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/1. Introdyg|

elected milestones in radical chemistry: a timeline
i 5 Ph . N « allyl-Br Barton OAc
2 r 2 R3Sn ——» nitrite ester
RCO,Ag —® R=Br Ph > J j - photolysis
- /l\ [cul g (1960]
Ph Ph van
RCOH —»R=R Meerwein der Kerk:
Borodin- Gomberg: Bachmann: olefin - tin
Kolbe Hunsdiecker trityl persistent hydro- Birch hydride
electrolysis reaction radical radical effect arylation reduction | chemistry Davies
[1800s] [1848] [1861] [1900] [1936] [1939] [1944] (1956] borane
— Fittig: Hoffman Bouveault: Wohl Kharasch Hey/Waters: Waters Walling: r:g(rlnd;msl?s
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[1883] ation Br Br "Shar" 0 [1957]
HoMe MZH Q. pH reaction 0, [1934/1937] JL & Malh _ [Mn] 0
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[119] Br. H *SR (1968] ) AcOH
Me R R e 0
N 1 O\ b . " Are H R
RN\/\)\ Sl N R? -_> _>Af— Ledwith o
R2 R R” “Br °0t-Bu 'magic blue"
R [1969]
B. Some approximate rate constants of radical reactions (at 25° C).
L ]
unimolecular ~ r~, \ Bres|
reactions . resiow
k(s7) D e Q remote
§ Me Me  Me radical relay o
-CO, CO, >_\ [1970]
BnCO,* —3 Bne PhCO,* —3> Phe
|109 107 | 105 | 103
1010 Cl 38 ® | 06 L 2 34 4 32 0----
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diffusion Mee e | M MoOH Reantion pr? 2]H
i} *
Me* — EtH NC_~ Me N (*Me ee —3> MeO (1971 _ha
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Ir(e%:_tliorgs e® —%> MeS* 7 ®N ( Kochi
M1s1) n-Bue H g n-Bu® Cross-
coupling gg)](
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Liw A R Ar\H/‘lYCOZFF T = Re W;3049 o R SnBu; [ R'MgBr ——% R1-R?
pd % » 8 . I RS~ OEt L L Barton
. 0 NANF~ph T R! EriEE 5 :“ ] McCombie
0 N\ ! ard: reaction S (o) R?
Sawamoto/ degen- Keck BusSn” Y
| 1975 u
R [Re(CH2InlsSNH | Matyjaszewsk )>° Phe N\, | erate Hill allylation: Lo = T \(2
R™ 'R stereo- atom  pg xanthate PET radicals SMe R
Studer: | selective | Curran: transfer Nugent- R'| transfer of Me via
nitroxide radical fluorous radical RajanBabu radical Polyoxo- Hart fragm-
chemistry | reactions | RgSnH | polymerization reaction formation |metalates |cyclization| entation Kagan:
s [2000] |[1980-90s] | [1996] [1995] [1988] [1988] [1986] [1982] [1982] nsg;'ﬂ O[Sm]
S|
Radical |Roberts: Walton/ Mukaiyama Okada: |Chatgilialoglu | Curran: Barton Ueno- |—— O
azidation | chiral Studer hydration NHPI reagent Hirsutene |decarbo | Stork Giese R™R
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/ 2. A Radical Start: Oxidative Enolate Coupling \

Ivanoff and Spassoff: 1935'?

MgCIO

0 O Ph
RMgCI Br, i
NaO” N — > Nao)\ e HO

Ph Ph . Ph O
Rathke and Lindert: 1971'¢

o} Me

0
Base; OFt
OEt — > Et0
CuBr,

Me 85° Me 0
Ito, Konoike, and Saegusa: 197520

LDA; o
L = 2
R R CuCl,
3.0-35equiv 1.0 equiv 65-73% O

R=Me rBu R, =Ph OMe CtBu 4 5 equiv)
Tokuda, Shigei, and Itoh: 1975%'

o Q LDA; Q Me_ We
. e M OEt o sto)]\eﬂroEt
n-Bu OEt -26"
Me 5 n-Bu O
3.0 equiv 1.0 equiv 48%
Frazier and Harlow: 198018
o) 0
LDA;
e prefunctionalization FeCly
5 approach 45% "
: Kise, Tokioka, Aoyama, and Matsumura- 1995"’
H
Me o o Base
9 N JL
N O T|Cl4 orly
OR ph 76%, 80%
Br +Pr’
Baran and DeMartino: 2006%°
ambiguine H; Ny 10 12-epi-fischerindole U o o LDA- Q0 R

2

3 N isothiocyanate; 7 R\?JH + HLR‘T’ R\?J\')\rrm
a TIPS B R, R [©] R\ R, O




Indole
LiHMDS
[Cu(il)]
53%

[gram-scale]
1 [chemoselective]

[no pre-functionalization]
[protecting group free]

N O\N
~ “Me
MeN
CO,Me ©\
H N 'CO,Me
H
Me MeO methyl N-decarbomethoxy-
(=)-communesin F; 14 (—=)-vincorine; 15 chanofruticosinate; 16

R LiHMDS;
R? N o1 H .
) ‘CO.H
o) / 0 |

17 18 19 (S)-ketorolac; 20




4 N

D. Invention of oxidative enolate heterocoupling.

o) 0 Ph

e
o 0 base; 0o |3 Q/i 0 "f z OB
2 Fe(lll Il R ” t-Bu
,v‘\NJ-l\f,n . HLHa corcut o ¢ . S,N #8u |
I [scalable] ,
ww R R4 [chemoselective] "‘-!V‘ R' R 0 o i-Pr o % (o]
21 22 [no pre-functionalization] 23 23a 23b 23c
[heterodimerization] (60%, d.r.=2.6:1.0) (56%, d.r=1.2:1.0) (72%, d.r.=2.6:1.0)
"E. Syntheses enabled by oxidative enolate heterocoupling. T
Hel OMe
H OMe
NYNH
0 H
N H
NH, Me
7 o]
NHMe 40 MeH and™
Me

(+)-stephacidin A; 26

H
1)
Me N\
o]
-
0
N H o

Ph

(-)-stephacidin B; 28 BMS-906024; 29

RO,C, OMe Me o 0
‘ " X 3 )
o
HO : OAc
~ H
MeO
N HO

32, toward furanocembranoids (+)-propindilactone G; 33 metacycloprodigiosin; 34 propolisbenzofuran B; 35

.




