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30 July, 2019
Dear Dr. Wu,
Thank you very much for the review of our manuscript as we believe that the reviews and our responses to them have improved the paper. In this context, we have examined the comments and suggestions made by the reviewers of our paper “Synthesis of Information-bearing Peptoids and their Sequence-directed Dynamic Covalent Self-assembly”. To accompany our resubmitted manuscript, the following represents our detailed responses to the reviewers’ points.
Reviewer 1
Reviewer 1 comment: This paper clearly describes a straightforward synthetic protocol for peptoid with dynamic covalent chemistry, which allows access to interesting structures like ladders. This protocol makes use of rare-earth metal triflates as Lewis acids to circumvent kinetic trapping often observed during the self-assembly of complex molecules with multiple interaction sites.
We appreciate the reviewer’s comments and address their points as described below.
Reviewer 1 comment: I recommend adding ChemDraws for the full synthetic schemes of the Fmoc-monomers (or at least ChemDraws of the final monomers used in the peptoid synthesis). The structures can be found in papers cited by this manuscript but having the structures more clearly in this protocol would be helpful.
To accommodate the reviewer’s request, we have updated Figure 1 to include the full synthetic schemes of the monomers.
Reviewer 2
Reviewer 2 comment: The authors describe the methodology required to develop peptoids that align to form dynamic covelant bonds. The synthesis of the required monomers, automated peptoid synthesis, and assembly methods are described. The descriptions are thorough and easy to follow.
We thank the reviewer for their comments and address their points as described below.
Reviewer 2 comment: The relevance to information storage was unclear - this could be expanded on to motivate the dynamic peptoid ladders.
We note that the utilization of self-assembled molecular ladders or their oligomeric precursors as information storage media is not addressed in this manuscript; rather, as is indicated in the Discussion section, the information lies in the pedant group sequence incorporated in peptoid oligomers. To clarify the utility of this information, we have modified the last sentence of the first paragraph of the Introduction section to read:
Here, we report a process which circumvents kinetic trapping to enable the self-assembly of molecular ladders from sequence-specific oligomers where the hybridization is directed by the information encoded in the oligomer residue sequences.
Reviewer 2 comment: Including the number of equivalents throughout the methods (monomer synthesis, peptoid synthesis, etc.) would increase the ease of translating these methods.
We very much appreciate the reviewer’s close examination of our manuscript and, as requested, have incorporated the number of equivalents throughout the synthetic protocols.
Reviewer 2 comment: A justification for the selection of the photocleavable linker would be valuable for those trying to modify this strategy. Additionally, more details on the instrumentation used for the cleavage would be valuable for replication.
We appreciate the reviewer’s suggestion and agree that identifying the necessity for the photocleavable linker would be invaluable. Thus, to accommodate the reviewer’s request, we have included the following sentence:
Importantly, the solid-phase synthesis is performed using a photolabile resin to enable oligomer cleavage from the bead under UV or violet light irradiation, preventing premature deprotection of the acid-labile, ethylene acetal-based protecting group.
Additionally, we have included the LED and LED driver in the Table of Materials.
Reviewer 2 comment: In 2.3.3., how was a stir plate used for agitation?
To address the reviewer’s question, we have expanded on the use of a stir plate for agitation.
Reviewer 2 comment: Figure 3 - labeling the peaks could make this figure more clear.
As requested, we have labeled the peaks in Figure 3.
Reviewer 3
Reviewer 3 comment: The authors report a procedure for the solid-phase synthesis of imine-based molecular ladders which utilizes a modified automated peptide synthesizer and circumvents the formation of kinetic traps that would be detrimental to the yield of a single discrete product. The ladder backbone is a poly(N-substituted glycine) which is constructed in a stepwise, and therefore sequence-defined, manner. The pendant groups on the backbone contain alloc-protected aromatic amines, acetal-protected aromatic aldehydes, or solubilizing groups. Orthogonal protecting groups allow for the selective deprotection of the amines. After alloc deprotected and cleavage from the resin, complimentary strands are ready for oligomer annealing (ladder formation).
The acetal deprotection is performed on two complimentary strands in the same pot to prevent the self-condensation of two identical strands. The deprotection is performed with excess Sc(OTf)3 (1.5 equiv per potential imine bond formed) under aqueous conditions. In this way, the acetals are deprotected and premature imine condensation is prevented. After deprotection, the reaction mixture is extracted with CHCl3 and the organic layer is transferred to a new reaction vessel. In addition to removing H2O/MeCN from the reaction mixture, the extraction also removes an indeterminate amount of Sc(OTf)3. Upon heating to 70 °C, oligomer annealing occurs. The major product after the reaction (determined by MALDI) is the correctly aligned ladder with complimentary strands.
