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ABSTRACT

Using (diacetoxyiodo)benzene in conjunction with simple bromide salts in ethanol allows the regioselective ethoxybromination of a wide range of
enamides, thus yielding highly versatile R-bromo hemiaminals, which can then be engaged in a broad array of transformations.

In recent years, polyvalent iodine compoundshavebeenat
the center of tremendous activity and research develop-
ments.1 Of special interest are iodine(III) compounds such
as Koser’s reagent2 and (diacetoxyiodo)benzene (PIDA).1,2

One of the particular characteristics of these compounds
is that they behave in a similar fashion to transition-metal
complexes.3 Indeed, around the central iodine atom, ligands
can be exchanged and then transferred through a formal
reductive elimination. In this context, halides can be used
as ligands, in which case an umpolung of the salt4 can
occur to give birth to electrophilic halogen species. Several
combinations of alkali or metal halide salts and hypervalent
iodine(III) derivatives have previously been studied and
reacted with substrates such as carbonyls,5 electron-rich
arenes,6 olefins,7 and even aliphatic CH bonds.8

We have recently explored the reactivity of enamides 1
toward nitrenoids generated from iodine(III) species,
namely iminoiodanes, in the presence of a nucleophile.9a

This set of reaction conditions allowed the oxidative
difunctionalization of the enamide to give the correspond-
ing amino hemiaminal in a completely regio- and stereo-
selective manner (Scheme 1, eq 1).
Extrapolating from this, we reasoned that subjecting the

same type of enamide to a combination of a halide source
and iodobenzene diacetate,10 we could in turn obtain an
R-bromo hemiaminal, which would constitute a highly
versatile synthon for further transformations (Scheme 1,
eq 2).11Moreover, the low toxicity of iodine(III) derivatives1

and their potential for asymmetric transformations12 led
us to consider that this strategy would provide a valuable
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alternative to the use of anodic oxidation of bromides,13

toxic bromine,14 or NBS,15which furthermore, have so far
been mostly limited to cyclic enamide derivatives.16

We startedby reacting tosyl enamide 1awithan excess of
iodobenzene diacetate in the presence of a 2-fold amount
of lithium bromide in dry acetonitrile. The lithium salt was
chosen because, as an alkali halide, it is cheap and widely
available and also exhibits a better solubility than other
alkali salts in organic solvents. Under these conditions,
there is no external nucleophile other than the acetate,
which is liberated by reaction of the iodobenzene diacetate
and is regioselectively incorporated in the final product
(Table 1, entry 1). However, this product could only be
isolated in moderate yield (as a mixture of two diastereo-
isomers in a 4:1 ratio) because of the low stability of the
acetoxy hemiaminal moiety.
Addingmolecular sieves to the reactionmixture allowed

shorter reaction times while improving the yield to some
extent (entry 2), but the stability of the adduct remained
an issue. Assuming this problem was due to the acetoxy

group, ethanol was added as an external nucleophile but
competitive addition of the acetate was still observed
(entries 3 and 4). Finally, complete chemoselectivity in
favor of ethoxy products was obtained by using ethanol
as the solvent (entry 5). Lowering the temperature to 0 �C
increased the diastereoselectivity, and the optimal amount
of reagents was found to be 1.2 equiv of PIDA and
2.4 equiv of lithium bromide, which efficiently provided
97% of the desired product 3awith a 87:13 diastereomeric
ratio (entries 6�8). Diminishing the temperature further
to �20 �C only increased the reaction time without any
real improvement of the diastereoselectivity (entry 9).
The relative configuration of the major diastereoi-
somer was attributed from the X-ray data obtained
for ethoxy-3a (Figure 1) which was further confirmed
from the X-ray data obtained for compound 3p (see
Table 2).