SOMO catalysis

iminium catalysis enamine catalysis
HOMO activation SOMO activation

LUMO activation
T
N

-H0 @\ e 3

D

(o]
A n
H =

R! N° -+ CF,COOH )
)\/ SiMe, )\(Me CAN (2 equiv), .
N
Ho [ owe NaHCO3, 24 h Y
DME, 20 °C
product R’

Ph
allylsilane 20 mol% catalyst
Science 2007, 316, 582-585
(o}
)Ok/ OoT™MS 20 mol% 1, H,0O Ph
R -
H Ph CAN (2 eq), DTBP
3 < R O
acetone, -20 °C, 24 h
aldehyde  enolsilane y-ketoaldehydes

J. Am. Chem. Soc. 2007, 129, 7004-7005




A. Selected milestones in radical chemistry: a timeline
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{0 31 O g
.
BN —» R2 — — A,._ Ledwith R
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Ag(ll)
picolinate

axinellamine A & B; 38




X

| t-BUCOOH, AgNO3

\""\
- |
= H2S04 (NHg);S,0s, 70 °C ZNtBuy

N

N

Tetrahedron 1971, 27, 3575

"X "programmed"
X methodology
"innate" or "guided" a1

39

C—H functionalization methodology

Programmed functionalization:
Halogen—metal (X—M) exchange
Nucleophilic aromatic substitution (SyAr)
(Metal-catalyzed) cross-coupling

C-H functionalization:
Hydrogen—metal (H-M) exchange
Electrophilic aromatic substitution (SgAr)
(Metal-catalyzed) C—H activation
Radical C—H functionalization




/Boronic acid as radical precursors:

COOH B(OH),
Bu @’ ‘Bu @’ 'Bu

N - = » N

s AgNOS, K28208 | +.- AQNOS, K28208 o
N Ph 0% N 62% + 23% rsm N Ph
[gram-scale]
2 1 [open flask] 2

\ TFA (1.0 equiv)
' AgNO; (0.2 equiv)
PRia X\ (HO):B K2S20g (3.0 equiv)  _-=+ N
TN Me1:1DCMH0 S+ N &
1.0 equiv 1.5 equiv r, 3-12h

S0,*

B(OH), Ar-B(OH),

+ ) 2-
SO, S,0
50,2 4 e
Agl)  A§()
N Are R ': 4 AN
| — .. |

.
N H N Ar N Ar
H HH H

41 42 43
@ J. Am. Chem. Soc., 2010, 132,13194-13196
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Me e

P,

45a (57%)

s

45b (46%)

0
- AgNO3 (0.2 or 0.4 equiv)
Ar=B(OH)2  \’s 0% (3.0 or 6.0 equiv)
+ or s
R—B(OH), 1:1 DCM:H,0
0 1.5 equiv n,3-12h

-0 1

X = 1Bu: 45¢ (98%)
X = OMe: 45d (41%)
X = CF5 45e (74%) Me
X =NO,: 45f (51%) 459 (58%) 45h (51%)

J. Am. Chem. Soc., 2011, 133, 3292—-3295

Ar (R)

CsHiq

primin; 46




F. Divergent synthesis via borono-sclareolide. OH

~OH _ [10 other family members]
"borono-Minisci” , ,
— [divergent synthesis]
—_— i
[rapid access]

"borono-sclareolide"; 49 (+)-chromazonarol: 50

@ J. Am. Chem. Soc. 2012, 134, 8432-8435




_R-BFK

Mn{ﬂAc}g, Raik
20 TFA, AcOH

H,0, 50 °C

Org. Lett. 2011, 13, 1852-1855

4 (2 mol %)
Ni(COD), (3 mol %)

dtbbpy (3 mol %
BFK . py ( 0) _
3.5 equiv 2,6-lutidine

95:5 acetone/MeOH

Irs
G| |"¢ < ‘N:u
1
NS

1.2 equiv 26W CFL, 24 h - F F -
Photoredox Cross-Coupling: Single-Electron Transmetalation
R-X(2) R SET ¢
K_Z\ >_E-F3- —_— %H
e R
R e
( L. il R
s L"'NI It {4 * low activation energy
/g 3 - reactivity dictated by
Ar 7 measurable redox potentials
Cross-Coupling F‘hﬂfﬂredﬂx * requires no base or heat
Cycle Cycle "I (3) | « SET rate:
Ar /\ ,-"r Ds;ﬂ - C"ﬁp! - Dsp
L R SET|
oNil Iy [T (8)
ity C NI=X [ Ar” T BF K

9 \V' 11

Science 2014, 345, 433




e

Sulfinates as radical precursors:

O s
[CF;—S0,]Na
39

t-BuOOH 56
[open flask] [23 examples]

H = pyridines, pyrimidines, pyrazines, quinolines,
quinoxalines, pyrroles, purines, etc.

[ c-C -
83 kcal/mol _C. 0
| CF;

c-B OH A\ |
90 kcal/mol ~B. 0 N
R OH HO
v o)
Vv
0

C-S Il OH 0
65 kcal/mol Y R*O Viroptic; 56a (57%) 56b (40%)

OH

PNAS 2011, 108, 14411-14415

@ Nature 2012, 492, 95-99




B. Development of zinc sulfinate toolbox for drug discovery.

[R-S0,],Zn*2H,0 t-BuOOH >
H + R
or[R-SOzIJNa  organic solvent/
39 H20 57

Acronym of zinc  Sigma-Aldrich
R group sulfinate reagent catalog number

CF; TFMS 771406
CFH DFMS 767840
CH,Cl MCMS 791105
CH,SO,Ph PSMS 792187
CF,CH; (Na salt) ~ DFES-Na 745405
CH,CF TFES 745499
CH,CH,CI MCES 790788
CH,CH,CHj NPS 791040
CH(CHa), IPS 745480
‘ CH,Ph BNS 790796

Slactamase Tris buffer (1M)

Nature 2012, 492, 95-99 J. Am. Chem. Soc., 2012, 134, 1494-1497
@ Angew. Chem. Int. Ed. 2013, 52, 3949 —3952




Step 1: DAAS-Na Step 2: Alk ne-antlbndy
[N3(CH;)sCF;=50;]Na alkyna rnAh \
H = 58
sulfinate azide-alkyne "clu:k“
39 "click” chemistry chemistry

DAAS-Na (Aldrich cat. no. 746118) allows for "native chemical tagging"
I/\/D
N
E j MeO
HN OMe
S o N
e
)—HH
58b; from bosutinib  Cl cl

58a; from pioglitazone g
[antidiabetic agent] [anticancer agent]

