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Previous work:

Fluoride-assisted activation of calcium carbide: A simple method for the ethynylation

of aldehydes and ketones
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Suggested mechanism for the fluorine catalyzed ethynylation of aldehydes and 

ketones with CaC2
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Ref: Hosseini, A.;  Seidel, D.; Miska, 

A.; Schreiner, P. R. Org. Lett. 2015, 

17, 2808.



Cross coupling reactions
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(1) K. Sonogashira, Y. Tohda and N. Hagihara, Tetrahedron Lett. 1975, 16, 4467. (2) Fauvarque, J. F.; Pfluger, F.; Troupel, M.  J. Organomet. Chem. 1981, 208, 419. 

(3) Amatore, C.; Pfluger, F. Organometallics 1990, 9, 2276. (4) Portnoy, M.; Milstein, D. Organometallics 1993, 12, 1665.

oxidative additionReductive 

elimination

First reported in 1975 by Sonogashira.
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Synthesis of symmetrical and unsymmetrical diarylalkynes

Literature survey on the use of acetylene gas in Sonogashira coupling reaction

Ref.: Sonogashira, K.; Tohda, Y.; Hagira, N. 

Tetrahedron Lett. 1975, 4467. 
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Ref.: Cassar, L. J. Organomet. Chem. 1975, 93, 253.

Ref.: Pal, M.; Kundu, N. G. J. Chem. Soc., Perkin Trans. 1

1996, 449.

The reaction was also moisture sensitive, no product being isolated in the presence of 5% water. 

Ref.: Li, C.-J.; Chen, D.-L.; Costello, C. W. Org. Process Res. 

Dev. 1997, 1, 325.
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Ref: Yum, E. K.; Son, J. W.; Kim, S. K.; Kim, S. N.; Kim, K. M.; 

Lee, C. W. Bull. Korean Chem. Soc. 2010, 31, 2097.

Literature survey on the use of calcium carbide in Sonogashira coupling reaction

● The reaction of bromobenzene or triflate gave no desired product and only a small amount of starting material could be recovered along with

unidentified complex mixtures. In the case of the tosylate, only a trace amount of the target compound diphenylethyne was isolated along with an

almost quantitative recovery of starting material.

● K2CO3 was ineffective base in this reaction and afforded 16 and 0% of desired product in MeOH and THF, respectively.

Ref: P. Chuentragool, K. Vongnam, P. Rashatasakhon, M. 

Sukwattanasinitt and S. Wacharasindhu, Tetrahedron 2011, 

67, 8177.

Ref: Zhang, W.; Wu, H.; Liu, Z.; Zhong, 

P.; Zhang, L.; Huang, X.; Cheng, J. 

Chem. Commun. 2006, 46, 4826.

● 1-Bromo-4-nitrobenzene            NR
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Ref: Takahashi, S.; Kuroyama, Y.; 

Sonogashira, K.; Hagihara, N. Synthesis

1980, 627.

Ref: Vasilevsky, S. F.; Klayatskaya, S. V.; 

Elguero, J. Tetrahedron 2004, 60, 6685.
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Entry TBAF (mol %) Total water (mmol)
GC-MS, 4h GC-MS, 20h

Mono Di Total Mono Di Total

1 5 – 5% 78% 83% 2% 98% 100%a

2 10 – 5% 25% 30% 6% 93% 99%

3 15 – 6% 32% 38% 1% 99% 100%

4 20 – 8% 16% 24% 8% 92% 100%

5 5 2.2 2% – 2% 47% 14% 61%

6 5 1.1 15% 85% 100%

7 15 1.1 13% 4% 17% 21% 79% 100%

8 20 1.1 9% – 9% 30% 70% 100%

a after 7h.
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Entry TBAF (mol %) water (mmol)a
Conv., 4h Conv., 20h

Mono Di Total Mono Di Total

1 1 – 2% 54% 56% – 100% 100%

2 2 – 2% 52% 54% – 100% 100%

3 1 1.1 9% 6% 15% 9% 91% 100%

4 2 1.1 14% 86% 100%

a Total amount of water (from TBAF•3 H2O and added water). 
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Entry TBAF (mol %) Pd salt Temp. (°C)
Conv., 18h Conv., 22h

Mono Di Total Mono Di Total

1 1 Pd(OAc)2 rt – – –

2 5 Pd(OAc)2 rt – – –

3 1 Pd(OAc)2 60 trace – trace

4 5 Pd(OAc)2 60 trace – trace

5 10 Pd(OAc)2 120 – 3% 3% 4% 57% 61%b

6a 10 Pd(PPh3)2Cl2 120 – 4% 4% 8% 16% 24%b

7 100 Pd(OAc)2 rt trace – trace

8 100 Pd(OAc)2 65 12% 62% 74% 13% 62% 75%

a without adding PPh3.
b After 18h, extra TBAF was added, totally reached to 50 mol%. The time is accounted when extra TBAF was added.
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Entry Solvent 
Conv., 20h

Mono Di Total

1 DMSO 13% 62% 75%a

2 THF – 17% 17%

3 Toluene – 31% 31%

4 Dioxane 2% 58% 60%

5 NMP 12% 57% 69%

a after 22h.
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Entry
CaC2

(mmol)
TBAF 

(mol %) 
Water 

(mmol)a

Temp. 
(°C)

Conv. Conv.

