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Abstract

In this multi-step synthesis I prepared 1-bromo-3-chloro-5-iodobenzene from a starting sample of aniline. The complete reaction consisted of eight steps that were completed during a total of five laboratory periods. During the first period I completed the acetylation and bromination to form 4-bromoacetanilide. The second period I performed a chlorination  to produce 4-bromo-2chloroacetanilide. During the third period I hydrolyzed the amide to form 4-bromo-2chloroaniline. I iodinated this product to form 4-bromo-2-chloro-6-iodoaniline during the fourth period. The last period consisted of a deamination reaction to produce the final product 1-bromo-3-chloro-5-iodobenzene. The complete synthesis scheme is included below. The normal yield from each individual step is on the order of 60 to 90%. I was able to maintain this level of yield for all steps (>60%), except the last one, where an average yield was ~ 40 % (my result was ? %). 

Synthesis Scheme! 

Introduction


Most of the reactions involved an electrophilic aromatic substitution. There are some very important features in this experiment that is commonly used in aromatic chemistry. The first is the protection of an amino group from possible electrophilic substitutions reactions by its conversion to an amide, and soon after regeneration back to the original amino group. The second is the introduction and removal of an amino group because of its directing and activating capabilities during the substitutions. I started with a prepared sample (3.7 g) of aniline. 

- Part I Preparation of 4-bromoacetanilide (Acetylation and Bromination)


The chemical structure of aniline 1 is shown below. This compound belongs to the family of benzenes with an attached highly electron-donating group. This group activates the aromatic ring towards electrophilic aromatic substitution reactions and hence we need to ‘protect’ it as an amide by acetylation.  The reagents we use for this purpose is initially  HCl to produce the hydrochloride salt 2. 

20.3

Acetic anhydride and sodium acetate are then added to give a mixture in which sodium acetate and 2 are in equilibrium with acetic acid and aniline. The structure of the product, acetanilide 3 is shown below.

20.3

As free aniline is produced by this acid-base reaction, it rapidly undergoes acetylation by acetic anhydride to give acetanilide, which is isolated by filtration and purified by recrystallization from water. A possible side-reaction is diacetylation, as shown below. However, in aqueous solution this reaction is minimized.  Anilide was recrystallized and collected as a colorless solid. This means that there were few if any impurities, as was confirmed by the melting point measurements. 

The second part of this period was used for bromination of 3.  The introduction of bromine by electrophilic substitution is not performed directly on aniline because the amino group so greatly activates the ring toward electrophiles hence leading to trisubstitution. Under mild conditions (bromine in acetic acid without a Lewis acid catalyst) CH3CONH- group activates (ortho and para) the ring for monobromination. The scheme is below. 

20.11

 Separation between the two products is done in the recrystallization procedure. The produc is then used for the next step. 
Experimental Section


Melting points were obtained using a MelTemp apparatus and are corrected. The NMR spectrum was supplied: it had been obtained at 60 MHz in CDCl3 solution using tetramethylsilane (TMS) as an internal standard. The IR spectrum was also supplied; this had been obtained on a Perkin-Elmer 710B Spectrophotometer in CCl4 solution. 

Acetanilide (3). A small sample (density 1.0217, 3.6 ml, 0.04 mole) of aniline was obtained and dissolved in 100 ml of 0.4 N hydrochloric acid in a 250-ml Erlenmeyer flask. The solution was subjected to magnetic stirring and warmed to 50( C on a hot plate. To this was firstly added (density 1.08, 4.4 ml, 102.0896 g/mole) of acetic anhydride and after stirring I added a solution of (6.0 g, 136.07987 g/mole) of sodium acetate trihydrate dissolved in 20 ml of water. The reaction mixture was cooled to 5( C in an ice water bath, and the acetanilide was collected using vacuum filtration, washed with water and air-dryed.

To ensure a higher yield, the filtrate was combined with 2 ml of acetic anhydride and cooled, and then further precipitate was recollected and added to first crop (it was colorless). After saving a sample for the TA, I used the rest of the product (> 5.25 g i.e. 100 % yield) for the bromination reaction. The melting point of the crude acetanilide was 109-111( C (lit. * 114.3 ( C).  

IR ( max (CCl4) 3250 (NH stretch,weak) 3050 (C-H; aromatic), 1725 (C=O stretch), 1600 (C-H: aromatic, weak), 1540 (NH bending), 1500 (C-H: aromatic, weak),  750 and 690 (C-H bending, aromatic). 

1H NMR (CDCl3) ( 7.8 (singlet, 1H, nitrogen H) ( 7.55-7.45 (broad doublet, 2H; aromatic Hs ortho J ~ 6 Hz) ( 7.3 (multiplet, 2H; aromatic Hs meta J ~ 8 Hz) ( 7.1 (triplet 1H; para H J ~ 7 Hz) ( 2.1 (singlet 3H; CH3 group). 

