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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. 

 

These paragraphs were added in September 2014.  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. 3-Phenyl-4-pentenoic acid. A mixture of 33.7 g (0.25 mol) of cinnamyl alcohol (Note 1), 46.1 
mL (0.25 mol) of triethyl orthoacetate (Note 1), and 0.19 mL (1.5 mmol) of hexanoic acid (Note 2) is 
placed in a 250-mL, round-bottomed flask equipped with a thermometer, Claisen head, and condenser. 
The solution is heated in an oil bath with distillation of ethanol. After 3 hr, distillation of ethanol slows 
and another 0.1-mL portion of hexanoic acid is added. Additional portions (0.1 mL) of the catalyst are 
added again at 3.5 and 4.5 hr. After 6 hr, a total of 27 mL of ethanol, out of a theoretical 29.2 mL, has 
been collected, and GC analysis (Note 3) indicates that no cinnamyl alcohol remains. Over this 6-hr 
period the internal temperature rises from 100 to 166°C. 

The solution is allowed to cool, and 19.7 g (0.35 mol) of potassium hydroxide in 25 mL of water 
and 75 mL of methanol is added. The mixture is heated under reflux for 1 hr under nitrogen. After the 
alkaline solution is allowed to cool to room temperature, it is washed with ether and acidified with 
concentrated HCl. The acidic solution is extracted with three 50-mL portions of ether, and the organic 
layer is dried over MgSO4, filtered, and concentrated under reduced pressure. The yield of crude 3-
phenyl-4-pentenoic acid is 38–39 g (86–88%). This material is essentially pure by NMR analysis and 
can be used directly as starting material for the following iodolactonization reactions. The acid can be 
further purified by crystallization from hexane (86% recovery in two crops) to give product melting at 
44–46°C. 

B. Thermodynamically controlled formation of the trans (4RS,5SR) isomer of 4,5-dihydro-5-
iodomethyl-4-phenyl-2(3H)-furanone. In a 500-mL, round-bottomed flask equipped with a mechanical 
stirrer (Note 4) and immersed in an ice bath is placed a solution of 10 g (0.057 mol) of 3-phenyl-4-
pentenoic acid in 200 mL of acetonitrile (Note 5). Solid iodine (44.5 g, 0.18 mol) (Note 6) is added, and 
the mixture is protected from light and stirred at 0°C under nitrogen for 24 hr. The mixture is partitioned 
between 100 mL of ether and 100 mL of saturated aq NaHCO3. The organic layer is washed with 10% 
aqueous Na2S2O3 until colorless, and with water and brine. It is then dried over MgSO4, the solvent is 
removed at reduced pressure, and the crude trans iodolactone is obtained as a thick oil; weight 14.5–
15.6 g (85–91%). NMR analysis indicates that the trans : cis ratio is at least 95 : 5 (Note 7). 
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C. Kinetically-controlled formation of the cis (4RS,5RS) isomer of 4,5-dihydro-5-iodomethyl-4-
phenyl-2(3H)-furanone. A mixture of 10 g (0.057 mol) of 3-phenyl-4-pentenoic acid, 9.1 g (0.11 mol) 
of NaHCO3 and 200 mL of water is placed in a 1000-mL round-bottomed flask equipped with a 
mechanical stirrer (Note 4) and stirred until a homogeneous solution is obtained. Chloroform (200 mL) 
is added, the mixture is cooled in an ice bath, and 28.4 g (0.112 mol) (Note 8) of iodine is added. The 
mixture is stirred at 0°C for 6 hr, the layers are separated, and the organic phase is washed with 10% 
aqueous Na2S2O3 until colorless, and with water and brine. The organic layer is dried over MgSO4, the 
solvent is removed under reduced pressure, and the crude cis-iodolactone is obtained as a semisolid: 
weight 15.5–16.3 g (91–95%), mp 75–90°C (Note 9). Direct recrystallization of this material from 
diisopropyl ether (Note 10) affords 9.0–9.5 g (52–55%) of material, mp 103–104°C, with a cis : trans 
ratio of 15–16 : 1. Further recrystallization from diisopropyl ether gives (in two crops) 8.3–8.9 g (48–
52%) of product, mp 104–105°C, with a purity of ≥98%. Additional product can be obtained from the 
mother liquors. 

2. Notes 

1. The reagents employed were obtained from Aldrich Chemical Company, Inc. and used as received. 
2. Propionic acid may also be used as catalyst; however, its boiling point (141°C) is below that of the 
reaction temperature at the end of the reaction. The use of o-nitrophenol as catalyst resulted in a lower 
yield in this case. 
3. Gas chromatographic analysis was performed on a Varian model 940 gas chromatograph equipped 
with a 6-in. × 1/8-in. column of 5% OV-101 on Gas-Chrom Q at a column temperature of 155°C. 
4. A magnetic stirrer is not recommended because the mixture becomes very thick. 
5. Mallinckrodt Inc. analytical reagent-grade acetonitrile was used. 
6. Two equivalents of iodine are required by the stoichiometry of the reaction, because of formation of 
HI3. In our experience, however, the reaction does not proceed to completion without additional reagent. 
7. The crude trans isomer obtained in this way is of suitable purity for conversion to the epoxy ester, as 
described below (see Discussion). It may be further purified by column chromatography; however, 
attempted vacuum distillation leads to considerable decomposition. 
8. Two equivalents of iodine are required because of formation of NaI3. 
9. NMR analysis of the crude iodolactone indicates that the cis : trans ratio is about 3.4:1. 
10. The recrystallization is performed using ca. 15 mL of diisopropyl ether per gram of crude product. 
Dichloromethane, 1–2%, is also added to the hot mixture to effect complete solution before cooling. 

