
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Organic &
 Biomolecular 
Chemistry

www.rsc.org/obc

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Efficient synthesis of functionalized dihydroquinolines, quinolines and 
dihydrobenzo[b]azepine via an iron(III) chloride-catalyzed 
intramolecular alkyne-carbonyl metathesis of alkyne tethered 2-amino 
benzaldehyde/acetophenone derivatives 

Swapnadeep Jalal,a Krishnendu Bera,a Soumen Sarkar,a Kartick Paula and Umasish Janaa* 5 

 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 
DOI: 10.1039/b000000x 

In this study we have developed an efficient synthesis of 1,2-dihydroquinolines and 
dihydrobenzo[b]azepines derivatives involving iron(III) chloride intramolecular alkyne-carbonyl 10 

metathesis reaction for the first time. Various functionalized 1,2-dihydroquinolines and 
dihydrobenzo[b]azepines were prepared from easily accessible substrates in the presence of 
environmentally friendly and inexpensive iron(III) chloride (10 mol%) under mild conditions. The 
method is applicable to a wide range of substrates containing different functional groups and furnishing 
products in good to excellent yields. This methodology was further extended to the one–pot synthesis of 15 

3-acyl quinolines via alkyne-carbonyl metathesis/detosylation/aromatization of N-propargyl-2-
aminobenzaldehyde/acetophenone derivatives by the addition of NaOH/EtOH. While many Lewis acids 
and Brønsted acid catalysts were investigated but anhydrous iron (III) chloride turned out to be the best 
catalyst for this transformation.

Keywords: Nitrogen Heterocycles • Iron • Alkyne-Carbonyl 20 

Metathesis • One-Pot • Atom-Efficient 

Introduction 

Nitrogen-containing heterocycles are ubiquitous structural 
motifs in many natural products and small molecules of 
biomedical relevance.1 In this regard, quinolines and their fully 25 

or partially hydrogenated derivatives are widely found in many 
biologically active natural or synthetic products.2 In particular, 
1,2-dihydroquinolines have received special attention because 
of their numerous applications as pharmaceuticals and 
agrochemicals, as well as their use as intermediates in the 30 

synthesis of other heterocycles of biological significance.3 For 
example, 1,2-dihydroquinoline moieties are potential 
therapeutics such as antibacterial,4a anti-inflammatory,4b 
antimalarial,4c psychotropic,4d anti-allergic,4e lipid per 
oxidation inhibitors,4f HMG-CoA reductase,4g progesterone 35 

agonists4h and antagonists.4i In addition they can be easily 
transformed to corresponding 1,2,3,4-tetrahydroquinoline and 
quinoline derivatives.5 

Considering the importance of 1,2-dihydroquinoline 
derivatives numerous synthetic strategies have been developed. 40 

In general, traditional procedures are laborious, low yielding, 
and require special synthetic precursors.6 Recently, many new 
strategies towards the synthesis of 1,2-dihydroquinolines have 
been reported. For example, Brønsted and Lewis acid 

catalyzed tandem reaction of aniline with α-ketoesters,7 45 

Michael-aldol reactions,8 tandem reaction of aromatic amines 
with alkynes,9 olefin metathesis reactions,10 intramolecular 
allylic amination11 and many others are reported.12 Despite 
these advances to obtain 1,2-dihydroquinolines, there still 
remain some limitations such as low yields, expensive and 50 

toxic metal catalysts, poor atom economy, and harsh reaction 
condition. 
Similarly, nitrogen-containing medium ring heterocycles such 
as 1H-benzo[b]azepine ring constitutes the core structure of 
numerous pharmacologically important compounds.13 

55 

Compounds having this skeleton have exhibited biological 
activity towards various targets such as enzymes, ion channels, 
and G-protein-coupled receptors (GPCRs).14 Despite their 
interesting biological activities, the synthesis of 1-benzazepine 
derivatives has received little synthetic attention.15 Typical 60 

synthetic routes are ring expansion,15c,i,k Dieckmann 
condensations,15j inter- and intramolecular metal-catalysed 
coupling15a,c,e and metathesis reactions.15b Thus, general, 
efficient and flexible synthetic strategies to prepare diverse 
1,2-dihydroquinolines and 1H-benzo[b]azepine derivatives 65 

with specific substitution patterns is still a highly desirable and 
yet challenging task in organic synthesis. 
In this regard, alkyne-carbonyl metathesis reaction i.e. the 
cycloaddition of C–O double bond to C–C triple bonds 
followed by cycloreversion has been recognized as an atom-70 

economical alternative to the Wittig reaction for the 
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construction of α,β-unsaturated carbonyl compounds.16 The 
intramolecular version of this reaction is very attractive as it 
allows the formation of complex functionalized carbo- and 
heterocyclic compounds from easily available starting 
materials.17 This reaction is considered to be proceeding via a 5 

formal [2+2] cycloaddition and cycloreversion process. 
Generally, Lewis or strong Brønsted acids or transition-metal 
such as TfOH, HBF4, BF3.OEt2, In(OTf)3, AgSbF6, AuCl3, and 
combination  of AuCl3/AgSbF6 acted as catalyst for this 
process. 10 

. 
In recent years, iron-catalyzed organic transformations have 
attracted considerable attention because iron is one of the most 
inexpensive, sustainable and environmentally benign metals on 
earth. As part of our investigation on iron catalysis,18a,b,c,19  we 15 

recently reported FeCl3 can efficiently perform alkyne-
carbonyl metathesis reaction.18a,b,c In continuation of our 
interest in this area, we thought that alkyne-carbonyl 
metathesis of N-propargyl-2-
aminobenzaldehyde/acetophenone or N-homopropargyl-2-20 

aminobenzaldehyde/acetophenone derivatives would be a new 
and an efficient synthetic route to access the libraries of 3-acyl 
1,2-dihydroquinolines and 4-acyl benzo[b]azepine derivatives. 
(Scheme 1). Herein, we wish to report iron(III)-chloride 
catalyzed an intramolecular alkyne-carbonyl metathesis 25 

strategy for the synthesis of 3-acyl 1,2-dihydroquinolines and 
4-acyl benzo[b]azepine derivatives under mild conditions in 
good to excellent yields. Moreover, this strategy also worked 
efficiently for the one-pot synthesis of 3-acyl quinolines in 
high yield. 30 
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Scheme 1. Strategy for the synthesis of 1,2-dihydroquinolines, 
quinolines and  benzo[b]azepine derivatives. 

Results and Discussion 

First we attempted the synthesis of 3-acyl 1,2-35 

dihydroquinolines from 2-(N-(prop-2-ynyl)-N-
tosylamino)benzaldehydes/acetophenone derivatives. The 
required substrates were easily prepared in high yields from 2-
aminobenzaldehydes or acetophenone derivatives by simple 
alkylation using aryl or alkyl propargyl bromide in the 40 

presence of K2CO3, outlined in Scheme 2. 
After having synthesised a series of substrates 2a–2k, we next 
investigated the alkyne-carbonyl metathesis reaction for the 
synthesis of 1,2-dihydroquinolines. Our initial investigation  
began by examining the intramolecular alkyne-carbonyl 45 

metathesis of 2-(N-(3-phenylprop-2-ynyl)-N-
tosylamino)benzaldehyde 2a utilizing a variety of  Lewis and 

Brønsted acid to develop the optimum reaction conditions. 
 

