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Montmorillonite K-10 supported palladium nanoparticles: A catalyst for the 

preparation of α-aminoynones employing copper free acyl Sonogashira reaction 
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Palladium nanoparticles supported by Montmorillonite K-10 (MMT K-10) are utilized for the synthesis of α-amino 

ynones using amino acid chlorides and a mild base at room temperature. All the compounds were obtained in good yields. 

Furthermore, the catalyst is also utilized for the deprotection of protecting groups operating in peptide chemistry. 
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A typical acyl Sonogashira coupling is the ―ynone‖ 

formation by the reaction between acyl halide and an 

alkyne1. Ynone motif serves as a useful precursor in 

the multiple areas of chemistry such as polymers, 

dyes and multicomponent synthesis2. The ynone 

pharmacophore plays a significant role in the 

synthesis of plethora of bioactive heterocycles such as 

pyrroles3, pyrazoles4, isoxazoles5, pyrrolinones6, 

pyrimidines7, quinolines8and 1,3-diethylnylallenes9 as 

well as natural products10. 

Traditionally, ynones are synthesized by cross 

coupling reactions of acid halides with alkynes or metal 

acetylides11. Coupling with metal acetylides requires 

harsh conditions and involve time consuming 

procedures12. The most straight forward method for 

the synthesis of ynones is the carbonylative cross-

coupling which involve a reaction of aryl triflate with 

phenyl acetylene in the presence of CO gas13. The 

disadvantage in the Sonogashira reaction is the necessity 

of use of copper salt as a co-catalyst, which makes the 

separation of the expected product more laborious. In 

addition, the combination of two metals i.e., Pd and Cu 

circumvents the reuse of the valuable catalyst14. 

In the past few years, a number of new methods 

with improved catalytic systems have been explored 

like palladium nanoparticles (Pd NPs) supported by 

polyethylene glycol (PEG)15, polystyrene16, polyvinyl 

pyrrolidinone (PVP)17 and amphiphilic-PS-PEG resin18, 

for C-C bond forming reactions, dehalogenation and 

hydrogenation reactions.Our group had synthesized 

polyvinylchloride (PVC) and MMT K-10 supported 

Pd NPs and explored for cross coupling reactions, 

hydrogenation reactions,deprotection of protecting 

groups employed in the peptide chemistry and 

diarylalkynones19. 

Mandal et al., employed poly-1,4-phenylene 

sulphide (PPS)20Pd NPs, Bakherad and group engaged 

polystyrene supported Pd NPs 21 and silica supported 

zinc bromide22, Tsai group23 reported mesoporous 

silica material MCM-41 anchored palladium bipyridyl 

complex for copper free acyl Sonogashira reactions at 

elevated temperature. 

Limited methodologies have been reported in the 

literature for the preparation of α-amino ynones. One 

such approach is the addition of organolithium and 

Grignard reagents to N-Boc-protected amino Weinreb 

amides obtained by the activation of N-Boc-protected 

amino acid at –78°C for 4h 24. In another report, Spina 

et al.,used the same reagents to urethane-protected N-

carboxyanhydrides at similar reaction conditions to 

obtain the products25. Georg et al., developed a 

strategy for the synthesis of β-amino ynones which 

are accessed via Weinreb amide formation and 

subsequent addition of ethyl magnesium bromide to 

β-amino acids26. These protocols, though efficient, 

suffer from disadvantages like time-consuming steps, 

multisteps, necessity of costly and hazardous 

reagents. We herein report a simple, mild and 

efficient protocol for the synthesis of α-amino ynones 

(Scheme I). 

