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Enzymes are molecular machines that produce 

specific molecules with exquisite efficiency and near 

perfect control of the end product. Chemists have 

long sought to employ enzymes in laboratory 

settings, but are often limited to the specific 

reactions each enzyme evolved to execute. The 

efficiency and specificity which make enzymes so 

useful, pose a difficulty for chemists as it is rare that 

an enzyme takes on an unexpected function, or 

displays selectivity for non-natural structures. 

 

One of the things that make enzymes useful is their 

ability to determine a molecule’s chirality. Chirality 

arises when a molecule’s mirror image is not 

superimposable, in the same way your hands have 

the same basic architecture, but cannot be 

superimposed one on top of the other (the word 

chirality comes from the Greek word kheir, meaning 

“hand”). Chirality can have a drastic effect on a 

molecule’s properties, sometimes differentiating 

between a life-saving medicine and a toxic 

carcinogen.  

 

Macrocycles are molecules with many applications in 

pharmaceuticals, agrochemicals, aromachemicals 

and electronics. Most macrocycles have rings that 

freely rotate about their center, like a skipping rope. 

Their preparation is challenging, and even more so 

when the macrocycle adopts a shape that displays 

chirality. Chemists can design chiral macrocycles by 

blocking the rotation of the ring, either by making 

the rings smaller, or installing large groups of atoms 
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Macrocycles are complex molecules with unique three-dimensional shapes, that are difficult to synthesize in 
the lab. We show that a commercially available enzyme  can execute this non-natural reaction, given the right 
building block. This allows us to further explore the use of macrocycles and the boundaries of molecular 
synthesis. 
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that block the rotation. However, both of these 

result in molecules that are crowded and often rigid, 

which are challenging to synthesize. 

 

Inspired by the efficiency of enzymes, we wondered 

whether they can be used to synthesize chiral 

macrocycles. We were aware that the challenge was 

significant: no known enzyme has evolved to prepare 

chiral macrocycles, and any enzymatic reaction we 

employ will require significant modifications. We 

identified lipases, a group of digestive enzymes with 

traditional industrial uses, as a possible starting point 

for our investigations due to their relative stability. 

Unlike many other enzymes which evolved to 

function under physiological conditions, lipases can 

function at higher temperatures and in presence of 

organic solvents used by synthetic chemists in 

laboratories 

 

We designed simple building blocks, hoping some 

lipases would be able to assemble them to form the 

desired macrocycles. However, our initial 

investigations were discouraging! The chiral 

macrocycles had three-dimensional structures that 

enzymes were not accustomed to processing. 

Through trial-and-error, we finally found a well-

known, commercially available lipase called CALB, 

that could prepare the macrocycles. Astonishingly, 

CALB also showed near-perfect selectivity for the 

chiral macrocycle! Unfortunately, the CALB lipase 

was still limited in terms of the size of macrocycle it 

could accommodate. To circumvent this limitation, 

we designed macrocycles with “functionalities”, 

handles which can be used by chemists to add new 

fragments to molecules. In such a manner, we open 

up endless possibilities for diversity; if a desired 

structure cannot “fit” within the enzyme, it can be 

prepared chemically from a related macrocycle. 

 

Biocatalysis – the use of enzymes to streamline 

chemical reactions in the lab – has long been used 

industrially to prepare small, highly valuable chiral 

molecules, and is recognized as an environmentally 

friendly alternative for chemical synthesis. However, 

it was previously unexplored for the synthesis of 

chiral macrocycles. The rare three-dimensional 

shape of macrocycles suggests possible applications 

in pharmaceuticals and materials science, which 

could be further explored once their synthesis is less 

challenging.  

 

We were able to show that the enzyme CALB can 

efficiently and selectively produce chiral 

macrocycles. It is remarkable that a naturally-

evolved enzyme could promote a transformation 

that was completely non-natural. The application of 

CALB toward the synthesis of chiral macrocycles 

demonstrates that enzymes have more tricks up 

their sleeve, and that chemists’ curiosity and 

creativity can continue to push the boundaries of 

molecular synthesis. 
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