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Despite their ubiquity and utility in organic chemistry, the
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Figure 1. Mechanlstlcally inspired design of a process for oxidation
adjacent to a &0 bond.

synthesis ofa,f-unsaturated carbonyl compounds is often a Scheme 1.Mechanistic Rationale and Proof of Principle for
tedious and sometimes challenging transformation. Several meththe IBX-Induced Synthesis af,$-Unsaturated Systems from
ods to effect this operation have been developed over the years.Alcohols and Ketonés

Most of these protocols rely on highly toxic selenium reagents
in one- or two-step procedurésnother regularly employed tactic
involves palladium-catalyzed oxidation of the enol-ethers derived
from the carbonyl compountWe surmised that the ketanol
equilibrium inherent in carbonyl systems might be exploited in a
new way to selectively furnish the desiregb-unsaturated systems

if a suitably mild and stable oxidizing agent was utilized to capture
the fleeting tautomeric form (see Figure 1). Our recent explora-
tions with periodinanéded us to propose the cheap and nontoxic
IBX® (o-iodoxybenzoic acid) oxidizing reagent as a suitable
candidate to effect this transformation. Since IBX is known to
oxidize alcohols$,the prospect of accomplishing multiple oxidative
processes in one operation was particularly enticing. Herein we
present a general method for mild, swift, and highly efficient
conversion of alcohols, ketones, and aldehydesffeunsaturated
carbonyl compounds in one pot.

We first examined the proposed reaction with cyclooctamhpl (
Scheme 1) to determine its feasibility. To our delightwas
smoothly oxidized tdb in 77% isolated yield upon exposure to
2.0 equiv of IBX at 55°C in fluorobenzene (or toluenePMSO
(ca. 2:1) for 3 h. Since traces of the dienohevere observed
under these conditions, we enlisted 4.0 equiv of IBX at°85
and obtained an 80% isolated yield @&f
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a Solvent (Solv.)= fluorobenzene (or toluenePMSO (ca. 2:1)

This new reaction is remarkably general, high-yielding, and
tolerant of a range of functionalities as demonstrated in Table 1.
Thus, IBX-mediated dehydrogenated steroidal and terpenoid
system&(entries 1-5) are controllable for access to higher levels
of unsaturation (entries 2 and 4, Table 1), react at six-membered-
ring sites faster than at five-membered (entries 3 and 4, Table
1), and are amenable to oxidation cascades (entry 5, three
oxidations in one pot). A range of small (Scheme 1, and entries
6—8 and 14-16, Table 1) and large (entries-23, Table 1) ring

ketones and alcohols are easily and controllably (Scheme 1 and

entries 8, 10, and 13, Table 1) oxidized. Substitution atcthe
and -sites @, entry 14,4, entries 15 and 18) of the carbonyl
system does not hinder the reaction, nor does it diminish its
efficiency. The tandem oxidation of the decalin diol in entry 17
to the corresponding dienone in one pot and in 52% isolated yield
is also impressive. Oxidations of complex five-membered-ring
systems (entry 19) and simple acyclic substrates (entrie22p
proceed smoothly. The reaction is easily controllable for the
introduction of varying levels of unsaturation as in the case of
steroids (vide supra) and as demonstrated by entries 23 and 24.
Primary alcohols are also conveniently converted into the corre-
spondinga,S-unsaturated aldehydes (entries—2®), and in a
controlled fashion (entry 26). The process works admirably well
even in the presence of nitrogen-based functional groups (entries
28 and 29) and isolated alkenes (entry 27).

Since IBX is itself a mild acid, we probed the effect of added
base or acid on the reaction. Addition of catalypidsOH (0.3
equiv) tended to significantly accelerate the reaction (entry 22,
Table 1), while addition of pyridine (1.0 equiv) decreased the
rate of the reaction (entry 12, Table 1) yet did not effect the
isolated yield after extended reaction times. This feature should
allow even extremely acid-labile carbonyl compounds and alco-
hols to enter smoothly into the process of unsaturation.

In conclusion, we have discovered a new and general synthetic
reaction for the oxidation of a range of alcohols, ketones, and
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Table 1. Synthesis of,3-Unsaturated Systems from Alcohols, Aldehydes, and Ketones

Entry Substrate® Product Conditions® Yield (%)° Entry Substrate’ Product Conditions® Yield (%)

24 h/65 °C d
Kji 1.5 equiv 80 15
o] =
H
48 h/85 °C
m 40equyv !
[o]

240/70°C  g4e

&L
o <
OH
1.5 equiv
17
OH
Hl
o

o]

o

(:2) 0NE5°C  ggn

+ 2.0 equiv

O,

2h/70°C

nﬁ 1.5 equiv 89
o
(o]

18 h/85 °C
6.0 equiv

48 h/85 °C
4.0 equiv 72

O_

361/85°C gs

TIPS “TIPS 4.0 equiv

12h/85°C  gq

6.0 equiv Q H o H
19 I 3 12 h/85 °C
l_/"mips | _/™TIPs 2.0 equiv

ﬁ -

H

®
~

o o

3 h/65°C
20 /\)‘\/\ /\)j\/\ 1.3 equiv 83

2 h/65 °C
2.3 equiv 88
] [*] 48 h/85 °C
mEFECJCfiD e
=
4 h/60 °C 8 h/85°C
2.0 equiv 83 22 6.0 equiv 86

0.3 equiv p-TsOH
o

72 h/70 °C

0 °

24n0°C 23 20equiv 58
3.0 equiv

24 /85 °C
245 C g5 | 24 40equiv 0

2.3 equiv
_0
25 Z 2ames°C
24185°C o, OH Ny, Boeau
4.0 equiv C\/Z
OH )
ANZ" 12hm0°C ’
26 . 40
24 h/65 °C 83’ ~o 5.0 equiv
2.0 equiv
60 h/65 °C 0 o
T .
o @ 0 COU CTT wae s
1.0 equiv py N ~ X
o o A
" Ezg/::ui\? 69 N> OH PN AP 4.0 equiv

o o 29 CO,Me CO,Me 121/65°C 8
Ph Ph 25
14 4N075°C  gg
2.0 equi
auiv o OH o ' 0

a All substrates were commercially available except for those in entries 18, 19, and 29, which were prepared by standard® fetheds.
general procedure see Supporting Informatfdsolated yield of spectroscopically pure compounds. For full characterization of new compounds,
see Supporting Informatiod.Plus 7% of isolated dienonéPlus 4% of isolated dienonéPlus 8% of isolated dienonéPlus 6% of isolated
dienone " Isolated yield of separable isometr®lus 5% of isolated di-enal. py pyridine, TIPS= triisopropylsilyl.

aldehydes to the correspondings-unsaturated species in one investigations, and applications to natural product synthesiis

pot using the cheap and nontoxic IBX reagent under mild be reported in due course.
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