With this set of optimized conditions in hand, we went
on to probe the scope of the reaction. First, varying the

Table 1. Optimization of Reaction Conditions

entry X solvent

temp

(�C)
t

(min) misc

R, yielda

(%)

1 1.8 MeCN rt 70 no MS Ac, 59

2 1.4 MeCN rt 10 MS Ac, 72

3 1.4 MeCN rt 10 5 equiv of EtOH Et, 85b

4 1.4 MeCN rt 10 10 equiv of EtOH Et, 95c

5 1.4 EtOH rt 10 dr 80/20 Et,100d

6 1.4 EtOH 0 20 dr 83/17 Et, 91

7 1.1 EtOH 0 90 e Et, 86

8 1.2 EtOH 0 25 dr 87/13 Et, 97

9 1.2 EtOH �20 20 h dr 88/12 Et, 100d

a Isolated yields after chromatography on silica gel unless otherwise
mentioned. bConversion determined by 1H NMR, along with 15%
of R = Ac. cConversion determined by 1H NMR, along with 5% of
R=Ac. dConversion determined by 1HNMR. e 10mol%of PIDAand
20 mol % of LiBr were added after 60 min.

Scheme 1. Initial Endeavor

Figure 1. ORTEP drawings for OEt-3a and 3p.
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sulfonamide protecting group had only a small influence
on the course of the reaction (Table 2, 1a�d) though the
tosyl group was the most satisfying in terms of yield and
diastereoselectivity. The slight variations in the diastereo-
isomeric ratio are consistent with steric effects, while
the more electron-withdrawing nosyl group only caused a
moderate loss in efficiency.Moreover, comparisonbetween
the 1H NMR spectra of the various R-bromo hemiaminals
obtained and 3a showed that the major diastereoisomer
was the same in all cases. Replacement of the phenyl by a
p-methoxyphenyl, a benzyl, an allyl, or a methyl group
(1e�h) led to incremental improvements of thedr, probably
due to subtle variations of the steric hindrance. It is
noteworthy that this reaction proved to be highly chemo-
selective, as neither the electron-rich anisyl6 (1e) nor the
allyl7 (1g) moieties were affected in this transformation. On
the other hand, switching from a sulfonamide to an amide
or a carbamate proved highly detrimental. Indeed, when
submitted to the reaction conditions, N-Ac compounds
only gave a complex mixture (1i,j). This phenomenon was
slightly less pronounced forN-Boc substrates, inwhich case
the formation of the desired product could be observed
before it decomposed (1k,l). When differently function-
alized substrates such as (E)-2-aminoacrylates were sub-
jected to the same reaction conditions (1m�p), the dr
were consistently above the 90/10 threshold (as observed
for the crude material, the adducts were often isolated as a
single diastereoisomer) and the yields remained excellent,
with the major isomer corresponding to that obtained for
(E)-2-aminostyrenes (as evidenced by the X-ray analysis
of 3p, Figure 1). In contrast, theZ isomers gave the desired
product in lower yields and with almost no diastereoselec-
tivity (1q,r). Finally, it should be noted that, despite the
oxidative nature of the reaction conditions, free alcohols
are tolerated and give the corresponding adducts with
moderate yields but excellent diastereoselectivities (1s,t).
The strong discrepancy observed between the reactivity

of the E and Z isomers raised a few questions concerning
the mechanism of this transformation. First, at this stage,
the exact nature of the electrophile remains conjectural.
In the presence of bromide ions a series of equilibria
could take place between iodobenzene diacetate and
iodobenzene dibromide 5 through the mixed species 4

(Scheme 2).5�8,18 For both in situ generated iodine(III)
reagents a reductive elimination can take place, producing
acetyl hypobromite or bromine. Formally, all four species
can be considered as Brþ sources for the reaction.
We then assume that the reaction between the enamide 1

and the electrophilic bromonium species (whatever its
exact nature) would stereospecifically lead to bridged
bromonium 6, which would be in equilibrium with imi-
nium 7 (Scheme 3).

