydes are actually condensed to esters by aluminium ethoxide (Tistschenko). The dismutation of aldehyde to acid and alcohol also plays an important part in cell metabolism, particularly in alcoholic fermentation (p. 403) (Mechanism ?) although the chemical process is certainly different in this case. The Cannizzaro reaction is by no means confined to aromatic aldehydes. Formaldehyde undergoes the same change, yielding formic acid and methyl alcohol. That the aliphatic aldehydes from acetaldehyde upwards do not undergo the reaction is due to the fact that the aldol condensation (mentioned above), in virtue of its much greater velocity, takes precedence over the Cannizzaro reaction. In the case of tertiary aldehydes, which cannot undergo the aldol condensation, the Cannizzaro reaction replaces it also in the aliphatic series. Thus glyoxylic acid is dismuted into glycollic and oxalic acids. Related to the Cannizzaro reaction there is a reaction discovered by Meerwein,1 in which an aldehyde is converted into an alcohol by the action of aluminium ethoxide.
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By means of this reduction process it is possible to obtain, from the corresponding aldehydes, alcohols such as trichloroethyl alcohol or cinnamyl alcohol, which are not otherwise readily accessible or are otherwise inaccessible. Tnbromoethyl alcohol (" avertin "), an important narcotic, is prepared in this way (F. F. Nord). It is given by the rectum. 1 Ber., 1881, 14, 2394. 2 If too much ia added it is difficult to extract the (water-soluble) benzyl alcohol completely. 3- L A B O R A T O R Y M E T H O D S OF O R G A N I C C H E M I S T R Y BY L.GATTERMANN
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EXP. No. 22 Thin-Layer Chromatography The Separation of Analgesics Analgesics are substances that relieve pain. The most common of these is aspirin, a component of more than 100 nonprescription drugs. Aspirin is among the most fascinating and versatile drug known to medicine and it is among the oldest— the first known use of an aspirin-like preparation can he traced to ancient Greece and Rome. Salicigel, an extract of willow and poplar hark, has been used as a pain reliever analgesic) for centuries. In the middle of the last century it was found that salicigen is a glycoside formed from a molecule of salicylic acid and a sugar molecule. Salicylic acid is easily synthesized on a large scale by heating sodium phenoxide with carbon dioxide at 150°C under slight pressure (the Kolbe synthesis). Unfortunately, however, salicylic acid attacks the mucous membranes of the mouth and esophagus and causes gastric pain that may he worse than the discomfort it was meant to cure. Felix Hoffmann, a chemist for Friedrich Bayer, a German dye company, reasoned that the corrosive nature of salicylic acid could he altered by addition of an acetyl group; and in 1893 the Bayer Company obtained a patent on acetylsalicylic acid, despite the fact that it had been synthesized some 40 years previously by Charles Gerhardt. Bayer coined the name Aspirin for its new product to reflect its acetyl nature and its natural occurrence in the Spiraea plant. Over the years they have allowed the term aspirin to fall into the public domain so it is no longer capitalized. The manufacturers of Coke and Sanka work hard to prevent a similar fate befalling their trademarks. In 1904 the head of Bayer, Carl Duisberg, decided to emulate John D. Rockefeller's Standard Oil Company and formed an "interesscn gemeinschaft" (I.G.) of the dye industry (Farbenindustrie). This cartel completely dominated the world dye industry before World War I, and it continued to prosper between the wars, even though some of its assets were seized and sold after World War I. After World War I an American company, Sterling Drug, bought the rights to aspirin for $5.3 million. Sterling was bought by Eastman Kodak in 1988, then sold to SmithKline Beacham. Because of their involvement at Auschwitz, the top management of I.G. Farbenindustrie was tried and convicted at the Nuremberg trials after World War II, and the cartel broken into three large branches—Bayer, Hoechst, and BASF (Badische Anilin and Sodafabrik)—each of which does more business than DuPont, the largest American chemical company. In 1997 the American rights to the Bayer name and trademark were sold back to Bayer A.G. for $1 billion. By law, all drugs sold in the United States must meet purity standards set by the U.S. Food and Drug Administration (FDA), and so all aspirin is essentially the same. Each fivegrain tablet contains 0.325 g of acetylsalicylic acid held together with a binder. The remarkable difference in price for aspirin is primarily a reflection of the advertising budget of the company that sells it. Bayer has 5% of the painkiller market; lower-priced generic aspirin has 18%. Aspirin is an analgesic (painkiller), an antipyretic (fever reducer), and an antiinflammatory agent. It is the premier drug for reducing fever, a role for which it is uniquely suited. As an anti-inflammatory, it has become the most widely effective treatment for arthritis. Patients suffering from arthritis must take so much aspirin (several grams per day) that gastric problems may result. For this reason aspirin is often combined with a buffering agent. Bufferin is an example of such a preparation.
