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Background

Organic reactions with electron transfers
Single electron transfer (SET) is an important process in various redox-
and radical-type organic reactions.
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CHEMISTRY AND BIOCHEMISTRY

Background
Organic reactions with electron transfers
ot ©
Nu
— R-D" —> R-Nu 1
Conversion into an electrophile | SET
R_X D ’ R—Xl._ R’ H Solvent R_H
o+ V Reductive termination

A? —>R E DET

Conversion into a nucleophile

Common electron donors reagents:

Active metals: alkali metals, alkali earth metals

Low valent metallic reagents: Sml2, TiCl3

Organic metallic reagents: Sodium naphthaline, CpTilll

J. Broggi, et al. Angew. Chem. Int. Ed. 2014, 53, 384—413
L. Zhang, L. Jiao, Chem. Sci. 2018, 9, 2711-2722
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CHEMISTRY AND BIOCHEMISTRY

Background

Classic reactions involved electron donors:

Birch reduction

| - U
Z 44 %

Birch, A. J. J. Chem. Soc. 1944, 430-436

Acyloin condensations

-78 °C, 15 min
48 %

MeOQC

OH
Lawton, R. G. J. Am. Chem. Soc. 1971, 93, 1730

Grigard reaction
©

cl L e® cl -l R MgCl
(J O — O U
g

J. Broggi, et al. Angew. Chem. Int. Ed. 2014, 53, 384—413
L. Zhang, L. Jiao, Chem. Sci. 2018, 9, 2711-2722
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CHEMISTRY AND BIOCHEMISTRY

Background

Organic electron donors

OEDs: neutral, ground state organic molecules that reduce substrates by
single electron transfer.

Advantages: tunable reducing ability, mild reaction conditions

Common organic electron donors

Me,N NMe, S S
Me2N NMe2 ES S
Tetrakis(demethylamine)ethlyene (TDAE) Tetrathiafulvalene (TTF)

N N N N N . N
N=( [ Y—=( ] / \
Me Me (N Me,N NMe.,
Dibenzo-Tetraazafulvalene  Diimidazo-Tetraazafulvalene Bispyridinylidene
Dibenzo-TAF Diimidazo-TAF BPL
TAF1 TAF2

J. Broggi, et al. Angew. Chem. Int. Ed. 2014, 53, 384—413
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CHEMISTRY AND BIOCHEMISTRY

Background

Reduction potential
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N N
Me,N NMe S S
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) >—< >—< = o=
Me,>N NMe, S S
MezN NMez Me Me
BPL TAF2 TAF1 TDAE TTF
E=-1.24V E=-1.20V E,=-0.82V E,=+032V E =+0.33 V
E2 =-0.76 V E2 =+0.71V

Reduction potential reflects ability to donate electrons
Which functional group can accept the electron
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CHEMISTRY AND BIOCHEMISTRY

Discovery of Organic electron donors

TDAE as an electron donor
In 1950, discovery of tetrakis(dimethylamino)ethene (TDAE) in industry
Its ability to reduce electron poor perfluoro substrates

Industrial application of TDAE reduction

MesN NMe, r )
— ©
= CF3 CFg F
FsC  Cofs Me2N NMe: E P Me,N NMe,
>—< > z F .
C.F; CF4 DCM, 0C to roomtemp CF; CFj Me,N NMe,
) 90 % 3 4
¢+ e T = O
® F
MesN NMe,
R CFj R CFj CF5; CFj
FaC F-F°  FC re FO MeN  NM
3 o— 3 °
=\ — =" —— N e
C.Fs CFg C.Fs CFs CF3 CF3 L 5 F y

Lafferty, R. H., Jr. J. Am. Chem. Soc. 1950, 72, 3646

TDAE oxidized to its radical anion 4 and di-anion 5
Electron rich ethene & heteroatoms as OEDs



CHEMISTRY AND BIOCHEMISTRY

Discovery of Organic electron donors

TTF as organic electronic material
In 1970, inspired by powerful electron donating properties of TDAE, Fred
Wudl applied Tetrathiafulvalene (TTF) to organic electronics.

