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Abstract 

A Ni/Lewis acid dual-catalytic system has been developed for the Z-

selective semihydrogenation of alkynes. Utilizing DMF as both the hydrogen 

donor and reaction medium, this method affords Z-alkenes in high yield with 

excellent stereoselectivity under mild conditions. The protocol employs cost-

effective and readily available catalysts, and demonstrates broad applicability 

across a wide range of substrates. 

Keywords: Z-Selective Semihydrogenation, Alkynes, Ni/Lewis Acid Catalysis, DMF 

Introduction 

Z-Olefins represent important structural units in natural products, pharmaceuticals, 

and functional materials, making the stereoselective semihydrogenation of alkynes a 

fundamental transformation in synthesis1-3. Among available methods, transition-metal 

catalysis has played a dominant role. The classical Lindlar catalyst remains the most 

widely applied heterogeneous system4, yet it suffers from several limitations—

including batch variability, alkene isomerization, and over-reduction to alkanes, which 

are particularly problematic for terminal and polar substrates5-8. These drawbacks have 

motivated the search for more efficient and reliable alternatives. 

In recent years, homogeneous catalysts based on Ni, Cu, Rh, and Co have shown 

promise in addressing some of these issues9-14. Nickel, in particular, has emerged as an 

attractive candidate for transfer semihydrogenation, where formic acid or silanes serve 

as the hydrogen source, often achieving high Z-selectivity through careful ligand 

design15-17. Still, many of these systems depend on expensive ligands, toxic reductants, 

or relatively forcing conditions, which can limit their practical utility18-20. Single-metal 

catalytic approaches also frequently exhibit modest stereocontrol. While cobalt-based 

systems have demonstrated some ability to tune Z/E selectivity, they often rely on 
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ammonia borane as the hydrogen donor, which presents certain atom-economic 

disadvantages21-26. Clearly, new strategies are needed to advance this field. 

Synergistic catalysis, which combines two distinct catalytic components, has 

become a valuable approach for overcoming the limitations of single-catalyst systems27-

29. Lewis acids are well known for their ability to activate polar functional groups and 

stabilize reactive intermediates, yet their combination with nickel catalysts has been 

little explored in alkyne semihydrogenation. We envisioned that merging nickel’s 

competence in alkyne activation and hydrogen transfer with a Lewis acid’s capacity to 

modulate reaction pathways could enhance both selectivity and efficiency. 

Dimethylformamide (DMF), a common polar aprotic solvent, has recently attracted 

interest as a safe and environmentally benign hydrogen donor in catalytic reductions30-

32. Compared with traditional hydrogen sources such as H₂ or silanes, DMF offers 

advantages of low toxicity, high stability, and operational simplicity, aligning well with 

the growing emphasis on sustainable synthesis16, 33. Its compatibility with both Lewis 

acids and nickel catalysts further suggests its potential as a combined solvent and 

hydrogen donor in a synergistic catalytic manifold34, 35. Related amide derivatives, such 

as formamide, have also been employed as safe cyanide sources or hydrogen-donor 

precursors, offering useful precedents for their application in reduction chemistry36, 37. 

In this work, we describe a new synergistic catalytic system for the cis-selective 

semihydrogenation of alkynes, utilizing a Lewis acid together with a nickel catalyst and 

DMF as the hydrogen source. This method achieves excellent Z-selectivity (up to 98:2 

Z/E ratio), operates under mild conditions, and avoids noble metals, toxic reductants, 

and specialized pressure equipment. The synergy between the Lewis acid and the nickel 

catalyst, coupled with the dual role of DMF, enables efficient conversion of diverse 

internal and terminal alkynes to the corresponding Z-olefins. Beyond expanding the 

toolbox for stereocontrolled alkyne semihydrogenation, this study offers fresh 

perspectives on the design of Lewis acid–metal synergistic catalytic systems. 
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Results and Discussion 

We began by developing a base-metal catalytic system for the semihydrogenation 

of diphenylacetylene (1a), motivated by the practical limitations associated with 

previous precious-metal Pd catalysts. Capitalizing on DMF's capacity to act as both 

solvent and hydrogen source, we investigated a Ni/Lewis acid co-catalytic approach. 

