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ABSTRACT: The rotational preferences of N-(2-bromo-4,6-dime-
thylphenyl)-N-methyl 2-phenylpropanamide were studied as a model
of precursors for Hartwig asymmetric oxindole cyclizations. The
atropisomers of this compound were separated by flash chromatog-
raphy, and then the enantiomers were resolved and the
interconversions of the stereocenter and the N−Ar axis were studied.
Under thermal conditions, the axis is very stable. Under the basic
conditions of the Hartwig cyclization, both the stereocenter and the
chiral axis equilibrate via enolate formation. The N−Ar rotation barrier of a 2-phenylacetamide analogue was reduced from 31
kcal mol−1 in the precursor to 17 kcal mol−1 in the enolate. Reasons for this dramatic barrier reduction and implications of both
N−Ar and amide C−N rotations for Hartwig cyclizations are discussed.

■ INTRODUCTION

Rotational isomerism of Nsp2−Csp2 single bonds spans the full
range of possibilities depending on substituents. At one end,
amide and related functional groups are planar and exhibit E/Z
isomerism.1 At the other end, functional groups with Nsp2−Ar
and related cores often prefer twisted, even orthogonal,
geometries. Such groups include N-arylamides, carbamates,
ureas, heterocycles (lactams, imides, among many others), and
so on.2,3 Both the geometry of the N−Ar bond and its rotation
barrier are crucial features in areas as diverse as enzyme/
substrate binding,4 molecular torsional balances,5 and asym-
metric synthesis.6

When reactive intermediates are involved, asymmetric
reactions of axially chiral anilides (N-arylamides) are often
ultimately dictated by the configuration of the starting
material.6,7 This is because the onward reactions of the
intermediates, radicals, anions,68 and organometallic species,8

are faster than one or more bond rotations. The result is that
only a subset of the usually considered transition states is
actually available for onward reaction in one atropisomer of a
starting material. The remaining subset is only accessible from
the other atropisomer.
Consider asymmetric Heck reactions of the o-iodoanilides, as

shown in Figure 1a. These were pioneered by Overman for use
in natural product synthesis.10 Cyclization of o-haloanilides like
1 with various chiral palladium catalysts produces 3-alkenyl-2-
oxindoles 2 in high yields and ee’s. Like most anilides,
precursors 1 prefer the (E)-amide rotamer (N−Ar and CO
are trans), and the plane of the N−Ar group is roughly
orthogonal to the plane of the amide.11

To address the question of which step in the Heck reaction
dictates the enantioselectivity, we prepared enantioenriched 3
that has an added o-methyl group (shown in red) to “lock” the
N−Ar bond. Then we conducted Heck cyclizations with an

achiral palladium catalyst under ambient temperature con-
ditions where the lock was in effect (Figure 1b).9 High chirality
transfer from the axis of 3 to the stereocenter of 4 was
observed. This shows that N−Ar bond rotation does not occur
during the Heck process of the locked substrate 3. It also
suggests that asymmetric Heck reactions like those in Figure 1a
under “unlocked” conditions might be dynamic kinetic
resolutions where the stereochemistry-determining step is
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Figure 1. Asymmetric Heck reactions of anilide atropisomers. Two
limiting conditions: N−Ar axis unlocked (a) or locked (b).

Article

pubs.acs.org/joc

© 2013 American Chemical Society 4083 dx.doi.org/10.1021/jo400385t | J. Org. Chem. 2013, 78, 4083−4089

pubs.acs.org/joc


oxidative addition of a chiral Pd species into one of the rapidly
equilibrating atropisomers of 1.
A second class of asymmetric reactions of o-haloanilides, Pd-

catalyzed enolate cyclizations, also produce oxindoles (Figure
2a). These transformations were pioneered by Lee and

Hartwig,12 and several groups have introduced new chiral
ligands.13 Kündig’s NHC ligands, in particular, give exceptional
ees with broad substrate scope.13b Generally speaking,
cyclization of o-haloanilides like 5 with a strong base (to
make the enolate) and a chiral catalyst provides 3-phenyl-2-
oxindoles 6.14 The mechanism of this reaction may be very
different from a Heck reaction, and Hartwig provided evidence
for palladacycle intermediates.12,13e

