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The procedures in Organic Syntheses are intended for use only by persons with proper 
training in experimental organic chemistry.  All hazardous materials should be handled 
using the standard procedures for work with chemicals described in references such as 
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C., 
2011; the full text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste should be 
disposed of in accordance with local regulations.  For general guidelines for the 
management of chemical waste, see Chapter 8 of Prudent Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red 
“Caution Notes” within a procedure.  It is important to recognize that the absence of a 
caution note does not imply that no significant hazards are associated with the chemicals 
involved in that procedure.  Prior to performing a reaction, a thorough risk assessment 
should be carried out that includes a review of the potential hazards associated with each 
chemical and experimental operation on the scale that is planned for the procedure.  
Guidelines for carrying out a risk assessment and for analyzing the hazards associated 
with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published and are 
conducted at one's own risk.  Organic Syntheses, Inc., its Editors, and its Board of 
Directors do not warrant or guarantee the safety of individuals using these procedures and 
hereby disclaim any liability for any injuries or damages claimed to have resulted from or 
related in any way to the procedures herein. 

 

September 2014: The paragraphs above replace the section “Handling and Disposal of Hazardous 
Chemicals” in the originally published version of this article.  The statements above do not supersede any 
specific hazard caution notes and safety instructions included in the procedure. 
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1. Procedure 

 

 A. 1-(4-Bromophenyl)ethanone oxime (1). A 1000-mL single-necked, 

round-bottomed flask equipped with a 7 cm magnetic stir bar, a 50-mL 

pressure-equalizing dropping funnel fitted with a nitrogen inlet adapter, and 

an ice-water bath, is charged with 1-(4-bromophenyl)ethanone (50.0 g, 251 

mmol, 1 equiv) (Note 1), hydroxylamine hydrochloride (37.0 g, 532 mmol, 

2.1 equiv) (Note 2) and denatured ethanol (375 mL) (Note 3). Pyridine (37.5 

mL, 465 mmol, 1.85 equiv) (Note 4) is charged through the pressure-

equalizing dropping funnel to the suspension over 5 min. Once the addition 

is complete, the dropping funnel is replaced by a water-cooled condenser 

fitted with a nitrogen inlet adapter. The ice-water bath is replaced by an oil 

bath and the reaction mixture is heated at reflux under nitrogen for 4 h (Note 

5). After this period, the flask is removed from the oil bath and is placed in 

an ice-water bath until the internal temperature cools to approximately 20 °C 

Temperature of the mixture was determined by addition of a thermometer to 

the flask after approximately 10 min of cooling. The magnetic stir bar is 

removed and the reaction mixture is concentrated by rotary evaporation 

(60 °C, 35–40 mmHg) to remove ethanol and other volatiles (~370 mL) to 
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provide a solid residue. The flask is equipped with 7 cm magnetic stir bar 

and a 500-mL pressure equalizing dropping funnel. Water (375 mL) is 

charged to the mixture through the dropping funnel over 15 min. The 

resulting slurry is stirred at room temperature for 1 h, then vacuum-filtered 

on a 9-cm Büchner funnel (fitted with Whatman-1 filter paper, 90 mm), 

washed with water (2 x 25 mL) and suction dried (approx. 10 min). The 

solid is transferred to a 250-mL beaker and dried under vacuum 

(~130 mmHg) at 65 °C for 12 h to afford the title compound 1 as a white 

solid (53.0–53.1 g, 99%) (Note 6). 

