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cis-1,2-bis(diphenylphosphino)ethylene copper(I) catalyzed C-H 

activation and carboxylation of terminal alkynes   

Manoj Trivedi,a* Jacob R. Smreker,c Gurmeet Singh,a* Abhinav Kumar,b Nigam P. Rathc*  

The reaction of cis-1,2-bis(diphenylphosphino)ethylene (dppet) with CuX (X = CN, SCN) in 1:1 M molar ratio in DCM-

MeOH (50:50 V/V) under refluxing condition gave two dimeric Cu(I) complexes viz.  [Cu2(µ-CN)2(k
2-P,P-dppet)2] (1), and 

[Cu2(µ2-SCN)2(k
2-P,P-dppet)2] (2). These complexes have been characterized by elemental analyses, IR, 1H and 31P NMR, 

electronic absorption spectroscopy and ESI-MS. The molecular structure of 2 was confimed by single crystal X-ray 

diffraction which indicated that 2 exists as  a centrosymmetric dimer in which the two copper centers are bonded to two 

dppet ligands and two bridging thiocyanate groups in µ2-manner. The electrochemical properties of 1 and 2 were studied by 

cyclic voltammetry. Both the complexes exhibited strong luminescence properties in the solution state at ambient 

temperature. Both the complexes were found to be efficient catalysts for the conversion of terminal alkynes into propiolic 

acids with CO2. Owing to their excellent catalytic activity, the reactions proceed at atmospheric pressure and ambient 

temperature (25°C). The catalytic products were obtained in excellent yields (90-97%) by using the complex loading of 1 

mol%. 

 

Introduction 

Bidentate diphosphines have received significant research 

interest due to their extensive applications as ligands for a wide 

variety of transition metal catalysed transformations.1-3 In the 

presented, we have chosen the rigid diphosphine cis-1,2-

bis(diphenylphosphino) ethylene  (dppet) ligand because 

transition metal complexes of cis-1,2-bis(diphenylphosphino) 

ethylene  (dppet) had displayed novel and markedly different 

bonding properties when compared to complexes of other 

diphosphines complexes having saturated backbone.4 For dppet 

complexes, solution 31P NMR investigations5-7, solid state 
197Au Mossbauer8 and 31P CP-MAS NMR studies6,8 and single 

crystal X-ray structure determinations for [Cu(dppet)2]X for 

X=PF6
5, BF4

9, and CuCl2
10; [Ag(dppet)2]X for X= 

SnPh3(NO3)2
11, ClO4

12, and BF4
12; [Au(dppet)2]X for X=PF6

6, 

I8, BF4
13, Cl13, Br13, and BPh4

13 support the formation of stable 

tetrahedral bis(chelated) cations in both solid as well as in 

solution state. Recently another incentive to study cis-1,2-

bis(diphenylphosphino) ethylene copper(I) complexes has 

emerged from the finding that little had been explored in 

respect to the binuclear structural form of its complexes with 

simple salts, particularly copper(I) salts and their application in 

catalysis14. Previous reports of simple CuX: dppet (1:1) adducts 

comprises of: CuI: dppet (1:1) (of the form [Cu2(µ-I)2( κ
2-P,P-

dppet)2] and [CuI(dppet)(CH3CN)]15 but no structural report 

had been published till date dealing with CuX: dppet (1:1) (X= 

CN, SCN, Cl, Br). Similar adducts for HAuCl4: dppet (1.5:1)  

had been reported by Eggleston and co-workers.16 Various 

Cu(I) complexes containing phosphine, N-heterocyclic carbene, 

imidazole, triazole, hybrid nitrogen-sulfur ligands have been 

found to be the versatile catalysts.17 Currently,  the serious issue 

of our generation is the emission of CO2 which causes global 

warming and as a consequence imposes serious environmental 

problems.18 One of the ways to mitigate this problem is by 

using carbon dioxide as C1 building block in organic synthesis 

because it is an abundant, renewable carbon source and an 

environmentally friendly chemical reagent.19 Significant efforts 

have been devoted towards exploring the technologies for CO2 

transformation, but harsh and severe reaction condition is one 

of the major limitations to implement these technologies for 

practical applications.19,20 Therefore, the development of 

efficient catalysts systems for CO2 utilization under mild 

conditions is highly desired, especially for real world 

applications. One of the best strategies for CO2 conversion is 

the synthesis of propiolic acids through the C-H bond activation 

of terminal alkynes with CO2 as a C1 building block21 because 

the alkynyl carboxylic acid products can serve as important 
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synthetic intermediates22 for further applications in medicinal 