We set out to answer two questions about this reaction. First,
the commonly drawn depictions of 5 with a planar (Z)-amide
cannot represent energy minima. Precursors like 5 have three
stereogenic elements, the stereocenter, the amide C−N bond,
and the N−Ar axis (Figure 2b). What do molecules like 5 look
like in the ground state? And second, does the configuration of
either the stereocenter15 or the chiral axis play a key role in
these cyclizations?
To address both questions, we made and studied cyclizations

of stereoisomerically pure “locked” precursors bearing addi-
tional o-methyl groups. Here we show that such precursors exist
mostly as two diastereomers, both of which have an (E)-amide
bond. To our surprise, the lock was cracked under Hartwig
cyclization conditions, apparently because the amide enolate
has a much lower N−Ar rotation barrier than its conjugate acid
precursor. We report N−Ar rotation barriers for two substrates
in both protonated and enolate forms, and we discuss the
consequences of this reaction on Hartwig oxindole cyclizations.

■ RESULTS AND DISCUSSION
We selected N-methyl-N-(2-bromo-4,6-dimethylphenyl)-2-phe-
nylpropanamide 7 as the “locked” precursor for resolution and
cyclization (Scheme 1). The added o-methyl group serves as
the lock by raising the N−Ar rotation barrier; however, this
methyl group is not expected to significantly alter either
ground-state geometry or isomer populations relative to
5.7a,b,9,11 The added p-methyl group in 7 should not
significantly affect either barriers or rotamer populations, and

it is present simply because the precursor (2-bromo-4,6-
dimethylaniline, 8) is readily available.
Acylation of 8 with rac-2-phenylpropanoyl chloride followed

by alkylation of the resulting sec-amide with NaH and
iodomethane provided a mixture of N-methylated atropisomers
7. These were readily separated by flash chromatography. The
less polar isomer anti-7 was isolated in 58% yield as a white
solid, while the more polar isomer syn-7 was isolated as a clear
oil in 31% yield. Here “syn” and “anti” refer to the orientations
of the bromine atom on the aryl ring relative to the phenyl
group on the stereocenter in the depicted conformation. The
combined yield of the two racemates was 89%.
Relative configurations of 7 were assigned by NMR

spectroscopy with the assumption that geometries like that
shown in Scheme 1 are favored. Specifically, the C−H bond of
the stereocenter is oriented approximately anti to the amide
carbonyl group. The major isomer anti-7 has a shielded singlet
at 1.41 ppm in its 1H NMR spectrum. We assign this to the o-
methyl group and attribute the upfield shift to anisotropic
shielding by the phenyl ring. The p-methyl group in anti-7 and
both aryl methyl groups of syn-7 resonate in a narrow range
2.31−2.34 ppm.
Both diastereomers were resolved into their enantiomeric

components by preparative chiral HPLC on an (S,S)-Whelk-O1
column, with the anti diastereomer providing S,M-7 and R,P-7
and the syn diastereomer providing S,P-7 and R,M-7. The
absolute configuration of enantiomer R,P-7 was determined by
solving its X-ray crystal structure (Figure 3), which also
confirmed the anti relative configuration of both the N−Ar axis
and E-geometry of the amide C−N bond.

The last link in the structure assignment, absolute
configurations of the syn diastereomers of 7, was provided by
heating the anti diastereomers to induce N−Ar bond rotation;
R,P-7 equilibrated with R,M-7 and S,P-7 with S,M-7. A
complete rotation profile in the (R)-enantiomeric series is
shown in Figure 4. The N−Ar atropisomers (anti/syn) do not
interconvert at rt, but each (E)-amide rotamer is in equilibrium
with the corresponding (Z)-amide rotamer (N−Ar and CO
cis), which must also be twisted into two atropisomers, as

Figure 2. Hartwig cyclizations of o-haloanilide enolates provide
enantioenriched oxindoles (a) and stereogenic elements of their
precursors (b).

