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SYNTHETIC COMMUNICATIONS, 26(6), 1233-1245 (1996) 

AN EFFICIENT PREPARATION OF 7-METHOXYCHROMANONE 

Zhisong Cao" and Joachim G. Liehr' 

Department of Pharmacology and Toxicology, University of Texas 
Medical Branch at Galveston, Galveston, Texas 77555-103 1, USA 

Abstract. The reaction of m-methoxyphenol 7 with 3-chloropropionaldehyde 
diethyl acetal 8 and the subsquent treatments gave the corresponding 7- 
methoxychromanone 6 in overall 54% yield. This method represents an efficient 
preparation of chromanone. 

7-Methoxychromanone is a necessary precursor for the total synthesis of 

steroids modified to contain oxygen in their ring structures and other more complex 

products. Thus, studies of the preparation of this compound have received much 

attention since the early 1920s. A number ofearly reports in the literature focused on 

the preparation of 3-m-methoxyphenoxypropionic acid followed by cyclodehydration 

by using various reagents as depicted in Scheme I. 

a. Present address: The Stehlin Foundation for Cancer Research, 1918 Chenevert, 
Houston, TX 77003 

* To whom correspondence should be addressed 
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1234 

Scheme I 

CAO AND LIEHR 

Base/&O 
OCH3 

CH30 OCH3 

For instance, 3-m-methoxyphenoxypropionitrile when heated with concentrated 

hydrochloric acid’ afforded the corresponding acid which was cyclodehydrated by 

phosphoric acid to form 7-methoxychromanone in very low yield. When concentrated 

sulhric acid’ was used as dehydration reagent, 7-methoxychromanone was isolated 

with a yield of 2%. Nucleophilic substitution reactions2s8 between m-methoxyphenol 

and 3-iodo- or 3-bromopropionic acid in basic media gave 3-m- 

methoxyphenoxypropionic acid, which was then cyclodehydrated to  7- 

methoxychromanone. Overall yields in these cases varied depending on the 

dehydration reagents, but were generally very low. It was also reported’ that the 

hydrogenation of 7-methoxychromone using a Pt-C catalyst gave the corresponding 

chromanone as shown in equation 1 
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7-METHOXYCHROMANONE 1235 

In another report", 7-hydroxychromanone was methylated with iodomethane 

to  give 7-methoxy-chromanone in good yield as shown in equation 2. 

The preparation of 7-methoxychromanone was attempted by us using those 

reported methods. Overall yields of 7-methoxychromanone were as low as reported 

previously (Table 1). In addition to the expected product 7-methoxychromanone, an 

unexpected 5-methoxychromanone was also formed as shown in equation 3 and was 

isolated. 

Table 1. Yields of 7-n1ethoxychromanone by reported procedures 

First step yield 

Reaction 

- 
A% 

10 

Second step yield 

Reaction 

- 
5 %  

50 

75 

65 
- 

Overall yield of 

5 %  

5 

7.5 

6.5 
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1236 CAO AND LIEHR 

Because of the low yields, it was necessary for us to  find a more efficient 

preparation of 7-methoxychromanone in order to  realize the total synthesis of 

modified steroids. We thus wish to report a new preparation of this product by 

reaction of m-methoxyphenol 7 with 3-chloropropionaldehyde diethyl acetal8. 

Results And Discussion 

Initially, the reaction of 2-hydroxy-5-methoxybenzaldehyde 1 with 1,2- 

dibromoethane 2 was examined under basic conditions followed by ring-closure of 

the resulting ether 3 catalyzed by magnesium as depicted in Scheme 11. 

2-(2'-Bromo)ethoxy-5-methoxybenzaldehyde 3 was obtained as white crystals 

after recrystallization from diethyl ether-petroleum ether (1: 1) in 90% yield, but the 

magnesium-catalyzed intramolecular cyclization gave only 1 % of 7-methoxy- 

chromanone due to the dominant retro-reaction of intermediate 4 to the starting 

aldehyde 1 (path b, Scheme 11). was 

approximately 1%. 

