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We report here the theoretical analysis of the mechanism and regioselectivity of gold (I) or platinum (II)
catalyzed intramolecular hydroarylation to pyrrolopyridinones and pyrroloazepinones. AuPH;" and PtCl,
have been considered to account for some experimental observations. Our calculation results indicate that

in the case of cationic gold the nucleophilic attack of the pyrrole on the activated alkyne occurs in an exo-

dig fashion generating six-membered intermediate, which upon deprotonation and protodeauration forms
pyrrolopyridinone. When platinum is used, an endo-dig fashion were located to which generate seven-
membered intermediate. After deprotonation and protodeplatination pyrroloazepinone is formed. Whether
for exo-dig (gold (1)) or endo-dig (platinum (II)) cyclization, a [1, 2]-migration would not be needed.

Introduction

Through the years, multicomponent reactions (MCRs) have
received increasing attention due to their simplicity, efficiency,
atom economy, shortened reaction times, and diversity oriented
synthesis. The combination of MCRs with transition-metal-
catalysis gives access to complex molecules in few steps as
compared to traditional multistep processes.!"! They have played
important roles in modern synthetic organic chemistry including
drug-discovery research.’) Over the past decade, organic
chemists have witnessed a significant advance in the m-acidic
transition metal-catalyzed cyclization of unsaturated precursors
for the synthesis of carbo and heterocycles,m and new
methodologies based on platinum and gold catalysis have grown
into a major field of experimental ™ as well as theoretical
research.”®! For example, a mechanistically interesting platinum-
catalyzed intramolecular cyclization of alkynes on the pyrrole and
the indole core have been reported by Beller and co-workers.[”? A
post-Ugi  gold(I)-catalyzed  intramolecular  hydroarylation
approach to the synthesis of indoloazocines ® and spiroindolines
Plalso has been reported by Van der Eycken, and co-workers. It
has been reported that if not done intramolecularly, pyrroles do
not react selectively in gold catalysis. !'” Recently, Van der
Eycken, and co-workers have developed a diversity-oriented
regioselective intramolecular hydroarylation for the synthesis of
pyrrolopyridinones and pyrroloazepinones employing gold(I)-
and platinum(Il)-catalysis respectively (Scheme 1).!'"? According
to the experimental results, two general mechanisms were
postulated to explain the formation of pyrrolopyridinones and
pyrroloazepinones. As depicted in the Scheme 2, Coordination of
the metal with the alkyne generates intermediate A. In the case of
cationic gold the nucleophilic attack of the pyrrole on the
activated alkyne occurs in an exo-dig fashion generating

intermediate B. Also, this intermediate has been reported
previously as an important one in gold catalysis. ¥ This is
followed by a [1, 2]-shift to furnish intermediate C, which upon
deprotonation and protodeauration forms pyrrolopyridinone D.
When platinum is used, the nucleophilic attack of the pyrrole on
the activated alkyne occurs in an endo-dig fashion generating
intermediate A. After [1, 2]-shift, deprotonation and
protodeplatination pyrroloazepinone G is formed.

To our knowledge, there are no detailed theoretical studies
available in the literature for the novel gold (I) or platinum (II)
catalyzed transformation reported by Van der Eycken, and co-
workers. "'l Here, we present a detailed density functional theory
(DFT) computational investigation of the mechanism and
regioselectivity of the gold (I) or platinum(Il) catalyzed
intramolecular ~ hydroarylation  for the  synthesis  of
pyrrolopyridinones and pyrroloazepinones based on the
experimental evidence reported by Van der Eycken, and co-
workers. ['! The present DFT study located the transition states
for the reactions of interest and performed a vibrational analysis
at these stationary points. From the results presented here, we
hope to learn more about the factors that control the activation
barriers of this important reaction and also further investigate the
effects of solvent on the thermodynamic and kinetic properties of
these reactions.