Scheme 1. Synthesis and Separation of the Racemic Syn/
Anti Atropisomers of 7 Shown in R Enantiomeric Series

Figure 3. Ball and stick representation of the X-ray crystal structure of
anti-isomer R,P-7.
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shown. In CDCl3 at rt, the minor amide rotamer R,P-7Z in the
anti series cannot be identified in the 1H NMR spectrum of the
major atropisomer (R,P-7E/R,P-7Z > 98/2), while the E/Z
ratio in the minor syn-atropisomer series, R,M-7E/R,M-7Z, is
about 91/9.
The interconversion of antiatropisomer R,P-7 and syn-

atropisomer R,M-7 was studied by heating pure samples of each
isomer at 100 °C in tert-butylbenzene with time course
monitoring by 1H NMR spectroscopy. The equilibrium ratio is
about 75/25 in favor of R,P-7. Data were processed in the usual
way (see the Supporting Information) to give a barrier from M
to P (minor to major) of ΔG⧧ = 30.5 kcal mol−1, while the
barrier from P to M (major to minor) is ΔG⧧ = 31.2 kcal mol−1.
These barriers mean that the atropisomers of 7 have significant
stability under the thermal conditions of Hartwig reactions (t1/2
of several days at 85 °C compared to reactions times of several
hours).
Neglecting temperature dependence of equilibrium con-

stants, R-7 exists at equilibrium as about 75% of antiseries
isomer R,P-7E, 23% of syn-series isomer R,M-7E and 2% of its
amide rotamer R,M-7Z. The fourth isomer R,P-7Z (amide
rotamer of the major isomer) is present only in trace amounts.
The depiction in Figure 4 implies that the mechanism for

N−Ar bond rotation is direct interconversion of R,P-7E and
R,M-7E. This is not necessarily the case because equilibration
could occur over the Z-isomers in a Curtin−Hammett scheme
or could even be geared (coupled) with amide rotation.18

Nonetheless, it is the magnitude of the barrier, not the
mechanism of the process, that is important for the
forthcoming discussion. Here we focus on the major (E)-
amide rotamers (98% total), but these are in equilibrium with
small amounts of the corresponding (Z)-rotamers (2% total).
We next conducted control experiments by exposing R,P-7 to

NaOtBu in DME at 85 °C. These are typical conditions for
asymmetric Hartwig cyclizations,12,13 but we omitted the
palladium and ligands. Reaction progress was followed by
chiral HPLC. We expected to see one new isomer from base-
catalyzed epimerization of the stereocenter, but we quickly saw
all three of the other isomers and the system soon reached
equilibrium (3/3/1/1). Thus, the base promotes isomerization
of both the stereocenter and, unexpectedly, the N−Ar axis.

We conducted a few experiments with the stereopure
precursors in the presence of palladium catalysts and NHC
ligands with similar results.16,17 In other words, the precursors 7
approached full equilibrium at a rate that was faster than
formation of product 8 (Scheme 2). This shows the

stereocontrol in the Hartwig reaction is not dictated by the
original stereocenter,15 but it also shows that the “locked
substrate” approach cannot be used to test for the importance
of N−Ar atropisomer configuration in the Hartwig reaction
because the base cracks the lock.
The results suggest that the mechanism for cracking the lock

is simply formation of the enolate. Deprotonation of course
equilibrates the stereocenter (by reversible protonation), but it
also must allow for rotation of the N−Ar axis of rotamers P-9
and M-9, as shown in Figure 5. Deprotonation can form

isomeric amide (E/Z)-enolates. But it erases the stereocenter,
so in a simple view the diastereomers of 7 become enantiomers.
The rotation is illustrated with (Z)-enolates (Ph and OM cis),
but (E)-enolates or even twisted (chiral) enolates may also be
present.
A time course experiment at 0 °C allowed us to estimate that

the barrier for N−Ar rotation is reduced from 31 kcal mol−1 in
the precursor to about 20 kcal mol−1 in the enolate. This is a
large effect, especially considering that the amide and the
enolate both get their axial chirality from two adjacent sp2

centers.
The measured value of N−Ar rotation of the enolate 9 is

only a crude estimate for at least two reasons: (1) the kinetic
analysis is inherently problematic because two interconversions
(epimerization and N−Ar bond rotation) occur more or less
simultaneously, and (2) the analysis assumes that the
deprotonation is quantitative, which may not be the case.13f

To make a more clear-cut measurement of an enolate N−Ar
rotation barrier, we removed the α-methyl group from 7 to

Figure 4. Interconversion of rotational isomers of 7 shown in the R
enantiomeric series. At rt, amide E/Z rotation (vertical) is fast but N−
Ar rotation (horizontal) is very slow.

