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Abstract: 3,5-dibromopridinium trifluoromethanesulfonate catalyzes the intramolecular alkyne-

carbonyl metathesis reaction of a variety of O-propargylated 2-hydroxyarylaldehydes and 

ketones bearing alkyl, aryl and heteroaryl substituted internal alkynes to provide various 3-

(hetero)aroyl 2H-chromenes in high yields. 

Introduction: Over the last two decades, alkyne-carbonyl metathesis (ACM) reaction has 

emerged as a powerful tool for the stereoselective synthesis of α,β-unsaturated ketones utilizing 

an alkyne (mostly internal alkyne) and a carbonyl compound (aldehyde/ketone).1 The general 

reaction is shown in Scheme 1. The ACM reaction is considered as a viable and atom-economic 

alternative to the classical Wittig olefination and has been extensively utilized for the synthesis 

of biologically active natural products.2 While the intermolecular version of the reaction provides 

direct access to the synthetically useful acyclic α,β-unsaturated ketones, the intermolecular 

version has widely been demonstrated as a unique strategy for annulation reactions which 

delivers ring systems difficult-to-synthesize or nearly impossible to synthesize by other known 

synthetic methods.3 This aspect of the intermolecular alkyne-carbonyl metathesis reaction has 

been continuing attracting interest of synthetic organic chemists worldwide.  The ACM reaction
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Scheme 1: General scheme for alkyne-carbonyl metathesis reaction

is usually catalyzed by σ-electrophilic Lewis acids4 (LA) such as BF3.OEt2, FeCl3, Sc(OTf)3, 

In(OTf)3, Mg(OTf)2, Sn(OTf)2, Zn(OTf)2, SbF5, π-electrophilic Lewis acids5 (AgSbF6, AgOTf, 
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AuCl3), combination of Lewis acid with alcohol6 and Bronsted acids7 (BA) such as TfOH, 

CF3CO2H, HBF4, etc. In addition, Barluenga reagent in combination with HBF4 (Py2IBF4-HBF4) 

has also been reported as an efficient catalyst for the intra- and intermolecular ACM reaction.8 

On the other hand, pyridinium salts are commonly utilized as mild, neutral and 

environmentally benign organocatalyst for various transformations such as acetal formation and 

cleavage,9 H2O2 mediated oxidation of sulfide to sulfoxide10 and aziridination of olefins.11 

Pyridinium p-toluenesulfonate (PPTS) is a suitable catalyst for deprotection of silyl ethers or 

tetrahydropyranyl ethers when a substrate is not compatible to stronger acid catalysts. It is also a 

commonly used catalyst for the preparation of acetals and ketals from aldehydes and ketones. In 

addition to these reports, very recently Kancharla et al. showed that 2,4,6-tri-tert-

butylpyridinium chloride acts an efficient catalyst for highly stereoselective glycosylation 

reactions of glycals.12 However, despite these reports, to the best of our knowledge, alkyne-

carbonyl metathesis reaction catalyzed by an organocatalyst, in particular, readily available 

pyridinium salts has not been reported in the literatures.

Among the various intramolecular versions, alkyne-carbonyl metathesis reactions of 

internal alkyne-tethered 2-hydroxyarylaldehydes have recently gained significant research 

interest due to the important biological activities associated with the products derived thereof. 

Although examples (mostly single example) of this intramolecular reaction were scattered in the 

literature,5a,7a in 2011, Jana and co-workers carried out extensive work and demonstrated that 

internal alkyne-tethered 2-hydroxyarylaldehydes can be converted into the corresponding 3-aroyl 

2H-chromenes in high yields using 15 mol% FeCl3 in refluxing CH3CN (12 examples, 45-89% 

yields).13 Later on, Saito et al. utilized Py2IBF4-HBF4 catalytic system for the intramolecular 

ACM reaction (4 examples, 50-80% yields).8 Das and co-workers showed that stoichiometric 

amount (1.2 eq) of BF3.OEt3 in trifluoroethanol promote the intramolecular metathesis reaction 

to generate 3-aroyl 2H-chromenes in excellent yields at rt (13 examples, 90-97% yields).14 

Adding to these development, in a very recent report, Ramesh et at. utilized acidic deep eutectic 

solvent (choline chloride:p-toluene sulfonic acid) as a promoter for this useful transformation (13 

examples, 29-92% yields).15 However, these reported methods have certain drawbacks such as 

use of transition metal based catalyst, use of stoichiometric amount of Lewis acid and use of 

special solvents which limits their wide applicability, practicality and environmental 

compatibity. Moreover, all these reports are restricted to the substrates containing aryl and alkyl-



