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SET-Mediated Transformation

* Radicals are generated from neutral precursors.

+ Qverall reactions are classified as neutral, oxidative and reductive.

+ Stoichiometric amounts of SET agents. alkyl halides or sulfur

FHZo0xi redue

electrophiles,

transition-metal-catalyzed
atom-transfer radical
reactions,

PiAzsetinio = A
=¥ Y
7
1. Top. Curr. Chem. 2012, 320, 121-452
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Catalytic SET-Mediated Reactions

+ Reductive Titanium(III)-catalyzed reaction

Ti promotes 2 SET

1. Top. Curr. Chem. 2012, 320, 121-452
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O OH

)J\ + 8 equiv. Mn, 4 equiv. TMSCI,
" MC] 7 equiv. 2,4,6-collidine, THF, 0°C

R R = RI! X
(20 mol %) R

Mn ECpETICIE

R'= Alkyl, MnCl,
aryl,
vinyl .
R2= H, alkyl [Cp,TiCll,
Cp,CITi Cp,ClITi AN

CI” SiMe,
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Catalytic SET-Mediated Reactions

+ Reductive Titanium(III)-catalyzed reaction

john maciejsiki
indoline scaffold
synthesis
Q 1. Cp,TiCly (3 mol %), oH Y
ﬁ’ Mn, THF _ 3mol?Z
N 2. Pd/C, Hp (1 atm) N .
R! A2 R! H
entry epoxide indoline yield
7
O,
QT "
65% O 210/68
) N Y w
H;C
o M \CL H3C©%§\OH
62%2
N eo)k© k&\ _
1 C 12H 1:1’76
19 Cbz
3 OH
N/%O 35%* Cl
1 N
CH3 Cbz H 41%
CH, 14 N 0
21 Cbz
Br
4 &"\)(/O OAc 69% ©\/g
A\
15 16 8 N
24
n o
1. Org. Lett., 2008, 10 (19), pp 4383-4386
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Catalytic SET-Mediated Reactions

+ Reductive Titanium(III)-catalyzed reaction

X
U N 0
— OH 1/2 Mn
('Jbz reductive
33 epoxide opening

trace 02 or H* oxidize
back

XN Z
CollHCI ‘CL
-
y oTiV) ?:b 29
Z
! N alkyl radical 1/2 MnCl
2NN reformation  y # N 2
2 &, \z
‘ NN oTIv
H* -~ ébz
oxidative 0 OTiV) 30
rearomatization ? alkyl radical
cyclization
1. Org. Lett., 2008, 10 (19), pp 4383-4386
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Catalytic SET-Mediated Reactions

+ Ru(Il) catalyzed photoredox reactions

1-2 mol% cat, DMF,
visible light,

NEt; or Hunig's base ]

- 40-95%
R'=H, CO:Me
R?= OMe, oxazolidin-2-on-3-yl
R3= H, Alkyl, Ph, CN
R%= H, Br, OMe, CO.Me cat. = Ru(bipy);Cl,
X=H,H, O

