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ABSTRACT
 NaClO2/H2O2 as a cheap, non-toxic system for the facile oxidative cyclization of 2-alkynyl 3-formylquinolines under mild conditions to synthesize pyranoquinolinones in good yields has been desribed. Chlorinated 3-substituted furo[3,4-b]quinolinone derivatives were also obtained under scavenger-free conditions. Moreover, cyclization under mild NaClO2/ H2O2 oxidation conditions is a convenient, alternative method to traditional Pd(0)-mediated synthesis of pyranoquinolinone derivatives.
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1.1. INTRODUCTION
Pyranoquinolines are an important class of compounds that constitute the basic frameworks of a number of alkaloids of biological significance, for example, geibalasine, ribalinine, flindersine, etc. (Fig. 5.1)1 and possess a wide range of pharmacological activities and biological activities such as anticoagulant, coronary constricting, optical brightening,  antifungal, antihistamine, and antiallergic activities.2 Halogencontaining quinoline and their derivatives are of significant interest as the halogen atom plays a pivotal role in the compound’s bioactivity, and such compounds provide a further avenue for structure elaboration.3 Reported methods for the synthesis of pyranoquinolinones are limited, multistep and suffer from poor availability of starting materials.4


Figure 5.1

The alkyne is one of the most versatile functional groups in organic chemistry.5 Significant progress has been made in intramolecular cyclization through alkyne activation.6 For example, Praveen and co-workers deloveped an effective Cu-catalyzed intramolecular hydroalkoxylation of various 2-(ethynyl)benzyl alcohols leading to the regioselective synthesis of substituted phthalans (Scheme 5.1).6b This Cu(II)-catalyzed protocol affords only the five-membered oxygenated heterocycle.



Scheme 5.1
The iodine-catalyzed selective synthesis of iodopyrano[4,3-b]quinolines from ortho-alkynyl aldehydes was developed by Verma and co-workers. The reaction goes through formation of cyclic iodonium intermediate (Scheme 5.2).6h,6p



Scheme 5.2
Recently, a one–pot synthesis involving oxidation followed by 5-exo-dig electrophilic cyclization of 2-alkynylbenzaldehydes for the synthesis of phthalides has been reported (Scheme 5.3).7



Scheme 5.3

1.2.	PRESENT WORK
A series of conformationally restricted analogues (Fig. 5.2) e. g. 1 and 2 of nicotine (3) and anabasine (4) compound have been synthesized and evaluated as agonists of neuronal acetylcholine receptors (nAChRs) recently.8 



Figure 5.2

In a continuation of our interest in the synthesis of nitrogen heterocycles,9 herein, our target was to synthesis conformationally restricted analogues 10 of nicotine (3) and anabasine (4) according to the synthetic plan depicted in Scheme 5.4. The process involves oxidation of readily available 2-iodo-3-formylquinolines 5 to the acid 6, conversion of the acid 6 to the acid chloride, followed by amination of the acid chloride with a secondary amine to give the amide 7. Sonogashira coupling of the amide 7 should give alkyne-amide derivative 8, which on coupling reaction of Fischer carbene complex 9 with alkyne-amide derivative 8 should give the target molecule 10.



Scheme 5.4
Having prepared the amide 7 successfully, we tried Sonogashira coupling of 7 with (trimethylsilyl)acetylene under palladium catalysis in the presence of a catalytic amount CuI. But all our efforts were failed to give the desired alkyne-amide derivative 8 in satisfactory yield. Then we have decided to carry out the Sonogashira coupling at the very first step. During the conversion of 2-alkynyl-3-formylquinolines into their corresponding acids under very mild NaClO2 oxidation conditions, we observed that the formation of various amounts of pyranoquinolinone products when the reactions were left for a certain period of time. We have decided to carry out detailed investigation of this process of conversion of alkynyl formylquinolines to pyranoquinolinones. In this chapter, a one–pot highly regioselective cyclization of 2-alkynyl-3-formylquinolines 11 under environmentally friendly sodium chlorite oxidative conditions10 that affords pyrano[4,3-b]quinolinones 13 through an intramolecular 6-endo-dig pathway is discussed (Scheme 5.5).11