 50 

 

Scheme 2. Preparation of 2-(N-(prop-2-ynyl)-N-   
tosylamino)benzaldehydes/acetophenone derivatives. 

These results are summarized in Table 1. In view of the high 
catalytic activity of iron(III) chloride, we first examined the 55 

intramolecular alkyne-carbonyl metathesis of 2a in the 
presence of anhydrous FeCl3 in different solvents such as 
toluene, dichloromethane, 1,2-dichloroethane, acetonitrile and 
nitromethane (Table 1, entries 1 to 6). Gratifyingly, the desired 
3-benzoyl-1-tosyl-1,2-dihydroquinoline 3a was furnished in 60 

95% yield as a sole product in the presence of anhydrous FeCl3 
(10 mol%) in CH3CN at 85 oC in 4 h (Table 1 Entry 4). The 
other above mentioned solvents gave a lower yield of the 
desired product 3a. Moreover, reduced the yield of 3a to 60% 
was observed when the FeCl3 was reduced to 5 mol%. In 65 

contrast, the same reaction with FeBr3 (10 mol%) was found to 
result in 35% yield of the desired product 3a (Table 1, entry 7). 
It also appeared that the reaction proceeded with other Lewis 
and Brønsted acids such as AgOTf, InCl3, BF3.OEt2 and TfOH, 
albeit in lower yield. AgOTf was totally inactive (Table 1, 70 

entry 8), whereas InCl3, BF3.OEt2 and TfOH gave moderate to 
good yields, 70%, 80% and 65%, respectively (Table 1, entries 
9–11). Thus the best reaction condition for this coupling 
process was found to be heating the substrate 2a in acetonitrile 
at 85 oC in the presence of anhydrous FeCl3 (10 mol%). 75 

Table 1. Optimisation of the reaction condition.a 

 

 

 

 80 

 

 

 

 

 85 

 
 

aReaction conditions: Substrates 2a (0.5 mmol) and solvent (2 mL). 

 
With these optimum conditions in hand, we next turned to 90 

explore the scope of the reaction for a series of 2-(N-(prop-2-
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1 24 38
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5
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7 13 35
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Catalyst (mol%)

FeCl3 (10)

FeCl3 (10)

FeBr3 (10)
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AgOTf (10) 24

19
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8 n.r.
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TfOH 65(10)
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4 4 95FeCl3 (10)
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85 oC

85 oC

85 oC

85 oC

85 oC

85 oC

55
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ynyl)-N-tosylamino)benzaldehydes 2a–2k to synthesis a 
variety of functionalised dihydroquinoline derivatives. The 
results are summarized in Table 2. As shown in Table 2, a 
series of functional groups such as –Cl, –Br and –CO2Et 
groups in the alkyne terminus were well tolerated and 5 

corresponding dihydroquinoline derivatives were obtained in 
good to excellent yields (Table 2, entries 1–8). The presence of 
electron-donating group such as para-Me at the aryl ring of 
alkyne terminus (Table 2, entry 2) also gave high yield 80%. 
Notably, thiophene substituted alkyne also worked efficiently 10 

and gave the desired hybrid heterocyclic product 3f in a good 
yield of 70% (Table 2, entry 6). Both tosyl and mesyl protected 
2-amino benzaldehyde survived under the reaction conditions 
and gave high yield of the desired products. Free amine did not 
work as it reduced the reactivity of carbonyl group. 15 

Table 2. Fe-catalyzed intramolecular alkyne–aldehyde metathesis for the 
synthesis of varieties of polyfunctional 1,2-dihydroquinolinea. 

 
 
 20 

 
 

 

 
 25 

 
 
 
 
 30 

 
 
 
 
 35 

 
 
 
 
 40 

 
 
 
 
 45 

 
 
 
 

 
50 

 

aReaction conditions: Substrates (0.5 mmol), acetonitrile (2 mL), 85 °C. 
bReaction was carried out in 1,2-dichloroethane (2 mL), at 65 °C 

 
Importantly, para-bromo group on benzene ring of alkyne unit 55 

and para-bromo with respect to aromatic amino group 

containing substrate 2h afforded high yield of desired product 
3h (93%). It is noteworthy to mention that halogen containing 
functional groups on the dihydroquinoline derivatives could be 
utilized for further synthetic transformation using transition-60 

metal catalyzed cross-coupling reactions to obtain library of 
complex dihydroquinoline derivatives that could be useful for 
their potential applications in medicinal chemistry. 
Next, we studied a few alkyl groups at the alkyne terminus to 
show the versatility of this strategy (Table 2, entries 9 and 10). 65 

It appears that this strategy was also applicable to the internal 
alkynes bearing an aliphatic alkyls group such as 2i and 2j 
gave the desired dihydroquinoline derivatives 3i and 3j in good 
yields, 74% and 75%, respectively. Unfortunately, terminal 
alkyne containing substrate did not work (Table 3, entry 11), 70 

and only starting material was left even after 12 h heating in 
acetonitrile. 

Table 3. Fe-catalyzed intramolecular alkyne-ketone meathesis for the 
synthesis of 3,4-substituted 1,2-dihydroquinolines.a 

 75 

 
 
 
 

 80 

 

 
 
 
 85 

aReaction condition: Substrates (0.5 mmol), Nitromethane (2 mL), heated 
at 85 °C 

 
In addition, we also tested 2-aminoacetophenone derivative 
instead of an 2-aminobenzaldehyde derivative to show the 90 

potentiality of this reaction for the preparation of a variety of 
3,4-disubstituted dihydroquinoline derivatives such as 5a and 
5b (Table 3). To our delight, the coupling of internal alkyne 
with methylketone such as 4a and 4b also worked efficiently 
within short period of time in very good yields, 80% and 78%, 95 

respectively. However, in these cases the reaction in 
acetonitrile medium gave slightly lower yields compared to 
nitromethane. Possibly, for less reactive substrate in more 
polar solvent had beneficial effect. Notably, N-acyl protected 
2-aminoacetophenone (Table 3, entry 5b) was also survived 100 

under the reaction condition and furnish good yield of the 
desired product. 
 
Having successfully established the suitable reaction condition 
for the synthesis of diverse range of N-tosyldihydroquinolines 105 

derivatives, next we aimed to develop a one-pot synthesis of 3-
acyl substituted quinolines via alkyne-carbonyl 
metathesis/detosylation and oxidation of the intermediate 
products.  N-propargyl-2-aminobenzaldehyde/acetophenone 
2a, 2c and 4a were first subjected to synthesise of 3-acyl 110 

dihydroquinoline derivatives via alkyne–carbonyl metathesis 
in the presence of iron, then after completion of the reaction 
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CHO

N

Ts

FeCl3 (10 mol %) 
    CH3CN

7a-7d 8a-8d

Ar

N

O

Ar

Ts

Heat

N

Ar

O

Ts

R

N

Ar

OR

EtOH, NaOH

60 oC

R = H, Ar = Ph, 85%

R = H, Ar = p-Cl-Ph, 70%

R = Me, Ar = Ph, 65%

R

O

N

Ts Ar

FeCl3 (10 mol %), CH3CN

reflux

6a;

6b;

6c;

6

NaOH/EtOH was added to the reaction mixture, and the 
mixture was heated to 60 oC to obtain quinoline derivatives 
(Scheme 3). To our delight, this one pot strategy also worked 
efficiently for the synthesis of 3-acyl quinoline derivatives 
such as 6a, 6b and 6c in high yields (85%, 70% and 65%). 5 

Therefore, this strategy of quinoline synthesis would be an 
important alternative of recently developed strategies20 as 
present route is highly efficient and environmentally friendly. 
Moreover, specific substituent also could be introduced in this 
method. 10 

 
 
 
 
 15 

 
 
 
 
 20 

 
 
 
 

Scheme 3. One-pot synthesis of 3-acyl quinoline via alkyne-25 

carbonyl metathesis/detosylation/aromatization. 
 
