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Domino two-step oxidation of B-alkoxy alcohols to hemiacetal

esters: linking a stoichiometric step to an organocatalytic with a

common organic oxidant

Tom Targel,”” Palakuri Ramesh,”™ and Moshe Portnoy

Abstract: Primary and secondary B-alkoxy alcohols can be cleanly
and efficiently oxidized into hemiacetal esters in a cascade two-step
process. mCPBA serves both as a stoichiometric oxidant in the first
TEMPO-catalyzed step, converting alcohols to aldehydes/ketones,
and as a reagent in the second Baeyer-Villiger stoichiometric
oxidation, transforming the aldehydes/ketones into hemiacetal esters.
The use of oxidant common to both steps enables the domino reaction
to proceed under single experimental setting. Longer oxidative
cascade sequences are possible, when this new methodology is
applied to suitable substrates.

Introduction

The conversion of alcohols into carbonyl derivatives is one of the
most frequently used transformations in organic synthesis.
Oxidation of primary alcohols typically converts them into
corresponding carboxylic acids or their derivatives,"? while
special conditions or oxidants must be used, if one desires to
prevent the second oxidation, thus obtaining an aldehyde as a
product.”! On the other hand, oxidation of secondary alcohols
yields ketones as end products,” and only through a two-step
sequence, inevitably involving the Baeyer-Villiger (BV) oxidation
as the concluding reaction, they could be converted to esters of
carboxylic acids based on a truncated carbon skeleton.
Oxidation of aldehydes, however, whether using Baeyer-Villiger
conditions or other oxidation technique, leads usually to
carboxylic acid or their derivatives without modifying the
skeleton >

On rare occasions, BV-like skeleton-truncating oxidation of
aldehydes to formate esters was reported. Such is the case of
Dakin reaction of electron-rich benzaldehydes,” as well as the
instance of aldehydes with a nitrogen- or an oxygen-substituted
a-carbon.®! On a very few occasions, such oxidation was coupled
with a preceding alcohol-to-aldehyde oxidation step, thus
completing oxidation of a primary alcohol to ester in two
successive, but separate, steps.®*™ As abovementioned, in these
cases, the first step must be carried out under special conditions
or with special reagents (e.g., Swern oxidation,®®% Dess-Martin
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periodinane®®™) incompatible with the BV-like aldehyde oxidation
reaction.

In this report we disclose a technically simple one-pot domino
procedure, which converts pB-alkoxy alcohols, whether primary or
secondary, into the corresponding hemiacetal esters through a
two-step oxidation, involving a TEMPO-catalyzed conversion of
an alcohol to an aldehyde or a ketone, followed by a
stoichiometric BV-like oxidation under the same reaction
settings.'"” Such experimental conditions greatly simplify the
synthetic transformation and substantially shorten the overall
reaction times. Hemiacetal esters are occasionally found in
natural products,”"" readily undergo Lewis acid-catalyzed
nucleophilic substitution,®®*"'? and thus constitute valuable
synthetic targets and intermediates.

TEMPO-catalyzed oxidation of alcohols (TEMPO = (2,2,6,6-
tetramethylpiperidin-1-yl)oxyl) is, nowadays, a generally accepted
method that requires a stoichiometric oxidant, of which NaOCI
(bleach) is the most common."*""! A number of other oxidants
were used in conjunction with TEMPO catalyst.""®'® Among them,
meta-chloroperbenzoic acid (mCPBA) was introduced by
Cella,"® with Rychnovsky, providing an improved experimental
setting for its use.!"®"!

Results and Discussion

Intrigued by an unusual pattern of TEMPO-catalyzed oxidation of
a substrate, incorporating a short oligoethylene glycol substituent,
we prepared a simpler substrate 1a and tested it in a similar
reaction."”? We observed that the use of mCPBA as a
stoichiometric oxidant leads to a unique reaction pattern with the
terminal alcohol being oxidized to a formate hemiacetal ester,
rather than to the corresponding aldehyde or carboxylic acid
(Scheme 1). The results, summarized in Table 1, indicated that
using 2 molar % of TEMPO and tetrabutyl ammonium bromide
(TBAB),"® as well as 2.2 equivalents of mCPBA, the model
substrate is consumed quantitatively in less than 75 minutes at
room temperature, forming mostly the corresponding hemiacetal
formate 2a (entries 1-2). Moreover, monitoring of the reaction
using HPLC demonstrated that the substrate is fully consumed in
just 10 min. It seems that the best yield is achieved immediately
after full consumption of the starting material, and at longer times
a slight deterioration of yield is observed. Noteworthy, without the
stoichiometric oxidant there is no reaction, as expected, while
without the catalyst, even after prolonged reaction times, most of
the starting material remains intact, whereas some of it is
converted into a complex mixture of products.'" Thus, the chosen
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combination of the catalyst and the oxidant makes it possible to
convert the aforementioned reaction sequence of two steps, into
a single, fast and practically simple one-pot procedure.

