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Mechanism of Catalytic Oxidation of Styrenes with Hydrogen
Peroxide in the Presence of Cationic Palladium(ll) Complexes

Kinetic studies, isotope labeling, and in situ high-resolution mass spectrometry are
used to elucidate the mechanism for the catalytic oxidation of styrenes using aqueous
hydrogen peroxide (H,0,) and the cationic palladium(Il) compound,
[(PBO)Pd(NCMe),][OTf], (PBO = 2-(pyridin-2-yl)benzoxazole).

Previous studies have shown that this reaction yields acetophenones with high
selectivity. We find that H,0, binds to Pd(ll) followed by styrene binding to generate a
Pd-alkylperoxide that liberates acetophenone by at least two competitive processes,
one of which involves a palladium enolate intermediate that has not been previously
observed in olefin oxidation reactions. We suggest that acetophenone is formed from
the palladium enolate intermediate by protonation from H,0,. We replaced hydrogen
peroxide with t-butyl hydroperoxide and found that, although the palladium enolate
intermediate was observed, it was not on the major product-generating pathway,
indicating that the form of the oxidant plays a key role in the reaction mechanism.
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Mechanism of Catalytic Oxidation of Styrenes with Hydrogen
Peroxide in the Presence of Cationic Palladium(ll) Complexes

ABSTRACT :

Kinetic studies, isotope labeling, and in situ high-resolution mass spectrometry are
used to elucidate the mechanism for the catalytic oxidation of styrenes using aqueous
hydrogen peroxide (H,0,) and the cationic palladium(ll) compound,
[(PBO)Pd(NCMe),][OTf], (PBO = 2-(pyridin-2-yl)benzoxazole).

Previous studies have shown that this reaction yields acetophenones with high
selectivity. We find that H,0, binds to Pd(lIl) followed by styrene binding to generate a
Pd-alkylperoxide that liberates acetophenone by at least two competitive processes,
one of which involves a palladium enolate intermediate that has not been previously
observed in olefin oxidation reactions. We suggest that acetophenone is formed from
the palladium enolate intermediate by protonation from H,O,. We replaced hydrogen
peroxide with t-butyl hydroperoxide and found that, although the palladium enolate
intermediate was observed, it was not on the major product-generating pathway,
indicating that the form of the oxidant plays a key role in the reaction mechanism.
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F&JifE Appropriate Scope

The work should resonate with the journal’s target audience, which improves its chances
for reaching its intended readers.

¥ PiEA] Novelty/Urgency

The manuscript should be original and provide insight into a challenging problem or

fundamental issue, advancing the discipline in a timely way. Avoid reporting just an
incremental improvement with a slightly different set of conditions.

BARER Technical Validity

The research should be well designed, and the experiments, data collection and
interpretation should be completed at a high level.

R E High Quality

The manuscript should be clear, concise, and formatted correctly. If the writing is confusing
and contains grammatical errors, reviewers may be unable to judge the scientific quality.
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Read the decision letter and reviewer comments.

2. KIS, ERNEMR, BSE8—%HEHEHNE)
Be timely!
Respond to each comment, noting what changes (if any) were made.

If you cannot complete a revision by the deadline, contact the editorial office to
request an extension.
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If you disagree with a comment, that is okay — but make sure the editor
understands why you disagree. Use science to back up your argument.
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iThe reviewer misunderstood the point of the
manuscript (or a specific result). |

%The Editor's Response:

ilf the reviewer did not understand the results or
significance, you need to clarify the text or §
iflgures to present the work more clearly. ‘

‘You Might Say:

‘The reviewer is wrong and does not deserve a response.
‘The Editor's Response:

Whis response does not explain how or why the reviewer is
‘wrong Even a comment with which you do not agree
needs to be backed up by science. ‘

iYou Might Say:

§Similar papers have been published in this journal. Why is
imy manuscript being picked apart?