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The ability of aspirin to diminish inflammation is apparently due to its inhibition of the synthesis of prostaglandins, a group of C-20 molecules that enhance inflammation. Aspirin alters the oxygenase activity of prostaglandin synthetase by moving the acetyl group to a terminal amine group of the enzyme. If aspirin were a new invention, the FDA would place many hurdles in the path of its approval. It has been implicated, for example, in Reye's syndrome, a brain disorder that strikes children and young people under 18 who take aspirin after flu or chicken pox. It has an effect on platelets, which play a vital role in blood clotting. In newborn babies and their mothers, aspirin can lead to uncontrolled bleeding and problems of circulation for the baby— even brain hemorrhage in extreme cases. This same effect can be turned into an advantage, how-ever. Heart specialists urge potential stroke victims to take aspirin regularly to inhibit clotting in their arteries, and it has been shown that one-half tablet per day will help prevent heart attacks in healthy men. Aspirin is found in more than 100 common medications, including Alka-Seltzer, Anacin, Coricidin, Excedrin, Midol, and Vanquish. Despite its side effects, aspirin is one of the safest, cheapest, and most effective nonprescription drugs, although acetaminophen (Tylenol, etc.) has 40% and ibuprofen (Advil, etc.) has 26% of the painkiller market in dollar volume ($2.47 billion in 1996). Naproxen (Aleve) has 6% of the market. Aspirin is made commercially employing the same synthesis used here. In the this experiment, analgesic tablets will be analyzed by thin-layer chromatography to determine which analgesics they contain and whether they contain caffeine, which is often added to counteract the sedative effects of the analgesic. In addition to aspirin and caffeine, the most common components of analgesics are, at present, acetaminophen and ibuprofen (Motrin). In addition to one or more of these substances, each tablet contains a hinder, often starch, micro-crystalline cellulose, or silica gel. And to counteract the acidic properties of aspirin, an inorganic buffering agent is added to some analgesics. Inspection of labels will reveal that most cold remedies and decongestants contain both aspirin and caffeine in addition to the primary ingredient. To identify an unknown by TLC, the usual strategy is to run chromatograms of known substances (the standards) and the unknown at the same time. If the unknown has one or more spots that correspond to spots with the same R / values as proprietary drugs that contain one or more of the common analgesics and sometimes caffeine are sold under the names of Bayer Aspirin, Anacin, Datril, Advil, Excedrin, Extra Strength excedrin, Tylenol, and Vanquish. Note that ibuprofen has a chiral carbon atom. One enantiomer is more effective than the other.
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Procedure Using scissors cut two or three pieces of the pre-prepared silica-gel TLC plates into a size that will fit easily into the developing chambers. Be careful not to touch the surface of the plates as your fingerprints will show up later when the plates are developed. Following the procedures outlined in your lab text on pages 104-111, draw a light pencil line about 1 cm from the end of a chromatographic plate, and on this line spot aspirin, acetaminophen, ibuprofen, and caffeine, which are available as reference standards. Use a separate capillary for each standard. Make each spot as small as possible, preferably less than 0.5 mm in diameter. You may use the blower to facilitate the evaporation of the solvent between applications. Examine the plate under the ultraviolet (UV) light to see that enough of each compound has been applied; if not, add more. On a separate plate run three of the unknowns and one of the aspirin standard. The unknown sample is prepared by crushing a part of a tablet, adding this powder to a test tube or small vial along with an appropriate amount of ethanol, and then mixing the suspension. Not all of the tablet will dissolve, but enough will go into solution to spot the plate. The binder—starch or silica—will not dissolve. The 1% solutions should have been prepared by the lab manager and are ready to use. Use as the solvent for the chromatogram a mixture of 95% ethyl acetate and 5% acetic acid, or the instructor may supply a different solvent. After the solvent has risen to about 2/3 of the length of the plate, remove the plate from the developing chamber. Quickly mark the solvent front with a pencil and allow the solvent to dry. Examine the plate under UV light to see the components as dark spots against a bright green-blue background. Outline the spots with a pencil. The spots can also be visualized by putting the plate in an iodine chamber made by placing a few crystals of iodine in the bottom of a capped 4-oz jar. Calculate the R f. values for the spots, and identify the components in the unknown. C l e a n i n g U p : Solvents should be placed in the organic solvents container; and dry, used chromatographic plates and scraps can be discarded in the non -hazardous solid waste container. Don’t discard your plates until you have copied them! R e p o r t : Turn the data sheet along with a photocopy of your TLC plates with the work for the R f calculation done on the copy (No copies of the work!).
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EXP. No. 23