RO CcHO TEMPO cat. TEMPO cat.
~ TBAB cat. g o~ TBABcat. oo o
P ———
o mCPBA OH "~ mcPBA ~">CcHo
RO __COH pcm 1 DCM 2

1a, 2a: R = PhCO,CH,CH,
1b, 2b : R = PhCO,CH,CH,0CH,CH,

Scheme 1. Oxidation of primary f-alkoxy alcohols.

Table 1. Oxidation of primary alcohol substrates.”

Entry Substrate Product Time (COZ; sumption“’] Z)Le)ldm
1 1a 2a 4h quant. 78
2 1a 2a 75 min quant. 80 (78)
3 1a 2a 10 min quant.["] 88
4 1b 2b 1.75h quant. 80
5 1b 2b 75 min quant. 81 (75)
6 1b 2b 10 min quant.["] 86
7 1c 3a 30min 87, 84 71
8 1c 3a 4h quant. 79
9 1d 3b 4h 90 78
10 1e 3c 4h 96 94 (52)

[a] Reaction conditions: 1 equiv of substrate with 2.2 equiv of mCPBA, 2
molar % TEMPO, 2 molar % TBAB, DCM (8 mL/mmol substrate), rt. [b]
Consumption of the starting material as determined by 'H NMR, quant. =
quantitative. [c] As determined by 'H NMR, isolated yield in parentheses. [d]
Determined by HPLC.

(o] 1 TEMPO cat. o) 3
TBAB cat.
X__OH - X
Ph )Lo/ ~ mCPBA_ Ph” 07" ~COH
TEMPO cat| mcPBA  DCM
TBAB cat. 7DCM
1c, 3a: X=CH,
0 1d, 3b: X = CH(CH3)

1e, 3¢ : X = (CH,CH,0),CH,CH,

Scheme 2. Oxidation of primary B-acyloxy and y-alkoxy alcohols.

A similar substrate 1b, based on a triethylene glycol unit rather
than diethylene glycol, reacted in a similar way (Table 1, entries
4-6). On the other hand, ethylene glycol monobenzoate 1c¢ did not
undergo a similar reaction, but rather the more common oxidation
to carboxylic acid 3a (Scheme 2, Table1, entries 7-8). The latter
result emphasizes the major difference between the influence of
the B-alkoxy and B-acyloxy substituents of the primary alcohol
substrates on the course of the TEMPO/mCPBA oxidation. Since
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in the literature a few examples of Baeyer-Villiger mode of
oxidation with mCPBA were disclosed for a-branched, a-acyloxy
aldehydes,® we wondered whether a-branching will redirect the
reaction of B-acyloxy alcohols toward gem-diol diester and
constructed, accordingly, substrate 1d.?” However, also in this
case the common alcohol-to-carboxylic acid mode of oxidation
was followed (Table 1, entry 9). A similar outcome, producing acid
3¢, was obtained for the y-alkoxy substrate 1e,?" with the three
carbons separating the alkoxy and hydroxy substituents (Scheme
2, Table 1, entry 10).

Subsequently, we found that more complex cascade reaction
sequences for suitable substrates are enabled by the new
methodology. Thus, substrate 1f similar to 1b, but incorporating
glycerol instead of ethylene glycol terminal unit, was prepared
(from 1a via allylation-dihydroxylation sequence) and tested. This
substrate situates hydroxy, rather than alkoxy substituent, in the
B-to-primary alcohol position. If also in the case of B-hydroxy
alcohols oxidation to carbonyl is followed by a BV-like oxidation
under the indicated reaction conditions, gem-diol monoformate
rather than hemiacetal formate formation is expected in the case
of this substrate (Scheme 3a). Successively, under the reaction
conditions (acidified DCM) collapse of the gem-diol monoester to
a-alkoxy aldehyde is expected to be followed by another BV
oxidation to yield the hemiacetal formate 2b (Scheme 3a).

