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Three-Component Cross-Electrophile Coupling: Regioselective Electrochemical
Dialkylation of Alkenes

Lingxiang Lu, ¥iWang, Wendy Zhang, Wen Zhang, Kimbe and Song Lin*

D Open PDF ‘ © Supporting Information (1)

Abstract

The cross-electrophile dialkylation of alkenes enables the
formation of two C(sp?)-C(sp®) bonds from readily available (

starting materials in a single transformation, thereby providing a @
modular and expedient approach to building structural + @8 ¢+ @x — .
complexity in organic synthesis. Herein, we exploit the disparate i "R
electrenic and steric properties of alkyl halides with varying
degrees of substitution to accomplish their selective activation
and addition to alkenes under electrochemical conditions. This
method enables regioselective dialkylation of alkenes without r\/ome
the use of a transition-metal catalyst and provides accesstoa s BY
diverse range of synthetically useful compounds. z

Z = aryl, boryl, silyl, vinyl, etc., X = Br, CI, OTs
R' = 3%2° alkyl, R? = 1° alkyl, methyl, silyl, germyl

Representative products:

Me,PhSi
E A "
i
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Abstract

@9,

¢ @ @x —Z

Z = aryl, boryl, silyl, vinyl, etc., X = Br, Cl, OTs
= 39/2° alkyl, R? = 1° alkyl, methyl, silyl, germyl

Representative products:

I/\/OMc c
s Me,PhSi s \/\l
b Be

Scheme 1
(A) Redox-neutral alkene dialkylation (refs 3-6)
@ @ =, @ o

M=Li, Mg, 2n,Si f
X = halogen

(B) Ni-catalyzed directed reductive dialkylation (ref 9)
Ni catalyst
@ @ v

3 = amide directing group
R', R? = alkyl; X = redox-active ester, halogen; Y = halogen

lyzed reductive (ref 10)

s @ s Qo U H

Mn (reductant)
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Reversible Spatiotemporal Control of Induced Protein Degradation (25,4R)-1-((5)-2-{8-{(E)-{4-{(((5)-4-{a-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-

by Bistable PhotoPROTACs f1[1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl): yl)carbamoyl)-2,6-difluorophenyl)diazenyl)-3,5-

X e : " N4 hud (a hyithiazol-S.
difluor yl) y y-N-(4-( y

Su pporti ng ck Pfaff 1, Kusal T. G. Samarasinghe®*, Craig M. Crews?** and Erick M. Carreira’ y idi b ide (photoPROTAC-1)
1 ant of Chemistry and Applied Biosciences, Laboratory of Organic.
Information RN Ll
ir-Prelog-Weg 3, 8093 Zirich, Switzerland
LER Bl E A
N, = /48 - . =
partment of Molecular, Cell, and Developmental Biology, Yale Universit
D, A = )
I Haven, CT 06511, United States ]3] ’ 52

m% i%gﬁ 9 pt of Chemistry, Yale University, New Haven, CT 06511, United States % /N it
im ] I ﬁglt’:‘k ° pt of Pharmacology, Yale University, New Haven, CT 06511, United State éﬁkﬂ;‘%
JQ-1 amine 18 (10.5 mg, 28.0 umol, 1.00 equiv) and acid 54 (21.4 mg, 28.0 pmol, 1.00 equiv) were

dissolved in anhydrous DMF (0.28 ml, 0.1 M). DIPEA (12 ul, 85 pmol, 3.00 equiv) and HATU (11.3 mg,

30.0 pmol, 1.05 equiv) were added to the reaction mixture at room temperature. After 2 hours, the
Content
1. Suppl y Figures

reaction mixture was quenched by addition of sat. ag. NaHCO; and the aq. phase was extracted three

times with EtOAc. The combined org. layers were washed with brine and dried over sodium sulfate.

