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Abstract—A one-pot process for the synthesis of o,-unsaturated esters from a variety of alcohols, obtained in good yields and dia-
stereoselectivities, is described. The use of BAIB/TEMPO system at the oxidizing step authorizes the chemoselective homologation

of primary alcohols in the presence of secondary ones.
© 2005 Elsevier Ltd. All rights reserved.

In the course of synthetic studies towards a member of
the amphidinolide family, we needed to transform an
alcohol to a two-carbon homologated (E)-o,pB-unsatu-
rated ester via the classical oxidation—Wittig olefination
sequence. The volatility of the aldehyde intermediate
and its epimerizable character encouraged us to use a
one-pot procedure, a modification of that developed
by Ireland and Norbeck.! Although if the yield of the
desired o,B-unsaturated ester was satisfying (80%), the
large excess of the reagent (pyridine-SO3) needed for
the completion of the oxidation and the relatively low
E/Z selectivity (6:1) of the Wittig reaction prompted
us to develop a more efficient and practical protocol
for this transformation.

Among the numerous oxidation methods of alcohols to
aldehydes, our attention was drawn by the N-oxoammo-
nium salt based oxidation described by Piancatelli and
co-workers.? The oxidation system developed by these
authors call for a catalytic amount of 2,2,6,6-tetra-
methyl-1-piperidinyloxy (TEMPO), which gives by
disproportionation a oxoammonium salt and an
hydroxylamine, in combination with bis(acetoxy)iodo-
benzene (BAIB) that regenerates TEMPO by oxidation
of the hydroxylamine. This oxidative process is very
attractive because of its mildness, commercially avail-

Keywords: Bis(acetoxy)iodobenzene (BAIB); Olefination; Oxidation;

2,2,6,6-Tetramethyl-1-piperidinyloxy (TEMPO); Unsaturated esters.
*Tel.: +33 472431151; fax: +33 472431214; e-mail: vatele@univ-
lyonl.fr

0040-4039/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2005.11.100

able reagents, compatibility with many functional and
protecting groups® and high selectivity in the oxidation
of primary alcohols in the presence of secondary ones.

Armed with this conviction, we developed a new one-pot
procedure for the homologation of alcohols to ao,f-
unsaturated esters, depicted in Scheme 1. This method
involves the rapid oxidation of alcohols in dichloro-
methane at room temperature using 1.15 equiv of BAIB
in the presence of 0.1 equiv of TEMPO followed by the
addition, at 0 °C, of 1.3 equiv of stabilized phosphor-
anes. Unsaturated esters were obtained in good yields
and stereoselectivities (Tables 1 and 2).4°¢

As already observed by others,”’ N-oxoammonium salt
mediated oxidation of primary alcohols was rapid
(1-3 h); the oxidation of diol 20 (Table 1, entry 11)
and sugar derivatives S and 25 (Table 1, entry 3 and
Table 2, entry 3) being slower (between 5 and 7 h). It
is noticeable that the Wittig reaction proceeded with
both high speed and trans-selectivity (>95:5 as deter-
mined by "H NMR) on most substrates. Acetic acid,
formed during the oxidation step, may be responsible
for this acceleration and enhancement of the E/Z

H (0]
R1/\OH _a . R1/§O _b, R1/\)LR2
R2 = OEt, Me

Scheme 1. Reagents and conditions: (a) PhI(OAc),, TEMPO cat.,
CH,Cl, rt; (b) PhsP=CH-COR?Z, 0 °C to rt.
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Table 1. One-pot BAIB/TEMPO oxidation-Wittig olefination of primary alcohols

Entry Substrate

Conditions®

Product (isolated yield)

OH

1 (1) 3h, rt; (2) 1 b, 0°C

(1) 2h, tt; (2) 1 h, 0°C

(1) 5h, rt; (2) 30 min, 0 °C

750025
2(8

2%)
A>&\ﬂ
4 (90%) CO,Et
CO,Et
oo
\Fo
i

5 oA( o)
6 (88%)°
4 =" (1) 3h, rt; (2) 1 h, 1t = COqEt
7 8 (85%)
>=/\)\/\OH >=/\/‘\/\/COR
9
5 (1) 90 min, rt; (2) 16 h, rt 10 R = OEt (85%)
6 (1) 90 min, rt; (2) 72 h, rt 11 R = Me (57%)