R H

M EOEG
0,C

MEOEC
MEOEG

Br/jr

1 mol% cat, DMF, blue LED, NEt3 Me

1. Top. Curr. Chem. 2012, 320, 121-452
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Ferrocene/Ferrocenium Couple

Table 2. Formal Potentials (V vs Fc) of Selected

Oxidizing Agents

Table 3. Formal Potentials (V vs Fc) of Selected
Reducing Agents

oxidant solvent B correction  ref reductant solvent E correction  ref
[N(CeH2Br:-2,4,6)3)" McCN 1.36 a 228 [CioHs) THF -3.10 a 366b
Ce(IV) HCIO; 1.30 b c glyme ~3.05 a 366b
H:0 0.88 b c DMF -2.95 b ¢
IN(CgH:Bry-2.4),]~ MeCN 1.14 a 228 Na THF, glyme ~3.04 a d
[WClg) CH,Cl;  ca. 1.1 d 132 Li NH: ~2.64 e r
INOJ” CH,Cl, 1.00 none 195 Li(Hg) H-0 ~2.60 e &
[Ru(phen):)*" MeCN 0.87 ¢ 108 K NH. ~2.38 e f
INOJ MeCN 0.87 none 195 Na(Hg) nonaqueous —2.36 e h
[thianthrene]” | MeCN 0.86 f £ [anthracene]” glyme ~2.47 i J
[IN(CeHsBr-4)s] CH:Cl:  0.70 d h [FeCp*(p-CeMee)]  dmf -2.30 b 437
MeCN 0.67 1 J Na NH, ~2.25 e r
ST . 3
K‘:jb'm )l Zilict\i 322 fl (]’; 1 [benzophenone) THF ~2.30 none k
] -2 . DMF -2.17 b 1
[Moftfd);] MeCN 0.55 r k [acenaphthalene] THF ~2.26 a 366b
[IrCLi(PMeaPh)a) MeCN  ca. 0.5 I 123 P glyme 517 i i
- . - . - .\. . ' - ' - - y s . -
{t.i(.?ffi’}{‘(’o fe)z] 21}:3\41' 3 j(: rfmm, :8 [FeCp(n-CeMeq)] glyme ~2.09 m 402
Agt - THE 0.41 m 63 [CoCp*:] CH.Cl ~1.94 n 0
. S ’ . MeCN ~1.91 P q
{S{‘L‘f:’l” mo 0 pone b [Fe(CO).Cp) THF,MeCN ca. ~1.8 pr 448, .
[Fe(y-CsH.COMe)Cpl* CH,Cl,  0.27 none h [CoCo) CHLC - l“g) fon . 449 wild Oxidant
Ag' acetone  0.18 o 63 p2 dvine 13 one 404 weak reduetant
Clz MeCN 0.18 b p glyme : e - ded by IUPAC
DDQ MeCN 0.13 i 308 [Cr(n-CsHg)) CH,Cl, ~1.15 none 8 recomwenaed by
Br: MeCN 0,07 b p [FeCp*2] CH:CL: ~0.59 n 9 for standard
[N2CoHiNOs-4]* sulfolane  ca. 0.05 f q ) MeCN ~0.48 p s
Ag* MeCN 0.04 f 63 hydrazine DMSO ~0.41 t 357 .
[C3{CCNY2}a] McCN  0.03-006 r 304 (FeCp:] 0.0 040 Vin MeCN
FeCpy)© 0.0 NE: MeCN ca. 0.47 u 393
[FeCps]
INJCsH F-4]" MeCN —-0.07 f q
[CPh;)! MceCN —=0.11 f s
1> MeCN -0.14 f t /
TCNE MceCN -0.27 f u 7
TCNQ MeCN —-0.30 f u
|FeCp*:]™ MceCN —-0.59 none h
CHCly —0.48 none h
|CyHy ™ MeCN —0.65 f s
1. Chem. Rev. 1996, 96, 877-910
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Ferrocene/TEMPO Combination

with 1 equiv.

1. Tetrahedron 2009, 65, 10917-10929

crappy Yield in one-pot
highest yield = 657
both 3 and 4 are used

R P
R’ CO,R* ®
Y ETE
N~ TR
A R
7

- Yongzhao Yan @ WipfGroup  Page80of19

N
R
'
R1
2/1\/\NR
4
s CO,R
TMP
54-19%

Y
RT R2
TMPO

COzR*

N~ YR3
R
6 31-87 %
cis/trans 1:2.4 - 6.7:1




Ferrocene/TEMPO Combination

\ CO,R?
z g LDA, THF,

Lo |
\> f/»omu
N
Bn  7¢*

78 °C,
'Tl 25 min
R’ : i
temp. >§9\
S o
| 10 O PFg fadical Lecombina’{ion
aster than radica
TMPO CO,tBu addition to alkene
vN COztBU
Bn + Tc + without FeCp2
OTMP N
Bn
Temp. 5c recovered 6¢c
~78°C  60% 16% - 4
-20°C 22% 51% 6%
1. Tetrahedron 2009, 65, 19917—1 0929




Applications in Total Synthesis

+ Total Synthesis of 15-Fa-Isoprostane

+ 39% desired isomer

HQ HQ HO

- . - — — CO,Me
N NCHy THF, 78 °C _ s CuH,, e cn, 2

TBSO 2 2

8a 79% + 12a 19% &2 OTBS  oTmP HO X Y

(98% brsm) é PFs 5a,b

8b 65% 6

1. Chem. Eur. J. 2009, 15, 58-62
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Trapping Reagents

+ CuCly and CuBr; as oxidizing/ trapping reagent

1.0 equiv. n-BulLi, C

ON '/ pME,-78°Cc, = O2N

2.5 equiv. CuCly, .

Ph™ 0" o0°C Ph O
3Aa

17Aa 81% single

(15% recovered) diastereomer

1. Tetrahedron 68 (2012) 1521-1539
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Ferrocene/TEMPO Redox Pair

®




RZ R

|
st/\ nBuLi, 3,

THF, -78 °C,

\/NH cat. 1,2*

3 Ph
0

R4/\/U\OR5 4

R' R? R® R* RS

R

R0 CORS

~T 3.

N

N ) e

TMPO R?

