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Discovery
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Discovery

Electron-Donor

Radical-Polar Crossover Reactions
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Discovery
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Aromatic driving force
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Discovery

The method to prepare 7
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Discovery

The application of 7
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7 is the first neutral organic molecule to form aryl radicals from iodoarenes !

J. A. Murphy, et al. Angew. Chem., Int. Ed. 2005, 44, 1356



Discovery

Hypothesis
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We need a more-reactive Organic Electron Donor !
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Discovery

The electron donor 13
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Super-electron Donors

Concept

Neutral Organic Molecule
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The first neutral organic molecule
to form aryl radicals from iodoarenes
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The first neutral organic molecule
to form aryl anions from iodoarenes
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Super-electron Donors

Advantages

With wider applicability

Under very mild than in the case of

In the absence of metal
ions

conditions because of

their neutrality photochemically

assisted reactions
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Super-electron Donors

Reductive Cleavage of Sulfones and Sulfonamides
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Super-electron Donors

A new Super-electron-donor derived from DMAP
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18 is a more-reactive Super-electron donor

J. A. Murphy. et al. Synlett, 2008, 14, 2132
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Super-electron Donors

Reductive Cleavage of N—O Bonds in Weinreb Amides
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Neighbouring-group electron-transfer effect

J. A. Murphy. et al. Synlett, 2008, 14, 2132
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Super-electron Donors

Reductive Cleavage of N—O Bonds in Weinreb Amides
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Super-electron Donors

Polymerization Initiated by SED

N N
Y w O~
R 18 (5 mol%) \ \
R' > Me Me
n 18
R

CH, L
oM
Oi/ 01:/ Of/ur /'JCN\”'/
n
Me n Me " n
92% Conv. 95% Conv. 99% Conv. 99% Conv.

Proposed mechanism

(0] 0] 0]
SET H,C SET Hoo
—> —»
OEt OEt OEt
Me Me

Me
0 OEt

O
Protonation HaC Polymerization
—_— —
OEt .

Me Me

Vanelle P. et. al. Angew. Chem., Int. Ed. 2016, 55, 5994 16



Super-electron Donors

SEDs catalyze radical chain reactions
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Photoactivation of SEDs

Activating Benzenes by photoactivated SEDs

Absorption maxima at 260, 345, and
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Photoactivation of SEDs

Reductive Cleavage of Benzylic Esters and Ethers
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Photoactivation of SEDs
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Photoactivation of SEDs

Reduction of Arenes by photoactivated SEDs

( )
EtO,C.__CO,Et 18 (6 eq), hv EtO,C _CO,Et 7 N N \
—m - L =
Ph  Ph ~ DMF Ph = =
29 Acidic work-up 23 MeyN 18 NMe;
\_ J
Proposed mechanism
EtO,C EtO,C
CO,Et ’ Water-Soluble Pr
CO,Et SET 2 2 trapped by 18 ater-Soluble Products
—_— —_— >
Bn 7~ Bn
4 )
+ I/\I
EtO,C CO,Et EtO,C. © _CO,Et N* N
2 r 2 / \ i \
Ph Ph = —
23 MezN 18. NMez
\ _/

J. A. Murphy, et al. J. Am. Chem. Soc. 2013, 135, 10934
21



Photoactivation of SEDs

Reductive Cleavage of C-N and S-N
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SEDs as initiators in Haloarene—-Arene Coupling

Background

T. Itami, et al. Org. Lett. 2008, 10, 4673.
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Lei, A. W. et al. J. Am. Chem. Soc. 2010, 132, 16737
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SEDs as initiators in Haloarene—-Arene Coupling

Base-promoted homolytic aromatic substitution (BHAS) reactions

Ar-X

ET how the initial radical

Ar generated
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A. Studer; D. P. Curran, Angew. Chem., Int. Ed. 2011, 50, 5018
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SEDs as initiators in Haloarene—-Arene Coupling

Initiation with phenanthrolines as additives

1) KO'Bu M~/ \
</ g:? \> > O N \N \
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John A. Murphy, et al. Chem. Sci., 2014, 5, 476



Initiation with phenanthrolines as additives
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John A. Murphy, et al. Chem. Sci. 2014, 5, 476

SEDs as initiators in Haloarene—-Arene Coupling
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SEDs derived from diborons

Background

t
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Li, S. H. et al. Angew. Chem., Int. Ed. 2016, 55, 5985
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SEDs derived from diborons

Jiao’s idea: Radical Borylation of Aryl Halides

\ addictive, base R
X = X\,
— radical initiation —_

transitent radical
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persistent radical