3

substituted internal alkynes. To the best of our knowledge, there is no report for this 

intramolecular alkyne-carbonyl metathesis reaction of substrates bearing a heteroaryl substituted 

internal alkynes. Herein, we disclose our results of the intramolecular alkyne-carbonyl 

metathesis reaction of a fairly large number of O-propargylated 2-hydroxyarylaldehydes bearing 

aryl, alkyl and heteroaryl substituted internal alkynes using 30 mol% 3,5-dibromopyridinium 

triflate as the organocatalyst in MeOH at 80 oC. 
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Scheme 2: Synthesis of O-propargylated benzaldehydes bearing internal alkyne

           We began our investigation with 2-propargyloxybenzaldehyde 3f which was prepared in 

two steps from commercially available starting materials (Scheme 2a). Initially, 2-

propargyloxybenzaldehyde 3f was treated with 10 mol% hydrochloride salt A in DCM at rt. 

However, no detectable transformation was observed. Upon heating at 60 oC in a sealed tube for 

24 h, formation of trace amount of product was observed. To our disappointment, pyridinium 

salts B and C also provided similar results in DCM at 60 oC (entries c-d, Table 1). However, 

when we tested the intramolecular metathesis reaction using 10 mol% pyridinium triflate salt C 

in MeOH at 60 oC, we observed approximately 20% conversion after 24 h (entry e, Table 1). 

Carrying out the reaction at 80 oC for 24 h led to 30% conversion (entry f, Table 1). Using 30 

mol% of catalyst C, a moderate conversion (45%) was observed (entry g, Table 1). While the 

catalyst C exhibited lower activity in EtOH and iPrOH, its activity in HFIP was comparable to 

that in MeOH (entries h-j, Table 1). Next, screening of triflate salts of halogenated pyridines 

were examined as the catalyst in MeOH at 80 oC. Triflate salts derived from 2-fluoropyridine and 

2-chloropyridine provided inferior results when compared to that of 2-bromopyridine (entries k-

m, Table 1). Pyridinium salt G provided encouraging results (entry n, Table 1). When the triflate 

salt H derived from 3,5-dibromopyridine 
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Table 1: Optimization study
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N
HCl

N
HTfO

F

N
HTfO

Br

A D E

F H I J

N
HTs

N
HTfO

B C

G

  entry      catalyst conditionsa yield (%)
a 10 mol% A DCM, rt, 24 h NR
b 10 mol% A DCM, 60 oC, 24 h trace
c 10 mol% B DCM, 60 oC, 24 h trace
d 10 mol% C DCM, 60 oC, 24 h trace
e 10 mol% C MeOH, 60 oC, 24 h 14 %
f 10 mol% C MeOH, 80 oC, 24 h 22%
g 30 mol% C MeOH, 80 oC, 24 h 36%
h 30 mol% C EtOH, 80 oC, 24 h 24%
i 30 mol% C iPrOH, 80 oC, 24 h 18%
j 30 mol% C HFIP, 80 oC, 24 h 34%
k 30 mol% D MeOH, 80 oC, 24 h 18%
l 30 mol% E MeOH, 80 oC, 24 h 23%
m 30 mol% F MeOH, 80 oC, 24 h 45%
n 30 mol% G MeOH, 80 oC, 24 h 60%
o 30 mol% H MeOH, 80 oC, 20 h 85%
p 30 mol% I MeOH, 80 oC, 24 h 67%
q 30 mol% J MeOH, 80 oC, 24 h 62%
r 30 mol% H H2O, 80 oC, 24 h NR

aAll reactions were carried out in 0.20 mmol scale in appropriate solvent in 
0.2M concentration; NR = no reaction.

was used as the catalyst, complete conversion took place within 20 h and product 4f was 

obtained in 85% yield (entry o, Table 1). Catalyst I provided inferior results when compared 

with catalyst H (entry p, Table 1). Interestingly, triflate salt of 2-picolinic acid also worked as 

catalyst albeit in lower efficiency (entry q, Table 1). It is important to mention that no reaction 
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Table 2: Synthesis of 3-(hetero)aroyl 2H-chromenes
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q

