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Enantioselective a-Oxytosylation of K etones Catalysed by | odoar enes
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Abstract: The a-oxytosylation of ketones cataysed by enantioen-
riched iodoarenes using mCPBA as stoichiometric oxidant is re-
ported to give useful synthetic intermediates in good yield and
modest enantioselectivity. We believethisto bethefirst report of an
enantioselective catalytic reaction involving hypervalent iodine
reagents which should open up a new field for enantioselective
organocatalysis of oxidation reactions.
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The use of enantioenriched hypervalent iodine reagents
for asymmetric transformations has emerged as an inter-
esting area of research in recent years.! Thesereagentsare
attractive because they can replace toxic heavy metal re-
agents.2 One exampleis our report of the enantioselective
a-oxytosylation of ketones 1 mediated by chiral Koser-
type reagent 2 giving synthetically useful® tosylates such
as 3 in up to 40% ee (Scheme 1).** This reaction suffers
the drawback that the A*-iodane 2 must be present in
stoichiometric quantities and that the preparation of this
reagent requires two synthetic steps from the parent
iodoarene. We have found the synthesis and isolation of
many (especially electron-rich or sterically congested)
aryl A3-iodanes to be problematic. This includes many of
the enantiopure iodoarenes that have been prepared in our
laboratory for this purpose and, hence, the enantioinduc-
ing power of these reagents remains untested.
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Schemel Enantioselective oxytosylation of ketones

The use of hypervalent iodine reagents as catalysts in
synthetic transformations has attracted recent attention.®
Indeed, during the course of thiswork, the racemic a-oxy-
tosylation of acetophenone derivatives catalysed by iodo-
benzene using m-chloroperbenzoic acid (MCPBA) as the
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stoichiometric oxidant has been reported by Togo.b It was
thought that such catalytic use of iodoarenes should allow
a much simplified procedure for the enantioselective a-
oxytosylation of ketones and, hence, give a significant
improvement on current methodol ogy.

Initial studiestowardsidentifying efficient iodoarene cat-
alysts were performed using the reaction of 0.5 mmol of
propiophenone (1) in acetonitrile with 10 mol% iodoarene
4-19, 15 equivalents of commercia 70-77% wet
mMCPBA7 as the stoichiometric oxidant and p-toluene-
sulfonic acid monohydrate (TsOH-H,0) as the source of
the tosylate nucleophile. The reaction using stoichiomet-
ric iodane 2 is usually performed at —30 °C to maximise
enantiosel ectivity,* but at thistemperature we find that the
reactions employing catalytic amounts of iodobenzene or
chiral iodide 4 and mCPBA as the stoichiometric oxidant
proceed very slowly, consistent with the results of Togo.®
This suggests that the formation of the hydroxy(tosyl-
oxy)iodoarene could be the rate-determining step in the
catalytic cycle. To circumvent this problem, we per-
formed our initial reactions at room temperature for two
days using a range of iodoarenes (Table 1). In al cases,
clean reactions to give tosylate 3 were observed.

The results in Tablel, entries 1-4 consist of those
iodoarenes that have been previously tested as their hy-
droxy(tosyloxy)iodo derivatives. Of these, the 6-ethyl-
substituted iodoarene 5 (entry 2) gives the highest enan-
tiosel ectivity, afact also observed in the stoichiometric re-
action.X* We find that the enantioselectivity obtained in
this catalytic reaction is the same as that observed in the
stoichiometric reaction performed at the same tempera-
turein the same solvent. We have previously reported that
methyl ethers give rise to the best selectivity!' so we did
not test any iodoarenes that did not possess the 1-aryl-1-
methoxyethane function seenin 4-11.

lodoarenes 8-19 are those we could not previously test
because they could not be converted into stable A3-
iodanes. Their activity as catalysts shown here highlights
another important advantage of the catalytic procedure.
As no reaction is observed in the absence of iodoarene,
this suggests that our failure to isolate these iodanes is a
result of their instability and not that the iodoarene cannot
be oxidised. The naphthalene-based catalyst 19 fails to
give any product and the unoxidised iodoarene is re-
covered at the end of the reaction, suggesting that this
compound may beinert to mCPBA oxidation. Of those
iodoarenes that could not be tested previously, the enan-
tiosel ectivities obtained with iodoarene 11 (derived from
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styrene oxide) or the binaphthyl derivative 168 are prom-
ising and further development of these catalysts may yield
good results. Esters 1215 offer anew class of A3-iodanes
that we are unable to prepare and give a promising lead

