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ABSTRACT: Quantum mechanical calculations have been
used to study the intramolecular additions of hydroxylamines
to alkenes and alkynes (“reverse Cope eliminations”). In
intermolecular reverse Cope eliminations, alkynes are more
reactive than alkenes. However, competition experiments have
shown that tethering the hydroxylamine to the alkene or
alkyne can reverse the reactivity order from that normally observed. The exact outcome depends on the length of the tether. In
agreement with experiment, a range of density functional theory methods and CBS-QB3 calculations predict that the activation
energies for intramolecular reverse Cope eliminations follow the order 6-exo-dig < 5-exo-trig < 5-exo-dig ≈ 7-exo-dig. The order of
the barriers for the 5-, 6-, and 7-exo-dig reactions of alkynes arises mainly from differences in tether strain in the transition states
(TSs), but is also influenced by the TS interaction between the hydroxylamine and alkyne. Cyclization onto an alkene in the 5-
exo-trig fashion incurs slightly less tether strain than a 6-exo-dig alkyne cyclization, but its activation energy is higher because the
hydroxylamine fragment must distort more before the TS is reached. If the alkene terminus is substituted with two methyl
groups, the barrier becomes so much higher that it is also disfavored compared to the 5- and 7-exo-dig cyclizations.

■ INTRODUCTION
The addition of a hydroxylamine to an alkene, leading to a
tertiary amine oxide or hydroxylamine (Scheme 1), is known as

the “reverse Cope elimination”. This reaction was first reported
by House1 and Black,2 and has been given several other names3

that highlight its considerable utility as a method for C−N
bond formation. Alkynes are also suitable substrates (Scheme
2).4−6 Early investigations of the reaction concentrated mainly

on intramolecular cases, but very recently Beauchemin et al.
have demonstrated that intermolecular reverse Cope elimi-
nation reactions can be performed with a broad range of
substrates, including unstrained alkenes.7 One of the key
advantages of intramolecular alkene reverse Cope elimination
reactions, on the other hand, is the controlled formation of a
stereocenter α to nitrogen. These reactions have been
employed in numerous natural product syntheses.3,5−8

We report here the factors controlling the reactivities of
alkenes and alkynes in intramolecular reverse Cope elimination
reactions. Previously, Beauchemin et al.7 showed that alkynes
undergo intermolecular reverse Cope elimination reactions
more easily than alkenes. However, competition experiments by
the Holmes group6 (described in the next section) demon-
strated that this reactivity order can be reversed, if the
hydroxylamine and alkene/alkyne are connected by a tether.
The outcome depends on the tether length.
The entropic advantage of intramolecularity is widely

recognized and utilized by synthetic chemists, for example in
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Scheme 1. Reverse Cope Elimination Reactions of Alkenes

Scheme 2. Reverse Cope Elimination Reactions of Alkynes
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reactions directed by removable tethers.9 However, even for 5-
to 7-membered rings, which are generally the easiest to form, a
tether may cause subtle variations in the alignment of the
reacting centers that actually disfavor reaction. Numerous
examples of reactions showing tether-dependent selectivities
have been theoretically characterized.10 We report here a new
theoretical basis for analyzing tether length effects. We
introduce an extension of the distortion/interaction11 (or
“activation strain”)12 model of reactivity that is applicable to
intramolecular reactions. The model allows quantification of
individual contributions from distortions within the reacting
fragments, interactions between these fragments, and distortion
within a tether, which combine with entropic factors to bring
about differences in reactivities.
Background. The scope and mechanism of hydroxyl-

amine−alkene cyclizations were investigated by Oppolzer8 and
Ciganek.5,13 These additions were established to be concerted
processes, involving a 5-membered transition state (TS)
(Scheme 3a). The same TS is involved in the forward Cope
elimination.14 There had been previous suggestions by House1

that the reverse Cope elimination reactions of alkenes proceed

by a different mechanism, involving an intermediate nitroxyl
radical (Scheme 3b). However, the radical mechanism was
discounted on the basis of the reaction’s stereospecificity5,8,13

and insensitivity to radical inhibitors.2 Reactions with alkenes
bearing electron-withdrawing groups have also been proposed
to occur by the 5-centered concerted pathway.15 So too have
the related reactions of oximes with electron-deficient alkenes,
which were studied by Grigg.3b,16