(a) 1) NaH, allyl bromide [e)
2) PhCO,H, K,CO;
CI(CHaCH0)H ———— 2" J\o /\/O\/\O/Y\OH
3) 0sO, cat., NMO 1f OH
[ j\ TEMPO cat. | nCPBA
(e] o TBAB cat. |DCM
Ph” 0 ™" ~"0 /\( “CHO|
L OH
l- HCOH
fj\ o mCPBA 2b
Ph” 0" " ~""0"CHO
) 5 TEMPO cat. 4 OH TEMPO cat. 6
TBAB cat. TBAB cat.
RO \/O‘CHOW RO OH mCPBA RO\/002H
DCM DCM

4a,5: R =n-CygHar 4b, 6 : R = n-Cq4H,C(0)

Scheme 3. Synthesis and oxidation of a primary p-hydroxy y-alkoxy alcohol (a)
and oxidation of other monosubstituted glycerols (b).

Indeed, subjection of substrate 1f to the abovementioned reaction
conditions, but with 3.3 equivalents of mCPBA instead of 2.2, due
to the anticipated triple oxidation sequence, led to 85%
consumption of the starting material in 4 hours with the
predominant formation of 2b (Table 2, entry 2). The same reaction
but with 2.2 equivalents of the oxidant led to 51% consumption
only (entry 1). In this case, the only other substantial compound
in the reaction mixture (in addition to 2b) was the starting material.
The latter results indicate that, under the reaction conditions, the
stoichiometric BV oxidation steps, as well as the formic acid
elimination from the intermediate gem-diol monoester, are faster
than the TEMPO-catalyzed step. Furthermore, they demonstrate
that pB-hydroxy alcohols react in a manner similar to that of -
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alkoxy alcohols. Batyl alcohol (4a), another glycerol monoether,
reacted under the same conditions in a similar way (Scheme 3b),
predominantly yielding formyloxymethyl ether of octadecyl alcohol
(5, Table 2, entries 4-5). Noteworthy, structurally related
monoester of glycerol 4b also underwent triple oxidation under
the reaction conditions. However, in this case the reaction mostly
produced o-acyloxy carboxylic acid 6 (Scheme 3b, Table 2, entry
7), emphasizing again the difference between the reactivity
patterns of a-alkoxy and a-acyloxy aldehydes. Noteworthy, the N-
oxyl-catalyzed oxidative cleavage of 1,2-diols to give carboxylic

acids, reported by lwabuchi,?? is based on a different mechanism.

This was demonstrated by mechanistic studies and by the
invariable formation of carboxylic acids as end products, even
when 1,2-diol substrates incorporated a B-alkoxy substituent in
similar to substrates 1f and 4a.

Table 2. Oxidation of diol substrates.”

Entry  Substrate Product =~ mCPBA Consumption®  Yield™
(equiv) (%) (%)
1 1f 2b 2.2 51 49
2 1f 2b 3.3 85 64
3 1f 2b 44 99 73
4 4a 5 3.3 92 71
51 4a 5 3.3 96 73 (66)
6 4b 6 3.3 92 60

[a] Reaction conditions: 1 equiv of substrate, mCPBA, 2 molar % TEMPO, 2
molar % TBAB, DCM (8 mL/mmol substrate), 4 h, rt. [b] Consumption of the
starting material as determined by 'H NMR. [c] As determined by 'H NMR,
isolated yield in parentheses. [d] 8 h.

Following the series of successful single setting two-fold and
three-fold oxidations of primary alcohols, we decided to extend
our study to p-alkoxy secondary alcohols,®? focusing first on
substrate 1g, which was synthesized via an allylation-
oxymercuration-reduction-substitution sequence (Scheme 4).
The substrate could be cleanly converted into the corresponding
hemiacetal acetate 2c, although for the almost quantitative
conversion the catalyst loading needs to be increased to 5
molar % and the reaction time prolonged to 6 hours. With some
secondary alcohols, however, the reaction is much faster. For
instance, racemic 3-hydroxytetrahydrofurane underwent almost
quantitative conversion to the corresponding hemiacetal lactone
with 2% TEMPO in just half an hour (Scheme 5).

