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 Abstract: The 3-methoxy-6-phenyl-6,6a-dihydro-[1]benzopyrano-[3,4-b][1]benzopyran has been synthesised 

according to eight-steps synthesis. The target compound was obtained using a synthetic route based on two key 

cyclisations steps including the platinum chlorides-catalysed of alkynones and intramolecular oxo-Michael 

addition.  
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oxo-Michael addition.  

  

I. INTRODUCTION 
 Photochromic compounds are very interesting substances able to undergo a photoinduced change of 

color. Many studies have been done since 1950, particularly concerning benzo and naphthopyrans [1,2]. These 

compounds can be used in many industrial applications such as light sensitive sunglasses [3,4], molecular 

electronics [5], optical memories [6-9]. On the other hand, many natural naphtho- and benzopyrans exhibit 

pharmacological applications [10,11]
 
such as anti-HIV [12], antihypertensive [13] and anti-ischaemic [14] 

properties. 

But a very few studies concern the design of new photochromic systems. Presence of phenyl in position 

6 of 6,6a-dihydro-[1]benzopyrano-[3,4-b][1]benzopyran derivatives is needed for the use of photochromic 

properties of these systems  [2].  

 Similar benzopyran have been prepared as key intermediates in synthetic routes leading to rotenoids 

[15,16].
 
However, synthesis of compounds with phenyl group in position 6 is not described. This paper reports 

synthesis of the first 6-substitued 6,6a-dihydro-[1]benzopyrano-[3,4-b][1]benzopyran using, with some 

modifications, the approach proposed by Pastine and Sames [17]. This process is based on two key cyclisation 

steps involving respectively a platinum-catalysed 6-endohydroarylation of alkynones and a oxo-Michael 

addition.  

 

II. RESULTS AND DISCUSSION 
The eight steps allowing to the target benzopyran are reported on Figure 1.  

The propargylic ether 1, needed for the synthesis of the compounds 2, was prepared using the 

Mitsonobu reaction [18] between the m-methoxyphenol and the phenylprop-3-ynol. (3-methoxy-1-phenoxy)-1-

phénylprop-2-yne 1 was obtained with a yield of 31%. Balasubramanian and al described similar yields (35 to 

55 %) in their work about the synthesis of aromatic propargylic ethers [19-21]. The low yield observed is mainly 

due to the conversion of propynol to the corresponding allene. 

The reaction of the acetylure 1 with o-methoxy benzaldehyde gave the expected 1-(2-methoxyphenyl)-

4-(3-methoxyphenoxy)-4-phenylbut-2-yn-1-ol 2 with 77 % yield. Oxidation of 2 into ketone was realized using 

CrO3 with catalytic amount of H2SO4 [22] 
 
and gave 1-(2-methoxyphenyl)-4-(3-methoxyphenoxy)-4-phenylbut-

2-yn-1-one 3 with 68% yield. 

 The key cyclisation step leading to chromene was realized using PtCl4 as catalyst and gave 4-(2-

methoxyphenylcarbonyl)-7-methoxy-1-phenylbenzopyran 4 (38%). When PtCl2 is used instead of PtCl4, the 

yield decreases (29%). This result is conform to others described in the literature [23]. Howover, Federov and al 

showed that the intramolecular hydroarylation can be obtained in higher yield (60-91%) using catalytic amount 

of Pd(OAc)2 [24]. 

 The following demethylation step is not very efficient due to the presence of the second methoxy group 

[25]. 4-(2-hydroxyphenylcarbonyl)-7-methoxy-1-phenylbenzopyran 5 was isolated after purification with 23% 

yield. The use of another electrodonor group insensitive to the action of BCl3 in place of methoxy group of 

position 3 will allow the reaction to give better yields [24].  
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The second key-cyclisation reaction is realized through an oxo-Michael addition in mild basic 

conditions (potassium acetate in refluxing ethanol). Probability that the mechanisms proposed on the literature
 

26,27] take place is very low because of the formation of tense cycles. Before dehydration with catalytic amount 

of PTSA refluxing in the toluene, the crude residue was first treated with LiAlH4 in the anhydrous THF. Finally, 

3-methoxy-6-phenyl-6,6a-dihydro-[1]benzopyrano-[3,4-b][1]benzopyran 6 was isolated with 30% yield. 

