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ABSTRACT

Diverging chemoselective reactions of a pair of amide rotamers have been observed by separating the rotamers and then reacting them
individually. Reduction of (Z)-N-allyl-2-(phenylselanyl)-N-(2,4,6-tri-tert-butylphenyl)acetamide with tributyltin hydride at room temperature provides
only the product of 5-exo cyclization, 4-methyl-1-(2,4,6-tri-tert-butylphenyl)pyrrolidin-2-one. In contrast, reduction of the corresponding (E)
amide rotational isomer under identical conditions provides only the reduced product, (E)-N-allyl-N-(2,4,6-tri-tert-butylphenyl)acetamide. Such
diverging reactions of rotamers may be common in transformations involving reactive intermediates (carbenes, radicals, organometallic
intermediates) that have low barriers to onward reactions relative to amide rotation.

Amides with two different substituents on nitrogen gener-
ally exist as pairs of E/Z rotamers,1,2 and selective reactions
of these rotamers are therefore possible.3 For example,
directed metalations of amides typically occur on the
substituent cis to the carbonyl oxygen,4 and rotamer features
of proline-containing amides in peptides and proteins can
dictate their shape and therefore reactions in biological

settings.5 There can also be rotamer preferences when amide-
containing small molecules bind to larger molecules.6

In many amide transformations, a reactive rotamer un-
dergoes a binding or reaction event, while an unreactive
rotamer does not.7 Instead, the unreactive rotamer converts
to the reactive one, then the binding or reaction event shifts
the equilibrium. In other words, both rotamers give the same
product. Figure 1, scenario “a”, illustrates one such pos-
sibility: the selective reaction of RB in one of the rotamers.
This scenario is very common in intramolecular reactions
such as metatheses8 or Diels-Alder reactions9 between an
amide C-N substituent (here RB) and the acyl substituent
R to make a ring.

Reactions of amide C(O)-N rotamers with diverging
selectivity have also been postulated.10 That is, under
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identical reaction conditions, the E-rotamer gives one
product, while the Z-rotamer gives another. Assorted selec-
tivities are possible. Figure 1, scenario “b”, illustrates the
case where one of the rotamers undergoes a reaction on the
amide substituent (here RBf RC), while the other reacts on
the acyl group (R f R′). These reactions typically occur
through reactive intermediates (not shown) whose barriers
for onward reaction must be lower than their barriers for
amide rotation.

The case for rotational selectivity is generally built on
circumstantial evidence. For example, it is argued that
identical ratios of rotamers in a precursor and a pair of
different products is not likely coincidence but instead
transpires because each rotamer gives one of the products
and not the other.10 Building this kind of circumstantial
case is usually necessary because amide bond rotation of
both the precursors and the products takes place on the
time scale of the experiments and analysis.

Here we catch two amide rotational isomers in the act of
diverging chemoselective reactions. This demonstration
builds on the long-known11 but little recognized4a,b,6 property
that some amide rotamers are stable enough to be separated,
on a recent stereoselective synthesis of such amides by

Kitagawa12 and on the speed and efficiency of tin hydride
mediated cyclizations of R-amidoyl radicals with N-allyl
substituents.10c-e,13

Amide rotational isomers 3Z and 3E were synthesized in
two steps as shown in Scheme 1. Acylation of the sodium

salt of 2,4,6-tri-tert-butylaniline 1 with 2-phenylselanyl acetyl
chloride provided 2-(phenylselanyl)-N-(2,4,6-tri-tert-butyl-
phenyl)acetamide 2 in 56% yield. Palladium-catalyzed N-
allylation according to Kitagawa and co-workers12 occurred
under kinetic control to provide a 76/24 mixture of 3Z/3E
in 69% yield. The stereostructures were assigned by char-
acteristic features in the 1H NMR spectra.1,12

Isomers 3Z and 3E could not be separated over standard
silica gel; however, prolonged heating of the 76/24 mixture
in refluxing toluene established equilibrium at a ratio of 9/91.
In a more careful experiment, the ratio of isomers was
followed as a function of time, and the data were processed
in the usual way to provide the rotation barrier. At 70 °C, k
from Z to E is 6.6 × 10-5 s-1, and ∆G‡ ) 26.8 kcal/mol. At
room temperature, the half-life for isomerization from Z to
E is about four months.