Tablel Catalytic Reaction with a Range of Enantiopure |odoarenes

into potential new catalysts. Moving the chiral centre (and
chelating group) in the simple ether 4 further from the io-
doarene (entries 5, 6) diminishes the enantioselectivity of
the catalysed reaction.

o]
(0] 10 mol% Ar*l, 1.5 equiv mCPBA )S/
ph)J\/ 1.5 equiv TSOH, MeCN, r.t.,, 48 h Ph
OTs
1 3
Entry lodoarene Conv. (%)? ee of 3 (%)° Yield of 3 (%)°
OMe
1 4R=H 71 12 (R) 68
2 5R=Et 62 27 (R) 59
3 6 R=0Bn 50 25 (R) 48
4 ! 7R=0t-Bu 9 3(R) n.d.
R
5 %e 76 3(R) n.d.
()-8
OMe
6 66 2(9 nd.
I
(+)-9°
OMe
O\/k
7 @ o1 3R n.d.
I
10
OMe
o
~ “ph
8 75 25(R) 65
I
11
RIR? ()-12¢R'=H
R2=Me
9 CO,Me (-13¢Rl=H 95 24 (9 72
10 R?=Et 95 23(9 83
11 ! (9-144Rl=H 85 6(9 65
12 R2=Bn 75 8(R) 58
()-15'R!=Me
R?=Pr
I
13 82 12.(9 79
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Tablel Catalytic Reaction with a Range of Enantiopure lodoarenes (continued)

(0] 10 mol% Ar*l, 1.5 equiv mCPBA

(o}

Ph)k/

1

1.5 equiv TsOH, MeCN, r.t., 48 h

I

OTs
3

Entry |odoarene

Conv. (%)? ee of 3 (%)° Yield of 3 (%)°

14

s oL
|

(+)-18°

MeO,

|
* 9@
19

33 5(R) n.d.
75 1(R n.d.
<5 n.d. n.d.

aDetermined by *H NMR analysis of the crude reaction product.
b Determined by HPLC.

¢ After purification by column chromatography of promising results or if HPLC trace not clean; n.d. = not determined.

4 Absolute configuration of iodoarene unknown.

lodoarene 5 (entry 2) isthe catalyst giving riseto the high-
est enantiosel ectivity so this was used for further studies.
Use of three equivalents of mCPBA and TsOH:H,O re-
sulted in an increase in the reaction rate without affecting
the enantiosel ectivity, so this was used in further trialsin
order to obtain higher yields in the same reaction time.
Further increases in the amount of these reagents resulted
in insolubility and no beneficia effect on the yield or
reaction rate. A solvent screen (Table 2) showed that the
enantioselectivity is almost unaffected by the solvent
(also observed in the stoichiometric reaction'f) so aceto-
nitrile was chosen for further studies asthisresulted in the
highest reaction rate and the cleanest product.®

Reducing the reaction temperature led to a very slow
reaction. Other peracid oxidants were tried in an attempt
to increase the rate. Peracetic acid led to no formation of
the desired product and trifluoroperacetic acid'® gave only
the products of Baeyer—Villiger oxidation not seen when
using MCPBA.

Having optimised the reaction to use 10 mol% iodoarene
5, three equivalents of mMCBPA and TsOH-H,0 in aceto-
nitrile at room temperature, this reaction was applied to a
range of ketones (Table 3). The reactions were run for
three days to maximise yield. Simple propiophenone
derivatives (entries 1-4) generally gave good yields and
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Table2 Solvent Screen Using Catalyst 5

Entry Solvent Conv. (%)? ee (%)°
1 MeCN 95 27
2 THF 40 27
3 CH,Cl, 75 30
4 CHCl, 68 30
5 EtOAC 80 25
6 1,4-Dioxane 0 24

a Determined by *H NMR analysis of the crude reaction product.
b Determined by HPLC.

reliable enantiosel ectivities. Electron-rich propiophenone
(entry 5) underwent side reactions, possible owing to the
anisole function,!* and could not be purified. Increasing
the steric congestion on the prochiral methylene group led
to a slower reaction (entries 6, 7). The cyclic substrates
(entries 8, 9) gave interesting results. Indanone (entry 8)
gave ahigh yield and an enantiosel ectivity consistent with
the acyclic propi ophenone derivatives but tetralone (entry
9) underwent a very slow reaction giving almost racemic
product. This slow reaction was also observed when pre-
paring racemic material using Koser’s reagent for HPLC
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analysis and is probably aresult of slow enolisation of the
substrate. When the aryl group is removed from the
ketone, the enantioselectivity is diminished (entry 10).
Cyclopentanone and cyclohexanone underwent Baeyer—
Villiger oxidation under these conditions.