The overall yield by this procedure 

However, the reaction of m-methoxyphenol 7 with 3-chloropropionaldehyde 

diethyl acetal 8 in NaOH solution under reflux for 4 h gave 3-m-methoxyphenoxy- 
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7-METHOXYCHROMANONE 1237 

Scheme I1 

BrCHzCH2Br 

3 

/ 4 
y b  / M g l E t h e r  Mn02KHCly 

5 

propionaldehyde diethyl acetal 9 in a yield of 91%. Treatment of the acetal 9 with 

aqueous 10% HCI solution under nitrogen atmosphere afforded 61% of 7- 

methoxychromanol 5 and 35% of 7-methoxy-3-chromene 5a. Oxidation of the 

chromano15 by manganese dioxide gave the expected product 6 almost quantitatively 

as depicted in Scheme I11 

The mechanism proposed for the transformation of acetal9 to  chromano15 and 

chromene 5a is depicted in Scheme IV. 

The protonation of the ethoxy group in 9 generates the intermediate 10. The 

sequential replacement of a molecule of ethanol by water in 10 initially results in 
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1238 

Scheme 111 

CAO AND LIEHR 

NaOWYO q o 4 C H ( 0 C l + C H 3 ) 2  
0 Reflux) 

OCH3 8 L OCH3 9 
7 

10% HC1 
OH 

CH3O Reflux CH3O CH30 
5 5a 6 

CH30 
5a 5 
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7-METHOXYCHROMANONE 1239 

intermediate 11, which after an intramolecular proton transfer reaction loses another 

molecule of ethanol to form the protonated aldehyde 13. The intermediate 13 cyclizes 

to  chromanol 5 by way of an intramolecular electrophilic aromatic substitution 

reaction. The fbrther dehydration of 5 affords chromene 5a. As a supporting factor 

of this mechanism, the concentration of hydrochloric acid solution plays an important 

role in governing the yield ratios of 5 to 52. Concentrated hydrochloric acid solution 

favors the formation of product 5s. For example, in aqueous 15% hydrochloric acid 

solution, the product 5a was isolated in a yield of 80%. In contrast, dilute 

hydrochloric acid solution increases the yield ratio of 5 to 5a, but the overall 

transformation rate is slow. When acetal 9 was treated with 5% hydrochloric acid 

solution under the same reaction condition as above, the ratio of 5 to 5a was 2 : 1. 

The overall transformation yield in this case was 12%. 

Thus it has been shown that an efficient preparation of 7-methoxy-chromanone 

is realized by reactions outlined in Scheme 111. The overall yield of product 6 by this 

new preparative pathway has been improved from 5 to  54%. 

Experiment Section 

General. Dry nitrogen was routinely used as the reaction atmosphere in all 

reactions. All glassware was baked at 80-100°C for a minimum of 2 h before being 

used. Melting points were obtained with an Electrothermal Melting Point apparatus 

and were uncorrected. All synthesized compounds were examined by 'H and I3C 
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1240 CAO AND LIEHR 

NMR and by mass spectrometry. The spectra contained only the expected peaks of  

the compounds reported without any indication of impurities. 

The 'H and " C NMR spectra of approximately 10% (w/v) solution in CDCI, 

were obtained at 270.05 MHz with a JEOL GX-270 WE3 NMR spectrometer. 

Chemical shifts are reported in parts per million (6 scale), employing tetramethylsilane 

as an internal standard. In reporting the NMR data, we have used the following 

abbreviations: coupling constants in Hertz (J), singlet (s), doublet (d), triplet (t), and 

multiplet (m). 

Mass Spectra were recorded using a Nermag model R 10 - 10 C mass 

spectrometer with a resolution of 3300-5000. 

Solvents routinely used such as tetrahydrohran, diethyl ether, and methylene 

chloride were dried and distilled from CaH,. Silica gel (230-400 mesh, Aldrich) for 

column chromatography was used for all product separations. Eastman chromagram 

(Silica gel with fluorescent indicator on polyethylene) sheets were employed in thin- 

layer chromatography (TLC) separations. 