Employing Co(OAc)2·4H2O as the Lewis acid co-catalyst, we first evaluated the 

influence of the nickel precursor. As summarized in Table 1, the reaction of 1a was 

performed in DMF (0.8 mL) at 150 °C for 24 h, using various Ni sources (20 mol%) 

and Co(OAc)2·4H2O (50 mol%). 

When NiCl₂ was used, 2a (cis-stilbene) was obtained in 68% GC yield (entry 1). In 

contrast, NiF2 and Ni(acac)2 proved considerably less effective, yielding only 23% and 

6% of 2a, respectively (entries 2–3). Moderate conversions were observed with 

Ni(NO3)2·6H2O, NiCp2, and (Ph3P)2NiBr2 (34%, 30%, and 43% yields; entries 4, 5, 7). 

Notably, phosphine-ligated Ni complexes such as (dppe)NiCl2 showed poor activity 

(20% yield, entry 6), while NiCO3·2Ni(OH)2·4H2O and (dppp)NiCl₂ afforded 2a in 45% 

and 50% yield (entries 9–10). Unsurprisingly, control experiments confirmed that the 

reaction does not proceed in the absence of a nickel source (entry 11). These findings 

underscore a strong dependence of catalytic activity on the nature of the Ni precursor, 

with NiCl2 emerging as the most effective candidate under the conditions screened. 

Table 1. Evaluation of Nickel Precursors in the Semihydrogenation of 1,2-

Diphenylacetylene (1a) Catalyzed by Ni/Co(OAc)2·4H2O. 

 

Entry 
[Ni] 

(20 mol%) 

Lewis acid  

(50 mol%) 

Yield 

[%]a 

1 NiCl2 Co(AcO)2·4H2O 68 

2 NiF2 Co(AcO)2·4H2O 23 

3 Ni(acac)2 Co(AcO)2·4H2O 6 
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4 Ni(NO3)2·6H2O Co(AcO)2·4H2O 34 

5 Ni(Cp)2 Co(AcO)2·4H2O 30 

6 (dppe)NiCl2 Co(AcO)2·4H2O 20 

7 (Ph3P)2·NiCl2 Co(AcO)2·4H2O 43 

8 (Ph3P)2·NiBr2 Co(AcO)2·4H2O 45 

9 NiCO3·2Ni(OH)2·4H2O Co(AcO)2·4H2O 2 

10 (dppp)NiCl2 Co(AcO)2·4H2O 50 

11 -- Co(AcO)2·4H2O trace 

aYields were determined by GC analysis using mesitylene as an internal standard. Value in parentheses 

is the isolated yield. 

Having identified NiCl2 as a suitable nickel source (Table 1), we next fixed this 

component (20 mol%) and proceeded to screen various Lewis acids (50 mol%) for the 

semihydrogenation of diphenylacetylene (1a). Reactions were conducted in DMF at 

150 °C for 24 h, and the results are compiled in Table 2. 

Unsurprisingly, the Lewis acid proved crucial: in its absence, only a 9% GC yield 

of 2a was obtained (entry 1). Using Co(OAc)2·4H2O, our initial co-catalyst from the 

previous screening, gave a 68% yield (entry 2), consistent with earlier data. Screening 

other Lewis acids, however, revealed considerable variation in performance. 

Fe(NO3)3·9H2O and BF3·Et2O, for instance, afforded merely trace product (entries 3 

and 7). Other candidates, including CoCl2·6H2O, Co(acac)2, and SnCl2·2H2O, showed 

low activity, yielding 2a in 7–17% (entries 5, 6, and 9). 

Interestingly, zinc-based Lewis acids stood out. ZnCl2 significantly improved the 

yield to 96% (entry 4). Most notably, Zn(OAc)2·2H2O delivered the best performance, 

achieving a 98% GC yield (95% isolated yield) of 2a with an excellent Z/E selectivity 

of >98:2 (entry 8). These results clearly demonstrate that zinc salts, particularly 

Zn(OAc)2·2H2O, form a highly effective synergistic pair with NiCl₂, dramatically 

enhancing both the efficiency and stereoselectivity of the transformation.  
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Table 2. Screening of Lewis Acids for the NiCl2-Cocatalyzed Semihydrogenation of 

1,2-Diphenylacetylene (1a). 