Alkynes likewise take part in reverse Cope eliminations
(Scheme 2). In this case, the immediate product of the
cyclization is an enamine N-oxide. When R = H, the N-oxide
rearranges to the more stable nitrone. Generation of a nitrone
in this manner, and its subsequent capture by a tethered alkene,
together constitute a valuable strategy for the construction of
polycyclic frameworks.6 We have used the tandem reverse
Cope elimination/1,3-dipolar cycloaddition sequence in our
syntheses of histrionicotoxin alkaloids.17

Hydroxylamine−alkene cyclizations occur most favorably
when the products are 5- or 6-membered rings,5 but
hydroxylamine−alkyne cyclizations are applicable to 5-, 6-,
and 7-membered rings.6 During our studies of tandem reverse
Cope elimination/1,3-dipolar cycloaddition reactions, we noted
intriguing competition phenomena taking place when a
tethered alkene and alkyne were both present in the same
molecule.6c,e We have adopted Baldwin’s18 nomenclature for
ring closure reactions to describe these cyclization processes.
The reaction usually occurs through an exocyclic (exo) TS, and
the ring size is determined by the point of attachment of the
nitrogen atom to the alkene (trig) or alkyne (dig). We
compared a 5-exo-trig cyclization (onto an alkene) against 5-,

6-, and 7-exo-dig cyclizations (onto alkynes) as shown in
Scheme 4. The 5-exo-trig cyclization was favored over the 5-
and 7-exo-dig cyclizations (substrates 1 and 3), but not over the
6-exo-dig cyclization (substrate 2). The 5- and 7-exo-dig

cyclizations could be forced to prevail over the 5-exo-trig if
two methyl groups were included on the terminal carbon of the
alkene (4, 5). This type of retardation of hydroxylamine−
alkene cyclizations by gem-dimethyl substitution on the alkene
terminus had previously been noted by Ciganek5,13a and by
Black.2

Beauchemin et al.7 recently reported detailed investigations
of intermolecular reverse Cope eliminations, as applied to both
alkenes and alkynes. They showed that in intermolecular cases,
hydroxylamines react more easily with alkynes than with
alkenes. Our competition experiments in Scheme 4 (with
substrates 1 and 3) therefore indicate that tether effects can be
so substantial as to cause a reversal of the normal reactivity
order.

Previous Theoretical Studies. Transition states for
(reverse) Cope eliminations have previously been studied by
several groups. Tronchet and Komaromi19 located the 5-
membered concerted TS for the reaction of NH2OH with
ethylene, using a range of ab initio and density functional
methods. The 5-membered TS was preferred over an
alternative 7-membered TS, in which a molecule of solvent
mediated the proton transfer from O to C.19 Acevedo and
Jorgensen20 utilized quantum mechanics/molecular mechanics
(QM/MM) calculations to study the reaction’s solvent
dependence, especially the importance of hydrogen-bonding
interactions involving the N−O− group. Beauchemin et al.7

reported DFT studies of intermolecular reverse Cope
elimination reactions involving both alkenes and alkynes.
They found that proton transfer from N to O in the

Scheme 3. Pericyclic2,5,8 and Radical1 Mechanisms Proposed
for Reverse Cope Eliminations Involving Alkenes

Scheme 4. Competition between Alkenes and Alkynes in
Intramolecular Reverse Cope Eliminations6c,e
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intermediate N-oxide was potentially rate-determining, but
could be catalyzed by a hydroxylic molecule. They also noted
the higher reactivity of alkynes and accounted for this by means
of a distortion/interaction11 (“activation strain”)12 analysis of
the 5-membered TSs. The major factor responsible for the
higher reactivity of alkynes was the less advanced elongation of
the O−H bond in the TS. The smaller distortion energy of the
hydroxylamine resulted in a lower activation barrier overall.
We report calculations to determine the influence of tether

length and substituents on intramolecular reverse Cope
eliminations. Density functional theory (DFT) calculations
and CBS-QB3 calculations indicate that the parent 6-exo-dig
cyclization has a low barrier, but 5- and 7-exo-dig cyclizations
suffer from unfavorable tether strain and distortions of the
hydroxylamine and alkyne fragments in the TS. These factors
mean that the 5- and 7-exo-dig cyclizations are unable to
compete with the 5-exo-trig reaction in 1 and 3, respectively.
However, incorporation of two methyl groups on the alkene
terminus raises the 5-exo-trig barrier by 5−8 kcal mol−1,
sufficient to reverse the kinetic preference to favor the 5- and 7-
exo-dig cyclizations in 4 and 5, respectively.

