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Abstract: Amidoethyl-p-benzoquinones are easily accessible from 2,5-dimethoxybenzaldehyde. 

A one-step Wittig-hydrolysis reaction is followed by an amidation of the produced 2,5-

dimethoxycinnamic acid. Hydrogenation and oxidative demethylation complete the sequence to 

the respective amidoethyl-p-benzoquinones.  
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Introduction: A number of molecules carrying a quinone substructural unit such as a p-

benzoquinone moiety have been found to be of medicinal value [1]. Synthetic molecules that 

have been synthesized in this regard include amino acid – quinone hybrids [2-4], steroid-quinone 

hybrids [5-9] and tacrine-quinone hybrids as potential Alzheimer disease drugs [10,11]. 

Saccharide – quinone hybrids have found application in the electrosensing of carbohydrate 

binding proteins such as lectins [12]. In our endeavor to synthesize estradiol derived p-

benzoquinone-steroid hybrids of type 1-3 (Fig. 1), access to p-benzoquinone tethered 

biomolecules through a synthetic pathway utilizing reactions commonly performed in our 

laboratory was sought for. Here, a quick synthesis of amidoethyl-p-benzoquinones is shown that 

can be generally utilized to attach, after manipulation, a carbonylethyl-p-benzoquinone fragment 

to a molecule containing an amino or hydroxyl terminal group. 
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Figure 1. Steroidal quinone target molecules 

Experimental:  

General. - Melting points were measured on a Stuart SMP 10 melting point apparatus and are 

uncorrected. Infrared spectra were measured with a Thermo/Nicolet Nexus 470 FT-IR ESP 

Spectrometer. 1H and 13C NMR spectra were recorded with a Varian 400 NMR (1H at 395.7 

MHz, 13C at 100.5 MHz) and a Varian 200 MHz NMR spectrometer (1H at 200.0 MHz, 13C at 

50.3 MHz). The chemical shifts are relative to TMS (solvent CDCl3, unless otherwise noted). 

Mass spectra were measured with a JMS-01-SG-2 spectrometer. CHN-analysis was performed 

on a LECO TruSpec Micro instrument. Column chromatography was carried out on silica gel (60 

A, 230 – 400 mesh, Sigma-Aldrich). Analytical thin layer chromatography (TLC) was carried 

out on silica on TLC Alu foils from Fluka (with fluorescent indicator at λ = 254 nm). 

N-Octyl 3-(1,4-dimethoxyphen-2-yl)propionamide (8a). To a solution of triphenylphosphine 

(PPh3, 960 mg, 3.66 mmol) in dry CH2Cl2 (15 mL) was added dropwise bromotrichloromethane 

(BrCCl3, 765 mg, 3.91 mmol). The resulting solution was stirred at rt for 35 min. Then, 2,5-

dimethoxyphenylpropionic acid (7, 503 mg, 2.40 mmol) was added, and the resulting mixture 

was stirred under reflux for 45 min. Thereafter, n-octylamine (680 mg, 5.27 mmol) was added 

via syringe. The mixture was stirred under reflux for 14h. The cooled reaction mixture was 

subjected directly to column chromatography on silica gel (CH2Cl2) to give 8a (465 mg, 61%) as 

a colorless solid, mp. 63 - 64 oC; νmax (KBr/cm-1) 3325 (NH), 2999, 2959, 2923, 2852, 1641, 



1533, 1504, 1469, 1220, 1047, 852, 807, 696; δH (400 MHz, CDCl3) 0.87 (3H, t, 3J = 6.8 Hz, 

CH3), 1.20 – 1.29 (10H, m), 1.37 – 1.44 (2H, m), 2.45 (2H, t, 3J = 7.2 Hz), 2.90 (2H, t, 3J = 7.2 

Hz), 3.18 (2H, bq, 3J = 6.4 Hz, NCH2), 3.73 (3H, s, OCH3), 3.76 (3H, s, OCH3), 6.69 (1H, dd, 3J 

= 8.8 Hz, 4J = 3.2 Hz), 6.73 (1H, d, 4J = 3.2 Hz), 6.76 (1H, d, 3J = 8.8 Hz); δC (67.8 MHz, 

CDCl3) 14.1 (CH3), 22.6 (CH2), 26.7 (CH2), 26.9 (CH2), 29.2 (CH2), 29.2(5) (CH2), 29.6 

(CH2), 31.8 (CH2), 36.9 (CH2), 39.6 (CH2), 55.6 (OCH3), 55.8 (OCH3), 111.3 (CH), 111.7 

(CH), 116.2 (CH), 130.2 (Cquat), 151.4 (Cquat), 153.5 (Cquat), 172.4 (Cquat, CO); MS (FAB) 322 

(MH+). 