Preparation of 2-(2'-bromo)ethoxy-5-methoxybe1izaldeliyde 3. o-Hydroxy- 

p-methoxybenzaldehyde (5.0 g, 0.033 moles) was added to a stirred solution of 

NaOH (2.0 g) in 30 ml of distilled and deionized water M e r  stirring this mixture at 

room temperature for 10 min, a homogeneous solution was obtained, to which was 
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7-METHOXYCHROMANONE 1241 

added 1 ml (2.18 g, 0.012 moles) of 1,2-dibromoethane. The mixture was refluxed 

for 15 h. After cooling t o  room temperature, a milk-like suspension was obtained, 

which was neutralized with acetic acid and extracted with 300 ml of methylene 

chloride (3 X 100 ml). The combined organic extracts were dried over K,CO, for 5 

h. the residue was 

chromatographically separated with diethyl ether-petroleum ether (1  : 2) as eluent. 

Pure 3 (2.7 g, 910/) was obtained as white crystalline product, which gave one spot 

by TLC with diethyl ether-petroleum ether solvent system. An analytically pure 

sample (recrystallized From diethyl ether) had a mp 124OC. 'H NMR: 3.70 (2H, t, 2- 

OCH,CH@r, J = 6.2 Hz), 3.87 ( 3 s  s, 4-OCH3), 4.38 (2H, t, 2-OCH,CH2Br, J = 6.0 

After solvents were removed by rotary evaporator, 

H z ) , 6 . 4 2 ( 1 H , ~ , 3 - ~ ~ ) , 6 . 5 9 ( 1 H , d , 5 - A r H , J = 8 . 8 H ~ ) , 7 . 8 4 ( 1 H , d , 6 - A r Y , J =  

8.4 Hz). The mass spectrum showed a M' peak at d z  259. 

Cyclization of compound 3 to 7-niethoxychromnnol5 catalyzed by  Mg. A 

few crystals ofiodine and 0.4 g (0.016 ) of magnesium chips were added to a stirred 

solution of 2.0 g (0.008 moles) of compound 3 in 50 ml of  dry tetrahydrohran 

(freshly distilled from CaH,) under N,. The mixture was refluxed under nitrogen 

atmosphere for 4 h while stirring. After cooling to  room temperature, the reaction 

mixture was poured into 200 ml of ice-water with stirring and was then neutralized 

with acetic acid. The obtained neutral solution was extracted with 200 ml of diethyl 

ether (4 X 50 ml). The combined extracts were dried over anhydrous sodium sulfate 

for 4 h. After evaporation of solvents, the residue was chromatographically separated 

with diethyl ether-petroleum ether as eluent. The pure product 5 (20 mg, 1%) was 
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1242 CAO AND LIEHR 

obtained as a viscous liquid and gave one spot by TLC with diethyl ether-petroleum 

ether(R,=5.5). 'HNMR: 1.96 (2H, m, C3-&), 2.47 (lH, s, C4-OH), 2.73 (3H, s, 

C7-0CH3), 4.18 (2H, m, C2-&),4.65 (lH, m, C4-H), 6.35 (lH, s, 6.48 (lH, 

d, C6-H, J = 8.4 Hz), 7.14 ( IH, d, CS-H, J = 8.4 Hz); 13C NMR: 30.86 (C3), 55.14 

(C7-0CH3), 61.84 (C2), 62.59 (C4), 101.18 (C8), 107.68 (C6), 116.84 (C4a), 130.51 

(CS), 155.50(C7), 160.61 (C8a). The mass spectrum showed a M' peak at m/z 180. 

Preparation of 3-m-methoxyphenoxypropionaldehyde diethyl metal 9. 

Forty g (0.323 moles) of m-methoxyphenol was added to a stirred solution containing 

18 g (0.450 moles) of sodium hydroxide in 50 ml of distilled and deionized water. 