■ THEORETICAL CALCULATIONS
Geometry optimizations, conformational searching, and vibrational
frequency calculations were performed initially at the B3LYP/6-
31G(d) level.21 The nature of each stationary point was determined by
vibrational frequency analysis, and TSs were further verified by IRC
calculations.22 Enthalpies and free energies (quoted at 298.15 K and 1
atm) were obtained from the unscaled B3LYP frequencies. Single-
point energy calculations were subsequently performed on the B3LYP
geometries with B3LYP-D3/6-31G(d)23 and M06-2X/6-31G(d).24 D3
provides a better treatment of dispersion interactions than B3LYP,
while M06-2X provides better thermodynamics, including on cases
where dispersion energy is important. Enthalpies reported at these two
levels incorporate the B3LYP zero-point energy and thermal
corrections. Where feasible, the DFT data were then validated against
benchmark data computed with the high-accuracy CBS-QB3
method.25 Calculations were performed with the Gaussian 0326 and
Gaussian 0927 programs. Molecular graphics were produced with the
CYLview program.28

■ RESULTS AND DISCUSSION

Reaction Mechanism. Transition states for the concerted
additions of MeNHOH to ethylene and acetylene, computed at
the B3LYP/6-31G(d) level, are shown in Figure 1. These
transition structures are similar to those reported by Tronchet19

and Beauchemin7 for reactions of NH2OH. As found
previously,7 the alkene transition state (TSA) shows more
advanced cleavage of the O−H bond (1.23 Å) than the alkyne
transition state (TSB, 1.08 Å).
Activation energies were computed with several different

density functional methods, and compared with benchmark
calculations at the CBS-QB3 level. The results are shown in
Figure 1. For these reactions, and others reported below, the
geometries obtained by B3LYP with the basis set used for the
geometry optimizations in CBS-QB3 [6-311G(2d,d,p)] are
very similar to those with the 6-31G(d) basis set. The predicted
chemoselectivity at the CBS-QB3 level is 4.5 kcal mol−1

(ΔΔG⧧), in favor of addition to the alkyne (TSB). The three
density functional methods give lower absolute barriers, but
correctly estimate the chemoselectivity to within 1 kcal mol−1 of
the benchmark value.29

Although a radical mechanism was discounted for the reverse
Cope elimination reactions of alkenes (Scheme 3b),2,5,8 less is

known about the mechanism for alkynes. A trimethylsilyl
(TMS) group was included on the alkynes in 1−5 in the hope
of establishing the stereochemistry of the intermediate enamine
oxide, but the stereochemical assignments were thwarted by
rapid loss of the TMS group under the experimental
conditions.6c,e To check the feasibility of a radical pathway,
we calculated TSs for additions of the MeNHO• radical to
ethylene and acetylene. The transition structures (TSC and
TSD) are shown in Figure 2. Their activation energies by CBS-
QB3 are 6−10 kcal mol−1 higher than those for the concerted
pericyclic reactions (ΔΔG⧧). The DFT calculations also
disfavor the radical pathway. Thus, even ignoring the initial
oxidation step, the radical pathway is not competitive with the
concerted mechanism for terminal alkenes and alkynes. Indeed

Figure 1. Transition structures for concerted additions of MeNHOH
to ethylene and acetylene, calculated at the B3LYP/6-31G(d) level.
The B3LYP activation energies (ΔH⧧ and ΔG⧧) are shown
immediately underneath each structure, along with single-point
energies from B3LYP-D3 and M06-2X calculations. CBS-QB3 values
are shown in italics. Interatomic distances in Å, activation energies in
kcal mol−1.