N-Octylcarboxamidoethyl-p-benzoquinone (10a). – To 8a (442 mg, 1.32 mmol) in acetonitrile 

(15 mL) was added dropwise and at rt and within 15 min. a solution of CAN (2.23 g, 8.14 mmol) 

in H2O (15 mL). The resulting mixture was stirred for an additional 5 min. at rt. Thereafter, 

water was added and the mixture was extracted with CH2Cl2 (3 X 15 mL). The combined 

organic phase was dried over anhydrous MgSO4 and concentrated in vacuo. The residue was 

subjected to chromatographic separation on silica gel (CH2Cl2/Et2O  8:2) to give 10a (206 mg, 

51%) as a yellow solid, mp. 111 – 113 oC; νmax (KBr/cm-1) 3331 (vs, NH), 3052, 2954, 2924, 

2851, 1655 (CO), 1537, 1427, 1311, 1131, 921, 837, 427; δH (400 MHz, CDCl3) 0.81 (3H, t, 3J = 

6.8 Hz, CH3), 1.19 – 1.22 (10H, m), 1.37 – 1.42 (2H, m), 2.34 (2H, t, 3J = 7.6 Hz), 2.71 (2H, dt, 
3J = 7.6 Hz, 4J = 1.6 Hz), 3.16 (2H, dt, 3J = 7.2 Hz, J = 7.2 Hz), 5.53 (1H, bs, NH), 6.55 – 6.56 

(1H, m), 6.65 (1H, dd, 3J = 10.0 Hz, 4J = 2.4 Hz), 6.70 (1H, d, 3J = 10.0 Hz); δC (67.8 MHz, 

CDCl3) 14.1 (CH3), 22.6 (CH2), 25.3 (CH2), 26.9 (CH2), 29.1 (CH2), 29.2 (CH2), 29.6 (CH2), 

31.8 (CH2), 34.3 (CH2), 39.7 (CH2), 133.1 (CH), 136.4 (CH), 136.7 (CH), 147.8 (Cquat), 170.7 

(Cquat, CONH), 187.4 (Cquat, CO), 187.5 (Cquat, CO); MS (FAB) 292 (MH+). 

Results and Discussion: In the present work, the idea is to produce quinones linked to a further 

substructure through an amido group, using 2,5-dimethoxycinnamic acid and 2,5-

dimethoxyphenylpropionic acid C as building blocks, where the para-dimethoxyaryl function 

would be oxidatively demethylated to furnish the quinone moiety [13,14]. In principle, the 

strategy should also hold in the synthesis of quinones linked to another substructure via an ester 

group (Scheme 1). 
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Scheme 1. Retrosynthetic analysis of amidoethyl-p-benzoquinones and their corresponding ester 

derivatives 

2,5-Dimethoxycinnamic acid (6) can easily be synthesized via Wittig reaction from the 

commercially available 2,5-dimethoxybenzaldehyde (4) with subsequent hydrolysis. The two 

reactions can be performed in one-pot [15] (Scheme 2). 2,5-Dimethoxyphenylpropionic acid can 

be obtained by hydrogenation of 2,5-dimethoxycinnamic acid using a H2/Pd-C/methanol 

reaction system [16]. As this procedure has led to a laboratory fire, the authors have changed to a 

hydrogenation procedure using NaBH4/AcOH/Pd-C/toluene [17-19]. As cinnamic acids are not 

well soluble in toluene, THF was added as a cosolvent in the hydrogenation of 2,5-

dimethoxycinnamic acid. The addition of THF seems to slightly reduce the reactivity of the Pd 

catalyst, perhaps through complexation to Pd (Scheme 3), so that longer reaction times are 

necessary. 
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Scheme 2. Synthesis of 2,5-dimethoxycinnamic acid 
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Scheme 3. Hydrogenation of 2,5-dimethoxycinnamic acid 

To continue to intermediates B (Scheme 1), an amidation of 7 can be carried out (Scheme 4). 

Alternatively, an amidation of cinnamic acid 6 can be performed with a subsequent 

hydrogenation (Scheme 5). Both pathways have been pursued. As the amides are soluble in 

toluene, the route of amidation followed by hydrogenation circumvents the slow hydrogenation 

reaction of the 2,5-dimethoxycinnamic acid (6). The amidation itself is an Appel type reaction 

where ozone 1 depletor CCl4 has been exchanged for the less problematic BrCCl3 [20,21] 

(Scheme 4). The cinnamides can easily be hydrogenated to the phenylpropionamides using the 

reaction system NaBH4/AcOH/Pd-C/toluene (Scheme 5). 
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Scheme 4. Appel type amidation using PPh3/BrCCl3 as reagent 
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Scheme 5. Preparation of 2,5-dimethoxyphenylpropionamides 

The conversion of the dimethoxyphenylpropionamides 8 to quinones 10 was achieved by 

oxidative demethylation reaction with cerium ammonium nitrate (CAN) in a solvent mixture of 

acetonitrile and water (Table 1). The reaction completes quickly, but led to an additional product 

that is stable in air for a relatively short time and has not been isolated in pure form and 

identified. The quinones were separated from this by-product and purified without problems by 

column chromatography and were acquired as pale-yellow to orange solids in the case of the 

secondary amides and as orange to reddish oils in case of the tertiary amides. Both carbonyl 

functions of the quinones invariably show a peak in the range of δ 187.0 – 188.0 ppm in the 13C-

NMR spectrum. 

The process of Appel type reaction with 2,5-dimethoxycinnamic acid (7) using PPh3/BrCCl3 as 

the reagent, hydrogenation of the Appel-type product using NaBH4-AcOH-THF-toluene and 

subsequent oxidative demethylation with CAN in AcCN-H2O can also be used nicely to prepare 

quinones bound to a substructure by ester linkage as shown in Scheme 6. 
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Table 1. Preparation of amidoethylquinones 10 
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Scheme 6. Preparation of quinone-ester 13 

In conclusion, a facile access to amidoethylquinones 10 and to quinone-ester 13 via an Appel 

type amidation/esterfication of 2,5-dimethoxycinnamic acid (7), hydrogenation of the Appel 

product and subsequent oxidative demethylation was shown. It is expected that the same 

sequence is applicable with a hydroxyl or amino containing natural product derived substructure. 

Efforts to obtain molecules 1-3 through a slightly modified sequence are underway. 
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