Zhang L.; Jiao L. J. Am. Chem. Soc. 2017, 139, 607
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SEDs derived from diborons
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Zhang L.; Jiao L. J. Am. Chem. Soc. 2017, 139, 607



SEDs derived from diborons

Proposed mechanism =©
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SEDs derived from diborons

The structure of the electron donor

NS
_ MeOK w »
Ph—@N + T Me
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Pyridine- and boron-containing
complexes as super electron donors
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rt

Zhang L.; Jiao L. Chem. Sci. 2018, 9, 2711
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SEDs derived from diborons

Driving force

—— H — Ph
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The negatively charged boron center

The aromaticity of the pyridine ring

Zhang L.; Jiao L. Chem. Sci. 2018, 9, 2711
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SEDs derived from diborons

Ph—l
Ph Ph
> AN S ®
O{_© =
B \N N Me

Two questions

? The mode of boron—-boron bond cleavage

? Mechanism for the formation of super-electron-donors
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Gibbs Free Energy in DMSO (kcal/mol)
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12.4 Y
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Heterolytic cleavage

Gibbs free energy profile for the homolytic and heterolytic cleavage pathways of diboron.

Zhang L.; Jiao L. Chem. Sci. 2018, 9, 2711



Gibbs Free Energy in DMSO (kcal/mol)

Gibbs free energy profile for the formation of

the complex )
Zhang L.; Jiao L.

Chem. Sci. 2018, 9, 2711



SEDs derived from diborons

Revised radical borylation mechanism

Ph N + Boping + MeOK
N\ /

szinz
( SEDs ) [Borylation reagena

Ar-X > Ar’ 3> Ar-Bpin
SET Radical borylation

Zhang L.; Jiao L. Chem. Sci. 2018, 9, 2711
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SEDs derived from diborons

Reductive Cleavage of S-N, N-O and C-O

4-PhPy (20 mol%)
B,pin, (1.3 eq) % ]
N\ MeOK (1.3 eq), \ —_— "
,\|j —_— ||-|
I MTBE
85°C, 12 h

86% yield (GC)

4-PhPy (40 mol%)
0 B,pin, (1.3 eq) [ L

0
_Me MeOK (1.3 eq) < _Me —_— _Me
v —— w — T
OMe MTBE OMe H

85°C,1h 96% vyield

4-PhPy (20 mol%)
Bopin, (1.3 eq) O@

0 0
)k(Ph MeOK (1.3 eq) )'\/Ph —> )H/Ph
Ph - > Ph —> Ph
H

OAc MTBE OAc

85°C, 1h 52% yield

Zhang L.; Jiao L. Chem. Sci. 2018, 9, 2711
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SEDs derived from diborons

SEDs mixture as the radical initiator

CHj

szinz + MeONa + 2
! + nBusSnH (10 mol% each)
-
o= (1.3 eq) S

1eq Hexane, 60 °C, 30 min
95% GC yield

(57% isolated)

5-exo-trig nBuzSnH /A
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S initiation ‘ S HAT
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\y W Atom transfer
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Zhang L.; Jiao L. Chem. Sci. 2018, 9, 2711 38



SEDs derived from diborons

Desulfonative borylation of benzyl sulfones

R
Ar)\Bpin
B,pin,, NaOMe
metal-free
A SO,E
' Bpin
Ph Ph Ph Ph
MeO cl 0
66% 61% 52% 55%
O Ph
O Bpin
0,S Ph 0,S SO,Ph
Ar 29N Ar 2O Ar o2
Bpin Bpin Bpin
4T%  Ar=4-MeCeHy 449, 339% 45%

C. M. Crudden. et al. Org. Biomol. Chem. 2019, 17, 7300
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Proposed mechanism 0 o 0
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C. M. Crudden. et al. Org. Biomol. Chem. 2019, 17, 7300



SEDs derived from diborons

Visible-Light-Induced Borylation of Aryl Chlorides

BZpinZ Ph Ph
_~\ H /=~ XN
H
MeOK 18-C-6 AN / L
> K _ ’B"'o * 0—B—0"
. THF, rt, 2 h ° 7§<‘o- S

<« Ate complex 27
(300-500 nm)

Complex 27 Absorption band 300-500 nm

SED mixture
(300-500, 500-600 nm)

/

300 400 500 600 700 800

0.5 7

Complex 28 Absorption band 500-600 nm

Intensity (A.U.))