Figure 2. Transition structures for additions of the MeNHO• radical to
ethylene and acetylene, calculated at the B3LYP/6-31G(d) level. The
B3LYP activation energies (ΔH⧧ and ΔG⧧) are shown immediately
underneath each structure, with CBS-QB3 values in italics. Interatomic
distances in Å, activation energies in kcal mol−1.
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it is easier for the MeNHO• radical to add to these substrates
via its oxygen atom (Supporting Information). Moreover, allylic
hydrogen abstraction would likely predominate if nitroxyl
radicals were involved.30

Tether Control. Transition structures for intramolecular
reverse Cope eliminations involving an alkene (5-exo-trig) or an
alkyne (5-, 6-, and 7-exo-dig) were calculated. The lowest-
energy conformer of each TS is shown in Figure 3. Two views
of each TS are given, one showing the geometry of the 5-
membered bond-forming array, and another showing the
conformation of the tether.
As with the intermolecular reactions, the DFT activation

energies underestimate the CBS-QB3 benchmark values, but all
methods used correctly reproduce the reactivity order. The 6-
exo-dig transition state (TSG) has the lowest barrier (ΔG⧧ =
20.3 kcal mol−1, CBS-QB3), followed by 5-exo-trig (TSE, 23.0
kcal mol−1), and then 5- and 7-exo-dig (TSF and TSH, 24.7 and
25.3 kcal mol−1, respectively). B3LYP underestimates the
barriers by 3−4 kcal mol−1. Inclusion of dispersion according
to B3LYP-D3 raises the barriers by 1−2 kcal mol−1 compared
to B3LYP, while the M06-2X barriers lie −0.6 to +0.9 kcal
mol−1 from the B3LYP values.
The 5-exo-trig transition structure (TSE) has an activation

enthalpy that is 0.3 kcal mol−1 lower than the corresponding
intermolecular TS (TSA), and a free energy of activation that is
8.7 kcal mol−1 lower. TSE shows slightly more advanced
transfer of the proton from O to C than TSA, with an O−H
distance that is 0.03 Å longer and a C−H distance 0.03 Å

shorter. The C−N bond formation in TSE is, however, less
advanced (2.15 Å vs 2.07 Å).
The three exo-dig transition structures (TSF−TSH) also

show more advanced proton transfer compared to their
corresponding intermolecular TS (TSB). The O−H distances
in TSF−TSH are 0.01−0.04 Å longer than in TSB, and the C−
H distances are 0−0.11 Å shorter. The C−N distance varies by
only 0.02 Å from the intermolecular value. For the intra-
molecular exo-dig reactions, ΔH⧧ is 0.2−5.7 kcal mol−1 higher
than for the intermolecular reaction, while ΔG⧧ is 1.9−6.9 kcal
mol−1 lower.
The bottom structures in Figure 3 illustrate the conformation

of the tether in the TSs. The 5-membered tethers in TSE and
TSF adopt different envelope-like conformations. The 6-
membered tether of TSG has a chair conformation, with the
OH group occupying an equatorial position and the alkyne
terminus midway between axial and equatorial. The 7-
membered tether in TSH adopts a chairlike conformation.
To evaluate the contribution of tether strain to the activation

barriers, we calculated distortion energies11 for the TSs in the
manner shown in Figure 4. The analysis was performed at two
levels of theory: B3LYP/6-31G(d) and CBS-QB3. The
transition structures TSE−TSH are reproduced at the top of
the figure. Below them, structures E-1−H-1 are models
representing the 5-membered bond-forming arrays in TSE−
TSH. To obtain these structures, atoms of the tether were
removed, and hydrogen atoms were appended, to leave a
distorted version of the TS for addition of MeNHOH to
ethylene or acetylene. The energies associated with distorting

Figure 3. Transition structures for intramolecular reverse Cope eliminations, calculated at the B3LYP/6-31G(d) level. The B3LYP activation
energies (ΔH⧧ and ΔG⧧) are shown immediately underneath each structure, along with single-point energies from B3LYP-D3 and M06-2X
calculations. CBS-QB3 values are shown in italics. Interatomic distances in Å, activation energies in kcal mol−1. Two views of each TS are given, one
showing the bond-forming array and the other showing the conformation of the tether.
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MeNHOH and ethylene or acetylene to their geometries in
these arrays are shown (ΔEdist⧧), as are the energies associated
with the interaction between the MeNHOH and ethylene or
acetylene fragments in the array (ΔEint

⧧). The bottom
structures (E-2−H-2) are models to estimate the tether strain
present in the TSs. To obtain these structures, the NHOH
group was replaced by NH2 and the alkene/alkyne group was
replaced by an H atom, and the bond lengths, angles, and
dihedrals of the added H atoms were allowed to relax while the
remaining atoms were held fixed. The energies required to
distort the amines from reactant to TS geometry are shown
(ΔEdist,tether