Scheme 5.5
1.3.	RESULTS AND DISCUSSION 
1.3.1. Preparation of 2-alkynyl-3-formylquinoline derivatives 
The alkynyl quinaldehyde precursor necessary for our studies was obtained from acetanilide (14) as shown in Scheme 5.6. Conversion of 14 to 2-chloro-3-formylquinoline (15)12 was carried out by Vilsmeier-Haack reaction using POCl3 and DMF, and subsequent halogen exchange reaction13 of the 2-chloro-3-formylquinoline (15) with NaI in acetone provided 3-formyl-2-iodoquinoline (5). Alkynyl quinaldehyde 11 was prepared by the palladium-catalyzed Sonogashira reaction of iodoquinoline 5 with different alkyne according to the literature procedure.14,6h,6p



Scheme 5.6
Sonogashira coupling of 2-chloro 3-formylquinoxaline derivative 16 with phenylacetylene at room temperature under palladium catalysis in the presence of a catalytic amount CuI afforded the requisite alkynyl carbonyl derivatives 17 (Scheme 5.7).9e 



Scheme 5.7
1.3.2. Synthesis of pyranoquinolinone derivatives
It was observed that the aldehyde derivative 11a were smoothly oxidized using sodium chlorite to yield the 3-substituted pyranoquinolinone 13a in 65% yield and no isomeric compound 18 was isolated (entry 1, Table 5.1). The reaction was performed in MeOH/H2O and since the chlorite ion is unstable at low pH, the solution was buffered with NaH2PO4 at pH 4.3. Hypochlorite ion (ClO2-) is generated in this reaction and it must be removed in order to avoid side reactions.  35% H2O2 was used in this regard. The effect of various organic solvents was checked with 11a as substrate. The yield was increased using less hydrophilic alcohols (entries 1-4). No change in yield was observed when the reaction mixture was allowed to stir for a longer time (entry 5). Increase of reaction temperature (80 °C) did not improve the product yield (entry 6). Toluene greatly reduced the reaction rate, required 24 h for complete conversion of the substrate (entry 7).
The formation of the pyranoquinolinone 13a was evident from spectral data. Presence of absorption band at 1742 cm-1 is due to the carbonyl group in the IR spectra. The 1H NMR spectrum of 13a shows characteristic signals at δ 9.11 (s, 1H, pyridine proton), 6.62 (s, 1H)for –CH= and 2.62 (t, 2H, J = 7.5 Hz), 1.75 (pentet, 2H, J = 7.5 Hz), 1.46 (sextet, 2H, J = 7.5 Hz), 0.97 (t, 3H, J = 7.5 Hz) for butyl group; peaks at δ 162.1 for –CO–, 104.7for –CH=, 33.1, 28.2, 21.7, 13.4 for butyl group along with other 9 lines in the 13C NMR spectrum and the molecular ion peak at m/z 254 ([M+H]+, C16H15NO2) in the mass spectrum revealed the formation of compound 13a. 
Having prepared pyranoquinolinone 13a successfully, we decided to explore the scope and generality of this reaction in the synthesis of other analogues varying the substituent at C-3. Accordingly, a variety of 2-alkynyl 3-formylquinolines 11 were reacted with the sodium chlorite (Table 5.2) under the optimized conditions (entry 4,
Table 1.1 Effect of reaction conditions on oxidative cyclization of 1a with NaClO2-H2O2a


______________________________________________________________
Entry 		Solvent		T (°C)		t (h)		Yield (%)
______________________________________________________________
1		MeOH-H2O		25		4.0		65
2		EtOH-H2O		25		4.0		69
3		i-BuOH-H2O		25		4.0		71
4		t-BuOH-H2O		25		4.0		79
5		t-BuOH-H2O		25		12.0		79
6		t-BuOH-H2O		80		4.0		77
7		Toluene		25		24		61		
______________________________________________________________
aReaction conditions: 1a (1.0 equiv), NaClO2 (3.7 equiv), H2O2 (1.2 equiv), NaH2PO4 (5 equiv) in a solvent at the indicated temperature and reaction time.

Table 5.1). Various functional groups including alkyl, hydroxyl and phenyl present in alkynes 11 were well tolerated during the course of the reaction. Similar results were obtained starting from quinoxaline derivative 17 (entry 6, Table 5.2).
The reason for the formation of the six-membered ring over their five-member counterpart was not clear. However, a tentative mechanism, on the basis of the obtained results is proposed (Scheme 5.8). The cyclization process selectively proceeds via the formation of more stable anionic intermediate 23, in which the negative charge is adjacent to electron-deficient ortho position of the quinoline ring. The presence of electron-donating aryl or alkyl group makes the anionic intermediate 24 unstable. Subsequently, 6-endo-dig cyclization is favored over 5-exo-dig cyclization.

