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Stereoselective Synthesis of Drug-like Molecules via 
Catalytic Enolates and Dienamines 

1. ABSTRACT 
In chapter 1, carbonate-catalyzed keteniminate-mediated synthesis of 5-amino-1,2,3-

triazoles from aryl-acetonitriles and aryl azides is reported. This cycloaddition reaction is 
characterized by high rate and selectivity, and easy access to a library of functioalized 5-
amino-1,2,3-triazoles, giving the desired products in very good yields. This protocol 
overcomes the many disadvantages of previous reports such as usage of stong bases in many 
equivalents and highly reactive substrates. Many 5-amino-1,2,3-triazoles have found wide 
range of application in biological, medicinal, organic, bio-organic, polymer and material 
chemistry.  

In chapter 2, an organocatalytic azide–ketone [3+2]-cycloaddition (OrgAKC) reaction 
of a variety of 1-aryl-2-(arylthio)ethanones and 1-alkyl-2-(alkylthio)ethanones with different 
aryl/alkyl azides is reported in dimethyl sulfoxide or solvent-free under ambient conditions to 
furnish the 1,5-disubstituted-4-thio-1,2,3-triazoles in a regiospecific manner, which are 
further converted into useful 1,5-disubstituted-1,2,3-triazoles by treatment with Raney-Ni at 
25 °C for 1-3 h. The OrgAKC reaction has wonderful features such as high rate and 
selectivity, solvent-free, easily available substrates/catalysts, many synthetic/medicinal 
applications, and excellent yields generating a vast library of triazoles. 

 In chapter 3, we utilized Tomita zipper cyclization protocol for the synthesis of 
benzosultams. In this methodology, we performed the reaction of highly reactive N-sulfonyl 
α-ketiminoesters with unmodified ynone in the presence of organophosphine catalyst and 
acid co-catalyst to afford benzosultams in excellent yields at 25 °C via Tomita Zipper 
Cyclization. Many benzosultams have found wide range of applications in biological, 
medicinal, and also serve as intermediates in many organic synthetic transformations. 

In chapter 4, an asymmetric organocatalytic arylideneacetone-olefin [4+2]-
cycloaddition (OrgAOC) reaction of a variety of arylidene-acetones and 1,3-indandione with 
different aldehydes is reported in toluene under ambient conditions to furnish the optically 
pure spiro-compounds in a stereoselective manner, which are further converted into 
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medicinally useful spiromentins by Suzuki reaction. The asymmetric OrgAOC reaction has 
wonderful features such as high rate and selectivity, easily available substrates/catalysts, 
many synthetic/medicinal applications, and excellent yields generating a vast library of chiral 
spiro-compounds. 
2.  INTRODUCTION 

One of the major challenges faced by the synthetic organic chemist, now a days, is 
the development of efficient synthetic methodologies which could provide rapid access to 
structural and stereo chemical complexity in molecules similar to biological processes. The 
ultimate goal of the modern synthetic organic chemistry is the achievement of desired 
complex chiral moieties with high reaction efficiency, liberating the environmentally benign 
and non toxic by-products and the use of readily available cheap starting materials, without 
compromising in yields and stereoselectivity. Most of these goals have been full filled by 
transition-metal catalysis and enzyme catalysis, each catalytic approach has its own 
drawbacks such as particular atmosphere and circumstances required for enzyme catalysis 
and the transition metal catalysis are highly toxic to bio-system even in trace amounts.  

In the last decade, most of these difficulties faced by synthetic organic chemists have 
been overcome by the introduction of organocatalysis to the chemistry world. In organo 
catalysis, small organic molecules can be used in sub-stoichiometric amount for the 
acceleration of chemical reactions. In a short span of time, organocatalysis developed very 
extremely due to some advantages1 over previous metal catalysis and enzyme catalysis. In 
these organocatalyzed reactions various intermediates, generated in situ from carbonyl 
compounds and amines, such as enamine,1b,c enolates,2 iminium,1 dienamine3 and trienamine4 
have been successfully utilized in the synthesis of complex moieties with high levels of 
stereoselectivity either in one step or in cascade manner. The cascade protocols require 
neither protection nor de-protection steps and most importantly these reactions can be 
performed under aerobic atmosphere and does not require any dry solvents, indeed the 
reaction rates can be accelerated often in the presences of water. 
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The research work described in this thesis is divided into two parts 

1. Enolate mediated [3+2]-cycloaddition. 
2. 2-Aminobuta-1,3-diene mediated [4+2]-cycloaddition reactions. 

2.1. Enolate mediated [3+2]-cycloaddition for the synthesis of substituted 1,2,3-
triazoles: 

Recently, base catalyzed enolate-azide [3+2]-cycloadditions emerged as a solution to 
avoid metal residues in the synthesis of substituted 1,2,3-triazoles.2 Such cycloadditions 
generally proceed through an enamine or enolate intermediate generated in situ from a 
carbonyl and an amine, which further reacts as a dipolarophile with an azide to afford the 
desired five-membered triazole. The enolate mediated methods have certain advantages over 
the respective metal-mediated transformations as they are potentially greener and considered 
to be non-toxic towards biological systems. These characteristics of enolated mediated 
method grabbed the attention of chemical community to develop new methodologies for the 
metal free synthesis of triazoles and also to employ different kinds of dipoles in 
organocatalytic [3+2]-cycloaddition reactions. 

In 1902, Dimroth utilized enolate as an intermediate to synthesize highly substituted 
1,2,3-triazole in a regioselective manner. In this protocol, they used stoichiometric amount of 
sodium ethoxide as base to pick a proton from the active methylene compounds 1 to generate 
the enolate, which under goes reaction with Ar/R-N3 2 to furnish substituted 1,2,3-triazoles in 
ethanol as a solvent at reflux temperature. This protocol was favor for aromatic azides, 
especially those with electron withdrawing substituents on the benzene ring, and the electron 
donating substituents on the aromatic ring retarded the process. Further, great difficulties 
were faced with alkyl azides under these harsh conditions and 1-substituted 5-amino-1,2,3-
triazoles 3 undergo rearrangement to 5-(substituted)amino-1,2,3-triazoles under these harsh 
conditions (eq. 1). 5 
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To overcome these limitations, in 1958, Lieber Eugene et al. used equimolar amount 
of t-BuOK in anhydrous THF at RT instead of using the metal alkoxide bases in absolute 
alcohol. By this protocol, they succeeded in the preparation of N-alkylated-1,2,3-triazoles 3 
from aliphatic azides 2 and active methylene compounds 1 with high yields, without any 
further rearrangement.6 But with methyl ketones, the yields were very poor due to 
dimerization of ketones and formation of other side products (eq. 2). 

 
Later in 1986, Townsend et al. reported the synthesis of heterocyclic analogues of the 

nucleoside antibiotic coformycin by utilizing enolate mediated [3+2]-cycloaddition as the 
crucial step. In this protocol, the reaction of cyanoacetamide 6 and 2,3,5-tri-O-benzoyl-β-D-
ribofuranaosyl azide 2 in the presence of 1 equiv. of potassium hydroxide in DMF/H2O as  
solvent afforded debenzoylated 5-amino-1,2,3-triazole via [3+2]-cycloaddition, which was in 
situ acetylated to furnish the corresponding aceylated triazole 7. This is a crucial intermediate 
for the synthesis of the antibiotic coformycins (eq. 3).7 
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In 1991, Wright et al. demonstrated the preparation of 1-benzyl-1H-1,2,3-triazoles 9 

from active methylene compounds and benzyl azides 2 using a mild base such as anhydrous 
potassium carbonate in DMSO as a solvent at 35-40 oC. By this method, they prepared 5-
amino-1H-1,2,3-triazoles 9 from malononitrile, phenylacetonitrile and cyanoacetamide 8 by 
treating with benzyl azide 2, which can be easily separated by filtration of the reaction 
mixture after addition of water. In a similar manner, 5-hydroxyl-1H-1,2,3-triazole 11 was 
obtained from diethyl malonate 10 in 80% yield.8 Unfortunately, simple methyl ketones, such 
as acetones, acetophenones, ethyl fluoroacetate and ethyl nitroacetate were unsuccessful to 
form the corresponding required products under these conditions (eq. 4). 
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DMSO
35-40  oC, 1-60 h

NN
N NH2

R

CH2Ar

R1COCH2R2 ArCH2N3
K2CO3 (4 equiv.)

DMSO
35-40 oC, 1-60 h

NN
N R3

R2

CH2Ar

+

+

R = CONH2, CN, Ph

R1 = OEt, Me, Ph

7 examples
50-95% yields

R3 = OH, Me, Ph
R2 = CO2Et, Ph, COMe, COC6H5 R2 = CO2Et, Ph, COMe, COC6H5
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In 2011, Florence mongin reported the synthesis of 5-methyl-4-acyl-1,2,3-triazoles 
12, by reaction of aryl azides 2 with β-dicarbonyl compounds 10 under both thermal and 
micro wave conditions in the presence of triethylamine under neat condition as shown in eq. 
5.9 The rate of the reaction was dramatically enhanced by microwave irradiation compared 
with thermal condition. The regioselectivity and mechanism of the reaction was proved 
theoretically by DFT studies on β-dicarbonyl compounds 10 (eq. 5).  
 

 
 
 
 
 
 
 
 
In 2012, Bakulev and co-workers prepared 5-trifluoromethyl-1,2,3-trizoles 14 from 

the reaction of 1-trifluoromethyl-1,3-dicarbonyl compounds 13 and phenyl azides 2 in 
presence of 3 equiv. of triethylamine as a base under neat condition at 70-80 °C in 5 h with 
100% regioselectivity (eq. 6). They provided experimental evidence for this exclusive 
regioselectivity by controlled NMR experiments and showed that the –CF3 group in 1,3-
dicarbonyl compounds could direct the reaction towards the formation of a single 
regioisomer i.e, 4-acyl-5-trifluoromethyl-1,2,3-triazoles 14.10  

 
 
 
 
 
 
 
 

N3

H3C
O O

R1
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Et3N, MW (160 W), 5 min.
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+

Fg = 4-Cl, 4-Br, 4-NO2, 3-NO2
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NN
N CH3
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(5)



Introduction 

7  

In the same year, Song Cao synthesized highly substituted  1,2,3-triazoles by one pot 
three component [3+2]-cycloaddition via in situ generated alkyl/aryl azides. Reaction of 1° 

and 2° alkyl/aryl alcohol 15, sodium azide and active methylene ketones 10 in the presence 
of tetrabutylammonium iodide (TBAI), N-(p-toluenesulfonyl)imidazole (TsIm) and 
triethylamine (TEA) in DMF/DMSO mixture as solvent, KOH as base, furnished the 
corresponding products in 50-85% yields. In this protocol they generated alkyl/aryl azides in 
situ from the corresponding alcohols and utilized without any further purification, for the 
synthesis of respective N-alkyl/aryl-triazoles 16. Generally, the preparation of highly 
substituted N-methyl, -ethyl, -propyl 1,2,3-trizoles are somewhat difficult due to toxicity and 
explosive nature of N-methyl, -ethyl, -propyl azides. However these limitations were 
overcome by this protocol (eq. 7).11 
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In 2013, Ayoob Bazgir et al demonstrated an efficient protocol for the synthesis of 
1,2,3-triazoles via [3+2]-cycloaddition in the presence of 1,1,3,3-tetramethylguanidine 17a 
(TMG) as a catalyst. Reaction of different substituted aryl azides 2 with CH-acids 10 in 
presence of TMG 17a as catalyst in ethanol as solvent at 30 °C furnished the corresponding 
1,2,3-triazoles 18. By using this mild reaction condition, they synthesized bicyclic and 
tricyclic triazoles 20 from the corresponding cyclic 1,3-diketones 19 by reacting with aryl 
azides 2 with good isolated yields (eq. 8).12 

