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Catalytic hydrocyanation of activated terminal alkynes  

 David Tejedor,*[a] Samuel Delgado-Hernández, [a][b] Lucía Colella[a] and Fernando 

García-Tellado*[a]  

 

Abstract: A universal, practical and scalable organocatalytic 

hydrocyanation manifold to provide -substituted acrylonitriles 

bearing an electron-withdrawing functionality has been implemented. 

The catalytic manifold operates under the reactivity generation 

principle “a good nucleophile generates a strong base”, and it uses 

DABCO as catalyst, activated terminal alkynes as substrates and 

acetone cyanohydrin as the cyanide source. The acrylonitriles 

obtained as E,Z mixtures are straightforwardly resolved by simple 

flash chromatography delivering the pure isomers in preparative 

amounts.  

Organic nitriles constitute appreciated versatile building blocks in 

material science, natural product synthesis and pharmaceutical 

industry.[1] Furthermore, the nitrile group is a versatile precursor 

of different functional groups,[2] including carboxylic acid 

derivatives, aldehydes, ketones, and heterocycles.[3] Among the 

different methods to gain access to these building blocks, the 

direct addition of HCN to carbon−carbon multiple bond 

(hydrocyanation) occupies a privileged place (Scheme 1).[4] Due 

to the low nucleophilicity of HCN, the hydrocyanation of alkynes 

usually requires the use of a transition-metal catalyst to 

conveniently generate the corresponding alkenyl nitriles.[5] In the 

case of non-activated terminal alkynes, the metal-catalyzed 

hydrocyanation has been well studied, and branched 

(Markovnikov)[5a] or linear (anti-Markovnikov)[5d] acrylonitrile 

derivatives can be selectively obtained by a judicious choice of 

the metal catalyst (Scheme 1A). Outside the scope of these 

protocols are terminal alkynes bearing electron-withdrawing 

groups (EWG) (i.e., activated terminal alkynes), which are not 

suitable substrates for the direct metal-catalyzed hydrocyanation. 

Surprisingly, an alternative and efficient hydrocyanation protocol 

for these alkynes has not yet been described. The only reported 

example is the addition of potassium cyanide to methyl propiolate 

(DMSO, 45 ºC) to provide the corresponding methyl 3-

cyanoacrylate in very low yield (24% yield).[6] However, a number 

of stepwise protocols have been described to gain access to 

acrylonitriles bearing different EWGs at the -position (Scheme 

1Ba-e).[7] Although these protocols have provided sufficient 

amounts of these acrylonitrile units for synthetic studies, they 

present severe drawbacks for preparative use. The main 

concerns rely on their stepwise character, their difficulty for 

 

Scheme 1. A) Hydrocyanation of terminal alkynes. B) Usual stepwise 
protocols for the synthesis of 3-EWG substituted acrylonitriles. 

scaling up and the use of elaborated reactants and/or toxic 

cyanide reagents. Therefore, the hydrocyanation of activated 

terminal alkynes remains an unresolved challenge in preparative 

synthetic chemistry, even in spite of the synthetic[8] and 

pharmaceutical[9] importance of the resulting 3-substituted 

acrylonitriles. Hydrocyanation protocols aimed to cover this gap 

with real-world preparative value should meet three main 

conditions for: 1) sustainability: they should be catalytic and 

scalable; 2) safety: the use or generation of toxic HCN should be 

avoided and 3) practicality: they should be universal, operationally 
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simple, efficient and economic. With these principles as a guide, 

we have designed the catalytic manifold depicted in Scheme 2. 

The manifold is based on the reactivity generation principle a 

good nucleophile generates a strong base,[10] and it uses an 

activated terminal alkyne as substrate, acetone cyanohydrin[11] as 

the cyanide source[5d] and 1,4-diazabicyclo[2.2.2]octane 

(DABCO) as the nucleophilic catalyst.[12] The catalytic cycle is 

initiated by the addition of DABCO onto the terminal alkyne to 

generate the zwitterion I, which should deprotonate the acetone 

cyanohydrin to generate the ammonium acrylate II and a catalytic 

amount of cyanide ion. The low nucleophilicity of the tertiary 

alkoxide guarantees the cyanide release. It was expected that the 

good matching between the nucleophilicity of the cyanide ion and 

the electrophilicity of the ammonium acrylate II would allow for a 

fast generation of the zwitterion III, which in turn, should deliver 

the acrylonitrile IV and DABCO to reinitiate the catalytic cycle. In 

terms of safety, only a catalytic amount of cyanide ion is 

generated and consumed in each catalytic cycle, precluding the 

accumulation of free cyanide ion[13] in the reaction medium. It 

must be noted that DABCO (pKa 8.7)[14] should not be basic 

enough to release cyanide from acetone cyanohydrin (pKa 

12.76).[15] In terms of chemical scope, the catalytic manifold is 

expected to be universal, that is, tolerant with a wide array of 

electron-withdrawing groups on the alkyne (i.e., ketones, esters, 

amides, phosphonates, sulphones, etc). As long as the terminal 

alkyne is properly polarized and its pKa remains higher than the 

pKa of the acetone cyanohydrin, the catalytic cycle should be fully 

operative. Herein, we report our results on the chemical design 

and successful implementation of this organocatalytic 

hydrocyanation manifold. 

