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ABSTRACT 

A variety of symmetrical analogues of dicoumraol (1a-f) was synthesized using both thermal 

and microwave irradiations. The products were obtained in excellent yields (> 70%) using 

microwave irradiation in contrast to thermal condition which gave (< 5%) under 10 minutes. 

Spectral analyses of the products were carried out in order to confirm the identity of the 

compounds. Interestingly, the two hydroxyl groups attached to the coumarin ring gave 

different chemical shifts with CDCl3 as solvent. 
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1. Introduction 

Dicoumarol and its derivatives (Figure 1) have been reported as effective competitive inhibitors 

of NAD(P)H:oxidorectase quinone 1(NQO1) with respect to nicotinamide coenzymes 

(NADH/NADPH). [Ernester, 1967; Nolan et al, 2009]In view of this, dicoumarol and its 

derivatives are often used to study the importance of the presence, or absence, of NQO1 activity 

in cells. 

 

 

 Figure 1: Structures of dicoumarol (2a) and its derivatives (2b and 2c). 

 

Over three decades ago, Sullivan reported [Sullivan et al, 1944] the syntheses of a variety of 

symmetrical dicoumarols by reacting 4-hydroxycoumarin with different aldehydes in ethanol as 

solvent. The products were obtained in mostly poor yields. Zeba and co-workers [2011] also 

reported the syntheses of symmetrical dimer by coupling 4-hydroxycoumarin with aromatic and 

heteroaromatic aldehydes in a range of media, such as water, methanol, acetic acid, 

dichloromethane and acetonitrile as depicted in Scheme 1. The team observed that using less 

polar aprotic solvents such as dichloromethane resulted in low yields (< 30%) after a prolonged 

period of time (24 hours). Performing the reaction in polar aprotic solvents, such as 

acetonitrilegave only a trace of the products and in some cases no reaction was observed. The 
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use of polar protic solvents such as methanol (85%) and acetic acid (65%) gave high yields under 

thermal conditions and their reactions took a relatively short time period (45-60 minutes) to 

occur. The best yield however, was obtained (96%) using an aqueous medium in the presence of 

5 mol% Zn(proline) and at a very short time (5 minutes). The teams concluded, therefore, that 

for the syntheses of symmetrical analogues of dicoumarol, water was the optimal solvent from a 

‘green chemistry’ point of view. 

 

Scheme 1: Synthesis of symmetrical dicoumarol using 5 mol% of Zn(proline)2. 

Anschutz (1999) attempted condensation of 4-hydroxycoumarin with different aliphatic carbonyl 

compounds such as formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde and acetone; 

however, the latter three did not yield any product. The poor reactivity in these cases could be 

due to the electron donating ability of the alkyl groups giving rise to a less reactive electrophilic 

carbon. In another research, Khalid and co-workers (2004) reported the synthesis of analogues of 

dicoumarol by condensing various aromatic aldehydes with 4-hydroxycoumarin at room 

temperature in the presence of a catalytic amount of piperidine as depicted in Scheme 2. The 

products were obtained in excellent yields (74-96%) within 4 hours. 

 

Scheme 2: Synthesis of dicoumarol and its derivatives using a catalytic amount of piperidine in 

aqueous ethanol at room temperature. 

2. Synthesis and Discussion 

The established synthetic approach for the dicoumarol and its derivatives suffer some 

disadvantages such as excess of catalyst, need for special apparatus and, in some cases, 

prolonged reaction time (4 - 24 hours) under thermal conditions. Hence, we felt that it is sensible 

to synthesize dicoumarol and its derivatives using convenient and efficient method. The 

compounds (1a-f) were thus synthesized using microwave conditions from the reaction between 
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4-hydroxycoumarin (2a) (2 equivalents) and substituted benzaldehyde (2b) (1 equivalent) as 

illustrated in Scheme 3. 

 

Scheme 3: Synthesis of symmetrical dicoumarol derivatives 

Reagents and conditions: (i) Thermal heating; coumarin (2 equivalents), aldehyde (1 equivalent), 

ethanol, reflux at 85 oC, 24 hours. (ii) Microwave irradiation; coumarin (2 equivalents), aldehyde 

(1 equivalent), ethanol, 80 oC, 10 minutes. 

