A Predictably Selective Aliphatic C—-H Oxidation
Reaction for Complex Molecule Synthesis
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Fenton Reaction

e Combination of Fe(ll) and peroxide is considered as Fenton reagent.

Fed*, Cu?*

Fe2* + Hy,0, —» Fe¥* + HO + HO- / » R-OH
Fe?* + HO- — Fe®* + HO R > R-R
RH + HO —= R + H0 N

» R-H

e Initial ligand displacement by nucleophilic peroxide initiates presumably
internal one-electron oxidation-reduction process.

e Note a different behavior of highly oxidized metals (Mo(VI), V(V), Ti(IV))
which complexes with peroxides show properties of peracids.

For relevant discussion, see:

Acc. Chem. Res. 1998, 31, 155

Acc. Chem. Res. 1996, 29, 409

Walling, C.  Acc. Chem. Res. 1975, 8, 125
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Iron in High Oxidation States
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> (RH)Fe(lll)Cys" ——» (RH)Fe(Il)Cys-

oxyferryl complex

Iron porphyrin proteins are
responsible for transport and
storage of O,, oxidation of
organic molecules as well as
electron transport.

Cytochromes  operate  via
shuttling iron between different
oxidation states Fe(ll)-Fe(V).

Synthetic pyridine-based polydentate ligands in combination with Fe(ll) and
H,0O, most likely operate via Fe(V) species. Labeling studies, lack of O,
involvement as well high stereospecificity in the oxidation reaction exclude
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CH Activation in the White Group

1. Pd(OAc),, BQ, AcOH, DMSO
40 °C, 48 h, 53%

> 2. K,CO3, MeOH, t, 1 h, 91% N

O E/Z = 11:1 e
: - H/'\/\/\/OH

White et al. Org. Lett. 2005, 7, 223

§

[Pd(MeCN)4](BF4), (10 mol%),
PhBQ (2eq), acid (3 eq), DIPEA,

MS 4A, DMSO/CH,CI,, OMe
OBn BnO ~OTBS
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White et al. Angew. Chem. Int. Ed. 2006, 45, 8217
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Fraunhoffer, White /. Am. Chem. Soc. 2007, 129, 7274
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CH Activation in Complex Molecule Synthesis

—> (-)-tetrodotoxin

Hinman, Du Bois /. Am. Chem. Soc. 2003, 125, 11510
OH

DMDO, acetone

rt, 48 h, 70% bryostatin analogues

with low binding affinities

C7H15/g0 COzMe
Wender, Hilinski, Mayweg Org. Lett. 2005, 7, 79
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Lee, Fuchs J. Am. Chem. Soc. 2002, 124, 13978
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Catalyst Optimization

A H 3 or4(5mol% OH |B
3 AéOH ) > il |_|(SbF6)2
O, (1.2 equiv )> N
. Ho0o (1. -
1 2 (Fe‘\
(1 equiv.) >99:1 (dr) N7 | YNCCHs
N
AcOH Yield Conv.! Select! \Ej
Entry Catalyst oquiv) (%) (%) (%) III/ Fe(S,5-PDP) 4
1 3 0 7 12 56 .
2 4 14 15 92 \ P
3 3 0.5 26 41 62 N
4 4 05 38 42 90 0 (P T
; | &0 i
5 4 05 51 ; : Sor s -
n2A G / i
'[Fe(mep)(CH30N)2](SbF6)2 (3). TConversion T, [\ s | \\ [
of starting material. *Selectivity for desired P=N NE) ~ [~®
product (yield/conversion). Slterative addition =N N~ e
protocol (isolated yield). o - /"1~ Fe(S,5-PDP) 4
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Reaction Scope

4 (5 mol%)
3X| AcOH (50 mol%)
H202 (1 2 GQUiV.)

/I<H "standard conditions" )<OH
CHaCN,

rt, 30 min
Isolated Isolated
Entry Product % Yield (rsm)’ Entry Product % Yield (rsm)’
HO, &
X /\/\XOH O*/\)\/\Z
_ O _
1 5, X = Br 46 (26) 6 ) (+)-10, Z=H 57 (27)
2 6, X = OAC 53 (43) 7 © (+)-11,Z=0Ac 43 (42)
éco
Vo ] 33 (67)
3 MOH 60 (18) 8 FGCJ\H -,,XOH %0t (8)
7 (-)-12
0 O
4 FSCJLEJ\H)S(OH 43 (33) 9 é 52 (20)
8 OH 13
O
5 iMX 52 (21) 10 U 9ot
AcO 3 OH
9 14

“rsm = % recovered unoxidized starting material. TStarting material was recycled five times. *GC yield.
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Reaction Scope

A 1° 20 30 30
H H H H B H
H << < "H\ )k/,EWG < )k/\ < )k/
ndia i N N EWG
reactivity reactivity
B
Major Isolated [Remote:
Entry  Subistrata Product %Yield" (rsm)T Proximal]*
i1 remote proximal 15 X =H 48§(29) 11
2 W HO}\/\}—Q\/\ 16, X =0OAc  43(35) 5:1
3 K X 17, X=Br 39 (32) 9:1
4 18, X=F 43 (20) 6:1
5 19, X = OAc 49 (21) 29:1

(0]

20, X =Br 48 (17) 20:1

MX Ho)k/\H)k/X
o
7 w\rrg HO}\/\%{R 21,R=CH;  52(18) >99:1
8 I I 22 R=0CH; 56 (32) >99:1

"Unless otherwise noted, isolated yields are of pure major product isolated from the entire reaction mixture.
Trsm = % recovered unoxidized starting material. *GC analysis of crude reaction mixture using authentic

standards. Slsolated as a 1:1 mixture of remote:proximal.

cat. 4

C D
1' Hh OAc
ACOH, H202

0.015 ‘%
«
' standard

: 1™y conditions
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Directing Group Selectivity

l. electronic
0O cat. 4
W PﬁCOH, HED
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33, not observed
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Advanced Applications

l. electronic - )
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Summary

* Fe(ll) based catalyst with H,O, as an oxidant has been utilized in
oxidation of CH bonds.

« Selectivity in these reactions has been achieved via electronic and
steric bias of CH bonds.

« Additional mechanistic studies may provide better understanding of the
catalyst reactivity and selectivity.
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