Time  

(h)

Mono Di Total Time 

(h)

Mono Di Total

1 2.7 100 – 65 20 28% 47% 75%

2 2.7 100 2.5 65 20 35% 37% 72%

3 1.35 100 1.2 65 20 8% 52% 60%

4 1.35 100 – 90 3 5% 62% 67% 24 trace 80% 80%

5 2.7 100 – 90 3 9% 40% 49% 24 – 65% 65%

6 2.7 100 2.5 90 3 6% 60% 66% 24 trace 68% 68%

7 4 100 – 90 3 8% 55% 63% 24 – 72% 72%

8 1.35 50 – 65 3 2% trace 2% 20 3% 9% 12%

9 1.35 50 1.5 65 3 3% 2% 5% 20 6% 6% 12%

10 1.35 100 – 65 3 15% 47% 62% 20 3% 74% 77%

11 0.68 100 – 65 3 6% 38% 44% 20 3% 60% 63%

12 1.35 200 – 65 3 2% 47% 49% 24 6% 85% 91%

a Total amount of water (from TBAF•3 H2O and added water). 
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# Cu Pd (mol%) Ligand
Conv. Conv.

Time  (h) Mono Di Total Time (h) Mono Di Total

1 CuI Pd(OAc)2 (5) Tri(o-tolyl)phosphine 3 trace – trace 24 4% 2% 6%

2 CuI Pd/C (10) PPh3 3 2% trace <3% 24 5% 2% 7%

3 Cu(acac)2 Pd(OAc)2 (5) PPh3 3 18% 52% 70% 24 trace 96% 96%

4 CuCl Pd(OAc)2 (5) PPh3 3 17% 62% 79% 20 10% 77% 87%

5 CuBr Pd(OAc)2 (5) PPh3 3 15% 40% 55% 20 18% 65% 83%

# Pd (mol%) TBAF (mol%) Temp. (°C)
Conv., (3h) Conv., (20)

Mono Di Total Mono Di Total

1 Pd(OAc)2 (5) 100 rt trace – trace 6% 3% 9%

2 Pd(OAc)2 (5) 50 65 12% 9% 21% 5% 46% 51%

3 – 100 65 – – 0% trace – trace 
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Summary results for homocoupling reaction: 

(1) Water promotes monosubstitution.

(2) Increasing the temperature had a little effect on total conversion and 

decreased the mono substituted product.

(3) Conversion was increased when higher amounts of TBAF was used.



Attempts to synthesize 

monosubstituted acetylenes
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Entry
CaC2

(mmol)

Added 

Water 
(mmol)

Temp. 
(°C)

Conv. Conv.

Time  

(h)

Mono Di Total Time 

(h)

Mono Di Total

1 5.4 5.5 65 4 8% – 8% 24 55% 33% 88%

2 5.4 5.5 100 4 42% 12% 54% 24 46% 8% 54%

3 5.4 5.5 40–50 16 3% – 3% 3a 9% – 9%

4 5.4 3.9 65 4 2% – 2% 24 39% 47% 86%

5 5.4 7.2 65 4 14% – 14% 24 31% 60% 91%

6 4 4.2 65 4 7% – 7% 24 31% 44% 75%

7 10.5 11 65 4 4% – 4% 24 51% 49% 100%

8 5.4 5.5b 75 5 25% 8% 33% 24 42% 24% 66%

9 5.4 11b 75 – – – – 24 33% 6% 39%

10c 5.4 5.5 65 4 – – – 24 23% 5% 28%

11d 5.4 5.5 65 4 – – – 24 – – –

a after 16h, extra PPh3 (20 mol%) was added. b water was added through syringe pump; c P(t-Bu)3 was used.
d Pd(dppe)2(NO3)2 was used.
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Summary:

(1) It seems that the formation of active parts take some time, higher 

temperature will increase the initial rate but kills the active species and stops 

the reaction.

(2) 55–75 °C is an appropriate temperature rang.

(3) PPh3 was  more effective than tri(o-tolyl)phosphine and P(t-Bu)3.

(4) Slow reaction promotes disubstituted product. 

On the effect of TBAF in coupling reactions:
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Ref: Mori, A.; Shimada, T.; Kondo, T.; 

Sekiguchi, A. Synlett 2001, 649.
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TBAF: Application in coupling reactions

Hiyama Ref: Li, J.-H.; Deng, C.-L.; Xie, Y.-X. 

Synthesis 2006, 969.

Suzuki–Miyaura
Ref: Tao, L.; Xie, Y.; Deng, C.; Li, J.-H 

Chin. J. Chem. 2009, 27, 1365.

Ref: Xie, Y.-X.; Deng, C.-L.; Pi, S.-F.; Li, 

J.-H.; Yin, D.-L. Chin. J. Chem. 2006, 24, 

1290.

Sonogashira

Sonogashira

Ref: Liang, Y.; Xie, Y.-X.; Li, J.-H. J. Org. 

Chem. 2006, 71, 379.

Ref: Chatterjee, T.; Dey, R.; Ranu, B. 

C. New J. Chem. 2011, 35, 1103.
Hiyama
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Proposed mechanism

Ref: Reetz, M. T.; Helbig, H.; Quaker, S. A.; 

Stimming, U.; Bruer, N.; Vogel, R. Science

1995, 267, 367.



• Thanks to Professor Schreiner for his support, helpful discussions and 
suggestions

• The whole group for pleasant work environment

Acknowledgement

22



23