Preparation of Benzamide and its Hydrolysis in basic medium Benzamide. C6H5CONH2. (Method 2(b), bellow.) Required: Concentrated ammonia, 10 ml.; benzoyl chloride,2 ml. Carry out this preparation in precisely the same way as the above preparation of oxamide, using 2 ml. (2-4 g.) of benzoyl chloride instead of the ethyl oxalate, and observing the same precautions. Considerably more heat is generated in this reaction; therefore hold the cork very securely in position during the shaking. After vigorous shaking for 15 minutes, no trace of oily benzoyl chloride remains. Filter off the fine flakes of benzamide, wash with cold water, and then recrystallise from hot water: yield, 1-5 g. Colourless crystals, m.p. 130°.



77



References and Notes Practical organic chemistry by FREDERICK GEORGE MANN and BERNARD CHARLES SAUNDERS, Longman , reprinted on 1978



,page 117-119
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Exp.No.24



Preparation of phenyl benzoate



References and Notes Practical organic chemistry by FREDERICK GEORGE MANN and BERNARD CHARLES SAUNDERS, Longman , reprinted on 1978



,page 243-245 79



Exp.No.25 SULFA DRUG GROUP PROJECT There are several sulfonamide-based groups of drugs. The original antibacterial sulfonamides (sometimes called simply sulfa drugs) are synthetic antimicrobial agents that contain the sulfonamide group. Some sulfonamides are also devoid of antibacterial activity, e.g., the anticonvulsant sultiame. The sulfonylureas (main article: sulfonylureas) and thiazide diuretics (main article thiazide) are newer drug groups based on the antibacterial sulfonamides. Sulfa allergies are common, hence medications containing sulfonamides are prescribed carefully. It is important to make a distinction between sulfa drugs and other sulfurcontaining drugs and additives, such as sulfates and sulfites, which are chemically unrelated to the sulfonamide group, and do not cause the same hypersensitivity reactions seen in the sulfonamides THE TASK It's the year 1935, and Europe is still in the grips of the depression. It is also the year that J. Trefouel of the Pastuer Institute in Paris has learned that sulfanilamide (I) is the active metabolite in the newly discovered antibacterial agent Prontocil (II).



