EXPERIMENT 6: Reactions of Carbonyl Compounds: Qualitative Reactions of Aldehydes and Ketones.


Relevant sections in the text:  Fox & Whitesell, 3rd Ed. Sec. 13.1 (pg. 643-644)

Reference???

General Concepts


The carbonyl group (C=O), found in aldehydes, ketones, and esters is a very important functional group that is involved in several common reactions.  This particular functionality is unique because of the polarization (dipolar resonance) between the carbon-oxygen ( bond.  
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Due to the resonance of the C-O bond, there are a variety of reactions where the electrophilic carbon is attacked by nucleophiles (Lewis bases) and the oxygen reacts with corresponding electrophiles (Lewis acids).  The result of the reaction is the addition of a Nu-E to the ( bond of the carbonyl group.  The two most common mechanisms are outlined below, although they may vary based on the reagent and reaction conditions.   
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Carbonyl groups can also increase the acidity of  (–hydrogen atoms (hydrogens on carbons directly attached to the carbonyl), which allows the (-carbon to become nucleophilic.  This may be achieved through a deprotonation reaction, forming an enolate ion (Eq.6.3), or by keto-enol equilibration (tautomerization) to form the enol (Eq. 6.4).  These enolates and enols then react (at the (-carbon) with electrophiles, resulting in a substitution reaction between the (–hydrogen and the electrophile.
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The carbonyl groups in both aldehydes and ketones will be examined in this experiment.  Although the two groups often react similarly, aldehydes commonly react faster than ketones (with the same reagent) due to less steric hindrance at the carbonyl group.  Aldehydes are also more easily oxidized than ketones.  You will examine the similarities and differences between ketones and aldehydes and then use those skills to accurately identify an unknown compound containing a carbonyl group.
Experimental Procedure

*Hazards*: Always work in the fumehood.  The aldehydes and ketones in this laboratory are harmful if inhaled or absorbed through the skin.  If transporting anything outside of the hood, be sure it is stoppered.

Part A: Oxidation

As mentioned earlier, aldehydes are more rapidly oxidized than ketones due to the hydrogen atom bonded to the (-carbon.  Aldehydes are oxidized to carboxylic acids.
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Ketones are not readily oxidized, which makes the two functional groups easily distinguishable.  Only under extreme conditions (strong reagents and high temperature) can ketones be oxidized since the reaction requires the cleavage of a carbon-carbon bond.  

(i) Tollen’s Test

Commonly known as the Silver Mirror Test, this distinctive qualitative test involves the oxidation of aldehydes to their corresponding carboxylic acid.  The oxidizing agent is a silver complex ion [Ag(NH3)+2] which is reduced to a metallic silver which remains on the walls of the test tube as a mirror.  Otherwise, the silver is deposited as a black precipitate.  Tollen’s reagent is prepared by dissolving silver oxide in ammonia:
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Procedure

*Hazards*: Always work in the fumehood.  If transporting anything outside of the hood, be sure it is stoppered.  Avoid contact with the silver nitrate solution, as it stains.  Tollen’s reagent must be prepared immediately before use and disposed of in its specified container (see below).  Ammonium Hydroxide is a respiratory irritant and must be kept in the fumehood!

· Clean a large test tube thoroughly with soap and water and rinse with distilled water.
· Add 2 mL of the silver nitrate solution provided to the clean test tube.  Add 10 drops of the sodium hydroxide solution and mix thoroughly (a solid black precipitate, Ag2O, should form).  
· Slowly add just enough ammonium hydroxide solution to just dissolve the precipitate. The test will fail if you add too much ammonium hydroxide. 
· Dilute the prepared mixture to ~ 6 mL with distilled water. 
· Divide this Tollens’ reagent equally among six clean small test tubes, one of which is a control. Add four drops of the following carbonyl compounds to each test tube: benzaldehyde, 2-propionaldehyde, phenylethanone (acetophenone), cyclohexanone and your unknown. Obtain the unknown in a clean, dry small test tube from your TA.  Keep the test tube stoppered when outside of the fumehood!
· Shake each mixture, and then allow to stand for 10 min. If no reaction occurs, place the tube in a beaker of warm water (35-50°C) for 5 min. Record your observations.  
· A positive test is indicated by the silver mirror on the sides of the test tube. 

 *Waste Disposal*: All solutions must be disposed of quickly into the container labeled Tollen’s Waste only!  Silver deposits can be dissolved with a few drops of 8M nitric acid and disposed of in the Tollen’s Waste as well.  
(ii) Fehling’s Test


Fehling’s reagent is a blue, alkaline solution containing a complex cupric ion that is used to identify aliphatic aldehydes.  The cupric ion is reduced to an orange/red cuprous oxide upon reaction with aliphatic aldehydes.  