Angew. Chem. Int. Ed. 2013, 52, 3949 —3952
J. Am. Chem. Soc., 2013, 135, 12994-12997




C. Devising regioselective radical addition with sulfinate salts.

TFMS, t-BuOOH
o Etm CHCl,, H,0,TFA

"innate reactivity"

X NH Me +OH TFMS, t-BuOOH
’ DI'\.?SD
_ - / N\ MeO "conjugate
i-Pr N N reactivity"

H-_ &
F.C 7 N™ Ti-Pr
fone pot]
60; from nevirapine 61; from dihydrogunine

[predictable on various heteroarenes] [tunable regioselectivity]
[direct C-H functionalization] [controlled late-stage madification of drugs]

J. Am. Chem. Soc. 2013, 135, 12122-12134

~

R N’N’T
14 CN R._N-N=
=N I Y~ ~cN
W DFMS litmus test —=N
. o s .a' &
Y H
. S:Mo | ®CF,H
Nive 0 S .,
Aldehyde oxidase (AO): Litmus test for AO metabolism:
the metabolism of azaheteroaromatics is an  DFMS indicates the risk of susceptibility to
unpredictable liability in drug development AO and generates resistant analogs

J. Med. Chem. 2014, 57, 1616-1620




CF, electrochemical
@ Me .
Me

T o [electrochemical
byproduct " A" peroxide-mitiated C-H alkylation]

time

D."Process-friendly" electrochemical initiation.

t-BuOOH (3.3 equiv)
H Zn(50,CF3), (TFMS) CFE_
39 56

electrochemical [O]

Me\rrH T e yield% | o NF’\DH yield%
N 53
4N 52
o )\ | ,.)—CF; 35 I o’>_ e 28
07 N7 N Fc” N
Me 56d; l
56¢; from pentoxyfyline from metroindazole

@ Angew. Chem. Int. Ed. 2014, 53, 11868 —11871




E. Syntheses of sulfinate reagents.
H,0
2R—$020| + 2Zn —> [R—soz]zzn-szo + ZnCl,

/O base, O NaH,
X i'). EtSH —— 3 (RCF,-S0,)Na

ff \\ f; \"L

Hu's reagent, 65 EE 67

"interrupted
Barton"
R-CO,H ——>» R-SO,Na
68 71

Q visible light Z l
N s Rig~™S

[inexpensive] ~s N [expensive]
[‘commodity"” reagents] 6 C(O)R ["designer” reagents]
[inefficient radical 69 70 [efficient radical

precursors] precursors]

Nature Protocols 2013, 8, 1042-1047
Angew. Chem. Int. Ed. 2014, 53, 9851 —9855




Reagent Purpose Reagent Purpose
SO,Na -
. . / modulates solubilities
F3C SO;Na a bl_%?(o:ls_:e]rl' e of [ of drug candidates;
e BocN— can be functionalized
- further
[790184]  T1a [ALDO0236]  71¢
F . SO,Na @ bioisostere of a
NaO,S a bioisostere of para-substituted
F tetrahydropyran phenyl group; can
be functionalized
[ALD00230] 71p HO,C 71d further
Br 3 steps Br CN
| N (use of CH,N,) | N
— — =
FsC N7 e N7 3% f
yields not -
o 4 reported CFs 73
limited availability X
[conventional route] I
[C-H functinnaliz,gtinn route] ) N_ .=
BPin 71a X BFin F4C
= TBHP | Pd0
® Z [
90°C “orome-»-
N" 75 cE, 76 cyanopyridine
$59.0/g (Aldrich) -

= 37% overall

Angew. Chem. Int. Ed. 2014, 53, 9851 —9855




A _H H i ’

5 As CF3S0,C1 (14 equiv.) y il

“\ j @ Photocatalyst (1-2%) Q._-HLcr lK ]’
E«" x 3 Gf-

CFy

K,HPO,, MeCN, 23 °C

Six-atom Unactivated 26-W light source Five-atom CFq Six-atom CFy
heteroarenes arenes heteroarenes heteroarenes

“Ru(phen),** ()
reductant 2 3
-0.90V o
Household
light
Fhotoredox
catalysis
= Ru(phen). Ru(pher),*
oxidant 3 photocatalyst 1
) +1.31V
H GF
I = | - 3
R— R
= i
Arene 0.1V CF5 arene

S
5

Nature 2011, 480, 224-228

@Gﬂ

CF, arenes




/1.4. Olefins As Radical Progenitors

A. Selected milestones in radical chemistry: a timeline
Br Ph Ph A N « allyl-Br Barton OAc
2 r 2 R3Sn ——»» nitrite ester
RCO,Ag —® R=Br Ph > J j - Z photolysis
= PhA Ph . van el
RCOH —»R=R Meerwein der Kerk:
Borodin- Gomberg: Bachmann: olefin . tin
Kolbe Hunsdiecker trityl persistent hydro- Birch hydride
electrolysis reaction radical radical effect arylation reduction | chemistry Davies
@ [1848] [1861] [1900] [1936] [1939] [1944] [1956] borane
ad Fittig: Hoffman Bouveault: Wohl Kharasch Hey/Waters: Waters Walling: r?c;(rlr?;“:g
Pinacol Loffler acyloin Ziegler peroxide effect | homolytic acyl radical [196%] 0,
reaction Freytag reaction allylic [1933] aromatic radical polar BRj > Re
[1851] reaction [1905] bromin- HBr substitution [1952] effect
[1883] ation Br Br "SHar" o [1957]
ng MgH % AH reaction 0, (1934/1937) JL i Wiy [Mn] 0
1919 > a-oxidati
Mj {Me pee H *SR H [1968) \ AsOl Y
m] —> R2 j —> — A,_ Ledwith R
-Ot—Bu "magic blue"
[1969]
B. Some approximate rate constants of radical reactions (at 25° C).
.
unimolecular . \ Bres|
reactions resiow
k(s7) |>_ =N remote
Me, Me Me N |radical rela
-CO, -CO, >_.\ 1970 Y
BnCO,+ — 3= Bne PhCO, —3 Phe .,,,)k,—;e o | D90l
|109 107 | 105 103 | 10
1010 CI L g 4 I 4 ® L g 4 & s ohbl]
108 106 104 102 10-1 Mi
difasion o r~ i MeOH Reg‘éﬁgn RCO,H
Me* — EtH Nz Mo | N (Me Mes —»> MeO* | [971] _thal
bimolecular MeSH N~ J -
reactions Mes —3 MeSe 7 SN ( —
k(Ms) nBus CH g T ha ol
coupling [M]
oL : [1970s] ’ R2X -
oMdo R A,WCON )\ == R W;04 o R SnBug ———— RiMgBr > R'“R
o i L E
! ! 1R1 OEt Barton
. o)\NJ\?\Ph Br RRT o~ 1 McCombie
9 Sawamoto/ [Tl]0 dZard. ko Bu.sn” o~ O R
| X . — egen- ec 1975 uzSn
N, [Re(CHIIsSNH | Matyjaszewski: JO L.\, | erate Hill o (L N \rz
R R stereo- atom 2 xanthate PET radicals SMe R
Studer: selective | Curran: transfer Nugent- R' | transfer of via
nitroxide radical fluorous radical RajanBabu radical Polyoxo- Hart fragm-
chemistry | reactions | R3SnH | polymerization reaction formation |metalates |cyclization| entation Kagan:
rosens [2000] | [1980-90s] | [1996] [1995] [1988] [1988] [1986] [1982] [1982] [1555'_1/172] O[Sm]
B
Radical |Roberts: Walton/ Mukaiyama Okada: |Chatgilialoglu | Curran: Barton Ueno- [—— R)'\R
azidation | chiral Studer hydration NHPI reagent Hirsutene |decarbo | Stork Giese
[2000] polarity cycloh: 560% decarb- [1987] synthesis -xylation cycllzatlon reaction
o reversal andieng " [Co] R1 oxylation o [1985] (1983] | reaction [1982]
catalyst fragmef) R mPhS'H HO R2 via ~ (Me3Si)sSie [1982] | 12720 e —\ JEWG
[1998] tation | e PET OEt 7
[1995] o [1988]
OAc R Y2 H R3 S .
Na OAc 5 hv 0 Beckwith
AcO o <:><H OPhth Ru(bpy) [2‘5'?;] e
AcO S Y0 R! (- L