O

H

O
S3q

O

O
S

4q
80 oC, 10 h, 88%

r

O

H

O
N

3r
O

O
N

4r
150 oC, 12 h, (35)c

s

O

H

O
N3s

O

O

N

4s
150 oC, 16 h, (42)d

t

O

H

O
3t

MeO

O

O

4t
80 oC, 24 h, 80%

OMe

aAll reactions were carried out in 0.25 mmol scale using 1.0 eq of 3, 30 mol% of 
catalyst H, in MeOH (0.2 M); breaction was carried out in DCM-MeOH (1:1); 
cNMR yield (40% conversion); dNMR yield (45% conversion).

was observed in water at 80 oC possibly due to the insolubility of the starting material in water 

(entry r, Table 1).  

Identifying pyridinium salt H as an efficient catalyst for the high yielding conversion of 

3f to 4f, we next sought to evaluate the scopes of this catalytic transformation. A series of 2-

propargyloxybenzaldehydes bearing (hetero)aryl and alky substituted internal alkynes were 

synthesized following reported procedures. As shown in Scheme 2, a wide variety of O-

propargylated 2-hydroxyarylaldehydes bearing internal alkynes can be synthesized via 

complementary methods, viz. Sonogashira coupling and O-alkylation. In addition, the 

trifluoromethyl ketone containing O-propargylated compound 3l can be synthesized in two steps 

(see the supplementary information, page S6) from compound 3b. As shown in Table 2, the 

alkyne-carbonyl metathesis reaction of 2-propargyloxybenzaldehydes bearing phenyl and 3-

(trifluoromethyl)phenyl substituted internal alkynes underwent smooth metathesis reaction 

furnishing 3-aroyl 2H-chromenes in very high yields (entries a-i, Table 2). Due to the presence 

of two strong electronegative halogen atoms (F, Cl) in aryl ring B, substrate 3j required elevated 
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temperature (100 oC) for the alkyne-carbonyl metathesis reaction to furnish 2H-chromene 4j in 

82% yields (entry j, Table 2). Substrates bearing electron-withdrawing groups on the aryl ring A 

showed better reactivity than those having strong electron-releasing group on the aryl ring A. 

Substrates bearing methyl ketone as well as trifluoromethyl ketone exhibited lower reactivity 

when compared to the substrates containing aldehydic group. The lower reactivity of these 

substrates could be attributed to the steric and electronic effects exerted by the methyl and 

trifluoromethyl groups in the transition state of the cycloaddition reaction. Nevertheless, 

synthetically useful yields of the corresponding 3-aroyl 2H-chromenes were obtained by carrying 

out the reactions at 60 oC (entries k-l, Table 2). Unlike phenyl substituted 2-

propargyloxybenzaldehydes, the cyclohexyl substituted substrates exhibited lower reactivity 

towards the metathesis reaction. However, good yields of the products were obtained by carrying 

out the reaction at 90 oC (entries m-o, Table 2). Next, the scopes of heteroaryl substituted 2-

propargyloxybenzaldehydes were evaluated under the optimized reaction conditions. Electron-

rich heteroaryl (furan, thiophene) substituted 2-propargyloxybenzaldehydes underwent smooth 

reaction at 80 oC in short reaction time to provide the corresponding 3-(hetero)aroyl 2H-

chromenes in high yields (entries p-q, Table 2). On the contrary, 2- and 3-pyridyl substituted 2-

propargyloxybenzaldehydes failed to undergo metathesis reaction at 80 oC. However, 

approximately 40% conversion took place when these substrates were heated with 1.0 eq. of 

catalyst H in MeOH at 150 oC (entries r-s, Table 2). Unfortunately, despite our best efforts, the 

pyridyl products could not be separated from the starting materials to obtain a sample for 

recording analytical data. It would be interesting to see the reactivity of the substrates containing 

pyridine N-oxide which may exhibit better reactivity towards the metathesis reaction. It is worth 

mentioning that substrate 3t bearing 2-methoxynaphthyl substituted alkyne also underwent 

metathesis reaction to provide 2H-chromene 4t in high yield (80%). Due to the extended 

conjugation, all the synthesized 3-(hetero)aryl 2H-chromenes could be visualized under long UV 

(354 nm) at which 2-propargyloxybenzaldehydes usually do not show any absorption. 

The mechanistic hypothesis of the pyridinium triflate catalyzed ACM reaction is outlined 

in Scheme 3a. Pyridinium triflate H activates an alcohol molecule (solvent) via intermolecular 

hydrogen bonding between the H-atom of pyridinium salt and O-atom of the alcohol molecule. 