  
In 2014, our group reported an efficient protocol for the synthesis of 1,4-

disubstituted-1,2,3-triazoles 22 from enolizable aldehydes 21 and azides 2 in presence of 10 
mol% DBU 17b as catalyst in DMSO at 25 °C via [3+2]-cycloaddition (organo-click) 
reaction. This reaction condition favoured both electron donating and withdrawing substrates 
on the aromatic aldehydes 21 with aryl azides 2 containing various substituents at different 
positions to furnish the corresponding 1,4-disubstituted-1,2,3-traizoles 22 in high yields 
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within 30 min. This protocol is characterized by mild reaction condition, high rate and 
regioselectivity, and excellent yields with broad scope of substrates (eq. 9).2a 

 
 
 
 
 
 
 
 
 
 
Further, in the same year, as an extension, our group utilized enolizable arylacetones 

and deoxybenzoin 23 as the substrates instead of enolizable aldehydes 21, for the synthesis of 
fully decorated 1,2,3-triazoles 24. These enolizable arylacetones and deoxybenzoin 23 react 
with aryl azides 2 in presence of 10 mol% DBU 17b in DMSO as solvent to furnish the 
corresponding triazoles in excellent yields with high regioselectivity at 25 °C in 0.5-6 h (eq. 
10).2b 
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In 2014, Jian Wang et al. discovered the first organocatalytic intermolecular azide-
zwitterion [3+2]-cycloaddition followed by aerobic oxidation reaction. In this reaction, 
electron deficient alkenes 25 reacts with Lewis base 1,8-diazabicyclo[5.4.0]undec-7-ene 17b 
to generate zwitter ion intermediate, which readily reacts with an array of azides 2 via [3+2] 
cycloaddition to generate fully or highly substituted 1,2,3-triazoles 26 in a highly 
regioselective manner (eq. 11).2c 
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2.2. 2-Aminobuta-1,3-dienes mediated [4+2]-cycloaddition reactions:  
In 2002, Barbas et al. discovered 2-aminobuta-1,3-diene intermediate,14c which was 

generated in situ from the reaction of benzylideneacetone with catalytic L-proline or L-
dienamine, and reacted with β-nitrostyrenes in Diels-Alder manner to generate [4+2]-
cyclicadducts. This reaction created a domain in organic synthesis called dienamine-
catalysis. After these preliminary studies, many groups rushed into this field to investigate 
the reaction scope by changing catalysts along with co-catalysts and different substrates of 
enones and dienophiles. 

In 2003, Ramachary and Barbas demonstrated the first organo catalytic highly 
diastereospecific and enantioselective asymmetric three component Diels-Alder reaction.14d 
This reaction proceeds via domino Knoevenagel-Diels-Alder reaction to construct highly 
substituted spiro[5,5]undecane-1,5,9-trione 30 from the readily available 4-substituted-but-3-
en-2-one 27, aldehyde 28 and 2,2-dimethyl-1,3-dioxane-4,6-dione 29 (Meldrum’s acid) with 
the aid of dienamine catalysis in the presence of 5,5-dimethylthiazolidium-4-carboxylic acid 
17c (L-DMTC) as catalyst. These products are very interesting building blocks in many 
natural products and biological chemistry (eq. 12). 
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 rt, 72 h

17c (20 mol%)

93% yield
99% ee
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O O
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N
S

H
O O OO
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29
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H
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In 2003, Ramachary and Barbas reported the synthesis of highly substituted prochiral 
spiro[cyclohexane-1,2'-indan]-1',3',4-trione 33 and 34 via cascade Knoevenagel-Diels-Alder-
epimerization (K-DA-E) reactions,14e,f with high diastereoselectivity. Reaction of 
commercially available chalcogens 27, aldehydes 28 and 1,3-indandione 32 in the presence 
of pyrrolidine 17d as catalyst furnished the corresponding spirocyclic ketones in excellent 
yields and dr’s, which are good starting materials for the preparation of fenestranes (eq. 13). 

 

 
In 2004, Ramachary and Barbas reported the first organo-click reaction via 

combination of Witting, Knoevenagel and Diels-Alder reactions sequentially. Simple heating 
of phosphorane 35, aldehyde 28 and spirolactone 36 with a catalytic amount of L-Proline 17e 
furnished the dispiro[5.2.5.2]hexadecane 37 in quantitative yields with >99:1 
diastereoselectivity as shown in eq. 14. This procedure is a manifestation of organo-click 
chemistry transformation.14g 

 
In 2006, Takashi Itoh and co-workers demonstrated the total synthesis of ent-

dihyrocorynantheol 41 with high enantio- and diasteroselectivity by utilizing proline 17e 
catalysed asymmetric addition reaction as the key step. They commenced the reaction 
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O
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O
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NH
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(13)



Introduction 

13  

between carboline 38 and 3-ethyl-3-buten-2-one 39 in the presence of L-Proline 17e to obtain 
the cyclic adduct 40 in very good yield with excellent enantioselectivity as shown in eq. 15. 
However in this article they did not give any conclusion on whether it follows stepwise 
(Mannich-aza-Micheal) or concerted (hetero Diels-Alder) manner.15 

 

 In 2008, Ramachary et al. demonstrated a double cascade reaction for the synthesis 
of highly functionalized stereoselective cyclohexanes 45 with the aid of Barbas dienamine 
catalysis. In this communication, they reported proline 17e catalysed three and five 
component cascade reaction for the synthesis of highly substituted prochiral methyl-1-cyano-
4-oxo-2,6-diphenyl-cyclohexanecarboxylate 43 and methyl-1-cyano-4(cyano-
methoxycarbonyl-methyl)-2,6-diphenyl cyclohexanecarboxylate 45 in high yields with 
excellent de's. They commenced their reactions with readily available starting materials such 
as 4-substituted-3-butene-2-ones 27, aldehydes 28, methyl cyano acetates 42 and Hantzsch 
ester 44 to obtain the corresponding products via cascade olefination-Diels-Alder-
epimerization and olefination-Diels-Alder-epimerization-olefination-hydrogenation reactions 
respectively, as shown in eq. 16.16 
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In 2009, Melchiorre et al. demonstrated an asymmetric synthesis of multiple 

stereogenic centers containing spirocyclic oxindoles through Barbas dienamine platform. In 
this report, Barbas dienamine intermediate 51, generated in situ from the condensation of α, 
β-unsaturated ketones and 1° amine, reacts with the dienophiles to afford the corresponding 
spiro-oxindole derivatives 50 in moderate yields with high enantioselectivities as shown in 
eq.17. This spirocyclic oxindole core is found in many medicinally relevant compounds as 
well as in natural products.17a 

 

DMSO (0.5 M)
72 h, rt

17e (20 mol%)
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73% yield
99% de
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In the same year, Melchiorre et al. reported construction of challenging asymmetric 
complex scaffolds in efficient manner by utilizing chiral primary amine catalysis. In this 
protocol, reaction of α,β-unsaturated ketones 27 with different electron deficient olefins 52 
such as β-nitrostyrene, trans-α-cyanocinnamate and N-phenyl or N-benzyl maleimides in the 
presence of chiral primary amine 9-amino(9-deoxy)-epi-hydroquinine 17f as catalyst 
afforded the corresponding highly substituted cyclohexanone and bicyclic scaffolds 53 in 
good yields with good diesterioselectivities and excellent enantioselectivities via 
combination of enamine-iminium activation (eq. 18).17b 

 
In 2011, our group demonstrated an amino acid catalyzed diastereospecific three 

component Diels-Alder (DTCDA) reaction that produced highly funtionalized 
chiralspiro[5,5]undecane-1,5,9-triones 55 with the aid of Barbas dieneamine catalysis. 
Reaction of 4-substituted-3-butene-2-one 27, chiral aldehyde 54, and 2,2 dimethyl-1,3-
dioxane-4,6-dione 29 (Meldrum’s acid) in the presence of catalytic amount of L-Proline 17e 
yielded the corresponding product in 75% yield with >99% de as shown in eq. 19. These 
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functionalized chiral spiro[5,5]undecane-1,5,9-triones 55 are attractive building blocks in the 
total synthesis of natural products.19 

 
In 2012, Ying-Chun Chen et al. reported an amine catalyzed stereodivergent and 

regioselective [4+2]-cycoladdition20 with the aid of 2-aminobutadiene catalysis. Reactions of 
β-substituted cycloenones 56 with allylidene or alkynylidenemalonanitrile 57 substrates 
afforded the corresponding substituted bicyclo[2,2,2]octane 58 and 59 analogous with 
moderate to excellent diastereo and enantioselectivity in the presence of primary amine 
catalyst 17. In this unusal transformation, the hydrogen bonding interactions between the 
primary amine catalyst and the starting material plays a key role to achieve high 
diastereodivergence. By the combination of 9-amino-9-deoxyepiquinidine 17i and salicylic 
acid 49b efficiently produced an endo cyclo adduct 59, while using 6'-hydroxy- 9-amino-9-
deoxyepiquinine 17g and 17h as a catalyst obtained exo cyclo adducts 58 (eq. 20). 
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In 2015, Jorgensen et al. reported a synthesis of norcamphor scaffold containing 

multifunctional chiral centers with high stereoselectivity through Barbas dienamine platform. 
In this protocol, they performed the reaction of cyclopentenone 60 with the most common 
class of different electron deficient olefins such as nitro, amide, ester and cyno substituted 
olefins, chalcones, conjugated malononitriles 52 in presence of primary amine quinine-based 
catalyst in toluene as solvent to afford the corresponding products. This protocol turned out 
to be very general to synthesize a variety of 5,6-substituted norcamphor 61 derivatives in 
high yields with excellent stereoselectivity (eq. 21).21 
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(20)
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Attracted by the synthetic and biological applications of nitrogen containing 

heterocyclic compounds and spiro compounds, and considering the strong demand for their 
preparation under extreme mild conditions, we were interested to develop new synthetic 
protocols which could proceed under mild conditions to provide the desired products in 
excellent yields. 