0

Wavelength
(nm)

Zhang L.; Jiao L. J. Am. Chem. Soc. 2019, 141, 9124
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SEDs derived from diborons

Visible-Light-Induced Borylation of Aryl Chlorides

SED mixture
(opmx e (o)
THF, rt, 3h

100
go{ 75%78% 77% | Conditions
B Without
60 - light
40%

Yield (%)

40 T

20 1 18% M 400 nm
<0.1% LED

0 -

ArBel  hm\rGiel
(Ar = 4-MeOPh)

\ T y 400 nm LED
Meo—©—<3| + (l)\ ,,N\B/N (10 W) - Me0—©—H
. 1>~ "o
(2 equiv) </<|3 % THF, rt, 3 h 82% yield (GC)
27

Complex 27 exhibits a superior reactivity!

Zhang L.; Jiao L. J. Am. Chem. Soc. 2019, 141, 9124
42



SEDs derived from diborons

Optimization of Reaction Conditions

Ph@N

MeO cl + Bopin, r
MeONa, CH3;CN

entry

A 0NN -

(&)

400 nm LED, rt, Ar, 12 h

change from standard conditions

none
365 nm LED intead of 400 nm LED

450 nm LED intead of 400 nm LED

254 nm Hg lamp (28 W) intead of
400 nm LED

without light

without 4-phenylpyridine
reaction set up under air

OR

/
MeO B

\

OR

conv. (%)

99

40
66
6

94

yield (%)

92
35

53
)

88

Zhang L.; Jiao L. J. Am. Chem. Soc. 2019, 141, 9124
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SEDs derived from diborons

Borylation of Aryl Chlorides

cat. 4-PhPy
CI + Bopiny > Bpin
MeONa, CH;CN

400 nm LED, rt, 12 h

CH, HsC

@

MeO
89% 83% 90% 90% 92%
Me <
Bpin Bpin fBu Bpin \N_< >—Bpin O—Q—Bpin
/
90% ) ) Me
HC 88% 86% 74% 40%
(@)
MeO EtO
85% 72% 90% 82% NC 80%

o)

80%
Bpin

Zhang L.; Jiao L. J. Am. Chem. Soc. 2019, 141, 9124 44



SEDs derived from diborons

Enabling Difficult Borylation Reactions

Thermal method
py (20% mol%), Bopin, (2.0 eq)
MeOK (2.0 eq), MTBE

85 °C,12h

Photoinduced method
py (20% mol%), B,opin, (2.0 eq)
MeONa (1.3 eq), MeCN
400 nm LED (10W), rt, 12 h

Aryl halide ’Q_> O
substrates

Thermal method  10% vyield 0% yield 0% yield

Photoinduced method 48% yield 56% yield 78% yield

Zhang L.; Jiao L. J. Am. Chem. Soc. 2019, 141, 9124



SEDs derived from diborons

Application in sequencial diborylation

| cat. 4-PhPy (20 mol%) Bpincat. 4-PhPy (20 mol%) Bpin
Bopin; (2.0 eq) B,pin, (2.0 eq) —
> >
MeOK (1.3 eq) MeONa (13eq) \_ 4/
MTBE, 85 °C, 12 h MeCN, 85 °C, 12 h
Cl Without light Cl 400 nm LED Bpin
67% 79%

Borylation of Fluorobenzene

4-PhPy (40 mol%)
szinz (40 eCI)

/—\ MeONa (2.6 eq) /— - T

N\ 7/ N\ /S —= \ e
400 nm LED (10W)
MeCN, rt, 12 h

67% vyield

Zhang L.; Jiao L. J. Am. Chem. Soc. 2019, 141, 9124
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SEDs derived from diborons

Proposed mechanism

Ph
B,pin, B, pi
’ 2PNy .
s
N
@
Ph Ph Ph Ph
W W
\ N_H NS N\_N H N7
O' B'/ Ni' \B/
Na.o( oO a.of oo
hv

Zhang L.; Jiao L. J. Am. Chem. Soc. 2019, 141, 9124
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Summary

Ph Ph
//\\ — H P—
N N N\ H N7/
>=< ,/ \N_/
K\ /B",
N ~0 (0]

N
\ /
Me Me %

The electron-rich olefins SEDs derived from diborons

2005-2019 2018-2019
€ Reactions in the ground state € Radical Borylation of Aryl Halides
€ Reactions in the photo-excited state € Desulfonative borylation of benzyl sulfones
€ Haloarene—Arene Coupling € Visible-Light-Induced Borylation of Aryl Chlorides
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Summary

Hypothesis

Photo-Induced Borylation of Aryl Chlorides
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