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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. 
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Working with Peroxy Compounds

Caution!  Reactions and subsequent operations involving peracids and peroxy 
compounds should be run behind a safety shield. Peroxy compounds should be added 
to the organic material, never the reverse.  For relatively fast reactions, the rate of addition 
of the peroxy compound should be slow enough so that it reacts rapidly and no 
significant unreacted excess is allowed to build up. The reaction mixture should be 
stirred efficiently while the peroxy compound is being added, and cooling should 
generally be provided since many reactions of peroxy compounds are exothermic. 
New or unfamiliar reactions, particularly those run at elevated temperatures, should be 
run first on a small scale. Reaction products should never be recovered from the final 
reaction mixture by distillation until all residual active oxygen compounds (including 
unreacted peroxy compounds) have been destroyed. Decomposition of active 
oxygen compounds may be accomplished by the procedure described in  Korach, M.; 
Nielsen, D. R.; Rideout, W. H. Org. Synth. 1962, 42, 50 (Org. Synth. 1973, Coll. Vol. 
5, 414).  [Note added April 2018].
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SYNTHESIS OF (3-CHLOROBUTYL)BENZENE BY  
THE COBALT-CATALYZED HYDROCHLORINATION OF  

4-PHENYL-1-BUTENE 
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1. Procedure 

 
In-situ preparation of 2-(3,5-di-tert-butyl-2-hydroxybenzylideneamino)-

2,2-diphenylacetic acid potassium salt (SALDIPAC).  A 500-mL, three-
necked, round-bottomed flask is equipped with a rubber septum pierced with 
a thermocouple thermometer probe (Note 1), a gas adapter connected to a 
nitrogen line and oil bubbler, and a ground-glass stopper.  A 3-cm Teflon-
coated oval stir bar is added to the flask. The flask is charged with α,α-
diphenylglycine (0.94 g, 4.1 mmol) and absolute ethanol (40 mL) (Note 2). 
The suspension is stirred at 22 °C and 0.5 M KOH in ethanol (10.0 mL, 
5.0 mmol) is added (Note 3). After stirring for 10 min, most of the solids are 
dissolved. 3,5-Di-t-butyl-2-hydroxybenzaldehyde (1.00 g, 4.27 mmol) is 
added, forming a bright yellow solution.  The solution is stirred at 22 °C for 
16 h to provide 2-(3,5-di-tert-butyl-2-hydroxybenzylideneamino)-2,2-
diphenylacetic acid potassium salt as a solution in ethanol (Note 4). 

(3-Chlorobutyl)benzene.  To the ligand solution prepared above is added 
absolute ethanol (140 mL) and Co(BF4)2•6H2O (1.40 g, 4.11 mmol, 
8 mol%).  The resulting dark red-brown solution is stirred at 22 °C for 
10 min.  To the vigorously stirred mixture (Note 5) is added 4-phenyl-1-
butene (6.69 g, 50.6 mmol, 1.00 equiv) in one portion by syringe followed 
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by p-toluenesulfonyl chloride (11.80 g, 61.89 mmol, 1.2 equiv). Then t-butyl 
hydroperoxide (2.8 mL, 14-17 mmol, 0.3 equiv) is added, followed by 
phenylsilane (PhSiH3) (6.23 g, 57.6 mmol, 1.1 equiv); both are added by 
syringe in one portion. The temperature slowly rises to 38 °C over 10 min as 
the color changes to dark green and weak gas evolution occurs (Notes 6 and 
7). The reaction mixture slowly cools to 22 °C over one h and is vigorously 
stirred at 22 °C for an additional 3 h (Note 8). The mixture is then 
transferred into a 1-L flask and the solvent is removed under reduced 
pressure (20 mmHg, 40 °C bath temperature) by rotary evaporation (Notes 9 
and 10) to afford 30 g of a blue-green gum. Hexanes (200 mL) are added 
and the mixture is sonicated (Note 11) for 5 min to form a suspension, which 
is then filtered through a pad of Celite (50 g) in a 350-mL medium-porosity 
sintered glass funnel. The flask and the Celite pad are washed with hexanes 
(2 x 100 mL) and the combined filtrate is concentrated by rotary evaporation 
(20 mmHg, 40 °C bath temperature) to afford 17.5 g of crude product. The 
crude product is purified by chromatography on SiO2 (Note 12) to afford (3-
chlorobutyl)benzene (7.16 g, 84 %) as a colorless oil (Notes 13 and 14). 

