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EDG electron donating group 

ee enantiometic excess 

eq equivalent 

Et ethyl 

Et2O diethyl ether 

EtOAc ethyl acetate 

EtOH ethanol 

EWG electron withdrawing group 

GC-MS gas chromatography-mass spectrometry 

GC-MS gas chromatography flame ionization detector 

IBX 2-iodobenzoic acid 

KOtBu potassium-tert butoxide 

L ligand 

LiOtBu litium-tert butoxide 

m meta 

mCPBA meta-chloroperbenzoic acid 

Me methyl 

Me(CN)4Cu(OTf) tetrakis(acetonitrile)copper(I)hexafluorophosphate 

MeCN acetonitrile 

MeOH methanol 

Mes mesityl 

MS molecular sieve 

MTBE methyl tert-butyl ether 
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MW microwave 

NaOEt sodium ethoxide 

NaOtBu sodium-tert butoxide 

NaOTf sodium triflate 

NHAc acetylamino 

NMR nuclear magnetic resonance 

NOE nuclear Overhauser effect 

NUMABS numerical absoption 

o ortho 

OAc acetoxy 

OEt ethoxy 

OMe methoxy 

OTf triflate 

OTs tosylate 

p para 

PEG polyethylene glycol 

Ph phenyl 

PhMe toluene 

rt room temperature 

SEAr electrophilic aromatic substitution 

SN2 nucleophilic substitution 

SXRD single christal X-ray diffraction 

T3P propylphosphonic anhydride 
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1. Introduction 

In the last decades, the need for efficient and fast syntheses and functionalization 

of important condensed heterocycles such as indoles, quinolines, carbazoles and other 

derivatives has received great attention in organic chemistry. The presence of cheap and 

commercially available metals such as copper or iron enables the development of several 

coupling reactions via the formation of carbon-carbon or carbon-heteroatom bonds. With 

the utilization of hypervalent diaryliodonium salts in the presence of transition-metal 

catalysts several arylations, C-H arylation and cyclization reactions were developed in 

the last few years. In some cases, especially in arylation of carbon nucleophiles or 

heteroatoms, the reactions were able to realize in the absence of transition-metals. 

This doctoral thesis aims to discuss the results achieved in the development of the 

copper-catalyzed synthesis of important condensed heterocycles, such as 

iminobenzoxazines, chromenoquinolines and indenoquinolines from different nitriles and 

diaryliodonium salts. In collaboration, the geometry of the chromenoquinoline frame was 

established by single crystal X-ray diffraction, furthermore intermolecular interactions 

were investigated from different homologue sequences. 
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2. Literature review 

In the following five chapters, the literature of iminobenzoxazines and 

chromenoquinolines focusing on the synthetic methods for the construction of these two 

heterocyclic cores and on their biological activities (chapters 2.1-2.4) is aimed to be 

summarized. In section 2.5 the literatures of diaryliodonium salts are collected including 

their structural properties, reactivity, methods for their preparation and their 

applications in organic syntheses. 

2. 1. Benzoxazines and their derivatives: structure and biological 

activity 

Benzoxazine is an aromatic heterocyclic compound composed of a benzene and 

an oxazine ring, from which the latter is a six-membered ring with an oxygen and a 

nitrogen atom. There are several benzoxazine derivatives depending on the position of 

the oxygen and the nitrogen atoms in the ring, for example benzo[1,4]oxazine (1a) or 

benzo [1,3]oxazine (1b) are two out of them (Figure 1). Moreover, the oxygen atom can 

be replaced with other heteroatoms in the ring, for example the sulfur-containing 

derivatives are known as benzothiazines. One representative of this compound class is 

benzo[1,4]thiazine (2). Benzoxazinones are the oxidized form of benzoxazines equipped 

with a C=O double bond such as benzo[1,3]oxazine-4-one (3). Imino[1,3]- and 

[1,4]benzoxazines (4a and 4b) can be derived from benzoxazinones by the replacement 

of the carbonyl group with an imino group. The functionalization of the NH group enables 

the opportunity of versatile syntheses.  

 
Figure 1. General structure of benzoxazine derivatives 
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Benzoxazines and their derivatives are synthetically useful compounds and are 

employed in organic synthesis for building natural products and designed synthetic 

compounds. They have been frequently utilized as suitable skeletons for the design of 

biologically active compounds.1. The versatility of the benzoxazine skeleton, in addition 

to its relative chemical simplicity and accessibility, makes these chemicals amongst the 

most promising sources of bioactive compounds. Thanks to this fact, the number of 

publications related to the biological activity of this compound class has increased 

significantly in the last decade. Therefore, in this chapter some selected examples are only 

given as indicative examples and not exhaustive. 