The products (1a-f) were obtained in excellent yields (> 70%), which show that the use of 

microwave irradiation offers a lot of advantages over thermal heating. The concept of green 

chemistry is gaining momentum in the field of organic synthesis and microwave irradiation is an 

eco-friendly technique which has advantages of improved yields, easy workup, considerably 

shortened reaction times, and minimum solvent usage and often without the usage of catalyst. In 

contrast, reactions performed under thermal conditions, gave generally poor yields and, in some 

cases, no trace of product was observed after a short time compared to microwave conditions 

which gave (> 50%) yield under 10 minutes. The microwave technique therefore afforded a 

green chemistry protocol for the synthesis of dicoumarol derivatives. A plausible mechanism for 

this reaction is shown in Scheme 4. 

 

Scheme 4: General mechanism for condensation and dimerization reaction. 

The first step involves the nucleophilic addition of 4-hydroxycoumarin (2a) to the polarized 

carbonyl bond of the aldehyde (2b) to form aldol adduct (2c), followed by tautomerism to give 

(2d). An α,β-unsaturated carbonyl compound (2e) is then formed by loss of water. The next step 

is the nucleophilic conjugate addition of a second molecule of 4-hydroxycoumarin (2e) to form 
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compound (2f) which subsequently undergoes keto-enol tautomerisation to givethe targeted 

compounds (1a-f) as shown in Figure 2. 

 

Figure 2: Structures of synthesized compounds (1a-f).

3. Non planarity of symmetrical derivatives of dicoumarol (1a-f). 

The two hydroxyl groups in the compounds (1a-f) gave different chemical shifts with CDCl3 as 

the solvent. This difference was not noticed when DMSO-d6 was used as the solvent and this 

may be due to the interaction of the hydroxyl groups and the solvent. In order to confirm the 

assignment of the signals, a few drops of D2O were added into the 1H NMR sample of compound 

(1c) and the spectrum (Figure 3, B) revealed their disappearance which indicates that the two 

hydroxyl groups exist in different environments. 
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Figure 3: 1H NMR spectra of compound (1c); ‘A’ represents 1H NMR spectrum of compound 

(1c) in CDCl3 and ‘B’ is the 1H NMR spectrum after addition of D2O. 

Godfroid and co-workers[1985] reported that dicoumarols substituted at the bridge methylene 

carbon (C5) displayed restricted rotation around the C3C5 and C3'C5 as shown in Figure 4. 

 

Figure 4: Structure of substituted dicoumarol derivatives at the methylene bridge (C5). 

The hindrance to free rotation could be as a result of the following reasons: (i) the barrier to 

rotation increases with increasing steric influence of the substituent (R), (ii) intramolecular bonds 

may exist between the two hydroxyl groups, (iii) increasing electron donating effect of the 

solvent can lower the barrier to rotation via the formation of intermolecular bonds between the 

hydroxyl groups and the solvent.  

4. Experimental 

4.1 General 

 A Biotage Initiator TM microwave reactor (maximum power output of 300 W; operating 

frequency 2450 MHz) was used. Melting point was measured using a Sanyo Gallenkamp MPD 

350 variable heater instrument and are uncorrected. IR spectra were recorded in the solid state 

using a Bruker Alpha P FT-IR instrument. 1H NMR spectra were recorded using Bruker Avance 

400 spectrometers. Chemical shifts are given in ppm to the nearest 0.01 ppm and referenced to 

the solvent residual peak. The abbreviations used are s-singlest, d-doublet, t-triplet, dd-doublet of 

doublets, td-triplet of doublets, m-multiplet. Proton assignments were assisted by DEPT, 
1HCOSY and HMQC. 

4.2 General method for the synthesis of compounds (1a-f). 

The appropriate 4-hydroxycoumarin (2 equivalents) was reacted with an appropriate aromatic 

aldehyde (1 equivalent). Ethanol was added to give a solution of 0.5M concentration with respect 

to 4-hyroxycoumarin. The reaction mixture was subjected to microwave irradiation at 80 oC for 

30 minutes. The resulting mixture was allowed to cool and the precipitate formed was collected 

by filtration, washed and oven dried [Obi et al., 2018]. 