(e}

1) NaH, allyl bromide )J\o/\/o\/\o OH
2) Hg(OAc),
3) NaBH,, NaOH

4) PhCO,H, K,CO3

CI(CH,CH,0),H
TEMPO (5 mol %)
TBAB (5 mol %)

consumption 95%
o yield 89%

mCPBA (2.2 eqlv)
DCM, rt, 6 h

2c O
Ph J\o/\/o\/\o/\ok

Scheme 4. Synthesis and oxidation of a secondary p-alkoxy alcohol
(consumption and yield determined by H NMR).
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OH TEMPO (2 mol %)
TBAB (2 mol %)

mCPBA, DCM
rt, 30 min

o o .
quantitative consumption
92% yield
)O
8

Scheme 5. Oxidation of a cyclic secondary alcohol (consumption and yield
determined by 'H NMR).

o" 7

A particularly interesting reaction outcome was observed when
1,4-anhydroerythritol (9) was subjected to the developed reaction
conditions. In the case of this meso-diol, each hydroxyl group is
flanked by one B-hydroxy and one B-alkoxy substituents (on the
opposite sides of the secondary alcohol). Accordingly, under the
TEMPO/mCPBA oxidative conditions a plethora of cascade
reaction sequences is possible, leading potentially to a range of
end products (Scheme 6). Luckily, in all the experiments that we
performed with this substrate, two main products were invariably
formed, although a number of unidentified minor side products
were always present as well (Table 3). One of the products,
characterized by a single singlet signal in 'H NMR, was identified
as diglycolic acid (10), by its 'H and *C NMR (including
comparison to an authentic sample). Another product, producing
in '"H NMR a pattern of three singlets, unique among expected
patterns of the potential reaction products, was identified as the
hemiacetal formate 11. As in the case of 1a, the reaction does not
proceed without the stoichiometric oxidant and slowly generates
a complex mixture of products without the catalyst. If less than 3
equivalents of mMCPBA are used, the two products are still formed,
but some of the starting material 9 remains in the mixture at the
end of the reaction. Moreover, the ratio between the two products
depends on the respective ratio between the stoichiometric
oxidant and the catalyst. Increasing the amount of mCPBA
without changing the molar % of TEMPO favors the formation of
11 (entries 1-6). Decreasing the amount of mMCPBA, while keeping
the loading of TEMPO constant, or preserving the amount of
mCPBA, while the loading of the catalyst is increased, favors the
formation of product 10 (entry 12 vs. entry 3).?*! Furthermore,
increase of the reaction time beyond the minimal period, required
for the full consumption of 9, lowers the ratio 11:10, probably due

HO)J\/O\)LOH H2 14\1\: f
TEMPO,
mMCPBA
HO.  JOH oybo HOL O
2 < mCPBA 7 < mCPBA \[ ]//
—
9 o 12 0 13

TEMPO, mCPBA
mCPBA/ l"'
0 o}
HO
2\ i fL) HJK/O\)kOH
15
mCPBA\* /EMF’O imCPBA
mCPBA
o} 0 11

O\ JO‘; J oHc-° OJLOH

le) mCPBA le}

Scheme 6. Potential pathways of oxidation of 1,4-anhydroerythritol with the
presumed main pathways bordered by solid line. In green — catalytic steps, in
red — stoichiometric.
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Table 3. Oxidation of 1,4-anhydroerythritol."

Entry mCPBA  Time Consumptionlb] Yield" Ratio 10:11
(equiv) (h) (%) 10+11 (%)

1 1.1 6 45 33 2.09
2 2.2 6 80 49 2.06
3 3.3 6 quant. 51 1.55
4 4.4 6 quant. 59 0.65
5 6.6 6 quant. 50 0.57
6 11 6 quant. 60 0.42
7 6.6 3 quant. 67 0.47
8 6.6 1 quant. 71 0.31
9 3.3 1 quant. 64 0.92
10 3.3 0.5 99 66 0.74
11 3.3 0.25 83 62 0.72

12 3.3 6 quant. 38 5.3

[a] Reaction conditions: 1 equiv of substrate, mCPBA, 2 molar % TEMPO, 2
molar % TBAB, DCM (8 mL/mmol substrate), rt. [b] Consumption of the
starting material as determined by "H NMR, quant. = quantitative. [c] As
determined by "H NMR. [d] 5 molar % TEMPO, 5 molar % TBAB.

to the slow hydrolytic/oxidative degradation of 11, under reaction
conditions (entries 7-8 vs. entry 5, and entries 9-11 vs. entry 3).