The H-atom of the alcohol molecule, in turn, activates the carbonyl group via intermolecular H-

bonding towards the intramolecular [2+2]-cycloaddition reaction leading to the oxetene 
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intermediate and release of the pyridinium catalyst. Formal (2+2)-cycloreversion of the unstable 

oxetene intermediate leads to the 3-aroyl 2H-chromene with complete regioselectivity. Direct 

activation of the carbonyl group by the pyridinium salt, as shown in Scheme 3b, is also 

considerable in aprotic solvent (such as 1,2-dichloroethane). However, substrate activation by the 

catalyst in aprotic solvent is less effective. For example, with catalyst H at 100 oC for 24 h, 2-

propargyloxybenzaldehyde 3j underwent complete conversion in MeOH whereas only 

approximately 60% conversions was observed in 1,2-dichloroethane. Recent literature reports by 

Kancharla and co-workers12 further supports our catalytic hypothesis in MeOH (solvent). 
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Scheme 3: Plausible mechanism of the pyridinium salt catalyzed ACM reaction.  

Conclusion: In summary, the intramolecular alkyne-carbonyl metathesis reaction of 2-

propargyloxyarylaldehydes containing (hetero)aryl and alkyl substituted internal alkynes 

catalyzed by 3,5-dibromopyridinium triflate in MeOH has been demonstrated. The mild reaction 

conditions are amenable to several functional groups (NO2, NEt2, CF3, enones) and provide a 

wide variety of novel 3-(hetero)aroyl 2H-chromenes in good yields. 2-Pyridyl and 3-pyridyl 

substituted 2-propargyloxybenzaldehydes exhibited poor reactivity under the standard reaction 

conditions. It would be interesting to examine the reactivity of the substrates bearing pyridine N-

oxide substituted internal alkynes. The intramolecular alkyne-carbonyl metathesis reaction may 

provide interesting results in the presence of a pyridine based bifunctional organocatalyst.16 We 

will investigate on these in our future work. 

Notes: Authors declare no competing financial interest.



10

Acknowledgement: Research grants from Council of Scientific and Industrial Research, New 

Delhi (Grant No. 02(0346)/19/EMR-II) is gratefully acknowledged. MKS thanks CSIR, New 

Delhi for a research fellowship. HSK and SKV thank UGC, New Delhi for research fellowships. 

Associated content:
The Supplementary Information is available (Experimental procedures, analytical data and 

copies of 1H & 13C NMR spectra).

*Corresponding Author:
Ashok K. Basak-Department of Chemistry, Institute of Science, Banaras Hindu University, 

Varanasi 221005, India. E-mail ID: akbasak.chem@bhu.ac.in

References: 
1. (a) Liu, L.; Xu, B.; Hammond, G. B.  Beilstein J. Org. Chem. 2011, 7, 606-614; (b) Becker, 

M. R.; Watson, R. B.; Schindler, C. S. Chem. Soc. Rev. 2018, 47, 7867-7881; (c) Das, A.; Sarkar, 

S.; Chakraborty, B.; Kar, A.; Jana, U. Curr. Green Chem. 2020, 7, 5-39.

2. (a) Jung, Y.; Kim, I. J. Org. Chem. 2015, 80, 2001-2005; (b) Nayak, M.; Kim, I. J. Org. 

Chem. 2015, 80, 11460-11467. 

3. (a) Kurtz, K. C. M.; Hsung, R. P.; Zhang  Y. Org. Lett. 2006, 8, 231-234; (b) Bera, K.; Jalal, 

S.; Sarkar, S.; Jana, U. Org. Biomol. Chem. 2014, 12, 57-61; (c) Parpart, S.; Boldt, S.; Ehlers, P.; 

Langer, P. Org. Lett. 2018, 20, 122-125; (c) Okamoto, N.; Sueda, T.; Minami, H.; Yanada, R. 

Org. Lett. 2019, 21, 8847-8851; (d) Xu, T.; Chen, K.; Zhu, H.-Y.; Hao, W.-J.; Tu, S.-J.; Jiang, B. 

Org. Lett. 2020, 22, 2414-2418; (e) McFarlin, A.T.; Watson, R. B.; Zehnder, T. E.; Schindler, C. 