chemistry as well as in organic synthesis23 to give coumarins, 

flavones, aminoalkynes, alkynylarenes, and arylidene 

oxindoles.24  Several procedures and catalysts, including both 

homogenous21c-e,25 and heterogeneous catalytic21a,26 systems, 

have been developed in this area, but either the reusability 

problems or synthetic complications limits further application 

of these catalytic systems. Therefore design and syntheses of 

efficient, inexpensive, and easy to prepare catalysts for these 

types of reactions are urgently required. In the past decades, 

several interesting systems have been reported for metal-

mediated reductive carboxylation of alkynes27, allenes28, and 

alkyenes29 with CO2 to form carboxylic acids or esters. 

However, most of those systems need either a stoichiometric 

amount of transition metals as reactants or an excess amount of 

organometallic reagents for transmetallation processes. An 

alternative possibility to achieve the catalytic synthesis of 

carboxylic acid from CO2 is by direct C-H bond activation and 

carboxylation. Recently, Nolan’s group had reported a gold-

catalyzed CO2 carboxylation of C-H bonds of highly activated 

arenes and heterocycles.30 The state of the art for the 

carboxylation of terminal alkynes has recently been published 

by Gooßen et al..21b which suggests that it is possible to 

perform carboxylation of terminal alkynes with various copper 

and silver complexes, even at ppm loadings. Because of our 

interest in the area of copper chemistry31, we decided to 

investigate the catalytic transformation of CO2 to carboxylic 

acids through C-H bond activation and carboxylation of 

terminal alkynes in the presence copper(I) complexes 

containing cis-1,2-bis(diphenylphosphino) ethylene (dppet) The 

results of these investigations are presented herein.  
 

Experimental section 

Materials and Physical Measurements  

All the synthetic manipulations were performed under oxygen 

free nitrogen atmosphere. The solvents were purified and dried 

before use by adopting the standard procedures.32 Copper(I) 

cyanide, Copper(I) thiocyanate and cis-1,2-

bis(diphenylphosphino)ethylene (all Aldrich) were used as 

received. Elemental analyses were performed on a Carlo Erba 

Model EA-1108 elemental analyser and data for C, H, N and S 

are within ±0.4% of calculated values. Infrared spectra were 

recorded using Perkin-Elmer FT-IR spectrophotometer. 

Electronic and emission spectra of the complexes were obtained 

on a Perkin Elmer Lambda-35 and Horiba Jobin Yvon 

Fluorolog-3 spectrofluorometer, respectively. 1H, and 31P{1H} 

NMR spectra were recorded on a JEOL AL-400 FTNMR 

instrument using tetramethylsilane and phosphoric acid as  

internal standards, respectively. Mass spectral data were 

recorded using a Waters micromass LCT Mass 

Spectrometer/Data system. Electrochemical property of the 

complexes were measured by cyclic voltammetry using 

platinum as working electrode and the supporting electrolyte 

was [NBu4]ClO4 (0.1 M) in dichloromethane solution of 0.001 

M of complex versus Ag/AgCl at a scan rate of 100 mVs-1. 

GCMS studies were done with the Shimadzu-2010 instrument 

containing a DB-5/RtX-5MS-30Mt & 60Mt column of 0.25mm 

internal diameter. M+ is the mass of the cation.  
Syntheses of the complexes 1 and 2 

Complexes 1, and 2 were prepared as follows: 1 mmol of cis-

1,2-bis(diphenylphosphino)ethylene (dppet) was dissolved in 

CH3OH (15 mL), and CH2Cl2 (15 mL) and a copper 

cyanide/thiocyanate (1 mmol) was then added. The resulting 

solution was refluxed for 24 hours. The resulting solution was 

filtered and left for slow evaporation. Yellow colour powder 

and needle shaped crystals for complex 1 and 2 were obtained. 