Swaggering and full of pride, you realize that this discovery will bring the advent of a whole new epoch in antibacterial chemotherapy--that this "wonder" drug sulfanilamide will have an utmost beneficent and profitable future in the field of medicine. You also have the foresight and intuition to realize that sulfanilamide analogs (III) could potentially be even more effective than sulfanilamide itself, and abandoning all higher & nobler educational aspirations, form a new company that will produce these new sulfa drugs for a medical community anxiously awaiting new antibacterial agents.
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EXPERIMENTAL PROCEDURES The basic sulfanilamide synthesis is well known and is described in chapter 46 of PLKE (see reaction equation above). However, for your synthesis of the sulfa analogs, you will have to modify these procedures as you will not be using ammonia as your amine. You can devise your own synthetic scheme choosing from the recommend procedures given below. Use the following procedures as a guide. You will need to make modifications in order to get the reaction to work. You can run this at any scale but be sure to change size of glassware accordingly. Try and synthesis at least 100-200 mg of final sulfa drug product in order to have enough sample to run NMR, IR and to have some remaining to turn in for antibacterial testing. Note that for each step of this 2 step synthesis it is not uncommon to have 5-20% yield after isolation and purification. Since the procedures below are not guaranteed, you may be unable to isolate your desired sulfa drug. If this is so, try again but with a modification to the procedures (perhaps taking extra care to keep water from the reaction, longer reaction time, use of a catalyst, change of solvent etc,). During the course of the reaction you may want to take a TLC of your reactions mixture to see if you are forming a new product and that the starting material is being consumed (see section 14.10 of your text). Your group will be given ~4 g of pure p-acetamidobenzenesulfonyl chloride as starting material. Note that when the procedures below call for "the sulfonyl chloride" use pacetamidobenzenesulfonyl chloride. step 1: Addition of amines to sulfonyl chlorides (you have 3 methods to choose from): Method 1 Sulfonamides from amines-pyridine method (from Shriner, Fuson, pg 233) In this reaction pyridine acts as a catalyst for unreactive or hindered amines. It is also important to maintain anhydrous conditions for this reaction. Method 2 A mixture of 20 mL of 1 M sodium hydroxide solution, 5 mL of methylene chloride, 0.5 g of the amine and 0.5 g of the sulfonyl chloride is shaken or stirred for about 20 min and then allowed to stand. The organic and aqueous layers are separated. To the aqueous layer, carefully acidify with 6 M HCl. Isolate any solid that precipitates from solution. If the product does not precipitate it may have remained in the organic layer (if so, see next paragraph to recover product). To the organic layer, washed with water, dry with anhydrous magnesium sulfate, and evaporated to a small volume (2-3 mL). Hexane is stirred into the solution, and the solid is removed by filtration and washed with hexane. Method 3 About 1 mL of the amine is added to a solution of 1 g of the sulfonyl chloride in 20 mL of dry methylene chloride. The resulting solution is boiled for 15 minutes under a reflux condenser and is then allowed to cool. The solution is filtered, and the precipitate (unreacted protonated amine) is washed with 10 ml of warm methylene chloride, the washings being added to the filtrate. The methylene chloride solution is next washe sequentially with 10 mL of 5% sodium bicarbonate followed by 5 ml of 1 M HCl. The solvent is then evaporated and the precipitate recrystallized.
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Purification Once the protecting group is removed by acid hydrolysis you will want to assess its purity by melting point, TLC (optional) and NMR. If the melting point range is wide or the TLC shows multiple spots or the NMR appears to have impurities you want to purify your sample by recrystallization or acid base extraction.



Preparation Sulfonamides are prepared by the reaction of a sulfonyl chloride with ammonia or an amine. Certain sulfonamides (sulfadiazine or sulfamethoxazole) are sometimes mixed with the drug trimethoprim, which acts against dihydrofolate reductase. It is also known as Sulfa Powder. It received widespread use in the treatment of wounds during the Second World War Sulfanilamide is a molecule containing the sulfonamide functional group attached to an aniline. The term "sulfanilamides" is also used to describe a family of molecules containing these functional groups. Examples include:   



Furosemide, a loop diuretic Sulfadiazine, an antibiotic Sulfamethoxazole, an antibiotic



Gerhard Domark, and Jacques and Therese Trefouel (1935) is generally credited with the discovery of sulfanilamide as a chemotherapeutic agent.



Properties Molecular formula



C6H4(COOH)2



Molar mass



166.14 g/mol



Appearance



white solid



Density



1.593 g/cm3, solid



EXP. No. 14 Preparation of Phthalic acid Phthalic acid (IUPAC systematic name: benzene-1,2-d icarboxylic acid) is an aromatic dicarboxylic acid, with formula C6H4(COOH)2. It is an isomer of isophthalic acid and terephthalic acid.



