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Abstract

Nitriles are important organic functional groups, allowing for installation of nitrogen in organic 

synthesis. The Pinner reaction transforms nitriles into esters via the imidate group, but in general 

has previously necessitated harsh acid conditions. This work builds on the utility of the Pinner 

reaction through a stereoselective desymmetrization of dinitriles to form γ- and δ-lactones in good 

yields and diastereoselectivites.
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Introduction

Lactones that contain multiple stereocenters are key frameworks in many bioactive 

compounds.1 For instance, the lactone derivatives of parthenolide natural products have 

many anti-cancer properties and are valuable synthetic targets due to this utility (Figure 
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1A).2-5 To fully unlock the usefulness of these compounds, especially in medicinal or 

pharmaceutical spaces, synthetic routes giving chiral lactones must be developed. While 

not usually considered as a substrate, the electrophilic carbon of a nitrile functional group 

can serve as a template for the formation of chiral lactones.6,7 The Pinner reaction is an 

underutilized organic transformation of an electrophilic nitrile source (Figure 1B). Here, 

the nucleophilic attack of an alcohol with an acid forms an imidate salt (Pinner salt).8 

Pinner salts can undergo a second nucleophilic attack – such as the hydrolysis of the 

imidate to form an ester. Due to the harsh conditions of the Pinner reaction, there have been 

select examples utilizing reaction alternatives (Figure 1B). Watanabe and coworkers used 

an alternative solvent CMPE which allowed facile isolation of the Pinner salt product by 

filtration.9 Plaff and coworkers used the Lewis acid TBSOTf to yield the ester, although 

the conditions require the reaction to be neat in either the nitrile or the alcohol, limiting 

substrate diversification.10 To our knowledge the only systematic study of the use of 

an intramolecular lactonization of the Pinner/hydrolysis was reported by Aplander and 

coworkers using a cationic exchange resin in water.11 A select example of an intramolecular 

Pinner/hydrolysis includes a lactonization forming Cleistantoxin derivatives using HCl in 

dioxane.12 Extensive study of mild Pinner/hydrolysis mediators has not been investigated to 

this point. Mild conditions allow for the exploration of stereoselective desymmetrizations 

without potential disruption of the nascent stereocenter.

To our understanding, there have been no reports of a nitrile being used as a direct 

electrophile in the presence of a Brønsted acid stereoselectively. The stereoselective 

examples are of domino reactions that are Michael/Pinner isomerization reactions to 

chromene-type compounds.13 While these reactions utilize a Pinner reaction, the Pinner 

reaction step is not stereoselective. Thus, this work represents the first instance of a 

stereoseletive Pinner reaction.

Previously, the Petersen lab has reported enantioselective desymmetrizations of diesters 

to synthesize lactones.14,15 This methodology takes a similar approach but extends 

these procedures to nitriles which can undergo a diastereoselective intramolecular 

desymmetrizing cyclization. Here, we present a diastereoselective desymmetrization that 

generates cyanolactones in good yields and diastereoselectivities.

Results

Our investigation began by establishing a general protocol for the cyclization of hydroxy 

dinitriles to both γ- and δ-lactones (Scheme 1). δ-Lactones 5 were readily prepared from the 

corresponding hydroxy dinitrile 4 with para-toluensulfonic acid in good yields. Spontaneous 

cyclization of TBS protected hydroxy dinitrile 3i-j under deprotection conditions yielded 

γ-lactones 6 in a single step.