Synthesis of [Cu2(µ-CN)2(κκκκ
2-P,P-dppet)2] (1). 

Yield: (0.776 g, 80%). Anal. Calc. for C54H44N2P4Cu2: C, 

66.74; H, 4.53; N, 2.88. Found: C, 66.82; H, 4.65; N, 2.92. IR 

(cm-1, nujol):ν = 2960, 2923, 2873, 2112 (CN), 1990, 1733, 

1650, 1545, 1457, 1437, 1379, 1338, 1314, 1259, 1215, 1172, 

1120, 1102 1069, 1025, 926, 879, 800, 746, 691, 662. 1H NMR 

(δ ppm, 400 MHz, CDCl3, 298 K): 7.16-7.39 (m, 40H, J=3.0 

Hz, Ph), 7.45-7.62 (m, 2H, CH=CH). 31P{1H}: δ 11.23 (s) 

(broad). UV/Vis: λmax (ε[dm3 mol-1 cm-1]) = 284 (8777), 241 

(5028). ESI-MS (m/z): 971.63 (M+).  

Synthesis of [Cu2(µ-SCN)2(κκκκ
2-P,P-dppet)2] (2). 

Yield: (0.725g, 70%). Anal. Calc. for C54H44N2P4S2Cu2: C, 

62.55; H, 4.25; N, 2.70; S, 6.18. Found: C, 62.79; H, 4.35; N, 

2.78; S, 6.32. IR (cm-1, nujol):ν = 3734, 2373, 2341, 2109 

(SCN), 2066, 2042, 1652, 1540, 1474, 1431, 1304, 1259, 1182, 

1091, 1023, 996, 727, 687, 608. 1H NMR (δ ppm, 400 MHz, 

CDCl3, 298 K): 7.00-7.40 (m, 40H, J=6.8 Hz, Ph), 7.53-7.83 

(m, 2H, CH=CH). 31P{1H}: δ 30.03 (s) (sharp). UV/Vis: λmax 

(ε[dm3 mol-1 cm-1]) = 313 (28641), 241 (6017). ESI-MS (m/z): 

1035.78 (M+). 
X-ray structure determination  

Intensity data sets for 2 was collected on a Bruker APEX II 

CCD area detector diffractometer using a graphite 

monochromated Mo-Kα radiation at 100(2) K. ApexII, and 

SAINT software packages were used for data collection and 

data integration for 2.33 The structure was solved by direct 

method using SHELXS-97, and refined by full matrix least-

squares with SHELXL-2014.33 The non-hydrogen atoms were 

refined with anisotropic thermal parameters. All the hydrogen 

atoms were treated using appropriate riding models. PLATON 

was also used for analyzing the intermolecular interactions and 

stacking distances.34  

Structure 2 (CCDC 1543220): C54H44N2P4S2Cu2, M = 1035.99, 

monoclinic, a = 28.3225(15), b= 9.7812(5), c = 18.6050(9) Å, 

U = 4820.8(4) Å3, T = 100(2) K, space group C2/c, Z = 4, 

70850 reflections measured, 11709 unique (Rint = 0.0719), 

which were used in all calculations. The final wR(F2) was 

0.0960 (all data). 
 

General Experimental Procedure for Carboxylation of Terminal 

Alkynes 

CuX(X=CN, SCN)/complexes 1-2 (1 mol%) and Cs2CO3 (1.5 

mmol) were added to DMF (5 mL) in a reaction tube (10 mL). 

A CO2 (balloon) and 1 mmol of terminal alkynes were 
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X= CN(1), X= SCN(2)

introduced into the reaction mixture under stirring. The 

progress of the reaction was monitored by TLC. After 

completion of the reaction, the reaction mixture was diluted 

with water (15 mL) and the solid residue was separated via 

centrifugation. The mixture was washed with CH2Cl2 and the 

aqueous layer was acidified with concentrated HCl to pH=1 at 

low temperature and then extracted with ethyl acetate. The 

combined organic layers were washed with saturated NaCl 

solution, dried over Na2SO4 and filtered. The solvent was 

removed in vacuum to obtain the carboxylic acid products. 