As our aim was to develop new methods for the preparation of N-containing 
hetrocyclic compounds and spiro compounds, major part of the thesis work was focused on 
the base/amine catalyzed enolate mediated synthesis of highly substituted 1,2,3-trizoles and 
sultams . In addition, another part of the thesis work was centered on the amine catalyzed 2-
amino buta-1,3-diene mediated synthesis of spiro compounds. The results of these 
investigations have been discussed in detail in chapters 2-5.  
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Part-A 
  3. Azide-Acetonitrile “Click” Reaction Triggered by Cs2CO3: An 

Atom-Economic, High-yielding Synthesis of 5-Amino-1,2,3-
Triazoles 

3.1 Introduction 
1,2,3-Triazoles have emerged as an important “amide isosteres” with unique 

chemical/physical properties and are widely used as pharmaceuticals.22 Many of the 1,4- 
or 1,5-disubstituted and the 1,4,5-trisubstituted 1,2,3-triazoles have found wide range of 
applications in biological, medicinal, organic, bio-organic, polymer and material 
chemistry due to their surrogating behavior with amide bonds.22 Several recent studies 
including relative planarity, strong dipole moment (4-5 D), and amphihydrogen-bonding 
capability of 1,2,3-triazoles indicate their bio-similarity with amide bonds. 1,2,3-
Triazoles have become better choice than amide bonds in biological chemistry due to 
their inertness towards oxidation, hydrolysis and enzymatic degradation.22c,22d,22h,22l 

In a search for new-type of 1,2,3-triazoles, we thought of synthesizing 5-amino-1,2,3-
triazoles.23 As these compounds posses high dipole moment compared to simple 1,2,3-
triazoles, they have shown significant role in pharmaceutical/biological chemistry (Figure 
1).23 Although in the literature simple enolizable nitriles are used as substrates to furnish 5-
amino-1,2,3-triazoles through preformed keteniminate-formation with excess amount of 
strong base and aryl azides, its further development is required due to the utilization of 
excess amount of base and harsh reaction conditions.24 Herein, we have shown interest to 
develop a general organocatalytic protocol for their high-yielding regioselective synthesis 
from less reactive monosubstituted acetonitriles (Scheme 1). Owing to various applications 
of 1,2,3-triazoles, the last two decades have witnessed the development of novel methods to 
synthesize functionalized triazoles in a regioselective manner. Especially, copper-catalyzed 
azide-alkyne [3+2]-cycloaddition reaction (eq. a, Scheme 1),25 ruthenium- or iridium-
catalyzed azide-alkyne [3+2]-cycloaddition reaction,26 strain-promoted azide-alkyne [3+2]- 
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cycloaddition reaction,27 organocatalytic enamine- or enolate-mediated azide-carbonyl [3+2]-
cycloaddition reaction (eq. b-c, Scheme 1),28, 2a-d copper- or I2/TBPB-promoted reaction of N-
tosylhydrazones with anilines,29 iodine-promoted three-component reaction of N-
tosylhydrazones, arylketone and anilines,30 and classical electronically controlled active 
olefin-azide [3+2]-cycloaddition reaction,31 are among those novel reactions. Many of these 
reactions are suitable to synthesize a variety of 1,2,3-triazoles, except 5-amino-1,2,3-
triazoles, because of the existence of active functional group NH2 at the 5-position of 1,2,3-
triazoles. 

In view of this, we have chosen the recently discovered transition metal-free 
organocatalytic enolate-mediated [3+2]-cycloaddition protocol for the regioselective 
synthesis of 5-amino-1,2,3-triazoles from easily available aryl azides, monosubstituted 
acetonitriles and catalytic amount of tert-amines or carbonate salts (eq. d, Scheme 1). Herein, 
we have disclosed a general, rapid, and operationally simple azide-acetonitrile “click” 
(AANC) reaction for the chemo- and regioselective synthesis of fully decorated 5-amino-
1,2,3-triazoles from the aryl azides and monosubstituted acetonitriles (eq. d, Scheme 1). 
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3.2 Results and Discussion 

We undertook the prior optimization of the AANC reaction by screening simple 
amine and non-amine catalysts for the reaction of phenylacetonitrile 1a with 1.0 to 1.5 equiv. 
of PhN3 2a (Table 1). To our surprise, the reaction of 1a with 1.5 equiv. of 2a in DMSO 
under 20-mol% of DBU 17b-catalysis at RT for 0.5 h furnished the expected product 3aa as 
a single regioisomer with 85% yield (Table 1, entry 1). With lesser catalyst 17b loading (10 
or 5-mol-%), the reaction became inferior with respect to rate and yield (Table 1, entries 2 
and 3). There is not much improvement in the above reaction by changing the solvent to 
DMF (Table 1, entry 4). The same AANC reaction at RT for 24 h under 20-mol% of 
DABCO 17j or DMAP 17k-catalysis furnished 3aa in only 0% and 10% yields, respectively 
(Table 1, entries 5 and 6). After obtaining moderate results with tert-amine catalysts 17b, 17j 
and 17k through keteniminate-formation, we thought of exploring the same reaction with  
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Scheme 1: Reaction design for the azide-acetonitrile "click" reaction
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non-amine bases 17l-n as the catalysts (Table 1, entries 7-16). Intriguingly, the reaction of 1a 
with 1.5 equiv. of 2a in DMSO under 20-mol% of Cs2CO3 17m-catalysis at 25 °C for 0.5 h 
furnished 3aa in 90% yield, but the same reaction under K2CO3 17l-catalysis furnished the 
product 3aa in only 45% yield after 6 h (Table 1, entries 7 and 8). Amazingly, the same 
reaction with just 10-mol% of 17m-catalysis also furnished 3aa in 93% yield within 0.75 h  

Entry Catalyst 3 t [h] Yield 3aa [%][b]

1
2
3

17b (20 mol%) 0.5 85
17b (10 mol%) 0.75 72
17b (5 mol%) 24 45

5 17j (20 mol%) 24
4 17b (20 mol%) 16 45

Table 1: Reaction optimization[a]

a Reactions were carried out in solvent (0.5 M) with 1.5 equiv. of 2a
relative to the 1a (0.5 mmol) in the presence of 5-20-mol% of catalyst
17. b Yield refers to the column-purified product. c 1.2 equiv. of 2a was
used. d 1.0 equiv. of 2a was used. e DMSO/H2O (7:3) was used as
solvent.

Solvent (0.5 M)RT, 0.5-24 h
+

Catalyst 17
(5-20 mol%)

1a 2a 3aa

N N
N

Ph

N
N N

N

N

Me2N

17b 17j

7 17l (20 mol%) 6 45
6 17k (20 mol%) 24 10

8 17m (20 mol%) 0.5 90

14 17m (10 mol%) 6 40

9 17m (10 mol%) 0.75 93

17k

10[c] 17m (10 mol%) 0.75 93

Ph NH2

tBuOK
17n

11[d] 17m (10 mol%) 0.75 87
12[c,e] 17m (10 mol%) 0.5 99
13 17m (10 mol%) 24

PhN3PhCH2CN

K2CO317l
Cs2CO317m

Solvent
DMSO
DMSO
DMSO

DMSO

DMSO
DMSO

DMSO
DMSO
DMSO
DMSO
DMSO+H2O

DMF

H2O
DMF

16 17n (10 mol%) 0.5 65
15 17n (20 mol%) 0.5 85DMSO

DMSO
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Figure-2: 1H and 13C NMR spectra of the product 3aa. 
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(Table 1, entry 9). But the same AANC reaction under 10-mol% of 17m-catalysis with 
decreased equivalents (1.2 or 1.0 equiv.) of 2a for 0.75 h furnished 3aa in 93% and 87% 
yields, respectively (Table 1, entries 10 and 11). The AANC reaction of 1a with 1.2 equiv. of 
2a in DMSO+H2O (7:3) under 10-mol% of Cs2CO3 17m-catalysis at 25 °C for 0.5 h 
furnished 3aa in 99% yield, may be due to no decomposition of the product 3aa in an 
aqueous dimethyl sulfoxide (Table 1, entry 12). We were astonished to find that, there was 
no reaction in pure water due to the poor solubility and only starting materials were 
recovered under 10-mol% of 17m-catalysis for 24 h; and the product 3aa was obtained in 
only 40% yield in DMF solvent (Table 1, entries 13 and 14). The same reaction with 20 or 
10-mol% of t-BuOK 17n-catalysis furnished 3aa in 85% or 65% yield, respectively (Table 1, 
entries 15 and 16). Finally, we envisioned the optimized condition to be 25 C in 
DMSO+H2O (7:3) under 10-mol% of Cs2CO3 17m-catalysis to furnish the single isomer of 
fully decorated 5-amino-1,2,3-traizole 3aa in 99% yield from 1a and 2a (Table 1, entry 12). 

With the best optimized condition in hand, the generality of the keteniminate-
mediated AANC reaction was investigated further. For this, various aryl and alkyl azides 2b-
q were reacted with phenylacetonitrile 1a catalyzed by 10-mol% of Cs2CO3 17m at 25 C in 
DMSO+H2O (7:3; 0.5 M) for 0.5-2 h (Table 2). Fascinatingly, the aryl azides 2b-n 
containing different functional groups of F, Cl, Br, Me, OMe, CF3, CN, CO2Et, CHO, and 
NO2 at three different positions furnished the expected fully decorated 5-amino-1,2,3-
triazoles 3ab-an in good to excellent yields within 0.5-2 h. The AANC reaction of 1a with 4-
CO2EtC6H4N3 2l and 4-CHOC6H4N3 2m under 17m-catalysis in DMSO+H2O furnished the 
products 3al and 3am in only 46-49% yields due to the decomposition, but the same reaction 
under the 10-mol% of DBU 17b-catalysis in DMSO furnished 3al in 75% and 3am in 60% 
yields. Surprisingly, Cs2CO3 17m or DBU 17b-catalyzed AANC reaction of 1a with aliphatic 
azides of benzyl azide 2o and (2-azidoethyl)benzene 2p did not furnish the expected products 
3, but the same reaction under 20-mol% of t-BuOK 17n-catalysis for 2 h furnished the 5-
amino-1,2,3-triazoles 3ao in 95% and 3ap in 92% yields. There was no AANC reaction 
observed between 1a and TsN3 2q under all the three different catalytic conditions. The 
structure and the regiochemistry of the AANC products 3ab-ap were confirmed by NMR 
analysis and also finally confirmed by the X-ray structure analysis on 3al as shown in the 
Figure 8.32 
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Table 2: Azide scope with phenylacetonitrile 1a[a,b]

a Reactions were carried out in DMSO+H2O (7:3; 0.5 M) with 1.2 equiv. of 2b-q relative 
to the 1a (0.5 mmol) in the presence of 10-mol% of 17m. b Yield refers to the column-
purified product.  c DBU-catalysis at RT for 1-2 h. d tBuOK-catalysis at RT for 2 h.

DMSO+H2O
(7:3; 0.5 M)
RT, 0.5-2 h

+
Cs2CO3 17m

(10 mol%)
Ph

CN

N N
N

Ph
86% (3ab)

N N
N

Ph
90% (3ac)

N N
N

Ph
85% (3ad)

Cl

N N
N

Ph
85% (3ae)

Br N N
N

Ph
80% (3af)

N N
N

Ph
80% (3ag)

N N
N

Ph
60% (3ah)

N N
N

Ph

85% (3ai)

OMe N N
N

Ph

90% (3aj)

N N
N

Ph
93% (3ak)

CN N N
N

Ph
75% (3al)c

N N
N

Ph
60% (3am)c

CHO

N N
N

Ph
60% (3an)

O2N N N
N

Ph

Ph

95% (3ao)d

N N
N

Ph

92% (3ap)d

N N
N

Ph
Ts

<5% (3aq)

Ar-N3 (or) R-N3
(1.2 equiv.)