- Ez>=<z] p=1012Q cm
+e 1; hv, -e

u |:G-§>—<.:] Cl~” p=37=1Qcm

\

(4n + 2) & electrons

at t

[

1 I 2 —

on of £ on off
hy ™

Figure 1. Al = photocurrent (10712 A),

“TTF as an excellent organic solid semiconductor.” - F. Wuld

Aromatic stabilization energy F. Wudl, et al. J. Am. Chem. Soc. 1972, 94, 670-672.
F. Wudl, et al. Chem. Commun. 1970, 1453
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CHEMISTRY AND BIOCHEMISTRY

Discovery of Organic electron donors

The Marriage of TTF & TCNQ

NC — /CN NC CN
e + >=<:>—\ - >—©—<9 E,;,=0.22 vs SCE
NC — CN NC CN
5% SR
E>=<.j—>|i>—é j + e0 E]/Z=0.37VSSCE
..S. OS: :SQ O.SO.
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CHEMISTRY AND BIOCHEMISTRY

Discovery of Organic electron donors

TTF as organic donor
In 1990s, J. A. Murphy used alkene to trap the benzyl radical generated
when treating arenediazonium with TTF.

Radical-Polar crossover reaction using TTF

BF4 % é R,
/H\R [S a S] (R)ZH
2
>
@\ acl_elt(z;e o
6a, 6b ° 7a: R, = Me, R, = H (72%)
l 7b: R1_R2 Me (56%)

R1R2
o s

Application in total synthesis

F3sCOCHN

NHCOCF,
% E = ] Chem Commun. 1993, 295-297.
! ®
acetone

aspldospermldme 1 2




CHEMISTRY AND BIOCHEMISTRY

Background

Reduction potential
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Me,>N NMe, S S
MezN NMez Me Me
BPL TAF2 TAF1 2 TDAE TTF
E=-1.24V E=-1.20V E,=-0.82V, E,=+032V E =+0.33 V
E2 =-0.76 Vl E2 =+0.71V
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CHEMISTRY AND BIOCHEMISTRY

Organic electron donors

TDAE: a moderate electron donor

Radical cyclization from benzodiazonium with TDAE

Me,N NMe2 Br
Me2N NMez O
y I:l e
Ms
N2 74%
10 11 12

J. A. Murphy, Beilstein J. Org. Chem. 2009, 19

Radical difluoroalkyl addition to electrophiles

AN
Me,N NMe
Ph 20\ __ 2 Ph |
N A >—< (1eq.) >_N 2N
N S—crpr | MeN  NMe, RS
o N "CHO DMF, 90 min 0 OH
13 14 (5 equiv.) 70% F F 15

M. Medebielle J. Org. Chem. 1998, 5385

Ph
/N OH
16 17
(55%) (60%)

M. Medebielle, tetrahedron lett. 2001, 3463
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CHEMISTRY AND BIOCHEMISTRY

Organic electron donors

TDAE: a moderate electron donor

Radical trifluoromethyl addition to electrophiles

TDAE (2.2 equiv.)

)OL CF4l (2.2 equiv.) HO_ CF,
>
Ar” R DMF,-20°Ctort AT R
18 (68%}'95%}) 19

W. R. Dolbier, Org. Lett, 2001, 4271

TDAE (2.2 equiv.)
Z N CF4l (5 equiv.)
S. A - N SCF;

DMF, 0 °C to rt |
N .~ quant. N .~

20 21
W. R. Dolbier, Org. Lett, 2004, 301
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CHEMISTRY AND BIOCHEMISTRY

Organic electron donors

TDAE: a moderate electron donor

SET to aldehyde by light

MesN NMe,

OMe —
Me Me O Me,N  NMe,
+ >
Me Cl 4NOxPh™ "H by 20 °C to 1t
OMe 23 hv, 82%
29 TDAE, hv

0~ ok
4N02-Ph)'\ H<>4N02-Ph)—\H

OMe
Me Me
e O\n/4-N02Ph
OMe @)
24
o *CI/ SAr A
O,
@)
—>4N02-Ph)LO@ 2

Me Me
cl” \Ar>
e O._4-NO,Ph

OMe
25-2
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CHEMISTRY AND BIOCHEMISTRY

Background

Reduction potential
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1 E2 =-0.76 V | E2 =+0.71V
; |
; |
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CHEMISTRY AND BIOCHEMISTRY

Organic electron donors

Super electron donors : TAFs and bispyridinylidene

Tetraazafulvalene or NHC?