Synthesis of compound (1a), the reaction of 4-hydroxycoumarin (250 mg, 1.5 mmol) and 

benzaldehyde (159 mg, 0.75 mmol) in ethanol (6.2 mL) gave the title compound (1a) as a white 

solid (242 mg, 78%): Mp 210-212oC; νmax/cm-1 2700 (br, w, OH), 1670 (s, C=O), 1600 (s, C=C); 
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δH (400 MHz; DMSO-d6) ) 6.3 (1H, s), 7.10-7.12 (3H, m), 7.17-7.21 (2H, m), 7.25-7.32 (4H, m), 

7.55 (2H, ddd), 7.85 (2H, dd); δC (126 MHz; DMSO-d6) 36.2 (CH), 103.9 (CH), 105.7 (CH), 

116.5 (CH), 116.7 (CH), 116.9 (CH), 124.4 (CH), 124.9 (CH), 126.5 (CH), 126.9 (CH), 128.7 

(CH), 132.9 (CH), 135.2 (CH), 152.3 (CH), 152.5 (q), 164.6 (q), 165.8 (q), 166.9 (q), 169.3 

(C=O);  m/z (-ES), 411.1 ([M-H]‾, 50%); m/z (+ES) (Found 435.0856; C25H16O6Na ([M+Na]+), 

requires 435.0845). 

Synthesis of compound (1b), the reaction of 4-hydroxycoumarin (243 mg, 1.5 mmol) and 4-

hydroxybenzaldehyde (92 mg, 0.75 mmol) in ethanol (3 mL) gave the title compound (1b) as 

pale yellow solid (210 mg, 65%): Mp 222-224 oC [Lit. 222-224, [Singh, 2010]]; νmax/cm-1 3435 

(br, OH), 1665 (s, C=O), 1600 (s, C=C); δH (400 MHz; DMSO-d6) 6.19 (1H, s), 6.59 (2H, d), 

6.89 (2H, dd),  7.25-7.31 (4H, m), 7.54 (2H, ddd), 7.84 (2H, dd); δC (126 MHz; DMSO-d6) 35.2 

(CH), 48.6 (q), 104.1 (q), 114.7 (CH), 115.7 (CH), 118.9 (q), 123.3 (CH), 123.9 (CH), 127.6 

(CH), 131.3 (CH), 152.3 (q), 154.9 (q), 164.6 (q), 166.1 (C=O), m/z (+ES) 429 ([M+H]+, 100%); 

(Found 429.0979; C25H17O7 ([M+H]+), requires 429.0974). 

Synthesis of compound (1c), the reaction of 4-hydroxycoumarin (200 mg, 1.2 mmol) and 4-

fluorobenzaldehyde (74 mg, 0.6 mmol) in ethanol (3 mL) gave the title compound (1c) as a white 

solid (214 mg, 83%): Mp 219-221oC [Lit. 213-215 oC, [Gui-Xia, 2009]]; νmax/cm-1 2870 (br, 

OH), 1670 (s, C=O), 1600 (s, C=C); δH (400 MHz; CDCl3) 6.06 (1H, s), 7.00-7.04 (2H, m), 7.18-

7.21 (2H, m), 7.41-7.43 (4H, m), 7.65 (2H, ddd), 8.08 (2H, dd), 11.33 (1H, s, OH), 11.55 (1H, s, 

OH); δC (100 MHz; CDCl3) 35.7 (CH), 115.4 (CH), 115.6 (q), 116.7 (CH), 124.4 (CH), 124.9 

(CH), 128.1 (q), 128.2 (CH), 130.8 (q), 130.9 (q), 132.9 (CH), 160.5 (q), 163.0 (C=O); m/z 

(+ES) 453 ([M+Na]+, 100%); (Found 453.0762; C25H15O6FNa ([M+Na]+), requires 453.0763). 

