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Working with Hazardous Chemicals 
 

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. 

Copyright ! 2005 Organic Syntheses, Inc.  All Rights Reserved 
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1.  Procedure 
 

A. 4-Nonylbenzoic acid methyl ester.  A 250-ml, three-necked, 
round-bottomed flask equipped with a Teflon-coated magnetic stirbar, glass 
stopper, a reflux condenser fitted with an argon stopcock inlet, and a 
pressure-equalizing dropping funnel is charged with magnesium turnings 
(2.95 g, 121.0 mmol).  The flask is evacuated and flame-dried while the 
magnesium turnings are gently stirred.  After reaching ambient temperature, 
the apparatus is flushed with argon, the magnesium turnings are suspended 
in 20 mL of tetrahydrofuan (Note 1), and 1,2-dibromoethane (0.3 ml, 3.6 
mmol) (Note 2) is introduced.  A solution of 1-bromononane (20.52 g, 97.0 
mmol) (Note 2) in 100 mL of THF (Note 1) is then added via the addition 
funnel to the suspension over a period of ca. 45 min at such a rate as to 
maintain gentle reflux.  After the addition is complete, the mixture is 
refluxed for another 20 min and then the resulting solution of 
nonylmagnesium bromide is allowed to cool to ambient temperature.  In the 
meantime, an oven-dried, 2-L, two-necked, round-bottomed flask equipped 
with a magnetic stirbar, rubber septum, and an argon inlet is flushed with 
argon and charged with 4-chlorobenzoic acid methyl ester (13.0 g, 76.2 
mmol) (Note 2), ferric acetylacetonate [Fe(acac)3] (1.35 g, 3.82 mmol) (Note 
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2), 450 ml of THF (Note 1), and 25 mL of N-methylpyrrolidinone (NMP) 
(Note 1).  The flask is immersed in an ice bath and the solution of 
nonylmagnesium bromide prepared above is immediately added within one 
min via a polyethylene cannula.  This causes an immediate color change 
from red to black-violet.  The ice bath is removed and the resulting dark 
mixture is stirred for 7-10 min at ambient temperature, diluted with 200 mL 
of diethyl ether, and then carefully quenched by addition of 300 mL of 1M 
HCl with stirring.  The mixture is transferred into a separatory funnel (the 
flask is rinsed with 200 mL of Et2O), and the aqueous phase is separated and 
extracted with 200 mL of Et2O.  The combined organic phases are washed 
with 300 mL of saturated aq NaHCO3, dried over Na2SO4, and concentrated 
by rotary evaporation at reduced pressure (Note 3).  The resulting crude 
orange-red residue is purified by short path distillation under high vacuum (1 
x 10-4 torr) to give 15.81-16.85 g (79-84%) of 4-nonylbenzoic acid methyl 
ester as a colorless syrup, bp 103-105 °C (Notes 4, 5). 

B. 4-Nonylbenzoic acid.  A 500-mL, round-bottomed flask 
equipped with a Teflon-coated magnetic stirbar and a reflux condenser is 
charged with 4-nonylbenzoic acid methyl ester (10.07 g, 38.37 mmol), 100 
mL of methanol (Note 1), and 96 mL of 1M aqueous NaOH.  The resulting 
mixture is heated at reflux for 18 hr and then allowed to cool to room 
temperature.  The reaction mixture is carefully acidified by addition of 200 
mL of 1M aqueous HCl, and the resulting solution is transferred to a 
separatory funnel and extracted with four 250-mL portions of ethyl acetate.  
The combined organic layers are dried over Na2SO4, filtered, and 
concentrated by rotary evaporation at reduced pressure.  The residue (ca. 9.5 
g) is recrystallized from 70 mL of hexanes to give 8.32-8.35 g (87-88%) of 
4-nonylbenzoic acid as a white solid (Notes 6, 7). 
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29.4, 29.5, 31.1, 31.8, 36.1, 126.7, 128.6, 130.4, 149.6, 171.9; IR (film):  
3072, 2924, 2852, 2669, 2554, 1683, 1609, 1575, 1469, 1424, 1321, 1290, 
945, 859, 758 cm –1; MS (El):  m/z (rel. intensity): 248 (56, [M+]), 177 (7), 
149 (9), 136 (100), 107 (9), 92 (38), 57 (14); Anal. Calcd for C16H24O2-H2O: 
C, 72.14; H, 9.84.  Found C, 72.53; H, 9.76. 
 

Waste Disposal Information 

 All toxic materials were disposed in accordance with “Prudent 
Practices in the Laboratory”; National Academy Press; Washington, DC  
1995. 

 

3.  Discussion 

 Modern cross coupling chemistry is heavily dominated by the use of 
palladium and nickel complexes as the catalysts, which show an 
impressively wide scope and an excellent compatibility with many 
functional groups.2 This favorable application profile usually 
overcompensates the disadvantages resulting from the high price of the 
palladium precursors, the concerns about the toxicity of nickel salts, the need 
for ancillary ligands to render the complexes sufficiently active and stable, 
and the extended reaction times that are necessary in certain cases. 
 Our group has recently developed an alternative method for alkyl-
(hetero)aryl- as well as aryl-heteroaryl cross coupling reactions catalyzed by 
iron salts. 3,4  This methodology was inspired by early reports of Kochi et al. 
5,6 on iron-catalyzed cross coupling of vinyl halides and is distinguished by 
several notable advantages. 
 (1) The expensive noble metal catalysts are replaced by cheap, air 
stable, commercially available and toxicologically benign iron salts without 
any loss in efficiency.  The reactions are usually carried out under “ligand 
free” conditions using inexpensive Grignard reagents as the preferred 
coupling partners. 
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a) Consecutive addition of isobutylmagnesium bromide and tetradecylmagnesium bromide within
an overall reactioin time of 8 min.  
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equally available by this iron-catalyzed cross coupling method, is of some 
practical relevance as liquid crystalline material or a component thereof.7,8 
The additional examples compiled in the Table illustrate the scope and 
performance of this new protocol in more detail. 3,4,9,10 
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Appendix 
Chemical Abstracts Nomenclature (Registry Number) 

 
4-Nonylbenzoic Acid:  Benzoic acid, 4-nonyl-; (38289-46-2) 
Magnesium; (7439-95-4) 
1-Bromononane:  Nonane, 1-bromo-; (693-58-3) 
Nonylmagnesium bromide:  Magnesium, bromononyl-; (39691-62-8) 
Ferric acetylacetonate:  Tris (2,4-pentanedionato)iron (lll); (14024-18-

1) 
N-Methylpyrrolidinone:  2-Pyrrolidinone, 1-methyl-; (872-50-4) 
4-Chlorobenzoic acid methyl ester:  Benzoic acid, 4-chloro-, methyl 

ester; (1126-46-1). 
 

 
 

 