Finally, to expand the scope of this methodology we also decided 
to explore the possibility of synthesising of seven-membered 
nitrogen containing heterocycles such as benzo[b]azepine, 8a–8d. 30 

The required substrates 7a–7d can easily and efficiently be 
prepared by a two-step transformation in good yield from N-
tosyl-2-aminobenzaldehyde. That involves N-alkylation with 
tosyl derivative of homopropargyl alcohol in presence of K2CO3 
in DMF followed by palladium catalyzed Sonogashira coupling 35 

with aryl iodide (Scheme 4). 
 

 

 
 40 

 
 
 
 
 45 

 
Scheme 4. Preparation of substrates for benzo[b]azepines 
synthesis. 
 
After having synthesised the substrates 7a–7c, these compounds 50 

were subjected to the alkyne-carbonyl metathesis reaction. The 
desired benzo[b]azepines were successfully synthesised achieved 
using the same optimized reaction conditions in good yield. The 
electronic effects of alkyne terminus groups have little influence 
on this reaction. Substrates with electron-rich and electron-55 

deficient aryl rings at the alkyne terminus were reacted smoothly 
and gave 8a, 8b, 8c and 8d in 72%, 70% and 78%, respectively 
(Table 4). To our pleasant surprise, alkyne bearing an alkyl group 

(Table 4, Entry 4) such as substrate 7d also reacted smoothly and 
gave the high yield of the desired benzo[b]azepine 8d. 60 

Table 4. Fe-catalyzed alkyne-carbonyl metathesis for the 
synthesis of benzo[b]azepine.a 

 
 

 65 
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aReaction condition: Substrates (0.5 mmol), FeCl3 (10 mol%), and 
acetonitrile (2 mL) at 85 oC. bReaction was carried out in 1,2-70 

dichloroethane (2 mL), at 65 oC 

 
A plausible mechanism for the iron(III) chloride alkyne-
carbonyl metathesis reaction is delineated in Scheme 5. This is 
very similar to our earlier work and reported by others.17a,b,j, 

75 

18b,c It is believed that the reaction may proceed through a 
formal [2+2] cycloaddition via an initial activation of the 
carbonyl group by the iron(III) which lowers the LUMO 
energy of carbonyl  

 80 

 

 

 
 
 85 

 
 
 
 
 90 

Scheme 5. Possible mechanism for iron-catalyzed synthesis 1,2-
dihydroquinolines and benzo[b]azepine derivatives. 
 

group and hence accelerates the cycloaddition process 
producing an oxetene intermediate B' and which upon ring 95 

opening leading to the desired cyclic α,β-carbonyl derivative 
C' and regenerating the catalyst for next catalytic cycle. All 
structures of 1,2-dihydroquinolines, quinolines and 
benzo[b]azepine derivatives were confirmed by 1H NMR, 13C 
NMR and HRMS. The product 3b (CCDC no-961970) was 100 
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methylbenzenesulfonamide 2d:  
Yellow solid, m.p. 101 °C. 1H NMR (CDCl3, 300 MHz) δ 2.4 
(s, 3H), 4.7 (s, 2H), 7.06–7.14 (m, 3H), 7.26–7.28 (m, 3H), 
7.43 (d, J = 4.5 Hz, 1H), 7.5–7.6 (m, 4H), 8.03 (d, J = 0.6 Hz, 
1H), 10.4 (s, 1H) ppm. 13C NMR (CDCl3, 75 MHz) δ 21.6, 5 

24.6, 83.8, 84.9, 122.1, 123.8, 128.2, 128.7, 129.3, 129.7, 
129.8, 130.1, 131.9, 134.2, 134.3, 135.1, 135.9, 141.4, 144.5, 
190.0 ppm. HRMS calcd. for C23H18BrNNaO3S [M+Na] 
490.0088, found 490.0086. 
Ethyl [4-(3-(N-(2-formylphenyl)methylsulfonamido)prop-1-10 

yn-1-yl)]benzoate 2e:  
Orange solid, m.p. 100 °C. 1H NMR (CDCl3, 300 MHz) δ 1.33 
(t, J = 7.14 Hz, 3H), 3.1 (s, 3H), 4.32 (q, J = 7.8, Hz, 2H), 4.7 
(brs, 2H), 7.37 (d, J = 7.9 Hz, 2H), 7.49–7.54 (m, 1H), 7.92 (s, 
1H), 7.95–8.0 (m, 2H), 10.40 (s, 1H) ppm. 13C NMR (CDCl3, 15 

75 MHz) δ 14.2, 39.1, 42.4, 61.2, 85.7, 85.9, 126.1, 128.8, 
129.5, 129.5, 130.6, 131.4, 134.9, 135.4, 141.0, 165.7, 190.0 
ppm. HRMS calcd. for C20H19NNaO5S [M+Na] 408.0882, 
found 408.0882. 
N-(2-formylphenyl)-N-(3-(thiophen-3-yl)prop-2-20 

ynyl)methanesulfonamide 2f:  
Black sticky solid. 1H NMR (CDCl3, 300 MHz) δ 3.1 (s, 3H), 
4.70 (brs, 2H), 7.04 (d, J = 3.8 Hz, 1H), 7.27 (q, J = 2.9 Hz, 
4.9 Hz, 1H), 7.43 (d, J = 1.8 Hz, 1H), 7.54 (t, J = 7.0 Hz, 1H), 
7.66–7.75 (m, 2H), 8.01 (d, J = 6 Hz, 1H), 10.42 (s, 1H) ppm. 25 

13C NMR (CDCl3, 75 MHz) δ 39.1, 42.7, 82.1, 82.7, 120.7, 
125.9, 128.6, 129.4, 129.6, 129.8, 134.9, 135.4, 141.4, 190.1 
ppm. HRMS calcd. for C15H13NNaO3S2 [M+Na] 342.0235, 
found 342.0236. 
 30 

N-(4-chloro-2-formylphenyl)-4-methyl-N-(3-phenylprop-2-
ynyl)benzenesulfonamide 2g: 
 Brown semisolid, 1H NMR (CDCl3, 500 MHz) δ 2.42 (s, 3H), 
4.69 (brs, 2H), 6.99 (d, J = 8.5 Hz, 1H), 7.14–7.17 (m, 2H), 
7.19–7.37 (m, 5H), 7.47 (dd, J = 2.7, 8.6 Hz, 1H), 7.57 (d, J = 35 