 B.  N-(1-(4-Bromophenyl)vinyl)acetamide (2). An oven-dried 1000-

mL, three-necked, round-bottomed flask equipped with 7 cm magnetic stir 

bar, an internal thermometer, a rubber septum and a reflux condenser fitted 

with a nitrogen inlet, is charged 1-(4-bromophenyl)ethanone oxime (1, 

20.0 g, 93.4 mmol, 1 equiv) and THF (125 mL) (Note 7) to give a clear 

solution.  To the stirred solution are added acetic anhydride (19.1 g, 17.6 

mL, 187 mmol, 2.0 equiv) (Note 8) and acetic acid (16.8 g, 16.0 mL, 

280 mmol, 3.0 equiv) (Note 9).  The resulting solution is sparged with 

nitrogen for 20 min (Note 10) and then iron(II) acetate (32.5 g, 187 mmol, 

2.0 equiv) (Note 11) is charged in one portion. The resulting brown slurry is 

heated to approximately 65 °C with a heating mantle and stirred for 12 h 

under a nitrogen atmosphere (Note 12). The heating mantle is then replaced 

with an ice-water bath and the resulting mixture is cooled to an internal 

temperature of approximately 5 °C. To this solution is charged ethyl acetate 

(100 mL) (Note 13) and then water (200 mL) slowly over 10 min while 

keeping the internal temperature below 20 °C (Note 14). The pH of the 

solution is adjusted to ~5 by the addition of 25 mL of 15 wt% aqueous 

NaOH solution (Note 15). The contents are transferred to a 1-L separatory 

funnel and the layers are separated. The bottom aqueous layer is extracted 

with ethyl acetate (125 mL). The combined organic layers are washed 

sequentially with 1 N aqueous NaOH solution (120 mL) followed by 8 wt% 

aqueous sodium bicarbonate solution (150 mL) (Notes 16 and 17).  The 

organic layer is dried over anhydrous sodium sulfate (5 g) (Note 18) and 

filtered. The filtrate is transferred into a 500-mL round-bottomed flask and 

concentrated by rotary evaporation (40 °C, 25 mmHg) to dryness (Note 19). 

To the residue is charged ethyl acetate (10 mL) followed by hexanes (95 

mL) using a 250 mL addition funnel over a period of 30 min while stirring 

with a 7 cm magnetic stir bar. The resulting slurry is stirred for 3-4 h at 

ambient temperature, and then vacuum-filtered on a 6-cm Buchner funnel 
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(fitted with Whatman-1 filter paper, 60 mm). The cake is rinsed sequentially 

with 30 mL of hexanes/ethyl acetate (5:1 v/v) (Note 20) and 15 mL of 

hexanes and is suction dried (ca. 10 min). The solid is transferred into a 50-

mL round-bottomed flask and further dried under vacuum (~130 mmHg) at 

50 °C for 12 h. The title compound 2 is obtained as an off-white solid 

(17.25–17.90 g, 77–80%) (Note 21). 

 

2. Notes 

 

1. 1-(4-Bromophenyl)ethanone (98%) was purchased from Sigma 

Aldrich Co. and used as received. 

2. Hydroxylamine hydrochloride (99%) was purchased from Alfa 

Aesar and used as received.  

3. Denatured ethanol (contains ~5% methanol and ~5% isopropanol 

as denaturants) was purchased from Sigma-Aldrich Co. and used as 

received. 

4. Pyridine (anhydrous, 99.8%) was purchased from Sigma-Aldrich 

Co. and used as received.  

5. The oil bath was heated at 85 °C. All solids dissolve and give a 

clear solution when the temperature of the oil bath reached approx. 35 °C. 

The progress of the reaction was monitored by HPLC, (Hewlett Packard 

1100, Halo C8 4.6 mm x 150 mm, 2.7 m column) by using a liner gradient 

of B (H2O with 0.4 % HClO4) and A (acetonitrile) at a flow rate of 

1.2 mL/min with UV detection at 220 nm and column temperature of 20 °C; 

liner gradient, 85-2% B, 7 min).     

