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Fast and Efficient Continuous Flow Method for the Synthesis of 
Ynones an'd Pyrazoles 

Mohanraj Kandasamy,lal Balaji Gan esan,[al Min-Yuan Hung}bl and W ei-Yu Li n咐.c]

Abstract: In this study. we developed a convenient and e的
cient two-step method for the synthesis of ynones in a flow 
reactor. through the generation of lithium acetylide and its sub
sequent reactions with acid chlorides. Using this approach, we 
obtained the ynones in moderate to good yields at room tem-

Introduction 

Ynones are used widely as building blocks in the synthesis of 
many bioactive heterocycles and natural products with pharma
ceutical applícations.(1) The three main routes[21 that are com
monly used to synthesize ynones are (i) the addltion of a metal 
acetylide (li. Zn, Cu. AI, In, Sn, Ag. MgBr, Si)131 to an anhydride. 
aldehyde, or acyl chloride; (ii) the transition metal-catalyzed 
cross-coupling of an aryl halide. carbon monoxide, and an alk
yne;(41 and (iii) the direct oxidation of alkynes to ynones using 
Se02fTBHP'ISJ CrOýTBHp， I'的 or CuCI2fTBHp'r乃 The fjrst of these 
methods is typically the simplest because of the ease of prepa
ration and the broad availability of carbonyl compounds. Never
theless. the syntheses of ynones can still require multiple steps. 
harsh conditions, or additional additives個1 to prevent over-add卜
tion to the carbonyl group. 有可肘， it 臼n be challenging to syn
thesize ynones in a simple, precise. reagent-controllable.I4<.91 
and economi日1 manner. 

Ynones are versatile intermediates for the synth部的 of many 
important N-heterocyclic compounds, including pyrazoles, 
qUinolones, quinolines, diazepines, triazoles. pyrimidines, ind
oles, isoxazoles. oxazepines, and oxazines.!3d.l01 Pyrazoles fìve
membered-ring compounds having two adjacent nitrogen at
oms are particularly interesting because of their wide physio
logical activities;( l 刊 for example, cyenopyrafen and pyrazolyn
ate are pesticides!121 and celecoxib is a nonsteroidal anti-inflam
matory agent.!悶I The general synthetic method for accessing a 
pyrazole ring is through [3+2] cycloaddition of a l ,3-dielectro-
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perature. Moreover. we transformed the ynones into pyrazole 
derivatives through coupling with hydrazines. This transition 
metal-free process, mild reaction conditions. and broad func
tional group tolerance are all attractive features in comparison 
with conventional bench-top methods. 

phile!141 derivative (an α，但-unsaturated aldehyde/ ketone, an 
allenic ketone, or a ß-alkynyl ketone) with hydrazine.(151 Because 
of their wide biological activity,l161 the challenge remains to de
velop new synthetic routes for the rapid and regioselective!171 
assembly of substituted pyrazoles from simple and readily avail
able starting materials.1181 In this context, when compared with 
batch techniqu前， continuous flow chemistry has many attrac
tive features: enhancing mass- and heat-transfer, minimizing 
reaction volumes, and improving the degrees of sample- and 
reagent-mixing.!叫 Furthermore， the residence time in a micro
reactor can be controlled precisely to achìeve the maxìmum 
yield and reaction-selectivityPOl These features have made 
tlow-microreactor systems an excellent alternatives to tradi
tional batch reaction systems when preparing unstable and 
highly reactive organometallic intermediates (e.g.. aryllithiums, 
oxiranyllithiums)戶1 1 In addition, the reaction intermediates can 
be trapped through precise control of various reaction parame
ters (e.g.. residence time, temperature) in a tlow-microreac
tor.(19al 

To date, only a few processes have been reported for the 
synthesis of ynonesl221 and pyrazoles through flow chemistry.(231 
Ley and co-workers developed a transition metal- catalyzed 
process to synthesize ynones and pyrazoles: first coupling a ter
minal acetylene with an acyl chloride in the presence of a palla
dium catalyst and then reacting the ynone with hydrazine to 
afford a pyrazole with overall reaction times of 30 and 60 min. 
respectively.[241 The same group subsequently reported a metal

free multi-step continuous flow process for the generation of 
N-aryl pyrazoles using amine-redox chemistry戶51 Recently, 

Jamison and co-workers reported(23J•261 a rapid (within 0.6-
60 min) and modular continuous flow synthesis of therapeutic 
agents. containing highly functionallzed fluorinate pyrazole 
units. for the treatment of measles. Unfortunately, applying 
their method for the synthesis of ynones and pyrazoles required 
specific reagents and harsh reaction conditions (high tempera
tures. long reaction times). Herein. we describe a simple, conve
nient. and highly efficient method for the synthesis of ynones 
and pyrazoles in a continuous flow reactor. By reacting terminal 
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