  

III. EXPERIMENTAL 
The reactions were monitored by thin-layer chromatography on aluminium plates precoated with 

Merck silica gel 60 F254 (0.25 mm). Column chromatography (CC) was performed on silica gel 60 (230 - 400 

mesh). The new compounds were determined to be >95% pure by 
1
H NMR spectroscopy and gas 

chromatography (GC). Mass spectrometer coupling with GC were made with a HP 5973 apparatus with HP-5 

5% Phenylmethylsiloxan column using helium as a vector gas.  The 
1
H and 

13
C nmr spectra were recorded at 

300 K in CDCl3 using a Bruker AC250 spectrometer (at 250 and 62.5 MHz). Tetramethylsilan (TMS) was used 

as an internal standard. Chemical shifts (δ) are reported in ppm and coupling constants (J) in Hz. UV-Vis spectra 

were recorded on a Beckman DU 7500 spectrophotometer. I.R spectra were obtained on a Perkin - Elmer 297 

spectrometer using NaCl disks (wavelength in cm
-1

). Elemental analysis were made by “Spectropole” (Aix-

Marseille III University-France). Melting points (Mp in °C) were measured with Electrothermal IA 9100.  

If not indicated, the experimental procedures for the synthesis of the different intermediates are those 

described by Pastine and Sames [20]. 
 

 (3-methoxy-1-phenoxy)-1-phénylprop-2-yne (1). 3.6 mL (23 mmol; d = 1.1) of diethyl azodicarboxlylate 

(DEAD) was slowly added, under argon, to a mixture of 3 g (23 mmol) of 1-phenylprop-2-yn-1-ol, 2.86 g (23 

mmol) of 2-methoxyphenol and 6 g (23 mmol) of triphenylphosphin in 300 mL of dry dichloromethane. After 

stirring at room temperature for 22 h, the mixture was concentrated under reduce pressure. The crude residue 

was purified by Column Chromatography (97% n-hexane and 3% diethylether) and gave yellow oil, 1.7 g 

(31%). ir: Csp 3291. 
1
H  nmr (deuteriochloroform): δ 2.64 (s, 1H), 3.70 (s, 3H), 5.77 (s, 1H), 6.49 (s, 1H), 6.52-

6.60 (m, 2H), 7.16 (m, 1H), 7.30-7.35 (m, 3H), 7.53-7.56 (d, 2H, J = 6.5 Hz). 
13

C nmr (deuteriochloroform): δ 

54.25, 68.77, 75.42, 79.86, 101.43, 106.48, 106.95, 126.24, 127.70, 127.84, 128.80, 136.28, 157.48, 159.66. 

Anal. Calcd. For C16H14O2: C, 80.65; H, 5.92; O, 13.43. Found: C, 80.69; H, 5.91; O, 13.4. 

 

1-(2-methoxyphenyl)-4-(3-methoxyphenoxy)-4-phenylbut-2-yn-1-ol (2). Synthesis gave Brown oil, 1.73 g 

(77%). ir: OH 3419. 
1
H nmr (deuteriochloroform) : δ 3.13 (s, 1H), 3.57 (s, 3H), 3.61 (s, 3H), 5.60 (s, 1H), 5.77 

(s, 1H), 6.45 (d, 1H, J = 8,2 Hz), 6.53-6.62 (m, 2H), 6.69-6.79 (m, 2H), 7.04-7.14 (m, 2H,), 7.23-7.32 (m, 4H), 

7.48 (d, J = 6.5 Hz, 2H). 
13

C nmr (deuteriochloroform): δ 54.12, 54.28, 60.07, 69.14, 81.80, 87.14, 101.46, 

106.43, 107.20, 109.64, 119.65, 126.35, 126.84, 127.24, 127.54, 127.62, 128.69, 136.58, 155.62, 157.59, 