⧧).
The distortion energies computed by B3LYP and CBS-QB3

differ by ≤1.8 kcal mol−1. The interaction energies differ more
(by up to 7.6 kcal mol−1), and are smaller with CBS-QB3,
owing to the larger basis set, better treatment of correlation,
and reduction of basis set superposition error. Among the three
exo-dig TSs, there is little variation in the energy required to
distort the hydroxylamine and alkyne fragments to their TS

geometries (F-1−H-1). The values of ΔEdist
⧧ range from 32 to

35 kcal mol−1 (or 30−34 kcal mol−1 by CBS-QB3). The values
of ΔEint

⧧ vary over a wider range of 4−7 kcal mol−1. The 6-exo-
dig arrangement (G-1) has the smallest value of ΔEdist

⧧. It also
benefits from a relatively strong interaction between the
hydroxylamine and alkyne. An even stronger interaction takes
place in the 7-exo-dig TS (H-1), but is negated by the larger
ΔEdist

⧧. The 6-exo-dig TS also benefits from a smaller tether
distortion penalty. Distortion of the model tether (G-2) is 2−4
kcal mol−1 easier than distortion of the model 5- and 7-exo-dig
tethers (F-2 and H-2). The latter two tethers both suffer from
unfavorable eclipsing. The eclipsed bond in F-2 is indicated in
Figure 4. In H-2, no one bond is so severely eclipsed as in F-2,
but numerous small dihedrals (27−45°) are present, introduc-
ing destabilizing torsional strain into the tether.
The 5-exo-trig cyclization onto an alkene (TSE) is more

difficult than the 6-exo-dig cyclization onto an alkyne (TSG),
but easier than the 5- and 7-exo-dig cyclizations. Compared to
TSG, TSE benefits from a 2−3 kcal mol−1 smaller tether

Figure 4. Calculated strain-related energies for intramolecular reverse Cope elimination transition states. The TS geometries (TSE−TSH) are
reproduced at the top. Structures E-1−H-1 depict the 5-membered bond-forming array after the tether has been removed and replaced by H atoms,
leaving a distorted analogue of the TS for addition of MeNHOH to ethylene or acetylene. Structures E-2−H-2 represent the geometry of the tether
in the TS, with the NHOH group replaced by NH2 and the alkene/alkyne replaced by H. The bond lengths, angles, and dihedrals of the added H
atoms were allowed to relax, while the remaining atoms were held fixed. B3LYP/6-31G(d) potential energies are given, with CBS-QB3 values in
parentheses (kcal mol−1).
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distortion and a 7−8 kcal mol−1 stronger interaction between
the hydroxylamine and alkene, but these are outweighed by the
13−15 kcal mol−1 larger distortion energy for the interacting
fragments. The distortion energy of the hydroxylamine alone is
19−21 kcal mol−1 greater. These differences mirror those
observed in the fully optimized TSs (TSA and TSB), reflecting
especially the greater O−H elongation in the alkene TSs.7b

The preference for the 5-exo-trig cyclization over the 5- and
7-exo-dig cyclizations arises from a combination of interaction
energies and tether strain. The TS interaction energy in the 5-
exo-trig cyclization is 4−12 kcal mol−1 more stabilizing than
those in the 5- and 7-exo-dig cyclizations, and the tether
distortion is 4−7 kcal mol−1 smaller. These two features
outweigh the much greater distortions of the hydroxylamine
group, and result in a 2−3 kcal mol−1 overall lower activation
energy.
Our competition experiments focused on alkene cyclization

in the 5-exo-trig mode.6c,e House and Lee found that a 5-exo-trig
cyclization occurs more readily than a 6-exo-trig cyclization, as
shown in Scheme 5.1b Cyclization of the N-(4-pentenyl)-
hydroxylamine (11) proceeded readily upon warming (ca. 60