For example, several benzoxazine derivatives were found to show antimicrobial2 

and antimycobacterial3 activity. Novel 6-chloro-2,4-diphenyl-3,4-dihydro-2H-1,3-

benzoxazine4 derivatives (5) were evaluated against S. Aureus, E. Coli and C. Albicans, 

while a series of 6-chloro-3-phenyl-2H-1,3-benzoxazine-2,4(3H)-diones5 (6) were 

synthesized and exhibited in vitro activity against Mycobacterium tuberculosis, M. 

kansasii and M. avium (Figure 2a). Some representatives of benzoxazines such as 6-

bromo-2,2-dimethyl-benzo[1,4]thiazine-4-acetamide (7, Figure 2b) can act as potassium 

channel openers6 as they have vasorelexant activity, whereas a number of benzoxazinones 

have enzyme inhibitor activity7. For example, 2-cyclohexyl-4H-benzo[1,3]oxazin-4-one 

(8, Figure 2c) showed inhibitor activity against C1r serine protease8. 

 
Figure 2. Biologically active benzoxazine derivatives 

In case of some benzoxazine derivatives, receptor agonist9 or antagonist10 activity 

was also observed: a series of 6-(2, 4 diaminopyrimidinyl)-benz[1,4]oxazin-3-ones (9, 
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Figure 2d) were synthesized by Powell et al. and was found that compounds with a 2-

methyl-2-aryl substitution pattern exhibit potent renin inhibition and good permeability-

solubility and metabolic stability11. Additionally, some derivatives of iminobenzoxazines, 

iminobenzothiazines and iminoquinazolines can be used for controlling invertebrate 

pests12 (10, Figure 2e). 

2. 2. Synthesis of iminobenzoxazines 

The compound class of benzoxazines has numerous derivatives, and some of them 

were already presented in Chapter 2. 1. Thanks to the large number of representatives, 

this chapter is limited to the preparation methods and syntheses for only 

iminobenzoxazines (1,3- and 1,4-derivatives). 

The first preparation of imino[1,3]benzoxazines (13) was reported by Metlesics13 

et al. in 1967 during the synthesis of quinazolines and 1,4-benzodiazepines. In the 

presence of HgO the methylthiourea derivative 11 was converted to an oxadiazepine 

derivative (12), which was than treated with hydrochloric acid in ether to form the desired 

product (13) in 87% yield (Scheme 1). 

 
Scheme 1. Preparation of imino[1,3]benzoxazines from oxadiazepines 

In 1989, the synthesis of 4-imino-4H-3,1-benzoxazines (15) was described by 

Mazurkiewicz14 from N-acylanthranilamides (14) in the presence of Ph3PBr2 reagent. If 

2-methyl-4-imino-4H-3,1-benzoxazines (15a and 15b) were treated with hydrochloric 

acid, a rearrangement was occurred giving 4-quinazolones (16a and 16b) in high yields. 

In contrast, the phenyl-substituted derivatives did not undergo any essential changes 

(Scheme 2). Similarly, iminobenzoxazine-quinazolone rearrangement was observed by 

Snider15 and co-workers during the investigation of the total synthesis of Fumiquinazoline 

G reported previously by Ganesan16 et al. 
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Scheme 2. Synthesis and rearrangement of imino-3,1-benzoxazines 

In the following years, the total synthesis of further Fumiquinazoline17 derivatives 

and other important alkaloids such as Alantrypinone18 (18), Circumdatin19 (19) or 

Luotonin20 (20) via the formation of imino[1,3]benzoxazine intermediates (15) were also 

published by Snider, Hart, Bergman and Batey (Scheme 3). 