These results could be explained in the following way. First,
a-hydroxy ketone 12, the first plausible intermediate in any chain
of events proposed in Scheme 7, is preferentially oxidized into the
gem-diol monoester 13. This preference indicates that, again, as
in the case of substrates 1f and 4a, the stoichiometric BV is faster
than the TEMPO-catalyzed oxidation. Furthermore, it indicates
that, in this particular case, the migration of hydroxyalkyl
substituent in the Criegee intermediate is faster than that of
alkoxyalkyl.*?*! From presumed intermediate 13 two competitive
pathways, one starting with the TEMPO-catalyzed oxidation of the
monoester into diglycolic anhydride (14), and another beginning
with the hydrolytic opening of the monoester into transient
intermediate 15, lead to products 10 and 11 respectively. The
monoester opening is likely to be a reversible step, due to the
favorable ring size of 13. Thus, the higher is the ratio of TEMPO
to mCPBA in the mixture, the more preferred is the pathway
leading to 10. On the other hand, the lower is this ratio the higher
will be the relative amount of 11 in the mixture.

Conclusions

In conclusion, we devised an efficient cascade oxidation
procedure, where the stoichiometric reagent of the first catalytic
step serves also as the oxidant of the subsequent stoichiometric,
spontaneously occurring stage. We have shown that the new
methodology can be applied for fast and high-yielding conversion
of primary and secondary f-alkoxy alcohols into the
corresponding hemiacetal esters. Furthermore, the results
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achieved with substrates 1f, 4a and 9 demonstrated that more
intricate multistep transformations leading to hemiacetal esters
could be accomplished for properly functionalized substrates.
Thus, the new methodology bears potential for application in total
synthesis and natural products modification.

Experimental Section

Typical procedure for TEMPO/mCPBA oxidation: 1a (21 mg, 1.0 equiv, 0.1
mmol) was placed in a small vial charged with a magnetic stir bar, and the
solutions of TEMPO (0.1 M, 20 uL, 0.002 mmol) and TBAB (0.1 M, 20 L,
0.002 mmol) in DCM were added by syringe at room temperature. mCPBA
(54.2 mg, 2.2 equiv, 0.22 mmol) solution in 0.76 mL DCM was added, and
the reaction was allowed to stir for 75 minutes. Aqueous saturated
NaHCO; solution (2.5 mL) was added, the mixture was stirred for 5
minutes, the organic phase was separated, and the aqueous phase was
extracted with DCM (4 x 2.5 mL). Subsequently, the combined organic
phase was washed with brine (5 mL), dried over Na,SO,, filtered and
concentrated in vacuo. The crude was analyzed by NMR spectroscopy,
and the product purified by column chromatography.

Acknowledgements

This research was supported by Grant No. 955/10 from the Israel
Science Foundation and Grant No. 2012193 from the United
States-Israel Binational Science Foundation (BSF). PR is grateful
to the Planning & Budgeting Committee of the Israel Council for
Higher Education for the postdoctoral fellowship.

Keywords: Domino reactions * Hemiacetal esters *
Organocatalysis « Oxidations ¢ Synthetic methods

[1] B. Figadere, X. Franck, in Science of Synthesis, Vol. 20a (Ed.: J. S.
Panek), Georg Thieme Verlag, Stuttgart, 2006, pp. 173-204.

[2] These include dehydrogenative/oxidative self- or cross-couplings, e.g.:
a) J. Zhang, G. Leitus, Y. Ben-David, D. Milstein, J. Am. Chem. Soc.
2005, 727, 10840; b) D. Srimani, E. Balaraman, B. Gnanaprakasam, Y.
Ben-David, D. Milstein, Adv. Synth. Catal. 2012, 354, 2043; c) A. B.
Powell, S. S. Stahl, Org. Lett. 2013, 15, 5072.

[3] G. Tojo, M. Fernandez, Oxidation of alcohols to aldehydes and ketones,
Springer, New York, 2006.

[4] a) G. R. Krow, Org. React. 1993, 43, 251; b) M. Renz, B. Meunier, Eur.
J. Org. Chem. 1999, 737; c) G. J. ten Brink, I. W. C. E. Arends, R. A.
Sheldon, Chem. Rev. 2004, 104, 4105; d) G. Strukul, Angew. Chem. Int.
Ed. 1998, 37, 1199; e) I. A. Yaremenko, V. A. Vil, D. V. Demchuk, A. O.
Terent'ev, Beilstein J. Org. Chem. 2016, 12, 1647.