R R R R [
N N N N N N
(=1 —<—= [p: (I O
NN N N = =
Me,>N NMe,
tetraazafulvalene Strongly favor NHC carbene BPL
E=-1.24YV
Earliest TAFs by J.A. Murphy contained methylene bridges
I ©
@Nl/\\N@ KHMDS
O B0 e oD
N N
I‘Vle Me’ Me Me
26 TAF1 TAF2
E,=-0.82V E=-1.20V

E,=-0.76 V

J. A. Murphy, Angew. Chem. Int. Ed. 2005, 1356
J. A. Murphy, Angew. Chem. Int. Ed. 2007, 5178
J. A. Murphy, Org. Lett. 2008, 1227

Features: Neutral organic molecules
Low reduction potential: SET to benzyl iodi
(TAF2 and BPL) DET and anionic cyclization 18



CHEMISTRY AND BIOCHEMISTRY

Organic electron donors

Super electron donors : SET v.s. DET

NI/\N Nl/\N N . N
©:N B N:© [N>=<N] // \\
Me N (.

MezN NM92
TAF1 TAF2 BPL
0
C02Et COzEt
kMe Super electron donors kMe Me
- DMF, A 0o O Me
TAF1 (77%) (0%)
SET Wi TAF2 (21%) (51%)
BPL (8%) (83%)
0©®
* CO.Et DET? O,Et OEt
kMe > kMe > Me
0" "Me
30 32

J. A. Murphy, Angew. Chem. Int. Ed. 2007, 5178
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CHEMISTRY AND BIOCHEMISTRY

Organic electron donors

Super electron donors : SET v.s. DET

J/A\N J/A\k N___ N
QL= 12 Lt O
M

MezN NM92
TAF1 TAF2
| OMs TAF1, KHMDS
©j f\/ DMF. 1t ©j/\/ ©j/\
N PhMe, A
3 90% Ms 34 (not observed)

5 =
@“F“’““_> Cr = i

@fws »@V

(not observed)

J. A. Murphy, Angew. Chem. Int. Ed. 2005, 1356
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CHEMISTRY AND BIOCHEMISTRY

Organic electron donors

Super electron donors : Reactions of Diimidazol-TAF

'

NI/\N Nl/\N N N
©:N B N:© [N — N] // \\
Me N -/

MezN NM92
TAF1 TAF2 BPL
TAF2 ( 15eqU|v PhO,S SO.,Ph  TAF2 (3 equiv) PhO,S H
DMF, 100 C DMF, 110 °C
99% %% >
TAF2 (1 H
OMF o eg”'v TAF2 (6 equiv.)
100 DMF, 110 °C, 4h || N\
99% 91% > Z~N
Ms H
tBu tBu BPL tBu tBu
DMF
91%
tBu tBu J. A. Murphy, Angew. Chem. Int. Ed. 2007, 5178

J. A. Murphy, J. Am. Chem. Soc. 2007, 129, 13368
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CHEMISTRY AND BIOCHEMISTRY

Organic electron donors

Super electron donors : bispyridinylidene

—
©
66%

* cis:trans 70:30

SET to benzenes

:?

r

+BP

hv,

O

MF, rt

/)
— J" 00—
© 6%

Murphy, Angew. Chem. Int. Ed. 2012, 3673

W
W,

§
>
G

£t BPL (3 equiv. Q
9] ) Et
hv, DMF, rt HO
nBu 91% >
OMe ° nBu
Murphy, Angew. Chem. Int. Ed. 2013, 2239
OMe Me Me

Q

BPL (6 equiv.)
O Me = Me hy, DMF, rt OH Me = Me
>
= 73% I\/

Murphy, Angew. Chem. Int. Ed. 2014, 474
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CHEMISTRY AND BIOCHEMISTRY

