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lodomesitylene-Catalyzed Oxidative Cleavage of Carbon—-Carbon Double and Triple Bonds
Using m-Chloroperbenzoic Acid as a Terminal Oxidant

Miyamoto, K.; Sei, Y.; Yamaguchi, K.; Ochiai, M.

J. Am. Chem. Soc. 2009, 131, 1382-1383.

Me Transition metal-catalyzed oxidative cleavage of carbon—carbon multiple bonds
has emerged as a powerful tool in organic synthesis. High-valent oxometals,

Me— /¥\ o mostly of Ru, Os, Mn, Mo, W, and Re, were used catalytically as reactive oxygen
— o 7 transfer agents to the multiple bonds. Reported here for the first time are the
5 R (1-10 mol %) i organocatalytic versions of the oxidative cleavage reactions. Our method involves
m-CPBA : use of iodomesitylene as an effective organocatalyst, which generates an active

aryl(hydroxy)-A3-iodane 5 in situ, and m-chloroperbenzoic acid (m-CPBA) as a
terminal oxidant under metal-free conditions. Cyclic and acyclic olefins as well as
aliphatic and aromatic alkynes were smoothly cleaved to carboxylic acids under
the organocatalytic conditions.
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Oxidative Cleavage of C-C Multiple Bonds
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lodobenzene-Catalyzed Oxidation Reaction
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This Work 1: Optimization of Condition

Directly related stoichiometric oxidation
using hypervalent iodine reagent
OR

|
2 1 R1

Ph

Assumption: Can Phl be oxidized in situ?

Table 1. lodoarene-Catalyzed Oxidative Cleavage of Olefin 12

2
i S S, S SIS PUA
L R = H, CH(CFa), Ph cHo ' Ph CO,H
JACS 2007, 129, 2772. 1 2 3
) ) ) ) yield (%)°
possible mechanism for oxidative cleavage , o —_—
R PhI(II1) R,’ [(I1HPh R," R PRIC) RCHO entry Arl (equiv)  m-CPBA (equiv) time (h) 2 3
= Tho = ./ — rcho | — 2.2 25 - -
R722 HO R HO  ©OH 2 Phl 2.2) 2.2 2 |72 ] s
3 PhI (0.3) 2.2 25 |57 |29
4 PhI 0.1) 2.2 2.5 36 V3ﬂ(
5 PhI 0.1) 3.1 5 — 191¥S8)
Tabled&klY. 6  PhI 1(0.05) 3.1 7 — 193(85)
] 7 Phl (0.01) 3.1 24 — W86 (75)°
8 [4-MeOC:H,I (0.01) 3.1 24 — 18 (23)°
= 9 | 4-MeCH,I (0.01) 3.1 24 — 91 (85)°
— 10 | 4-CIC4H,I (0.01) 3.1 30 —  83(81)
] 11 o 3.5-Me,CsHil (0.01) 3.1 22 —  94(83)°
best =5—%2.4.6-Me;CH,I  (0.01) 3.1 14 — 96 (88)°
. 13 | 2.3.4.5.6-MesCgI  (0.01) 3.1 48 —  35(36)°
. 14 | 24.6-BuCHol  (0.01) 3.1 24 — 93 (89)°
“ Conditions: 1/Arl/m-CPBA/48% aq HBF,; (2.2 equiv)/CH,Cl,—
IINFIZFIZDINT HFIP—H,0 9:3:1/room temperature/N,. ? '"H NMR yields. Parentheses

are isolated yields after methylation with TMSCHN,. € Yields of 4:
5—6% (entries 7—10, 13, and 14), 3% (entry 11), and <1% (entry 12).



This Work 2: Substrate Scope of Oxidation

entry olefin method® equiv® time hyield (%) 168 n—C6H13\/m\,n_CBH13 B 4.1 13 82(70y
I R R=H A 41 168 40 (40) Me
, ®/ Ve NS o 67(59) 7 Gy, \)\Me B 3.1 10 90(57)
3 R R=H A 41 42 49 Me |
4 (j/ Me A 31 49 84(79) 8 Me\%\ Ve A 22 21 87(69Y
5 n-Bu A 31 19 70(66) Ve
6 p-MeCH, A 3.1 14 76(73)
7 pCICH, A 31 14 86(85) 19 MOy~ B 41 10 5742
8 . y p-CECH, A 3.1 25 79(61) 20 R=0OH B 4l 10 78(67)
9 © R=H A 22 12 88(60) 21 Ry, — OAc B 41 10  73(67)
10 SO,Ph A ) 36 89 (93) 22 10 Et NHCOCF; B 4.1 10 78 (68)
Me 23 NHTs B 4l 10 98(95)
) 24 R=H B 4l 10 9381y
I AT 4l A8 (@9) 35 RGHy—= CHOH B 41 10 72(60)
26 CH,CI B 4l 10 91(82)
27 COMe B 41 10 84(88)
12 | B 4l 10 77(65) 28 o Ar=Ph B 4.1 10 66(62)
29 B p-CRCH, B 4.1 10 58(58)Y
13 4.1 48 19 30 n-CiHis—=—n-C/H;s B 4.1 10 68 (43Y
n-CgH = i
SN 41 10 84(67Y

_ “Method A: iodomesitylene (I mol %)/m-CPBA/48% aq HBF, (2.2
4.1 10 75 (74) equiv)/CH,CL,—HFIP—H,O  9:3:1/room temperature/N,. Method B:
Al 12 7 ; iodomesitylene (10 _mol %)/m-CPBA/48% aq HBF, (2.2 equiv)/
: (7D MeCN—H,0 9:1/50 °C/N,. ? m-CPBA. < 'H NMR yields. Parentheses are
isolated yields of diketones or methyl esters obtained after methylation
with  TMSCHN,. For structures of products, see Scheme S2.
4 Todomesitylene (10 mol %). ¢ E:Z = 3:7. 7 GC yields. ¢ E:Z = 72:28.
" Methyl 11-hydroxyundecanoate was obtained.
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This Work 3: Proposed Catalytic Cycle
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Kinetics to show the pre-equilibrium
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Proposal for Next Approach?
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“Practical and Highly Selective Sulfur Ylide Mediated Asymmetric Epoxidations and Aziridinations
Using an Inexpensive, Readily Available Chiral Sulfide. Applications to the Synthesis of Quinine
and Quinidine”

J. Am. Chem. Soc., 2010, 132, 1828.
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