NaOH 
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Simple ketones, alcohols, alkenes, and aromatic aldehydes (due to additional resonance stabilization) are insensitive to this qualitative test.  However, (-hydroxy ketones are oxidized very easily.  This reagent is also used to detect reducing sugars and determining blood sugar levels.
Procedure

· Combine 5 mL of Fehling's Solution I (containing cupric sulfate) and 5 mL of Fehling's Solution II (containing sodium potassium tartrate and sodium hydroxide).  Agitate the mixture briefly until the initial precipitate dissolves.

· Distribute the Fehling’s reagent (2 mL portions) into five clean, small test tubes.  Add 2-3 drops of the following carbonyl compounds to each test tube: benzaldehyde (water insoluble), propionaldehyde, D-glucose, cyclohexanone and your unknown. 

· Shake well and warm in a gently boiling beaker of water for a couple minutes.

· A positive test is indicated by the appearance of a yellow to orange/red precipitate of cuprous oxide.  
*Waste Disposal*: All solutions must be disposed of into the container labeled Heavy Metal Waste Only.

Part B: The Haloform Reaction

The haloform reaction is unique in the way that it occurs at the (-carbon of the carbonyl group.  This reaction arises due to the increased acidity of the (-hydrogens and the resonance stabilization of the conjugate base (enolate anion).
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This reactive enolate anion acts as a nucleophile with halogens, generating an 

(-halo substitution product.  Halogenation occurs to produce (-halocarbonyl compounds:
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The first substituting halogens cause an electron withdrawing effect which makes any remaining hydrogens even more acidic.  These hydrogens are then replaced quickly by other halogens.  As seen below, a methyl group ( to a carbonyl group is converted to a trihalomethyl group in a stepwise fashion.
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With the addition of excess base, the electron withdrawing trihalocompound is cleaved, and the iodoform is generated.
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Only carbonyl compounds with (-methyl groups undergo the carbon-carbon cleavage that produce the haloform and the corresponding carboxylic acid.  This is due to the weakened bond that only results when three halogens are attached to the carbon (making it a sufficient leaving group).  


Methyl secondary alcohols (-CHOHCH3) are also easily oxidized to their respective carbonyl compounds in the presence of halogens, producing iodoform:  
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When bromine or chlorine is used instead of iodine, the products are bromoform and chloroform, respectively. Most commonly, this reaction is used to test for the presence of methyl ketones, which uses iodine because it is safer and iodoform is a highly insoluble crystalline yellow solid that has a medicinal odor. 
Procedure

· Obtain five clean, small test tubes (not rinsed with acetone) and add 2-4 drops of each of the following compounds: 2-pentanone, 3-pentanone, phenylethanone (acetophenone) cyclohexanone, and your unknown. 

· Add about 2.5 mL of the base solution provided (NaOH) and then about 0.75 mL of the iodine solution. Shake well. 
· Shake well and put into an ice bath if necessary.  Record your observations.  

*Waste Disposal*: All solutions must be disposed of into the container labeled Haloform/Iodoform Waste Only. Do not place in halogenated waste!

Part C: Addition Reactions


This portion of the experiment will examine the most common reaction of carbonyl compound; nucleophilic additions.  
(i) Purpald Test for Aldehydes


The Purpald® reagent (registered trademark of the Aldrich Chemical Company) reacts with aldehydes to form a cyclic derivative that turns bright purple after air oxidation. The reagent is a heterocyclic compound called 4-amino-3-hydrazion-5-mercapto-1, 2, 4-triazole, which reacts according to the reaction below. 
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Even though both aldehydes and ketones react with the reagent, only aldehydes have a 
C-H bond in the six-membered ring that can be air oxidized to the final, purple product.

Procedure

· Add 10 drops of the Purpald reagent provided to five clean, but not dry small test tubes. It is important that your test tube has not been rinsed with acetone – why? 

· Add 4 drops of each of the following carbonyl compound to a test tube: benzaldehyde, propionaldehyde, cyclohexanone, phenylethanone (acetophenone), and your unknown. 

· Continuously tap the side of the test tube and carefully observe any changes. 

· Record your observation.  A positive test is denoted by the formation of a deep purple colour upon oxidation by air. 

*Waste Disposal*: All solutions must be disposed of into the container labeled Purpald Test Waste Only before rinsing two times with acetone. The rinses go in the waste container too!
(ii) Reactions with Nitrogen Nucleophiles: 2,4-Dinitrophenylhydrazones

Since many aldehydes and ketones are liquids at room temperature, converting these compounds into solids is an effective way to identify and purify them.  Specifically with aldehydes, the solid derivatives are more stable than the original liquid compound.  This makes storage safer and when required, the parent carbonyl can be effectively recovered by a reversal hydrolysis reaction.