159.55. Anal. Calcd for C24H22O4: C, 76.99; H, 5.92; O, 17.09. Found: C, 76.97; H, 5.92; O, 17.11. 

 

1-(2-methoxyphenyl)-4-(3-methoxyphenoxy)-4-phenylbut-2-yn-1-one (3). 85.7 g (9 mmol)  of CrO3 was 

slowly added to a solution of 1.7 g (4.5 mmol) of 1-(2-methoxyphenyl)-4-(3-methoxyphenoxy)-4-phenylbut-2-

yn-1-ol (2) in 30 mL of dry DMF. Then 5 drops of concentrated sulphuric acid was added to the mixture. After 

stirring at room temperature for 40 min., water (40 mL) and diethyelether (60 mL) was added and the aqueous 

phase was extracted with diethylether. The combined organic layers was washed with satured solution of 

sodium chloride, dried in magnesium sulphate and concentrated under reduce pressure. The residue was purified 

by column chromatography (85% n-hexane and 15% diethylether). Reaction gave yellow oil, 1.15 g (68%). 
1
H nmr (deuteriochloroform): δ 3.61 (s, 3H), 3.66 (s, 3H), 5.94 (s, 1H), 6.49 (d, 1H, J = 8.2 Hz), 6.57-6.65 (m, 

2H), 6.79-6.82 (m, 2H), 7.11 (m, 1H), 7.28-7.33 (m, 4H), 7.53 (m, 2H), 7.76 (d, 1H, J = 7.7 Hz). 
13

C nmr 

(deuteriochloroform): δ 56.94, 57.16, 71.76, 89.26, 90.40, 104.19, 109.50, 109.67, 113.67, 121.88, 127.60, 

129.12, 130.50, 130.79, 131.63, 134.22, 137.04, 138.01, 160.06, 161.60, 162.43, 177.51 (C=O). Anal. Calcd. for 

C24H20O4: C, 77.40; H, 5.41; O, 17.18). Found: C, 77.41; H, 5.38; O, 17.21.  

 

4-(2-methoxyphenylcarbonyl)-7-methoxy-1-phenylbenzopyran (4). After purification by column 

chromatography (90% n-hexane and 10% diethylether) yellow oil was obtained, 0.43 g (38%). 
1
H nmr 

(deuteriochloroform): δ 3.60 (s, 3H), 3.66 (s, 3H), 5.78 (d, 1H, J = 3.7 Hz), 6.00 (d, 1H, J = 3.7 Hz), 6.37 (m, 

2H), 6.78-6.93 (m, 2H), 7.23-7.42 (m, 7H), 7.56 (d, 1H, J = 8.0 Hz). 
13

C nmr (deuteriochloroform): δ 54.25, 

54.47, 75.11, 101.14, 106.26, 110.49, 111.32, 119.47, 126.04, 126.20, 127.70, 128.38, 129.26, 129.48, 131.84, 

134.14, 138.26, 153.48, 156.89, 160.04, 195.02 (C=O). Anal. Calcd. For  C24H20O4: C, 77.40; H, 5.41; O, 17.18. 

Found: C, 77.39; H, 5.38; O: 17.23. 

4-(2-hydroxyphenylcarbonyl)-7-methoxy-1-phenylbenzopyran (5). 1.3 mL (1.3 mmol) of a 1M solution of 

BCl3 was slowly added, under argon at -78°C, to a solution of 0.4 g (1.1 mmol) of  4-(2-
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methoxyphenylcarbonyl)-7-methoxy-1-phenylbenzopyran (4) in 30 mL of dry dichloromethane. After stirring 

for 1h, the mixture was quenched with saturated solution of ammonium chloride (20 mL), extracted with 

ethylacetate and the combined organic layers dried in magnesium sulphate and concentrated under reduce 

pressure after filtration. The residue was purified by column chromatography (90% n-hexane and 10% 

diethylether). Reaction gave yellow oil, 0.091 g (23%). 
1
H nmr (deuteriochloroform): δ 3.69 (s, 3H), 5.85 (d, 