 

Entry 
[Ni] 

(20mol%) 

Lewis acid 

(50mol%) 

Temp 

(C) 

Yield  

[%]a 

1 NiCl2 -- 150 9 

2 NiCl2 Co(AcO)2·4H2O 150 68 

3 NiCl2 Fe(NO3)3·9H2O 150 trace 

4 NiCl2 ZnCl2 150 96 

5 NiCl2 CoCl2·6H2O 150 17 

6 NiCl2 Co(acac)2 150 7 

7 NiCl2 BF3·Et2O 150 trace 

8 NiCl2 Zn(AcO)2·2H2O 150 98(95;Z/E=98:2) b 

9 NiCl2 SnCl2·2H2O 150 11 

aYields were determined by GC analysis using mesitylene as an internal standard. Value in parentheses 

is the isolated yield. 

bThe Z/E ratio of the product was determined via GC of reaction mixture. 

With Zn(OAc)2·2H2O established as the optimal Lewis acid (Table 2), we 

proceeded to optimize the remaining reaction parameters, keeping the Lewis acid 

loading fixed at 50 mol%. The outcomes of this study are summarized in Table 3. 

Consistent with our earlier findings, the nickel catalyst proved indispensable; omitting 

it resulted in only a trace of product 2a (entry 1). Screening various nickel precursors 

confirmed NiCl2 as the most effective, delivering 2a in 98% GC yield (95% isolated) 

with excellent Z-selectivity (entry 2). Other nickel sources, including Ni(acac)2 and 

phosphine-ligated complexes such as (dppe)NiCl2, gave notably lower yields (entries 

3–12). We then examined the catalyst loading. The combination of 20 mol% NiCl2 and 

50 mol% Zn(OAc)2·2H2O (entry 2) remained optimal. Reducing either the nickel 

loading (entry 13) or the Lewis acid amount (entries 14–15) led to a clear decrease in 

yield. While increasing both loadings slightly improved the yield (entries 16–17), the 

marginal gain did not justify the higher catalyst use. 
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The reaction temperature was also critical. The reaction temperature was also 

critical. A significant drop in yield was observed at 130 °C (entry 18). Although 140 °C 

provided an 88% yield (entry 19), optimal conversion required 150 °C (entry 2). The 

reaction time was optimized to 24 hours; shorter (12 h, entry 20) or moderately shorter 

(18 h, entry 21) durations resulted in incomplete conversion. 

Finally, the role of DMF was confirmed. Replacing it with formamide or N-

methylformamide led to markedly reduced yields (entries 24–25), further confirming 

the unique advantages of DMF as both solvent and hydrogen source. 

After the above full-parameter condition optimization, the optimized conditions 

were established as: 20 mol% NiCl2, 50 mol% Zn(OAc)2·2H2O, in DMF at 150 °C for 

24 h (entry 2). This protocol afforded 2a in 98% GC yield (95% isolated) with >98:2 

Z/E selectivity. 

Table 3. Optimization of Reaction Conditions for the Semihydrogenation of 1,2-

Diphenylacetylene (1a) Catalyzed by NiCl2/Zn(OAc)2·2H2O. 

 

Entry 
[Ni] 

 (20mol%) 

Lewis acid  

(50mol%) 

Temp

(C) 

Yield 

[%]a 

1 -- Zn(AcO)2·2H2O 150 trace 

2 NiCl2 Zn(AcO)2·2H2O 150 98(95) 

3 NiF2 Zn(AcO)2·2H2O 150 73 

4 Ni(acac)2 Zn(AcO)2·2H2O 150 45 

5 Ni(NO3)2·6H2O Zn(AcO)2·2H2O 150 4 

6 Ni(AcO)2·4H2O Zn(AcO)2·2H2O 150 89 

7 (dppe)NiCl2 Zn(AcO)2·2H2O 150 73 

8 (Ph3P)2·NiCl2 Zn(AcO)2·2H2O 150 69 

9 (Ph3P)2·NiBr2 Zn(AcO)2·2H2O 150 50 

10 NiCO3·2Ni(OH)2·4H2O Zn(AcO)2·2H2O 150 79 

11 (dppp)NiCl2 Zn(AcO)2·2H2O 150 72 

12 NiSO4·6H2O Zn(AcO)2·2H2O 150 78 

13 NiCl2 (10%) Zn(AcO)2·2H2O (50%) 150 65 

14 NiCl2 (20%) Zn(AcO)2·2H2O (30%) 150 54 
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15 NiCl2 (20%) Zn(AcO)2·2H2O (40%) 150 85 

