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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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PREPARATION AND INVERSE-ELECTRON-DEMAND DIELS–
ALDER REACTION OF AN ELECTRON-DEFICIENT DIENE: 

METHYL 2-OXO-5,6,7,8-TETRAHYDRO-2H-1-BENZOPYRAN-3-
CARBOXYLATE AND 6-METHOXY-7-METHOXYCARBONYL-

1,2,3,4-TETRAHYDRONAPHTHALANE 
[2H-1-Benzopyran-3-carboxylic acid, 5, 6, 7, 8-tetrahydro-2-oxo-, methyl ester and 

2-Naphthalenecarboxylic acid, 5, 6, 7, 8-tetrahydro-3-methoxy-, methyl ester] 

 
Submitted by Dale L. Boger and Michael D. Mullican1.

 

Checked by Drew B. Burns and K. Barry Sharpless. 

1. Procedure 

A. Methyl 2-oxo-5,6,7,8-tetrahydro-2H-1-benzopyran-3-carboxylate. A dry, 500-mL, round-
bottomed flask with a side arm containing a magnetic stirring bar is fitted with a septum and a three-
way stopcock equipped with an argon-filled balloon (Note 1). The air in the flask is replaced with argon 
(Note 2). Tetrahydrofuran (100 mL, (Note 3)) and diisopropylamine (4.7 g, 46 mmol, (Note 4)) are 
introduced into the flask through the septum using dry syringes (Note 5). The flask is immersed in an 
ice–water bath and a 2.8 M solution of butyllithium in hexane (17 mL, 46 mmol, (Note 6)) is added to 
the stirred solution using a syringe (10 min). The yellow solution is allowed to stir at 0°C for an 
additional 15 min. The resulting solution containing lithium diisopropylamide is immersed in a dry ice–
2-propanol bath (−78°C) and a solution of cyclohexanone (3.74 g, 38.1 mmol, (Note 7)) in 
tetrahydrofuran (50 mL) is added using a syringe (30 min). The reaction is allowed to warm slowly to 
−5°C over 1.75 hr. The resulting solution containing the lithium enolate of cyclohexanone is recooled to 
−30 to −25°C and a solution of dimethyl methoxymethylenemalonate (8.1 g, 46 mmol, (Note 8)) in 
tetrahydrofuran (20 mL) is added using a syringe (15 min). The reaction is allowed to warm to ambient 
temperature over 3.5 hr (Note 9). The reddish-orange solution is poured slowly onto aqueous 5% 
hyrochloric acid (300 mL) and the resulting yellow solution is extracted with methylene chloride (4 × 
80 mL). The combined organic layers are dried over anhydrous sodium sulfate, filtered, and 
concentrated under reduced pressure to approximately 15 mL. The solution is applied to a medium 
pressure liquid chromatography column (25 × 500 mm, (Note 10)) packed with silica gel and 30% ethyl 
acetate-hexane. The eluant (30% ethyl acetate–hexane) is passed through the column at a rate of 20 
mL/min; 20-mL fractions are collected (Note 11). The fractions are analyzed by thin-layer 
chromatography on analytical silica gel plates containing UV indicator (ethyl ether eluant). The 
fractions containing the product are combined and concentrated under reduced pressure to give 4.9 g 
(62%, 62–68%) of methyl 2-oxo-5,6,7,8-tetrahydro-2H-1-benzopyran-3-carboxylate as a white solid: 
mp 107–108°C (ethyl acetate–hexane, (Note 12)). 

B. 6-Methoxy-7-methoxycarbonyl-1,2,3,4-tetrahydronaphthalene. 1,1-Dimethoxyethylene (1.1 g, 
12.5 mmol, (Note 13)) is added to a solution of methyl 2-oxo-5,6,7,8-tetrahydro-2H-1-benzopyran-3-
carboxylate (507 mg, 2.44 mmol) in dry toluene (2.5 mL, (Note 14)) in a dry, 11 × 13-mm, resealable 
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glass tube (Note 15). The tube is flushed with argon and sealed with a Teflon plug. The reaction is 
warmed at 110°C in an oil bath for 15 hr (Note 16). The reaction is cooled and concentrated under 
reduced pressure. Purification of the product is effected by gravity chromatography on a 1.5 × 16-cm 
column of silica gel (30% ethyl ether–hexane eluant) collecting 5-mL fractions (Note 17). The fractions 
are analyzed by thin-layer chromatography (50% ethyl ether–hexane eluant) and those containing the 
product are combined and concentrated under reduced pressure to give 451 mg (84%, 84–86%) of 6-
methoxy-7-methoxycarbonyl-1,2,3,4-tetrahydronaphthalene as a white solid: mp 98.5–99.5°C 
(methanol–water, (Note 18)). 