Table 1.2 Synthesis of pyrano[4,3-b]quinolinones via oxidation followed by electrophilic cyclizationa



_____________________________________________________________________
Entry		Substrate	Y		R		Product	Yield (%)
_____________________________________________________________________
1		11a		CH		n-Butyl	13a		79
2		11b		CH		SiMe3		13b		64
3		11c		CH		C(CH3)2OH	13c		68b
4		11d		CH		Ph		13d		67c
5		11e		CH		CH2OH	13e		73
6		 17		N		Ph		 19		70
_____________________________________________________________________
aReaction conditions: 11/17 (1.0 equiv), NaClO2 (3.7 equiv), H2O2 (5.2 equiv), NaH2PO4 (5 equiv) in t-BuOH-H2O (2:1/ v:v) at rt for 4 h.
bCorresponding isomeric 5-exo-dig cyclized product 20 isolated in 5% yield.
cCorresponding isomeric 5-exo-dig cyclized product 21 was isolated in 17% yield.




Scheme 5.8 
During our work on the conversion of 2-alkynyl-3-formylquinolines 11 into their corresponding pyrano[4,3-b]quinolinones 13 under scavenger free very mild NaClO2 oxidation conditions, we observed the formation of various amounts of  chlorinated 3-substituted furo[3,4-b]quinolinone derivatives 25 (Table 5.3).7,11 

Table 1.3 Synthesis of pyrano[4,3-b]quinolinones under scavenger free NaClO2 oxidation conditions.a


_________________________________________________________________
Entry 		Identifier 13, 25		R	Yield 13(%)	Yield 25(%)
_________________________________________________________________
1			a			n-Butyl	67		20
2			b			SiMe3		35		55
3			c			C(CH3)2OH	45		35
_________________________________________________________________
aReaction conditions: 11 (1.0 equiv), NaClO2 (3.7 equiv), NaH2PO4 (5 equiv) in t-BuOH-H2O (2:1/ v:v) at rt for 4 h.

The pyranoquinolinones can be differentiated from the corresponding furoquinoline on the basis of several spectroscopic data, especially 1H NMR and IR spectra. On the basis of the reported comparison between the six- and five-membered lactone rings of isocoumarins (νmax(C=O):1710–1750 cm-1 in IR) and 3-ylidenephthalides (νmax(C=O): 1770–1800 cm-1 in IR) respectively. We found that our observations were in full agreement with the spectral data reported for six- and five-membered lactone rings. Moreover compound 13a/ 13e, singlet at δH (vinylic) 6.62/ 6.82, in the 1H NMR spectrum is in full agreement with their structures.15
Finally, to further study the efficiency of this oxidative cyclization under mild NaClO2/H2O2  oxidation conditions compared to the traditional Pd(0)-mediated synthesis,11 Sonogashira-type coupling of o-haloheteroarylcarboxylic acid followed by electrophilic cyclization of the resulting alkyne (possessing a carboxylate in proximity to the triple bond) was briefly investigated (Scheme 5.9). Mechanistically, the reaction proceeds via a C–C bond forming reaction between the halide 26/27 and phenyl acetylene in the presence of Pd(0) generated in situ. The resulting alkyne 28 thus formed undergoes 6-endo-dig ring closure in an intramolecular fashion to give the desired six-membered lactone rings 13d/19 in poor yield compared to the conversion of 11/17 to 13/19.


Scheme 5.9 
1.4.	CONCLUSION
We have highlighted the potential of NaClO2/H2O2 as a cheap, non-toxic system for the facile oxidative cyclization of 2-alkynyl 3-formylquinolines under mild conditions to synthesize pyranoquinolinones in good yields. Chlorinated 3-substituted furo[3,4-b]quinolinone derivatives were also obtained under scavenger-free conditions. Moreover, cyclization under mild NaClO2/ H2O2 oxidation conditions is a convenient, alternative method to traditional Pd(0)-mediated synthesis of pyranoquinolinone derivatives.
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