The resulting solution was stirred at room temperature for 30 min. To the above 

solution was added 30 ml ( 0.172 moles) of 3-chloro-propionaldehyde diethyl acetal 

(95% pure, d = 0,995, Aldrich, Milwaukee, WI). The mixture was refluxed for 15 h. 

After cooling to room temperature, the solution was neutralized with acetic acid and 

then extracted with 300 ml of diethyl ether (3 X 100 ml). The combined organic 

extracts were dried over anhydrous sodium sulfate for 4 h. After evaporation of 

solvents, fractional distillation afforded 39.7 g (91%) of 9 as a colorless liquid. TLC 

showed one spot (Rf= 5.0). 'H NMR (numbering system is shown as right below): 

l . l8(6H, t, C13& J=7.0Hz),2.05 
H H  

( 2H, m, C9B2), 3.50 (2H, m, 

Cl2-), 3.64 (2H, m, C12Haf&), 

3.71 (3H, S, 3-C&), 3.99 (2H, t, 

CSH, J = 6.2 Hz), 4.72 (lH, t, ClOH, 
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7-METHOXY CHROMANONE 1243 

J = 6.2 Hz), 6.45 (3H, m, C2fI, C4Li[, C6fI), 7.12 (lH, t, C5B); "C NMR: 15.07 

(C13), 33.84 (C9), 54.87 (3-0cH3), 61.54 (C8), 64.07 (C12), 100.33 (ClO), 101.16 

(C2), 106.20 (C4), 106.79 (C6), 129.55 (CS), 160.18 (C3), 160.81 (C6). The mass 

spectrum showed a M' peak at m/z 254. 

Cyclization of compound 9 to 7-methoxychromanol 5 and 7- 

methoxychromene 5a catalyzed by hydrochloric acid. To a stirred solution 

containing 28 g (0.110 moles) of 9 in 200 ml of tetrahydrofixan immersed in an ice 

bath was slowly added 150 ml of aqueous 10% hydrochloric acid under nitrogen 

atmosphere. The solution was stirred at O°C for 1 h. After warming to room 

temperature, the solution was stirred for another 4 h. The resulting solution was 

neutralized with sodium bicarbonate and was then extracted with 400 ml of diethyl 

ether (4 X 50 ml). The combined organic extracts were dried over anhydrous sodium 

sulfate for 4 h. After evaporation of solvents, the residue was chromatographically 

separated with diethyl ether-petroleum ether as eluent, which afforded 12 g (61%) of 

5 and 6 g (35%) of5a as a colorless liquid. The 'H NMR data and TLC Rfvalue for 

5 prepared by this procedure were the same as those reported above. 'H NMR for 

5a: 5.62 (2H,  s, C2H2), 6.47 (lH, d, C3B, J = 8.5 Hz), 7.21 (3H, m, C4B, C6B, 

CSH), 7.70 ( lH,  d, CSH, J = 8.1 Hz); "C NMR for 5a: 55.29 (C7-0&H3), 65.59 

(C2), 101.75 (C3), 106.93 (C4), 115.67 (C4a), 118.80 (C8), 124.21 (C6), 127.19 

(CS), 155.32 (C7),160.59 (C8a). The mass spectrum showed a M' peak at m/z 162. 

Oxidation of 7-methoxychromanol 5 to 7-methoxychromanone 6 .  A 
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1244 CAO AND LIEHR 

solution containing 11 g (0.611 moles) of chromanol 5 and 100 g of activated 

manganese dioxide" in 250 ml of chloroform was refluxed for 15 h. The mixture was 

filtered while warm, the precipitate was thoroughly washed with chloroform, and the 

combined washes were concentrated. Filtration of the concentrate through 300 g of 

silica gel using diethyl ether-petroleum ether as eluent afforded 10.7 g (98%) of 7- 

methoxychromanone 6. TLC with diethyl ether-petroleum ether showed one spot. 

Melting point and 'H NMR data were identical to those reported in the 

Acknowledgement. The authors wish to thank Mr. Edward Ezell for NMR 
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of compounds 3, 5, 5a, and 9 (9 pages). 
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