Synthesis of compound (1d), the reaction of 1-hydroxy-3H-benzo[f]chromen-3-one (150 mg, 

0.71 mmol) and 4-fluorobenzaldehyde (44 mg, 0.35 mmol) in ethanol (6 mL) gave the title 

compound (1d) as a cream powder (130 mg, 69%): δH (400 MHz; CDCl3) 6.26 (1H, s), 7.01-7.05 

(2H, m), 7.28- 7.30 (2H, m), 7.52-7.70 (5H, m), 7.76 (1H, dd), 7.91-7.95 (2H, m), 8.09 (2H, d), 

9.44 (1H, d), 9.55 (1H, d), 12.65 (1H, s, OH), 12.78 (1H, s, OH); δC (100 MHz; CDCl3) 36.1 

(CH), 106.0 (q), 110.7 (q), 115.4 (CH), 115.6 (CH), 116.7 (CH), 126.3 (CH), 126.4 (CH), 127.2 

(q), 127.3 (q), 128.3 (CH), 128.4 (CH), 128.9 (CH), 129.0 (CH), 131.2 (q), 135.2 (CH), 169.2 

(q), 170.2 (C=O); m/z (-ES) 529.1 ([M-H]-, 50%); (Found 529.1101; C33H18O6F ([M-H]-), 

requires 529.1087). 

Synthesis of compound (1e), the reaction of 4-dimethylamino benzaldehyde (150 mg, 1.85 

mmol) and 4-hydroxycoumarin (300 mg, 1.01 mmol) in a mixture of ethanol (10 mL) and 2 

drops of piperidine gave the title compound (1e) as a pink solid (390 mg, 86%): Mp 224-226 oC 

[Lit. (Sullivan, 1944) 206 oC]; νmax/cm-1 3000 (br, OH), 1650 (s, C=O), 1602 (s, C=C); δH (400 

MHz; DMSO-d6) 3.12 (6H, s), 6.27 (1H, s), 7.21-7.37 (8H, m), 7.52 (2H, ddd), 7.81 (2H, dd); δC 

(100 MHz; DMSO-d6) some signals coincident, 18.53 (CH), 35.9 (CH), 45.6 (q), 56.0 (q), 103.0 

(q), 119.6 (CH), 115.6 (CH), 119.7 (CH), 123.0 (CH), 124.1 (CH), 128.2 (CH), 131.2 (q), 140.6 

(q), 152.5 (q), 164.5 (q), 167.6 (C=O); m/z (-ES) 454.1 ([M-H]‾, 100%); (Found 454.1275; 

C27H20NO6 ([M-H]-), requires 454.1291). 

Synthesis of compound (1f), the reaction of 4-hydroxycoumarin (300 mg, 1.85 mmol) and 4-

phenylbenzaldehyde (169 mg, 0.93 mmol) in ethanol (13 mL) gave the title compound (1f) as a 

white solid (380 mg, 84%): Mp 228-230 oC [Lit 227-229 oC]; νmax/cm-1 1665 (s, C=O), 1604 (s, 

C=C); δH (400 MHz, DMSO-d6), 6.36 (1H, s), 7.21 (2H, d), 7.28-7.35 (5H, m), 7.43 (2H, t), 7.50 
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(2H, d), 7.62-7.66 (4H, m), 7.88 (2H, dd); δC (100 MHz; DMSO-d6) 35.8 (CH), 103 (q), 115.8 

(CH), 118.4 (q), 118.7 (q), 123.5 (q), 123.4 (CH), 124.0 (CH), 126.3 (CH), 126.4 (CH), 127.3 

(CH), 127.0 (CH), 128.8 (CH), 131.5 (CH), 140.1(q), 152.3 (q), 164.7 (q), 166.0 (q); m/z (-ES) 

487.1 ([M-H]‾ , 50%); (Found 487.1193; C31H19O6 ([M-H]-), requires 487.1182). 

 

5. Conclusion 

In this research work, we reported the synthesis of symmetrical dicoumarol using both thermal 

and microwave irradiations. The products were obtained in excellent yields, (> 70%) using 

microwave irradiation in contrast to thermal condition which gave (< 5%) under 10 minutes and 

in some cases no trace of product was observed. Spectral analyses of the products revealed non 

planarity of the compound with the two OH groups having different chemical shifts in CDCl3 as 

solvent. 
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