Synthetic applications of organic electron donors

Electron Donor ET Redox potential (vs SCE) Reduced bond Promoted reaction
S S radical cyclization
[ Y=( ] 1e +0.32V, +0.71 V (CH,CN)  Ar-N,* BF - dical toamslosation
S S
TTF
MezN NM62
>=< 1e -0.78 V, -0.61 V (CH4CN) Ar-No* BF 4 radical cyclization
Me,N NMe -0.62 V (DMF) ArCCly radical addition
TDAE CF4l/CF 4Br (CHO, RSSR)
Y C(O)CHRBr trifluoromethylation
N N
N>—<_ N 1e -0.76 V, -0.82 V (DMF) Ar-| radical cyclization
| |
Me Me
//\ 2e -1.20 V (DMF) Ar-| anionic cyclization
[N . N] ArBr reduction of haloarene
N> (N ArCl reductive cleavage of
\\// CSO,Ph sulfone and sulfonamide
NTs
N N 2e -1.24 V (DMF) OTf anionic cyclization
/ \ NTf reduction of haloarene
= = C(O)NOMe reductive cleavage of
Me,oN NMe, sulfone and sulfonamide
triflate ester, Weinreb
amide
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CHEMISTRY AND BIOCHEMISTRY

More than organic electron donors

Photosynsitizer for Ar-Cl

CeCl; (1 eq.)

Cl H
0.1 M Et,Clin CH;CN via [CeClg]3-
: r electron donor: E = -3.45 V (CpJFe)
F Black light CFLs F
N,, 40 h
69%

M. Anna and E. J. Schelter, J. Am. Chem. Soc. 2016, 138, 16266

In-situ generated super electron donor Ph Ph

— H =
= 18-C-6 (1.1 equiv.) M
Ph—@N + ByPin, + MeOK > N.__N

¢ TN g

THF, rt, 2 h Cfe K .
18-C-6 K~..o4 o)

(1 equiv.) (1.1 equiv.) (1.1 equiv.) 77 %yield %_%
A B

(super electron donor)
E =-1.1 V(SCE)

- A (40 mol%)
i o BAmiaen
o e 3eq.
(20 mol /o) - XN N'Me qy N'Me
\ B,Pin, (1.3 eq.) \ | ! B,Pin, (1.3 eq.) !
N MeOK (1.3 eq.) N =  OMe  \jeOK (1.3 eq.) H
Ts  MTBE, 85°C, 12 h MTBE, 85 °C, 1 h (96%)

(86%)
L. Zhang and L. Jiao, Chem. Sci. 2018, 9, 2711 24



CHEMISTRY AND BIOCHEMISTRY

Transient electron donor

Reaction: Me—NH HN—=Me
\_/
20 mol% DMEDA
O+ O -~ w0
KOBuUt, 80 °C
Lei, A. W. J. Am. Chem. Soc. 2012, 132, 16737-16740
Mechanism:
organic additive _ base L Strong electron ] |
DMEDA 2 donor Chain
SET Initiation
I_
cleavage I
Chain
Me—@ . Propagation
Me
N proton
addition abstraction
H_Q Base i

Tuttle, T., Murphy, J. A., J. Am. Chem. Soc. 2014, 136, 17818
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CHEMISTRY AND BIOCHEMISTRY

Transient electron donor

What is the Electron donor that traggers the reaction?
a. Initiation mechanism 1:

H Ar-X [Arx | H
M ~ N~ Me\. N~
e N/\/ Me u > N/\/ Me
H SET H
(as an electron donor?)
Strong electron donor?
b. Initiation mechanism 2: Me [ Me 7t
y NH Ar;-X | Ar-X | NH
LBUOK -0t -
Me\N/\/N,Me u [ K-OBu \_A > [ K OBu
H NH SET NH
] Me - Me i
(as aligand?) Strong electron donor?

c. Initiation mechanism 3:

e e e e
NH _N Neo Ar-X | Ary-X | Ne
LBuOK LBuOK E \_ A E
—_— — y
NH NH NH SET NH
I\I/Ie I\I/Ie Me Me
(as a precursor Strong electron donor?

to electron donor)

Tuttle, T., Murphy, J. A., J. Am. Chem. Soc. 2014, 136, 17818
Jiao, L., J. Am. Chem. Soc. 2016, 138, 7151-7160
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CHEMISTRY AND BIOCHEMISTRY

Thank you!

Yang Li
Zakarian Research Group

Department of Chemistry and Biochemistry

University of California, Santa Barbara
11/15/2018



CHEMISTRY AND BIOCHEMISTRY

TAF1 as a one electron donor

| OMs TAF1, KHMDS
COr B oo o
N

PhMe, A
Ms 90% (not observed)

] THAT 1
O\”\J}‘;,om_» : I ~__O : 2 \,M s
X, ﬁ —Q, fV

(not observed)

Murphy, Angew. Chem. Int Ed. 2005, 1356