3. Discussion 
Iodolactonization has become a useful reaction for the stereocontrolled introduction of chiral centers 

in both cyclic2 and acyclic3,4,5,6,7,8,9 systems. Depending on the reaction conditions, the cyclization can be 
carried out under either kinetic or thermodynamic control.3,10 The contrast between the stereochemical 
course of the two procedures is not always as dramatic as with 3-phenyl-4-pentenoic acid, as illustrated 
by the examples in Table I.11 A procedure for obtaining high 1,3-asymmetric induction in formation of 
valerolactones by cyclization of N,N-dimethylamides has been reported,12 and the tendency for an 
oxygen substituent in the allylic position to control the stereochemistry of electrophilic cyclization has 
been addressed.13 

Conversion of iodolactones into the corresponding epoxy esters is often one of the major steps in 
their utilization for the purposes of stereocontrol.3,4,5,6,7,14 Methanolysis of the cis isomer of 4,5-dihydro-
5-iodomethyl-4-phenyl-2(3H)-furanone to methyl (3RS,4RS)-4,5-epoxy-3-phenylpentanoate is a 
representative procedure for this transformation. 

A mixture of 5.0 g (16.6 mmol) of (4RS,5RS)-4,5-dihydro-5-iodomethyl-4-phenyl-2(3H)-furanone 
(cis isomer), 75 mL of methanol, and 1.8 g (17.0 mmol) of finely powdered, anhydrous Na2CO3 is 
placed in a 250-mL, round-bottomed flask equipped with a mechanical stirrer and heated under nitrogen 
at reflux for 8 hr. The resulting solution is concentrated under reduced pressure to a volume of 50 mL 
and partitioned between 100 mL of water and 100 mL of ether. The organic layer is washed with water 
and brine, dried over MgSO4, and evaporated to give 3.1 g (91%) of crude product. This material, which 
shows only minor impurities by NMR spectroscopy, can be further purified by chromatography (silica 



gel/1 : 1 ether : hexane) (98% recovery) and bulb-to-bulb distillation (78°C/0.045 mm) (82%
recovery). 
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Appendix 
Chemical Abstracts Nomenclature (Collective Index Number); 

(Registry Number) 

trans AND cis ISOMERS OF 4,5-DIHYDRO-5-IODOMETHYL-4-PHENYL-2(3H)-FURANONE 

Na2S2O3

 

trans iodolactone 

cis-iodolactone 

HI3

 

TABLE I 
IODOLACTONIZATION OF OLEFINIC ACIDS

Trans : Cis Ratio [Yield (%)] 
Substrate "Thermodynamic Control""Kinetic Control"

3-Methyl-4-pentenoic acid 10 : 1 (84) 1 : 3 (82) 
4-Methyl-5-hexenoic acid 10 : 1 (77) 1 : 2.3 (83) 
3-Methyl-5-hexenoic acid 1 : 6 (81) 1 : 3 (97) 
2-Methyl-5-hexenoic acid 1.1 : 1 (68) 1.8 : 1 (78) 

(2RS,4SR)-2,4-Dimethyl-5-hexenoic acid 20 : 1 (89) 3.5 : 1 



NaI3 

valerolactones 

N,N-dimethylamides 

iodolactones 

cis isomer of 4,5-dihydro-5-iodomethyl-4-phenyl-2(3H)-furanone 

(4RS,5RS)-4,5-dihydro-5-iodomethyl-4-phenyl-2(3H)-furanone (cis isomer) 

(2RS,4SR)-2,4-Dimethyl-5-hexenoic acid 

ethanol (64-17-5) 

HCl (7647-01-0) 

methanol (67-56-1) 

ether (60-29-7) 

acetonitrile (75-05-8) 

chloroform (67-66-3) 

NaHCO3 (144-55-8)
 

propionic acid (79-09-4) 

Na2CO3 (497-19-8)
 

oxygen (7782-44-7) 

nitrogen (7727-37-9) 

iodine (7553-56-2) 

potassium hydroxide (1310-58-3) 

hexanoic acid (142-62-1) 

dichloromethane (75-09-2) 

o-nitrophenol (88-75-5) 

MgSO4 (7487-88-9)
 

cinnamyl alcohol (104-54-1) 

diisopropyl ether (108-20-3)



hexane (110-54-3) 

triethyl orthoacetate (78-39-7) 

3-Phenyl-4-pentenoic acid (5703-57-1) 

4,5-Dihydro-5-iodomethyl-4-phenyl-2(3H)-furanone 

3-Methyl-4-pentenoic acid 

4-Methyl-5-hexenoic acid 

3-Methyl-5-hexenoic acid 

2-Methyl-5-hexenoic acid 

Methyl (3RS,4RS)-4,5-epoxy-3-phenylpentanoate (107445-25-0) 

Copyright © 1921-2005, Organic Syntheses, Inc. All Rights Reserved