Next, a diastereoselective cyclization of hydroxy dinitriles with a pre-existing stereocenter 

was tested. Initial efforts focused on the optimization of the stereoselective cyclization of 

dinitrile (±)-7a to yield lactones (±)-8aa and (±)-8ab (Table 1). Various Brønsted acids 

were investigated, including several sulfonic acids and trifluoroacetic acid (entry 1-4). These 

were chosen due to their pKA similarity to chiral acids previously used for stereoselective 
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desymmetrizations, as well as their overall ease of use and accessibility. Based on X-ray 

analysis, sulfonic acids yielded predominately diastereomer 8aa where the nitrile is cis 
to the hydrogen (entries 1-3, 5-15). Interestingly, trifluoroacetic acid (entry 4) resulted in 

formation of the opposite diastereomer 8ab. Methanesulfonic acid was chosen for additional 

optimization due to the best combination of yield and diastereoselectivity ratio in our initial 

screen. Reaction time was found to play an important role in the overall diastereoselectivity 

of the reaction. Longer reaction times would result in lower diastereoselectivity. We 

hypothesize that this reaction is reversible, allowing for racemization with longer reaction 

times. The concentration was lowered to avoid undesired intermolecular dimerization which 

lowered yields. The optimal reaction conditions occurred with methanesulfonic acid in 

dichloroethane at 80 °C for one hour (entry 10).

In order to explore the scope of this diastereoselective cyclization, various substitution 

patterns were explored (Scheme 2). The cyclization of dinitriles that contained a phenyl 

group in the R2 position were shown to yield lactone products in good yields and 

diastereoselectivity (compounds 8aa-ca). The reaction of methanesuflonic acid and dinitriles 

that contained a methyl group in R2 resulted in excellent yields and good stereoselectivities 

(compounds 8da-fa).

Next, synthesis of a single enantiomer of a lactone was accomplished by using the 

commercially available enantioenriched bromide 9. Diastereoselective intramolecular 

cyclization of hydroxy dinitrile 7f using our optimized reaction conditions yielded 

enantioenriched lactone 8fa in excellent yields and 99% ee. The diastereomer of this 

enantioenriched compound, additionally, was able to be separated via silica gel column 

chromatography.

Conclusions

Here, we have described a stereoselective intramolecular Pinner reaction which forms a 

lactone in good yields and diastereoselectivites. Additionally, we were able to accomplish 

this transformation using a mild acid as a catalyst, as opposed to the standard Pinner reaction 

conditions of HCl. This mild acid catalysis opens the door for further investigation into this 

method for the synthesis of complex natural product lactones – especially products with beta 

nitrogen moieties.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
(A) Lactones are important structural components of several natural products. (B) The 

Pinner Reaction. (C) This work, a mild acid stereoselective desymmetrization of dinitriles to 

lactones.
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Scheme 1. 
A general procedure for synthesis of lactones via the Pinner reaction. δ-Lactones were 

synthesized from the corresponding alcohol, whereas γ-lactones spontaneously cyclized 

following TBAF deprotection.
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Scheme 2. 
Diastereoselectivity of lactonization.
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Scheme 3. 
Enantioenriched lactone synthesis.
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Table 1.

Optimization of reaction conditions for formation of lactone. 8aa is the predominant diastereomer. a 2 

equivalents acid used. b Unless otherwise noted, isolated yields. cdr measured via NMR. d Yields and dr 

measured by GC. e Molecular sieves.

Entry Acid Temp. (°C) Solvent Conc. (M) Time (hr) Yield (%)b 8aa:8abc

1 CSA RT DCE 0.1 72 32 3:1

2 TsOH RT DCE 0.1 72 45 5:1

3 MsOH RT DCE 0.1 72 51 5:1

4 TFA RT DCE 0.1 72 82 1:4

5d MsOH RT DCE 0.1 2 20 9:1

6d MsOH RT DCE 0.1 4 32 7.5:1

7d MsOH RT DCE 0.1 18 57 7:1

8d MsOH RT DCE 0.1 42 61 6:1

9 MsOH 50 DCE 0.025 1 35 5:1

10 MsOH 80 DCE 0.025 1 75 7:1

11 MsOH 80 DCE 0.025 0.5 60 7:1

12e MsOH 80 DCE 0.025 1 58 6:1

13 MsOH 80 DCE/H2O (20:1) 0.025 1 Trace —

14 MsOH 80 DCE 0.01 1 54 4:1

15 MsOH 80 Toluene 0.025 1 73 4:1
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