8.3 Hz, 2H), 7.98 (d, J = 2.6 Hz, 1H) ppm. 13C NMR (CDCl3, 
125 MHz) δ 21.7, 42.8, 82.1, 87.0, 121.8, 127.9, 128.3, 128.4, 
128.7, 128.8, 129.0, 129.9, 130.1, 130.4, 131.6, 134.2, 135.0, 
135.9, 137.4, 139.8, 144.8, 188.9 ppm. HRMS calcd. for 
C23H18ClNNaO3S [M+Na] 446.0594, found 446.0594. 40 

 
N-(4-bromo-2-formylphenyl)-N-(3-(2-bromophenyl)prop-2-
ynyl)4-methylbenzenesulfonamide 2h:  
Yellow solid, m.p. 134 °C. 1H NMR (CDCl3, 300 MHz) δ 2.39 
(s, 3H), 4.72 (s, 2H), 7.01 (d, J = 8.5 Hz, 1H), 7.12–7.16 (m, 45 

1H), 7.19–7.26 (m, 4H), 7.5 (d, J = 7.7 Hz, 1H), 7.55 (d, J = 
8.3 Hz, 2H), 7.61 (q, J = 2.4, 8.5 Hz, 1H), 8.13 (d, J = 2.4 Hz, 
1H), 10.37 (s, 1H) ppm. 13C NMR (CDCl3, 75 MHz) δ 21.5, 
42.4, 85.1, 86.3, 123.5, 123.9, 125.2, 127.0, 128.1, 129.7, 
129.9, 130.3, 131.6, 132.4, 133.4, 134.3, 136.9, 137.3, 140.1, 50 

144.7, 188.6 ppm. HRMS calcd. for C23H17Br2NNaO3S 
[M+Na] 567.9194, found 567.9198. 
 
N-(2-formylphenyl)-N-(hex-2-ynyl)-4-
methylbenzenesulfonamide 2i:  55 

White solid, m.p. 48 °C. 1H NMR (CDCl3, 300 MHz) δ 0.75 (t, 
J = 7.3 Hz, 3H), 1.28 (q, J = 7.3, Hz, 2H), 1.91–1.96 (m, 2H), 
2.4 (s, 3H), 4.43 (brs, 2H), 6.90–6.93 (m, 1H), 7.26 (d, J = 8.4 

Hz, 2H), 7.43–7.53 (m, 4H), 7.97–8.0 (m, 1H), 10.3 (s, 1H) 
ppm. 13C NMR (CDCl3, 75 MHz) δ 13.2, 20.4, 21.5, 42.3, 60 

73.1, 87.3, 128.0, 128.1, 128.4, 129.0, 129.5, 134.1, 134.8, 
136.0, 141.4, 144.2, 190.3 ppm. HRMS calcd. for 
C20H21NNaO3S [M+Na] 378.1140, found 378.1145. 
 
N-(but-2-ynyl)-N-(2-formylphenyl)methanesulfonamide 2j:  65 

Colorless semisolid. 1H NMR (CDCl3, 300 MHz) δ 1.82 (s, 
3H), 4.43 (brs, 2H), 7.52–7.57 (m, 1H), 7.67–7.70 (m, 2H), 8.0 
(t, J = 1.2 Hz, 1H), 10.34 (s, 1H) ppm. 13C NMR (CDCl3, 75 
MHz) δ 28.7, 39.0, 42.3, 73.2, 83.2, 128.3, 129.1, 129.3, 134.8, 
135.4, 141.6, 190.1 ppm. HRMS calcd. for C12H13NNaO3S 70 

[M+Na] 274.0514, found 274.0517. 
N-(2-acetylphenyl)-4-methyl-N-(3-phenylprop-2-
ynyl)benzenesulfonamide 4a:  
Yellow solid, m.p. 132 °C. 1H NMR (CDCl3, 300 MHz) δ 2.34 
(s, 3H), 2.68 (s, 3H), 4.77 (brs, 2H), 7.03 (d, J = 7.8 Hz, 1H), 75 

7.16–7.45 (m, 9 H), 7.58 (d, J = 8.2 Hz, 2H), 7.62 (d, J = 16.3 
Hz, 1H) ppm. 13C NMR (CDCl3, 75 MHz) δ 21.5, 30.1, 42.4, 
83.4, 86.0, 122.3, 128.2, 128.3, 128.8, 128.9, 129.4, 129.5, 
131.2, 131.5, 135.8, 136.6, 141.9, 143.9, 200.1 ppm. HRMS 
calcd. for C24H21NNaO3S [M+Na] 426.1140, found 426.1138. 80 

 
N-(2-acetylphenyl)-N-(3-p-tolylprop-2-ynyl)acetamide 4b:  
Dark brown semisolid, 1H NMR (CDCl3, 500 MHz) δ 1.85 (s, 
3H), 2.32 (s, 3H), 2.6 (s, 1H), 4.42 (d, J = 10.5 Hz, 1H), 4.97 
(d, J = 10.5 Hz, 1H), 7.07 (d, J = 4.5 H, 2H), 7.17 (d, J = 4.5 85 

Hz, 2H), 7.42 (d, J = 4.5 Hz, 1H), 7.52 (t, J = 4.5 Hz, 1H), 
7.61 (t, J = 4.5 Hz, 1H), 7.80–7.82 (m, 1H) ppm. 13C NMR 
(CDCl3, 125 MHz) δ 21.5, 22.7, 29.9, 38.8, 85.2, 119.7, 129.0, 
129.1, 129.2, 130.0, 131.3, 131.5, 131.6, 132.9, 137.2, 139.5, 
139.8, 170.1, 199.0 ppm. HRMS calcd. for C20H19NNaO2 90 

[M+Na] 328.1313, found 328.1313. 
 

 
General Procedure for FeCl3-Catalyzed Synthesis of 1,2-
dihydroquinoline: 95 

Representative Experimental Procedure for the Synthesis of 
phenyl(N-tosyl-1,2-dihydroquinolin-3-yl)methanone 3a: 

 
Compound 2a (195mg, 0.5 mmol) was taken in a dry 5 mL 
round-bottom flask containing 2 mL of dry acetonitrile solvent. 100 

Anhydrous FeCl3 (8.11 mg, 0.05 mmol) was added, and the 
reaction mixture was heated to reflux for 4 h under argon 
atmosphere. After complete conversion of the starting material 
(monitoring by TLC), acetonitrile was removed under reduced 
pressure and the residue was purified by silica gel (mess 60–105 

120) column chromatography to afford 3a (179 mg, 0.46 
mmol, 95%) as a white solid, m.p. 131 °C. 1H NMR (CDCl3, 
300 MHz) δ 2.34 (s, 3H), 4.82 (s, 2H), 6.65 (s, 1H), 7.08 (d, J 
= 8.2 Hz, 3H), 7.22 (d, J = 7.2 Hz, 2H), 7.27–7.48 (m, 6H), 
7.53 (t, J = 7.4 Hz, 1H), 7.81 (d, J = 8 Hz, 1H) ppm. 13C NMR 110 

(CDCl3, 75 MHz) δ 21.5, 44.7, 127.0, 127.1, 127.5, 127.9, 
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128.0, 128.4, 128.9, 129.0, 129.4, 129.8, 131.1, 132.0, 132.3, 
136.5, 137.0, 143.7, 193.4 ppm. HRMS calcd. for 
C23H19NNaO3S [M+Na] 412.0983, found 412.0980. 
 