/




A. Two-phase plan to kaurane diterpenoids inspires a new disconnection.

me’ Me™ Olefin coupling
1: rosthorin A 2 3

C. Olefins as hidden radical donors (Boger, Carreira, Mukaiyama, and others).

R? R® M), reducing agent, [E] R? cat. Fe(lll), PhSiH, R? R®
o N [M] = Fe, Co, Mn R1\)\ 2 s
E = Fe, Co, 3
[E]=O,N,S,X,C & = B9
[previous work] [thls work] EWG
HE
X Fe(acac), or X X R3
Rl } Fe(dibm), |- H\{L A\/EWG’.. H .
. *n3 =
T R PhsiH, xR EWG
R2 EtOH, 60 °C | R' R2 R' RZR4 RS
80 81 83
Fe(acac); (20 mol%) R? R2
1
O/Me (\[rMe R \/[ EWG PhSiH; (1.5 equiv) R“%( EWG
-
18 (3equiv) 20 (1 equiv) 60 °C

@ J. Am. Chem. Soc., 2014, 136, 1304-1307




a A new C-C bond formation methnd via cross- coupllng

(prior work) O/ OL e

FG =1, OH,
CO,H, and so on

Me
O/\EWG
A
(pin)B
Me Me Fwag
C
PhS
Me H EwG
TBSO D
Me | PFEwg
E

Difficult to access

EWG

1
=)

Acceptor

e

A.f

B(pin)
R = "
cr

SPh

H_IJ_\/F{E
Df

|
H'I - HE
E’

(this work)

—

Va

Nucleophilic radicals

Easily accessible donors

X
H1J%/H2

Ideal

X FG

H1
FG=1I,0H,

donor

 for example,

RZ1 1 OH
: 2
EH1K/H

CO,H,andsoon;
Unfeasible donors

Nature 2014, 516, 343-348.




b Postulated mechanism with potential complications H
HE HE
H1 %/ H 2 -
»

X X
G L,Fe™H H
« Chemoselectivity * Premature reduction

» Regioselectivity L _Fem-1  *Trapping with O,
1 « Homodimerization

PhSiH,

ROH ¢ N Ewe
R1 - < E__ R1 .
2 « Compatibility of X 2
. f: EWG with intermediates X I? EWG
H * Homodimerization
‘ H + Intramolecular hydrogen
> R2 atom abstraction
ROH X R EWG * Oligomerization
K

» Product stability to reaction conditions




a Ligand screen with corresponding yields of the coupled product

FelL
OTBS (5 moﬁ% )
+ >
Me /& PhSiH, TBSO
EtOH, 60 °C
1 2 Me Me 3
1 Me ".,'-: Me x 'l.{ ."'f .‘"f

Me \l!;e Me Me ; O O
4 (53%) 5 (69%, 78%") 6 (56%) 7 (36%) 8 (8%) 9 (9%)

0O O , S %1 0% S %
L= }.LJ:*\./’IL’-" FaC X J(Nj/ U . U .

10 (0%) 11 (0%) 12 (0%) 13 (0%)

b Side products initially observed when using Fe(acac)s Me 0

O TBSO OEt
OTBS TBSO o
Me )\ Me i j Me

14 15 16 17




R? R4 Fe(dibm)a or Fe{acac)s R2 R4
' ‘ (5-100 mol%) " '

A L-R® N EWG > . A _EWG
Y )\[ N Na,HPO4 (1 equiv.) R \(\/

X PhSiH3; (2-6 quiv.) R3 X
(1 equiv.) (3 equiv.) ROH, RT-80 °C
OTBS O OTBS 0
Olefin cross-coupling
NMez NMez .
Me Br Me | 1 step, 68% isolated
76 (42%)1 4 77 BT%) | 30 mol% Fe(dibm)s
mild heating
)
en EBnO BnO
OMe .
PhMe,Si BnO' BnO
0 © Me" Me OBn DBrl
78
83b (56%) 83c (75%) 83d (84%)

3 steps, 52% overall

o B(pin) OH o}
D Excess HClg), n-BusSnCl,
NMEz NMO? UNap,, n=BulLi

Muez Me ClI cryogenic temperatures
33a (56%) 83f (70%) 83g (67%)

[=90 examples] [performed under air]
[C, O, N, 8, 8i, B, F Cl, Br, and | substitutents tolerated on donor olefin]
[-C(O)R, -CO,R, -CHO, -CONR 5, -80:R, -COH tolerated on accepior olefin]

Conventional route ®’ T

(-




e

R‘

n1

removal of THF;

standard protocol: 2
Fe (acac); (1-2 equiv)® » Ra H
or catalytic protocol: R " NHSO,"Oct

Fe (acac), (0.3-0.5 equiv)® H

[one pot sequence]