Scheme 2. Base-Catalyzed Equilibration of Both the
Stereocenter and the Axis of 7 Occurs with or without a Pd
Catalyst and Ligand

Figure 5. Enolate atropisomers based on N−Ar bond rotation and
illustrated with E-amide−Z-enolates.
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eliminate the stereocenter and we switched to a stronger base
to ensure complete deprotonation.
rac-N-(2-Bromo-4,6-dimethylphenyl)-2-phenylacetamide 10

was synthesized and then preparatively resolved into its two
enantiomers on an (S,S)-Whelk-O1 HPLC column (Scheme
3). Standard thermal equilibration experiments as above

provided the barrier to interconversion of the two atropisomers,
ΔG⧧ = 30.8 kcal mol−1. Scheme 3 shows only the major (E)-
amide rotamer of 10, but the (Z)-rotamer can be observed by
1H NMR spectroscopy and the E/Z ratio at rt in CDCl3 is
about 96/4.
To assign the absolute configuration of the atropisomers, we

deprotonated the first eluting enantiomer with lithium
diisopropylamide (LDA) at −78 °C and then added iodo-
methane at the same temperature. To ensure that no N−Ar
bond rotation occurred, the reaction was quenched with NH4Cl
after 10 min, and then the products were assessed by chiral
HPLC. About 60% of the mixture was methylated products
S,M-7 and R,M-7 in a ratio of 88/12. The remaining 40% was
recovered M-10. No P-atropisomers of either the precursor 10
or the products were detected by chiral HPLC, so N−Ar
rotation of the lithium enolate is slow relative to methylation at
−78 °C. A similar experiment with P-10 gave the atropisomers
S,P-7 and R,P-7 with similar conversion and ratio.
The enolate methylation provides the less stable syn-

atropisomer in excess, and the diastereoselectivity (88/12) is
surprisingly high given that the two ortho substituents (Me and
Br) shielding the two faces of enolate 11 are not that different
in size. This selectivity is even more surprising in light of the
results of Simpkins and co-workers.7h,i They observed low
selectivities with related axially chiral enolates that appear to be
much more favorably biased for face selectivity (one o-
substituent is H and the other is tBu). They attributed the
low selectivity to alkylation of Z-amide−Z-enolates in
competition with E-amide−Z-enolates.
Compared to enolate 9, the structure of enolate 11 derived

from 10 and lacking the α-methyl group is more clear-cut
(Figure 5). Amide enolates with only one substituent on the
anionic carbon atom adopt a planar, (Z)-enolate geometry to
avoid A-strain between the enolate substituent (here Ph) and
one of the N-substituents (here the Ar ring).19 Thus, the

geometries of 11 in Figure 5 are probably good approximations
of solution structures.
To measure the N−Ar rotation barrier of the enolate, 11 was

added to a solution of LDA at −38 °C, and then aliquots were
periodically quenched and ee was assessed by chiral HPLC.
Despite possible complexities with enolate aggregates, reason-
able first-order kinetics were observed with ΔG⧧ = 17 kcal
mol−1. A similar experiment at −45 °C gave a comparable result
(see the Supporting Information). Thus formation of the
enolate reduces the N−Ar rotation barrier by almost 14 kcal
mol−1.
The origin of the barrier decrease is cloaked in the structure

of the enolate. Like its amide precursor, enolate 11 has both
N−Ar and N−C(O−)C rotamers, the latter being the
analogue of E/Z amide rotamers. Thus, N−Ar rotation could
occur either on an (E) or a (Z) amide enolate rotamer or even
be coupled to amide enolate rotation.
In resonance terms, deprotonation of an amide 10 introduces

cross-conjugation in the resulting amide enolate 11 (Figure 6).