1a 2 3

N N
N

Ph
Ar/R

NH2

F
NH2 NH2 NH2

NH2
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NH2 NH2

NH2
NH2
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NH2
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Figure-3: 1H NMR and 13C NMR spectrum of product 3ab. 
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Figure-4: 1H NMR and 13C NMR spectrum of product 3ag. 
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Figure-5: 1H NMR and 13C NMR spectrum of product 3ah. 
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Figure-6: 1H NMR and 13C NMR spectrum of product 3aj. 
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Figure-7: 1H NMR and 13C NMR spectrum of product 3ao. 
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To develop a further diverse library of fully decorated 5-amino-1,2,3-triazoles 3, and 

bis-5-amino-1,2,3-triazoles 62, and also to further understand the electronic factors of 
monosubstituted arylacetonitriles 1 in the AANC reaction, we have chosen different 
arylacetonitriles 1b-p, and simple aryl azides 2 (Table 3). The AANC reaction of 2-
fluorophenylacetonitrile 1b with less reactive PhN3 2a under Cs2CO3-catalysis at 25 °C for 
0.75 h furnished the 5-amino-1,2,3-triazole 3ba in 93% yield (Table 3). In a similar manner, 
we have also tested five more examples of 3-F, 4-F, 4-Cl, 3-Br and 4-Br phenylacetonitriles 
1c-g for the AANC reaction with PhN3 2a at 25 °C for 0.75 h, which furnished the 5-amino-
1,2,3-triazoles 3ca-ga in 90-93% yields (Table 3). The AANC reaction of 3-Me, 4-Me, 4-
OMe, 4-CF3, 4-CN, and 2-NO2-substituted phenylacetonitriles 1h-j and 1m-o with 2a under 
17m-catalysis at 25 °C for 0.75-1.0 h furnished the fully decorated 5-amino-1,2,3-triazoles 
3ha-ja and 3ma-oa in 80-93% yields, respectively without showing much electronic 
influence. But surprisingly, the AANC reaction of 4-OAc and 4-NHAc substituted 
phenylacetonitrile 1k/1l with PhN3 2a under Cs2CO3-catalysis needed a little higher 
temperature (60 °C) for 3 h and furnished the 5-amino-1,2,3-triazoles 3ka and 3la in only 
50% and 40% yields, respectively. With applications in mind, we have prepared the bis-5-
amino-1,2,3-triazoles 62pa, 62po and 62ar in good yields from the treatment of 2,2'-(1,4-
phenylene)diacetonitrile 1p or 1a with aryl azides PhN3 2a, BnN3 2o, or 1,4-
bis(azidomethyl)benzene 2r at 25 °C for 2 h under t-BuOK 17n-catalysis. Initially, we were 
disappointed to find that there was no bis-5-amino-1,2,3-triazole 62pa formation from the 
reaction of 2,2'-(1,4-phenylene)diacetonitrile 1p with 2a under Cs2CO3 17m-catalysis and 
only mono-triazole 3pa was isolated in 50% yield. Later on switching to t-BuOK 17n (20 

Figure 8. Crystal structure of ethyl 4-(5-amino-4-phenyl-1H-1,2,3-triazol-1-yl)benzoate (3al).

N
NN

3al

CO2Et
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mol-%) as catalyst, we successfully synthesised the bis-5-amino-1,2,3-triazoles 62pa, 62po 
and 62ar in 50%, 60%, and 60% yields respectively from the AANC reaction. 
 

Table 3 : Reaction scope with different azides and phenylacetonitriles[a,b]

DMSO+H2O 
(7:3; 0.5 M)
RT, 0.5-2 h

+
Cs2CO3 17m

(10 mol%)
R

CN

N N
N

Ph

93% (3ba)

N N
N

Ph

90% (3ca)

N N
N

Ph

90% (3da)
N N

N
Ph

90% (3ea)

N N
N

Ph

90% (3fa)

N N
N

Ph

93% (3ga)

N N
N

Ph

93% (3ha)

N N
N

Ph

85% (3ia)

N N
N

Ph

90% (3ja)
N N

N
Ph

50% (3ka)c

N N
N

Ph

40% (3la)c

N N
N

Ph

90% (3ma)

N N
N

Ph

88% (3na)

N N
N

Ph

80% (3oa)

N N
N

Ph

50% (3pa)

Ar-N3
(1.2 equiv.)

1 2 3/62

N N
N

R
Ar

NH2

NH2 NH2 NH2

NH2 NH2 NH2

NH2 NH2 NH2

NH2 NH2 NH2

NH2 NH2 NH2

F
F

F

Cl Br

Br

Me
Me MeO

AcO AcHN F3C

NC

O2N

NN
N

NH2
R N

NN
RH2N

R = Ph: 50% (62pa)d
R = Bn: 60% (62po)d

NC

N N

60% (62ar)d

N
N N

N

Ph
NH2 H2N

Ph

a Reactions were carried out in DMSO+H2O (7:3; 0.5 M) with 1.2 equiv. of 2 relative to
the 1 (0.5 mmol) in the presence of  10-mol% of 17l. b Yield refers to the column-purified 
product. c Reaction performed at 60 oC for 3 h. d tBuOK-catalysis at RT for 2 h.
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Figure-9: 1H NMR and 13C NMR spectrum of product 3ba. 
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Figure-10: 1H NMR and 13C NMR spectrum of product 3ka. 
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Figure-11: 1H NMR and 13C NMR spectrum of product 3ma. 
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Figure-12: 1H NMR and 13C NMR spectrum of product 62pa. 
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Figure-13: 1H NMR and 13C NMR spectrum of product 62ar. 
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The utility of the AANC reaction was further represented by synthesizing medicinally 
useful compounds 63ga, 63ja and 62asg (Scheme 2).23 As shown in Scheme 2, analogues of 
potassium channel activators 63ga and 63ja were synthesized in very good yield from the 
corresponding 5-amino-1,2,3-triazoles 3ga and 3ja through the modified Dimroth 
rearrangement conditions.33 In contrast, the literature conditions for the Dimroth 
rearrangement required highly basic solvent, high temperature and long reaction time.[13] 
Further, we synthesized the functionally rich double click compound 62asg through the first 
AANC reaction of phenylacetonitrile 1a with 1-azido-4-(azidomethyl)benzene 2s in 
DMSO+H2O at 25 °C for 5 h under 17m-catalysis to furnish 3as in 60% yield, which on t-
BuOK-catalyzed second AANC reaction with 4-bromophenylacetonitrile 1g at 25 °C for 2 h 
furnished 62asg in 50% yield. These results clearly show the advantage of the AANC 
methodology, which enables a high-yielding metal-free synthesis of medicinally important 5-
amino-1,2,3-triazoles.  

 
 
 
 
 
 
 
 
 
 
 
 
 

180 oC, 6 h

Toluene
(0.32 M)

A) Dimroth Rearrangement
N N

N
Ph

NH2
R R = Br (3ga)

R = OMe (3ja)

N NH
N

HN
R 78% (R = Br; 63ga)

85% (R = OMe; 63ja)

Ph

DMSO+H2O 
(7:3; 0.5 M)

RT, 5 h

+
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(20 mol%)
Ph

CN

1a 2s
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N N
N

Ph NH2
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N N

N

Ph NH2

N
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NH2
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Scheme 2: Application of azide-acetonitrile "click" reaction
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Figure-14: 1H NMR and 13C NMR spectrum of product 63ja. 
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Figure-15: 1H NMR and 13C NMR spectrum of product 62asg. 
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3.3 Mechanistic Insights 
The provisional mechanism for the 17m-catalyzed AANC reaction in DMSO+H2O 

(7:3; 0.5 M) is illustrated in Scheme 3. Reaction of monosubstituted acetonitriles 1 with 
catalyst 17m generates the keteniminate 64,34 which on in situ treatment with Ar-N3 2 
furnishes selectively the adduct 1,4-diaryl-1H-1,2,3-triazol-5(4H)-imine 65 via concerted or 
stepwise [3+2]-cycloaddition reaction,28 which on further rapid isomerisation transforms into 
the fully decorated 5-amino-1,2,3-triazole 3 at ambient conditions. In this AANC reaction, 
the formation rate and the stability of the reactive intermediates 64 and 65 seems to be 
induced by the presence of limited amount of water molecules in DMSO under the 17m-
catalysis. 

3.4 Conclusion 
In conclusion, we have demonstrated the keteniminate-mediated carbonate-catalyzed 

or organocatalytic azide-acetonitrile [3+2]-cycloaddition reaction that generates medicinally 
important 5-amino-1,2,3-triazoles decorated with useful functional groups. Carbonate-
catalyzed AANC protocol highlights the metal-free conditions with high rate and selectivity, 
and easy access to a library of functionalized 5-amino-1,2,3-triazoles. Moreover, many of the 
reported syntheses have the disadvantage of requiring the strong bases with many equivalents 
or using highly reactive substrates; therefore, this catalytic protocol is very convenient. 
Further work is in progress to utilize the keteniminate-mediated AANC reactions in 
medicinal and material chemistry. 
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4.  An Organocatalytic Regiospecific Synthesis of 1,5-
Disubstituted-4-Thio-1,2,3-Triazoles and 1,5-

Disubstituted-1,2,3-Triazoles 
4.1 Introduction 

1,4-/1,5-Disubstituted 1,2,3-triazoles and 1,4,5-trisubstituted 1,2,3-triazoles have 
garnered much interest as peptide bond isosteres and also as an important family of 
heterocycles, which exhibit a vast spectrum of properties and applications and are widely 
used in pharmaceuticals.22 In particular, 1,2,3-triazoles containing 4-thiomethyl or 5-thio 
compounds and 1,5-disubstituted 1,2,3-triazoles have found widespread medicinal 
application in anticancer drugs, antifungal agents, antibacterial drugs, anti-inflammatory 
drugs, mPGES-1 inhibitors, bioorthogonal probes, and also as human dUTPase inhibitors 
(Figure 16).35 With these applications, the development of more general and green protocols 
for the synthesis of their analogues is of significant interest.36 
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             The regioselective copper-catalyzed azide–alkyne [3+2]-cycloaddition (CuAAC) 
reaction, reported by the groups of Sharpless and Meldal in 2002, led to a huge expansion of 
interest in 1,4-disubstituted 1,2,3-triazoles.25 After the discovery of this click reaction, many 
researchers entered this field and made significant contributions in terms of structural 
evolution, reaction development, and applications in the chemical and biological sciences. 
Novel reaction discoveries in this field have included, zinc-, ruthenium-, iridium-, and 
samarium-catalyzed azide–alkyne [3+2]-cycloadditions,26 strain-promoted azide–alkyne 
[3+2]-cycloaddition (SPAAC),27 base-promoted azide–alkyne [3+2]-cycloaddition,37 azide–
bromomagnesium acetylide [3+2]-cycloaddition,38 organocatalytic enamine- or enolate-
mediated azide–carbonyl [3+2]-cycloaddition,2,28 copper- or iodine/tert-butyl 
peroxybenzoate-promoted reaction of N-tosylhydrazones with anilines,29 iodine-promoted 
three-component reaction of N-tosylhydrazones, arylketones and anilines,30 and 
electronically controlled active olefin–azide [3+2]-cycloaddition.31 Many of these reactions 
are suitable to synthesize a variety of 1,2,3-triazoles, based on the availability of substrates 
and catalysts. 