p-tolyl(1-tosyl-1,2-dihydroquinolin-3-yl)methanone 3b:  5 

The general procedure was followed using 2b (202 mg, 0.5 
mmol), heating at reflux for 7 hr. The product  was purified by 
silica gel (mess 60–120) column chromatography to afford 3b  
as yellow solid, (161 mg, 0.4 mmol, 80%), m.p. 116 °C. 1H 
NMR (CDCl3, 300 MHz) δ 2.34 (s, 3H), 2.40 (s, 1H), 4.80 (s, 10 

2H), 6.63 (s, 1H), 7.07 (d, J = 7.7 Hz, 3H), 7.12–7.16 (m, 4H), 
7.19–7.28 (m, 1H), 7.31 (d, J = 8.1 Hz, 2H), 7.44 (t, J = 7.6 
Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H) ppm. 13C NMR (CDCl3, 75 
MHz) δ 21.4, 44.8, 126.9, 127.0, 127.4, 127.9, 128.8, 129.0, 
129.4, 130.8, 132.4, 134.2, 136.3, 136.4, 142.7, 143.6, 193.1 15 

ppm. HRMS calcd. for C24H21NNaO3S [M+Na] 426.1141, 
found 426.1141. 
 
(4-chlorophenyl)(1-tosyl-1,2-dihydroquinolin-3-
yl)methanone 3c:  20 

The general procedure was followed using 2c (212 mg, 0.5 
mmol), heating at reflux for 9 hr. The product  was purified by 
silica gel (mess 60–120) column chromatography to afford 3c 
as light yellow solid (188 mg, 0.45 mmol, 89%), m.p. 170 °C. 
1H NMR (CDCl3, 300 MHz) δ 2.35 (s, 3H), 4.80 (s, 2H), 6.61 25 

(s, 1H), 7.06–7.09 (m, 3H), 7.17 (dd, J = 1.8, 6.6 Hz, 2H), 
7.25–7.27 (m, 1H), 7.30–7.37 (m, 4H), 7.44–7.5 (m, 1H), 7.81 
(d, J = 8.0 Hz, 1H) ppm. 13C NMR (CDCl3, 75 MHz) δ 21.4, 
44.5, 127.0, 127.4, 127.7, 128.5, 129.0, 129.3, 130.2, 131.2, 
132.0, 135.2, 136.3, 136.5, 136.9, 138.4, 143.7, 192.1 ppm. 30 

HRMS calcd. for C23H18ClNNaO3S [M+Na] 446.0594, 
found 446.0594. 

(3-bromophenyl)(1-tosyl-1,2-dihydroquinolin-3-yl)methanone 
3d:  

The general procedure was followed using 2d (233 mg, 0.5 35 

mmol), heating at reflux for 12 hr. The product was purified by 
silica gel (mess 60–120) column chromatography to afford 
afford 3d as yellow solid (196 mg, 0.42 mmol, yield 84%), 
m.p. 152 °C, 1H NMR (CDCl3, 300 MHz) δ 2.37 (s, 3H), 4.7 
(s, 2H), 6.64 (s, 1H), 7.01 (d, J = 4.8 Hz, 3H), 7.19 (d, J = 4.8 40 

Hz, 2H), 7.25–7.29 (m, 3H), 7.32 (d, J = 4.8 Hz, 1H), 7.46–
7.49 (m, 1H), 7.65 (d, J = 4.5 Hz, 1H), 7.82 (d, J = 4.8 Hz, 1H) 
ppm. 13C NMR (CDCl3, 75 MHz) δ 21.4, 44.8, 126.9, 127.0, 
127.4, 127.9, 128.8, 129.0, 129.4, 130.9, 132.4, 134.2, 136.3, 
136.4, 142.8, 143.6, 193.1 ppm. HRMS calcd. for 45 

C23H18BrNNaO3S [M+Na] 490.0088, found 490.0074. 
 
Ethyl-4-(1-(methylsulfonyl)-1,2-dihydroquinoline-3-
carbonyl)benzoate 3e:  
The general procedure was followed using 2e (193 mg, 0.5 50 

mmol), heating at reflux for 14 hr. The product was purified by 
silica gel (mess 60–120) column chromatography to afford 
afford 3e as orange semi-solid, (144 mg, 0.375 mmol,75%). 1H 
NMR (CDCl3, 300 MHz) δ 1.42 (t, J = 7.11 Hz, 3H), 2.76 (s, 
3H), 4.42 (q, J = 7.11 Hz, 2H), 4.82 (s, 2H), 7.18 (s, 1H), 7.27 55 

(d, J = 4.5 Hz, 2H),7.40–7.45 (m, 1H), 7.69(d, J = 8.1 Hz, 1H), 
7.78 (d, J = 8.3 Hz, 2H), 8.16 (d, J = 8.3 Hz, 2H) ppm. 13C 
NMR (CDCl3, 75 MHz) δ 14.3, 29.7, 38.2, 44.4, 61.5, 126.1, 

126.8, 127.0, 129.0, 129.6, 129.7, 131.6, 133.2, 133.8, 136.6, 
137.3, 140.5, 165.7, 193.2 ppm. HRMS calcd. for 60 

C20H19NNaO5S [M+Na] 408.0882, found 408.0882. 
 
(1-(methylsulfonyl)-1,2-dihydroquinolin-3-yl)(thiophen-3-
yl)methanone 3f:  
The general procedure was followed using 2f (159 mg, 0.5 65 

mmol), heating at reflux for 8 hr. The product was purified by 
silica gel (mess 60–120) column chromatography to afford 
afford 3f as dark brown semi-solid, (112 mg, 0.35 mmol, 
70%). 1H NMR (CDCl3, 300 MHz) δ 2.75 (s, 1H), 4.79 (s, 
2H), 7.28–7.34 (m, 2H), 7.36 (s, 1H), 7.40–7.43 (m, 2H), 7.53 70 

(d, J = 3 Hz, 1H), 7.69 (d, J = 4.8 Hz, 1H), 7.97 (s, 1H) ppm. 
13C NMR (CDCl3, 75 MHz) δ 38.0, 44.6, 126.3, 126.8, 126.9, 
127.3, 128.0, 129.2, 129.7, 131.1, 132.5, 134.4, 134.8, 136.4, 
140.2, 187.1 ppm. HRMS calcd. for C15H13NNaO3S2 [M+Na] 
342.0235, found 342.0235. 75 

 
(6-chloro-1-tosyl-1,2-dihydroquinolin-3-
yl)(phenyl)methanone 3g: 
The general procedure was followed using 2g (211 mg, 0.5 
mmol), heating at reflux for 21 hr. The product was purified by 80 

silica gel (mess 60–120) column chromatography to afford 
afford 3g as yellow semi-solid (186.66 mg, 0.44 mmol, 88%). 
1H NMR (CDCl3, 300 MHz) δ 2.4 (s, 3H), 4.81 (s, 2H), 6.21 
(s, 1H), 7.07–7.12 (m, 3H), 7.19–7.23 (m, 2H), 7.33–7.42 (m, 
5H), 7.54 (t, J = 7.4 Hz, 1H), 7.76 (d, J = 8.61 Hz, 1H) ppm. 85 