Results and discussion  

Synthesis   

The reactions of CuX (X= CN, SCN) with cis-1,2-

bis(diphenylphosphino)ethylene (dppet) ligand in a 

dichloromethane: methanol mixture (50:50 V/V) in equimolar 

ratio under refluxing conditions gave neutral bimetallic 

complexes with the formulations [Cu2(µ-X)2(κ
2-P,P-dppet)2] 

(X= CN(1), SCN(2)) in good yield (Scheme 1). 

 

Scheme 1. Synthetic Routes to Complexes 1-2. 

These complexes are air-stable, non-hygroscopic solids and 

soluble in dimethylformamide, dimethylsulfoxide and 

halogenated solvents but insoluble in petroleum ether and 

diethyl ether. Infrared spectrum of complex 1 exhibited 

characteristic band corresponding to νC≡N of the bridging 

cyanide group at 2112 cm-1 (Fig. S-1, ESI†). The appearance 

only one νC≡N band indicated the presence of only one type of 

cyanide bridge between copper(I) centers.35 In 2 the band 

associated with bridging SCN group appeared at 2109 cm-1 

(Fig. S-2, ESI†) which is in accordance with those reported in 

literature for bridging pseudohalide groups.35 In 1H NMR 

spectra of the complexes 1, and 2, the -CH=CH protons of 

dppet ligands resonated as a multiplet in the range of δ 7.45-

7.83 ppm. The phenyl ring protons of dppet ligands resonated 

as a multiplets at δ 7.00-7.40 ppm (Fig. S-3 and S-4, ESI†). In 

the 31P{1H} NMR spectra of both the complexes showed a 

single resonance (δ 11.23(1), 30.03(2) ppm) for dppet ligands 

indicating that all the phosphorus atoms were chemically 

equivalent (Fig. S-5 and S-6, ESI†). This occurs downfield 

compared to the 31P NMR signal of the free ligand (δP for dppet 

is -21.95 ppm).4 The 31P-63/65Cu couplings were not resolved. 

These chemical shifts are within the range and are comparable 

to copper(I) complexes containing chelating dppet ligands.6 The 

NMR data for 1 and 2 are consistent with structure showing 

four equivalent phosphorus atoms. This means that the two 

different diphosphine bridges indicated in the X-ray structure of 

2 (vide infra) become chemically similar in solution at room 

temperature. The electronic absorption spectroscopy in 

dichloromethane solution shows that both complexes exhibit 

two bands at 284-313 nm and 241 nm in dichloromethane 

solution (Fig. 1) which may be attributed to the charge transfer 

transitions.  

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. UV-Vis spectra of the complexes 1 and 2 in 10-3 DCM solution. 

Both the complexes were non emissive when excited at 241 nm 

However, on excitation at 284-313 nm the complexes exhibited 

one broad emissions at 363-398 nm (Fig. 2). Consistent with 

the previously reported copper(I) complexes36, we tentatively 

assigned the emission of these Cu(I) complexes as being a 

combination of a XLCT, and CC. But LC transitions may be 

ruled out since metal-metal bonding is negligible and cyanide 

and thiocyanide has a fairly large band gap. Pike et al.36b 

reported that the emission band at 392 nm for CuCN should be 

ascribed to invoke MC transitions of the type 3d→(4p,4s). 