Results and Discussion 

Initially, we reacted Nα-Fmoc-alanyl-chloride 

1a
 27(1.0 mmol)with phenyl acetylene 2a(1.2 mmol)in 
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the presence of MMT K-10 Pd NPs(5 mg) and TEA 

(1.0 mmol) in 1,4-dioxane at room temperature, 

afforded only a modest yield of 55% of the desired 

product 3a. We then performed a stoichiometric 

quantity of base and catalyst screening to optimize the 

reaction conditions for the coupling of 1 and 2. In 

another reaction, when the stoichiometry of base and 

catalyst was increased to 2.0 mmol and 10 mg 

respectively, we obtained the corresponding amino 

ynone3a in 70% of yield. Further, when the catalyst 

loading was increased to 15 mg and base to 3.0 mmol, 

afforded the corresponding product 3a in 88% of 

yield and the yield was same when catalyst loading 

was increased to 20 mg. Furthermore, on screening 

the reaction with different solvents viz. THF, 1,4-

dioxane, DMF, ACN, toluene, ethanol and methanol. 

It was found that 1,4-dioxane was the optimum 

solvent and the desired α-amino ynone was obtained 

with 88% yield in the span of an hour duration of 

reaction time (Table I). 

After the completion of reaction, as analyzed by 

TLC, the reaction mixture was filtered, washed with 

ethyl acetate. And, the filtrate was washed with water 

and brine solution, dried over anhydrous sodium 

sulfate. The solvent was evaporated in vacuo and the 

crude was subjected to column chromatography using 

hexane and ethyl acetate as eluent to obtain the pure 

title compounds in good yield (Table II). The MMT 

K-10/Pd(0) was recovered and reused further for three 

cycles without palladium leaching. The XRD pattern 

of the catalyst after 3 cycles, showed peaks at 2θ 

values of 40°, 46° and 68°, that are related to (111), 

(200) and (220) facets of Pd(0), which indicates no 

deterioration of the catalyst.The ICP-OES analysis of 

the recycled catalyst after three cycles was found to 

be 15.8%.But, there was a slight decrease in the yield 

after three cycles. It took longer duration of reaction 

to complete the reaction when compared to the 

reaction using fresh catalyst. This may be due to the 

aggregation of metal nanoparticles within the matrix 

or accumulation of some organic species on the 

composite. 

Racemization studies were carried out to 

investigate the optical purity of the compounds 

emerging from the current methodology. The RP-

HPLC profiles were analyzed for the enantiomeric 

ynones 3a and 3a*, which showed the single distinct 

peak with retention times (Rt) at 8.243 min and  

7.189 min respectively. On the other hand, the 

consciously prepared equimolar mixture of 3a and 

3a* showed the distinct peaks at (Rt) 8.210 min and 

7.224 min respectively. These observations confirmed 

that the present method is racemization free and the 

isomers are optically pure. 

The present strategy is applicable for the protecting 

groups employed in the peptide chemistry viz., Fmoc 

and Boc groups but subsequently failed in the Cbz 

protected compounds, we obtained Cbz deprotected 

α-amino ynone, confirmed by TLC analysis and mass 

spectral data (Scheme II). 

With the result of Cbz deprotection, we further 

explored this catalyst for the deprotection of the 

protecting groups utilized in the peptide chemistry 

including Cbz, benzyl ester and benzyl ether. Our 

group reported the use of PVC-Pd0 for the 

deprotection of protecting groups
19

 whereas deprotection 

using MMT K-10/Pd0 is yet to be reported. Catalytic 

hydrogenation is employed for deprotection and 

hence we employed MMT K-10/Pd0 for the 

 
 
Scheme I — Schematic representation for the synthesis of α-amino 

ynones catalyzed by MMT K-10/Pd(0) 

 

Table I — Optimization of coupling reaction 

 

Entry Solvent Time (h) Yield (%) 

1 THF 5 55 

2 1,4-dioxane 3 88 

3 1,4-dioxane >6 Tracea 

4 DMF 6 40b 

5 ACN 6 56 

6 Toluene 6 Trace 

7 Ethanol 5-6 Trace 

8 Methanol 5-6 Trace 

a = Yield with Pd NP’s without MMT K-10, b = yield obtained at 

100°C 
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deprotection of protecting groups used in peptide 

chemistry. 

To start with, we used Cbz-Phe-OH as a model 

substrate, to this hydrogenation was carried out in the 

presence of MMT K-10/Pd0 in ethanol. We 

successfully obtained the deprotected product H-Phe-

OH within 30 minutes (Entry 1, Table III), which was 

adjudged by the TLC analysis. It was then isolated, 

filtered, evaporated the solvent and re-confirmed the 

product by matching the physical constants with the 

reported value and mass spectral data. And the Pd 

NPs were recovered after washings with water, 

ethanol, dried and reused directly in the subsequent 

reactions. 