Figure 2 shows the mechanistic framework for the ensuing
chemoselective radical reductions of 3Z and 3E. Abstraction
of the phenylselanyl group from the precursors 3 by tin
radical provides radicals 4Z and 4E which, like their
precursors, are rotational isomers. Radical 4Z is poised to
undergo 5-exo cyclization followed by hydrogen atom
transfer to give lactam 5.

In contrast, 4E is geometrically prohibited from cyclizing
and can only give reduced acetamide 6E.10c-e If all these
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Figure 1. Two scenarios for reactions of amide rotamers.

Scheme 1. Stereoselective Syntheses of Amide Rotamers 3Z/3E
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reactions are faster than amide bond rotations, then the ratios
of the products 5 and 6Z should match the ratio of precursors
3Z and 3E. Loss of chemoselectivity could occur by
interconversion of either the precursors 3 or the intermediate
radicals 4. Assuming that the 5-exo cyclization is fast relative
to reduction, the mechanism does not allow for the formation
of the Z-rotamer of the reduced product 6Z (not shown).
However, in principle, this could be formed after the fact
by amide bond rotation. In practice, none of these rotations
was observed.

Data for the reductions of mixtures of 3Z/3E are sum-
marized in Table 1. Reduction of both Z-rich and E-rich

mixtures of 3 with tributyltin hydride at room temperature
under standard conditions (0.05 M, Et3B, air, toluene)

provided products 5 and 6E in ratios that matched the
precursors within experimental error (entries 1 and 2). In an
attempt to erode this selectivity by promoting crossover of
the radicals 4, we also conducted a pair of related experi-
ments at 90 °C in toluene (AIBN initiation). But again, the
product ratios reflected those of the precursors in each
experiment (entries 3 and 4).

These results are already an advance over prior experi-
ments because we could measure product ratio from two
different starting material compositions (kinetic and ther-
modynamic) rather than one. This rules out coincidental
matching of precursor and product ratios. Finally, in survey-
ing various separation options, we discovered that 3Z and
3E could be conveniently separated on a Whelk-O1 col-
umn.14 Though this chiral column is usually used for
enantiomer separation, it served well here for preparative
separation of the diastereomers. Indeed, room temperature
reduction of isomerically pure 3Z provided only lactam 5
with no directly reduced product (entry 5), whereas an
identical reduction of 3E provided only directly reduced
product 6E without detectable amounts of constitutional
isomer 5 (entry 6).

In summary, we have directly observed diverging chemose-
lective reactions of a pair of amide rotamers by separating
them and then reacting them individually under identical
conditions. Different products were formed with no detect-
able crossover. Such reactions are probably rather rare in
direct thermal reactions of amides because the reaction
barriers are higher than those of amide rotation. However,
they are probably rather common in transformations involv-
ing reactive intermediates (carbenes, radicals, organometallic
intermediates) that have low barriers to onward reactions
relative to amide rotation.
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Figure 2. Mechanistic framework for diverging reactors of radicals
4Z/4E.

Table 1. Product Yields and Ratios from Tin Hydride
Reductions of Isomers of 3

entry ratio 3Z/3E temp ratio 5/6Ea

1 76/24 25 °C 75/25
2 9/91 25 °C 9/91
3 76/24 90 °C 75/25
4 9/91 90 °C 9/91
5 3Z only 25 °C 5 only
6 3E only 25 °C 6E only

a Products ratios were determined by 1H NMR analysis of the crude
products; isolated yields of products in entries 1, 5, and 6 were nearly
quantitative.
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