 
2. Notes 

 
1.  The internal temperature is monitored using a J-Kem Gemini 

digital thermometer with a Teflon-coated T-Type thermocouple probe (12-
inch length, 1/8 inch outer diameter, temperature range -200 to +250 °C)  

2.  The following reagents and solvents used in this preparation were 
obtained from Sigma-Aldrich and used without further purification: 3,5-di-t-
butyl-2-hydroxybenzaldehyde (99%), 4-phenyl-1-butene (99%), cobalt(II) 
tetrafluoroborate hexahydrate (99%), p-toluenesulfonyl chloride (99%), t-
butyl hydroperoxide (5 – 6 M in decane), hexanes (ACS reagent, >98.5%), 
dichloromethane (ACS reagent, >99.5%), Celite 545, and silica gel (200-400 
mesh, 60 Å).   The following reagents were obtained from Acros and used 
without further purification: α,α-diphenylglylcine (98%), KOH (powdered, 
>85%) and phenylsilane (97%). Absolute ethanol was obtained from 
Pharmaco. Deionized tap water was used throughout the procedure. 

3.  A 0.5 M solution of KOH in ethanol is prepared by adding 3.2 g of 
85% powdered KOH to 100 mL of absolute ethanol and sonicating for 5 
minutes. (Note 11) The resulting hazy solution is allowed to settle overnight 
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to provide a clear solution with residual powdered solids in the bottom of the 
flask.  

4.  The reaction was monitored by 1H NMR as follows. An approx. 
0.05 mL aliquot of the reaction mixture was diluted with CD3OD for NMR 
analysis.  The resonances at 9.9, 7.7, and 7.6 ppm of the salicylaldehyde 
were readily observable and were integrated vs the imine resonances at 8.1 
and 6.9 ppm. The reaction typically proceeded to 90% conversion of the 
aldehyde. 

5.  The mixture is stirred at 500 rpm on a magnetic stirring plate 
throughout the reaction.  

6.  For larger scale preparations, external cooling is recommended. 
7.  Slow bubbling started after t-butyl hydroperoxide addition and was 

most probably hydrogen gas. Hydrogen chloride can be excluded as a wet 
Riedel-de-Haen pH paper placed in the neck of the flask gave a negative test 
for acid. 

8.   The reaction was monitored by TLC on Merck silica gel 60 F254 
TLC glass plates and visualized with UV light and permanganate stain. The 
Rf values in hexane:CH2Cl2 (7:1) are 0.65 for 4-phenylbutene and 0.56 for 
(3-chlorobutyl)benzene.  The reaction was also followed using 1H NMR as 
follows:  One drop of the reaction mixture was added to 1 mL of CDCl3, 
then filtered through a plug of Celite.  The multiplet at 6 ppm of the starting 
material was monitored to assess reaction completeness vs. the doublet at 1.6 
ppm of the product.  p-TsCl (doublet at 7.9 ppm) and phenylsilane (singlet at 
4.2 ppm) could also be monitored.  The reaction was >95% complete within 
the first hour.  More concentrated samples caused line broadening.  

9.  Solids in the flask require slow lowering of the pressure during the 
concentration to prevent bumping.  

10.  TLC and 1H NMR analysis of the ethanol distillate from the 
concentration indicated the presence of a small amount of product.  In one 
run, the ethanol distillate was added to 200 mL of water then extracted with 
200 mL of hexanes.  The hexanes extract was washed with water (2 x 200 
mL), then concentrated to 1.2 g which was purified by chromatography on 
15 g of SiO2 using 7:1 hexanes: dichloromethane to afford 0.30 g of product 
(3.5% yield).  