16 NiCl2 (30%) Zn(AcO)2·2H2O (30%) 150 86 

17 NiCl2 (30%) Zn(AcO)2·2H2O (40%) 150 92 

18 NiCl2 Zn(AcO)2·2H2O 130 9 

19 NiCl2 Zn(AcO)2·2H2O 140 88 

20b NiCl2 Zn(AcO)2·2H2O 150 46 

21c NiCl2 Zn(AcO)2·2H2O 150 85 

22d NiCl2 Zn(AcO)2·2H2O 150 13 

23e NiCl2 Zn(AcO)2·2H2O 150 60 

a Yields were determined by GC analysis using mesitylene as an internal standard. Value in parentheses 

is the isolated yield. 

bReaction time was 12 h. 

c Reaction time was 18 h. 

dFormamide was used as the solvent/H-donor. 

eN-Methylformamide was used as the solvent/H-donor. 

Under the optimized conditions (20 mol% NiCl2, 50 mol% Zn(OAc)2·2H2O, DMF, 

150 °C, 24 h), we evaluated the generality of this Z-selective semihydrogenation with 

various internal alkynes (Scheme 1). The system proved broadly effective for both 

symmetrical and unsymmetrical diarylacetylenes (1a–1p). Substrates bearing electron-

donating groups (methyl 2b, 2c, 2e; methoxy 2d), electron-withdrawing groups 

(trifluoromethyl 2f; halogens 2g–2o), and even an amide moiety (2p) were smoothly 

converted to the corresponding (Z)-stilbene derivatives in good to excellent yields 

(70%–95%), with uniformly high stereoselectivity (Z/E = 97:3 to >99:1). 

The reaction demonstrated excellent functional group tolerance. Ethers, halides 

(C–Cl, C–Br, C–F), and amides remained intact under the reaction conditions. Notably, 

substrates with strong electron-withdrawing substituents (e.g., –CF3 in 2f) or multiple 

halogen atoms (2i, 2o) were also well tolerated, affording the products in good yields 

and highlighting the robust applicability of this catalytic system.  
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Scheme 1. NiCl2/Zn(AcO)2·2H2O-Cocatalyzed Z-Selective Semihydrogenation of 

Internal Alkynes to (Z)-Internal Alkenes. 
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Having optimized the conditions for internal alkynes such as diphenylacetylene, 

we next sought to apply this Ni/Zn dual-catalytic system to the semihydrogenation of 

terminal alkynes. Using phenylacetylene (3a) as the model substrate, we focused on 

screening the reaction temperature while maintaining a fixed reaction time of 24 h. The 

results are summarized in Table 4. 

At 130 °C, the GC yield of styrene (4a) was only 30% (entry 1). Raising the 

temperature to 135 °C improved the yield to 58% (entry 2). The optimal performance 

was observed at 140 °C, providing 4a in 70% GC yield (64% isolated yield, entry 3). 

Further increases to 145 °C or 150 °C led to diminished yields of 67% and 51%, 

respectively (entries 4–5). These results suggest that the reduction of terminal alkynes 

is more temperature-sensitive than that of internal alkynes, with an optimum at 140 °C 

compared to 150 °C for diphenylacetylene. 

Table 4. Screening of Reaction Temperatures 

 

Entry Temp (℃)  Yield [%]a 

1 130 30 

2 135 58 

3 140 70(65) 

4 145 67 

5 150 51 

a Yields were determined by GC using mesitylene as an internal standard. The value in parentheses 

is the isolated yield. 

