Downloaded by UNIV MAASTRICHT on August 15, 2009
Published on July 6, 2009 on http://pubs.acs.org | doi: 10.1021/019013188

IBS-Catalyzed Oxidative Rearrangement
of Tertiary Allylic Alcohols to Enones

with Oxone

Muhammet Uyanik, Ryota Fukatsu, and Kazuaki Ishihara*

Graduate School of Engineering, Nagoya University, Chikusa,

Nagoya 464-8603, Japan

ishihara@cc.nagoya-u.ac.jp

Received June 12, 2009

ORGANIC
LETTERS

2009
Vol. 11, No. 15
3470—3473
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A 2-iodoxybenzenesulfonic acid (IBS)-catalyzed oxidative rearrangement of tertiary allylic alcohols to enones with powdered Oxone in the
presence of potassium carbonate and tetrabutylammonium hydrogen sulfate has been developed.

The oxidative rearrangement of tertiary alylic alcohols to
p-disubstituted o.,5-unsaturated ketones or adehydes using
oxochromium(V1)-based reagents (Collins reagent, PCC,
PDC) has been widely used in synthetic organic chemistry.*?
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In 2004, Iwabuchi and co-workers reported that 2-iodoxy-
benzoic acid (IBX, 1) could be used instead of hazardous
Cr(V1) for the oxidative rearrangement of tertiary alylic
acohols.® Several 5- and 6-membered cyclic tertiary alylic
alcohols were effectively converted to the corresponding
enones with a stoichiometric amount of 1in DM SO. In 2008,
the same research group reported that TEMPO-derived
oxoammonium salts (TEMPO™ BF,~ and TEMPO™ SbFs ")
were more effective as stoichiometric reagents for this
transformation of acyclic tertiary allylic acohols in aceto-
nitrile.* Very recently, Iwabuchi® and Vatéle® independently
reported the first catalytic oxidative rearrangement of tertiary
allylic acohals. lwabuchi’ s group used catalytic amounts of
TEMPO with NalO,—~SiO, as a co-oxidant in dichlo-
romethane, and several cyclic and acyclic tertiary alylic
alcohols were converted to the corresponding enones in good
yield.® In contrast, Vatéle developed a Lewis acid-promoted
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oxidative rearrangement using catalytic amounts of TEMPO
with iodosylbenzene (PhlO) as a co-oxidant in the presence
of molecular sieves 4 A.® Bi(OTf); promoted the oxidative
rearrangement of cyclic tertiary alylic acohols, while Re;O;
was a more effective promoter for the oxidative rearrange-
ment of tertiary vinyl carbinols.

We recently reported a highly efficient and chemosel ective
oxidation of various acohols to carbonyl compounds such
as aldehydes, carboxylic acids, and ketones with powdered
Oxone (2KHSOs*KHS0O,2K ,S0O,) in the presence of catalytic
amounts (0.05—5 mol %) of 2-iodobenzenesulfonic acid or
its sodium salt (4a) under nonagueous conditions.”® Cy-
cloalkanones can be further oxidized to cycloalkenones and
lactones by controlling the amount of Oxone under the same
conditions. 2-lodoxybenzenesulfonic acid (IBS, 3a),”® which
is an analogue of IBX 1, is generated in situ from 4a and
Oxone (egs 1 and 2). IBS 3a serves as the actual catalyst
for the oxidations. As part of our continuing interest in the
use of cat. IBS with co-oxidant Oxone systems in organic
synthesis, we report here the in situ-generated 1BS-catalyzed
oxidative rearrangement of tertiary alylic alcohals to 5-di-
substituted o,/5-unsaturated ketones with Oxone.
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Initially, we optimized the reaction conditions for the IBS-
catalyzed oxidative rearrangement with Oxone (Table 1). A
mixture of 1-butylcyclohex-2-enol (5a) and powdered Oxone
(1 equiv) in acetonitrile or nitromethane was heated at 40
°C in the presence of 5 mol % of 4a and anhydrous sodium
sulfate (entries 1 and 2). However, no desired 3-butylcyclo-
hex-2-enone (6a) was obtained. The reaction became messy
and a complex product mixture that included 7 was obtained.
It is likely that the dehydration of 5a to 7a predominantly
occurred due to the acidity of Oxone. According to our recent
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Table 1. Optimizing of Reaction Conditions

4a (5 mol%) Q Bu
additive -
@ + powdered + O
OH  Oxone Na,SO, Bu
Bu (1 equiv}) solvents, heat
5a 6a 7a
entry additive conditions 6a, yield (%)
1 - CH3CN, 40 °C, 6 h messy®
2 — CH;3NO,, 40 °C, 6 h messy®
3 - EtOAc, 40 °C, 23 h 33
4 K5CO3 (0.5 equiv) EtOAc, 60 °C, 13 h 67
5¢ KyCO; (0.5 equiv) EtOAc, 60 °C, 13 h messy“
67 KyCO; (0.5 equiv) EtOAc, 60 °C, 13 h messy®*©