The most common reagents involved in the development of solid derivatives are substituted amines.  The most  familiar include:  phenylhydrazine (Ar - NHNH2), hydroxylamine (NH2OH), semicarbazide (NH2CONHNH2), and substituted phenylhydrazines.    The overall reactions with each of these is very similar:
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Semicarbazones frequently used to regenerate the parent carbonyl compound by steam distillation in the presence of dilute acid.  The most commonly used for identification are the 2,4-dinitrophenylhydrazones since simple carbonyl compounds give very colourful, highly crystalline solids.  These solid derivatives can also be prepared very rapidly, which makes them an extremely useful qualitative test for the initial detection of a carbonyl group in an unknown compound.  The preparation of a solid derivative of an unknown compound was the basis of a classical approach to structure elucidation, which is all performed by NMR spectroscopy today. However, the formation of these derivatives illustrates the reactions of carbonyl compounds with nitrogen nucleophiles.

Procedure

*Hazards*: 2,4-Dinitrophenylhydrazine is harmful if absorbed through your skin and will dye your hands yellow.  Wear gloves and wash hands after using.

a) Formation of Solid Derivatives

· Dissolve 1-2 drops of the liquid compound (or an estimated 50 mg of a solid) in 1 mL of 95% ethyl alcohol in a large clean, but not dry test tube.  Perform the test on each of the following: Acetone, Acetophenone, Benzaldehyde.
· Add 1 mL of the 2,4-dinitrophenylhydrazine reagent solution.  Shake well and allow to stand for a few minutes. 
· A positive test is denoted by a yellow(orange/red(red crystalline precipitate of the 2,4-dinitrophenylhydrazone derivative within a few minutes. Occasionally, it may be necessary to warm the solution briefly.

· Record your observations.

*Waste Disposal*: All solutions must be disposed of into the container labeled Solid Waste Container. 

b) Preparation of Cyclohexanone 2,4-DNPH

· Add 5 drops of cyclohexanone to 2 mL of ethanol and ~ 2mL of the 2,4-dinitrophenylhydrazine reagent.   
· Collect the precipitate by suction filtration on a Hirsch funnel.  Wash with cold water and dry under the air vacuum.  
· Recrystallize the 2,4-dinitrophenylhydrazone from 95% ethyl alcohol, dry in a 100-110(C oven and determine its melting point.  Use the melting point as a conformation of identity.  Compare your results with the literature value and submit your product with your report.

c) Identification of an Unknown Carbonyl Compound

· Prepare the dinitrophenylhydrazone derivative in the same way as for cyclohexanone with half of your unknown, and the appropriate amounts of the other reagents.

· Collect the solid derivative by suction filtration, recrystallize from ethanol, dry, and determine its melting point.

· In a few instances of heavier compounds, the derivative is only slightly soluble in hot ethanol.  In such cases, if the 2,4-dinitrophenylhydrazone derivative has not dissolved in 3-4 mL of boiling 95% ethanol, decant off the liquid from the remaining solid and recrystallize the solution.  
· Isolate the pure solid, dry, and determine the mp.  While using the same mp instrument, apply the value for cyclohexanone as a standard.  Identify your unknown based on the values given in Table 1. 
· Obtain an IR Spectrum of you unknown.

Table 1: Melting Points: Derivatives of Aldehydes and Ketones

	Aldehyde/Ketone
	Melting point of 2,4-DNPH Derivative

	Propanal (propionaldehyde)

Butanal (buytraldehyde)

Buten-2-al (crotonaldehyde)

p-Tolualdehyde (4-methylbenzaldehyde)

Benzaldehyde

p-Anisaldehyde (4-methylbenzaldehyde)

2-propanone (Acetone)

2-Pentanone

3-Pentanone

2-Hexanone

2-heptanone

2-octanone

Acetophenone (phenylethanone)

Propiophenone (1-phenyl propanone)

Benzophenone

Cyclopentanone

Cyclohexanone
	154

123

190

233

237

254(decomp.)

126

144

156

106

89

58

238

191

238

146

162


Reagent List per Student:

· 10 drops of sodium hydroxide solution

· 2 mL silver nitrate solution

· A couple mL ammonium hydroxide

· 6 mL distilled water

· 5 mL Fehling’s Solution I (containing cupric sulfate)

· 5 mL Fehling’s Solution II (containing sodium potassium tartate and sodium hydroxide)

· 12.5 mL NaOH solution

· 3.25 mL iodine solution

· 1.5 mL (~50 drops) Purpald Reagent

· 7 mL 95% ethyl alcohol

· 7 mL 2,4-dinitrophenylhydrazine

   Samples:

· Benzaldehyde

· phenylethanone

· cyclohexanone

· propionaldehyde

· D-glucose

· 2-pentanone

· 3-pentanone

· acetone

· acetophenone

· unknown
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