4-bromoacetanilide (4). No recalculation was required since I obtained 100 % yield (0.04 mole) of acetanilide. 20 ml of acetic acid and hence 0.02 mole (2 ml) of bromine (Br2) in acetic acid were used. A Pasteur pipet was used to add the bromine solution to the dissolves acetanilide in acetic acid (in an E-flask) over a period of 1–2 min. Stirring was maintained throughout the entire reaction and the temperature was room temperature. 100 ml of cold water was added slowly and then just enough sodium bisulfate was added to discharge the coloring that had resulted. The solution was cooled in an ice-bath and the crude product was collected by vacuum filtration. The product did not appear yellow, and was washed with water and pressed dry on the filter. I used methanol (34 ml) for the recrystallization. I also collected a second crop. The final weight was 5.07 g (0.024 mole 214.0613g/mole), which is a yield of 60 %. The melting temperature was measured to be 165-170( C for the crude product and 168-172( C for the final product (lit 171-172( C). 

IR ( max (CCl4) 3250 (NH stretch, weak) 3050 (C-H; aromatic), 1725 (C=O stretch), 1600 (C-H: aromatic, weak), 1540 (NH bending), 1500 (C-H: aromatic, weak), 825 (C-H bending, para),

1H NMR (CDCl3) ( 10.14 (singlet, H, nitrogen H) ( 7.6 (doublet, 2H; aromatic Hs meta to Br J ~ 9 Hz) ( 7.4 (doublet, 2H; aromatic Hs ortho to Br J ~ 9 Hz) ( 2.1 (singlet 3H; CH3 group).

- Part II Preparation of 4-bromo-2-chloroacetanilide (Chlorination) 


4-Bromoacetanilide is slightly less reactive toward further electrophilic substitution than acetanilide, but it is still sufficiently reactive to be chlorinated under mild conditions without a strong Lewis acid catalyst. Thus, molecular chlorine dissolved in acetic acid chlorinates 4-bromoacetanilide to produce 4-bromo-2-chloroacetanilide 5 as shown below. The formation of the 2-rather than 3-chloro isomer demonstrates the more powerful directing effect of the acetamido group as compared to the bromo substituent. 

20.12

To avoid the hazards associated with using chlorine gas, this reagent may be generated in situ by reaction of concentrated HCl and sodium chlorate (NaClO3); an oxidation-reduction process occurs by which chloride ion is oxidized to chlorine and chlorate ion is reduced to chlorine. This method also allows for preparation of precise amounts of molecular chlorine. 

Oxidation: 2 Cl- = Cl2 + 2 e-

Reduction: 12 H3O+  + 2 ClO3- + 10 e- = Cl2 + 18 H2O

Overall: 5 Cl- + ClO3- +  6 H3O+  = 3 Cl2 + 9 H2O

Experimental Section


Melting points were obtained using a MelTemp apparatus and are corrected. The NMR spectrum was supplied: it had been obtained at 60 MHz in CDCl3 solution using tetramethylsilane (TMS) as an internal standard. The IR spectrum was also supplied; this had been obtained on a Perkin-Elmer 710B Spectrophotometer in CCl4 solution.

4-bromo-2-chloroacetanilide (5). I used the entire product of 4-bromoacetanilide to start this reaction. My 4-bromoacetanilide was suspended in (density 0.90911.5 ml, 0.573 mole) of HCl and (density 1.0492, 9.79 ml, 0.49 mole) acetic acid in a E-flask with a magnet stir bar. The mixture was stirred and heated gently until the solution became homogenous. Immediately after this, the solution was put in an ice-water bath and cooled to 0-5( C. Meanwhile an ice-cold solution of (0.0013 mole, 106.44 g/mol) of sodium chlorate was prepared, and added dropwise with a Pasteur pipet over a period of 5 min. The color change was white/transparent to greenish/yellow and a precipitate was formed. Some chlorine gas did evolve from my E-flask. After this I let the reaction mixture to stir for one hour at room temperature. The precipitate was collected vi vacuum filtration and a small sample of crude 4-bromo-2-chloroacetanilide was saved and washed with water. Recrystallization occurred with methanol (24 ml). The final product weighted 5.16 g (249.51 g/mole, 0.0206 mole) which gives a yield of 88 % (!).  I got a melting point of 148-150( C for the crude product and 150-152( C for the final product (lit 153-154( C). 