°C), whereas the corresponding N-(5-hexenyl)hydroxylamine
(12) had to be heated to 145 °C (refluxing xylene) to bring
about cyclization. We computed the TS for the parent 6-exo-trig
cyclization (TSI), and its structure is shown in the Scheme. It
favors a boatlike conformation. Its activation energy (ΔG⧧) is 3
kcal mol−1 higher than that for the 5-exo-trig cyclization (TSE),
consistent with the reactivities reported by House and Lee.
Influence of Substituents on Activation Barriers. The

competition between the 5-exo-trig and 5- or 7-exo-dig
cyclizations can be reversed to favor the latter if gem-dimethyl
groups are included on the alkene terminus.6e To quantify the
magnitude of the gem-dimethyl effect, the TS for addition of
MeNHOH to 2-methylpropene was calculated. A TS was also
calculated for the addition of MeNHOH to trimethylsilylace-
tylene, to measure the effect of the TMS group in the substrates
in Scheme 4. The substituted transition structures are shown in
Figure 5.
A TMS group on the alkyne (TSJ) decreases the activation

energy (ΔG⧧) by 0.6 kcal mol−1, and the presence of the TMS

group in substrates 1−5 is therefore expected not to affect the
order of reactivities compared to those calculated for the parent
terminal alkynes. The dispersion-corrected functionals B3LYP-
D3 and M06-2X likewise suggest that the TMS group should
lower the activation barriers. In the case of B3LYP-D3 the TMS
effect amounts to 4.6 kcal mol−1 and appears to overestimate
the TS stabilization arising from dispersive interactions. On the
other hand, all four levels of theory predict that for an alkene,
gem-dimethyl substitution at the terminus (TSK) increases the
activation energy by 5−8 kcal mol−1. This effect is sufficient to
raise the 5-exo-trig TS well above all three exo-dig TSs. Both the
hydroxylamine and the alkene in TSK have higher distortion
energies than in TSA. The total distortion energy is 8 kcal
mol−1 larger. Approximately 5 kcal mol−1 of this amount is due
to the more elongated O−H bond in TSK. The interaction
energies, on the other hand, differ by only 0−3 kcal mol−1.
We also examined the effect of N-methyl substitution.

Reverse Cope elimination reactions of NMe-substituted
hydroxylamines are generally more facile than those of the
corresponding NH analogues.1b,2,3a,5,13a Transition states for
NMe analogues of the 5-exo-trig and 6-exo-dig cyclizations are
shown in Figure 6. The NMe group lowers the barrier for the 5-
exo-trig cyclization (TSL) by 2 kcal mol−1 (CBS-QB3), and
lowers the barrier for the 6-exo-dig cyclization (TSM) by 1 kcal
mol−1. The distortions within the interacting array and the
tether are mostly the same or slightly worse in the NMe-
substituted TSs, but there is a 2−4 kcal mol−1 stronger
interaction between the NMe-substituted hydroxylamine and
the alkene or alkyne, which leads to an overall reduction in
activation energy.

■ CONCLUSIONS

Experimental studies and density functional theory calculations
by Beauchemin et al. have previously shown that intermolecular
reverse Cope eliminations proceed more easily with alkynes
than with alkenes.7b We have found, however, that in
intramolecular systems, tether effects can be large enough to
reverse this reactivity order. We introduce an extension of the
Distortion/Interaction model of reactivity that is applicable to

Scheme 5. 5-exo-trig and 6-exo-trig Cyclizations Reported by
House and Lee,1b and the Calculated Transition State for the
Parent 6-exo-trig Cyclization

Figure 5. Transition structures for additions of MeNHOH to
trimethylsilylacetylene and 2-methylpropene, calculated at the
B3LYP/6-31G(d) level. The B3LYP activation energies (ΔH⧧ and
ΔG⧧) are shown immediately underneath each structure, along with
single-point energies from B3LYP-D3 and M06-2X calculations. CBS-
QB3 values are shown in italics. Interatomic distances in Å, activation
energies in kcal mol−1.
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intramolecular reactions, and use it to quantify the role of
tether distortion in relation to the individual distortions and
interaction involving the reacting fragments as a contribution to
the overall barriers. In the absence of further substituents on
the alkene or alkyne, the 5-exo-trig reverse Cope elimination is
favored over analogous 5- and 7-exo-dig reactions, but not over
a 6-exo-dig reaction. The tether effects can be modulated by
gem-dimethyl substitution of the alkene, which makes the 5-exo-
trig cyclization uncompetitive with the 5-, 6-, and 7-exo-dig
reactions. Manipulation of these chemoselectively distinct
cyclizations allow access to structurally diverse products.
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