In search of the medicinally important 1,2,3-triazoles, we thought of synthesizing 1,5-
disubstituted-4-thio-1,2,3-triazoles,35 as their analogues have shown significant role in 
pharmaceutical/biological chemistry (Figure 16).35 Although in the literature base-promoted 
SNAr reaction of 5-fluoro-1,2,3-triazoles with alkyl thiols (eq. a, Scheme 4)39 or iridium-
catalyzed [3+2]-cycloaddition of thioalkynes with aryl azides (eq. b, Scheme 4)26e exist as 
new protocols to furnish 5-thio-1,2,3-triazoles through metal-catalysis, there is no reaction 
available to prepare the 4-thio-1,2,3-triazoles. Herein, we have disclosed a general, rapid, and 
operationally simple organocatalytic azide-ketone [3+2]-cycloaddition (OrgAKC) reaction 
for the chemo- and regiospecific high-yielding synthesis of fully decorated 1,5-disubstituted-
4-thio-1,2,3-triazoles from the aryl/alkyl azides and 1-aryl-2-(arylthio)ethanones or 1-alkyl-
2-(alkylthio)ethanones (eq. c, Scheme 4). One of the very important benefit of this protocol is 
that useful 1,5-disubstituted-1,2,3-triazoles could be easily synthesized from the common 
intermediate, 1,5-disubstituted-4-thio-1,2,3-triazoles through desulphurization reaction with 
Raney-Ni at room temperature (eq. c, Scheme 4). 
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4.2 Results and Discussion 

Based on our proposal, first we have chosen 1-phenyl-2-(phenylthio)ethanone 66a 
and phenyl azide 2a as substrates for the reaction optimization. We commenced optimization 
of the OrgAKC reaction by using commercially available DBU 17b [pKa of conjugate acid in 
DMSO = 12] as the organocatalyst for the clicking of 1-phenyl-2-(phenylthio)ethanone 66a 
[pKa of methylene CH-bonds in DMSO = 16.9] with 1.2 to 1.5 equiv. of phenyl azide 2a 
(Table 4). The click reaction of ketone 66a with 1.2 equiv. of 2a in DMSO, catalyzed by 10-
mol% of 17b at 25 °C for 2.5 h furnished the expected 4-thio-1,2,3-triazole 67aa as a single 
regioisomer in moderate yield (Table 4, entry 1). The same reaction over an extended time (6 
h) at 25 °C furnished the 4-thio-1,2,3-triazole 67aa in 85% yield (Table 4, entry 2). When the 
amount of azide 2a was increased from 1.2 to 1.5 equivalents, the same reaction over 6 h 
furnished the 4-thio-1,2,3-triazole 67aa in 90% yield (Table 8, entry 3). At a reaction 
temperature at 50 °C, the same reaction of 66a with 1.5 equiv of 2a furnished 67aa in 90% 
yield within 1.0 h (Table 4, entry 4). To investigate whether the DBU-promoted OrgAKC 
reaction is solvent dependent, we carried out the click reaction in various other solvent 
systems, including aqueous dimethyl sulfoxide [DMSO+H2O (7:3 v/v)], DMF, CH3CN, 
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CHCl3 and EtOH. However we obtained the click product 67aa in decreased yields of 50%, 
76%, 42%, <3% and <5% respectively, and longer reaction times of up to 24 h were  

Entry Solvent[0.5 M] t [h] Yield [%][b]

1
2
3

DMSO 2.5 65
DMSO 6.0 85
DMSO 6.0 90

67aa

5[d] DMSO+H2O 24.0 50
4[c] DMSO 1.0 90

Table 4: Reaction optimization[a]

a Reactions were carried out in solvent (0.5 M) or solvent-free with 1.2-
1.5 equiv. of 2a relative to the 66a (0.5 mmol) in the presence of 10-
mol% of catalyst 17. b Yield refers to product isolated by column
chromatography. c Reaction performed at 50 oC. d DMSO+H2O (7:3)
was used as solvent. e Starting materials 66a and 2a were recovered.

Solvent or NeatRT, 1.0-24.0 h
+

Catalyst 17
(10 mol-%)

66a 2a 67aa
Ph

SPh

O N N
N

PhS
Ph

18[c] Neat 1.5 90
17 Neat 1.5 85

N3 Ph
Ph

Azide 2a
[equiv.]

1.2
1.2
1.5

1.5
1.5

1.5
1.5

N
N N

N

17b 17j 17o

K2CO317l
tBuOK

17n
NH

N
N NH

CO2H
17e

NH
17p

NH
17d

Catalyst 17
[10 mol-%]

17b
17b
17b

17b
17b

17b
17b

6
7
8[e]

2.0 76
17.0 42
24.0 <3%

10[e] DMSO 24.0 <3%
9[e] 24.0 <5%

1.5
1.5
1.5

1.5
1.5

17b
17b
17b

17j
17b

DMF
CH3CN
CHCl3
EtOH

11 DMSO 24.0 371.517o
12[e]

13
14[e]

24.0
24.0 22
24.0

16[e] DMSO 6.5 <5%
15[e] 24.0 <5%

1.5
1.5
1.5

1.5
1.5

17e
17p
17d

17n
17l

DMSO
DMSO
DMSO
DMSO
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Figure-17: 1H and 13C NMR spectra of the product 67aa. 
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required, except in DMF (Table 4, entries 5-9). These results clearly support our hypothesis 
of involvement of reactive in situ enolate formation from 66a with 17b during the course of 
the reaction To further investigate the reactivity of amine and non-amine catalysts on 
OrgAKC reaction, we carried out the click reaction with 10 mol-% of various catalysts like 
DABCO (17j), triazabicyclodecene (17o), proline (17e), diethylamine (17p), pyrrolidine 
(17d), K2CO3 (17l) and t-BuOK (17n) in DMSO at 25 °C. However, with catalysts 17o and 
17p, we obtained the 67aa in only 37% and 22% yield, respectively, and with the other 
catalysts conversions of 0–<5% were obtained (Table 4, entries 10–16). To make this click 
 reaction greener, we tested the reaction under solvent-free conditions. Pleasingly, the 
solvent-free reaction of 66a (0.5 mmol, 114 mg) and 2a (0.75 mmol, 88.6 mL) with 17b 
(0.05 mmol, 7.5 mL) at 25–50 °C for 1.5 h furnished 67aa in 85–90% yields (Table 4, entries 
17 and 18). In these reactions, the phenylthio (Ph–S) group was electronically responsible for  
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

Me
O N3

N N
N

Conditions+

Entry Reaction Conditions Solvent Product
1 t-BuOK 17n (20 mol%), 25-70 oC, 24 h DMSO No Reaction
2 DMSO

DMSO
DMSO
DMSO
DMSO
DMSO
DMSO
DMSO

DCM

No Reaction
No Reaction
No Reaction
No Reaction
No Reaction
No Reaction
No Reaction
No Reaction
No Reaction
No Reaction

Cs2CO3 17m (20 mol%), 25-70 oC, 24 h
3
4
5
6
7
8
9
10
11

NaOMe 17q (20 mol%), 25-70 oC, 24 h
DBU 17b (20 mol%), 25-70 oC, 24 h
Guanidine 17r (20 mol%), 25-70 oC, 24 h
Piperidine 17s (20 mol%), 25-70 oC, 24 h
Pyrrolidine 17d (20 mol%), 25-70 oC, 24 h
L-Proline 17e (20 mol%), 25-70 oC, 24 h
Diethylamine 17p (20 mol%), 25-70 oC, 24 h
HC(OEt)3 (1 equiv.), TfOH (1 equiv.), 25 oC, 24 h
HC(OEt)3 (1 equiv.), AgSbF6 ( 0.1 equiv.), 25 oC, 24 h

CCl4

Table 5: Reaction design for the click reaction of acetophenone with phenyl azide.

(0.5 mmol) (1.5 mmol)
68a 2a

69aa



Synthesis of 1,5-Disubstituted-4-Thio-1,2,3-Triazoles and 1,5-Disubstituted-1,2,3-Triazoles 
 

48  

inducing the acidity of C–H bonds in 66a, as proven by the control experiments. No click 
reaction was observed between acetophenone (PhS = H) 68a and phenyl azide through 
enolate or enamine formation catalyzed by amines or amino acids (Table 5). We therefore 
identified the optimized conditions as 25–50 °C in DMSO or solvent-free, catalyzed by 10 
mol% of DBU 17b, which furnished the single isomer 67aa in 90% yield from 66a and 2a 
(Table 4, entries 3, 4 and 18).  
             With the optimized conditions in hand, the scope and the generality of the DBU-
catalyzed OrgAKC reactions were investigated. A variety of substituted aryl and alkyl azides 
2b-v reacted with ketone 66a catalyzed by 10-mol% of DBU 17b at 25 C both under 
solvent-free conditions and in DMSO for 0.75-6 h (Table 6). The aryl azides 2b–e, 2j–m and 
2t with substituents including NO2, CO2Et, CN, CF3, CHO, F, Cl and Br furnished the 
expected 4-thio-1,2,3-triazoles 67ab–ae, 67aj–am  and 67at in excellent yields within 0.75 h 
under both sets of conditions, without showing much difference (Table 6, entries 1–9). 
Reaction rates and yields of the 4-thio-1,2,3-triazoles 67ab–ae, 67aj–am  and 67at were 
increased by electron-withdrawing substituents at the para position of 2, but rate and yields 
slightly decreased with alkyl and electron-donating substituents. For example, the DBU-
catalyzed OrgAKC reaction of the aryl azides 4-CH3C6H4N3 (2g) and 4-OCH3C6H4N3 (2i) 
with ketone 66a in DMSO at 25 °C took longer time (6 h) for lower yields (65% and 25 %, 
respectively); but the same reactions at 50 °C for 2.0 h furnished the 4-thio-1,2,3-triazoles 
67ag and 67ai in 90% and 55% yields, respectively (Table 6, entries 10 and 11), similar 
results were obtained with 2g and 2i under solvent-free conditions, but the yield of 67ai was 
increased compared to that in DMSO. The reaction of 66a with chiral (R)-2u having 75.9% 
ee, catalyzed by 10 mol% of 17b, furnished (R)-67au in 65% yield with similar (75.7%) ee 
(Table 6, entry 12). Surprisingly, no reaction was observed for the 17b-catalyzed OrgAKC 
reaction of 66a with alkyl and sugar azides 2o, 2p and 2v in DMSO at 25–65 °C for 24 h, but 
the same reaction under solvent-free conditions at 50 °C for 3, 6, and 24 h furnished 67ao, 
67ap, and 67av in 65%, 40%, and 60% yields, respectively (Table 6, entries 13–15). The 
longer reaction time (24 h) required for the OrgAKC reaction of 66a with azido sugar 2v may 
be due to the highly viscous nature of the reaction mixture because of the polar functional 
groups. 1,2,3-Triazole formation from alkyl or sugar azides is a useful reaction in click 
chemistry,40 which highlights the importance of the OrgAKC reaction in glycoscience. 
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Entry Ar-N3 or R-N3 2 Yield [%][b,c]

9 2t (Fg = 4-NO2) 67at: 93 (85)

67ab-av

Table 6: Azide scope[a]

a Reactions were carried out in DMSO (0.5 M) or solvent-free with
1.5 equiv. of 2b-v relative to the 66a (0.5 mmol) in the presence of
10-mol% of 17b. b Yield refers to the column-purified product. c
Values in parentheses refer to the yields of the solvent-free
reaction. d Reaction performed at 50 oC. e ee of the 2m is 75.9%
and that of 67am is 75.7%, based on the chiral HPLC analysis; f
Reaction performed in solvent-free condition only. g t = 24 h.