(1) 1 h, rt; (2) 16 h, rt

|
/

13 (74%) X

CO,Et
8 BnO—/_\—OH (1)3h, rt; (2) 1h, rt BnO—/—\a
CO,Et
14 15 (89%)
=
OH Ph
9 Ph” (1) 3h, rt; (2) 2 h, rt /\/\g/
16 17 (90%)
OH OH
10 WOH (1)4h, rt; (2) 1h, 0°C /\MCOZEt
18 19 (75%)
OH o COEt
11 HovﬂjA (1) 7h, rt; (2) 1 h, rt A/Ej/\/
EtO,.C™ ™
20

21 (86%)°

#Reaction conditions: (1) BAIB (1.15 equiv), TEMPO (0.1 equiv), CH,Cly; (2) Ph;P=CH-COR (R = OEt, Me) (1.3 equiv), multiply by 2 for diol 20.

®E/Z ratio: 3/1.
°EE/ZZ ratio: 16/1.

selectivity.®? Other features of this one-pot process are
that either epimerization at C-2 carbon of the epoxy
alcohol 3 (Table 1, entry 2) or migration of the double
bond of the homoallylic alcohol 1 did not occur under
the reaction conditions.

During the oxidation/olefination of nerol (Table 1, entry
7), some E/Z isomerization at the C4-C5 trisubstituted
double bond happened.!® Contrary to the smooth

reaction of 2-phenylethanal with 1-triphenylphosphor-
anylidene-2-propanone, leading exclusively to the
(E)-unsaturated ketone 17 in quantitative yield (Table
1, entry 9), geranial reacted sluggishly with this phos-
phorane giving the conjugated diene 11 in only a modest
yield (Table 1, entry 6).

We next turned our attention to the selective oxidation/
olefination of primary alcohols in the presence of
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Table 2. Chemoselective oxidation/olefination of primary alcohols in the presence of secondary ones

Entry Substrate Conditions® Product (isolated yield)
)Oi/\/\/\/ g
1 22 (1) 2h, rt; (2) T h, 1t 23 R = OEt (87%)
2 (1)2h, rt; (2) 3 h, 1t 24 R = Me (69%)
OH —
o o COzEt
OBn i OBn
3 HO OMe (1) 6 h, rt; (2) 30 min, 0 °C HO OMe
OBn OBn
25 26 (68%)°
BnO OH BnOWCOZEt
4 OH (1) 3h, rt; (2) 1 h, rt OH
27 28 (50%)

#Reaction conditions: (1) BAIB (1.15 equiv), TEMPO (0.1 equiv), CH,Cl,; (2) Ph3P=CH-COR (1.3 equiv).

b /7 ratio: 1/2.

secondary ones (Table 2). Under the same reaction
conditions as described above, 1,8-nonanediol 22 was
transformed to the mono-(E)-unsaturated ester 23 in
a rewarding 87% yield (entry 1), thus demonstrating
the excellent chemoselectivity of our procedure. Methyl
2,3-di-O-benzyl-a-D-glucopyranoside 25 gave 26 in good
yield but with a low selectivity in favour of the Z isomer
(entry 3). In the case of 1,3-diol 27, the ester 28 was
obtained in a moderate yield due to the formation of
several minor products at the oxidation stage (entry
4).

In conclusion, we have shown that the BAIB/TEMPO
system in combination with stabilized phosphoranes
constitutes a mild and stereoselective one-pot method
for the conversion of a variety of alcohols into their cor-
responding o,B-unsaturated esters. Our procedure has
significant advantages over the existing ones such as its
chemoselectivity (primary alcohols over secondary
ones),' 12 general applicability,'* commercially avail-
able and safer reagents.'#
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