 

Compound           Retention time (min) 

1-(4-Bromophenyl)ethanone 5.28 

1-(4-Bromophenyl)ethanone oxime (1)  6.19 

N-(1-(4-Bromophenyl)vinyl)acetamide (2)  4.70 

 

6. The product displayed the following physical and spectroscopic 

properties: mp 120–122 °C; Lit.
2
 mp 128–130 °C; 

1
H NMR (400 MHz, 

DMSO-d6) : 2.13 (s, 3 H), 7.55–7.63 (m, 4 H), 11.33 (s, 1 H); 
13

C NMR 

(100 MHz, DMSO-d6) : 11.36, 121.94, 127.57, 131.30, 136.14, 152.09; [M 

+ H]
+
 calcd for C8H8NOBr: 213.9862.  Found: 213.9857. Anal. Calcd. For 

C8H8NOBr C, 44.89, H, 3.77, N, 6.54; found C, 44.97, H, 3.80, N, 6.48.  
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7. Anhydrous THF ( 99.9 %) was purchased from Sigma-Aldrich 

Co. and used as received. 

8. Acetic anhydride (reagent ACS grade, 97+ %) was purchased from 

ACROS and used as received.  

9. Glacial acetic acid (min 99.7 %) was purchased from EMD 

Chemicals Inc. and used as received.  

10. It is recommended to sparge the solution with nitrogen thoroughly 

for approx. 20 min before charging iron(II) acetate into the solution. 

11. Iron(II) acetate (anhydrous, 97 %) was purchased from Strem 

Chemical Co. and used as received. Iron (II) acetate is air and moisture 

sensitive; hence, it must be stored under nitrogen or argon and handled with 

minimum exposure with air.  

12. Keep reaction under nitrogen atmosphere all the times. 

13. Ethyl acetate (ACS reagent grade,  99.5 %) was purchased from 

EMD Chemicals Inc. and used as received. 

14. An exotherm is observed during water addition (~10 °C). 

15. Sodium hydroxide (pellets, 99.1 %) was purchased from Fisher 

Scientific and used as received to prepare 15 wt% and 1 N NaOH aq. 

solutions. 

16. Sodium bicarbonate (white powder, min 99.7 %) was purchased 

from EMD Chemicals Inc. and used as received to prepare 8 wt % aqueous 

solution. 

17. The pH value of the aqueous solution should be ~8 after wash. If 

the aqueous layer remains acidic, wash again with 8 wt % sodium 

bicarbonate solution until the pH of the aqueous solution reaches ~8. 

Caution: Carbon dioxide is released during the wash. 

18. Anhydrous sodium sulfate powder is purchased from EMD 

Chemicals Inc. and used as received. 

19. The pale orange oil solidified upon cooling to give a beige solid.  

20. Hexanes (ACS grade) was purchased from Sigma-Aldrich Co. and 

used as received. 

21. The product displayed the following physical and spectroscopic 

properties: mp 106–113 °C; 
1
H NMR (400 MHz, CDCl3) : 2.06 (s, 3 H), 

5.07 (s, 1 H), 5.73 (s, 1 H), 7.11 (s, 1 H), 7.25 (d, J = 8.3 Hz, 2 H), 7.46 (d, J 

= 8.4 Hz, 2 H), 
13

C NMR (75 MHz, CDCl3) : 24.48, 103.82, 122.74, 

127.78, 131.83, 137.18, 139.75, 169.32. [M + H]
+
 calcd for C10H10NOBr: 

240.0019.  Found: 240.0009; Anal. Calcd. For C10H10NOBr C, 50.02, H, 
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4.20, N, 5.83; found C, 49.99, H, 4.19, N, 5.70. Note: It was found that 

compound 2 was prone to tautomerize in sufficiently acidic CDCl3. 

 

Handling and Disposal of Hazardous Chemicals 

 

The procedures in this article are intended for use only by persons 

with prior training in experimental organic chemistry.  All hazardous 

materials should be handled using the standard procedures for work with 

chemicals described in references such as "Prudent Practices in the 

Laboratory" (The National Academies Press, Washington, D.C., 2011 

www.nap.edu).  All chemical waste should be disposed of in accordance 

with local regulations.  For general guidelines for the management of 

chemical waste, see Chapter 8 of Prudent Practices. 

These procedures must be conducted at one's own risk.  Organic 

Syntheses, Inc., its Editors, and its Board of Directors do not warrant or 

guarantee the safety of individuals using these procedures and hereby 

disclaim any liability for any injuries or damages claimed to have resulted 

from or related in any way to the procedures herein. 