Melting point Solubility in water



210 °C decomp. Slightly soluble
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Uses Phthalic acid is used mainly in the form of the anhydride to produce other chemicals such as dyes, perfumes, saccharin, phthalates and many others.



History Phthalic acid was obtained by French chemist Auguste Laurent in 1836 by oxidizing naphthalene tetrachloride, and, believing the resulting substance to be a naphthalene derivative, he named it naphthalenic acid. Swiss chemist Jean Charles Galissard de Marignac determined its formula and showed Laurent’s supposition to be incorrect, upon which Laurent gave it its present name. Manufacturing methods in the nineteenth century included oxidation of naphthalene tetrachloride (prepared from naphthalene, potassium chlorate and hydrochloric acid) with nitric acid, or, better, oxidation of the hydrocarbon with fuming sulfuric acid, using mercury or mercury(II) sulfate as a catalyst. The catalytic oxidation of naphthalene directly to phthalic anhydride and a subsequent hydrolysis of the anhydride is one of the new production methods



Chemistry It forms white crystals, melting at 210 °C with decomposition into water and phthalic anhydride. Heating with an excess of lime produces benzene. The acid (and anhydrideare largely used in the color industry (see phenolphthalein).



Isomers; Phthalic acid is one of three isomers of benzenedicarboxylic acid, the others being isophthalic acid and terephthalic acid. Sometimes the term "phthalic acids" is used to refer to this family of isomers, but in the singular, "phthalic acid", refers exclusively to the ortho- isomer.



Phthalic acid



Isophthalic acid



Terephthalic acid
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Organic Laboratory Data Sheet Name ______________________________ Partner______________________ Experiment Name: I. Reaction equation(s) using structures and names:



II. Theoretical yield (recovery) and literature melting/boiling point: Theoretical Yield:



Literature MP:



III. Data: Amount obtained:



Observed MP:



IV. Calculations (Use back of page to show work): Crude Yield before purification:



Final Yield after purification:



V. uses or reactions



VI. Spectra or chromatographic analysis (Write expected peaks IR and NMR ): IR peaks in Cm-1



NMR chemical shift in ppm



VII. Discuss your results briefly and Answer most of the question exist in each Experiments
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VIII. PC Model Analysis Draw all possible isomers ( like in cyclohexane : chair conformations. Indicate the steric energy of each as determined using the computer modeling program) .



IX. Explanation of NMR Splitting Patterns. Using the coupling constants exolain peaks produced by the hydrogen atom attached to the carbon with the –OH group on the 1HNMR spectrum of your products.
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ثيَشةكى شانكؤ



