
 

 

A Publication 
of Reliable Methods 
for the Preparation 

of Organic Compounds 

 
 
 

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 

Caution! The photochemical reaction should be carried out under a light absorbent cover. The 
operator should wear goggles affording protection from ultraviolet light. 

While still slightly warm from the drying oven, a photolysis vessel with a water-jacketed quartz 
immersion well (Note 1) (section A of Figure 1) is charged with 500 ml. of anhydrous tetrahydrofuran 
(Note 2) and 10.0 ml. (8.05 g., 0.122 mole) of cyclopentadiene (Note 3). The solution is cooled in an ice 
bath and purged with dry nitrogen for 2 minutes. The vessel is then sealed, the lamp inserted, and the 
solution irradiated at 0° for 30 minutes. During this period, sections B and C (see diagram) are removed 
from the oven to cool slightly. While still warm, the bottom part of C is filled with 0.5 ml. of anhydrous 
tetrahydrofuran and approximately 25 μl. of triethylamine (Note 4), greased, and stoppered. The top 
parts of B and C are thoroughly greased and connected to the 24/40 T joint of A. The bottom of part B is 
filled rapidly with 200 ml. of an approximately 1 M solution of dimsyl anion (Note 5) in dimethyl 
sulfoxide. The bottom part of C is then connected and cooled in a 2-propanol–dry ice bath. The system 
is irradiated and subjected to a steady flow of nitrogen (approximately 400–500 ml./minute). After the 
first hour, this flow rate is reduced to 200–250 ml./minute for the remaining 4.5 hours. At the end of a 
total irradiation period of 6 hours, trap C is stoppered and stored at dry ice temperature. This trap 
contains 15–25 ml. of a 2–5% solution of bicyclopentene in tetrahydrofuran, (Note 6) contaminated 
with minor amounts (<15%) of tricyclo[2.1.0.02,5]pentane,2 which is highly labile and difficult to 
separate. 

Figure 1.
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2. Notes 
1. The submitters used an unfiltered, Hanovia, 450-watt, medium-pressure mercury vapor lamp (catalog 
No. 679A, Hanovia Lamp Division, Canrad Precision Industries, 100 Chestnut Street, Newark, N.J. 
07105) and a reactor equipped with a nitrogen-inlet containing a glass frit, which enters the bottom of 
the reactor. All connections (Note 9) were glass with the exception of the rubber tubing between the 
second trap and the mercury bubbler. All glassware was soaked for 30 minutes in aqueous 30% 
ammonium hydroxide and oven-dried prior to use without further rinsing. Any polymer formed on the 
quartz immersion well during this preparation may be removed with nitric acid or with warm water and 
cleansing powder; if it is not removed, yields in subsequent preparations are significantly diminished. 
2. Tetrahydrofuran (purchased from Mallinckrodt Chemical Works) was dried by distillation from 
lithium aluminum hydride, and stored over Linde 4A Molecular Sieves. 
3. Cyclopentadiene was prepared [compare with Org. Synth., Coll. Vol. 4, 473, Note 4 (1963) and Coll. 
Vol. 5, 414 (1973)] by heating dicyclopentadiene (purchased from Eastman Organic Chemicals) and a 
pinch of hydroquinone under a column of glass helices or a Vigreux column at 175° and collecting the 
distillate in a receiver cooled with a 2-propanol–dry ice bath. The monomer was dried over Linde 4A 
Molecular Sieves at −20° and could be stored at this temperature for several weeks without excessive 
dimerization. 
4. Triethylamine (purchased from Matheson, Coleman and Bell) was dried over Linde 4A Molecular 
Sieves. 
5. Dimsyl anion3 was prepared from 10.2 g. (0.241 mole) (Note 10) of 56.8% sodium hydride, which 
was washed with pentane and vacuum dried, and 200 ml. of anhydrous dimethyl sulfoxide. The mixture 
was heated at 65–70° for about 50 minutes, until hydrogen evolution ceased. Caution! This mixture 
should not be heated above 80° because of the possibility of explosive decomposition. 