 
Scheme 3. Iminobenzoxazines: intermediates of the total synthesis of different alkaloids 

The three-component synthesis of 4-imino-4H-3,1-benzoxazines (24) was 

developed by Zhu21 and co-workers in 2005. Heating a toluene solution of an aldehyde 

(23), an amine (22), and an isonitrile (21) in the presence of stoichiometric amount of 

ammonium chloride produced the title compound in good to excellent yields (Scheme 4). 
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Scheme 8. Thermal transformation of enaminoimines to chromenoquinolines 

In 1983, the same research group published the preparation of chromeno[4,3-

b]quinolines by the photocyclization of chloroimines.33 The photochemical 

transformation may proceed either through the intermediacy of enaminoimine or through 

the anilino-aldehyde derivative. In the same year, another synthesis was developed by 

Rougeot34 et al. for the construction of chromeno[4,3-b]quinolines by heating 

propargyloxysalicylanilides (39) in the presence of phosphoryl chloride. The reaction is 

proposed to undergo via a nitrilium salt intermediate (40) (Scheme 9). 

 
Scheme 9. Synthesis of chromenoquinolines from propargyloxysalicylanilides with POCl3 
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treated with iodic acid or iodosyl sulfate (51) to form diaryliodonium salts (46) in 

modarate yields (Scheme 16a). As described by Zhdankin57, the desired products can also 

be synthesized in better yields utilizing iodosyl triflates (52) and arylsilanes (48) at low 

temperatures (Scheme 16b). 

 
Scheme 16. Preparation of diaryliodonium salts from a) iodosyl sulfate and b) iodosyl triflate 

In case of acid-sensitive substituents or heteroatoms that are prone to oxidation or 

protonation, the two strategies presented above cannot be employed. The utilization of 

very reactive iodine(III) reagents such as vinyl iodine(III) can solve this problem. As an 

advantage, applying them under strongly basic conditions such as in reactions with 

metallated arenes, both symmetric and unsymmetric diaryliodonium salts can be 

synthesized in a regiospecific manner. The drawbacks of this approach are that the 

unstable iodine(III) reagents are commercially not available and during their preparation 

strong bases should be used at low temperatures. In 1969, Beringer and Nathan58 reported 

the application of highly unstable trans-chlorovinyliodoso dichloride (53) in the synthesis 

of diaryliodonium salts. In the presence of lithiated arenes (54) symmetric diaryliodonium 

salts could be obtained at low temperatures in moderate to good yields (Scheme 17a). In 

1990, a variety of aryl(vinyl)iodonium triflates59 (56) have been prepared by the reaction 

of (diacetoxy)iodoarenes (49) with alkynes (55) and utilized60 for the synthesis of 

diaryliodonium salts treating them with lithiated arenes (54) (Scheme 17b). 
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Scheme 28. Metal-free arylation of carbonyl and nitro compounds with diaryliodonium salts 

2. 5. 3. 2. Copper-catalyzed functionalization of aromatic and heteroaromatic molecules 

with diaryliodonium salts 

The publications according to transition-metal-catalyzed arylations have been 

increasing noteworthy in the last decade. As our researches carried out during my PhD 

are involving copper-catalyzed transformations, thus, in the followings only those articles 

of the literatures are discussed, which were performed in the presence of copper catalyst. 
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Scheme 31. Copper-catalyzed arylation of a) phenole b) azole c) aldehyde and d) enamide derivatives 

Another example for the synthesis of non-aromatic cyclic enamide derivatives was 

reported by Gillaizeau.119 In this transformation, instead of copper bromide, copper 

triflate was employed as the catalyst in the same solvent (DCM) and di-tert-butylpyridine 

(dtbpy) base was also added to the reaction mixture. 

2. 5. 3. 2. 2. Copper-catalyzed cyclizations of unsaturated compounds 

With the functionalization of unsaturated systems such as electron-rich alkenes, 

alkynes and nitriles via copper-catalyzed arylation processes in the presence of iodonium 

salts diverse heterocyclic skeletons can be constructed. Due to this fact, the synthesis of 

several complex heterocyclic compounds was accomplished in the last few years. The 

mechanism of these kinds of transformations is presumed to involve the formation of a 
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3. Objectives 

The goal of the presented PhD research is to develop novel copper-catalyzed 

transformations for the construction of condensed heterocyclic skeletons via arylation-

ring closure procedures with the employment of diaryliodonium salts. 

From electron rich substrates such as nitriles, in the presence of diaryliodonium 

salts and copper catalysts the formation of a highly active arylcopper(III) species can 

occur, described previously in the literature. This aromatic equivalent species is supposed 

to interact with the nitrile moiety affording an N-arylnitrilium intermediate, which enables 

the construction of diverse heterocylic compounds both in an intramolecular and in an 

intermolecular manner (Scheme 38). 