S. Adv. Synth. Catal. 2020, 362, 365-369.

4. (a) Curini, M.; Epifano, F.; Maltese, F.; Rosati, O. Synlett 2003, 552-554; (b) Tanaka, K.; 

Sasaki, K.; Takeishi, K.; Sugishima, K. Chem. Commun. 2005, 4711-4713; (c) Miranda, P. O.; 

Díaz, D. D.;  Padrón, J. I.; Ramírez, M. A.; Martín, V. S. J. Org. Chem. 2005, 70, 57-62; (d) 

Saito, A.; Umakoshi, M.; Yagyu, N.; Hanzawa Y. Org. Lett. 2008, 10, 1783-1785. (e) Saito, A.; 

Kasai, J.; Odaira, Y.; Fukaya, H.; Hanzawa, Y. J. Org. Chem. 2009, 74, 5644-5647; (f) Liu, L.; 

Wei, L.; Zhanga, J. Adv. Synth. Catal. 2010, 352, 1920-1924; (g)  Xu, T.; Yang, Q.; Li, D.; 

Dong, J.; Yu, Z.; Li, Y. Chem. Eur. J. 2010, 16, 9264-9272; (h) A. Saito, J. Kasai, T. Konishi, Y. 

Hanzawa J. Org. Chem. 2010, 75, 6980-6982; (i) Ao, C.; Yang, X.; Jia, S.; Xu, X.; Yuan, Y.; 



11

Zhang, D.; Hu W. J. Org. Chem. 2019, 84, 15331-15342; (j) Okamoto, N.; Sueda, T.; Minami, 

H.; Yanada R. Org. Lett. 2019, 21, 8847-8851. 

5. (a) Rhee, J. U.; Krische, M. J. Org. Lett. 2005, 7, 2493-2495; (b) Jin, T.; Yamamoto, Y. Org. 

Lett. 2007, 9, 5259-5262; (c) Gao, J.; Liu, C.; Li, Z.; Liang, H.; Ao, Y.; Zhao, J.; Wang, Y.; Wu, 

Y.; Liu, Y. Org. Lett. 2020, 22, 3993-3999.

6. Miura, K.; Yamamoto, K.; Yamanobe, A.; Ito, K.; Kinoshita, H.; Ichikawa, J.; Hosomi, A. 

Chem. Lett. 2010, 39, 766-767.

7. (a) Jin, T.; Yang, F.; Liu C.; Yamamoto Y. Chem. Commun. 2009, 3533-3535; (b) González-

Rodríguez, C.; Escalante, L.; Varela, J. A.; Castedo, L.; Saá C. Org. Lett. 2009, 11, 1531-1533. 

8. Murai, K.; Tateishi, K.; Saito A. Org. Biomol. Chem. 2016, 14, 10352-10356.

9. (a) Greene, T. W.; Wuts, P. G. M. Protective groups in organic synthesis, 3rd edition, John 

Wiley & Sons, Inc 1999; (b) Procuranti, B.; Connon, S. J. Org. Lett. 2008, 10, 4935-4938; (c) 

Rumyantsev, M.; Sitnikov, N. S.; Somov N. V. J. Phys. Chem. A 2015, 119, 4108-4117.

10. Šturala, J.; Boháĉová, S.; Chudoba, J.; Metelková, R.; Cibulka R. J. Org. Chem. 2015, 80, 
2676-2699.

11. Ali, S. I.; Nikalje, M. D.; Sudalai A. Org. Lett. 1999, 1, 705-707.

12. T. Ghosh, A. Mukherji, P. K. Kancharla Org. Lett. 2019, 21, 3490-3495.

13. Bera, K.; Sarkar, S.; Biswas, S.; Maiti, S.; Jana U. J. Org. Chem. 2011, 76, 3539-3544.

14. Das, A. J.; Devi, R.; Das, S. K. Tetrahedron Lett. 2018, 59, 4263-4266.

15. Annes, S. B.; Vigneshwar, K.; Nivedha, K.; Manojveer, S.; Ramesh, S. ChemistrySelect 

2019, 4, 6245-6249. 

16. Li, M.; Tao, Y.; Tang, J.; Wang, Y.; Zhang, X.; Tao, Y.; Wang X. J. Am. Chem. Soc. 2019, 

141, 281-289.

------------------



12

Graphical Abstract

 Organocatalyzed alkyne-carbonyl metathesis reaction
 Activation via hydrogen bonding
 Broad substrate scope
 High yielding reactions
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