IR ( max (CCl4) 3250 (NH stretch, weak) 3050 (C-H; aromatic), 1725 (C=O stretch), 1600 (C-H: aromatic, weak), 1540 (NH bending), 1500 (C-H: aromatic, weak), 780 and 700 (C-H bending), 825 (C-H bending, para), 800 (C-Cl)

1H NMR (CDCl3) ( 8.3 (doublet, H, nitrogen H J ~ 9Hz) ( 7.58 (singlet, H; aromatic Hs meta to Cl) ( 7.52 (singlet, H; aromatic Hs ortho to Cl) ( 7.4 (quadruplet H; para to Cl, J ~ 7 Hz).

- Part III Preparation of 4-bromo-2-chloroaniline (Amide hydrolysis)
The acetamido group of 4-bromo-2-chloroacetanilide 5 is the most powerful director of the three substituents on the aromatic ring, so further electrophilic substitution will preferentially occur at the 6-position of the molecule. However, attempted iodination of 5 fails because of the deactivating effects of the halogen substituents and because the iodonium ion, I+, is a very unreactive electrophile compared to bromonium, Br+, or chloronium, Cl+, ions. The solution to this problem is to regenerate the amino group, a more powerful ring activator, by hydrolysis of the amide. This forms 4-bromo-2-chloroaniline. The reaction is shown below and is effected using a solution of concentrated hydrochloric acid in ethanol. 

20.15

4-bromo-2-chloroaniline (6). I mixed my 5.16 g of 4-bromo-2-chloroacetanilide, and scaled down by half all reactants, together with 10 ml of 95 % ethanol and 6.5 ml of concentrated hydrochloric acid. I heated the solution under magnetic stirring for 0.5 h under reflux. At the end I added 45 ml of hot water and swirled to dissolve any solid. Then I poured the solution unto 75 g of ice, in a beaker and slowly added 15 ml of 14 N sodium hydroxide solution, while stirring. I ensured that the mixture is basic and isolated the solid by vacuum filtration, and washed it with cold water. The solid was recrystallized from methanol (~ 20 ml). I also got a second crop by adding methanol to the filtrate while warming the solution and added gently water. The mixture was cooled and vacuum filtration gave me the white crystalline solid 4-bromo-2-chloroaniline. I obtained a final weight of 3.81 g (0.01858 mole, 205.04 g/mole). This gives a yield of 90.2 % (!) The melting point of the crude product was 62-64( C and 65-66( C for the final produce (lit. 68-70( C).

IR ( max (CCl4) 3300 (NH stretch, doublet (separation 50 cm-1) 3050 (C-H; aromatic), 1600 (N-H2: bending, medium), 1540 (NH bending), 1500 (C-H: aromatic, weak), 780 (C-H bending), 825 (C-H bending, para), 800 (C-Cl)

1H NMR (CDCl3) ( 7.38 (doublet, H ortho to Cl J ~ 2 Hz) ( 7.15 (quadruplet, H; aromatic H para to Cl J ~ 2 Hz, 6 Hz) ( 6.62 (doublet, H; aromatic H meta to Cl J ~ 10 Hz) ( 4.0 (singlet 2H; N-H2).

Part IV Preparation of 4-bromo-2-chloro-6-iodoaniline (Iodination)

The iodinating reagent in our procedure is iodine monochloride, ICl. Because iodine is the less electronegative of the two halogens, the reagent is polarized to make the iodine atom electrophilic, and it may dissociate to give Cl- and I+. The electrophile for the reaction is thus either polarized molecular I-Cl or iodonium ion. The product is 4-bromo-2-chloro-6-iodoaniline 7 and the reaction is depicted below. 

20.16

4-bromo-2-chloro-6-iodoaniline (7). I used my entire 3.81 g of final 4-bromo-2-chloroaniline and dissolved it in 80 ml of glacial acetic acid in a round-bottom flask, with an addition of 20 ml of water. I prepared a 20 ml (0.03 mole) solution of iodine monochloride (in glacial acetic acid). The color was deep red. I added the iodine solution over a period of 8-10 min, stirred and heated (steam bath) to 85-90( C. I then allowed the solution to cool to 50( C and added 10 ml of aqueous sodium bisulfite, to turn the color of the mixture to bright yellow. I then added 5 ml of water for dilution purposes. The reaction-mixture was cooled in an ice-water bath, and the crude product was obtained via vacuum filtration. I washed this product with ice-cold 33 % aqueous acetic acid and with over 50 ml of water. The recrystallization occurred from acetic acid-water which was a mix of the 20 ml of glacial acetic acid (in which the product was initially dissolved). This was then heated for 5 min and 20 ml of water was added. When dissolution was complete, the solution was cooled in an ice-water bath and the product, 4-bromo-2-chloro-6-iodoaniline was isolated via vacuum filtration. The final weight of product was 3.25 g (0.098 mole, 333.38 g/mole). This gives a yield of 53 %. The melting point for the crude material was 88-92( C, and 93-95( C for the final product (lit. 96-98( C).