11. Sonication is carried out using a Fisher Scientific Ultrasonic 
Cleaner, Model FS20, having a capacity of 2.8L and power of 143 watts. 
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12.  Chromatography conditions: 270 g of SiO2 packed and eluted with 
hexanes:CH2Cl2 (7:1), column diameter 5 cm, fraction volume 40 mL.  After 
loading the crude product on the column, 150 mL of eluent is collected 
before fractions are collected. The product appears in fractions 13-23.  

13.  The physical and spectroscopic properties of (3-
chlorobutyl)benzene are as follows: IR (film) 3064 (w), 3028 (w), 2971 (w), 
2927 (w), 2863 (w), 2361 (w), 1604 (w), 1496 (w), 1454 (m), 1379 (w), 
1275 (w), 1117 (w), 1030 (w), 820 (w), 748 (m), 699 (s), 612 (w), 574 (w), 
506 (w), 454 (w) cm-1; 1H NMR (400 MHz, CDCl3) δ: 1.55 (d, 3 H, J=6.5 
Hz), 2.01–2.08 (m, 2 H), 2.73–2.91 (m, 2 H), 3.97–4.06 (m, 1 H), 7.20–7.33 
(m, 5 H); 13C NMR (100 MHz, CDCl3) δ: 25.6, 33.1, 42.1, 58.1, 126.3, 
128.68, 128.72, 141.3; HRMS (EI) m/z calcd. for C10H13Cl [M]+ 168.0700; 
found 168.0700; Anal. calcd. for C10H13Cl: C, 71.21, H, 7.77; found: C, 
70.91, H, 7.68. 

14. An analytically pure sample was prepared by dissolving 200 mg of 
the chromatographed product in 5 mL of pentane, filtering the solution 
through a 0.45 micron Teflon filter, and concentrating to dryness by rotary 
evaporation, then further removing residual solvent under vacuum at room 
temperature (20 mm Hg) for 3 h. 

 
Waste Disposal Information 

 
All hazardous materials should be handled and disposed of in 

accordance with “Prudent Practices in the Laboratory”; National Academy 
Press; Washington, DC, 1995. 

 
3. Discussion 

 
Olefins are inexpensive and readily available starting materials for 

organic synthesis. For this reason, the direct heterofunctionalization of the 
C=C has been of interest for many years, especially in a regioselective 
manner.2 Among these, the hydrochlorination reaction belongs to one of the 
first fundamental reactions discussed in introductory organic chemistry. 
However, the process is very limited in scope, as the addition at useful rates 
occurs only to highly substituted or strained olefins3 and to styrene-like 
substrates.4 Lewis acid or surface mediated reactions of HCl were reported 
for simple olefins such as cyclohexene and cycloheptene.5 In attempts to 
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avoid strongly acidic conditions different precursors were recognized to 
form HCl in small amounts in situ, however these methods are still limited 
to polysubstituted or activated alkenes and acid sensitive functional groups 
are not tolerated.6 

The cobalt-catalyzed hydrochlorination described above is applicable to 
a range of unactivated alkenes and tolerates a variety of functional groups.7 
Importantly, the reaction displays complete Markovnikov selectivity and 
operates under very mild conditions (EtOH as solvent, room temperature).  
Furthermore, all the reaction components are commercially available. In a 
broader sense, the role of p-TsCl as a Cl-transfer reagent is intriguing and 
may have additional applications in other processes.8,9  

 

1.  Laboratory of Organic Chemistry, ETH Zürich, Wolfgang-Pauli-Strasse 
10, 8093, Zürich. 

2.  Beller, M.; Seayad, J.; Tillack, A.; Jiao, H. Angew. Chem. Int. Ed. 2004, 
43, 3368-3398. 

3.  (a) Whitmore, F. C.; Johnston, F. J. Am. Chem. Soc. 1933, 55, 5020–
5022; (b) Schmerling, L. J. Am. Chem. Soc. 1946, 68, 195–196; (c) Stille, 
J. K.; Sonnenberg, F. M.; Kinstle, T. H. J. Am. Chem. Soc. 1966, 88, 
4922–4925; (d) Fahey, R. C.; McPherson, C. A. J. Am. Chem. Soc. 1971, 
93, 2445–2453; (e) Becker, K. B.; Grob, C. A. Synthesis 1973, 12, 789–
790; (f) Becker, K. B.; Grob, C. A. Helv. Chim. Acta 1973, 56, 2723–
2732. 

