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In this issue of Chem, Sigman, Toste, and coworkers use data science tools to target the 
development of a novel family of chiral phosphoric acid scaffolds. These conformationally 
flexible catalysts were designed to induce enantioselectivity through predictable non-
covalent interactions, offering an attractive alternative to state-of-the-art chiral catalyst 
scaffolds that rely on rigid chiral pockets. 

 
The design of novel chiral catalyst scaffolds is fundamental to the development of new 

asymmetric transformations. Established catalyst design strategies in enantioselective catalysis 
have typically focused  on structures that ensure the desired reaction occurs in a conformationally 
inflexible chiral environment. The synthesis and evaluation of rigid catalyst structures has led to 
the identification of a collection of privileged chiral scaffolds that each promote a mechanistically 
diverse array of asymmetric transformations.1 However, as the field has progressed, these design 
principles have also led to increasingly complex and high molecular weight structures within 
privileged catalyst families while introduction of fundamentally new chiral scaffolds has become 
relatively uncommon. In part, this situation is a consequence of the linear optimization process 
typically employed in the development of chiral catalysts to promote specific enantioselective 
reactions; an iterative cycle of synthesis, evaluation, and modification of catalyst features is 
performed until a structure that provides suitably high enantioselectivity has been identified. Given 
this widely employed but laborious protocol, it is no surprise that researchers often aim to 
maximize the success rate of new catalysts by building upon established catalyst families rather 
than constructing fundamentally new chiral scaffolds.  

 
In the present study, Sigman, Toste and coworkers put forward an alternative approach 

to chiral catalyst development that is well-suited to the introduction of new catalyst designs.2 
Rather than aiming to identify the optimal catalyst outright, the authors instead develop a set of 
catalysts designed to offer a data-rich starting point that informs subsequent optimization efforts.3 
The authors recognized that a structurally diverse set of catalysts should, in principle, result in 
highly variable enantioselectivity and provide an ideal starting point to identify the origin of 
selectivity and rationally tailor further catalyst modifications. In principle, this distinct approach 
should relieve design constraints that hamper catalyst development and are particularly acute for 
the development of new catalyst scaffolds. 

 
To explore these ideas, Sigman, Toste, and coworkers targeted the development of a 

novel family of chiral phosphoric acid (CPA) scaffolds designed to be conformationally flexible, 
rather than rigid,4–8 and induce enantioselectivity through predictable non-covalent interactions 
(NCIs). In stark contrast to conventional BINOL-derived CPAs,9 the basic catalyst design 
advanced in this study is exceedingly simple. It incorporates a single chiral amino acid derivative 
into an otherwise achiral biaryl phosphoric acid backbone. A key design feature of this approach 
is that the catalyst core can then be decorated with a variety of readily installed distinct functional 
groups that engage in NCIs and dictate the precise shape of the chiral catalyst. The authors 
employed data science tools to identify a set of 20 catalyst structures to maximize the coverage 
of chemical space within this new catalyst family. Crucially, no prior knowledge of the precise 
catalyst interactions necessary to induce enantioselectivity is required to employ this strategy 



because the data science tools employed throughout the workflow are intrinsically independent 
of the mechanisms of enantioinduction. 

 
Following synthesis of this initial catalyst library, each catalyst was assayed for 

enantioselectivity in an established CPA-catalyzed transfer hydrogenation reaction.10 These 
experiments validated the meaningful structural diversity represented within the catalyst training 
set, as the product enantiomeric excesses ranged from 0–87%. Using these data, linear 
regression models and DFT analyses identified the key catalyst features that control 
enantioinduction. Of particular note, two distinct intramolecular hydrogen-bonding networks could 
be induced to reinforce a well-defined chiral environment within these otherwise flexible 
structures. Extrapolation from the selectivity model predicted an improved, specific catalyst 
structure for enantioselective transfer hydrogenation. Synthesis and evaluation of the predicted 
new catalyst validated the model, with this new structure outperforming not only prior catalysts 
within the series but also state-of-the-art CPAs based on a rigid BINOL scaffold. Intriguingly, the 
model provides mechanistically-agnostic insight into what structures would be effective for 
asymmetric synthesis. As a demonstrative example of this point, the model identified that the 
partial charge on the catalyst-based amide and sulfonamide oxygen atoms predicted structure-
dependent racemization that occurs during catalyst synthesis, an issue fully decoupled from the 
model transfer hydrogenation reaction mechanism. This observation offers a clear illustration of 
how such an approach can be particularly valuable in the development of new catalyst scaffolds 
without well-established routes for their preparation. 

 
Given that the catalyst training set was selected independently from the model 

transformation, the highly variable enantioselectivity necessary for effective modeling should be 
observed in other CPA-catalyzed reactions using this initial library of structurally-diverse catalysts. 
Indeed, evaluation of the same 20 catalysts in two additional transformations again resulted in a 
range in enantioselectivity, albeit with a lower maximum e.r. in both cases. Intriguingly, the same 
catalyst features that predicted selectivity for the transfer hydrogenation model system could 
again be used to construct a predictive model for these mechanistically distinct reactions. These 
data highlight the power of thoughtfully developing a catalyst training set designed to provide a 
strong starting point for further optimization and suggest that the workflow developed in this study 
could, in principle, be applied across a wide range of enantioselective transformations. 
Furthermore, the parameters that control enantioselectivity across each unique reaction suggests 
that understanding the key catalyst NCIs is likely to facilitate de novo catalyst optimization. 

 
Overall, the authors have advanced a promising workflow to introduce new catalyst 

scaffolds for enantioselective catalysis. The catalyst family advanced through this study not only 
improves enantioselectivity relative to state-of-the-art CPAs in a model test case, but their flexible 
design is also well-matched to enable a data-science-driven approach for the development of 
enantioselective reactions. Rather than relying on rigid chiral pockets, the authors intentionally 
design conformationally flexible catalysts that induce enantioselectivity through predictable NCIs. 
This study provides a compelling case study in how data science tools can be integrated 
throughout a catalyst development effort and free researchers from design constraints that require 
extensive prior knowledge of key selectivity dictating interactions. While this workflow was 
illustrated within the context of asymmetric catalysis, we anticipate this study unlocks a distinct 
approach to catalyst development that reduces the risks associated with the development of 
fundamentally new catalyst scaffolds and is likely to have wide-ranging implications for catalyst 
design. 
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