13C NMR (CDCl3, 75 MHz) δ 21.6, 44.6, 127.0, 127.7, 128.2, 
128.3, 128.7, 128.8, 129.2, 129.6, 129.8, 130.1, 132.2, 132.5, 
133.3, 134.8, 135.4, 136.0, 136.6, 143.9, 193.1 ppm. HRMS 
calcd. for C23H18ClNNaO3S [M+Na] 446.0594, found 
446.0593. 90 

 
(6-bromo-1-(p-tolyl)-1,2-dihydroquinolin-3-yl)(2-
bromophenyl)methanone 3h:  
The general procedure was followed using 2h (272 mg, 0.5 
mmol), heating at reflux for 5 hr. The product was purified by 95 

silica gel (mess 60–120) column chromatography to afford 3h 
as yellow solid, (253 mg, 0.35 mmol, 93%), m.p. 120 °C. 1H 
NMR (CDCl3, 300 MHz) δ 2.37 (s, 3H), 4.84 (s, 2H), 6.37 (s, 
1H), 6.75–6.77 (m, 1H) 7.14 (d, J = 7.9 Hz, 1H), 7.21 (d, J = 
1.9 Hz, 2H), 7.28–7.31 (m, 2H), 7.36 (d, J = 8.12 Hz, 1H), 100 

7.54–7.59 (m, 3H), 7.72 (d, J = 8.6 Hz, 1H) ppm. 13C NMR 
(CDCl3, 75 MHz) δ 21.6, 43.3, 119.6, 120.2, 127.0, 127.1, 
128.1, 128.6, 128.8, 129.4, 129.7, 131.6, 133.4, 133.8, 134.1, 
135.7, 136.0, 136.9, 139.1, 144.1, 139.1 ppm. HRMS calcd. 
for C23H17Br2NNaO3S [M+Na] 567.9194, found 567.9191. 105 

 
 1-(1-tosyl-1,2-dihydroquinolin-3-yl)butan-1-one 3i: 
The general procedure was followed using 2d (233 mg, 0.5 
mmol), was heated to 65 °C for 3 h. The product was purified 
by silica gel (mess 60–120) column chromatography to afford 110 

3i as colourless oil (132 mg, 0.37 mmol, 74%). 1H NMR 
(CDCl3, 300 MHz) δ 0.87 (t, J = 7.2 Hz, 3H), 1.55 (q, J = 7.3 
Hz, 2H), 2.31–2.36 (m, 5H), 6.82 (s, 1H), 7.03 (d, J = 8 Hz, 
2H), 7.15 (d, J = 7.5 Hz, 1H), 7.21 (s, 1H), 7.24–7.29 (m, 2H), 
7.40–7.45 (m, 1H), 7.76 (d, J = 8.1 Hz, 1H) ppm. 13C NMR 115 

(CDCl3, 75 MHz) δ 14.0, 18.0, 21.6, 39.0, 43.6, 127.1, 127.2, 
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127.6, 128.8, 129.3, 130.9, 132.8, 133.2, 136.2, 136.8, 134.7, 
197.9 ppm. HRMS calcd. for C20H21NNaO3S [M+Na] 
378.1140, found 378.1142. 
 
1-(1-(methylsulfonyl)-1,2-dihydroquinolin-3-yl)ethanone 5 

3j:  
The general procedure was followed using 2j (126 mg, 0.5 
mmol), heated at 65 °C for 3 hr. The product was purified by 
silica gel (mess 60–120) column chromatography to afford 3j 
as colorless solid (94 mg, 0.37 mmol, 75%), m.p. 145 °C. 1H 10 

NMR (CDCl3, 300 MHz) δ 2.46 (s, 3H), 2.67 (s, 3H), 4.67 (s, 
2H), 7.3 (d, J = 7.28 Hz, 1H), 7.3–7.45 (m, 3H), 7.67 (d, J = 
8.1 Hz, 1H) ppm. 13C NMR (CDCl3, 75 MHz) δ 25.3, 38.1, 
43.5, 125.9, 126.8, 127.3, 129.4, 131.3, 134.4, 134.5, 136.6, 
195.6 ppm. HRMS calcd. for C12H13NNaO3S [M+Na] 15 

274.0514, found 274.0514. 
 
(4-methyl-1-tosyl-1,2-dihydroquinolin-3-
yl)(phenyl)methanone 5a:  
Compound 4a (202 mg, 0.5 mmol) was taken in an oven dry 5 20 

mL round–bottom flask containing 2 mL of dry nitromethane 
solvent. Anhydrous FeCl3 (8.11 mg, 0.05 mmol) was added, 
and the reaction mixture was heated to 85 °C for 6 h under 
inert atmosphere. After complete conversion of the starting 
material (monitoring by TLC), acetonitrile was removed under 25 

reduced pressure and the residue was purified by silica gel 
(mess 60–120) column chromatography to afford 5a as light 
yellow solid (161 mg, 0.40 mmol, 80%), m.p. 144 °C. 1H 
NMR (CDCl3, 300 MHz) δ 1.47 (s, 3H), 2.32 (s, 3H), 4.61 (s, 
2H), 7.07 (d, J = 8.1 Hz, 2H), 7.28–7.44 (m, 6H), 7.55 (d, J = 30 

7.31 Hz, 2H), 7.62–7.65 (m, 2H), 7.8 (d, J = 7.78 Hz, 1H) 
ppm. 13C NMR (CDCl3, 75 MHz) δ 16.0, 21.5, 47.0, 124.5, 
126.9, 127.2, 127.6, 128.8, 128.9, 129.0, 129.3, 130.1, 131.5, 
133.3, 133.8, 135.4, 135.8, 137.7, 143.4, 196.1 ppm. HRMS 
calcd. for C24H21NNaO3S [M+Na] 426.1140, found 426.1144. 35 

 
1-(4-methyl-3-(4-methylbenzoyl)quinolin-1(2H)-
yl)ethanone 5b:  
The procedure of 4a was followed using 4b (153 mg, 0.5 
mmol), heated at  85 °C for 4 h. The product was purified by 40 

silica gel (mess 60–120) column chromatography to afford 5b 
as yellow semi-solid, (119 mg, 0.39 mmol, 78%). 1H NMR 
(CDCl3, 400 MHz) δ 2.03 (s, 3H), 2.30 (s, 3H), 2.43 (s, 3H), 
4.60 (s, 2H), 7.26–7.35 (m, 5H), 7.46 (d, J = 6 Hz, 1H), 7.77 
(d, J = 6.3 Hz, 2H) ppm. 13C NMR (CDCl3, 100 MHz) δ 21.8, 45 

22.5, 29.8, 124.7, 124.9, 125.7, 128.5, 129.6, 129.7, 129.9, 
130.5, 136.5, 144.7, 169.4, 196.6 ppm. HRMS calcd. for 
C20H19NNaO2 [M+Na] 328.1313, found 328.1313. 
 
