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Abstract

This paper described a convenient and efficient route for the synthesis of 1-alkyl-2, 3, 4, 5-
tetramethoxy-6-methylbenzene, which are the key intermediate for the synthesis of C-6
substituted Coenzyme Q analogues. All the reactions are operationally simple and amenable to
gram-scale synthesis.
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Introduction

Coenzyme Q (CoQ, or CoQn) (Figure 1), also known as ubiquinone, occurs naturally in the inner
mitochondrial membrane, which plays pivotal role in the mitochondrial respiratory chain.'” CoQ
acts as a mobile electron carrier in the energy-transducing membranes of mitochondria and
distributes the electrons between the various dehydrogenases and the cytochrome segments of
the respiratory chain.*® CoQ (contains 10 isoprenyl units), the main homologue of CoQ
existing in humans, is one of the most effective lipid-soluble antioxidants. CoQ is widely used
in the treatment of cardiovascular disease, hepatitis and cancer. CoQ is also sold as a drug or
dietary supplement in many countries, and there is an increasing market demand. >

Page 242 ®ARKAT-USA, Inc



General Papers ARKIVOC 2015 (v) 242-247

MeO

MeO A H
(0]

Coenzyme Qn
(ubiquinones; n<12)

Figure 1. Coenzyme Q.

Many researches 314 have shown that some metabolites of CoQj0, and a number of synthetic
CoQ analogues exhibit significant biological activities, such as inhibition of mitochondrial
complex I, lipid peroxidation activity and blood platelet aggregation. Especially, some CoQ
analogues with heterocyclic substituents could be developed as drugs,'*" so to find a simple and
efficient synthetic route for its preparation is considerable incentive. However, previously
published methods 36 1205 for the preparation of these CoQ analogues with heterocyclic
substituents have some significant drawbacks such as long reaction time, low yields of the
products and difficult work-up. Herein we report a convenient and efficient method to synthesize
5 which has the potential to be a key intermediate for preparing CoQ analogues bearing
heterocyclic substituents. The synthetic route is shown in Scheme 1.
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Scheme 1. Reagents and conditions: (a) (HCHO)n, 37%HCI, 40 °C, 98 %, (b) KHCO;, DMSO,
80°C, 92 %; (c) I, 28 % NH; H,0, 25 °C, 100%; (d) 30% NaOH, 30% H,0,, 75 °C, 98 %; ()
POCl;, DMF, 80 °C, no reaction.
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Results and Discussion

As shown in Scheme 1, Firstly, chloromethylation of 1 with paraformaldehyde and conc. HCI
under catalyst-free conditions provided 2 in an excellent yield.”"" Secondly, we initially tried to
introduce the aldehyde group into the aryl ring via Vilsmeier-Haack reaction by employing
POCIL; and DMF," but we got none of the desired compound 3 after many trials, we speculated
that the effects of four electron-donor methoxy groups in the aromatic ring made it more difficult
for the Vilsmeier reagent to attack the C-6 position of compound 1. Recently, we developed a
new method which could direct transformation of 2 to 3 via Kornblum oxidation by utilizing
DMSO as an oxidant.'® In the present case, treatment of 2 with DMSO in the presence of
KHCO; furnished 3 in good yield. Thirdly, direct transformation of aldehyde 3 to nitrile 4 was
achieved by using iodine in ammonia water instead of liquid ammonia or ammonia gas in

17,20
alcohol solvents.

It was noteworthy that this transformation was completed in aqueous media
by one-pot tandem reaction within a short period (10 minutes) at room temperature in 100%
yield. Finally, partial hydrolysis of 4 by using 30% H,O; in the solution of 30% NaOH afforded

5 in 98% yield.

Conclusions

A convenient and efficient route for the synthesis of the key intermediate 5 had been achieved in
an overall 88% yield. Furthermore, we developed a simple, efficient, and environmentally
procedure for the preparation of nitrile 4 which is a viable precursor for the preparation of a
variety of nitrogen-containing functional compounds. We have explored a new methodology
using one-pot tandem reaction for the direct conversion of aldehyde 3 to nitrile 4 via iodine in
ammonia water at room temperature, and the desired product 4 was obtained without further
purification. This method can also circumvent the problem in prior preparation of nitrile
compounds from halides and toxic cyanides. In addition, all the compounds 2, 3, and 4 are useful
intermediates for the synthesis of other CoQ analogues. These experimentally simple approaches
could also be useful for the synthesis of other biological CoQ analogues with heterocyclic
substituents.