Catalyst worked well for the deprotection of  

benzyl ester in short duration in excellent yield  

(Entry 2, Table III); deprotection of Cbz protected  

di- and tetra peptides in good yields in about 35  

and 100 minutes respectively (Entry 3-4, Table III). 

Cbz-Glu(OBzl)-OH and Boc-Thr(Bzl)-OMewere 

hydrogenated to Glu and Thr-OMe in good yields 

respectively (Entry 5-6, Table III). 

Table II — List of Nα-protected amino ynones synthesized 

 
 

 

 
 

Scheme II — Formation of unexpected Cbz deprotected α-amino ynone 
 



INDIAN J. CHEM., SEC B, JULY 2021 

 

 

980 

Materials and Methods 

All chemicals were used as obtained from Sigma 

Aldrich Company, USA. All the solvents were dried 

and purified using recommended procedures in the 

literature whenever necessary. Mass spectra were 

recorded on a Micromass Q-TOF micromass 

spectrometer. 1H NMR and 13C NMR spectra were 

recorded on Bruker AV NMR 400 MHz and 100 MHz 

spectrometers, respectively, at the Indian Institute of 

Science, Bangalore. The RP-HPLC analysis of 

isomers was carried out by using an Agilent 

instrument at λ = 254 nm; flow rate: 0.5 mL/min; 

column: Phenomenex Lux Amylose-2, pore size-5 μm, 

diameter × length = 4.6 × 250 mm; method: gradient 

0.1% TFA water-acetonitrile; Flow rate:  

0.5 mL/min in 10 min. TLC experiments were 

performed using MERCK TLC aluminum sheets 

(silica gel 60 F254) and chromatograms were 

visualized by exposing in an iodine chamber or  

to a UV-lamp. Column chromatography was 

performed on silica gel (100–200 mesh) using ethyl 

acetate and hexane as the eluent.ICP-OES data were 

obtained from Shiva Analyticals (India) Ltd., 

Bangalore 562114,India using Perkin-Elmer OPTIMA 

5300DV. 

 

Experimental Section 
 

Procedure for the preparation of MMT K-10/Pd
0 19(c)

 

A suspension of montmorillonite K-10 (500 mg) in 

ethanol (90 mL) was stirred for 30 min along with 

PdCl2 (2.5 mmol). It was then refluxed for 20 min and 

a solution of NaBH4 (3 mmol) in ethanol (6 mL) was 

added slowly. The initial brownish solution 

immediately turned colourless shows the reduction of 

Pd (II) to Pd (0). It was then allowed to cool to room 

temperature, and the black precipitate obtained was 

filtered. After simple washings with water and 

ethanol, black powder of Montmorillonite K-10/Pd0 

was obtained which was dried under vacuum  

and characterized. 
 

Procedure for the preparation of N
α
-protected 

amino ynones 

A solution of amino/peptide acid chloride (1 mmol), 

aryl/alkyl acetylene (1.2 mmol), TEA (3 mmol) was 

stirred in 1,4-dioxane, 15 mg of MMT K-10/Pd0 was 

added and the stirring was continued at 

roomtemperature. After the completion of the reaction  

(as analyzed by TLC), the reaction mixture was 

filtered, residue was washed with ethanol. Solvent 

was evaporated under vacuoand extractedinto ethyl 

acetate. The organic layer was washed with water, 

brine and dried over anhydrous sodium sulfate. The 

solvent was evaporated under vacuum. The crude was 

subjected to column chromatography using n-hexane 

and ethyl acetate as eluent. 
 

Procedure for deprotection reaction 

A solution of Z-Phe-OH (200 mg) was treated with 

MMT K-10/Pd0 (20 mg) in ethanol (5 mL) and the 

reaction mixture was stirred under hydrogen at room 

temperature for 30 min. After the completion of the 

reaction, (as identified by TLC analysis), it was 

filtered and evaporated under reduced pressure. And 

the product was confirmed by comparing the physical 

constants with the reported data. 