OH
Me
d X-ME
“Me
. INHFmoc
MeO,C
87a, X = 0 (44%) Me=2A e
87b, X =1 (40%) Me'
87c, X = 2 (44%)
87d, X = 3 (40%) 87e (68%) 871 (68%)

1 1
MeOH, NaOAc (0-2 equiv), R R
60-65 °C, 60 to 180 min R? + R?
> R H R? H
[one pot] Me H
2 (desired) 2'

{mano-, di-, and trisubstutitued olefins]

Me
OMe

N

| =

N__=

“OH

87g (32%)

87h (13%)

J. Am. Chem. Soc., 2015, 137, 8046-8049




™~

R3 cat. Fe(acac)z, PhSiH, R R2 « 96 hindered amine adducts synthesized
: EtOH, 60 °C, 1 h; ’ * Readily available starting materials
1 H
(Het)Ar-NO, + R \‘//" R4 3= (Het)Ar “N ” H » Compatible with air and moisture
' Zn, HCl g, H 'y * Tolerates a variety of functionalities,
(1 equiv) R2 (3 equiv) 60°C,1h R3 R4 including heterocycles
2 [ 2
F:' Fe(acac); R
. .R3
31&‘;'3 PhSiH, H14\ R! R2
84 88 R4 _R3
- N
. 4%& Fe(acac), 9 H
\© , R4-N 89
o®  PhSiH,
Aliphatic (Thio)ethers Amides Ketones o Diamines From 2° nﬂdicals
Me
Me NHAc R
Me )O N H MeO N )O HN
HN
Me Me Ph
NH Me
- OMe
© SMe Me Me NH, -
12 (Q, 40%) 186(M.66%) o4 & _ 080 (4, 45%) a1 (1, 61%) 50 (Q, 38%) Me
Alcohols 35 R =Et (H, 50%") Halides Heteroarenes __481C, 45%)
Boronic acids Me)ﬂj':
Me _\)/ HN n QME
e NH
L3
F F Et0,C N
B(OH), 7% R=H (A 75%)
g Ar=1-naphthyl (A, 63%) 58 (A, 69%) 'R = -
57 Are o Hooreml (A, 289 o g3 55%) 2= Me (K, 56%) 82 (P, 54%H)

(-

Science 2015, 348, 886-891.




B 0 S
P H BnO—-’z HO™ ™
— N e NH
@ (i
: M ~T~N-"=-""CN
| g Me H
0
ORL1 receptor inhibitor Medicinal chemistry
intermediate (I) building block (1)
NHBz Me
Me o ;
Me - —N 2 Ju Me
e 3\( = N Me B )
] — .z N _-NBoc
Glucocorticoid receptor HIV-1reverse transcriptase

modulator intermediate (Ill) inhibitor intermediate (IV)

oo Me_ Me
NO, . Luuc(o)m HN)Q,NHC{O)Ph
e

N\ N 1 step, 52%
N [hydroamination route] N

=z

[conventional route]
2 steps, 24%

Me Me
j Pl




Me,AICI
101 100

Science 2016, 351, 832

H. Additional Fe-mediated olefin couplings developed by other groups.

MeO C .R3
‘ 3 MeO C 102 LA
Meoch,N-.N)\,-H -« 2 Fe(acac)3 PhSIH3 .R3
H Ph” ™
MeO,C
103 105
. PhthN R R2
R4 H1A\.¢ R 0 ‘ 3
-Bun. R
HO 1 B2 108
R' R 0
T "" PhthN

R4

N (0]
Ar t-Bu----<’\f
(0]




/5. Redox-Active Esters As Electrophiles for Cross-Coupling:

R o}

A. Selected milestones in radical chemistry: a timeline
Br Ph Ph A N « allyl-Br Barton OAc
2 r 2 R3Sn ——»» nitrite ester
RCO,Ag —® R=Br Ph > J j - Z photolysis /O H o
. [Cu] [1960]
9 Ph”" Ph 5 van o
RCO,H —»R=R Meerwein der Kerk:
Borodin- Gomberg: Bachmann: olefin . tin
Kolbe Hunsdiecker trityl persistent hydro- Birch hydride %
electrolysis reaction radical radical effect arylation reduction | chemistry Davies “wn
@ [1848] [1861] [1900] [1936] [1939] [1944] [1956] borane
ad Fittig: Hoffman Bouveault: Wohl Kharasch Hey/Waters: Waters Walling: r?c;(rlr?;%g
Pinacol Loffler acyloin Ziegler peroxide effect | homolytic acyl radical [1967] 0,
reaction Freytag reaction allylic [1933] aromatic radical polar BRj > Re
[1851] reaction [1905] bromin- HBr substitution [1952] effect
[1883] ation Br Br "SHar" o [1957]
Me, Me 9 OH reaction 0, [1934/1@37] Mn(li) [Mn] 0
HOHOH >—< [1919] —> JL ) a-oxidation AcOH
e 7 SR g | nse N AR Y
(}\ Ar. R Me H
m] —> R2 j —> — A,_ Ledwith R
-Ot—Bu "magic blue"
[1969]
B. Some approximate rate constants of radical reactions (at 25° C).
.
unimolecular % \ Bres|
reactions resiow
k(s1) D » 2N O M N remote
-co, -CO, { Me  Me ° A radical relay o
BnCO,+ — 3= Bne PhCO, —3 Phe P,,)Q, ’M) A L1701
|109 107 | 105 103 | 10
1010 CI L g 4 I 4 ® L g 4 & s ohbl]
108 106 CN 104 102 107 Minisci
Siffision Mes I MeOH Reaction RCA°2H
Mot — i Ne. o Me N, (oMe Mes —3 MeO* | [1971] [ gl
bimolecular MeSH N | J
reactions Me® —» MeS* 7 &N ( Kochi
k (M1s7) nBu CH L e o
coupling [M]
T , [970s]  Cives L2X> iR
oMd., R A’W‘m‘“ )\ =R W1ﬁ°4o ) -
0 P 1R1 OEt . '\/’ Barton
. 07 ~NANF~pn Br RRT mo 3 d =8 ] McCombie
& i ard: reaction S0  _R!
Sawamoto/ degen- Keck BusgSn” Y
| — u
N, [Re(CH2InlsSNH | Matyjaszewski: >° naP N | Cerate Hill o (L N \rz
R R stereo- atom 2 xanthate PET radicals SMe R
Studer: selective | Curran: transfer Nugent- R' | transfer of via
nitroxide radical fluorous radical RajanBabu radical Polyoxo- Hart fragm-
chemistry | reactions | R3SnH | polymerization reaction formation |metalates |cyclization| entation Kagan:
o [2000] * |[1980-90s] | [1996] [1995] [1988] [1988] [1986] [1982] | [1982] [18;1172] o[sm]
B
Radical |Roberts: Walton/ Mukaiyama Okada: |Chatgilialoglu | Curran: Barton Ueno- [—— R)'\R
azidation | chiral Studer hydration NHPI reagent Hirsutene |decarbo | Stork Giese
[2000] polarity cyclohex- [1989] decarb- [1987] synthesis -xylation cycllzatlon reaction
reversal andiene 2 [Co] R1 oxylation i e [1985] (1983] | reaction [1982]
cata|yst fragmen R R‘PhS'H HO R2 via (M33SI)3SI' [1 982] ————— R* ™\ /\EWG
[1998] -tation | i3 PET S OEt 7
[1995) _>0 [1988] |
OAc R3 Y2 H R3 M o s )
N3 OAc E OPhth .. v \ ; ) 0 Beckwith =
AcO 0 C>< Ru(bpy)s i
Aco s* H AN, —> Rz | 119781