During these trials it was noticed that if the reaction is
guenched by addition of saturated agueous sodium thio-
sulfate and sodium carbonate then extracted with ethyl
acetate, the product (in the cases where the reaction pro-
ceeds to completion) isisolated cleanly with no contami-
nation by the iodoarene. This can be recovered (85%
yield) by reduction of the agueous extracts (and the solid
that remains after work-up) with potassium iodide and
further extraction with ethyl acetate.

mCPBA

TsOH-H,0 *
29
mCBA

Ar*I(OH)(OTs)

30
Path A Path B
Ar*
2/ O

L
&Ij\oﬂ/\oms Ph)%'\/\) 5
Ar*
Ph)\ﬂ” \/ '

Scheme 2 Possible mechanisms for the a-oxytosylation

Two possible mechanisms can be proposed for this reac-
tion (Scheme 2). After formation of the iodane 30, the
enol tautomer (unknown geometry) of propiophenone can
react with 30 to give either enoxy iodane 31 (Path A)
which can react with tosylate via an S2’ reaction to dis-
place the ‘hyper-leaving group’** generating the stereo-
centre. Alternatively, the reaction can proceed through
alkyl iodane 32 (with the stereocentre already formed) fol-
lowed by S,2 substitution by tosylate (Path B, related to
the mechanism proposed by Moriarty?4). Given the enan-
tio-induction observed in this reaction, it seems unlikely
that Path A operates as the chiral aryl moiety is very dis-
tant from the reacting centre when the stereocentre is
formed.

Three other points in this reaction are of interest. In our
work and that of Togo,® the product resulting from dis-
placement of the hyper-leaving group by m-chloroben-
zoate in place of tosylate is never observed. We were
concerned that the enolisation of the substrate necessary
for the reaction might also occur in the product 3, leading
to racemisation. This does not occur as the enantiomeric
excess of the product does not change throughout the re-
action and resubmission of the enriched product 3 to the
reaction conditions does not diminish the enantioenrich-
ment. The results in Table 1 show that a chelating group

Table3 Scope of the u-Oxytosylation Catalysed by 52

Entry  Product Yield (%) ee (%)°
o
1 Ph)ﬁ/ 78 27
OTs
3
(0]
2 Ph)\‘/\ 66 24
OTs
20
pi
3 Ph ‘\(HS\ 86 27
OTs
21
O
FsC
4 70 28
OTs
22
(0]
5 35° n.d.c
OTs
MeO
23
)O
6 Ph <10 n.d.
OTs
24
o
Ph
7 Ph 55¢ n.d.c
OTs
25
(0]
8 @ngms 79 21
26¢
O
OTs
9 15 1
27
(0]
10 \H\( 67 3
OTs
28

a After purification by column chromatography.

b Determined by HPLC; n.d. = not determined

¢ Reaction contained by-products that could not be separated — yield
calculated from crude 'H NMR analysis of the crude product against
an internal standard.

4 Absol ute stereochemistry of major enantiomer unknown.
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is needed in the iodoarene in order to obtain high enan-
tioselectivities. This is consistent with our earlier studies
that suggest a pseudocyclic intermediateisformed in such
iodanes. 14

In conclusion, we have developed the first enantiosel ec-
tive oxidiation catalysed by substoichiometric quantities
of iodoarenes. Synthetically useful o-tosyloxyketones®
can be obtained in good yield and modest enantiomeric
excess. In addition to this, many iodoarenes can be tested
for enantio-induction that could not beinvestigated before
and this will surely enhance understanding of the enan-
tioselectivity observed in chiral hypervalent iodine chem-
istry aswell asincrease the range of chiral iodoarenes that
can be evauated. Studies into further enantioselective
catalytic reactions, understanding the origin of selectivity
and improved iodoarene catalysts are currently underway.
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