1H, J = 3.5 Hz), 5.93 (d, 1H, J = 3.5 Hz), 6.40 (m, 2H), 6.76 (m, 1H), 6.98 (m, 2H), 7.31-7.43 (m, 6H), 7.65 (d, 

1H, J = 7.7  Hz, 1H), 11.96 (s, 1H, OH). 
13

C nmr (deuteriochloroform): δ 54.34, 75.01, 100.92, 108.16, 112.47, 

110.82, 119.67, 123.42, 127.87, 128.24, 128.86, 128.13, 128.95, 129.21, 132.14, 133.18, 138.31, 154.47, 

157.74, 160.09, 198.67 (C=O). Anal. Calcd. For C23H18O4: C, 77.08; H, 5.06; O, 17.86. Found: C, 77.07; H, 

5.09; O, 17.84. 

 

3-methoxy-6-phenyl-6,6a-dihydro-[1]benzopyrano-[3,4-b][1]benzopyran (6). A solution of 0.075 g (0.21 

mmol) of 4-(2-hydroxyphenylcarbonyl)-7-methoxy-1-phenylbenzopyran (5) in 10 mL of ethanol was saturated 

with potassium acetate. The mixture was heated under reflux for 1h. After cooling at room temperature ethyl 

acetate (20 mL) and water (10 mL) was added. The aqueous layer was extracted with ethyl acetate and the 

combined organic layers washed with saturated solution of sodium chloride, dried in magnesium sulphate and 

concentrated under reduce pressure. A solution of the crude residue in 10 mL of dry THF was added dropwise, 

under argon, to a suspension of LiALH4 in 5 mL of dry THF. After stirring at room temperature for 10 min., the 

solution was quenched with saturated solution of ammonium chloride (10 mL), extracted with diethylether and 

the combined organic layers dried in magnesium sulphate and concentrated under reduce pressure. The residue 

was dissolved in 20 mL of toluene and heated under reflux for 15 min. in the presence of catalytic quantity of 

para-toluensulfonic acid.5H2O. After concentrated under reduced pressure, the crude residue was purified by 

column chromatography (97% n-hexane and 3% diethyl ether). The target compound (6) was an yellow-green 

oil, 0.025 g (30%). 
1
H nmr (deuteriochloroform): δ 3.72 (s, 3H), 5.10 (d, 1H, J = 10.0 Hz), 5.22 (dd, 1H, J = 

10.0, 2.2 Hz), 6.42 (d, 1H, J = 2.5 Hz), 6.57 (m, 2H), 6.70 (m, 1H), 6.82 (d, 1H, J = 7.2 Hz), 6.91-7.01 (m, 2H), 

7.12-7.19 (m, 4H), 7.38-7.48 (m, 2H). 
13

C nmr (deuteriochloroform): δ 54.42, 77.85, 79.07, 100.57, 109.26, 

111.30, 114.67, 120.95, 122.46, 123.68, 124.26, 125.44, 126.76, 127.19,  128.00, 129.47, 133.48, 136.67, 

151.57, 155.07, 160.00. Anal. Calcd. For C23H18O3:  C, 80.68; H, 5.30; O, 14.02. Found: C, 80.70; H, 5.30; O: 

14. 

 

IV. FIGURE 
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Figure 1. Synthetic pathway to the 3-methoxy-6-phenyl-6,6a-dihydro-[1]benzopyrano-[3,4-b][1]benzopyran 

(6). 
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V. CONCLUSION 
In summary, we have reported an efficient method for the synthesis of the 6-substitued 6,6a-dihydro-

[1]benzopyrano-[3,4-b][1]benzopyran. Presence of phenyl group in position 6 is indispensable to stabilize the 

open form of this family of compounds for their potential photochromic applications [28].  
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