/




(-

S
.0
N
=
Et
110

Inspiration based on prior work with Barton esters.

S
* +
N/ S)\Bu Bu
113 12
PPh,
o PhsP—Ni—Ph
(I:I 300W lamp
or
B di-t-BuBipy | no light
u DMF, rt
o 9 . .
Ar—2ZnCI-LiClI (3 equiv.)
R?2 20 mol% [Ni] 5 R3
\KU\O_N 40 mol% di-tBubipy - H
R1 : ; 0
q k! THF:DMF (3:2), 25 °C R'5_35

+ 28 examples + cyclic and acyclic substrates - Lewis-basic heteroatoms
+ unactivated (non-heteroatom stabilized) acids - simple setup, room temp

A= [redox-active] [redox-inactive]
o A N o FF
X
n=N N
s ! L' D $ F
x ¥~ \ S K \
0 L= 116e F F
X 118 119

116a, NHPI, X = H 116¢c, £ = CH, from HOBt
116b, TCNHPI, X =CI 116d, Z = N, from HOAt RCOCI, 120 RCO;Me, 121

J. Am. Chem. Soc., 2016, 138, 2174-2177

Et
115 (51-54%)




tB

Et 3 PhZnClI
Ph

N
Nl' -X
Bu 3 ) .N
" Bu = I
redu_ctwe t ZnCIX
elimination transmetalation

\rBu
.--' N

Pho ':N"

Et NHPI
u + >_<
addition/ I | 19
recombination =N_ SET Bu -
,NNPh -0
— N
oo N v
Bu
-CO,
] :
fragmentation B




[redox-active ester] [alkylzinc reagent]

Cl i X
Cl 20 mol% NiCl glyme R | / N\ —
R? 40 mol% L1 or L2 s R. \
j)LO-N . Rs/\Zn/\Ra = 1/\ - . \ /
cl DMF:THF, 25 °C 2 ! L1, X=H
cl (2 equiv.) [alkyl-alkyl] L2, X = Bu
3CH, cl OBn
Me,
(\ N/\I oaMe:
o] N :
TsN o
55% from cetirizine :
i-Pri. Me
122d (70%) = O 122e (62%)
122¢ {?3%} from cholic acid _\_/_

OtBu
Q) —eow e L, JL \)L J\rrn-O ” AcHuL _)L [ J\ kWNH,

Rink amide
resin “Om/ k/ o 64, R=N N 21% =
/E 65, R=Et, 13% R
HO 0 [yield over 13 steps]

@ Science 2016, 352, 801-805.




PhZnCI-LiCl [arylzinc reagent]

[redox-active ester] OBn
=
o 0 /\n/ [acceptor]
0 0
R! 20 mol% NiCl, glyme R
O-N 40 mol% L2 % ' OBn
s . DMF:THF, 25 °C R2R3 Ph

- quaternary centers - scalable - conjunctive coupling -+ 2 new C-C bonds

[conjunctive coupling] O E o 0
[scalable] Me ! Me
[quaternary centers] Me OBn OBn A(\I)I\
[2 C—C borida formed] 1. L Me OBn

O Ph
O _-OBn 125h R = NMeBoc (74%)  125e (68%) 0
[gram-scale]
oBn CI 1259 (49%)

Ph  125c,R = OMe (76%) Me from chlofibric acid

125a (92%) 125d, R = SMe (79%) Me Me Ph 125f (87%)




[alky! acid] o Cl [redox-active ester] [boronic acid]

HO, /=
Cl 'B 2 (3 equiv.)
¢l HO \ '\Rs
ﬁ)L c & \(U\o N 10 - 20 mol% NiCl, - 6H,0 g Rs
OH 0 10 - 20 mol% L1 or L4
cl o
DIC or DCC ' EtsN (10 equiv.) R,
, cl 1,4-dioxane:DMF (10:1), 75 °C 3. 41
(1 equiv.) [in situ] or [isolated] ’
[commercially-available]  [functional group tolerant] [ = 30 examples]
[1% and 2° alkyl acids] [in situ activation] [heteroaromatic boronic acids]
[mild conditions] [monocatalytic] [practical and scalable]
129a (58%) OMe 129¢ (70%) 129¢ 53%
Br
\ Vh
BocN
129b (57%) 129d (64%) 129f (50%)

Angew. Chem. Int. Ed. 2016, 55, 9676-9679.




(-

~
. - / [limited tertiary acids]
carboxylic acid ~ N‘Ni"-L [higher catalyst loadings]
0 —=~N~" n [toxic metal]
R <& Y [organozincs and boronic acids]
3 OH N ool [superior for alkyl-alkyl]
R; R,
L Complementary  |——3» Rj
[Activation®] |  catalytic systems
[M] Ry Ry
Fe catalysis cross-coupling
[3° acids compatible in arylation]
ghz [generally klwer caxt;?st loading]
. \ non-to
organometallic @ /Fen_ = [organozincs and Grignards]
reagent P [very fast reaction rates]
Ph; [low performance alkyl-alkyl]
[alkyl acid] 0 [redox-active ester] [organometallic reagent]
X
0 X N/ R/ \R (1.5 equiv.)
Ry OH 5- 40 mol% Fe(acac);  Ri R4
v(u\ P 6 - 48 mol% dppBz
Ha s o n R THF, 0- 25 °C, 1h s
- 2 3 23
(1 equiv.) EtaN, HATU rsolated'l or [lin situl 9510
B Tertiary acids [M=2Zn]
39 R= H
34 ['snlated] [Fe] 309%" [Fe] 35-:: h | [isolated] [Fe] 43%
lisolated] [Fe] 50%¢" lFel Se0 lin situ] [Fe] 26%’ [Ni] <2% [in situ] [Fe] 65%¢
[in situ] [Fe] 15%/, 55%!"/ [Ni] 43% [Ni] 11% [Ni] 16%
[Ni] 38% 40, R = Cl