R4 +

/kPh 5

R'X COR®

R3"

' p Ph” N Ph” "N
a
gg I\H/le I\H/Ie: 4b gn t'&g R“J\‘ R4J\'/COQR5
3c H H Me 4c Me (Bu 7 CO,R® g OTMP
rntry 3 4 1[mol%] 5-+6,yield[%] d.r.  Other products,
gl Sl 5:6  yield [%]
Ferrocene 110% 32 4a 10 5a+6a, 75 61 7a,16
3a 4a 1 5a+6a, 71 5:1 7a, 16
3a 4b 1 5b+6b, 71 3.8:1 7b+8b <5
gl 3b 4a 5 S5c+6¢c, 729  1.3:1 7¢ 22
5 3a 4c 2 5d+6d, 49 3:1 7d, 9; 8d, 27
g 3a 4c 5 5d+6d, 56 2.3:1 7d,12
7 3b 4c 10 S5e+6e, 56 2.3:1 8e, 19
8 3¢ 4¢c 5 5f+6f, 25 3.3:1 8f 33
9l 3¢ 4¢ 5 5f+6f, 52 2.4:1 8f 17
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Tandem Michael Addition/Radical
Cyclization/Oxygenation Reactions

OTMP OTMP OTMP OTMP
Acc! Acc? LDA solvent, Acc® ) Acc? Acc? ) Acc?
A~ EWG | I 5mol% 1, 2* A;(?D Acc' 7 Acc . Ag{:2 -
9 R‘l R2 (5 m0|°/0 2) R' ! R1 R1 R1

10
EWG 12 EWG 13 EWG 44 EWG

EWG Acc! Acc? R! R2

9a | CO,(Bu Acc NS

9b |CO,-8-Phmenthyl o | SQ2E! SO:ELEn M Acc!) ne 5 mol7Z 2 add TEMPO in

9¢c | CONBn, 10¢c|6N  ON’ “(CH,) the systew to start with

9d | COPh 10d | CO.Et CO.Et CH 2H5 COPt 10a sele EWG size

9e |CN 2 - 3 EWG trans ewg and R1 wmajor
Entry 9 10 Solvent 2 [mol%] 11-14, d.r. 11:12:13:14 15,

yield [%]
7

1 9a 10a THF/HMPA - a, 580 40:1:1:1 15a, 27 (5:1)
2 9b 10a THF/HMPA - b, 66" 1:0:0:0 15b, 29 (1:0)
3 9¢ 10a THF 5 c, 95 1:0:0:0 -
4 9d 10a THF/HMPA 5 d, 500! 20:1:0:0 15d, 11 (1:0)
5 9e 10a THF - e, 82 5:1:1:0 -
6 9¢ 10b THF 5 f 620 8:1:2:1 -
7 9d 10c THF 5 g, 64 2.4:1:0:0 -
8 9e 10d THF 5 h, 55P 3:1:1.7:1 15h, 8 (0:1)




Tandem Michael Addition/Radical
Cyclization/Oxygenation Reactions

R2

| LDA,
THF/HMPA,
, 5 mol% 1, 2+

CO2R" 5 mol% 2
9f,g

+
10a

R!' R?

9f Me H
9g Et Me

EtO,C OTMP_Et0,C
EtO,C EtOQC

COZR1 C02R1
17a  80%, d.r.2.3:1 18a

17b  48%,d.r. 1.0
EtO,C

+
EtO,C
‘ MRZ

Ph CO,R!
151 17%, anti/syn 2.8:1
15j 22%, anti/syn 7.2:1

5 exo to 6 endo

10/42/2044~

Yonazhao Yan-@ - Winf Groun
-oRgZRao—rah+@—-WHpHsrodp




Ferrocene/TEMPO Redox Pair

O LDA, THF, >O< 00
—78°C, o N ™ _Ph Ph
Ph :
Oxidant; Ph)l\(o 2
19 -

20 21 (D,L:meso)
stoich. 1*, 2 30 59 (10.5:1)
10 mol% 1, 2* 53 47 (7:1)
stoich. 2* 93 0

+ Comparing with 52% and 47% (6:1)!

same distribution
catalytic worked!

1. Eur. J. Org. Chem. 2012, 44614482

Yonazhao Yan-@ - Winf Groun Pa
FOoRgZhAao0ahH@iptHsfod —a

54




(@)
R’ { 3,9
Y ’
. I+ =_ Ph -
j— "\f\ oll z R’
R3O,,,‘,;l:| N‘.‘ H or /\YI[

22 X = NCHMe(Ph
R'=H,Y=0R
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TMP As Alcohol Protecting Group

(0]
i j/moa LiAIH,, i OH
0 THF, 0 °C , N
N - N © o ]
FSQ LiAIH,, THF, 0 °C
4¢c R=Pr 29¢c 90% 0 O
4g R=Ph 29g 83% de
R 40 equiv. Zn,
Method 1: AcOH:H,O:THF 3:1:1 R
Rz&EWG Method 2: AcOH:THF 3:1 EWG
o R® > R? A
?Ierlance with reduction N Conditions A-E HO R
h cleavage )
mepba directly oxidize it U 26 EWG = CO,R
back 27 EWG = CN, CONEt,
49,18 28 EWG = COR?
R' mCPBA R’
7 .
R)\o’ R/kO
2 3

1. Eur. J. Org. Chem. 2012, 44614482
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Conclusion

High stereoselectivity on several examples.

TEMPO as a alcohol protecting group saving a protection step/
excessive oxidant usage.

Potentials in total synthesis

SET oxidation by Ferroceium and combination with TEMPO

inseparable materials
ONLY TEMPO?






