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Herein, we report the syntheses and electronic structures
of crystalline dianionic as well as neutral diboron-centered
classical diradicaloids as boron analogues of classical
Thiele, Chichibabin, and Miiller (this only for dianionic
diradicaloids!) hydrocarbons. These are based on borane
radical anion and NHC-stabilized boryl radical spin -t
carriers, respectively. All these dianionic diboron-centered
diradicaloids exhibit triplet population at room
temperature regardless of the m-conjugated spacer: p-
phenylene, p,p-biphenylene, or p,p*terphenylene. In the
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Electrocatalyst for Oxygen Reduction

Subjects @

Catalysts Crystal Structure Electrodes Pyrroles Redox Reactions

Introduction

Catalysts are essential to the efficient performance of technological systems and all living organisms. However,
molecular scaling relationships (1-4) involving trade-offs between thermodynamic and kinetic performance metrics
can limit their effectiveness. The Sabatier principle (5,6) indicates that optimal catalysis occurs when the binding
between a catalyst and its substrate is ‘just right”and of intermediary strength. In other words, the interactions should
be neither too strong nor too weak; otherwise, the binding of the reactants or desorption of the products will limit the
reaction rate. Such trade-offs between thermodynamic and kinetic performance metrics also apply to electrocatalytic
reactions, as exemplified in the benchmarking of homogeneous molecular electrocatalysts via comparisons of
catalytic Tafel plots (7,8) relating the turnover frequency (TOF) of a molecular catalyst to the overpotential () (Figure
Ta). In this analysis, TOF is the ratio of moles of product (Nproduct) produced over a set unit of time, in which the
catalyst is stable, versus the moles of total catalysts contained within the reaction-diffusion layer (Nga1), a region near
the electrode surface, where the concentration profiles of electro-activated versus nonactivated catalysts differ from
their bulk values (eg_1). (8) Correspondingly, nj is defined as the difference in absolute value between the applied
electrode potential (£5pp) and the equilibrium potential of the reaction being catalyzed (Eqq; €9

TOF = Nproduct _ TOFmax

NCEl[

F
L+ eXp [E(Eapp - Ecaﬂl)]

Breaking a Molecular Scaling Relationship Using an Iron—Iron Fused Porphyrin

< =L 4
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Reversible Spatiotemporal Control of Induced Protein Degradation (25,4R)-1-((5)-2-{a-{(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-

5 a : " N.ahud (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 A L
ir-Prelog-Weg 3, 8093 Zirich, Switzerland
LER Bl E A
) = /% . . . =
partment of Molecular, Cell, and Developmental Biology, Yale Universit|
D, A = )
I Haven, CT 06511, United States ]3] ’ 52

m% i%gﬁ :!ﬁ 9 pt of Chemistry, Yale University, New Haven, CT 06511, United States % 1‘!\' 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 umol, 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, } = 15.4 Hz, 1H), 3.98 (d, J = 11.0 Hz, 1H), 3.87 (dd, ) = 11.0, 3.8
Y
J“ﬁ}? =) . T 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 S

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 CsaHs CIFaN;:05S; [M+H]* 1108.3135, found 1108.3144.
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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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Engineered 3D DNA crystals are promising scaffolds for bottom-up
construction of three-dimensional, macroscopic devices from the
molecular level. Nevertheless, this has been hindered by the highly
constrained conditions for DNA crystals to be stable. Here we report
a method to prepare robust 3D DNA crystals by postassembly ligation
to remove this constraint. Specifically, sticky ends at crystal contacts
were enzymatically ligated, and the covalent bonds significantly
enhanced crystal stability, e.g., being stable at 65 °C. This method also
enabled the fabrication of DNA crystals with complex architectures
including crystal shell, core—shell, and matryoshka dolls. Furthermore,
we have demonstrated the applications of the robust DNA crystals

in biocatalysis and protein entrapment. Our study removes one key
obstacle for the applications of DNA crystals and offers many new
opportunities in DNA nanotechnology.
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