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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 500-mL, round-bottomed flask is flame-dried and flushed with nitrogen. The flask is equipped 
with a magnetic stirring bar and a rubber septum and charged with 4.14 g (60.9 mmol) of furan (Note 1) 
and 300 mL of dry tetrahydrofuran (Note 2). The solution is stirred and cooled in an ethylene glycol–
dry ice bath (−15°C) and 24.17 mL (55.6 mmol) of 2.3 M butyllithium is added slowly by means of a 
syringe pump (rate = 1.5 mL/min). After complete addition, the solution is stirred for an additional 30 
min. The ethylene glycol–dry ice bath is replaced with an ice bath and the solution stirred for 1.5 hr at 
0°C. The flask is then cooled to −78°C in a dry ice–acetone bath. 

A 1000-mL, round-bottomed flask is flame-dried and flushed with nitrogen. The flask is equipped 
with a magnetic stirring bar and a rubber septum and charged with 9.00 g (52.9 mmol) of diethyl 
squarate (Note 3) and 450 mL of dry tetrahydrofuran (Note 2). The solution is stirred and cooled in a 
dry ice–acetone bath at −78°C. The solution of 2-lithiofuran is transferred dropwise via cannula to the 
flask containing the diethyl squarate, which is stirred rapidly. After complete addition (45 min), the 
solution is stirred for 20 min and quenched by pouring the cold solution into a separatory funnel 
containing 150 mL of aqueous 10% ammonium chloride and 100 mL of diethyl ether. The separatory 
funnel is shaken vigorously until phase separation is achieved and all of the ice has melted. The aqueous 
phase is separated from the organic phase and the aqueous layer is extracted twice with 40-mL portions 
of diethyl ether. The combined organic layer is washed with 125 mL of brine solution and dried over 
solid anhydrous potassium carbonate (Note 4) for 5 min with gentle swirling. 

The solution is decanted from the potassium carbonate (Note 5) and concentrated on a rotary 
evaporator (bath temperature = 23–40°C) to approximately 150 mL in a 1000-mL round-bottomed flask. 
Then 400 mL of dry p-xylene (Note 6) is added and the flask is placed on the rotary evaporator at a bath 
temperature of 40°C to remove the remaining tetrahydrofuran and diethyl ether. The flask containing the 
remaining p-xylene solution of the cyclobutenone is fitted with a reflux condenser and heated at reflux 
for 3 hr under nitrogen. The flask is cooled to ambient temperature and the solvent is removed on a 
rotary evaporator fitted with a bump trap at a bath temperature of 70°C to give a red oil. 
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The oil is dissolved in 500 mL of diethyl ether and washed with three 200-mL portions of an 
ethanolic ferric chloride solution (Note 7). The aqueous layers are separated from the organic phase and 
extracted with four 100-mL portions of diethyl ether. The combined organic layer is washed with 
saturated sodium bicarbonate solution (Note 8) until the aqueous wash is no longer acidic. The resulting 
neutralized aqueous extracts are combined and extracted with three 30-mL portions of diethyl ether. The 
organic extracts are combined, washed with 150 mL of brine solution, and dried over magnesium 
sulfate. The solution is filtered and concentrated on a rotary evaporator to give the quinone as a red 
solid. The solid is recrystallized from methanol to yield 10.4–10.5 g of the quinone as orange needles in 
two or three crops (83–84% based on diethyl squarate), mp 54–55°C (Note 9). 