 

Conclusion 

We report a simple and efficient protocol for  

the preparation of α-amino ynones using MMT  

K-10 supported palladium nanoparticles in good 

yields. In addition, the catalyst was engaged for the 

cleavage of protecting groups Cbz (Z), benzyl esters 

and benzyl ethers. 
 

Supplementary Information 

Supplementary information is available in the 

website http://nopr.niscair.res.in/handle/123456789/60. 
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Table III — Deprotection and catalytic hydrogenation reactions via MMT K-10/Pd0 

Entry Protected  Deprotected Yield (%) Time (min) 

1. Cbz-Phe-OH H-Phe-OH 100 30 

2. Cbz-Val-OBn H-Val-OH 99 25 

3. Cbz-Phe-Ala-OMe H-Phe-Ala-OMe 99 35 

4. Cbz-Ala-Asp(OBzl)-Ser-Gly-OH Ala-Asp-Ser-Gly-OH 78 100 

5. Cbz-Glu(OBzl)-OH H-Glu-OH 85 95 

6. Boc-Thr(Bzl)-OMe Boc-Thr-OMe 100 50 

 



KUMAR et al.: COPPER FREE ACYL SONOGASHIRA 

 

 

981 

Roopesh Kumar L thanks DST-Nano mission project 

for the fellowship. 

 

References 
1 (a) Brandsma L, Synthesis of Acetylenes, Allenes and 

Cumulenes: Methods and Techniques (Elsevier, Oxford) 293 

(2004); (b) Sonogashira K, in Metal-Catalyzed Cross-

Coupling Reactions, edited by Diederich F & de Meijera A, 

(Wiley-VCH, Weinheim) 1 (2004) 319; (c) Tykwinski R R, 

Angew Chem Int Ed, 42 (2003) 1566; (d) Negishi E & 

Anastasia L, Chem Rev, 103 (2003) 1979; (e) Sonogashira K, 

in Handbook of Organopalladium Chemistry for Organic 

Synthesis, edited by, Negishi E & de Meijere A (Wiley-

Interscience, New York), 493 (2002); (f) Sonogashira K, J 

Organomet Chem, 653 (2002) 46; (g) Rossi R, Carpita A & 

Bellina F, Org Prep Proced Int, 27 (1995) 127; (h) 

Sonogashira K, in Comprehensive Organic Synthesis, edited 

by Trost B M & Fleming I (Pergamon, Oxford) 3 (1991) 521; 

(i) Sonogashira K, Tohda Y & Hagihara N, Tetrahedron Lett, 

16 (1975) 4467; (j) Lu N, Chen Y C, Chen T L & Wu S J, J 

Organomet Chem, 694 (2009) 278. 

2 (a) Chinchilla R & Najera C, Chem Soc Rev, 40 (2011) 5084; 

(b) Applied Homogeneous Catalysis with Organometallic 

Compounds, edited by Cornils B & Herrmann W A (Wiley-

VCH, Weinheim) (1996); (c) Handbook of Organopalladium 

Chemistry for Organic Synthesis, edited by Negishi E & 

de Meijere A (Wiley, New York) (2002); (d) Cross-Coupling 

Reactions, edited by Miyaura N (Springer, Berlin) (2000);  

(e) Metal-Catalyzed Cross-Coupling Reactions, 2nd edn, 

edited by Diederich F & de Meijere A (Wiley-VCH, 

Weinheim) (2004); (f) Transition Metals for Organic 

Synthesis, Building Block and Fine Chemicals, 2nd edn, 

edited by Beller M & Bolm C (Wiley-VCH, Weinheim) 

(2004); (g) Tsuji J, Palladium Reagents and Catalysts, 

Innovations in Organic Synthesis (Wiley, New York) (1995); 

(h) Zapf A & Beller M, Top Catal, 19 (2002) 101; (i) Tucker 

C E & de Vries J G, Top Catal, 19 (2002) 111; (j) Brase S, 

Kirchhoff J H & Kobberling J, Tetrahedron, 59 (2003) 885; 