 
Scheme 38. Synthesis of heterocycles from nitriles and diaryliodonium salts via intramolecular and 

intermolecular cyclizations 

Our aim is to realize the construction of novel heterocyclic skeletons from 

diversely functionalized nitriles and diaryliodonium salts via intramolecular and 

intermolecular cyclizations. The outcome of the ring closures is investigated in the case 

of nitriles equipped with different nucleophilic functional groups and in the presence of 

nucleophilic reagents (amides, amines, acetylenes or heterocycles). The structure of the 

synthesized products is purposed to prove by NMR and by SXRD methods. 
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4. Results and discussion 

In the following sections, we aim to summarize our results achieved in copper-

catalyzed functionalizations (especially cyclizations) of aromatic and heteroaromatic 

substrates with the employment of diaryliodonium salts. We successfully developed two 

copper-catalyzed oxidative arylation-ring closure strategies for the construction of 

iminobenzoxazine (Chapter 4.2) and chromenoquinoline (Section 4.3.2) frames utilizing 

arylmesityliodonium triflates (Chapter 4.1). Moreover, the geometry of the 

chromenoquinoline skeleton was established by single crystal X-ray diffraction, which 

initiated a collaboration providing further results in crystallographic researches (Section 

4.4). 

4. 1. Synthesis of diaryliodonium salts 

As described in Chapter 2.5.2, several approaches were published for the 

preparation of diaryliodonium salts. Out of these synthetic strategies, in our researches 

the modified129 one-pot method of Olofsson67 was utilized for the synthesis of 

arylmesityliodonium triflates. Thus, the appropriate aryl iodides (57) were reacted with 

mesitylene (166) in the presence of m-chloroperbenzoic acid (mCPBA) oxidant in 

dichloromethane solvent. Then trifluoromethanesulfonic acid (triflic acid) was added to 

the reaction mixture to ensure the anion exchange and providing the desired 

arylmesityliodonium triflates (46a-46n) in 34-95% yields (Scheme 39). 14 examples 

were prepared with different electronical properties on the aromatic ring. Out of these 

reagents, some were prepared previously in our research group129 and these salts were 

used in the ring closure reactions discussed in the following chapters (marked with 

asterisk), others were prepared during the work according to this doctoral thesis. 

Diaryliodonium triflates bearing both electron-donating and electron-withdrawing 

substituents in ortho, meta and para positions were synthesized to investigate the study 

of their influence on the ring closure reactions. 

The first representative compound was the phenymesityliodonium derivative 

(46a), which was isolated in 90% yield. With the application of the synthetic procedure, 

further arylmesityliodonium triflates bearing electron-donating methyl group in the ortho, 

meta and para positions (46b, 46c and 46d) were prepared in 93%, 73% and 95%, 

respectively. Diaryliodonium salts containing halogens (Cl, Br, F) in the ortho, meta and 
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para positions (46e-46l) were also prepared in moderate to good yields (47-76%). 

Arylmesityliodonium salts bearing COOEt group in the ortho position (46m) could be 

isolated in only 34% yield. However, the para-ester derivative (46n) was synthesized in 

68% isolated yield. 

 
Scheme 39. Prepared diaryliodonium salts in one-pot synthesis from mesitylene and aryl iodides (*  these 

iodonium salt was prepared by other member of the research group) 

The synthesized arylmesityliodonium triflates were utilized in copper-catalyzed 

oxidative cyclizations for the construction of important heterocycles such as 

iminobenzoxazines and chromenoquinolines. These results will be discussed in the 

following chapters. 
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4. 2. 3. Synthesis of the amide substrates 

The desired N-(2-cyanophenyl)amide136,137 derivatives were prepared according 

to the modified procedure of Fagnou and Zhdankin. Aromatic and heteroaromatic 

acetamide derivatives were synthesized from 2-aminobenzonitrile and 2-

aminothiophene-3-carbonitrile in the presence of acetic anhydride or acetyl chloride and 

TEA base in DCM at rt (Scheme 43). Cyanophenyl acetamide (167a) was synthesized in 

90% yield. Substrates bearing chloro substituents (167b and 167c) were obtained in 69% 

and 73% yields after recrystallization. Heteroaromatic thiophene derivative (167d) was 

isolated in moderate yield (46%). 2-aminobenzonitrile (169) was also reacted with 

different acyl chlorides under the same reaction conditions to prepare further amide 

derivatives (167e-167n). Alkyl -substituted anilides (167e-167g) were obtained in 54%, 

63% and 55% yields, respectively. 