[5] J. Le Paih, J.-C. Frison, C. Bolm, in: Modern Oxidation Methods (Ed. J.-
E. Béckvall), Wiley-VCH, Weinheim, 2005; pp 253-294.

[6] Carboxylic acids or esters are also formed from aldehydes in Cannizzaro
or Tishchenko disproportionations: a) T. A. Geissman, Org. React. 1944,
2,94; b) T. Seki, T. Nakajo, M. Onaka, Chem. Lett. 2006, 35, 824.

[71 a) M. B. Hocking, K. Bhandari, B. Shell, T. A. Smyth, J. Org. Chem. 1982,
47, 4208; b) B. Saikia, P. Borah, RSC Adv. 2015, 5, 105583.

[8] a) B. Alcaide, M. F. Aly, M. A. Sierra, J. Org. Chem. 1996, 61, 8819; b)
A. Deboer, R. E. Ellwanger, J. Org. Chem. 1974, 39, 77; c) G. R. Labadie,
L. E. Luna, M. Gonzalez-Sierra, R. M. Cravero, Eur. J. Org. Chem. 2003,
3429; d) V. Jeso, S. Igbal, P. Hernandez, M. D. Cameron, H. Park, P. V.
LoGrasso, G. C. Micalizio, Angew. Chem. Int. Ed. 2013, 52, 4800; e) K.
C. Nicolaou, M. O. Frederick, A. C. B. Burtoloso, R. M. Denton, F. Rivas,
K. P. Cole, R. J. Aversa, R. Gibe, T. Umezawa, T. Suzuki, J. Am. Chem.

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

191

[10]

(11

2]

[13]

[14]

[18]

Soc. 2008, 130, 7466; f) G. Chaubet, D. Bourgeois, C. Périgaud, Eur. J.
Org. Chem. 2011, 319; g) M. Himmelbauer, J. B. Farcet, J. Gagnepain,
J. Mulzer, Org. Lett. 2013, 15, 3098; h) F. Urabe, S. Nagashima, K.
Takahashi, J. Ishihara, S. Hatakeyama, J. Org. Chem. 2013, 78, 3847.
For examples of oxidation of secondary B-alkoxy alcohols to hemiacetal
esters in two separate steps, see: a) R. Tsang, B. Fraser-Reid, J. Org.
Chem. 1992, 57, 1065; b) N. Chida, T. Tobe, S. Ogawa, Tetrahedron Lett.
1994, 35, 7249.

For reviews on cascade reactions initiated by alcohol oxidation, see : a)
V. Jeena, R. S. Robinson, RSC Adv. 2014, 4, 40720; b) A. M. Faisca
Phillips, A. J. L. Pombeiro, M. N. Kopylovich, ChemCatChem 2017, 9,
217.

See, for instance Artemisinin: D. Chaturvedi, A. Goswami, P. P. Saikia,
N. C. Barua, P. G. Rao, Chem. Soc. Rev. 2010, 39, 435.

H. Matsutani, S. Ichikawa, J. Yaruva, T. Kusumoto, T. Hiyama, J. Am.
Chem. Soc. 1997, 119, 4541.

For reviews, see: a) W. Adam, C. R. Saha-Moller, P. A. Ganeshpure,
Chem. Rev. 2001, 101, 3499; b) R. A. Sheldon, |I. W. C. E. Arends, Adv.
Synth. Catal. 2004, 346, 1051; c) P. L. Bragd, H. van Bekkum, A. C.
Besemer, Top. Catal. 2004, 27, 49; d) N. Merbouh, J. M. Bobbitt, C.
Brickner, Org. Prep. Proced. Int. 2004, 36, 1; e) |. Y. Ponedel'kina, E. A.
Khaibrakhmanova, V. N. Odinokov, Russ. Chem. Rev. 2010, 79, 63; f) L.
Tebben, A. Studer, Angew. Chem. Int. Ed. 2011, 50, 5034.