(k) van de Weghe P, Lett Org Chem, 2 (2005) 113; (l) Krafft 

M E, Bonaga L V R & Kerrigan S, J Org Chem, 68 (2003) 

6039; (m) Wang J C, Ng S S & Krische M J, J Am Chem 

Soc, 125 (2003) 3682; (n) Kel’in A V & Gevorgyan V,  

J Org Chem, 67 (2002) 95; (o) Grotjahn D B, Van S & 

Combs D, J Org Chem, 67 (2002) 9200; (p) Karpov A S & 

Muller T J J, Org Lett, 5 (2003) 3451; (q) Midland M M & 

Nguyen N H, J Org Chem, 46 (1981) 4107; (r) Williams D 

R, Fromhold M G & Earley J D, Org Lett, 3 (2001) 2721;  

(s) Aiguade J, Hao J & Forsyth C J, Org Lett, 3 (2001) 979; 

(t) Aoki S, Matsui K & Kobayashi M, Tetrahedron, 58 (2002) 

5417; (u) Kerdesky F A J, Schmidt S P & Brooks D W, J Org 

Chem, 58, 1993, 3516; (v) Hénon H, Messaoudi S, Anizon F, 

Aboab B, Kucharczyk N, Léonce S, Golsteyn R M,  

Pfeiffer B & Prudhomme M, Eur J Pharmacol, 554 (2007) 

106; (w) Wipf P, Aoyama Y & Benedum T E, Org Lett,  

6 (2004) 3593. 

3 (a) Kel’in A V, Sromek A W & Gevorgyan V, J Am Chem 

Soc, 123 (2001) 2074; (b) Merkul E, Boersch C, Frank W & 

Muller T J J, Org Lett, 11 (2009) 2269. 

4 (a) Wang X-J, Tan J & Zhang L, Org Lett, 2 (2000) 3107; (b) 

Grotjahn D B, Van S, Combs D, Lev D A, Schneider C, 

Rideout M, Meyer C, Hernandez G & Mejorado L, J Org 

Chem, 67 (2002) 9200. 

5 Waldo J P & Larock R C, Org Lett, 7 (2005) 5203. 

6 Spina R, Colacino E, Gabriele B, Salerno G, Martinez J & 

Lamaty F, J Org Chem, 78 (2013) 2698. 

7 (a) Bagley M C, Hughes D D & Taylor P H, Synlett, 259 

(2003); (b) Karpov A S & Muller T J J, Org Lett, 5 (2003) 

3451; (c) Karpov A S & Muller T J J, Synthesis, 2815 

(2003); (d) D’Souza D M & Muller T J J, Nat Protoc, 3 

(2008) 1660. 

8 (a) Bagley M C, Hughes D D, Lloyd R & Powers V E C, 

Tetrahedron Lett, 42 (2001) 6585; (b) Arcadi A, Marinelli F 

& Rossi E, Tetrahedron, 55 (1999) 13233; (c) Zhao T & Xu B, 

Org Lett, 12 (2010) 212. 

9 Livingstone R, Cox L R, Odermatt S & Diederich F,  

Helv Chim Acta, 85 (2002) 3052. 

10 (a) Chowdhury C &Kundu N G, Tetrahedron, 55 (1999) 

7011; (b) Kundu N G & Dasgupta S K, J Chem Soc Perkin 

Trans 1 (1993) 2657; (c) Adlington R M, Baldwin J E, 

Pritchard G J & Spencer K, Tetrahedron Lett, 41 (2000) 575; 

(d) Marco-Contelles J & de Opazo E, J Org Chem, 67 (2002) 

3705; (e) Forsyth C J, Xu J, Nguyen S T, Samdal I A,  

Briggs L R, Rundberget T, Sandvik M & Miles C O,  

J Am Chem Soc, 128 (2006) 15114; (f) Nicolaou K C,  

Sarlah D & Shaw D M, Angew Chem Int Ed, 46 (2007)  

4708; (g) D’souza D M & Muller T J J, Nat Protoc, 3 (2008) 

1660; (h) Xu B H, Kehr G, Frohlich R, Wibbeling B, 

Chirmer B, Grimme S & Erker G, Angew Chem Int Ed,  

50 (2011) 7183. 