2. Notes 

1. The flask containing the stirring bar was dried at 120°C in an oven for several hours. The warm flask 
was fitted with a septum and a three-way stopcock. 
2. This procedure is described in detail in Org. Synth., Coll. Vol. VI, 1988, 869. 
3. Tetrahydrofuran was distilled from benzophenone ketyl under a nitrogen atmosphere. 
4. Diisopropylamine was distilled from calcium hydride under a nitrogen atmosphere and stored over 
activated Linde 3A sieve pellets. 
5. The hypodermic syringes and needles were dried for several hours in an oven at 120°C and allowed 
to cool to ambient temperature in a desiccator. 
6. Butyllithium was purchased from Aldrich Chemical Company, Inc. 
7. Cyclohexanone was distilled before use. 
8. Technical-grade dimethyl methoxymethylenemalonate was purchased from Fluka Chemical 
Corporation and was purified by recrystallization from ether (2 times), mp 43.0–44.0°C. It can be 
prepared by the procedure described for diethyl ethoxymethylenemalonate.2 
9. Gradual warming to room temperature over 3.5 hr is necessary to ensure reasonable yields. Shorter 
times result in significantly lower yields. 
10. The use of medium pressure liquid chromatography is described by Meyers.3 
11. The checkers found that MPLC can be replaced by ordinary flash chromatography (30% EtOAc–
hexane eluant, 6-cm-i.d. column, ca. 200–240 g of flash-grade silica gel 230–400-mesh, 250-mL 
fractions). The crude product was dissolved in CH2Cl2 to which was added several grams of silica gel. 
This mixture was concentrated under reduced pressure and the resulting solid was applied to the top of 
the column. 
12. The product has the following spectral properties: 1H NMR (CDCl3) δ: 1.80 (m, 4 H, CH2CH2), 2.46 
(m, 4 H, CH2CH2C=), 3.86 (s, 3 H, -CO2CH3), 7.99 (s, 1 H, vinyl); IR (CHCl3) cm−1: 3040, 2975, 1765, 
1745, 1555, 1270, 1220, 1155. 
13. 1,1-Dimethoxyethylene was purchased from Wiley Organics and used without further purification. 
14. Toluene was distilled from calcium hydride under a nitrogen atmosphere. 
15. The resealable glass tube was fabricated from a chromatography column purchased from Ace Glass 
Company. The tube was permanently sealed on one end and the other end remained internally threaded. 
A solid, threaded, Teflon plug equipped with an O-ring was used to seal the tube. Various sizes of such 
tubes are now available from Ace Glass Company. 
16. Caution: The reaction should be run behind a shield in a fume hood for protection in case of 
explosion. Pressure will build up in the tube since 1,1-dimethoxyethylene boils at 89°C and carbon 
dioxide is formed. 
17. The checkers found that gravity chromatography can be replaced by ordinary flash chromatography 
(30% ethyl ether–hexane eluant, 2.5-cm-i.d. column, ca 40 g of flash-grade silica gel, 20-mL fractions). 
In at least one case, the checkers found that pure product could be isolated in high yield (98%) without 
recrystallization. 
18. The product has the following spectral properties: 1H NMR (CDCl3) δ: 1.80 (m, 4 H, CH2CH2), 2.75 
(m, 4 H, CH2CH2C=), 3.86 (s, 6 H, -OCH3 and -CO2CH3), 6.65 (s, 1 H, C-5 H), 7.53 (s, 1 H, C-8 H); IR 
(CHCl3) cm−1: 3040, 2970, 1725, 1610, 1280, 1080; lit.4 mp 99–100°C. 

3. Discussion 

This procedure describes the preparation and inverse electron demand [LUMOdiene (lowest 
unoccupied molecular orbital) controlled]5 Diels–Alder reaction of an electron-deficient diene. While 
extensive studies on the preparative utility of the normal [HOMOdiene (highest occupied molecular 



orbital) controlled]5 Diels–Alder reaction have been detailed, few complementary studies on the 
preparative value of the inverse-electron-demand Diels–Alder reaction have been described.6 7 8 9 10 11 
Table I details representative 3-carbomethoxy-2-pyrones that have been prepared by procedures similar 
to that described herein, and Tables II and III detail their inverse-electron-demand Diels–Alder reactions 
with electron-rich dienophiles. 