7 KyCO;3 (1.5 equiv) EtOAc, 60 °C, 13 h nr/

8¢ K5CO;3 (0.5 equiv) EtOAc, 60 °C, 3 h 84

98¢ KyCOj3 (0.5 equiv) EtOAc, 60 °C, 3 h 63
10¢ NaHCOs (1.0 equiv) EtOAc, 60 °C, 4 h 68
11¢ KyHPO, (0.5 equiv) EtOAc, 60 °C, 4 h 67

a7awasincluded. ® 7a (both regioisomer) and unknown byproduct were

also obtained. ©2 was used instead of 4a. 9 Phl was used instead of 4a.
¢ Rearranged allylic alcohol 3-butylcyclohex-2-enol (8a) was also included,
but 6a was not obtained.  No reaction occurred. ¢ After Oxone and inorganic
base in EtOAc were vigorously stirred in the presence of N&SO, for 24 h
at rt, 4a and 5a were added.

work, the selective oxidation of acid-sensitive alcohols can
be achieved in the presence of anhydrous sodium sulfate as
a dehydrating agent in ethyl acetate.” On the basis of these
previous findings, the reaction of 5a was carried out in ethyl
acetate under the same conditionsasin entries 1 and 2. After
22 h, desired 6a was obtained in 33% yield with dehydrated
products 7a and several unidentified byproducts (entry 3).
To prevent the dehydration of 5a, we examined the effect
of the addition of base to buffer the acidity of the reaction
mixture and found that 0.5 equiv of potassium carbonate was
effective as an additional base. Thus, the dehydration of 5a
was significantly suppressed and 6a was obtained in 67%
yield (entry 4). In contrast, the reaction became messy under
these conditions in the presence of 2 or iodobenzene instead
of 4a (entries 5 and 6). The amount of base was important,
and no reaction occurred when 1.5 equiv of potassium
carbonate was used (entry 7). Furthermore, 6a was obtained
in 84% yield after 3 h, when Oxone and potassium carbonate
were sufficiently premixed in the presence of anhydrous
sodium sulfate in ethyl acetate at room temperature for 24 h
before the addition of 5a and 4a (entry 8). Notably, in situ-
generated IBX 1 also showed moderate catalytic activity
under these modified conditions, but was inferior to IBS 3a
(entry 8 versus 9). Other inorganic bases such as sodium
hydrogen carbonate and dipotassium hydrogenphosphate
were inferior to potassium carbonate (entries 10 and 11).
To explore the generality of the in situ-generated IBS-
catalyzed oxidative rearrangement of tertiary alylic alcohols
with Oxone, various structurally diverse cyclic and acyclic
tertiary alylic alcohols 5b—n were examined as substrates
under the optimized conditions: powdered Oxone (1 equiv)
and potassium carbonate (0.5 equiv) in ethyl acetate were
vigorously stirred at rt for 24 h in the presence of anhydrous
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Table 2. Scope of IBS-Catalyzed Oxidative Rearrangement of
Tertiarry Allylic Alcohols 5 to Enones 6

entry alcohol enone time, yield?
0
Ol (0
R R
1 5b; R = Ph 6b 4h, 84%
2 5¢; R=n-CgHy3 6¢c 4 h, 81%
366 5d; R =4-(TBSOCH,)CgHg4 6d 2h, 70%
o]
O
R R
4b 5e; R = Ph 6e 3h, 85%
5 5e; R=Ph 6e 11 h, 52%
6b 5f; R = n-CgH43 6f 20 h, 74%
0
OH
—
=
7be 59 6g 10h, 71%
o]
©<)H
gbod 5h A\ 6h 92 h, 62%
o)
Tl ae!
Ph Ph
gbc 5i 6i 26 h, 70%
Ph
10bed 5 6j 24 h, 69%
Ph OH Ph O
P oAy
11be 5k 6k 7 h, 83%
:>(ffj/“\\ //L\V/ji\\
h NF Ph X
12be 51 6l 11 h, 75%¢
Bu Z Bu X
13060 5m 6m 3h, 63%'
OH o
BUM( BUJ\/LK(
14060 5n 6n 31 h, 50%9

a|solated yield. ® Buy;NHSO, (10 mol %) was used. © Precatalyst 4b
was used instead of 4a. @ 4b (10 mol %) was used. ®E:Z = >20:1. 'E:Z =
12:1. 9E:Z = 2:1. For details, see Supporting Information.