11 Corriu R J P, Huynh V & Moreau J J E, Tetrahedron Lett, 25 

(1984) 1887. 

12 (a) Alonso D A, Najera C & Pacheco M C, J Org Chem, 69 

(2004) 161; (b) Yin J, Wang X-J, Liang Y, Wu X,  

Chen B & Ma Y, Synthesis, 3 (2004) 331; (c) Gallagher W P 

& Maleczka R E, J Org Chem, 69 (2004) 1615;  

(d) Chowdhury C & Kundu N G, Tetrahedron Lett, 37, 

(1996) 7323; (e) Chinchilla R & Najera C, Chem Soc Rev, 

40 (2011) 5084. 

13 (a) Kundu N G, Mahanty J S & Spears C P, Bioorg Med 

Chem Lett, 6 (1996) 1497; (b) Clennan E L & Heah P C, J 

Org Chem, 46 (1981) 4107. 

14 (a) Glaser C, BerDtschChemGes,2, 1869, 422. (b) Siemsen P, 

Livingston R C &Diederich F, AngewChem, Int Ed Engl,39, 

2000, 2632. 

15 (a) Harraz F A, El-Hout S E, Killa H M & Ibrahim I A, 

Journal of Catalysis, 286 (2012) 184; (b) Matheus S A,  

Aires C S, Andrea L F S, Carlos A A, Thiago L V,  

Eveline R, Braulio S A, Lucia C S A, Luiz F B M 

& Jaqueline D S, Chemistry Select, 3 (2018) 9725;  

(c) Zhenshan H, Nils T & Walter L, Green Chem, 9 (2007) 

127; (d) Zhengyin D, Wanwei Z, Lin B, Fen W & 

Jin-Xian W, Synlett, 369 (2011). 

16 Linda Z N, Nadazhda A N, Tatiana E K, Irina Y T,  

Alexey V B, Barry D S, Esther M S & Lioubov K-M, 

Journal of Nanomaterials, 2019 (2019). 

17 Li Y, Hong X M, Collard D M & El-Sayed M A, Org Lett, 2 

(2000) 2385. 

18 Nakao R, Rhee H & Uozumi Y, Org Lett, 7 (2005) 163. 

19 (a) Hemantha H P & Sureshbabu V V, Org Biomol Chem,  

9 (2011) 2597; (b) Samarasimhareddy M, Prabhu G, 



INDIAN J. CHEM., SEC B, JULY 2021 

 

 

982 

Vishwanatha T M & Sureshbabu V V, Synthesis, 45 (2013) 

1201; (c) Roopesh K L, Sagar N R, Shekharappa & 

Sureshbabu V V, Chemistry Select, 2 (2017) 8059. 

20 Santra S, Dhara K, Ranjan P, Bera P, Dash J & Mandal S K, 

Green Chem, 13 (2011) 3238. 

21 Bakherad M, Keivanloo A, Bahramian B & Rajaie M, 

Tetrahedron Lett, 51 (2010) 33. 

22 Keivanloo A, Bakherad M, Bahramian B & Baratnia S, 

Tetrahedron Lett, 52 (2011) 1498. 

23 Chen J-Y, Lin T-C, Chen S-C, Chen A-J, Moub C-Y & 

Tsai F-Y, Tetrahedron, 65 (2009) 10134. 

24 Gouault N, Le R M, Cheignon A, Uriac P & David M,  

Org Lett, 13 (2011) 4371. 

25 Spina, R, Colacino E, Gabriele B, Salerno G, Martinez J & 

Lamaty F, J Org Chem, 78, 2013, 2698. 

26 Turunen B J & Georg G I, J Am Chem Soc, 128, 2006, 8702. 

27 Prabhu G, Basavaprabhu, Narendra N, Vishwanatha T M & 

Sureshbabu V V, Tetrahedron, 71 (2015) 2785. 
 

 

 