 
Scheme 43. Synthesis of different N-(2-cyanoaryl)amide derivatives 
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In some cases, the appropriate products were isolated from EtOAc solvent too. Compound 

168aa was synthesized in 51% (53% in EtOAc) after the workup. Then, testing the 

different arylmesityliodonium salts in the ring closure, we found that in the presence of 

methyl substituent in the ortho, meta and para position of the phenyl group of the 

iodonium salt the desired products (168ab, 168ac and 168ad) could be obtained in 53%, 

62% and 56% (40% in EtOAc) yields, respectively (Scheme 45). Utilizing iodonium salts 

containing halogen atom (F, Cl or Br) ortho to the iodine, the ring closing reaction was 

retarded and the desired compounds were detected only with GC-MS (15%, 0% and 17% 

conversions, respectively). This fact can be explained by electronical and sterical 

properties. Comparing our results to similar copper-catalyzed oxidative arylation-

cyclization reactions of the literature,120-135 we can conclude, that fewer examples are 

given in which the corresponding products are synthesized with the employment of 2-

haloaryliodonium salts, mainly from sterically not hindered substrates. However, in most 

cases, similar cyclization reactions were realized in the presence of 3- or 4-

haloaryliodonium salts. According to our results, when the reaction was attempted with 

diaryliodonium salts equipped with halogens in the meta and para positions, the 

appropriate iminobenzoxazines (168af-168al) were isolated in 25% (53% in EtOAc), 

50%, 48% (38% in EtOAc) and 47% yields. The employment of arymesityliodonium salts 

bearing a COOEt group in the ortho and para positions of the aromatic ring provided the 

desired products (168am and 168an) with the similar efficiency (49% and 52% yields). 

The activity of 2-ethoxycarbonylphenyl(mesityl)iodonium triflate in the ring closing 

reaction is quite unexpective compared to the results of 2-haloaryliodonium salts. A 

probable explanation for this fact is that the carbonyl part of the COOEt group is able to 

form a six-membered stable complex coordinating to the copper, while in the presence of 

halogens the formation of this complex is not possible. However, the activity of ortho-

methyl substituted diaryliodonium salt in the cyclization reaction can be explained by the 

electron-donating ability of the methyl group, which can thereby stabilize the forming 

carbocationic species (for details of the mechanism, see Scheme 48). 
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Scheme 45. Ring closure with different arylmesityliodonium triflates 

After investigating the applicability of different arylmesityliodonium triflates, we 

studied the reactivity of different amides in the developed oxidative coupling (Scheme 

46). The reaction of alkyl substituted amides (167e, 167f and 167g) with 

phenylmesityliodonium triflate (46a) provided the desired iminobenzoxazine derivatives 

(168ea, 168fa and 168ga) in 42% (39% in EtOAc), 18% and 46% yields. In contrast, 

when cyclohexane derivative (167h) was utilized, instead of the corresponding 

iminobenzoxazine the formation of by-products was observed. In the case of aromatic 

anilide derivative (167i), the appropriate product (168ia) was obtained in 29% (39% in 

EtOAc). When the reaction was attempted with aromatic amides bearing EWG or EDG 
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groups (167j, 167k, 167l and 167m) in the para position, iminobenzoxazines (168ja-

168ma) were isolated in 33% (47% in EtOAc), 52%, 46% and 34% (52% in EtOAc) 

yields, respectively. Reaction of conjugated amide (167n) with phenylmesityliodonium 

triflate (46a) afforded the desired product (168na) in 27% (38% in EtOAc) yield. Thus, 

in the case of the chloro (168ja) and methoxy derivatives (168ma) with the ulilization of 

EtOAc solvent instead of DCE the isolated yields of the appropriate products could be 

increased in about 15%. 

 
Scheme 46. Synthesis of iminobenzoxazines from different ortho-cyanoanilides 
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Scheme 49. Synthesis of indeno[2,1-b]quinoline derivative via copper catalyzed arylation-ring closure 

reaction 

At the same time, simultaneously with our researches, Chen et al. reported the 

construction of the same skeleton in 83% isolated yield, and demonstrated the 

applicability of this synthetic strategy for the construction of the desired heterocyclic 

frame.134 Followed by the publication of Chen, we designed another bifunctional 

substrate to develop novel ring closure reactions for the construction of further condensed 

heterocyclic molecules. 