َطؤشاى و شازةشاياى حةقة ضيرت ضاوةزواى نةبو با ثيَويطتى بة كازى شؤزة  ،دل



يةزضى شووتسة ئةو شانطتةى يةيانة بيخةنة ضةز كاغةش تا ضود بة يةوواى بطةيةنيَت و ببيَتة َةواندا – دانانى كتيَبكى ثساكتيك بؤ خويَهدكازانى ثؤىل ويَروويةكى نوضساو ،ئيَىة لةم يةول ضيًَةم لة بة شي كيىيا -يةضتايو بة كؤكسدنةوةى شانيازى شؤز و ثيَويطت لةضةز ئةو تاقى كسدنةوة ثيَويطتانةى كةثسؤطساوى خويَهدكازانة ئةوةش لة ضةزضاوةى جيا جيا وة كة بؤ يةز تاقى كسدنةوةيةكطوود لة ضةنديو ضةزضاوة وةزطرياوة بة تايبةتى لة انرتنيَتةوة وة ضةزضاوةكاى ياداشت كساوى لة كؤتايي يةز تاقى كسدنةوةيةك. لة م نوضساوةدا زةضاوى واددة و ئاويَسى ثيَويطت كساوة و ئةو تاقي كسدنةوانة دانساوى َي ثاز بة بيَ طسفت ئةجنام دزاوى يةتا لة كات و ضاتى خؤياندا جيَ بة جيَبكسيَو  ،يةز كة ضال َى جددي َ دةكةيو كة يةو ل ليَسةدا داوا لة كازبةدةضتاى شانكؤ و وةشازةتى خويَهدنى باال بدةى بؤ دابني كسدنى واددةى كيىياوى بؤ شانكؤ ضونكة ضاالنيَكة ئةم واددانةواى يةية َيَو ضاالكيياى نةواوة. شؤزيامناى نةواوة و شؤزياى ييَهدة كؤنة –ئيكطبايةز بووى –ياى با بم ليَسةدا بة ثيَويطتى دةشانني كة ضوثاضي ئةو ياوزيَ و دؤضتانى بكةيو كة ياوكازياى َى كسدويو لة ئةجنام دانى ئةم كازةدا بة تايبةتى خويَهدكازانى ثؤلي ضيًَة وى كيىيا ي ضال خويَهدنى ثاز  2002/2003-و  -2004-203وة بة ضوثاضي شؤزوةوة بؤ طسووثى كؤوجانياكانى قةيواى يةضتا بة طستهة ئةضتؤى بة كؤثي كسدى و ضجايسؤهَ كسدنى  30دانة لةم كتيَبة ثساكتيكية بؤ ئةوةى يةز خويَهدكازيَك كتيَبى خؤى وةزبطسيَت. داواكازيو لة ياوثيشةكانيشىاى كة ئةوانيش يةضنت بة دانانى كتيَبى ياوشيَوة تا بة يةووواى بتوانني تؤشيَك ئةزكى ضةز شانى خويَهدكازاى ئاضاى بكةيو و باشرت و زيكخساوانة تس لة تاقيطةكاندا كازى ثساكتيةكانياى ئةجنام بدةى تا بتوانو بة باشى فيَسبو و لة داياتوودا ضاكرت و شانطتيانة تس خصوةتى طةه و نيشتىاى بكةى .ية زوةيا زةخهة كانيشتاى دةخةيهة ضةزضاوواى و بة يةند وةزياى ئةطسيو. َنى  1441/1441ة كة َانةى ضاال ئةم كازة تةنًا بؤ خصوةتى فيَسخواشانة و دزيَرة ثيَدانى ئةو يةول ئةوكاتيش بة ثيَ ي توانا وةلصةوةيةكى ثساكتيكيىاى بؤ خويَهدكازاى دانا و يةضتىاى كسد ثيَويطتى بة تاشةطةزى يةية بؤية دووبازة بة ضامثاى طةياندةوة. ثيَويطتة ضوثاضي تايبةت بؤد.بتياز كىاه و م.دليَس و م.شظاى و ذيواز و خصيَهدكاز زةيَينَ فسيدوى بهوضسيَت بة ثيَدانى ضةند كتيَبيَكى ئةلكرتؤنى كة ضوودواى ليَبيهى لة دانانى ئةم كتيَبةدا.



د.بارام أمحد محة أمني بةشى كيميا 0202 86



م.سروود عمر بةشى كيميا 0202



كيمياى ئؤرطانيكى ثراكتيك كارليَك و ئامادةكردنى هةنديَك ماددةى ئؤرطانى بؤ قؤناغى سيَهةم لة بةشى كيميا



ئامادةكردنى



د.بارام أمحد جاف دكتؤرا لة كيمياي ئؤرطانيكي5002- م.سرود عمر ماستةر لة كيمياي ئؤرطانيكي5002



زانكؤى سليَمانى 5009 87



5000



كيمياى ئؤرطانيكى ثراكتيك



كارليَك و ئامادةكردنى هةنديَك ماددةى ئؤرطانى بؤ قؤناغى سيَهةم لة بةشى كيميا



ئامادةكردنى



د.بارام أمحد جاف دكتؤرا لة كيمياي ئؤرطانيكي 5002 م.سرود عمر ماستةر لة كيمياي ئؤرطانيكى 5002



5009
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زانكؤى سليَمانى



5000
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