The reported procedure is an efficient automated synthesis of information-encoded oligomers which form duplexes (ladders) with complimentary strands. The automated synthesis allows for shortened reaction times, more efficient transitions between reactions, and conservation of material. The in situdeprotection of the acetal groups prevents the self-condensation of identical strands. Ladders are formed in the presence of Sc(OTf)3 in a reaction manifold that does not suffer from the detrimental effect of off-target kinetic traps.
We thank the reviewer for their assessment of our manuscript and have endeavored to address their comments and suggestions as described below.
Reviewer 3 comment: The manuscript has good discussion of synthetic logic and possible pitfalls; however, the discussion of possible kinetic traps could be expanded. What specific kinetic traps are possible (misaligned oligomers that don't self-correct?), and what features of the current protocol are most critical for avoiding kinetic traps (full dissociation of oligomers with excess acid, acid concentration during annealing, etc.)? Have the authors done studies to determine what percentage of Sc(OTf)3 is extracted during the CHCl3 extraction? What is the concentration of Sc(OTf)3 during annealing? How sensitive is the reaction outcome to perturbations of this concentration? What is the simplest method of determining Sc(OTf)3 concentration under the reaction conditions (19F NMR of an aliquot with an internal standard?)?
We appreciate the reviewer’s suggestions and have specified the kinetic trapped species that can arise during the dynamic covalent assembly of molecular ladders. We note that, as this manuscript focuses on the protocol, we have omitted studies on the significance of each phase and rare-earth metal triflate final concentrations. Nevertheless, we have included several methods for determining Sc(OTf)3 concentrations, including the welcome suggestion of 19F NMR, along with an affirmation of the robustness of the method to perturbations of the final catalyst concentrations.
Reviewer 3 comment: Characterization of reported compounds is incomplete. In the 1H NMR data, coupling constants should be given for all peaks where multiplicity is determined. Additionally, peaks should not be listed as multiplets when coupling constants can be determined. For example, in the synthesis of Npam, the peak in the NMR ranging from 5.95 to 6.04 ppm is likely not a multiplet but instead a dddd(a diagnostic signal for monosubstituted terminal olefins). It's difficult to be certain without access to the fid, but the authors should revisit this characterization data and provide more information where applicable. 13C NMR data should also be provided.
To accommodate the reviewer’s request, we have updated the NMR section to include the coupling constants for 1H NMR spectra and have added 13C NMR data.
Reviewer 3 comment: The authors claim that out-of-registry products are formed only in trace amounts, but otherwise make few comments on the presence of higher-molecular weight species evident in the MALDI mass spectrum (Figure 4b). Here, a list of the masses apparent in the spectrum with corresponding molecular ion assignments would be beneficial to distinguish out-of-registry products from incompletely condensed in-registry kinetic intermediates. Furthermore, analysis of the product distribution via GPC or HPLC might give better insight to the degree to which sequence specificity and complementarity of strands circumvents kinetic trapping. Without such a quantitative evaluation, the efficacy of sequence specificity as a means of circumventing kinetic trapping is ambiguous.
[bookmark: _GoBack]To address the reviewer’s comments, we have listed the masses apparent in the mass spectrum presented in Figure 4b in the figure caption. Notably, out-of-registry products are indistinguishable from incompletely condensed in-registry species by mass spectrometry. Moreover, as the masses of misaligned and incorrectly coupled sequences do not significantly deviate from the in-registry species, characterization of the reaction mixtures by GPC and HPLC yields uniform elution times, precluding their use to provide further insights into the degree of sequence specificity or the circumvention of kinetic trapping.
Reviewer 4
Reviewer 4 comment: This work reports a detailed protocol for synthesis of peptoid-based assemblies through sequence-directed dynamic imine chemistry. The "Dissociation/Extraction/Annealing" approach developed by the authors successfully overcomes the commonly encountered challenges of kinetic trapping, thus allowing thermodynamically most favored assembly product predominantly formed. Given the great importance and rapidly growing interest in dynamic covalent assembly study, and the method reported in this work could guide future synthesis of more complex molecular/macromolecular architectures through sequence-directed self-assembly process, publication of this work on JoVE is recommended. The procedures are provided with great details and easy to follow. The authors also gave a nice discussion on possible alternatives for orthogonal deprotection.
We thank the reviewer for their comments and have addressed their suggestions as detailed below.
Reviewer 4 comment: First paragraph, the following review articles on dynamic covalent chemistry should be cited, probably after "…dynamic covalent interactions", which would give readers a more comprehensive view of the available tools in this field and their application potential: Angew. Chem. Int. Ed. 2002, 41, 898; Chem. Soc. Rev. 2013, 42, 6634; "Dynamic Covalent Chemistry: Principles, Reactions, and Applications." Weinheim:Wiley-VCH, 2017. Print. ISBN: 978-1-119-07563-9.
The following account article on cage design and synthesis through dynamic covalent chemistry should be added to ref 11-12: Acc. Chem. Res. 2014, 47, 1575.
We appreciate the reviewer’s suggestions for additional references and have included them in the manuscript.
Sincerely,
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Timothy F. Scott
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