For NaOCl-incorporating procedures, see: a) P. L. Anelli, C. Biffi, F.
Montanari, S. Quici, J. Org. Chem. 1987, 52, 2559; b) N. J. Davis, S. L.
Flitsch, Tetrahedron Lett. 1993, 34, 1181; c) Z. Gyorgydeak, J. Thiem,
Carbohydr. Res. 1995, 268, 85; d) C. Bolm, T. Fey, Chem. Commun.
1999, 1795; e) P. L. Bragd, A. C. Besemer, H. van Bekkum, J. Mol. Catal.
A: Chem. 2001, 170, 35.

a) C. Bolm, A. S. Magnus, J. P. Hildebrand, Org. Lett. 2000, 2, 1173; b)
H. Kochkar, L. Lassalle, M. Morawietz, W. F. Holderich, J. Catal. 2000,

[16]

10.1002/ejoc.201800380

WILEY-VCH

194, 343; c¢) R. A. Miller, R. S. Hoerrner, Org. Lett. 2003, 5, 285; d) C.
Zhang, X.-Q. Li, Synthesis 2009, 1163; e) S. R. Reddy, S. Stella, A.
Chadha, Synth. Commun. 2012, 42, 3493.

a)J. A. Cella, J. A. Kelley, E. F. Kenehan, J. Org. Chem. 1975, 40, 1860;
b) S. D. Rychnovsky, R. Vaidyanathan, J. Org. Chem. 1999, 64, 310; c)
C. E. Muller, D. Zell, P. R. Schreiner, Chem. Eur. J. 2009, 15, 9647.

[17] For synthesis of 1a, see: R. L. Wiseman, S. M. Johnson, M. S. Kelker, T.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

Foss, I. A. Wilson, J. W. Kelly, J. Am. Chem. Soc. 2005, 127, 5540.

In the parallel experiment without TBAB, providing the bromide anion,
lower conversion was observed (in agreement with the conclusions in ref.
16b).

Although 2a is detectable in this mixture, it is only one of several major
products, accompanied by many impurities.

R. A. Babakhanov, S. K. Sharifova, S. B. Zeinalov, G. M. Mursakulova,
N. N. Rzabekova, K. M. Abieva, Dokl. — Akad. Nauk Az. SSR 1989, 45,
20.

Prepared via the protection of 3-bromopropan-1-ol with TBS, its coupling
with 1a, and deprotection of the product.

a) M. Shibuya, R. Doi, T. Shibuta, S.-i. Uesugi, Y. lwabuchi, Org. Lett.
2012, 14, 5006; b) M. Shibuya, T. Shibuta, H. Fukuda, Y. lwabuchi, Org.
Lett. 2012, 14, 5010.

For a single case of one-pot oxidation of secondary alcohol, lacking B-
oxy substituent, to ester under similar conditions, see: J. A. Cella, J. P.
McGrath, J. A. Kelley, O. El Soukkary, L. Hilpert, J. Org. Chem. 1977, 42,
2077.

In the latter case a bigger amount of unidentified byproducts is also
formed.

V. A. Vil, G. dos Passos Gomes, O. V. Bityukov, K. A. Lyssenko, G. I.
Nikishin, I. V. Alabugin, A. O. Terent'ev, Angew. Chem. 2018, 57, 3372.

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry 10.1002/ejoc.201800380

WILEY-VCH

Entry for the Table of Contents (Please choose one layout)

Layout 1:

COMMUNICATION

Text for Table of Contents Key Topic*
Author(s), Corresponding Author(s)*

Page No. — Page No.

Title
((Insert TOC Graphic here: max.
width: 5.5 cm; max. height: 5.0 cm;
NOTE: the final letter height should
not be less than 2 mm.))
*one or two words that highlight the emphasis of the paper or the field of the study
Layout 2:
COMMUNICATION
>L?L< R Hemiacetal ester synthesis
e oxyF: = mCPBA o (Hemiacetal ester product) Tom Targel, Palakuri Ramesh, Moshe
mCPBA ROVO R' POf‘tnO *
RO \/\OH catalytic RO \/KO stoichiometric g 4
step step
[ Cascade catalytic/stoichometric two-step reaction } Page No. - Page No.
Domino two-step oxidation of B-
B-alkoxy alcohols are selectively oxidized into hemiacetal esters in a one-pot alkoxy alcohols to hemiacetal esters:
cascade process, combining a TEMPO-catalyzed step and a stoichiometric step linking a stoichiometric step to an
with a common oxidizing reagent, mCPBA. Under similar reaction setting, 3-alkoxy organocatalytic with a common
1,2-diols also form hemiacetal ester products, undergoing multistep oxidative organic oxidant

cascade transformation.

*one or two words that highlight the emphasis of the paper or the field of the study

This article is protected by copyright. All rights reserved.