4. 3. 2. Synthesis of chromenoquinoline derivatives 

Similar to bifunctional substrate 171, we designed two further molecules (177a, 

181) containing both nitrile and acetylene functional groups. In the presence of copper 

catalysts and diaryliodonium salts these substrates are supposed to be able to afford 

chromeno[4,3-b]- and chromeno[3,4-b]quinoline derivatives via copper-catalyzed 

oxidative arylation-cyclization path. The desired chromenoquinoline frames (178aa and 

182) can be synthesized starting from 2-hydroxybenzonitrile (175a) and 2-iodophenol 

(178) by O-alkylation followed by a Sonogashira coupling then a diaryliodonium salt-

mediated copper-catalyzed ring closure reaction (Figure 6). 
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Scheme 50. Synthesis of chromeno[4,3-b]quinoline via copper catalyzed arylation-ring closure reaction 

The other target molecule, quinoline (182) was also prepared according to the 

retrosynthetic path presented above. 2-iodophenol (179) was transformed to compound 

180 in high yield by O-alkylation in the presence of 2-bromoacetonitrile (introduction of 

the nitrile moiety), then Sonogashira coupling was performed employing phenylacetylene 

(Scheme 51). The appropriate bifunctional substrate (181) was isolated in 87% yield. 

Next, the prepared substrate 181 was reacted with phenylmesityliodonium salt (46a) 

under the catalytic conditions applied previously. Although, the desired chromeno[3,4-

b]quinoline product (182) was isolated from the reaction mixture, it was obtained only in 

15% yield. We assume that the formation of the appropriate product undergoes via the 

generation of two carbocationic intermediates (185 and 186). 

Whereas during the preparation of chromenoquinoline derivatives better isolated 

yield was achieved in the case of chromeno[4,3-b]quinoline derivative (178aa), our 

following researches focused on the synthesis of the corresponding compound. After 

broad optimization studies and the preparation of the appropriate starting materials, we 

studied the applicability of the developed cyclization for the construction of several 

chromeno[4,3-b]quinoline representatives. 
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Comparing the activity of different copper sources in the ring closing reaction 

revealed that both CuCl and CuBr are suitable catalysts for the transformation (entries 2, 

19) as total consumtption of 177a could be achieved within 1 h reaction time. Utilization 

of CuI or CuO showed that no reaction occurs in 1 h (entries 20-21), while the reaction 

was slow when Cu(OTf)2, CuSO4, Cu(acac)2, or (MeCN)4Cu(OTf) were utilized as a 

copper source (entries 22-25). However, in the case of Cu(acac)2 or (MeCN)4Cu(OTf) 

full  conversion could be observed after 3 h, while 14% conversion was reached when CuI 

was employed as a catalyst. Otherwise, the utilization of CuI catalyst gave full conversion 

after 18 h (entries 27-31). We also performed the reaction without copper source and we 

found that no reaction was observed in the absence of catalyst (entry 26). 

We also aimed to reduce the amount of copper catalyst used in the reaction, but 

we got only 34% or 18% conversion after 1 h in the presence of 5 mol% or 2.5 mol% of 

CuCl (entries 32-33). Otherwise, 3 h reaction time in both cases afforded the complete 

consumption of compound 177a (entries 34-35). Nevertheless, we utilized 10 mol% of 

CuCl to achieve the key transformation in shorter reaction times. 

According to the amount of phenylmesityliodonium triflate, based on the applied 

quantity used in the synthesis of iminobenzoxazines, we utilized 1.2 equivalents of 

iodonium salt. 

With the optimal conditions in hand, we aimed to extend the developed 

methodology for the construction of diverse chromenoquinoline derivatives. To realize 

this approach, the synthesis of various O-propargylic ortho-cyanophenol derivatives was 

necessary. Beside the 2-arylpropynyloxybenzonitrile (177a) other bifunctional substrates 

can be prepared utilizing different cyanophenols in the propargylation step. Moreover, 

the diversity of the substrates can be extended with the employment of different aryl 

iodides in the Sonogashira coupling of the propargylic moiety. Finally, the prepared 

internal alkynes were ready for the copper catalyzed ring closure reaction achieved in the 

presence of versatile diaryliodonium salts to access the desired chromenoquinolines 

(Scheme 52). 
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Scheme 52. Designed substrate scope of chromenoquinolines 