Experimental Procedure for the Synthesis of 50 

Phenyl(quinolin-3-yl)methanone 6a:22 
Compound 2a (195 mg, 0.5 mmol) was taken in an oven dry 5 
mL round-bottom flask containing 2 mL of dry acetonitrile 
solvent. Anhydrous FeCl3 (8.11 mg, 0.05 mmol) was added, 
and the reaction mixture was heated to reflux for 4 h under 55 

argon atmosphere. After complete conversion of the starting 
material (monitoring by TLC), acetonitrile was removed under 
reduced pressure. Then 1 mL EtOH and NaOH (2.5 mmol, 100 

mg) were added to the reaction mixture and heated to 60 °C for 
2 hr. The residue was purified by silica gel (mess 60–120) 60 

column chromatography to afford 6a as a yellow semi-solid 
(99.1 mg, 0.43 mmol, 85%). 1H NMR (CDCl3, 300 MHz) δ 
7.54 (t, J = 8.03 Hz, 2H), 7.64–7.69 (m, 2H), 7.83–7.89 (m, 
3H), 7.93 (d, J = 8.2 Hz, 1H), 8.19 (d, J = 8.5 Hz, 1H), 8.56 (s, 
1H), 9.3 (s, 1H) ppm. HRMS calcd. for C16H11NNaO [M+Na] 65 

256.0738, found 256.0738. 
 
 (4-chlorophenyl)(quinolin-3-yl)methanone 6b:22  
Compound 6b was prepared using 2c (212 mg, 0.5 mmol) 
following similar method as described for 6a. The product was 70 

purified by silica gel (mess 60–120) column chromatography 
to afford 6b as a yellow semisolid (93 mg, 0.35 mmol,70%). 
1H NMR (CDCl3, 300 MHz) δ 7.53 (d, J = 8.4 Hz, 2H), 7.66 
(d, J = 7.5 Hz, 1H), 7.81 (s, 1H), 7.85 (d, J = 2.6 Hz, 1H), 
7.88–7.95 (m, 2H), 8.2 (d, J = 8.6 Hz, 1H), 8.55 (s, 1H), 9.3 (s, 75 

1H) ppm. HRMS calcd. for C16H10ClNNaO [M+Na] 290.0349, 
found 290.0344. 
 
(4-methylquinolin-3-yl)(phenyl)methanone 6c:22  
Compound 6c was prepared using 4a (202 mg, 0.5 mmol) 80 

following similar method as described for 6a. The residue was 
purified by silica gel (mess 60–120) column chromatography 
to afford 6c as a brown semi-solid (89 mg, 0.32 mmol, 65%), 
1H NMR (CDCl3, 300 MHz) δ 2.67 (s, 1H), 7.44–7.52 (m, 
2H), 7.61–7.70 (m, 2H), 7.75–7.86 (m, 3H), 8.12–8.19 (m, 85 

2H), 8.81 (s, 1H) ppm. HRMS calcd. for C17H13NNaO [M+Na] 
270.0895, found 270.0895. 
 

Preparation of N-(2-formylphenyl)-4-methyl-N-(4-phenylbut-
3-ynyl)benzenesulfonamide 7a: 90 

K2CO3, DMF N

O

H

Ts

H
CHO

N

Ts

Ph

NH

O

H

Ts

OTs

PhI, Pd(PPh3)4

CuI, Et3N, DMSO

7a
1a

D  
Aldehyde 1a (500 mg, 1.81 mmol) was dissolved in dry DMF 
(10 mL) in a 50 mL round-bottom flask. 5 mg KI was added, 
to this solution were added anhydrous K2CO3 (1.25 g, 9 mmol) 
followed by but-3-ynyl 4-methylbenzenesulfonate (812. mg, 95 

3.62 mmol) and the reaction mixture was heated at 90 °C 
under inert atmosphere for 18 h. The mixture was cooled to 
room temperature and filtered through the sintered glass 
crucible. After that, the solvent DMF was removed under 
reduced pressure, and the residue was purified by column 100 

chromatography using silica gel (mess 60–120) to obtain the 
product D (325 mg, 0.99 mmol, 55%) as a white solid. 
 To a mixture of compound D (327 mg, 1.0 mmol), 4-
iodoanisole (281 mg, 1.2 mmol), and triethylamine (303 mg, 
3.0 mmol) in dry DMSO (5 mL) under inert atmosphere at 105 

room temperature were added Pd(PPh3)4 (11.55 mg, 0.01 
mmol) and CuI (5.75 mg, 0.03 mmol) successively. The 
reaction mixture was stirred at room temperature for 8 h. Then 
the mixture was diluted with saturated brine solution and 
extracted with EtOAc. The compound was purified using silica 110 

gel (mess 60–120) column chromatography to afford the 
compound 7a as a brown semi solid (320 mg, 74%). 1H NMR 
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(CDCl3, 300 MHz) δ 2.42 (s, 3H), 2.62–2.68 (m, 2H), 3.53 
(brs, 1H), 4.16 (brs, 1H), 6.77 (d, J = 7.2 Hz, 1H), 7.27 (brs, 
7H), 7.42–7.51 (m, 4H), 8.0–8.03 (m, 1H), 10.5 (s, 1H) ppm. 
13C NMR (CDCl3, 75 MHz) δ 20.3, 21.7, 42.0, 50.7, 83.1, 
85.8, 123.1, 127.9, 128.0, 121.3, 128.7, 128.9, 129.8, 131.6, 5 

132.1, 134.2, 134.4, 136.4, 141.6, 144.4, 190.1 ppm. HRMS 
calcd. for C25H23NNaO4S [M+Na] 426.1140, found 426.1143. 
Compound 7b, 7c and 7d were also synthesized by similar 
procedure. 
 10 

N-(2-formylphenyl)-N-(4-(4-methoxyphenyl)but-3-ynyl)-4-
methylbenzenesulfonamide 7b:  
Brown semi–solid, 1H NMR (CDCl3, 300 MHz) δ 2.43 (s, 3H), 
2.63 (d, J = 5.8 Hz, 2H), 3.5 (s, 1H), 3.78 (s, 3H), 4.12 (s, 1H), 
6.77–6.80 (m, 3H), 7.21 (d, J = 8.8 Hz, 2H), 7.27 (d, J = 6.32 15 

Hz, 3H), 7.42–7.50 (m, 4H), 8.0–8.03 (m, 1H), 10.53 (s, 1H) 
ppm. 13C NMR (CDCl3, 75 MHz) δ 20.4, 21.7, 50.8, 55.4, 
83.0, 84.3, 114.0, 115.2, 127.9, 128.1, 128.8, 128.9, 129.9, 
133.1, 134.3, 134.4, 136.4, 141.7, 144.4, 159.6, 190.2 ppm. 
HRMS calcd. for C25H23NNaO4S [M+Na] 456.1245, found 20 

456.1245. 
 
Methyl[4-(4-(N-(2-formylphenyl)-4-
methylphenylsulfonamido)but-1-ynyl)]benzoate 7c:  
Brown solid, m. p.156 °C. 1H NMR (CDCl3, 300 MHz) δ 2.43 25 

(s, 3H), 2.64–2.72 (m, 2H), 3.55 (d, J = 6.1 Hz, 1H), 3.9 (s, 
3H), 4.16 (d, J = 6.6 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 7.28–
7.34 (m, 3H), 7.43–7.51 (m, 4H), 7.93 (d, J = 8.3 Hz, 2H), 
8.01 (dd, J = 1.9, 7 Hz, 1H) ppm. 13C NMR (CDCl3, 75 MHz) 
δ 20.4, 21.6, 50.4, 52.2, 82.4, 89.1, 127.7, 127.9, 128.6, 128.8, 30 

129.4, 129.7, 131.5, 134.1, 134.2, 136.2, 141.5, 144.4, 166.5, 
189.9 ppm. HRMS calcd. for C26H23NNaO5S [M+Na] 
484.1195, found 484.1190. 
 