 

 

Scheme 2. Catalytic hydrocyanation manifold. 

We undertook this work searching for the best set of 

experimental conditions to bring about the catalytic manifold, 

using the reaction of ethyl propiolate, acetone cyanohydrin and 

DABCO as the working model (Table 1). Gratifyingly, the reaction 

was highly efficient, affording 100% conversion under all the 

assayed conditions. Whereas the amount of DABCO did not 

influence the reaction efficiency (compare entries 1, 11 and 12), 

it made a difference in the stereoselectivity of the reaction. The 

E/Z ratio was doubled when the amount of DABCO was increased 

five times (entry 1 vs 12), but it did not vary when it was reduced 

one order of magnitude (entry 1 vs 11). Interestingly, the 

stereoselectivity of the catalytic reaction proved to be  

Table 1. Optimization of the organocatalytic hydrocyanation manifold.  

 
Entry Catalyst Solvent Conv.[a] E/Z[a] 

1 DABCO (10 mol%) CH2Cl2 100% 3.2/1 

2 DABCO (10 mol%)[b] CH2Cl2 100 % 3.2/1 

3 DABCO (10 mol%)[c] CH2Cl2 100 % 3.6/1 

4 DABCO (10 mol%) DMF 100 % 6.1/1 

5 DABCO (10 mol%) DMSO 100 % 4.3/1 

6 DABCO (10 mol%) THF 100 % 7.1/1 

7 DABCO (10 mol%) c-Hexane 100 % 3.1/1 

8 DABCO (10 mol%) iPrOH 100 % 2.9/1 

9 DABCO (10 mol%) CDCl3[d] 100 % 4.0/1 

10 DABCO (10 mol%) Neat[e] 100 % 2.6/1 

11 DABCO (1 mol%) CH2Cl2 100 % 3.1/1 

12 DABCO (50 mol%) CH2Cl2 100 % 7.0/1 

13 Et3N (10 mol%) CH2Cl2 100 % 2.0/1 

14 NMM (20 mol%) CH2Cl2 100 % 2.7/1 

15 DIPEA (10 mol%) CH2Cl2[f] 20 % 1/6.0 

16 Bu3P (20 mol%) CH2Cl2 n.o.r - - 

17 K2CO3
 (100 mol%) THF n.o.r - - 

18 K2CO3
 (100 mol%) DMF n.o.r - - 

19 K2CO3
 (100 mol%) DMSO n.o.r - - 

20 KOH (100 mol%) THF n.o.r - - 

21 KOH (100 mol%) MeOH n.o.r - - 

[a] By 1H NMR. [b] 0 ºC. [c] -78 ºC. [d] Complete within the first 10 min. NMR 

tube. [e] Highly exothermic. [f] 3 hrs. [NMM = N-methylmorpholine. DIPEA 

= N,N-diisopropylethylamine. n.o.r. = no observed reaction; product 2a not 

detected. 

 

independent of the temperature (entries 1-3) but showed a subtle 

reliance with the solvent polarity (entries 3-9). The reaction could 

be performed in the absence of solvent, but under these 

conditions, it was highly exothermic and difficult to control (entry 

10). The catalytic manifold also accepted other common Lewis 

bases as catalysts (entries 13-15), but none was as efficient as 

DABCO, which could be used at very low charges (1 mol%) 

without damaging the reaction efficiency (entry 11). DIPEA (pKa 

10.75),[16] a worse nucleophile and a stronger base than DABCO 

(pKa 8.7), gave a much lower conversion (20%, entry 15), as 
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should be expected for a Lewis base-catalyzed process (Scheme 

2). The nucleophilic role of the catalyst was further confirmed by 

the inability of inorganic bases to catalyze the process (entries 17-

21). On the other hand, the low Michael-type reactivity of 

phosphonium acrylates[17] ruled out tertiary phosphines as 

suitable catalysts for these processes (entry 16). With all these 

results, we chose the conditions represented in entry 11 as the 

standard reaction conditions for the catalytic manifold. 

With a standard set of experimental conditions in hand, we 

next explored the scope of the catalytic manifold with regard to 

the terminal alkyne (Table 2). As it can be observed, the catalytic 

manifold proved to be tolerant with a wide array of activating 

functionalities on the alkyne component. Satisfyingly, the 

chemical efficiency of the manifold was independent of the nature 

of the activating group (over 90% average yield), which confirmed 

its universal character. Only the more reluctant propiolamides 1l-

p, ethynylidiphenylphosphine oxide (1q) and diethyl 

ethynylphosphonate (1r) called for a larger amount of DABCO (10 

mol%) and longer reaction times to get full conversions. In terms 

of stereoselectivity, although this was deeply marked by the own 

nature and substitution of the activating group, a predominant 

tendency to form the more stable E-isomer was observed in the 

majority of the cases. The only exception was found in the 

hydrocyanation of tosylacetylene (1s), which delivered the (Z)-3-

tosyl acrylonitrile (2s) as the major isomer,[18] allowing for the 

access to this hitherto inaccessible isomer in preparative amounts 

for biological/pharmacological studies. Although acrylonitriles 2a-

r were obtained as isomeric mixtures with (E/Z) ratios spanning 

from 1.5/1 to 50/1, the preparative resolution of these mixtures 

was streamlined by the different molecular properties of both 

isomeric structures, i.e., symmetry, polarity and molar volume. 