IR ( max (CCl4) 3300 (NH stretch, doublet (separation 50 cm-1) 3050 (C-H; aromatic), 1600 (N-H2: bending, medium), 1540 (NH bending), 1500 (C-H: aromatic, weak), 780 (C-H bending), 825 (C-H bending, para), 800 (C-Cl)

1H NMR (CDCl3) ( 7.65 (doublet, aromatic H ortho to I, J ~ 2 Hz) ( 7.38 (doublet, H; aromatic H ortho to Cl J ~ 2 Hz, 6 Hz), ( 4.6 (singlet 2H; N-H2). 

Part V Preparation of 4-bromo-2-chloro-6-iodobenzene (Deamination)

The final step is the removal of the amino group from 2-chloro-4-bromo-6-iodoaniline. After the amino group has been diazotized with nitrous acid at 0( C to produce 9, the diazo group may be removed by treatment with absolute ethanol or hypophosphorous acid, H3PO2, as depicted below. Although the latter is the more general reagent for replacing a diazonium group by a hydrogen atom, ethanol works well with certain types of aromatic compounds, in particular those containing halogen, and will be used in our procedure. The transformation presumably involves an oxidation-reduction reaction in which ethanol is oxidized to acetaldehyde or acetic acid. The process is mechanistically ill-defined, but donation of a hydride ion to reduce the diazo compound is a likely possibility. 

20.17, 20.18

4-bromo-2-chloro-6-iodobenzene is the final product 8. However there is a potential side-reaction shown below. The diazonium salt may dissociate to a carbocation and molecular nitrogen. The carbocation could then react with ethanol to give an aryl ethyl ether as a by-product (shown below). Fortunately, ether formation is a minor process in the present reduction, and any ether that is produced is removed by recrystallization of the product. 

20.19

4-bromo-2-chloro-6-iodobenzene (8). Since I started with quite a bit more than 0.006-mole of 4-bromo-2-chloro-6-iodoaniline, I did not need to scale at all. I suspended all my product in 10 ml of absolute ethanol (100%, 200 proof) in a 250-ml round-bottomed flask equipped with a stir bar. While stirring, I added 4.0 ml of concentrated sulfuric acid dropwise. Then I added  0.7 g of powdered sodium nitrite in small proportions. I then heated the solution gently at reflux for 10 min. I added 125 ml of hot water to it, and did a simple distillation. The receiver was cooled in an ice-water bath. I isolated the produce by extracting it with (2x15 ml) of dicholormethane while I made sure the solid in the condenser, was washed and added to the final organic layer. I washed the organic layer with dilute (3M) sodium hydroxide solution. The dichloromethane was removed using a roto-vap, and the recrystalization  was done with 10 ml of methanol. The product was in the shape of long colorless needles. The final weight was ___g (___mole, ____ g/mole). This gives a yield of ____ %. The melting temperature was measured to be 80-82( C (lit. 84-86( C). 

IR ( max (CCl4) 3050 (C-H; aromatic, weak), 1500 (C-H: aromatic, weak), 780 (C-H bending). 800 (C-Cl)

1H NMR (CDCl3) ( 7.75 (triplet, aromatic H para to Cl, J ~ 2 Hz) ( 7.65 (triplet, H; aromatic H para to Br J ~ 2 Hz, ), ( 7.48 (triplet H; aromatic H para to I J ~ 2 Hz,).

Results and Discussion

The yield from all steps were as follows: 

	PART 
	YIELD
	Mel. Temp OK?

	I
	60 %
	Yes

	II
	88 %
	Yes

	III
	90 %
	Yes

	IV
	53 %
	Yes

	V
	???
	Yes

	Overall
	26 %
	


The logic underlying the specific sequences of steps for getting from reactants to products is summarized as follows. Introducing the amino group as direcetor on the benzene ring provides a way to control the locations at which the various halogen substituents appeared. When the directive effects of the amino group are no longer required, this functionality is replaced with a hydrogen atom during the final step of this synthesis reaction. Before introducing a halogen atom onto the ring, the ring-activating power of the amino group is lessened by converting it to an acetamido group, which makes monohalogenation possible. The reason that the bromo substituent is added first is that the acetamido group preferentially directs an electrophile to the para position. The chloro substituent was introduced next because  chlorination of 4-bromoacetanilide is possible, whereas iodination is not. If the amino function had been regenerated prior to chlorinating and iodinating the ring, undesired polyhalogenation would have occurred. The iodo group is added last because the aromatic ring must be highly activated for this reaction to succeed, and there is only one activated position remaining where substitution can occur, making polyiodination improbable.
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