N-(2-formylphenyl)-4-methyl-N-(pent-3-yn-1-35 

yl)benzenesulfonamide 7d: Light yellow semi–solid. 1H 
NMR (CDCl3, 400 MHz) δ 2.34 (s, 3H), 2.42 (s, 3H), 3.49 
(brs, 1H), 4.17 (brs, 1H), 6.66 (d, J = 7.2 Hz, 1H), 7.26 (d, J = 
8 Hz, 2H), 7.43–7.5 (M, 4H), 8.01 (d, J = 9.2 Hz, 1H), 10.5 (s, 
1H) ppm. 13C NMR (CDCl3, 100 MHz) δ 19.5, 21.6, 21.7, 40 

50.7, 75.3, 78.6, 127.3, 128.0, 128.4, 128.7, 129.8, 134.1, 
134.2, 135.9, 136.3, 141.7, 144.3, 190.2 ppm. HRMS calcd. 
for C19H19NNaO3S [M+Na] 364.0983, found 364.0980. 
 
Experimental Procedure for the Synthesis of Phenyl(1-45 

tosyl-2,3-dihydro-1H-benzo[b]azepin-4-yl)methanone 8a: 
Compound 7a (202 mg, 0.5 mmol) was taken in a 5 mL round-
bottom flask containing 2 mL of dry acetonitrile solvent. 
Anhydrous FeCl3 (8.11 mg, 0.05 mmol) was added, and the 
reaction mixture was heated to reflux for 8 h under inert 50 

atmosphere. After complete conversion of the starting material 
(monitoring by TLC), acetonitrile was remove under reduced 
pressure and the residue was purified by silica gel (mess 60–
120) column chromatography to afford 8a as light yellow 
semisolid (145 mg, 0.36 mmol, 72%). 1H NMR (CDCl3, 500 55 

MHz) δ 2.3 (s, 3H), 3.03 (t, J =3.6 Hz, 2H), 3.99 (t, J = 3.3 Hz, 
2H), 6.75 (s, 1H), 7.11 (d, J = 4.8 Hz, 1H), 7.60 (d, J = 4.8 Hz, 
2H), 7.26 (t, J = 4.3 Hz, 1H), 7.32 (d, J = 4.8 Hz, 2H), 7.36–

7.43 (m, 5H), 7.50–7.53 (m, 1H), 7.73 (d, J = 4.8 Hz, 1H) 
ppm. 13C NMR (CDCl3, 100 MHz) δ 21.6, 30.6, 48.9, 127.2, 60 

127.5, 128.3, 129.4, 129.6, 129.7, 130.1, 131.3, 132.0, 133.9, 
137.9, 138.3, 139.9, 140.0, 140.3, 143.4, 198.1 ppm. HRMS 
calcd. for C25H23NNaO4S [M+Na] 426.1140, found 426.1140. 
 
(4-methoxyphenyl)(1-tosyl-2,3-dihydro-1H-benzo[b]azepin-65 

4-yl)methanone 8b: 
Compound 8b was prepared using 7b (217 mg, 0.5 mmol) 
following similar proceduer as described for 8a. The residue 
was purified by silica gel (mess 60–120) column 
chromatography to afford 8b as white solid (151.6 mg, 0.35 70 

mmol, 70%), m. p. 197 °C. 1H NMR (CDCl3, 400 MHz) δ 2.36 
(s, 3H), 3.05 (t, J =3.4 Hz, 2H), 3.90 (s, 3H), 4.0 (s, 2H), 6.71 
(s, 1H), 6.88 (d, J = 5.1 Hz, 2H), 7.14–7.17 (m, 3H), 7.28 (t, J 
= 4.8 Hz, 1H), 7.37–7.41 (m, 3H), 7.46 (d, J = 4.8 Hz, 2H), 
7.75 (d, J = 4.8 Hz, 1H) ppm. 13C NMR (CDCl3, 100 MHz) δ 75 

21.6, 29.8, 48.9, 55.6, 113.6, 127.2, 127.5, 129.5, 129.6, 129.7, 
130.1, 131.4, 131.9, 133.7, 137.8, 138.3, 140.1, 140.3, 143.3, 
163.1, 196.9 ppm. HRMS calcd. for C25H23NNaO4S [M+Na] 
456.1245, found 456.1245. 
Methyl [4-(1-tosyl-2,3-dihydro-1H-benzo[b]azepine-4-80 

carbonyl)]benzoate 8c: 
Compound 8c was prepared using 7c (231 mg, 0.5 mmol) 
following similar procedure as described for 8a. The product 
was purified by silica gel (mess 60–120) column 
chromatography to afford 8c as white solid (157 mg, 0.34 85 

mmol, 68%). 1H NMR (CDCl3, 300 MHz) δ 2.38 (s, 1H), 3.04 
(t, J = 5.8 Hz, 2H), 3.39 (s, 3H), 3.96–4.01 (m, 2H), 6.72 (s, 
1H), 7.09 (d, J = 7.6 Hz, 1H), 7.17 (d, J = 8 Hz, 2H), 7.25 (d, J 
= 5.9 Hz, 1H), 7.33 (q, J = 8.3 Hz, 2H), 7.42 (d, J = 8.1 Hz, 
3H), 7.73 (d, J = 8.1 Hz, 1H), 8.03 (d, J = 8 Hz, 2H) ppm. 13C 90 

NMR (CDCl3, 75 MHz) δ 21.5, 30.2, 48.7, 52.5, 127.0, 127.5, 
129.0, 129.3, 129.5, 129.6, 130.3, 130.9, 132.8, 134.0, 138.1, 
139.5, 140.0, 141.1, 141.8, 143.4, 166.2, 197.3 ppm. HRMS 
calcd. for C26H23NNaO5S [M+Na] 484.1195, found 484.1194. 
 95 

1-(1-tosyl-2,3-dihydro-1H-benzo[b]azepin-4-yl)ethanone 
8d: 
 Compound 8d was prepared using 7d (170.5 mg, 0.5 mmol) 
following similar procedure as described for 8a. The product 
was purified by silica gel (mess 60–120) column 100 

chromatography to afford 8d as white semisolid (136 mg, 0.40 
mmol, 80%). 1H NMR (CDCl3, 300 MHz) δ 2.18 (s, 3H), 2.34 
(s, 3H), 2.87 (t, J = 5.7 Hz, 2H), 3.91 (t, J = 6 Hz, 2H), 7.02 (s, 
1H), 7.1 (d, J = 8.4 Hz, 2H), 7.28–7.39 (m, 5H), 7.64 (d, J = 
7.8 Hz, 1H) ppm. 13C NMR (CDCl3, 75 MHz) δ 21.6, 25.6, 105 

29.0, 49.7, 127.2, 127.7, 129.4, 129.8, 130.2, 131.7, 133.8, 
137.9, 140.4, 140.5, 143.4, 198.9 ppm. HRMS calcd. for 
C19H19NaO3S [M+Na] 364.0983, found 364.0983. 
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