They also reported that the peak broadening for (CuCN)20(pip)7 

(pip = piperazine), compared to that of CuCN, were due to the 

incorporation of pip ligands and a heterogeneous array of 

copper(I) centers. Taking the position and broad shape into 

account, the emission of 1 and 2 may also be reasonable and 

consistent with the MC transitions influenced by the existence 

of dppet ligands.36 The redox behaviour of the complexes were 

studied through cyclic voltammetry (Fig. 3). The cyclic 

voltammograms of both the complexes were first compared 

with that of their respective ligand to identify whether any 

redox phenomenon is arising specifically from the ligand and 

not from the copper(I) center. The complex 1 shows four quasi-

reversible oxidations at -1.03, -0.574, 0.081 and 1.88 V, 

respectively. Complex 2 exhibits similar behaviour with four 

distinct and separate oxidation couples at -0.995, -0.655, 0.760 

and 1.55 V. The oxidation wave at 1.55 to 1.88 V corresponds 

to the copper(I/II) oxidation. The rest of the oxidation waves 

are arising because of the structure of the chelating ligand 

which possess C=C π bonds. 
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Fig. 2. Emission spectra of complexes 1 and 2 in DCM at 284 to 313 nm. 

 

Fig. 3. Cyclic voltammogram for the complexes 1, and 2 in DCM/0.1 M [NBu4]ClO4 at 

100 mV s−1 scan rate. 

Crystal Structure 

The molecular structure of complex 2 with atomic numbering 

scheme is presented in Fig. 4. Complex 2 crystallizes in 

monoclinic system with C2/c space group. The molecular 

structure of 2 revealed a centrosymmetric dimeric unit with the 

two thiocyanate groups bridging the two copper centers. The 

structural chemistry of this copper(I) complex can be compared 

with that of the analogous copper(I) complexes [Cu(dppet)2]X 

for X=PF6
5, BF4

9, CuCl2
10, [Cu(µ-I)(dppet)]2

15 and others 

polymorphs of this compound.37 The tetrahedral coordination 

around the copper atoms is defined by two P atoms of the 

chelating dppet ligand [Cu-P bond lengths = 2.2520(4) and 

2.2495(4) Å] and two thiocyanate groups [S(1)-C(3)= 

1.6472(16) Å, N(1)-C(3)= 1.1575(19) Å]. The P1-Cu-P2 bite 

angle is 90.936(15)°, which is marginally larger than those 

found in Cu(I) complexes containing dppet ligand.5,6,9,10,15 The 

other bond angles in 2 are rather distorted [N(1)-Cu(1)-

P(1)=125.05(4)°, N(1)-Cu(1)-P(2)=111.35(4)°, P(2)-Cu(1)-

S(1)#1=118.442(18)°, P(1)-Cu(1)-S(1)#1=104.955(16)°]. This is 

because of the strained four-membered Cu2(SCN)2 ring and due 

to steric hindrance of the dppet ligand.5,6,9,10,15  The Cu-S, Cu-N 

and Cu-P bond distances are 2.3561(4) Å, 1.9524(13) Å and 

2.2520(4)-2.2495(4) Å, respectively and are comparable with 

other copper derivatives with dppet ligand.5,6,9,10,15 The S-C-N 

bond angle is 179.17(16) which confirmed that thiocyanate 

groups are linearly coordinated to each copper(I) center. The S-

C and C-N bond distances fall in the range of 1.6472(16) Å and 

1.1575(19) Å, respectively. These distances are within the 

reported range.38 The C-C distance in the ethylene bridge is 

1.327(2) Å and is within the range reported for the cis-

ethylene bridged structure.39,16 The PCH=CHP planes are 

orthogonal to the copper centers. The dppet ligands adopts 

essentially the same conformation with a pseudo twofold axis 

of symmetry lying in the PCH=CHP plane and is perpendicular 

to C=C. Crystal packing in complex 2 is stabilised by C-H⋯S 

hydrogen bond interactions. The contact distance for C-H⋯S 

interactions is 3.131Å (See S-10, ESI†). 

Fig. 4. Molecular structure of 2. Selected bond lengths [Å] and angles [°]:  Cu(1)-N(1) 

1.9524(13), Cu(1)-P(2) 2.2495(4), Cu(1)-P(1) 2.2520(4), Cu(1)-S(1)#1 2.3561(4), S(1)-

Cu(1)#1 2.3561(5), S(1)-C(3) 1.6472(16), N(1)-C(3) 1.1575(19), C(1)-C(2) 1.327(2), 

N(1)-Cu(1)-P(2) 111.35(4), N(1)-Cu(1)-P(1) 125.05(4), P(2)-Cu(1)-P(1) 90.936(15), 

N(1)-Cu(1)-S(1)#1 106.43(4), P(2)-Cu(1)-S(1)#1 118.442(18), P(1)-Cu(1)-

S(1)#1104.955(16), N(1)-C(3)-S(1) 179.17(16). 