With suitable conditions for the terminal alkyne 3a in hand, we then examined the 

scope of this Ni/Zn system for various substituted terminal aryl alkynes. Employing the 

standard protocol (20 mol% NiCl2, 50 mol% Zn(OAc)2·2H2O, DMF, 150 °C, 24 h), 

substrates bearing methyl (4b), methoxy (4c), and halogen (F for 4d, Cl for 4f, Br for 
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4g) substituents were smoothly converted to the corresponding styrene derivatives in 

64–68% yields. Both electron-donating groups (methyl, methoxy) and halogen 

functional groups (F, Cl, Br) remained intact under the reaction conditions without side 

reactions, fully demonstrating the good functional group tolerance and substrate 

generality of this catalytic system. 

Scheme 2. NiCl2/Zn(AcO)2·2H2O-Cocatalyzed Semihydrogenation of Terminal 

Alkynes to Terminal Alkenes. 

 

Based on our experimental observations, well-established nickel chemistry38, and 

relevant findings from palladium-catalyzed systems39, we propose a plausible catalytic 

cycle for the NiCl₂-catalyzed semihydrogenation of internal alkynes, as outlined in 

Scheme 3.  

The cycle likely begins with the reduction of the Ni(II) precursor to an active Ni(0) 

species A—a common initiation step in nickel-catalyzed transformations. 

Simultaneously, DMF undergoes Lewis acid-assisted decomposition to generate formic 

acid (HCOOH) and HNMe2. This in situ formation of HCOOH appears critical; while 

HCOOH/Net3 can serve as a hydrogen source in related Pd catalysis39, using 

stoichiometric HCOOH (or HCOOH/KOH) directly affords only trace alkene, largely 
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due to competing decomposition into H2 and CO2 under the reaction conditions. 

Maintaining an appropriate concentration of HCOOH via its gradual release from DMF 

thus seems essential for efficient semihydrogenation, a requirement that parallels 

findings in Pd systems. 

HCOOH then reacts with the Ni species to form a formate nickel hydride 

intermediate B (HCOONi(II)H), a key species documented in nickel-catalyzed 

hydrogen-transfer reactions. Subsequent selective insertion of the internal alkyne into 

the Ni–H bond of B affords the vinyl-nickel intermediate C. Following decarboxylation, 

the resulting dihydrido vinyl-nickel species D undergoes reductive elimination to 

release the (Z)-alkene product and regenerate the Ni(0) catalyst A, thereby closing the 

catalytic cycle. 

Scheme 3. Proposed Catalytic Cycle for the Ni/Lewis Acids-Catalyzed 

Semihydrogenation of Alkynes with DMF. 

 



13 

Conclusions 

In summary, we have developed a highly Z-selective semihydrogenation of 

alkynes using a synergistic Ni/Lewis acid dual-catalytic system. The protocol employs 

DMF as a combined solvent and hydrogen donor, operating under mild conditions 

without external reductants or pressurized equipment. This method delivers (Z)-alkenes 

in high yields (up to 95%) with excellent stereoselectivity (up to >98:2 Z/E ratio) and 

demonstrates broad functional-group compatibility across a range of internal and 

terminal arylalkynes. Key practical advantages include the use of inexpensive, readily 

available nickel and zinc salts, as well as the operational simplicity afforded by DMF’s 

dual role. Overall, this work provides a practical and cost-effective alternative to 

existing semihydrogenation methods and highlights the potential of base-metal 

synergistic catalysis in stereocontrolled synthetic transformations. 

Experimental Section 

An oven-dried reaction vessel was charged with diphenylacetylene (0.2 mmol, 

35.6 mg), Zn(OAc)2·2H2O (50 mol%, 22 mg), and NiCl2 (20 mol%, 3.3 mg). DMF (0.8 

mL) was then added, the vessel was sealed, and the mixture was stirred and heated at 

150 °C (oil bath temperature) for 24 h. The reaction was monitored by GC analysis; 

upon complete consumption of the starting material, heating was discontinued. After 

cooling to room temperature, the volatiles were removed under reduced pressure. The 

resulting crude residue was purified by flash column chromatography on silica gel 

(eluent: petroleum ether) to afford pure (Z)-stilbene (2a) as a colorless solid in 95% 

isolated yield (34.4 mg). The Z/E ratio (98:2) was determined by GC analysis of the 

crude mixture. 
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