TLC analysis of these mixtures consistently showed large elution 

differences for both geometrical isomers, which facilitated their 

straightforward separation by standard flash chromatography 

techniques. It is important to note that the simple and direct 

resolution of these mixtures allows providing both geometric 

isomers in preparative amounts, which minimizes the importance 

of stereoselectivity in these reactions. Other issues of particular 

practical importance are the simple reaction set up, the use of 

open atmospheres and simple reagents, and the formation of 

harmless byproducts (acetone). 

 Once the practical character of the catalytic manifold was 

demonstrated, we next studied its scalability, an intrinsic reaction 

value sought-after by the current sustainability paradigm in 

organic synthesis.[19] For this study, we chose the formation of the 

3-cyanoacrylates 2a and 2b and the 3-cyanoacrylamide 2m 

because they are representative examples of highly demanded 

synthetic building blocks. As it can be observed in Table 2 

(footnotes b-d), the three building blocks were synthesized on 

multigram scale, maintaining the standard reaction conditions, 

and without significant erosions in yields and/or stereoselectivities.  

In summary, we have implemented a universal 

organocatalytic hydrocyanation manifold to provide -substituted 

acrylonitriles bearing different electron-withdrawing functionalities 

(esters, ketones, amides, phosphonates, phosphine oxides and 

sulfones). The hydrocyanation manifold fills an important existent  

Table 2. Scope of the organocatalytic hydrocyanation manifold.[a]  

 

[a] The isomeric mixtures were resolved by flash chromatography. [b] The 

reaction performed at 50 mmol scale gave 94% yield and a E/Z ratio of 2.5:1. 

[c] The reaction was performed at 10 mmol scale. [d] The reaction performed at 

18 mmol scale gave 91% yield and a E/Z ratio of 2.4:1.  

methodological gap in the literature for accessing these 

deceptively simple molecules, which constitute highly valued 

building blocks in synthesis, medicinal chemistry and material 

sciences. Although the catalytic manifold delivers these structures 

as mixtures of (E,Z)-stereoisomers, their separation by standard 
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flash chromatography techniques is simple and straightforward, 

providing the pure isomers in preparative amounts. We believe 

that the reported protocol offers a practical and unified solution for 

the hitherto unresolved direct synthesis of -EWG substituted 

acrylonitriles from terminal alkynes, and we are confident that it 

will find widespread use in the preparative synthesis of these 

important building blocks. 

Experimental Section 

General procedure. Synthesis of (Z/E)-n-octyl 3-
cyanoacrylate (2c). A solution of n-octyl alkynoate 1c (363 mg; 
2.0 mmol), acetone cyanohydrin (178.7 mg; 2.1 mmol) and 
DABCO (2.2 mg; 0.02 mmol) in CH2Cl2 (4 mL) was stirred for 1h 
at room temperature. Solvent was evaporated under reduced 
pressure and the crude residue was flash chromatographed using 
silica gel. Elution with ethyl acetate-hexanes (10/90 v/v) afforded 
pure (E)-2c (306.3 mg, 73%). Colorless liquid: 1H NMR (CDCl3, 

500 MHz): 0.85 (t, 3H, 3J(H,H) = 6.9 Hz), 1.22-1.35 (m, 10H), 
1.63-1.69 (m, 2H), 4.20 (t, 2H, 3J(H,H) = 6.7 Hz), 6.47 (d, 1H, 
3J(H,H) = 16.4 Hz), 6.70 (d, 1H, 3J(H,H) = 16.4 Hz). 13C NMR 

(CDCl3, 100 MHz):  14.0, 22.6, 25.6, 28.4, 29.07 (2C), 31.7, 
66.2, 112.8, 115.3, 139.9, 163.3 ppm. HRMS (ESI+): m/z [M+Na]+ 
calculated for C12H19NO2 232.1313, found 232.1319.  Further 
elution (30/70 v/v) delivered pure (Z)-2c (114.1 mg, 27%). 

Colorless liquid: 1H NMR (CDCl3, 400 MHz): 0.86 (t, 3H, 
3J(H,H) = 6.9 Hz), 1.25-1.38 (m, 10H), 1.67-1.72 (m, 2H), 4.24 (t, 
2H, 3J(H,H) = 6.7 Hz), 5.93 (d, 1H, 3J(H,H) = 11.4 Hz), 6.70 (d, 

1H, 3J(H,H) = 11.4 Hz). 13C NMR (CDCl3, 100 MHz):  14.0, 
22.6, 25.8, 28.3, 29.07 (2C), 31.7, 66.1, 110.4, 114.2, 138.4, 
162.5 ppm. HRMS (ESI+): m/z [M+Na]+ calculated for C12H19NO2 
232.1313, found 232.1315.  
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