2. Materials and

Residual DMF and tetramethylurea were removed by lyophilization after freezing in a water/dioxane
2.1 General Synthetic Methods. mixture. The crude product was further purified by flash column chromatography (94% EtOAc/4%

Co nte nt iPrOH/2% H:0) to afford photoPROTAC-1 as an orange oil (16.0 mg, 14.0 pmol, 51%).
2.2 safety Statement

A

,f/h =] ’ ’ 3 Analysis of Synthetic Compounds. Rf = 0.36 (85% EtOAC/10% iPrOH/5% H;0).

i%%}ﬁ—‘ w\%E *H NMR (500 MHz, CD:0D) & = 8.87 (s, 1H), 7.70 (dd, J = 5.1, 1.6 Hz, 2H), 7.67 (dd, ] = 5.1, 1.6 Hz, 2H),
A __L 2.4 Photochemical Characterization.
?ﬁ_‘riﬂ‘ ﬁ % 7.52 (d, J = 8.5 Hz, 2H), 7.48 (d, J = 8.5 Hz, 2H), 7.44 — 7.40 (m, 4H), 4.91 (s, 1H), 4.65 — 4.50 (m, 4H),
Q % EFI m%& 2.5 Cell Culture, = 3 (dd, ) = 13.6, 7.0 Hz, 2H), 4.35 (d, J = 15.4 Hz, 1H), 3.98 (d, J = 11.0 Hz, 1H), 3.87 (dd, ) = 11.0, 3.8
Y
J“ﬁ}? =) . T %{Eﬁﬁ Hz, 1H), 2.71 (s, 3H), 2.47 (s, 3H), 2.43 (s, 3H), 2.29 - 2.22 (m, 1H), 2.15 - 2.09 (m, 1H), 1.69 (s, 3H),
EEB)—L'A ’ . )

113 (5, 9H) g

2.7 Western Blot Analysis. ....
’\\L ﬁ%"]'fq: EP ﬁ}ﬁ Y Rfr N M Rr IRI 3C NMR (126 MHz, CD;0D) & = 174.4, 172.0, 166.8, 166.7, 166.5, 157.4, 156.1, 155.3, 153.0, 152.2,
2.8 GSH Stability Test.
B‘J% _%_/?\ % . ES'_H RMS 149.0,140.3, 139.2, 138.1, 138.1, 134.3, 133.5, 133.4, 133.3, 133.3, 132.0, 132.0, 131.5, 131.4, 131.3,
L

130.4, 129.8, 129.0, 113.4, 113.1, 71.1, 60.9, 59.9, 58.2, 56.8, 43.7, 42.9, 39.0, 37.2, 27.1, 15.8, 14,4,

2.9 Quantum Yield Measurement

12.9,11.6.
3. Synthetic Procedures

19F NMR (471 MHz, CD;0D) § = -121.4, -1215.
4. NMR Spectra IR: 3322, 2925. 28855, 1665, 1533, 1427, 1343, 1243, 1090, 1047, 967, 843,

5. Sl-references ESI-HRMS: calcd. for CsaHsyCIFaN;:05S; [M+H]* 1108.3135, found 1108.3144.
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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 journals which present the results of scientific and engineering research. Every editor of a Society
Jjournal has the responsibility to establish and maintain guidelines for selecting and accepting papers submitted to
that journal. In the main, these guidelines derive from the Society’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 science 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 engaged in the publication of chemical research, specifically, for editors,
authors, and manuscript reviewers. These guidelines are offered not in the sense that there is any immediate crisis
in ethical 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.

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

12. The co-authors of a paper should be all those persons who have made significant scientific contributions

to the work reported and who share responsibility and accountability for the results. Authors should
appropriately recognize the contributions of technical staff and data professionals. Other contributions
should be indicated in a footnote or an “Acknowledgments” section. An administrative relationship to the
investigation does not of itself qualify a person for co-authorship (but occasionally it may be appropriate
to acknowledge major administrative assistance). Deceased persons who meet the criterion for inclusion

as co-authors should be so included, with a footnote reporting date of death. No fictitious name should be
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
submitting author should have sent each living co-author a draft copy of the manuscript and have obtained
the co-author’s assent to co-authorship of it.
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image generation should be disclosed in the manuscript within the Acknowledgment section with a
description of when and how the tools were used. For more substantial use cases or descriptions of Al
tool use, authors should provide full details within the Methods or other appropriate section of the
manuscript.
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