DMSO (0.5 M)[or] NeatRT, 0.75-6 h
+

DBU 17b
(10 mol-%)

66a 67ab-av

Ph
SPh

O N N
N

PhS
Ar/R

11[d] 2i (Fg = 4-OMe) 67ai: 55 (72)
10[d] 2g (Fg = 4-Me) 67ag: 90 (87)

13[d,f] 2o (R = Bn) 67ao: (65)
14[d,f] 2p (R = CH2CH2Ph) 67ap: (40)

2b-v
(or)

R N3

N3
Fg

Ph

12[e] 2u [Fg = (R)-4-CH3COCH2CHOH] 67au: 65 (63)

O

O O

N3 CO2Et

15[d,f,g] 67av: (60)2v

1 2b (Fg = 4-F) 67ab: 95 (90)

3
4

2d (Fg = 4-Cl) 67ad: 95 (88)
2e (Fg = 4-Br) 67ae: 88 (92)

2 2c (Fg = 3-Cl) 67ac: 96 (85)

7 2l (Fg = 4-CO2Et) 67al: 90 (90)
8 2m (Fg = 4-CHO) 67am: 87 (81)

6 2k (Fg = 4-CN) 67ak: 93 (85)
5 2j (Fg = 4-CF3) 67aj: 97 (85)
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Figure-18: 1H and 13C NMR spectra of the product 67ab.  
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Figure 19: 1H and 13C NMR spectra of the product 67ae. 
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Figure-20: 1H and 13C NMR spectra of the product 67ak. 
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Figure-21: 1H and 13C NMR spectra of the product 67au. 
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Figure-22: 1H and 13C NMR spectra of the product 67av. 
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          Having elucidated the solvent effects and the electronic and steric factors of aryl, alkyl, 
and sugar azides 2 in the [3+2]-cycloaddition reaction, we further investigated the reaction 
scope with different 1-aryl-2-(phenylthio)ethanones 66b–n and 1-(phenylthio)propan-2-one 
66o in the OrgAKC reaction with C6H5N3 2a, 4-CF3C6H4N3 2j, and 4-FC6H4N3 2b under 
both sets of conditions (Table 7). In this reaction, 1-aryl-2-(phenylphenylthio)ethanones 66b–
n, containing functional groups including 4-NO2, 3-NO2, 4-CN, 4-CF3, 4-F, 4-Cl, 4-Br, 4-I, 
4-OMe, 4-Me, 2-naphthyl, 4-phenyl, and heteroaryl, were used as substrates for the 
organocatalytic synthesis of single isomers of 1,4,5-trisubstituted 4-thio-1,2,3-triazoles 67bj–
nj, 67fa, and 67gb in good to excellent yields within 0.75–1.5h (Table 7, entries 1–15). In a 
similar manner, the OrgAKC reaction of 1-(phenylthio)propan-2-one 66o with aryl azides 2a 
and 2j catalyzed by 17b at RT for 0.75 h in DMSO furnished 67oa and 67oj in 65% and 80% 
yields, respectively (Table 7, entries 16 and 17). The OrgAKC reactions of 66j, 66n, and 66o 
with 2j or 2a in DMSO gave click products 67jj, 67nj, and 67oa in 70 %, 62% and 65% 
yields, whereas the same reactions under solvent-free conditions also furnished the products 
in moderate yields 66 %, 56% and 61 %, respectively; (Table 7, entries 11, 15, and 16). The 
results in Table 7 demonstrate the broad scope of this methodology, covering a structurally 
diverse group of 1-aryl-2-(phenylthio)ethanones 66b–n, 1-(phenylthio)propan-2-one 66o, 
and aryl azides 2a, 2j, and 2b. Many of the OrgAKC product 67 yields obtained compared 
very well to iridium-catalyzed azide–thioalkyne [3+2]-cycloaddition26 (Table 7 and Scheme 
4). The structure and the regiochemistry of the OrgAKC products were confirmed by NMR 
spectroscopy. Moreover, the structure of 67jj  was definitively established X-ray structure 
analysis (Figure 23).41    
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Entry Ar1 or R
66

Yield [%][b]

1
2
3

66b (Ar = 4-NO2C6H4) 95 (67bj)
66c (Ar = 3-NO2C6H4) 91 (67cj)
66d (Ar = 4-CNC6H4) 90 (67dj)

67

5 66f (Ar = 4-FC6H4) 95 (67fa)
4 66e (Ar = 4-CF3C6H4) 85 (67ej)

Table 7. Ketones scope: -(Phenylthio)ketones.[a]

a Reactions were carried out in DMSO (0.5 M) with 1.5 equiv. of 2
relative to the 66b-o (0.5 mmol) in the presence of 10 mol-% of 17b.
b Yield refers to the column-purified product. c yields of 66% (67jj),
56% (67nj) and 61% (67oa) were obtained through solvent-free
reaction of 66j, 66n, and 66o with 2j or 2a at RT for 1 h.

8 66g (Ar = 4-ClC6H4) 90 (67gj)
9 66h (Ar = 4-BrC6H4) 83 (67hj)
10
11[c]

12

66i (Ar = 4-IC6H4) 82 (67ij)
66j (Ar = 4-OMeC6H4) 70 (67jj)
66k (Ar = 4-MeC6H4) 93 (67kj)

14 66m (Ar = 4-PhC6H4) 92 (67mj)
13 66l (Ar = 2-Naphthyl) 90 (67lj)

15[c] 66n (Ar = Furan-2-yl) 62 (67nj)
16[c] 66o (R = Me) 65 (67oa)

6 66f (Ar = 4-FC6H4) 85 (67fj)

DMSO (0.5 M)RT, 0.75-1.5 h
+

DBU 17b
(10 mol-%)

66 67
Ar1/R

SPh

O N N
N

PhS
Ar2

2
Ar2 N3

Ar1/R
Ar2-N3

2
2j
2j
2j

2a
2j

2j
2j
2j
2j
2j

2j
2j

2j
2a

2j
7 66g (Ar = 4-ClC6H4) 85 (67gb)2b

17 66o (R = Me) 80 (67oj)2j
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Figure-24: 1H and 13C NMR spectra of the product 67ej. 
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Figure-25: 1H and 13C NMR spectra of the product 67fa. 
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Figure-26: 1H and 13C NMR spectra of the product 67hj. 
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Figure-27: 1H and 13C NMR spectra of the product 67lj. 
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Figure-28: 1H and 13C NMR spectra of the product 67nj. 
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Figure-29: 1H and 13C NMR spectra of the product 67oj. 
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To further investigate the importance of the alkyl/aryl substitution on the sulfur atom 
on the acidity of the α-methylene of 1-aryl-2-(arylthio)ethanones and 1-aryl-2-
(alkylthio)ethanones 66p–w in the OrgAKC reaction, we chose the highly functionalized 
ketones 66p–w, which have low or high α-methylene acidity compared to 1-aryl-2-
(phenylthio)ethanones 66a–o (Table 8). The reaction of 1-[(1,1’-biphenyl)-4-yl]-2-[(2-
fluorophenyl)thio]ethanone 66p with 4-CF3C6H4N3 2j catalyzed by DBU at 25 °C for 1.5 h 
furnished the expected 4-thio-1,2,3-triazole 67pj in 87% yield without showing the effects of 
steric or electronic factors (Table 8, entry 1). In a similar manner, the reaction of 2- 
chlorophenylthioethanone 66q, 4-chlorophenylthioethanone 66r, and 2-
bromophenylthioethanone 66s with 4-CF3C6H4N3 2j catalyzed by DBU at 25 °C for 1.5 h 
furnished the 4-thio-1,2,3-triazoles 67qj–sj, each in 85% yield (Table 8, entries 2–4). We 
also utilized three examples of 1-aryl-2-(alkylthio)ethanones 66t, u, and w for the OrgAKC 
reaction with 2a or 2j catalyzed by DBU, which furnished the expected 1,4,5-trisubstituted 4- 

Table 8: Ketone scope: Other -(arylthio)ketones.[a]

a Reactions were carried out in DMSO (0.5 M) with 1.5 equiv. of
2 relative to the 66p-w (0.5 mmol) in the presence of 10 mol-%
of 17b. b Yield refers to product isolated by colum
chromatography.

Entry R, Ar1, or Ar2
66

Yield [%][b]

1
2
3

66p (Ar1 = 4-PhC6H4; Ar2 = 2-FC6H4) 87 (67pj)
66q (Ar1 = 4-PhC6H4; Ar2 = 2-ClC6H4) 85 (67qj)
66r (Ar1 = 4-PhC6H4; Ar2 = 4-ClC6H4) 85 (67rj)

67

5 66t (Ar1 = 4-PhC6H4; R = Octyl) 92 (67tj)
4 66s (Ar1 = 4-PhC6H4; Ar2 = 2-BrC6H4) 85 (67sj)

6 66u (Ar1 = 4-FC6H4; R = Decyl) 92 (67uj)
7 66v (Ar1 = 4-MeC6H4; Ar2 = 4-CF3C6H4) 92 (67vj)
8 66w (Ar1 = C6H5; R = CH2C6H5) 87 (67wa)

DMSO (0.5 M)RT, 0.75-1.5 h
+

DBU 17b
(10 mol-%)

66 67
Ar1

SR/Ar2

O N N
N

SR/Ar2
Ar3

2
Ar3 N3

Ar1

Ar3-N3
2

2j
2j
2j

2j
2j

2j
2j
2a
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thio-1,2,3-triazoles 67tj, uj, and wa in excellent yields within 0.75h without showing any 
electronic effects from the alkyl substitution of sulfur (Table 8, entries 5, 6, and 8). The 
OrgAKC reaction of richly functionalized 1-(p-tolyl)-2-[(4-(trifluoromethyl) 
phenyl)thio]ethanone 66v with 4-CF3C6H4N3 2j catalyzed by 17b at 25 °C for 0.75 h 
furnished the functionalized 4-thio-1,2,3-triazole 67vj in 92% yield (Table 8, entry 7). The 
results in Table 8 highlight the efficacy of this protocol in the click synthesis of 4-thio-1,2,3-
triazoles 67. The advantage of the OrgAKC reaction was further depicted by synthesizing 
medicinally useful 1,5-disubstituted 1,2,3-triazoles 69 (Table 9). The reaction of 1,5-
diphenyl-4 phenylthio-1,2,3-triazole (0.5 mmol) 67aa with 1.0 g of freshly prepared Raney 
Ni in ethanol at 25 °C for 2.5 h furnished the 1,5-diphenyl-1,2,3-triazole 69aa in 87% yield 
(Table 9, entry 1). This mild desulfurization reaction was further exploited by using 
differently substituted 4-arylthio-1,2,3-triazoles and 4-alkylthio-1,2,3-triazoles 67 (Table 9). 
A library of synthetically and medicinally useful 1,5-disubstituted 1,2,3-triazoles 69al–uj 
were synthesized in very good yields at room temperature by treatment of the corresponding 
4-thio-1,2,3-triazoles 67 with 1.0 g of Raney Ni in ethanol through the desulfurization 
reaction.42 In contrast, the reported conditions for the desulfurization required high 
temperature and long reaction time.42 The desulfurization reaction worked well at 25 °C with 
different sulfur and aryl substituents without showing the effects of steric or electronic 
factors, except in the case of compound 67ae, where debromination occurred (Table 9, entry 
5). The sequential one-pot OrgAKC solvent-free reaction of 66a, 2l, and 17b followed by 
Raney Ni desulfurization furnished the product 69al in reduced 65% yield compared to the 
two-pot reaction (Table 9, entry 2). Pleasingly, the reaction of 1,5-diphenyl-4-phenylthio-
1,2,3-triazole 67aa with 1.2 equivalents of m-chloroperbenzoicacid in DCM at 25 °C for 18 h 
furnished selectively the monooxidized 1,5-diphenyl-4-(phenylsulfinyl)-1H-1,2,3-triazole 
70aa in 55% yield [Eq. (22)]. These results clearly show the advantages of the OrgAKC 
methodology, which enables a high-yielding synthesis of medicinally important 1,5-
disubstituted 1,2,3-triazoles 69 and 70. 
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Figure-30: 1H and 13C NMR spectra of the product 67pj. 
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Figure-31: 1H and 13C NMR spectra of the product 67tj. 
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Figure-32: 1H and 13C NMR spectra of the product 67vj. 
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Table 9: Synthesis of 1,5-disubstituted-1,2,3-triazoles 69 through desul-
phurization of 4-thio-1,2,3-triazoles 67.[a]

a Reactions were carried out in EtOH (0.05 M) with Raney-Ni (1.0 g) and 
67 (0.5 mmol) at RT. b Yield refers to product isolated by column-
chromatography. c Debromination also took place.