 

3. Discussion 

 

Syntheses of N-acetyl enamides have gained increasing attention due to 

their importance as the starting materials for making chiral amines by 

asymmetric hydrogenation. Several preparative methods are available, 

including: 1) direct condensation of acetamides with ketones;
3
 2) addition of 

an organometallic reagent to a nitrile followed by quench of the resulting 

imine with an electrophile;
4
 3) transition metal-catalyzed coupling of vinyl 

derivatives such as vinyl halides,
5
 triflates,

6
 or tosylates

7
 with amides;

 
4) 

Heck arylation of vinylacetamide;
8
 5) reductive acylation of ketoximes.

9
 

While most of these methods suffer from a limited substrate scope, low 

yields, high cost, or the requirement of cryogenic conditions, the reductive 

acylation of ketoximes with Fe/Ac2O/AcOH proved to be economical and 

tolerant of various functionalities, and is often the method of choice at a 

laboratory scale.
9a-d

 However, this method is not amenable to scale-up. The 

uncontrollable initiation of iron powder often leads to inconsistent yields and 

impurities. Singh and coworkers
9f

 reported a method in which pyrophoric 

phosphine is used as the alternative reducing reagent. Hydrogen was also 

reported as the reducing source, primarily for the synthesis of cyclic 
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enamides.
9g

 A CuI-catalyzed method with NaHSO3 as the reducing reagent 

was also reported.
9h

 

The procedure presented herein employing iron(II) acetate as the 

reducing reagent offers several advantages over the Fe/Ac2O/AcOH 

method.
10

 First of all, its mild reaction profile is reliable and amenable to 

scale-up activities. Additionally, the purification procedure is simpler since 

both iron(II) acetate as the reagent and iron(III) acetate as the side-product 

are water-soluble.  Higher yields are achieved for most substrates because of 

the mild reaction conditions (Table 1 and Table 2). 
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Table 1. Synthesis of acyclic N-acetyl -arylenamides
a 

 

NOH NHAc
AcO2, AcOH

Fe(OAc)2, THF

R R

R' R'

NOH NHAc

NOH NHAc

NOH NHAc

NOH NHAc

NOH NHAc

NOH NHAc

NOH NHAc

NOH NHAc

1

2

3

4

5

6

7

8

78

82

87

77

77

80c

66

67

MeO MeO

F3C F3C

MeOMeO

OMe OMe

entry ketoxime enamide yield (%)b

aReaction conditions: ketoxime (4 mmol, 1 equiv), Fe(OAc)2 (8 mmol, 2 equiv), 

AcOH (12 mmol, 3 equiv), Ac2O (8 mmol, 2 equiv), THF (20 mL), at 65-67 oC 

for 7-15 h under nitrogen; bUnoptimized isolated yields. cE/Z ratio ~1/1.5.
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Table 2. Synthesis of acyclic N-acetyl -arylenamides
a 

NOH

R'

nR

NHAc

R'

nR

Ac2O, AcOH

Fe(OAc)2, THF

NOH NHAc

1 80

NOH NHAc

3 55

NOH NHAc

4 82

NOH NHAc

5 74

NOH
2 50

NHAc

MeO MeO

entry ketoxime enamide yield (%)

aThe reaction conditions were similar as shown in Table 1. Yields were not optimized.
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Appendix 

Chemical Abstracts Nomenclature; (Registry Numbers) 

 

1-(4-Bromophenyl)ethanone: Ethanone, 1-(4-bromophenyl)-; (99-90-1) 

Hydroxylamine hydrochloride: (5470-11-1) 

1-(4-Bromophenyl)ethanone oxime: Ethanone, 1-(4-bromophenyl)-, oxime; 

(5798-71-0) 

Iron(II) acetate: Acetic acid, iron(2+) salt (2:1); (3094-87-9) 

N-(1-(4-Bromophenyl)vinyl)acetamide: Acetamide, N-[1-(4-

bromophenyl)ethenyl]-; (177750-12-8) 
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