Experimental Section

General. All reactions were monitored by TLC, IR spectra were recorded on an Impact 400 FT-
IR instrument. NMR and mass spectra were recorded on a Bruker DRX NMR and a ZAB-2F
Mass spectrometers, respectively. All reagents (DMSO, paraformaldehyde, 30% H,O, ) were
purchased from Adamas-beta, P. R. China, and used without further purification. Compounds (1)
and (2) were synthesized according to our previous procedures.” %!
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2,3,4,5-Tetramethoxy-6-methylbenzaldehyde (3)."® To a solution of 2 (2.60 g, 0.01mol) in
anhydrous DMSO (8 mL) was added KHCO; (1.50 g, 0.015mol), then the reaction mixture was
intensely stirred at 80 °C for another 3 hours. The mixture was cooled to room temperature, water
was added and the mixture was extracted with petroleum ether, and the combined extracts were
washed with brine. The solution was dried over anhydrous sodium sulfate and solvent was
removed in vacuo. The residue was purified by a silica-gel column chromatography (petroleum
ether : ethyl acetate = 5:1) to give a yellow oil 3 (2.2 g, 92% vyield). IR (Viax, cm™): 1700 (Ar-
CHO); 'H NMR (500 MHz, CDCl3): 81 10.35 (s, 1H, CHO), 3.96 (s, 3H, OCH3), 3.88 (s, 3H,
OCHa), 3.84 (s, 3H, OCH3), 3.69 (s, 3H, OCHj3), 2.38 (s, 3H, CHs). Literature '*: "H NMR (500
MHz, CDCls): 613.99-4.02 (s, 12H, 4 x OCH3), 2.25 (s, 3H, CH3), 10.45 (s, 1H, CHO).
2,3,4,5-Tetramethoxy-6-methylbenzonitrile (4). To a solution of aldehyde 3 (1.3 g, 5.4 mmol)
and 1odine (1.4 g, 5.4 mmol) in THF (6 mL), ammonia water (5 mL of 28% solution) was added
dropwise over a period of 10 minutes, then the mixture was stirred at room temperature for 10
minutes. The dark solution became colorless at the end of reaction. Quenched with saturated
Na,SO; solution and extracted with petroleum ether, and the combined extracts were washed
with brine, dried over anhydrous sodium sulfate and concentrated in vacuo to give a yellow oil 4
(1.28 g, 100% vyield). IR (Vimay, cm™): 2229 (Ar-CN); 'H NMR (300 MHz, CDCls): 813.98 (s,
3H, OCH3), 3.97 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 2.36 (s, 3H, CH3); °C
NMR (75 MHz,CDCl;): ¢ 152.3 (Ph), 151.8 (Ph), 147.8 (Ph), 144.6 (Ph), 130.9 (Ph), 115.2
(CN), 102.5 (Ph), 61.8 (OCH3), 61.4 (OCH3), 61.2 (OCHj3), 60.8 (OCH3),14.0 (CH3); ESI-MS:
m/z =238 [M+H]", Calcd for C;,HsNO,: 238.1079. Found: 238.1077.
2,3,4,5-Tetramethoxy-6-methylbenzamide (5). To a mixture of 4 (1.3 g, 5.4 mmol), tetrabutyl
ammonium bromide (0.2 g, 0.62 mmol) and 30% NaOH solution (2 mL) in ethanol (5 mL), 30%
hydrogen peroxide (5 mL, 5.4 mmol ) was added dropwise over a period of 10 minutes, then the
mixture was stirred at 75 °C for another 5 hours. Then water (20 mL) was added and the reaction
mixture was extracted with CH,Cl,, the combined extracts were washed with brine and water,
dried over anhydrous sodium sulfate and concentrated in vacuo to give a yellow oil 5 (1.25 g,
98% yield). IR (Vpax, cm™): 1650 (Ar-CONH,); 'H NMR (300 MHz, CDCl3): &1 5.89 (s, 2H,
NH>), 3.92 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 2.24 (s,
3H, CH3); °C NMR (75 MHz, CDCl3): 8¢ 169.4 (CONH,), 148.3 (Ph), 147.9 (Ph), 146.2 (Ph),
144.7 (Ph), 126.3 (Ph), 124.5 (Ph), 62.1 (OCHs;), 61.2 (OCH3), 61.0 (OCHj3), 60.6 (OCH3), 12.4
(CHs); ESI-MS: m/z =278 [M+Na]", Calcd for C;,H;7NNaOs: 278.1004. Found: 278.1002.
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