4. 3. 4. Synthesis of the arylpropynyloxybenzonitrile bifunctional substrates 

The synthesis of the desired arylpropynyloxybenzonitrile derivatives was 

accomplished from 2-hydroxybenzonitrile derivatives in a two-step procedure. First of 

all, 2-(prop-2-yn-1-yloxy)benzonitrile derivatives were synthesized from the appropriate 

2-hydroxybenzonitrile derivatives and propargyl bromide according to the procedure of 

Lingam.141  

The propargylation of 2-hydroxybenzonitrile (175a) afforded the appropriate 

product (176a) in high yield (Scheme 53). Furthermore, 2-(prop-2-yn-1-

yloxy)benzonitrile derivatives bearing chloro and bromo substituents (176b and 176c) on 

the nitrile moiety were also prepared from the appropriate cyanophenoles (175b and 

175c) in 78% and 95% yields. 

 
Scheme 53. Propargylation of hydroxybenzonitrile derivatives 

In the next step, the propargylated compounds were reacted with aryl iodides (57) 

in the presence of copper and palladium catalyst via Sonogashira coupling. Aromatic and 
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heteroaromatic substrates such as thiophene, pyridine and quinoline derivative (177a-

177d) were obtained in 68%, 94%, 70% and 72% yields, respectively (Scheme 54). 

Arylpropynyloxybenzontiriles equipped with electron-donating groups such as methyl 

(177e) or methoxy (177f) group were isolated in 44% and 60%. Compound 177e was 

prepared in a one-pot synthesis from 2-hydroxybenzonitrile (175a). The propargylated 

compound (176a) was not isolated from the mixture, but palladium and copper catalysts, 

DIPA base and 4-iodotoluene were added to the reaction mixture when the propargylation 

reaction completed. After the Sonogashira reaction 177e was isolated in 44% yield (for 

two steps). Bifunctional substrates bearing chloro, bromo, fluoro and iodo substituents 

(177g-177l) in the ortho, meta or para position to the aryl group were also synthesized in 

good to high yields. Arylpropynyloxybenzontiriles equipped with electron-withdrawing 

groups such as nitro (177m), keto (177n), acetoxy (177o) or ester (177p) group were 

obtained in high yields (88-93%) except compound 177o, which was prepared in only 

32% yield in a one-pot procedure from 175a. Compound 177q bearing an amido group 

ortho to the aryl group was also synthesized in 60% yield. The reactivity study of this 

substrate in the key transformation was conceptually important in establishing the 

proposed mechanism of the transformation, discussed later in details. 

The Sonogashira reaction of propargylated compounds 176b and 176c with 

iodobenzene provided the appropriate products (177r, 177s and 177t) in moderate to good 

yields. Bromo-substituted arylpropynyloxy derivative 177t was prepared in a one-pot 

synthesis from compound 175a without the isolation of the corresponding propargylated 

compound. Moreover, we also synthesized a bifunctional substrate (177u) equipped with 

a phenyl group on the nitrile moiety. The preparation of this compound was accomplished 

by the Suzuki reaction of compound 177s with phenylboronic acid, resulting the 

appropriate product (177u) in 86% isolated yield. 
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Scheme 54. Synthesis of bifunctional substrates via Sonogashira coupling 
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Scheme 55. Synthesis of chromenoquinolines with different arylmesityliodonium triflates 

Next, we examined the scope of the developed transformation by studying the 

reactivity of different nitriles bearing versatile arylpropargyl function (177b-177u) in the 

ring closure reaction (Scheme 56). Two more examples (178kn and 178pn) are given 

where the cyclization is performed with 4-ethoxycarbonyl-phenylmesityliodonium 

triflate (46n).In the case of nitriles equipped with heteroaromatic ring such as thiophene, 

pyridine or quinoline ring (177b-177d) only substrate 177b afforded the appropriate 

chromenoquinoline derivative (3ba) in 48% yield, while the quinoline (177c) and 
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pyridine (177d) derivatives were not able to transform to the corresponding products (not 

shown). 