This suggests that carbamates and ureas might be simple
models for amide enolates. The cross-conjugation in
carbamates and ureas lowers the C(O)−N bond rotation
barrier (E/Z isomerization) relative to comparable amides.20 In
addition, the N−Ar rotation barriers of N-aryl carbamates and
ureas are also lower than those of comparable N-aryl amides
(anilides).21 Thus, the barrier-reducing effect of cross-
conjugation still plays out at the N−Ar bond even though
the two connected π-systems (carbamate/urea and aryl ring)
are orthogonal. Presumably, cross-conjugation tends to length-
en the C(O)−NAr bond and allow it to twist. In turn, the N
can pyramidalize.
Recent calculations suggest that pyramidalization of the

amide nitrogen atom is an important component of N−Ar
bond rotation.22 There is evidence that various amide-type
enolates are more prone to pyramidalize than their precursors,
presumably because amide resonance is decreased on
deprotonation.23 We speculate that this ability to pyramidalize
translates to enolates like 9 and 11 and that this is an important
reason for the large decrease in the N−Ar rotation barrier.

Scheme 3. Interconversion of Stropisomers of 10 and
Assignment of Absolute Configuration by Methylation of the
Enolate

Figure 6. Suggested effects of pyramidalization: conversion of an
anilide to an enolate or o-anilide allows pyramidalization at N and
reduces the N−Ar rotation barrier.
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To the extent that the N atom of the enolate can
pyramidalize without a large energy penalty, the atropisomer-
ism becomes a rotation of an sp3−sp2 bond rather than an sp2−
sp2 bond. Other factors being equal, the former type of rotation
is much faster.3 Compare, for example, the barriers of 12 and
13 in Figure 6.24 In substrate 13, the N pyramidalizes because it
is part of an amide acetal. This reduces the N−Ar rotation
barrier from 29 to 23 kcal mol−1.
With this detailed knowledge of the rotational preferences of

o-methyl-substituted substrates 7 and 10, we then returned to
the substrate 5 for the Hartwig cyclization. This and most other
substrates used to date lack the o-methyl group.12,13 Figure 7
shows the rotational isomers of precursor 5 inside the box.
Outside the box are intermediates in a catalytic cycle that was
proposed by Hartwig12 and has been widely adopted.13

In substrate 5, the N−Ar rotation barrier is significantly
decreased compared to 7/10 so the atropisomers cannot be
separated.7a−c Inspection of published 1H NMR spectra of 5
and related molecules shows that there is about a 3/1 ratio of
rotational isomers. These are not (E/Z)-amide isomers, but
instead anti/syn atropisomers of the (E)-amide isomer (anti-5E
and syn-5E). Like the o-methyl group in 7 (Scheme 1), the o-
hydrogen in 5 is significantly shielded in the major antirotamer.
It is difficult to find the two minor (Z)-amide rotamers of 5

because the N−Ar atropisomers of 5 cannot be separated, and
we could not identify clear peaks for these (Z)-rotamers in
published spectra. So precursor 5 is at equilibrium at room
temperature with an anti/syn ratio of about 75/25. Both major
rotational isomers are (E)-amides, but there are probably trace
amounts of the corresponding (Z)-amide rotamers.11

The basic steps of the mechanism12 are clear enough,
oxidative addition, enolate formation, conversion to an Ar−Pd-
enolate species, and reductive elimination, but the timing is less
clear. Here we focus on conformational features and represent
the chiral palladium catalysts simply as Pd*.25 Hartwig
proposed that the first step is oxidative addition of the

palladium species into the precursor 5 to give an intermediate
14 with the amide carbonyl group ligated to Pd*.12 This
intermediate could form directly by insertion of Pd* into a
minor (Z)-amide rotamer, present in trace amounts.26