Catalytic Performances for the conversion of 

terminal alkynes into propiolic acids with CO2 

The comparative catalytic activities of the CuX (X=CN, SCN) 

and Cu(I) complexes (1 and 2) were assessed for CO2 fixation 

with terminal alkynes into propiolic acids. In the initial 

investigation, the carboxylation of phenylacetylene as a model 

reaction had been performed to study the influence of various 

solvents, loadings, bases and reaction times on the reaction. It 

can be seen that, without copper source, no reaction taken place 

(Table 1, entry 1). Also no reaction occurred in the presence of 

isolated dppet and dppe ligands (entry 2 & 3). Table 1 shows 

the generation of 3-phenylpropiolic acid from CO2 (1 atm) and 

phenylacetylene at room temperature in the presence of CuX 

(X= CN, SCN) as well as complexes 1 and 2. The yield in DMF 

was found to be higher in comparison to those obtained in 

DMSO, CH3CN, chloroform, NMP, 1,4-dioxane (entry 4, 8-

12). We have also checked the effects of catalyst loadings on 

the outcome of the reaction in the presence of 1, 2, 3 and 5 
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mol% of CuCN (entry 4-7). For 1 mol% of CuCN, 3-

phenylpropiolic acid was obtained in good yields (50%). 

However, significant decrease in yield was observed with 

increase in the catalyst amount to 5 mol%. As shown in Table 

1, complexes 1 and 2 exhibited higher catalytic activity in 

comparison to CuX (X=CN, SCN). Furthermore, the catalytic 

performance of CuX (X=CN, SCN) containing 1,2-

bis(diphenylphosphino)ethane (dppe) was evaluated under 

identical conditions. Interestingly, the CuX (X=CN, SCN) 

containing dppe showed lower catalytic activity (entry 13 & 

14). The catalytic activity of 1 was relatively inferior in 

comparison to 2. The yield dropped to 27% when the base was 

changed to K2CO3 under similar conditions (entry 18). The 

other bases screened, NaOH, KOH, CsOH·H2O, and Na2CO3, 

resulted in poor yields (entry 19 to 22). This indicates that 

Cs2CO3 is a superior base for this direct carboxylation reaction 

of terminal alkynes with CO2. With the optimized conditions 

(1.5 equiv Cs2CO3, 1 atm CO2, DMF, 1 mol% catalyst, 25°C) in 

hand, several typical alkyne substrates were subjected to this 

carboxylation reaction (Table 2). 

Table 1. Synthesis of 3-phenylpropiolic acid from CO2 and Phenylacetylene with 

catalysts CuX(X=CN, SCN) and complexes 1-2.a 

 

 

 

 

Under standard conditions, the corresponding products were 

obtained in excellent yields (91-97%) when aromatic alkynes 

with either electron-donating (–CH3, –OCH3) or electron-

withdrawing (–Cl, -F, –NO2) substituent’s were employed. 

With non-phenylacetylene-based alkynes such as 

cyclohexylacetylene, ethynyltrimethylsilane, 1-heptyne and 1-

hepten-6-yne, the desired yield was 91-95%. In comparison to 

the previously reported carboxylation methods for catalysis of 

the carboxylation of terminal alkynes,40-41 the present Cu(I) 

complexes (1 and 2) appear to be more efficient than diPhPhen-

Cu(PPh3)2NO3
40a and P(NHC)0.5(NHC-CuCl)0.5

40b
.  

Table 2. Synthesis of propiolic acid derivatives from CO2 and terminal alkynes with 

complex 2. 