Depending on the various stereoelectronic effects at
play, one form might be favored over the other, thus
influencing the final diastereoselective ratio as the addition
of the external nucleophile (ethanol) would proceed
through an SN2 and/or SN1 type mechanism. Indeed,
(Z)-enamide would give rise to cis-6 in which unfavorable
1,2 steric interaction would displace the equilibrium to-
ward the iminium and therefore cause a drastic lowering
of the diastereoselectivity (as was observed for substrates
1q,r). Lastly, it should be pointed out that the X-ray data
for the major stereoisomer (both for R0 = Ph, 3a and for
R0 =CO2Me, 3p) are consistent with an SN2-type opening
of bromonium trans-6a by ethanol.
As already stated, these R-bromo hemiaminals are

highly versatile synthons, and sowe went on to probe their

Table 2. Substrate Scope for the Ethoxybromination17

s.m. R PG R0 t (min) dra yieldb (%)

1a Ph Ts Ph (E) 25 87/13 97

1b Ph PhSO2 Ph (E) 30 83/17 88

1c Ph Ms Ph (E) 40 76/24 89

1d Ph Ns Ph (E) 25 92/8 81c

1e PMP Ts Ph (E) 60 77/23 71d

1f Bn Ts Ph (E) 20 83/17 88c

1g Allyl Ts Ph (E) 50 90/10 89

1h Me PhSO2 Ph (E) 20 92/8 89

1i Ph Ac Ph (E) 50 N.D. c.m.

1j Bn Ac Ph (E) 40 N.D. c.m.

1k Ph Boc Ph (E) 30 79/21 49e

1l Bn Boc Ph (E) 45 71/29 N.D.

1m PMP Ts CO2Me (E) 120 92/8 79e

1n Bn Ts CO2Me (E) 150 92/8 73e

1o Bn Ns CO2Me (E) 90 92/8 55e

1p Allyl Ts CO2Me (E) 40 91/9 74

1q Bn Ts CO2Me (Z) 60 52/48 52

1r Allyl Ts CO2Me (Z) 45 55/45 65

1s Bn Ts CH2OH (E) 30 92/8 60e,f

1t Allyl Ts CH2OH (E) 90 92/8 46f

aCalculated by 1HNMR analysis of the crude material. N.D.= not
determined. b Isolated yields after chromatography on silica gel. c.m. =
complex mixture. cReaction run with 1.4 equiv of PIDA and 2.8 equiv
of LiBr. d 10 mol % of PIDA and 20 mol % of LiBr were added
after 30 min. e Isolated as a single diastereoisomer. fReaction run with
1.2 equiv of PIDA and 4.5 equiv of LiBr on a 1 mmol scale.

Scheme 2. Generation of the Electrophilic Species
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behavior in several transformations. First, using a Lewis
acid such as boron trifluoride etherate allows the regenera-
tion of iminium 7 (and putatively bromonium 6) and the
subsequent addition of soft nucleophiles such as triethylsi-
lane and allyltrimethylsilane (Scheme 4). Both reduction
and allylation proceed smoothly to give R-bromo amines
(8 and 9) inmoderate to good yields (unoptimized) andas a
single diastereomer for 9a and 9b. Diallylic compound 9b

could be elaborated further byGrubbs’ second-generation
catalyst-triggered ring-closing metathesis, which yielded
the corresponding tetrahydropyridine 10 quantitatively.
The bromo moiety could also be exploited. Simple treat-
ment of the free alcohols 3s and 3twith sodium hydroxide
cleanly afforded R-amino epoxides 11a and 11b. N-Allyl
substrate 8b could be cyclized under either palladium-
catalyzed19 or radical-initiated conditions to give two types
of substituted pyrrolidines 12 and 13, respectively.
In summary, using a combination of PIDA and lithium

bromide in ethanol enabled the regioselective alkoxybro-
mination of variously substituted enamide derivativeswith
excellent yield and selectivity. The resulting R-bromo
hemiaminals could then be elaborated further using various
strategies ranging fromradical to transition-metal-catalyzed
transformations. Efforts toward the development of an

asymmetric variant of this transformation and its use for
the synthesis of biologically relevant targets are currently
underway in our laboratory.
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Scheme 4. Exploiting the Versatility of the Adductsa

aThe relative configuration of compounds 9a, 9b, 10, 11a, and 11b,
isolated as single diastereoisomers, could not be ascertained.

Scheme 3. Mechanistic Proposal
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