TABLE I 
PREPARATION OF 3-CARBOMETHOXY-2-PYRONES11

Ketone Method, 
Yield (%) 3-Carbomethoxy-2-pyrone 2 

1a 
 

A, 73% 

 

2a

1b 

 

A, 81% 

 

2b

1c 

 

B, 90% 

 

2c

1d 
 

B, 84% 

 

2d

1e 
 

B, 62% 

 

2e

1f 

 

B, 56% 

 

2f

1g 

 

B, 35% C, 
59% 

 

2g

1h 

 

C, 47% D, 
96% 

 

2h

1i D, 62% 2i



  

aMethod A: The enolate of 1 was generated with 2.2 equiv of NaH in THF (0.2 M) 
at 0 to 25°C. Method B: The enolate of 1 was generated with 1.2 equiv of LDA in 
THF (0.2 M) at −78 to −5°C. Method C: the enolate of 1 was generated with 1.2 
equiv of LDA in THF (0.2 M) at −78 to −5°C and closure to the α-pyrone was 

effected with acetic anhydride treatment at 100 to 130°C. Method D: the enolate of 
1 was generated with 2.2 equiv of NaH in THF (0.2 M) at 0–25°C and closure to the 
α-pyrone was effected with catalytic p-toluenesulfonic acid treatment in refluxing 

toluene with distillative removal of methanol.

TABLE II 
DIELS–ALDER REACTION OF 3-CARBOMETHOXY-2-PYRONES (2) WITH 1,1-

DIMETHOXYETHYLENE: SALICYLATE FORMATION

3-Carbomethoxy-2-
pyrone (2) 

Conditions equiv time hr 
(temp., °C) Product Yield 

(%)11

2a 8.5, 22(140) 

 

59% 

2b 10.0, 21(140) 

 

75% 

2c 10.0, 15(120) 

 

78% 

2d 
5.5, 15(110) 

 

86% 
5.0, 96(25), CH2Cl2 cat. 

Ni(acac)2 
50% 

2e 6.0, 12(95) 

 

90% 

2f 10.0, 13(120) 

 

80% 



An application of the LUMOdiene controlled Diels–Alder reactions of 3-carbomethoxy-2-pyrones in 

2g 10.0, 24(120) 91% 

2i 8.0, 5(120) 

 

83% 

TABLE III 
DIELS–ALDER REACTIONS OF 3-CARBOMETHOXY-2-PYRONE (2d)11

EntryDienophile (equiv.)Conditions [temp., °C (time, hr)] Product(s) Yield (%)

1 
 

(3.0) 

160(42) 98% 

2  
(5.0) 

145(43) 51% 

3  
(5-10.0) 

180(40) 83% 

4 
 

(5.0) 

150(78); cat. CH3SO3H or 57% 

(10.0) 150(84); cat. DBU 150(12) 51% 

5 
 

(10.0) 

120(59) 61% 

6 
 

(2.0) 

150(17) 43% 



the preparation of a full range of oxygenated aromatics [e.g., benzene, 1-, 2-, or 3-phenol, 
symmetric and unsymmetric o-catechol, resorcinol, and pyrogallol introduction (Eq. 1)]11 as well as 
their application in the total synthesis of sendaverine, 6,7-benzomorphans, juncusol, imeluteine, and 
rufescine, has been described.11 
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Appendix 
Chemical Abstracts Nomenclature (Collective Index Number); 

(Registry Number) 

benzophenone ketyl 

3-carbomethoxy-2-pyrones 

sendaverine 

6,7-benzomorphans 

juncusol 

imeluteine 

rufescine 

Benzene (71-43-2)



ethyl acetate,  
EtOAc (141-78-6) 

methanol (67-56-1) 

ether,  
ethyl ether (60-29-7) 

acetic anhydride (108-24-7) 

Cyclohexanone (108-94-1) 

sodium sulfate (7757-82-6) 

nitrogen (7727-37-9) 

carbon dioxide (124-38-9) 

toluene (108-88-3) 

methylene chloride (75-09-2) 

resorcinol (108-46-3) 

pyrogallol (87-66-1) 

butyllithium (109-72-8) 

Tetrahydrofuran (109-99-9) 

diethyl ethoxymethylenemalonate (87-13-8) 

hexane (110-54-3) 

argon (7440-37-1) 

calcium hydride (7789-78-8) 

α-Pyrone (504-31-4) 

p-toluenesulfonic acid (104-15-4) 

lithium diisopropylamide (4111-54-0) 

diisopropylamine (108-18-9) 

6-METHOXY-7-METHOXYCARBONYL-1,2,3,4-TETRAHYDRONAPHTHALANE 

dimethyl methoxymethylenemalonate (22398-14-7) 

1,1-Dimethoxyethylene (922-69-0)



6-Methoxy-7-methoxycarbonyl-1,2,3,4-tetrahydronaphthalene,  
2-Naphthalenecarboxylic acid, 5, 6, 7, 8-tetrahydro-3-methoxy-, methyl ester (78112-34-2) 

3-Carbomethoxy-2-pyrone 

Methyl 2-oxo-5,6,7,8-tetrahydro-2H-1-benzopyran-3-carboxylate,  
2H-1-Benzopyran-3-carboxylic acid, 5, 6, 7, 8-tetrahydro-2-oxo-, methyl ester (85531-80-2) 
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