 
Scheme 56. Synthesis of chromenoquinolines with different nitriles 
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Scheme 57. Ring closure of acetamido substrate 177q 

The ortho ethynyl anilide motif could undergo cyclization in which the amide 

moiety is involved, while alkyne functional group is activated by the diaryliodonium salt 

(Scheme 57b), affording benzoxazines (188) via intermediate 187 as we demonstrated 

earlier (synthesis of benzoxazine derivatives from 2-ethynylanilides).129 The N-

aryliminium ion formation via nitrile activation (Scheme 57a and Scheme 57c) could 

provide quinolines (178qa) or condensed benzoxazines (189). The latter could be formed 

if the generation of the arylnitrilium intermediate (183) is followed by a cyclization 

involved the amido and the alkyne functions. In contrast, if the ring closure occurs with 

the contribution of the N-aryliminium ion and the acetylene moiety, while the amido 

group is retained, quinoline derivative 178qa could be produced. The reaction of substrate 

177q with phenylmesityliodonium triflate (46a) obtained the appropriate 

chromenoquinoline product (178qa) in 46% yield. While we were not able to detect the 

formation of any other by-products (by GC-MS), we can conclude that the nitrile function 

has preferential reactivity over the alkyne moiety. The electrophilic substitution of the 

assumed vinyl cation intermediate by the aromatic ring is preferable to attack by the 

amide part. 

We also aimed to investigate the reactivity of benzonitriles equipped with 

alkylpropargyl substituent instead of arylpropargyl moiety (177a-177u). The 

corresponding ethyl-substituted compound (190) was prepared from 2-
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hydroxybenzonitrile (175a) and 1-bromopent-2-yne according to the procedure of Lu et 

al.142 Furthermore, we examined the reaction of substrate 176c with 

phenylmesityliodonium triflate (46), comparing the reactivity of terminal alkynes to 

internal acetylenes in the copper-catalyzed ring closing reaction (Scheme 58). In the case 

of compound 190 accomplishing the reaction in the presence of phenylmesityliodonium 

triflate (46) and CuCl, we were not able to detect the formation of the appropriate 

chromenoquinoline product (by GC-MS). However, the utilization of substrate 176c in 

the ring closing reaction afforded the corresponding chromenoquinoline derivative (191) 

in 28% yield. Thereby, we can conclude that terminal alkynes are also suitable substrates 

for this transformation, although, compared to most of the chromenoquinoline derivatives 

(178a-178q) lower isolated yield could be reached for compound 191 after the ring 

closing reaction. In contrast, the presence of electron donating ethyl group instead of aryl 

substituents hindered the arylation-cyclization reaction.  

 
Scheme 58. Copper-catalyzed reaction of substrates 190 and 176c with phenylmesityliodonium triflate 

Based on the results according especially to the reactivity of substrates 177q, 190 

and 176c, we also report our plausible mechanism for the transformation, which is 

presumed to begin with the formation of arylcopper(III) species (115) from copper 

catalyst and diaryliodonium salt (46a) (Scheme 59). In the following step, the formed 

copper(III) intermediate interacts with the nitrile function (177) generating a cationic 

species (183) and Cu(I). Then, the acetylene moiety can readily attack the arylnitrilium 

intermediate 183 in an intramolecular fashion, resulting the formation of intermediate 184 

containing a chromene ring with an exo vinyl cation. Finally, this intermediate (184) can 
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undergo an intramolecular cyclization via electrophilic aromatic substitution, affording 

the chromenoquinoline product (178). 

Scheme 59. Proposed mechanism of the developed arylation-ring closure 

According to the substrate scope, when strong electron-donating methoxy-

substituted chromenoquinoline derivative (178fa) was synthesized, only 34% isolated 

yield could be reached, while the reaction of the substrate containing strong electron-

withdrawing nitro group (177m) with phenylmesityliodonium triflate (46a) did not result 

the appropriate chromenoquinoline derivative. This fact is in accordance with our 

proposed mechanism. The formation of intermediate 184 from 183 via nucleophile attack 

is influenced by electronical properties of the arylpropargyl moiety and the nitrilium 

cation. The presence of electron-donating group on the arylpropargyl moiety enhances 

the nucleophilic character of the acetylene, while the occurence of electron-withdrawing 

substituents on the aromatic ring connected to the nitrilium cation is favorable, related to 

the nucleophilic attack. These two opposite facts both contribute to the cyclization, thus, 

the presence of too electron-donating or electron-withdrawing substituents retard or 

hinder the cyclization. 

Furthermore, the structure of the chromenoquinoline frame was established by 

single-crystal X-ray diffraction measurements, discussed in details in the following 

chapter. 
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of 178aa and the methyl (178ea) derivative, as well as the comparison of the crystal 

structures of the halogen derivatives proved that the chloro (178ha) and bromo (178ja) 

derivatives are isostructural. 
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