4.  (a) Dewar, M. J. S.; Fahey, R. C. J. Am. Chem. Soc. 1963, 85, 2245–
2248; (b) Brown, H. C.; Rei, M.-H. J. Org. Chem. 1965, 31, 1090–1093. 

5.  (a) Kennedy, J. P.; Sivaram, S. J. Org. Chem. 1973, 38, 2262–2264; (b) 
Kropp, P. J.; Daus, K. A.; Crawford, S. D.; Tubergen, M. W.; Kepler, K. 
D.; Craig, S. L.; Wilson, V. P. J. Am. Chem. Soc. 1990, 112, 7433–7434; 
(c) Alper, H.; Huang, Y. Organometallics 1991, 10, 1665–1671. 

6.  (a) Kropp, P. J.; Daus, K. A.; Tubergen, M. W.; Kepler, K. D.; Wilson, 
V. P.; Craig, S. L.; Baillargeon, M. M.; Breton, G. W. J. Am. Chem. Soc. 
1993, 115, 3071–3079; (b) Boudjouk, P.; Kim, B.-K.; Han, B.-H. Synth. 
Commun. 1996, 26, 3479–3484; (c) Yadav, V. K.; Babu, K. G. Eur. J. 
Org. Chem. 2005, 452–456. 

7.  Gaspar, B.; Carreira E. M. Angew. Chem. Int. Ed. 2008, 47, 5758–5760. 
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8.  For a recent example of Pd-catalyzed chlorination with TsCl see: Zhao, 
X.; Dimitrijevic, E.; Dong V. M. J. Am. Chem. Soc. 2009, 131, 3466–
3467. 

9.  For the use of related cobalt catalysts in a wide range of other olefin 
functionalization reactions, see:  (a) Waser, J.; Carreira, E. M. J. Am. 
Chem. Soc. 2004, 126, 5676–5677; (b) Waser, J.; Carreira, E. M. Angew. 
Chem. Int. Ed. 2004, 43, 4099–4102; (c) Waser, J.; Nambu, H.; Carreira, 
E. M. J. Am. Chem. Soc. 2005, 127, 8294–8295; (d) Waser, J.; González-
Gómez, J. C.; Nambu, H.; Huber, P.; Carreira, E. M. Org. Lett. 2005, 7, 
4249–4252; (e) Waser, J.; Gaspar, B.; Nambu, H.; Carreira, E. M. J. Am. 
Chem. Soc. 2006, 128, 11693–11712; (f) Gaspar, B.; Waser, J.; Carreira, 
E. M. Synthesis 2007, 24, 3839–3845. 

 

 

Appendix 
Chemical Abstracts Nomenclature; (Registry Number) 

 

(3-Chlorobutyl)benzene; (4830-94-8) 
2-(3,5-Di-tert-butyl-2-hydroxybenzylideneamino)-2,2-diphenylacetic acid 

potassium salt, (SALDIPAC); (858344-69-1) 
α,α-Diphenylglycine: Benzeneacetic acid, α-amino-α-phenyl-; (3060-50-2) 
3,5-Di-t-butyl-2-hydroxybenzaldehyde: Benzaldehyde, 3,5-bis(1,1-

dimethylethyl)-2-hydroxy-; (37942-07-7) 
Cobalt(II) tetrafluoroborate hexahydrate; (15684-35-2)  
p-Toluenesulfonyl chloride: Benzenesulfonyl chloride, 4-methyl-; (98-59-9)  
t-Butyl hydroperoxide: Hydroperoxide, 1,1-dimethylethyl; (75-91-2) 
Phenylsilane: Benzene, silyl-; (694-53-1) 
4-Phenyl-1-butene: Benzene, 3-buten-1-yl-; (768-56-69) 
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