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Reaction of 1-Acetonaphthones with Anilines and Elemental Sulfur: Rapid Construction of 1-Anilinonaphtho[2,1-b]thiophenes

a 1-Anilinonaphtho[2,1-b]thiophenes could be conveniently synthesized from three-component reaction of 1-acetonaphthones with anilines and elemental sulfur under catalyst-free simple heating conditions.

Conjugated π-extended organic compounds based on thiophenes fused with a naphthalene or higher polyaromatic system enjoy an increasing importance in several major chemical sectors, including bioactive molecules, 1 organic materials, 2 petroleum industry. 3 For example, while A and naphthothiopheneethanolamine analogues have been found to exhibit strong antimalarial activity, 1b B could serve as a good starting point for the development a new organic semiconductors. 2a On the other hand, C is among the most significant sulfurcontaining molecules in diesel oil.

Typically, access to such scaffolds were relied on lengthy synthetic sequences for the synthesis of suitable synthetic intermediates 5 with expensive transition metal catalysts. 6 In this context, cascade and multicomponent reactions with high atom efficiency from simple and readily starting materials provide a powerful strategy for the construction of these molecules, especially in industrial scales. Moreover, while traditionally syntheses of thiophene rings from mercaptans and related organosulfur compounds 7 suffer from their strong and repulsive odors, direct sulfuration using elemental sulfur 8 is becoming increasingly popular as an excellent strategy for thiophene construction 9 since no such smelly substrate is required.

During the course of our study on the synthesis of 2,4diarylthiophenes E 9d via aniline acid-base conjugate pairs catalyzed self-condensation of two molecules of acetophenones D with one atom of sulfur, we noticed that these reaction conditions applied to 1-acetonaphthone 2a led to relatively complex mixtures, from which we could identify naphthothiophene 3aa as a result of a dehydrogenative condensation of 2a with aniline catalyst and a sulfur atom (Scheme 2).

Scheme 2. Our Previous Results.

Due to the increased steric hindrance of 1-naphthyl group and the decreased aromaticity compared to acetophenone D, 1acetonaphthone 2a could act as a four-carbon component for the construction of the thiophene ring via reactions with a suitable sulfur source. We reasoned that the reactivity of the acetyl group of 1-acetonaphthones could be enhanced using the imine/enamine analogs, which could be readily formed in situ by a reaction with aniline 1a. (1.5 equiv)

Our previous result (Ref. 9d):

This result: Please do not adjust margins Please do not adjust margins In view of the importance of naphtho[2,1-b]thiophenes, we attempted of developing a practical synthetic method to such a tricyclic scaffold, which is difficult to obtained otherwise. We initially used aniline 1a and 1-acetonaphthone 2a as model substrates (Table 1) in the reaction with elemental sulfur. Following our earlier research, 3-picoline with weak basicity was used as the solvent and the acid catalyst was removed (entry 1). Gratifyingly, this attempt allowed us to isolate pure 3aa for characterization by NMR spectroscopy and unambiguous structural determination by X-ray crystallography. At 110 °C, solvent screening (entries 2-6) revealed that toluene was the optimal solvent (entry 2). On the contrary, DMF (entry 3) as well as oxidative solvent such as DMSO (entry 6) did not favor the formation of 3aa. The yield was further optimized by heating at higher temperature (150 °C). For this purpose, toluene was replaced by its high boiling point aromatic analogs such as xylene mesitylene. On the other hand, DMAc was a better candidate, providing 3aa in good isolated yield. However, adding of acetic acid or piperidine (20 mol %) as an acid/base catalyst was shown to be detrimental to the reaction. With this set of optimized conditions (Table 1, entry 9), we evaluated the scope and generality of the method with respect to both anilines and 1-acetonaphthone. As shown in Scheme 3, the scope of anilines 1 was extensively investigated and a variety of 1-anilinonaphtho[2,1-b]thiophenes were synthesized with reasonable yields. Anilines containing electron donating or withdrawing substituents at different position of the aniline ring were all suitable for the formation of the naphthothiophene core. Substituents with different natures such as methyl, methoxy, trifluoromethoxy and methylthio were well tolerated under the standard conditions, and the expected naphthothiophenes 3ab-3ah were isolated in 48-78% yields.