sodium sulfate, and then 4a or 4b (5 mol %) and 5 were
added and the resulting mixture was heated to 60 °C (Table
2). Since the use of 4b gave dlightly better results than 4a,
4b was used as a precatalyst in most cases (entries 3 and
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7—14).” 6- and 7-Membered cyclic substrates gave the
corresponding enones in moderate to high yields (entries
1-10). Oxone was amost insoluble under nonagueous
conditions. We found that the use of tetrabutylammonium
hydrogen sulfate (Bu;NHSO,), as a solid—liquid phase
transfer catalyst, further improved the reaction efficiency.'©
Thus, 7-membered cyclic substrate 5e was effectively
converted to the corresponding enone 6e in the presence of
10 mol % BuyNHSO, (entry 4 versus 5). A tert-butyldim-
ethylsilyloxy (TBSO) protecting group was tolerated under
the reaction conditions, and 6d was obtained in 70% yield
(entry 3). 1-Vinylcyclohex-2-enol (5g) was regiosel ectively
transformed to dienone 6g in 71% yield (entry 7). Notably,
sterically demanding steroid alcohol 5j was converted to the
desired enone 6 in 69% vyield (entry 10). In contrast,
Iwabuchi reported that 5) was rearranged to allylic acohol
8, which was not oxidized to 6] under TEMPO-mediated
conditions, due to considerable steric hindrance.* Various
acyclic tertiary alcohols 5k—n were also examined, and the
corresponding enones 6k—n were obtained in moderate to
good yields (entries 11—14). In most cases, the starting
materials 5 and their rearranged allylic alcohol intermediates
8 were fully consumed. The main byproducts were dehy-
drated dienes. Unfortunately, 2,3-nonsubstituted tertiary
allylic alcohols were recovered under these optimized
conditions due to the instability of a primary carbocation
intermediate (entry 7).

To ascertain the effect of IBS on the oxidative rearrange-
ment reaction, we conducted control experiments with cyclic
and acyclic substrates in the absence of 4 under the same
conditions as in Table 2 (Scheme 1). As a result, 5b was
rearranged to secondary acohol 8b in 30% yield together
with several byproduct that included dienes 7b. In contrast,
the reaction of acyclic substrate 51 was messy, and acetophe-
none was detected by *H NMR analysis as a major product
aong with several unknown byproducts.*®® These experi-
ments suggest that IBS promotes not only the oxidation step
of 8 to 6 but also the isomerization step of 5to 8 (Table 2,
entries 1 and 12 versus Scheme 1).

A proposed reaction mechanism is depicted in Scheme
2.3 We speculate that there are four possible pathways for
the rearrangement of tertiary alylic alcohols 5 to secondary
alcohol-1BS(V) complex 11, which readily twist and dis-
proportionate to the desired enone 6 and IBS(I11) 12.7 In
thefirst path (5 — 9 — 11), iodic ester 9 aswell as chromate
esters give isomeric ester 11 through concerted intramol ecul ar
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Scheme 1. Control Experiments

OH
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[3,3]-rearrangement.™? In the second path (5 — 10 — 11),
acidic solvolysis of 5 easily gives alylic cation 10,* which
subsequently collapses with 3 at less-substituted termini to
give 11. In the third path (5 — 10 — 8 — 11), H,0 reacts
with 10 to give secondary allylic acohol 8, which condenses
with 3 to give 11. In the fourth path (5 — 9 — 8 — 11), the
S\2’ reaction of H,O with 9 might also give 8.°> Thus, the
key intermediate 11 might be generated by competitive paths
1—-4. Although the use of 3 significantly accelerated the
rearrangement of 5, we could not rule out any of these paths
due to some conversion from 5b to 8b in the absence of
IBS 3a (Scheme 1). The catalytic cycle of 3 could be
accomplished by the regeneration of 3 through the oxidation
of 12 with Oxone.” IBS 3a and 3b were much more effective
than 1 as a catalyst for the oxidative rearrangement because
of their much stronger oxidation activity and acidity® (Table
1). Furthermore, 5-Me-IBS 3b gave more excellent catalytic
activity than 3a, because the regeneration of 3b was faster
than that of 3a’ (Table 2).

In conclusion, we have developed an oxidative rearrange-
ment of tertiary alylic alcohols to enones with powdered
Oxone promoted by the catalytic use of 4. IBS 3, which is
generated in situ from 4 and Oxone, serves as the actual
catalyst for the oxidations. Interestingly, 5-Me-IBS 3b was
more effective than IBS 3a as a catalyst, and the addition of
inorganic bases was effective to extend the substrate scope
for oxidative rearrangement reactions. The precatalysis 4 are

Org. Lett, Vol. 11, No. 15, 2009

Scheme 2. Plausible Reaction Mechanism
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easily avaliable,"* and Oxone offers several great advan-
tages, including stability, ease of transport, simple handling,
controllable addition, nontoxic nature, etc. This new protocol
should be recognized as a practical method for the oxidative
rearrangement of tertiary alcohols, since it does not require
any toxic, dangerous, and expensive reagents.* ®
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