 

 

It is known that copper acetylide is the key intermediate for 

copper-catalyzed C-H activation of terminal alkynes and the 

Entry Catalyst  Solvent Yield (%)b 

1. No catalyst DMF 0 

2. dppet DMF 0 

   3. dppe DMF 0 

4. 1 mol% CuCN DMF 50 

5. 2 mol% CuCN DMF 40 

6. 3 mol% CuCN DMF 25 

7. 5 mol% CuCN DMF 20 

8. 1 mol% CuSCN CH3CN 20 

9. 1 mol% CuSCN DMSO 35 

10. 1 mol% CuSCN NMP 10 

11. 1 mol% CuSCN Dioxane 5 

12. 2 mol% CuSCN CHCl3 10 

13. 1 mol% CuCN/1 equiv. dppe DMF 25 

14. 1 mol% CuSCN/1 equiv. dppe DMF 30 

15. 1 mol% complex 1 DMF 91 

16. 1 mol% complex 2 DMF 97 
c17. 1 mol% complex 2 DMF 0 
d18 1 mol% complex 2 DMF 70 
e19 1 mol% complex 2 DMF 5 
f20 1 mol% complex 2 DMF 4 
g21 1 mol% complex 2 DMF 4 
h22 1 mol% complex 2 DMF 3 

aReaction conditions: Phenylacetylene (1.0 mmol), catalyst, Cs2CO3 (1.5 mmol), 

CO2 (1.0 atm), 25°C, solvent (5 mL), 12 h. bYield of isolated product. cIn absence of 

CO2. 
dK2CO3. 

eNaOH. fKOH. gNa2CO3. 
hCsOH.H2O 

Entry Alkyne Product Yield 

(%)b 

1.  

 

97 

2.  

 

94 

3. 

 

 

88 

4. 

  

95 

5. 

 

 91 

 

6.  

 

 92 

7.  

 

91 

8.   93 

9.   95 

10.   94 

aReaction conditions: alkyne (1.0 mmol), complex 2 (1 mol%), Cs2CO3 (1.5 

mmol), CO2 (1.0 atm), 25°C, DMF (5 mL), 12 h. bYield of isolated product. 

+ CO2

CuX/Complex 1-2

HCl
COOH

R + CO2

1 mol% Complex 2

HCl
R COOH

COOH

Cl
COOHCl

F COOHF

H3CO
COOHH3CO

H3C COOHH3C

O2N O2N

O

OH

O

OH

SiH3C

CH3

CH3

Si

O

OH

H3C

CH3

CH3

COOH

COOH
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Cu-C bond is active for CO2 insertion.40-41 A possible reaction 

mechanism for copper-catalyzed carboxylation of terminal 

alkynes with CO2 is proposed in Fig. 5. The copper center 

activates the terminal alkyne with a base to form the copper 

acetylide intermediate. Afterwards CO2 inserts into the C-Cu 

bond to form the carboxylic acid products, as previously 

proposed.21c,21e 

 

Fig. 5. The proposed reaction mechanism for Cu(I) complex catalyzed C-H activating 

carboxylation of terminal alkynes with CO2. 

Conclusions 

In summary, we have synthesized and characterized two Cu(I) 

complexes containing dppet ligand and successfully established 

the reaction conditions where copper(I) complexes comprising 

of dppet ligand catalysed the transformation of CO2 to 

carboxylic acids through C-H bond activation of terminal 

alkynes. Various propiolic acids were synthesized in excellent 

yields under ambient conditions. The most remarkable 

advantage of this mild reaction system is its tolerance towards a 

wide substrate scope. This protocol opens up the access to a 

pool of highly functionalized propiolic acids from CO2. 
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Graphical Abstract: Synopsis and Pictogram 
 

Copper(I) complexes [Cu2(µ-CN)2(κ
2
-P,P-dppet)2](1), and [Cu2(µ-SCN)2(κ

2
-P,P-dppet)2] 

(2), were prepared using CuX (X= CN, SCN) and cis-1,2-bis(diphenylphosphino)ethylene 

(dppet)  in 1:1 molar ratio in DCM-MeOH (50:50 V/V) under reflux. Complexes 1-2 were 

shown to be efficient catalysts in comparison to CuCN/CuSCN for the conversion of terminal 

alkynes into propiolic acids with CO2 at room temperature.  
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