This is a dynamic kinetic resolution because a chiral Pd-
species can select between four isomeric (Z)-amides (M/P,
shown; R/S, only R shown). Intermediate 14 may retain an
element of axial chirality from 5, though this is now best viewed
in the context of a ring conformation. In other words, if
chirality is retained, then atropisomer P-5Z gives 14a and M-5Z
gives 14b. If the ring flip that interconverts 14a and 14b is fast
(or if the ring is planar), then the effect of the prior dynamic
kinetic resolution may be erased. But if intermediates 14a,b are
rapidly interconverting, then the next step is also a dynamic
kinetic resolution.
The next key intermediate is the palladacycle 15,12 which

must result from at least two separate steps, enolate formation
and amide C−N bond rotation. The deprotonation step can
give (E/Z)-amide enolates at the enolate CC bonds while
the rotation step involves a new element of axial chirality. (The
amide C−N bond can rotate two different ways during the
process of complexation of Pd from O, amide bond rotation,
and recompletion to C.) Reductive elimination of 15 provides
the product 6.
Notice that the path from precursor to product is less direct

than it could be The amide C−N bond rotates twice, first from
(E) to (Z) in the precursor 5, then later back to (E) in 15.
Futhermore, the formation of 14 presumably occurs from the
less populated (Z)-rotamer of 5.26 A more direct process would
be reaction of a syn or anti isomer of 5E to give 15. This
shortcut could occur in as few as two steps, deprotonation and
oxidative addition (in either order). So if the accepted
mechanism is correct, then the steps of the longer path have
the lower barriers.
Setting the possible shortcut aside and returning to the

accepted mechanism, what is the stereochemistry determining
step? Presumably the conversion of 15 to 6 occurs with
retention of configuration at the stereocenter,13e so it is not this
step but a prior one. In that case, it could well involve dynamic
kinetic resolution. All of the suggested intermediates have
multiple isomers due to the stereocenter or enolate, the N−Ar
bond or ring conformation, and of course the chiral ligand. The
dynamic kinetic resolution could occur directly at the very last
stage, formation of 15, or it could occur earlier, with the
subsequent step(s) occurring irreversibly and with chirality
transfer.

■ CONCLUSIONS
We have shown that o-haloanilide precursors of Hartwig
oxindole cyclizations do not exist as planar (Z)-rotamers but
instead twisted (E)-rotamers. Precursors for such cyclization
typically have a stereocenter, so two diastereomeric atro-
pisomers are present. From the standpoint of Hartwig
cyclizations, the o-methyl group of moldel substrates 7 and
10 provides an artificially high barrier for atropisomerism (30−
31 kcal mol−1). In actual substrates like 5 lacking this Me group,
the N−Ar rotation barrier is still substantial (about 15−20 kcal
mol−1),21 but atropisomerism is nonetheless rapid compared to
onward reactions of these substrates under typical reaction
conditions (80−100 °C). This means that the first reaction of a
chiral palladium species with a precursor (amide, or its amide
enolate) in the Hartwig oxindole cyclization is a dynamic
kinetic resolution.

Figure 7. Steps of the Hartwig oxindole synthesis from the viewpoint
of amide rotational isomers. Precursor 5 exists as eight isomers: four in
the R-series (shown) and four in the S-series (not shown).
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The proposed mechanism for the Hartwig cyclization12

involves two amide C−N rotations (from (E) to (Z) and back)
that are formally unnecessary. This is not to say that they
cannot occur (E/Z rotations of the precursor are clearly rapid
relative to the reaction rate). However, it is also worth
considering the possibility of a more direct conversion of the
major (E)-rotamer of the precursor 5 to the product 6 (via 15)
without any intervening amide bond rotations.
Regardless of the mechanism, all the intermediates in these

cyclizations may be mixtures of multiple stereoisomers due to
presence of stereocenters in the precursor and the ligand
overlaid on several rotatable bonds. Accordingly, the step that
determines stereochemistry in asymmetric Hartwig cyclizations
could be a dynamic kinetic resolution. This might be at the
penultimate step (formation of 15), or it could occur at an
earlier step with the subsequent step(s) occurring irreversibly
and with chirality transfer.
The most general conclusion of this work is that axially chiral