6. Analysis and purification of the product solution is best accomplished by GC. The submitters used a 
500 cm. by 0.6 cm. aluminum or polyethylene column packed with 21% β,β'-oxydipropionitrile on 
Chromosorb P with column, injector, and detector operated at 25° and a flow rate of 50 ml./minute. 
Under these conditions the retention times of bicyclopentene and cyclopentadiene were 3 and 5 minutes, 
respectively, beyond that of coinjected air. Tricyclopentane elutes in low yield with the bicyclopentene. 
Since bicyclopentene is extremely labile with respect to acid catalysis, any contact with water, 
hydroxylic solvents, and aprotic acids should be avoided (Note 11). Bicyclopentene stored at −78° in 
anhydrous tetrahydrofuran is stable indefinitely. 
7. Decalin, benzene, 1,4-dioxane, and ethanol may be used as solvents for the photolysis. In an 
alternative procedure, volatile materials swept from the photolysis vessel are condensed in a dry ice 
trap. This cold mixture is added to a flask containing a magnetically stirred solution of dimsyl anion in 
dimethyl sulfoxide, and fractionation at reduced pressure provides a solution of bicyclopentene in 
tetrahydrofuran. In both variants additional bicyclopentene remains in the dilute reactor and trap 
solutions. It may be more fully recovered by using a modified distillation assembly composed of a 
gently warmed flask, a distillation head with a dry ice condenser filled with ice, an ice-cooled receiver, 
and a 2-propanol-dry ice vapor trap prior to a vacuum pump. (A rotary evaporator with an ice-filled dry 
ice condenser also works.) The vacuum is adjusted to rapidly distill the high boiling solvent into the 
receiver and bicyclopentene past the condenser into the −78° trap. The final distillation should be from 
the dimsyl anion solution (mainly tetrahydrofuran distills here) to remove codistilled cyclopentadiene. 
8. A purified, undiluted sample of bicyclopentene has been reported to explode.4 
9. All of the connections must be well secured by sturdy rubber bands to avoid leakage caused by 
substantial back pressure that develops in the course of the reaction. 
10. A higher base concentration or substitution of one or two gas-dispersion tubes leads to clogging of 
the inlet to the trap. 
11. Two injections of 10 ml. of ammonia vapors greatly helps to eliminate decomposition on the column 
during GC collection. 

3. Discussion 

The present procedure, a modification of that previously reported,5,6,7,8 permits the ready preparation 
of a cyclopentadiene-free solution of bicyclopentene on a synthetic scale. Until now, synthetic 
chemistry involving the use of bicyclopentene has been limited to preparations of bicyclopentane5,8 and 
bicyclopentane-2,3-d2,8 which is more a reflection of the extraordinary care required in handling this 
unusually sensitive bicyclic alkene than a lack of interesting potential or useful reactivity. 

Most cyclic and acyclic 1,3-dienes, such as cyclopentadiene, undergo photochemical ring-closure to 
cyclobutenes.9 Bicyclo[2.1.0]pent-2-ene derivatives have also been prepared via photolysis of 
cyclopentadiene-5-d-, -d6, and -1,5-13C2;2,10 1-, 2-, and 5-methylcyclopentadiene;2,11 5,5-
dimethylcyclopentadiene;12 1,5-dimethyl- and 2,5-dimethyl-1,3-cyclopentadien-5-yl acetic acid;13 2,2-
dimethylisoindene14 and 2,3,5-tri-tert-butylcyclopentadienone.15 Substituted thiophenes have been 
converted photochemically to 5-thia derivatives of bicyclopentene.16 

This preparation is referenced from: 
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Appendix 
Chemical Abstracts Nomenclature (Collective Index Number); 

(Registry Number) 

bicyclopentane-2,3-d2

 

2,2-dimethylisoindene 

ethanol (64-17-5) 

ammonia (7664-41-7) 

Benzene (71-43-2) 

hydrogen (1333-74-0) 

hydroquinone (123-31-9) 

nitric acid (7697-37-2) 

nitrogen (7727-37-9) 

ammonium hydroxide (1336-21-6) 

Pentane (109-66-0) 

Tetrahydrofuran (109-99-9) 

lithium aluminum hydride (16853-85-3) 

sodium hydride (7646-69-7) 

dimethyl sulfoxide (67-68-5) 

triethylamine (121-44-8)



CYCLOPENTADIENE (542-92-7) 

dicyclopentadiene (77-73-6) 

decalin (91-17-8) 

Bicyclo[2.1.0]pent-2-ene (5164-35-2) 

bicyclopentene 

tricyclo[2.1.0.02,5]pentane
 

1,4-dioxane (123-91-1) 

bicyclopentane (1636-39-1) 

5-methylcyclopentadiene 

5,5-dimethylcyclopentadiene 

2,5-dimethyl-1,3-cyclopentadien-5-yl acetic acid 

cyclopentadiene-5-d 

2,3,5-tri-tert-butylcyclopentadienone 
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