Entry R, Ar1, Ar2 or Ar3
67

Yield [%][b]

1
2
3

67aa (Ar1 = C6H5; Ar2 = C6H5; Ar3 = C6H5) 87 (69aa)
67al (Ar1 = C6H5; Ar2 = C6H5; Ar3 = 4-CO2EtC6H4) 85 (69al)

69

5[c]

67aj (Ar1 = C6H5; Ar2 = C6H5; Ar3 = 4-CF3C6H4) 90 (69aj)
4 67ab (Ar1 = C6H5; Ar2 = C6H5; Ar3 = 4-FC6H4) 90 (69ab)

7

67mj (Ar1 = 4-PhC6H4; Ar2 = C6H5; Ar3 = 4-CF3C6H4) 90 (69mj)9
67rj (Ar1 = 4-PhC6H4; Ar2 = 4-ClC6H4; Ar3 = 4-CF3C6H4) 60 (69rj)10

EtOH (0.05 M)
RT, 1.0-3.0 h

Raney-Ni [1.0 g]
[two teaspoons]

6967

11
67uj (Ar1 = 4-FC6H4; R = Decyl; Ar3 = 4-CF3C6H4) 85 (69uj)12

67ae (Ar1 = C6H5; Ar2 = C6H5; Ar3 = 4-BrC6H4) 70 (69aa)

67ej (Ar1 = 4-CF3C6H4; Ar2 = C6H5; Ar3 = 4-CF3C6H4) 60 (69ej)

67tj (Ar1 = 4-PhC6H4; R = Octyl; Ar3 = 4-CF3C6H4) 85 (69tj)

6 67ap (Ar1 = C6H5; Ar2 = C6H5; Ar3 = CH2CH2C6H5) 60 (69ap)

N N
N

H
Ar3

Ar1

N N
N

SR/Ar2
Ar3

Ar1

67lj (Ar1 = 2-Naphthyl; Ar2 = C6H5; Ar3 = 4-CF3C6H4) 60 (69lj)8
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Figure-33: 1H and 13C NMR spectra of the product 69aa. 
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Figure-34: 1H and 13C NMR spectra of the product 69aj. 
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Figure-35: 1H and 13C NMR spectra of the product 69ap. 
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Figure-36: 1H and 13C NMR spectra of the product 69uj. 
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4.3 Mechanistic Insights 
A proposed mechanism for the regiospecific synthesis of 67 through the reaction of 

66, 2, and 17b is shown in Scheme 5. Reaction of the amine 17b with ketone 66 generates 
the catalytic enolate 71, which, on in situ treatment with Ar/R-N3 2, furnishes selectively the 
adduct 1,2,3-triazoline 72 in a concerted or stepwise manner, which further converts into the 
4-thio-1,2,3-triazole 67 through rapid elimination of water induced by the basic nature of 
amine 17b. 

 
4.4 Conclusion 

In summary, we have developed DBU-catalyzed and Raney Ni-mediated 
regiospecific synthesis of 1,4,5-trisubstituted 4-thio-1,2,3-triazoles 67 and 1,5-disubstituted 
1,2,3-triazoles 69 from the easily available substrates 1-aryl-2-(arylthio)ethanones and 1-
alkyl-2-(alkylthio)ethanones 66 with aryl or alkyl azides 2 by [3+2]-cycloaddition and 
subsequent desulfurization, respectively. The OrgAKC reaction proceeds in very good yields 
with high rate and selectivity using DBU as the catalyst in 0.75 h at 25 °C; and 
desulfurization of 67 performed with only 1.0 g of Raney Ni at 25 °C for 1–3 h, which 
highlights the efficacy of this mild procedure. Further work is in progress to develop related 
organocatalytic enolate-mediated asymmetric click reactions. 
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5. Synthesis of Benzosultams through Tomita Zipper 
Cyclization  

5.1 Introduction 
Sultams are unnatural five membered cyclic sulfonamides, which exist in many 

biologically active compounds. In particular, benzosultams gained more attention due to their 
extensive biological activities.43 Some of the compounds containing benzosultams as core 
structure include human leukocyte elastase inhibitors, selective CRTh2 antagonists, active 
saccharin, HIV-1 inhibitor, 5-HT2 receptor antagonists and recently discovered pyrrolo[1,2-
b][1,2,5]benzothiadiazepines which are new agents for the treatment of chronic myelogenous 
leukemia (Figure 37).44 The increased interest on the benzosultams is, particularly, due to the 
availability of simple coupling pathways for their preparation and few impressive chemical 
properties such as the stability towards hydrolysis, crystalline nature and polarity. In addition, 
they have also been widely employed in modern synthetic chemistry for instance, few 
benzosultams have found application in various asymmetric reactions, stereoselective 
oxidation as an oxidant45 and monofluorination of ketones as electrophillic fluorinating 
agent.46 Although many synthetic methods have been developed for the synthesis of 
benzosultams due to their vast biological activities and synthetic utility, the development of 
novel and efficient approaches are still in demand. 
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On the other hand, alkylidene cycloketones are versatile intermediates in organic 
synthesis,47 as well as common building blocks in many biologically active compounds 48 
and natural products. Some of the literature methods for the construction of exocyclic olefins 
are Wittig,49 Julia50 and Horner-Wadsworth-Emmons51 reactions. These methods are not 
significant due to the difficulty in preparation of the corresponding ylides or sulfones, and 
low reactivity of these species. Aldol reaction followed by dehydration under catalyzed or 
uncatalyzed condition is one of the alternative approaches for the synthesis of exocyclic 
olefins.52 Unfortunately, regioselectivity issues and bis-condensation are serious problems 
with unsymmetrical ketones. Owing to the above difficulties, novel and efficient methods are 
still in high demand. In addition molecules containing both sultam and alkylidene 
cycloketone fragments are less explored (Figure 38). 

 
Construction of molecules containing both sultam and alkylidene cycloketone sub-

unit is very interesting and challenging task for synthetic chemists. To achieve this goal, we 
designed the reaction between highly reactive N-sulfonyl α-ketiminoesters and unmodified 
ynones using organophosphine-catalyzed Tomita Zipper Cyclization.  

Recently, our group reported phospine catalyzed intermolecular Tomita Zipper 
Cyclization (TZC)53 reaction between unmodified ynones and 3-alkylidene indoline-2-one 
that delivers efficiently five membered spirooxinodoles.54 Here intermolecular TZC reaction 
takes place on electron deficient alkenes. In continuation to our research, now we are 
interested in intermolecular Tomita Zipper Cyclization (TZC) reaction between unmodified 
ynone and N-sulfonyl α-ketiminoesters. 
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5.2 Results and Discussion 

To find the best optimization condition, we screened a number of known aromatic 
and aliphatic phosphorous catalysts for the reaction of ynone 73a with ketimine 74a (Table 
10). To our surprise, reaction of 74a with 2 equiv. of 73a under 20 mol% of triphenyl 
phospine 75a in DCE at 25 °C for 24 h furnished the products 76aa+77aa in 52% yield with 
3.1:1 E/Z ratio (Table 10, entry 1). The same reaction with (p-FC6H4)3P 75b as catalyst  

R

O
( )n

n-Bu3P
(20 mol%)
THF, rt OR

O H
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O
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Scheme 6: Tomita Zipper Cyclization (TZC) of Ynone with N-Tosylimines
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at 25 °C and 50 °C furnished 3.4:1 and 1.8:1 E/Z ratio of products 76aa/77aa in 54% and 
47% yields in 24 h and 15 h, respectively (Table 10, entries 2 and 3). From these results, it 
was observed that temperature plays a significant role on the rate of the reaction and the E/Z 
ratio. The reaction under electron rich phosphine catalyst such as (p-OMeC6H4)3P 75c 

+
O

Ph

Ph3P (75a), (p-FC6H4)3P (75b)(p-OMeC6H4)3P (75c), Ph2EtP (75d), nBu3P (75e), (C6H11)3P (75f)

Entry Solvent
(0.2 M)

Catalyst 75
(20 mol%)

Time
(h) Yield (%)b

N
S
O O

CO2Et
N

S
O O

OEtO2C

Ph
+

73a 74a 77aa

Ratioc
(76aa:77aa)

1

4

5

6
7

8
9

10

11

13

12d

75a
75b

75e

75e

75b

75b

75b

75d

75c

75f

DCE
DCE

DCE

DCM

C6H5CH3

DCM

THF

DCE

DCE

DCE

24
24

72

72

36

36

36

72

36

36

52
54

traces

traces

55

51

52

traces

53

36

3.1:1
3.4:1

-

-

1.2:1

2.8:1

2.8:1

-

1.8:1

1.7:1

75b C6H5CH3 11

R3P 75 (20 mol%)
solvent,

rt.

Table 10. Reaction Preliminary Optimizationa

2

75a DCM 24 52 2.6:1

53 1.7:1

14 75a 12 52 1:2.7[bmim]BF4

a Reactions were carried out in solvent (0.2 M) with 2 equiv. of 73a relative to the 74a (0.2 mmol) in
the presence of 20 mol% of catalyst 75. b Yields refers to the column purified products of both the

isomers.c  E/ Z ratio was determined by 1H NMR analysis.d Reaction performed at 50 oC.

3d 75b DCE 15 47 1.8:1

N
S
O O

Ph
OEtO2C

76aa

E
Z
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furnished the products with good E/Z ratio in 53% yield in 36 h (Table 10, entry 4). Next we 
performed the reaction with ethyldiphenylphosphine 75d and tri-n-butylphosphine 75e as the 
catalysts under the same reaction condition, but these phosphorous catalysts did not furnish 
the product 76aa and 77aa (Table 10, entries 5 and 6). The reaction under 
tricyclohexylphosphine 75f catalysis furnished the TZC product in lower yield with good 
76aa/77aa E/Z ratio (Table 10, entry 7). From this investigation of catalysts 75a-75f on the 
TZC reaction, we found that catalysts 75a and 75b are good to obtain better yields and good 
E/Z ratio. Further, we tested the reactivity of the catalysts 75a and 75b on the TZC reaction 
in other solvents such as DCM, Toluene, THF and ionic liquid [Bmim]BF4. The reaction of 
73a with 74a under 75a and 75b as catalysts in DCM as solvent furnished identical yields as  

+
O

Ph R3P 75 (20 mol%)

solvent, rt
N

S
O O

CO2Et

Acid 49 (20 mol%)
N

S
O O

OEtO2C

Ph
+

73a 74a 76aa

Entry Solvent
(0.2 M)

Catalyst 75
(20 mol%)

Time
(h) Yield (%)b Ratioc

(76aa:77aa)

5

6
7

8

9

10

75a

75a

75a

75a

75a

75a

DCE

DCE

DCE

DCE

DCE

DCE

6

6

6

7

7

8

95

94

93

91

72

66

2.2:1

2.4:1

2.3:1

1.9:1

2.2:1

1.8:1

a Reactions were carried out in solvent (0.2 M) with 2 equiv. of 73a relative to the 74a (0.2 mmol) in 
the presence of 20/20 mol% of catalyst 75/49. b Yields refers to the column purified products of
both the isomers. c E/Z ratio was determined by 1H NMR analysis.d H2O (1 equiv.) was used.
e MeOH (1 equiv.) was used.

Ph3P (75a), (p-FC6H4)3P (75b), (p-OMeC6H4)3P (75c), Ph2EtP (75d), nBu3P (75e), (C6H11)3P (75f), 
C6H5CO2H (49d),o-FC6H4CO2H (49a), 2,4-(NO2)2C6H3CO2H (49e), C6H5CH2CO2H (49f), CH3CO2H (49g),

C2H5CO2H (49c), C6H11CO2H (49h).