anilide enolates have a much lower barrier to atropisomeriza-
tion than their amide conjugate acids. This has implications
beyond Hartwig cyclizations. For example, enantiopure anilides
are often obtained by resolution and re-equilibration of the
undesired atropisomer,7−9 but the equilibration requires forcing
conditions (high temperature, long times). Base-catalyzed
equilibrations are an attractive alternative. And enolate
reactions can be controlled either by the axial chirality of the
precursors (by conducting them at low temperatures as we did
with M-10 in Scheme 3), or by dynamic kinetic resolution (by
conducting them at higher temperatures). In essence, the
deprotonation can be considered as a simple switch, turning on
rapid rotation. Protonation turns rotation off and thereby flips
the switch back.

■ EXPERIMENTAL SECTION
General Information. See the Supporting Information.
N-(2-Bromo-4,6-dimethylphenyl)-2-phenylpropanamide. 2-

Phenylpropanoyl chloride (279 mg, 1.65 mmol) was added to a
solution of 2-bromo-3,5-dimethylaniline (300 mg, 1.5 mmol) and
triethylamine (230 μL, 1.65 mmol) in DCM (15 mL) at 0 °C under
argon. The mixture was warmed to rt and monitored by TLC. After 2
h, water was added, and the phases were separated. The aqueous layer
was extracted with DCM. The organic phase was washed with brine,
dried over MgSO4, filtrated, and evaporated. The residue was purified
by flash chromatography (DCM) on silica gel to afford 439 mg of a
white solid (88% yield): mp 128 °C; 1H NMR (CDCl3, 400 MHz) δ
7.45−7.37 (m, 4H), 7.33−7.31 (m, 1H), 7.19 (s, 1H), 6.93 (s, 1H),
6.73 (bs, 1H), 3.81 (q, J = 7.2 Hz, 1H), 2.24 (s, 3H), 2.11 (s, 3H), 1.65
(d, J = 7.2 Hz, 3H); 13C NMR (CDCl3, 100 MHz) δ 172.5, 140.8,
138.3, 137.6, 131.1, 130.6, 130.5, 129.0, 127.9, 127.6, 121.6, 47.3, 20.6,
18.9, 18.1; FTIR (neat, cm−1) 3222, 3026, 2977, 1655, 1527, 1479,
850, 718; HRMS (EI) calcd for C17H19BrNO 332.0650, found
332.0638.
N-(2-Bromo-4,6-dimethylphenyl)-N-methyl-2-phenylpropa-

namide (7). To a THF slurry of NaH (40 mg, 1 mmol, 60% in oil) at
0 °C was added N-(2-bromo-4,6-dimethylphenyl)-2-phenylpropana-
mide (0.3 g, 0.9 mmol) dissolved in THF (10 mL). The reaction
mixture was stirred until the solution became clear, and then
iodomethane (73 μL, 1.17 mmol) was added dropwise. The mixture
was warmed to room temperature. The reaction mixture was
monitored by TLC and quenched with water upon completion. The
resulting mixture was extracted with EtOAc. The combined organic
layers were washed with brine, dried over MgSO4, filtrated, and
evaporated. The residue was purified by flash chromatography (hex/
EtOAc 95:5) on silica gel to afford 175 mg of anti-7 as white solid and
95 mg of syn-7 as a colorless oil (89% yield, 3:1).

Major diastereoisomer anti-7:13b mp 108 °C; 1H NMR (CDCl3, 400
MHz) δ 7.36 (s, 1H), 7.16−7.15 (m, 3H), 6.93−6.91 (m, 2H), 6.86 (s,
1H), 3.36 (q, J = 6.8 Hz, 1H), 3.06 (s, 3H), 2.33 (s, 3H), 1.43 (d, J =
6.8 Hz, 3H), 1.41 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 174.1,
141.1, 139.6, 139.1, 138.1, 131.4, 131.1, 128.3, 127.7, 126.7, 124.1,
44.0, 34.7, 20.83, 20.77, 17.4; FTIR (neat, cm−1) 2985, 2934, 1659,
1477, 1451, 1375, 1280, 1117, 1090, 866, 813, 746; HRMS (EI) calcd
for C18H21BrNO 346.0807, found 346.0798.