Although the nucleophilicity of anilines are reduced by an electron withdrawing group, the presence of a halogen, cyano or ester group did not obviously affect the results, and the corresponding products 3ai-3ao were obtained in yields of 42-73%. It should be noted that the presence of a halogen atom, especially bromine or iodine in the naphthothiophenes 3al-3am is particularly useful for further functionalization via crosscoupling reaction. We emphasized that although hydrogen sulfide, a by-product of this transformation, could add to the cyano group to yield thioamide, such unwanted reaction was not observed for 4-cyanoaniline substrate 1n.

Scheme 3. Reaction Scope.

Methoxy functional group on the naphthalene was suitable for the synthesis of the corresponding products 3ba, 3bb and 3bo.

The yields were lower in these cases due to side reactions of the methoxynaphthalene substrate 2b with sulfur. We tested also 4-fluoro-1-acetonaphthone and the reaction mixture was Please do not adjust margins Please do not adjust margins complex in this case, possibly due to the aromatic nucleophilic substitution of the fluorine group by polysulfide species generated in situ In a control experiment, when acetophenone or 2acetonaphthone was used in place of 1-acetonaphthone 1a, the expected benzothiophene products (Scheme 3). In these cases, the reaction mixtures were complex, from which we could detect the presence of Willgerodt-type products (eq. 1). These results indicated that both conditions of steric hindrance and aromatic extension in 1-acetonaphthone were required for the incorporation of the sulfur atom to the aromatic ring. Some other 1-acetyl substrates such as 1-anthracene, 4acetylquinoline, 1-acetylpyrene, 3-acetylbenzothiophene were also tested. The expected products were formed in trace amounts. Their isolation from the crude mixtures was difficult.

Scheme 4. Control Experiments and Proposed Mechanism.

Second, using cyclohexylamine in lieu of aniline led to complex mixtures, even at lower temperatures (eq. 2). This observation could be attributed to a higher reactivity of sulfur-aliphatic amine complex generated from the interaction of elemental sulfur with an aliphatic amine. Such reactive species would attacked the acetyl group in an uncontrollable manner. Third, when imine I obtained from condensation of 1acetonaphthone 2a and aniline 1a was allowed to react with sulfur under the standard heating conditions, the expected 3aa was formed in 68% yield. This result is similar to that obtained Med. Chem. 1973, 16, 1366; (c) directly from 1a and 2a (Table ,entry 9), suggesting imine I could be a probable intermediate. From these important elements and based on antecedent work, 8 we proposed plausible mechanism (Scheme 4) starting with the formation imine I of aniline 1a with 1-acetonaphthone 2a, which exists in an equilibrium with enamine II. Subsequent delivery of a sulfur atom from S8 or any other cyclic or open chain polysulfur homologs via a concerted process would provide dihydronaphthothiophene III. Finally, sulfur-assisted dehydrogenative aromatization of III would result in 3aa. An interesting application of benzothiophene core is its transformation into the corresponding S-dioxide derivatives. [10] To demonstrate the utility of our products, we performed an oxidation of 3ab with excess mCPBA to yield the sulfone product 3ab-O2. Scheme 5. Oxidation of 3ab into 3ab-O2 with mCPBA

Conclusions

In conclusion, a direct three-component reaction 1acetonaphthone with anilines and elemental sulfur has been developed, producing [2,1-b]thiophene scaffolds under catalyst-free simple heating conditions. This reaction demonstrates once again the interesting reactivity and usefulness of elemental sulfur in the construction of fused thiophenes from readily available starting substrates. Further exploration of this strategy are underway in our laboratories. 
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Table 1 .

 1 Screening of the Reaction Conditions.

	Entry a	solvent	T (°C)	Yield (%) c
	1	3-picoline	110	13
	2	PhMe	110	25
	3	DMF	110	trace b
	4	DMAc	110	17
	5	N-methyl-2-pyrrolidone	110	14
	6	DMSO	110	trace b
	7	xylene	150	42
	8	mesitylene	150	51
	9	DMAc	150	70
	10	DMAc + AcOH (0.2 equiv)	150	17
	11	DMAc + piperidine (0.2 equiv)	150	22
	a Reaction conditions: 1-acetonaphthone 1a (1 mmol, 117 mg), aniline 2a (1.2
	equiv, 1.2 mmol, 112 mg), sulfur (2 equiv, 2 mmol, 32 mg/mmol, 64 mg), solvent
	(0.2 mL), T °C, 16 h under an argon atmosphere.		

b 

Determined by 1 H NMR of the crude mixture. c Isolated yield.
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