Table 11: Brönsted acid effect on TZC reaction.a

1d

2e

3

4

75a

75b

75b
DCE

DCE

DCE
9

72

48
75

51

54
2.0:1

2.8:1

2.6:1

75b DCE 10 52 1.4:1

Co-Catalyst 49
(20 mol%, pka)

49d (pKa = 4.20)

49d (pKa = 4.20)

49a (pKa = 3.27)

49e (pKa = 1.43)
49f (pKa = 4.31)

49g (pK a = 4.76)

49c (pKa = 4.88)
49h (pKa = 4.90)

N
S
O O

Ph
OEtO2C

77aa

E
Z

H2O (pKa = 15.7)

MeOH (pKa = 16.0)
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Figure-39: 1H NMR and 13C NMR Spectrum of Product 76aa. 
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like DCE solvent but E/Z ratio are not that much good (Table 10, entries 9 and 10). When (p-
FC6H4)3P 75b catalyzed the reaction in toluene at 25 °C and 50 °C the TZC products were 
obtained with E/Z ratio of 1.2:1 and 1.7:1 in 55% and 53% yields within 36 and 11 h, 
respectively. The same reaction under 75b catalysis in THF furnished the product in 2.8:1 
E/Z ratio in 52% yield (Table 10, entries 11-13). Surprisingly, we obtained reverse E/Z ratio 
when we performed the same reaction under 75a catalysis in [Bmim]BF4 as solvent with the 
products in 1:2.7 E/Z ratio in 52% yield (Table 10, entry 14). 

To further improve the TZC reaction, especially to increase the rate of the reaction 
and to get a good E/Z ratio, we tested the TZC reaction of 73a with 74a catalyzed by 75b in 
the presence of H2O (1 equiv.) and MeOH (1 equiv.) in DCE at 25 °C to obtain 2.8:1 and 
2.6:1 E/Z ratio of products 76aa/77aa in 51% and 54% yields, respectively (Table 11, entries 
1 and 2). As we did not observe any noticeable improvement in the rate of the reaction by 
H2O or MeOH, we tested the TZC reaction of 73a with 74a catalyzed by PPh3 75a or (p-
FC6H4)3P 75b using different acid co-catalysts 49 in DCE at 25 °C (Table 11, entries 3-10). 
Reaction of 74a with 2.0 equiv. of 73a catalyzed by 75a and 75b with benzoic acid 49d (20 
mol%, pka= 4.20) as co-catalyst at 25 °C for 9 h and 10 h furnished the TZC  products with 
2.0:1 and 1.4:1 E/Z ratio in 75% and 52% yields, respectively (Table 11, entries 3 and 4). 
Based on these results, we concluded that the co-catalyst plays an important role on the rate 
of reaction and yield, and also catalyst 75a gave better result than 75b in the presence of co-
catalyst 49d. Further, we tested the reaction with other acid co-catalysts (Table 11, entries 5-
10). The same reaction under the combination of catalyst 75a with 2-fluoro benzoic acid 49a 
(20 mol%, pka = 3.27) and 2,4-dinitro benzoic acid 49e (20 mol%, pka= 1.43) gave the TZC 
product 76aa+77aa in 72% and 66% yields with 2.2:1 and 1.8:1 E/Z ratio in 7 and 8 h 
respectively (Table 11, entries 5 and 6). As we go from benzoic acid 49d to 49a and 49e, 
though there is a light increase in the rate of the reaction as the acidity of the co-catalyst 
increases, there seems to be a decrease in the product yields with maintained E/Z ratio (Table 
11, entries 5 and 6). We also tested the reaction with less acidic co-catalysts than benzoic 
acid such as phenylacetic acid 49f (20 mol%, pka = 4.31), acetic acid 49g (20 mol%, pka = 
4.76), propionic acid 49c (20 mol%, pka = 4.88) and cyclohexane carboxylic acid 49h (20 
mol%, pka = 4.90) (Table 11, entries 7-10). While decreasing the acidity of the co-catalyst 
surprisingly, we observed excellent yields of the products with high reaction rate and 
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maintained E/Z ratio (Table 11, entries 7-10). Compared to all other co-catalysts, the reaction 
of 73a with 74a catalysed by 75a and the co-catalyst acetic acid 49g in DCE furnished the 
product in excellent yield 95% with 2.2:1 E/Z ratio within 6 h (Table 11, entry 8). 

With the best optimized reaction condition in hand, we decided to investigate the 
scope and limitations of the TZC reaction. A series of ketimines containing various 
substituents on benzene ring 74a-d were reacted with 2.0 equiv. of different ynones 73a-g 
catalyzed by 20/20 mol% of 75a/49g at 25 °C in DCE, for 2-9 h, to furnish the TZC products 
in 80-95% yields with poor E/Z ratio (Table 12). First we reacted the simple ketimine 74a 
with methyl substituted ynone 73b to furnish the product 76ba+77ba in 93% yield with 3.6:1 
E/Z ratio in 8 h (Table 12, entry 2). Fluoro substituted ynone 73c gave the desired product 
76ca+77ca in 93% yield with 3.3:1 E/Z ratio within 7 h (Table 12, entry 3). Unfortunately, 
methoxy substituted ynone 73d gave the desired product 76da+77da with very poor E/Z ratio 
1.7:1 in 89% yield (Table 12, entry 4). Further we were interested to investigate the effect of 
the halogen present on the benzene ring of the ketimine 74b with different substituted ynones 
73a-c and 73e. All of these gave the desired products in good yields but with poor E/Z ratio 
within 6 h (Table 12, entries 5-8). Reaction of the methyl ketimine 74c with different ynones 
73a-73c gave the desired products 76ac-cc/77ac-cc in good yields with moderate E/Z ratios 
in 7-9 h (Table 12, entries 9-13). Surprisingly, reaction of 4-methoxy ynone 73d with 74c 
gave 76dc+77dc in 86% yield with good E/Z ratio 6.7:1 in 7 h (Table 12, entry 12). MOMO 
substituted ynone 73e with 74c also gave the product 76ec+77ec in 92% yield but with very 
poor E/Z ratio 1.7:1 in 9 h (Table 12, entry 13). Ketimine substituted with methoxy 74d 
reacted with ynones 73a-73c to give the desired products in good yields with moderate E/Z 
ratio in 6-7 h (Table 12, entries 14-16). Next we were interested to study the effect of the 
alkyl chain on the ketone of the ynone 73f and 73g with simple cyclic ketimine 74a. To our 
delight, both the reactions furnished the corresponding products with good yields in 2-3 h, 
surprisingly 73g afforded 76ga+77ga with very good E/Z ratio (Table 12, entries 17 and 18). 
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O
R2

Ph3P 75a (20 mol%)

DCE, rt
CH3CO2H 49g (20 mol%)

+
73

74 76

N
S
O O

EtO2C
R1 O

R2

Table 12: Scope of TZC reaction with other ynones and imines.a

Entry Imine 74Ynone 73 Time(h) Yield (%)b Ratioc
(76:77)

1
2
3
4

9
10
11
12
13
14
15
16

73a 74a 6 95 2.2:1
73b 74a 8 93 3.6:1
73c 74a 7 93 3.3:1
73d 74a 7 89 1.7:1

73a 74c 7 86 2.9:1
73b 74c 7 88 2.3:1
73c 74c 9 78 3.7:1
73d 74c 7 86 6.7:1
73e 74c 9 92 1.7:1
73a
73b
73c

74d
74d
74d

6
6
7

90
91
91

3.2:1
5.5:1
2.9:1

17
18

73f
73g

74a
74a

3
3

78
81

2:1d

11.1:1

5
6
7
8

73a
73b
73c
73e

74b
74b
74b
74b

6
6
6
6

91
80
93
88

1.5:1

1.5:1
1.6:1

1.3:1

a Reactions were carried out in solvent (0.2 M) with 2 equiv. of 73 relative to the 74 (0.2 mmol) in the
presence of 20/20 mol% of catalyst 75a/49g. b Yields refers to the column purified products of both the
isomers. c E/Z ratio was determined by 1H NMR analysis.d cis:trans = 2.8:1 ratio determined by 13C
NMR analysis.

77

N
S
O O

EtO2C
R1 O

R2

R1

N
S
O O

CO2Et

+

73a: R2, R1 = C6H5, H; 73b: R2, R1 = 4-MeC6H4, H; 73c: R2, R1 = 4-FC6H4, H; 73d: R2, R1 = 4-MeOC6H4, H;
73e: R2, R1 = 4-MOMOC6H4, H; 73f: R2, R1 = C6H5, CH3; 73g: R2, R1 = C6H5, C2H5;

74a: R3 = H; 74b: R3 = Cl; 74c: R3 = CH3; 74d: R3 = OMe.

E Z

Products76/77
76aa/77aa
76ba/77ba
76ca/77ca
76da/77da
76ab/77ab
76bb/77bb
76cb/77cb
76eb/77eb
76ac/77ac
76bc/77bc
76cc/77cc
76dc/77dc
76ec/77ec
76ad/77ad
76bd/77bd
76cd/77cd
76fa/77fa
76ga/77ga

R3

R3 R3
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Figure-40: 1H NMR and 13C NMR Spectrum of Product 76ba. 
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Figure-41: 1H NMR and 13C NMR Spectrum of Product 76da. 
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Figure-42: 1H NMR and 13C NMR Spectrum of Product 76cb. 
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Figure-43: 1H NMR and 13C NMR Spectrum of Product 76eb. 
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Figure-44: 1H NMR and 13C NMR Spectrum of Product 76cc. 
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Figure-45: 1H NMR and 13C NMR Spectrum of Product 76ga. 
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The structure and the regiochemistry of the TZC products 76 and 77 were confirmed 
by NMR analysis and also finally confirmed by the X-ray structure analysis on 76ga as 
shown in the Figure 46. 

 
 
 
 
 
 
 

Figure 46: (1R,9bS,E)-ethyl 3-benzylidene-1-ethyl-2-oxo-1,2,3,9b-
tetrahydrobenzo[d]pyrrolo[1,2-b]isothiazole-9b-carboxylate 5,5-dioxide (76ga). 
 
5.3 Mechanistic Insights 

The most accelerated reaction pathway is shown in Scheme 7, which was confirmed 
based on the controlled 31P NMR analysis and HRMS experiments between ynone 73a and 
triphenyl phosphine 75a.54 Based on these experiments, a zwitterionic intermediate 78 is 
obtained by the conjugated addition of triarylphoshine catalyst 75 to the ynones 73, which 
further undergoes intramolecular proton migration from α-position of the carbonyl group to 
produce the intermediate 79. This in situ generated catalytic intermediate 79 is in equilibrium 
with catalytic (Z)-4-(triarylphosphonio)buta-1,3-dien-2-olates 80. The reaction follows a 
stepwise manner, the nucleophilic enolate intermediate attacks the ketimine to produce 
nitrogen anion species 81, which further undergoes an intramolecular cyclization to furnish 
the phosphorane 82. Finally, proton transfer generates the intermediate 83, followed by 
elimination of Ph3P to afford the desired product 76 and 77 (Scheme 7). 
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5.4 Conclusion 

In summary, building on a commanding but largely unexploited mode of catalytic 
(Z)-4-(triarylphosphonio)buta-1,3-dien-2-olates reactivity discovered by Tomita, we have 
developed an efficient synthesis of benzosultams by utilizing Tomita zipper cyclization 
method between highly reactive N-sulfonyl α-ketiminoesters and unmodified ynones in the 
presence triphenylphosphine and co-catalyst acetic acid at room-temperature in excellent 
yields. 

 

Scheme 7. Reaction Mechanism:
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