‘The Editor's Response:

3 'If your manuscript is similar to other recent work, it likely
Iacks novelty and may not meet the journal's standards.
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Ethical Guidelines to Publication of Chemical Research

The guidelines embodied in this document were revised by the Editors of the Publications Division of the
American Chemical Society in February 2023

Preface

The American Chemical Society serves the chemistry profession and society at large in many ways, among them
by publishing journa ent the e gine: arch. Every e a Socicty
journal has the responsibility to establish and maintain g s for sclecting and s 2 papers submitted to
that journal. In the main, these guidelines derive from the Socicty’s definition of the scope of the journal and from
the editor's perception of standards of quality for scientific work and its presentation

An essential feature of a profession is the acceptance by its members of a code that outlines desirable behavior
and specifies obligations of members to each other and to the public. Such a code derives from a desire to
maximize perceived benefits to society and to the profession as a whole and to limit actions that might serve the
narrow self-interests of individuals. The advancement of requires the sharing of knowledge between
individuals, even though doing so may sometimes entail forgoing some immediate personal advantage.

With these thoughts in mind, the editors of journals published by the American Chemical Society now present a
set of ethical guidelines for persons en in the publication of chemical research, specifically, for editors,
authors, manuscript reviewers. T guidelines are offered not in the sen:

in cthical behavior, but rather from a conviction that the observance of high ethical standards is so vital to the
whole scientific enterprise that a definition of those standards should be brought to the attention of all concerned.

Criteria for authorship can be found in Part B of the Ethical Guidelines to Publication of Chemical

12. The co-authors of a paper should be all those persons who have made significant scientific contributions | Research. Artificial intelligence (Al) tools do not qualify for authorship. The use of Al tools for text or
to the work reported and who share responsibility and accountability for the results. Authors should o M i image generation should be disclosed in the manuscript within the Acknow\edgment section with a
appropriately recognize the contributions of technical staff and data professionals. Other contributions d ti £ wh d how the tool d F bstantial d ot £ Al
should be indicated in a footnote or an “Acknowledgments” section. An administrative relationship to the escription of when and how the tools were used. For more substantial use cases or descriptions o

investigation does not of itself qualify a person for co-authorship (but occasionally it may be appropriate Sibkcat i tool use, authors should provide full details within the Methods or other appropriate section of the
to acknowledge major administrative assistance). Deceased persons who meet the criterion for inclusion r Published Ar manuscript.

We believe that most of the guidelines now offered are already understood and subscribed to by the majority of

as co-authors should be so included, with a footnote reporting date of death. No fictitious name should be reparing for Submissior
listed as an author or coauthor. The author who submits a manuscript for publication accepts the -
responsibility of having included as co-authors all persons appropriate and none inappropriate. The T
submitting author should have sent each living co-author a draft copy of the manuscript and have obtained « 2 Preparing Graphics
the co-author’s assent to co-authorship of it. vl

Part B. Ethical Obligations of Authors Author Guidelines | Appendix 1: Preparing for Submission | Authorship,
| Ethical Guidelines to Publication of Chemical Research Author List, and Coauthor Notification
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Remind your coauthors, and yourself, that the output of the ChatGPT model is
merely a very early draft, at best.

AEZZZA)MMERHRKE ChatGPT KX+

Do not use text verbatim from ChatGPT.

T Al L83 A | ChatGPT #EFE R 5| F AR 7% Bl R i SCRk it 17 3

Any citations recommended by an Al bot/ChatGPT need to be verified with the
original literature.

AE1il ChatGPT i R EKICIE AR E RS

Do not allow ChatGPT to squelch your creativity and deep thinking.
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Do not include ChatGPT or any other Al-based bot as a co-author.

AL H TR EEH Al JLESA | ChatGPT # &R 4+

In the Acknowledgments and experimental sections, your use of an Al bot/ChatGPT
to prepare your manuscript.

ChatGPT A BEXEfa] PR 546 B 3 B 14 5T

ChatGPT cannot be held accountable for any statement or ethical breach.
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