J. Am. Chem. Soc. 2016, 138, 11132-11135

[isolated] [Fe] 399"
[in situ] [Fe] 64%'
[Ni] 19%

/




0 X xn
Q\f ~,

Boc OH =
Boc-Pro-OH aryl halide
a
CO,H
N
R
L B
Carboxylic acid Alkyl halide

1 mol% photocatalyst 1
10 mol%e NiClysglyme

15 mol% dtbbpy, Cs,CO4
DMF, 26 W CFL light, 23 °C

(£)-benzylic amine

Science 2014, 345, 437-440

2 mol% Ir photocatalyst 1
10 moel% NiCl-glyme
10 mol% 4,4'-dOMe-bpy

K,CO,, H,O, MeCN, RT,
blue LEDs, 48 h

Nature 2016, 535, 322325

spe-5p° coupled product

Catalyst Combination

1-Bu t-Bu

N, - «Cl
NY  YCI
-8u t-Bu

Catalyst combination

Mal

MaD

t=Bu

t-Bu




/~6. Hydrogen Atom Transfer reaction

A. Selected milestones in radical chemistry: a timeline
Br e Ph x N o allyl-Br | Barton OAc
2 ! 2 R3Sn ——» nitrite ester
RCO,Ag —3 R=Br Ph > J j 8 Z photolysis
gL Ph)'\Ph . van =
RCOH —»R=R Meerwein der Kerk:
Borodin- Gomberg: Bachmann: olefin s tin
Kolbe Hunsdiecker trityl persistent hydro- Birch hydride
electrolysis reaction radical radical effect arylation reduction | chemistry Davies
v [1848] [1861] [1900] [1936] [1939] [1944] [1956] borane
~ Fittig: Hoffman Bouveault: Wohl Kharasch Hey/Waters: Waters Walling: r?oxrf;“;ies
Pinacol Loffler acyloin Ziegler peroxide effect | homolytic acyl radical [196);] 0,
reaction Freytag reaction allylic [1933] aromatic cioes polar | Ry ——® Re
[1851] reaction [1905] bromin- HBr subsmutlo [1952] effect
[1883] ation Br. o [1957]
H:)‘e Mg . O OH reaction [1934/1937: I g’lnéglt)on [Mn] (o]
> < 1919 _'> a-oxidati
Mo Mo : ] R H *SR H [1968] \ AcOH
. L
—> R2? j —> —»A,_ MeE | Ledwith R
RN @r NS I H h°0t-Bu "magic blue"
[1969]
B. Some approximate rate constants of radical reactions (at 25° C).
unimolecular »
reactions A Breslow
k) P=cae o ot o |
-co, -0, ra |§:S7Be ay o
BﬂCOz-—DBn- PhCO,* +—% Phe —> >—\ [1970]
[ 100 07| 105 | 103
1070 CI & & I & L 4 ® L g .--"
108 106 CN | 104 102 101 Minisci
RCO.H
diffusion Me- . Mee M_>eOH MeO* Regc;:‘on [Agli
Me* —3 EtH New oz Mo Iy (oMe | [o71]
bimolecular MeSH >
reactions Mes —» MeSe® 7 SN ( o~ Kochi
kM 's7) n-Bue H g n-Bu® cross-
coupling gg)](
L L SR [1970s]
Mg. ‘R Achoznz —= Re  W;,040 o R SnBu; ——— R'MgBr —® Ri-R?
i |° — Br R'R! RS” ° TOEt RH _hv» Re C Barton
. © N* Z~ph r R1 ) L McCombie / 3
) [Ti]O Zard: reaction S (o} R?
1 Re(CH,) 1.SnH Sawamoto/ 0 —> degen- Keck [1975] BuzSn” \i/ Y
_N. [Re(CH2)n1sSNH | Matyjaszewski: R2" . | erate Hill allylation: f=————— "
R R stereo- atom 2 xanthate PET radicals SMe R
Studer: | selective |Curran: transfer Nugent- R' | transfer of Me via
nitroxide radical fluorous radical RajanBabu radical Polyoxo- Hart fragm-
chemistry | reactions | RgSnH | polymerization reaction formation |metalates |cyclization| entation Kagan:
rre [2000] | [1980-90s] | [1996] [1995] [1988] [1988] [1986] [1982] | [1982] [1Sg17|§] o[Sm]
S ) -
Radical |Roberts: Walton/ Mukaiyama Okada: |Chatgilialoglu | Curran: Barton Ueno- [——— 5
azidation chiral Studer hydration NHPI reagent Hirsutene decarbo Stork Giese R
[2000] polarity cyclohex- [1989] decarb- [1987] synthesis -xylation |cyclization vodiction
reversal andiene - [Col R! oxylation . [1985] [1983] | reaction [1982]
catalyst | fragmen R R I HOG/ o) | via  (MegSi)sSie (1982] | == pe~\ s~EWG
[1998] taion ]| ChSis PET OEt 7
[1995] o [1988]
OAc R3 ~2 H" "R3 Me S .
Ns h 0 Beckwith
OAc E OPhth g Me™ rules s =z
AcO 0 Ru(bpy), 197
s H g o | [1978]
AcO R o R R2 L




O CF,

Me OH Me a. CF3CHoNCO Me o)LN’l
- H

Me Me Me Me
2,6-dimethyl-4-heptanol 1(97%) Me

b. CH,CO,Br l

I o) )CF; O CF;
Me O)L ¢. PhCF3, CBry, hy Me OJLN/l
)\)\/F L [ ~
Me Me | 100 W Flood Lam
Me s MeMe
= 2 = lZ 1a il
d. Ag,COa;
then AcOH
o -
Me OJLO e. K;CO, Me OH OH
Me Me Me Me
3 Me 4 Me
o (69% isolated overall)

“ Reagents and conditions: (a) CF3CH>NCO (1.0 equiv), DCM, Pyr (1.0
equiv), 23 °C, 2 h, 97%: (b) CH3CO,Br (1.0 equiv), DCM, 0 °C, 5 min;
(c) PhCF;3 (0.05 M), CBry (1.0 equiv), 23 °C, hy, 7 min; (d) Ag,COs (1.25
equiv), DCM, 23 °C, 1 h; then AcOH, 15 min; (e) K>CO;3 (5.0 equiv),
MeOH, 23 °C, 2 h, 69% overall. DCM = dichloromethane, Pyr = pyridine.