2. Notes 

1. Furan was purchased from Aldrich Chemical Company, Inc., and used as such. 
2. Tetrahydrofuran was distilled under argon from benzophenone ketyl. 
3. 3,4-Diethoxy-3-cyclobutene-1,2-dione is commercially available from Aldrich Chemical Company, 
Inc. Caution: This substance was found to cause severe skin rashes, and extreme care should be 
exercised in handling it. The dimethoxy analog appears to be safer. Diethyl squarate has the following 
spectral properties: IR (neat) cm−1: 1830, 1741, 1609; 1H NMR (CDCl3, 300 MHz) δ: 1.47 (t, 6 H, J = 
2.9), 4.47 (q, 4 H, J = 7.1). 
4. Prolonged drying of the cyclobutenone over potassium carbonate resulted in product decomposition. 
Anhydrous magnesium sulfate was found to hydrolyze the product during the thermolysis step. 
5. The cyclobutenone was pure enough to use in the next step without purification. This compound is 
stable for a few hours in solution while kept cold (< 5°C) and anhydrous. 
6. Certified p-xylene was purchased from Fisher Scientific Company and used as such. 
7. Ferric chloride was purchased from Mallinckrodt, Inc. A saturated solution of 80 g of ferric chloride 
in 500 mL of water was diluted with 500 mL of ethanol, filtered, and used as such. The oxidation could 
be followed by TLC using Engel stain. 
8. Quinones are generally sensitive to bases, and some decomposition may occur if the product is 
exposed for a prolonged period of time to sodium bicarbonate. Therefore the neutralization wash was 
carried out quickly. 
9. The spectral properties of the product are as follows: IR (CHCl3) cm−1: 2980, 1667, 1480, 1370, 1290, 
1250, 1179; 1H NMR (CDCl3, 500 MHz) δ: 1.42 (2 overlapping t, 6 H, two CH3), 4.30 (2 overlapping q, 
4 H, two CH2), 6.81 (d, 1 H, J = 1.9), 7.67 (d, 1 H, J = 1.8); 13C NMR (CDCl3) δ: 15.7, 15.8, 70.2, 70.3, 
108.3, 126.7, 145.7, 146.6, 148.5, 150.1, 172.7, 178.8; EI–MS (70 eV): m/z = 236 (19%), 208 (21), 193 
(8), 180 (24), 163 (7), 152 (100), 123 (9). 

3. Discussion 
This procedure describes a synthetic route to annulated hydroquinones and quinones. The example 

represents a general, convergent, regiospecific and usually high-yielding method. This is further 
elaborated by the generalized scheme given below. Specifically, dialkoxycyclobutenediones (e.g., 
dimethyl squarate, 1) are easily converted to unsymmetric cyclobutenediones 2 on treatment with an 
organolithium reagent (R = alkyl, aryl, alkenyl, alkynyl, −78°C, THF) followed by treatment with 
trifluoroacetic anhydride (−78°C, TFAA) and an aqueous workup.2,3,4 Treatment of 2 with an aryllithium 
reagent results in the regiospecific formation of the cyclobutenones 3 via 1,2-addition to the more 
nucleophilic carbonyl group. These adducts then undergo facile rearrangement to the corresponding 
annulated hydroquinones in refluxing p-xylene. The product is usually isolated as the quinone 4 after an 
oxidative workup.5,6,7 It is noted that alkenyl lithium reagents as well as alkynyl analogs also add 
regiospecifically to the cyclobutenediones 2 to give the corresponding cyclobutenones. The alkenyl 
adducts, like the aryl analogs, also rearrange to the corresponding hydroquinones. The alkynyl adducts 
rearrange directly to the corresponding quinones via a unique pathway involving migration of the 
alcoholic proton of the 4-hydroxycyclobutenone to the quinone ring nucleus of the product.8,9 



 
Compounds 5–10 are specific examples of annulated products that have been prepared by the 

method outlined here. 
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Appendix 
Chemical Abstracts Nomenclature (Collective Index Number); 



(Registry Number) 

benzophenone ketyl 

brine 

ethanolic ferric chloride 

ethanol (64-17-5) 

potassium carbonate (584-08-7) 

methanol (67-56-1) 

diethyl ether (60-29-7) 

ammonium chloride (12125-02-9) 

sodium bicarbonate (144-55-8) 

nitrogen (7727-37-9) 

ferric chloride (7705-08-0) 

p-xylene (106-42-3) 

Furan (110-00-9) 

magnesium sulfate (7487-88-9) 

butyllithium (109-72-8) 

Tetrahydrofuran (109-99-9) 

argon (7440-37-1) 

trifluoroacetic anhydride (407-25-0) 

5,6-Diethoxybenzofuran-4,7-dione (138225-13-5) 

diethyl squarate,  
3,4-Diethoxy-3-cyclobutene-1,2-dione 

2-Lithiofuran 

4-hydroxycyclobutenone 

DIMETHYL SQUARATE (5222-73-1) 
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