Minor diastereoisomer syn-7: 1H NMR (CDCl3, 500 MHz) δ 7.21−
7.15 (m, 4H), 7.09 (s, 1H), 7.03−7.01 (m, 2H), 3.30 (q, J = 7.0 Hz,
1H), 3.11 (s, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 1.41 (d, J = 7.0 Hz, 3H);
13C NMR (CDCl3, 125 MHz) δ 174.0, 140.7, 139.6, 138.3, 137.6,
131.7, 130.9, 128.1, 128.0, 126.6, 124.6, 43.3, 35.7, 20.9, 20.7, 18.4;
FTIR (neat, cm−1) 2968, 2927, 1663, 1476, 1453, 1375, 1277, 1153,
1112, 814, 739; HRMS (EI) calcd for C18H21BrNO 346.0807, found
346.0798.

N-(2-Bromo-4,6-dimethylphenyl)-2-phenylacetamide. Phe-
nylacetyl chloride (160 μL, 1.2 mmol) was added to a solution of 2-
bromo-3,5-dimethylaniline (200 mg, 1 mmol) and triethylamine (420
μL, 3 mmol) in DCM (10 mL) at 0 °C under argon. The mixture was
warmed to rt and monitored by TLC. After 2 h, water was added, and
the phases were separated. The aqueous layer was extracted with
DCM. The organic phase was washed with brine, dried over MgSO4,
filtrated, and evaporated. The residue was purified by flash
chromatography (DCM) on silica gel to afford 142 mg of a white
solid (45% yield): mp 96 °C; 1H NMR (CDCl3, 500 MHz) δ 7.4−7.38
(m, 4H), 7.34−7.33 (m, 1H), 7.2 (s, 1H), 6.93 (s, 1H), 6.88 (s, 1H),
3.77 (s, 2H), 2.24 (s, 3H), 2.15 (s, 3H); 13C NMR (CDCl3, 125 MHz)
δ 169.3, 138.5, 137.6, 134.6, 131.1, 130.6, 130.5, 129.7, 129.1, 127.5,
121.7, 43.9, 20.6, 18.9; FTIR (neat, cm−1) 3226, 3026, 1654, 1604,
1565, 1519, 1496, 1453, 1350, 1282, 844, 721; HRMS (EI) calcd for
C16H17BrNO 318.0494, found 318.0468.

N-(2-Bromo-4,6-dimethylphenyl)-N-methyl-2-phenylaceta-
mide (10). To a THF slurry of NaH (186 mg, 4.7 mmol, 60% in oil)
at 0 °C was added N-(2-bromo-4,6-dimethylphenyl)-2-phenylaceta-
mide (1.14 g, 3.6 mmol) dissolved in THF (30 mL). The reaction
mixture was stirred until the solution became clear, and then
iodomethane (245 μL, 3.9 mmol) was added dropwise. The solution
was warmed to room temperature. The reaction mixture was
monitored by TLC and quenched with water after 5 h. The resulting
mixture was extracted with EtOAc. The combined organic layers were
washed with brine and dried over MgSO4, filtrated, and evaporated.
The residue was purified by flash chromatography (Hex/EtOAc 95:5)
on silica gel to afford 790 mg of a colorless oil (66% yield): 1H NMR
(CDCl3, 600 MHz) δ 7.36 (s, 1H), 7.32−7.19 (m, 3H), 7.04−7.00 (m,
3H), 3.41 (d, J = 15 Hz, 1H), 3.23 (d, J = 15 Hz, 1H), 3.12 (s, 3H),
2.34 (s, 3H), 1.99 (s, 3H); 13C NMR (CDCl3, 150 MHz) δ 171.1,
139.9, 138.4, 138.3, 134.7, 131.7, 131.2, 129.5, 128.2, 126.6, 123.9,
40.8, 34.6, 20.8, 18.1; FTIR (neat, cm−1) 3028, 2922, 1665, 1476,
1433, 1369, 1305, 1152, 1103, 852, 813, 722; HRMS (EI) calcd for
C17H19BrNO 332.0650, found 332.0629.
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