J. Am. Chem. Soc., 2008, 130, 7247-7249

(-




1. CuBrs (0.25 equiv) _
? H Zn(OTf), (0.5 equiv) Q NHAc /—\+ BFs
R MeCN, rt, 1-2 h : LNJ\N—F
R Ry | —»= R, Re  —gp, +/
R 3 2. NaOH (1 equiv) Ry 4
2 1:1 MeCN:H,0O R, (F-TEDA-BF.)
+ 2 F-TEDA-PFg 80°C, 2h
A. Current mechanistic hypothesis
{CuBr,, e
T F-TEDAYY [Cu™] MeCN I
{CuBr,-TEDA*} [Cu"] (j
+ HF n=1or2
J. Am. Chem. Soc. 2012, 134, 2547-2550
Ltcu" _Z MEESiCN
Me4Si—Z
L o i
—{| * H_Cp —=
Ar” TR AR Ar)\R

xl-

X-Z ol ,/

Science 2016, ASAP




2N
! N* “NE,

S0,Cl
L Tz°CI (21)

-~

Portable desaturase
Commercially available from Aldrich,
catalogue number L510092

» Bench stable
- Easily prepared (=100 g)

EtaN _

- Facile installation J

\I EtaMN
T &7” =N B 5’
QO U el g
A (X =0, NH)
H transfer

&Uw&UM&U

TFA (3 equiv.), 60 °C, 1.5 h /

H N
]
; N Me -0r- / H Me
H™, TfOH (2 equiv.), r.t., 3 h \
X = L XL
e S . = S

X=NH, O

US/MLE
Me Me

26 (44%)*

TEMPO (1 equiv.)

CH3NO, X=NH 0 ©2

Me
A JI\/\ - OTs
Me COzMe =

30 (55%)" 23 (68%)"* 36 (47%)" Me”

33 (92%)*
(74%, =1 g scale)
[X-ray]

Nat. Chem. 2012, 4, 629-635




Arene

1 1% Irippy) Catalyst combination |
mo 1
R2 f
5 mol% catalyst 11 Rz =3 e Me | 7
R _ | —TEWGE 0, i
j’/’JYH - - R w L ’l\Ma @ _ :r
3

K; Me™ Slan g
acetone, 23 °C R* R Me""L‘Ma \:
26 W light

Alkene (£}-allylic arene Organocatalyst 11 Irppy); 1

= Household i
— CN Cyanopyridine &
‘J CFL | =
M Arene coupling
T — partnar
N “Ir{ppy), 2
Raductant \
Photoredox SET CH
ooy, 1 catalytic e
IM{ppy); cle N
hotaoredox catalyst e =
8
Ir™ppy),l* 3
Orxidant
SET - Radical-radical

coupin,
—H* \ pind
RSH 4
Thiol catalyst
Organocatalytic :
. cycle E:
RS 5

Thiyl radical HAT
]_m_
M= |
Synergistic catalysis H @ S
N Photoredox

B Qi catalyasie Cyciohexene 7 Arylation product 10 Nature 2015, 519, 74-77




1 mol% photocatalyst 1 o

I =i
R1T\ _ HO=R2

Heteroarene

T
5 mol% thiol catalyst 5 il
L =

TsOH, DMSO, Blue LEDs, 23 °C

Y

0
SH
EtO JJ\/SH
M g2 MeD

Me

Alkylated heteroarene Thiol cat. 5

Thiol cat. 13

FsC.__SH

Thiol cat. 14

/
P e

Heteroarene 3

=l (2) I (4)
reductant oxidant

Fhutnmdux “OH 8

R"F’ SET cat.5 Me

It (1)
Visible li ] s
m"m?“ Photoredox catalyst Organocatalytic
cycle
o
t-Bu O
N S
EtO J'LT/ MeOH
A 6 Me Alcohol 7
|fiPP!’lz[dthbpﬂPFﬂ (1) Methanol as methylating agent

Nature 2015, 525, 87-90




S-H Bond Dissociation Energies in Thiols

B Alkanethiols: similar S-H BDEs around 87 kcal mol-! regardless of the structure of the alkyl residue

0 O
kf\ I
HO SH S5H
Me JLSH
NHz
86 kcal mol1 87 kcal mol 88 kcal mol1

B Thiophenols: weaker S-H BDEs due to the stabilization by resonance of the corresponding arenethiyl radical

F
SH SH SH F SH
HoN ~ 2 Q/ 0N~ : F F
F
70 kcal mol1 79 kcal mol-1 82 kcal mol? 84 kcal mol-1

H 0 5 o T H
XM MQJ\H ©/\ g HO/'\ Me

88.0 kcal/mol 88.8 kcal/mol 89.4 kcal/mol 89.8 kcal/mol 92.0 kcal/mol 92.0 kecal/mol




Rate Constants for the Reduction of Various Alkyl Radicals by Thiophenol

| i |
PhS—H —C- —~— = Phs- + —(i;—H
entry radical ky/ (MU ST(TIK) AH([kcal mol-!)
1 n-C3H7-CHy 13 x 108 (298) -17
2 (CH3),CH: 1.0 x 108 (298) -15
3 (CH;),C- 1.4 x 108 (298) -12
4 n-C¢F,3-CFy 2.8 x 10° (303) -20
5 ROCH,CHy 7.6 x 107 (353) -18
6 PhCH,: 3.0 x 105 (298) -5
Rate Constants for the Reduction of Various Alkyl Radicals by Alkanethiol
| i |
RCH,S—H + —C- = ™ RCH,S+ + —C—H
| K I
entry radical kyy/[MF! 571 (T/K) ky/[M1 s (T/K)  AH/[kcal mol!]
1 R-CH 2 % 107 (298) -13
2 R,C- 4% 108 (303) 2 x 104 (353) -8
3 R-CH(OMe) 2 % 107 (298) -4
4 R-C(=0) 7 x 106 (353) -1
5 Ph-CHR: 7 x 102 (333) I x 106 (353) +2
6 Ph-CH(OMe) 2 x 107 (353) 42

Chem. Rev. 2014, 114, 2587
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EWG
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T. Rovis, Nature 2016, ASAP
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R. R. Knowles, Nature 2016, ASAP
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