Computational Methods

All calculations were carried out with the Gaussian 09
programs.'*) The geometries of all the species were fully
optimized by using density functional theory (DFT)!'" of the
M06-2X method!*}with the 6-31G(d, p) basis set for all atoms
except for Au and Pt, which the small-core Los Alamos
(LANL2TZ(f)) pseudopotentials and basis sets that include the
Dunning-Huzinaga full TZ and Los Alamos ECPs plus TZ have
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been employed with an extra f polarization function.'® This
computational method was successfully applied in the
mechanistic studies for a variety of chemical applications.
U7 Vibrational frequency calculations done at the M06-2X /6-
31G (d, p) level of theory were used to characterize all of the
stationary points as either minima (the number of imaginary
frequencies (NIMAG=0) or transition states (NIMAG=1)). The
relative energies are, thus, corrected for the vibrational zero-point
energies (ZPE, not scaled). In several significant cases, intrinsic
reaction coordinate (IRC) "™ calculations were performed to
unambiguously connect the transition states with the reactants
and the products. The solvent effect was taken into account by
MO06-2X/6-311++G (d, p) single-point calculation with integral
equation formalism polarizable continuum model (IEFPCM) in
trichloromethane (¢ = 4.71). The radii and nonelectrostatic terms
were taken from Truhlar and co-workers’ universal solvation
model (SMD).['")

Results and Discussion

Energy profiles for reaction pathways of exo-dig cyclization and
endo-dig cyclization are shown in Figures 1. The optimized
geometries for the reactants, intermediates, transition states and
products of the reactions are depicted schematically in Figure 2
along with selected key geometry parameters (e.g. bond lengths).
Their relative energies and free energies in the gas and solution
phases, together with the activation barriers corresponding to the
relevant transition structures, are shown in Table 1. Unless
otherwise noted, the relative free energies discussed in
subsequent sections refer to the value in trichloromethane
solvent. The detailed structural parameters and energies for the
structures determined here are collected in the Supporting
Information. To keep the computational cost low, gold’s ligand
[AuPPh;]" replaced with [AuPH;]". In the systems studied here,
[AuPH;]" is a model for [AuPPh;]" because the steric effects are
minimal due to the fact that the number of ligands around the
gold metal center is small (vide infra). In addition, there are many
previous works employing [AuPH;]" as a model for the
catalytically active species [AuPPhs]*.*"

3.1 Computational Results for the Au (I)-Catalyzed

The energy profile for pathway a and b is represented in Figure 1.
The structures of the various critical points located on the
potential surface along with the values of the most relevant
geometry parameters are shown in Figure 2. Generally, the C-C
triple bond functional group is characterized by two orthogonal -
bonds, high in energy that easily interacts with the d orbitals in
transition metals (electrophiles). At the same time, the LUMO in
alkynes is low in energy, which allows the attack of strong
nucleophiles.'*”! From the energy profile it is evident that the first
step of pathway a indeed involves a preliminary intermediate 1-
Au stabilized by the coordination of the Au atom to the oxygen
atom and the m-bond of the alkyne moiety. If we consider
[AuPH;]" as the “active” species of the catalyst, 1-Au forms
without any barrier and is 43.9 kcal/mol lower in energy than the
reactants. In 1, the lengths of the two Au-C bonds are 3.761 and
3.219 A and the distance of Au-O is 2.089 A. These values for
bond distance indicate that the major coordination reaction occurs
between the gold and oxygen atom rather than m-bond of the
alkyne. This fact also can be draw from the orbital interactions of
LUMO for 1-Au (Figure 3). the LUMO for structures 1-Au
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describe the orbital overlap between the p-orbital of oxygen atom

s and the d.? orbital of gold atom. Once in 1-Au, the coordination

of the triple bond and oxygen atom with the gold atom enhances
the electrophilicity of the triple bond that induces a cyclization of
the C* onto the triple bond (C?). A new and stable intermediate 1a
is formed through five-membered TSal. Inspection of Figure 3
shows that the gold atom is completely connected with the C'
atom of the alkyne (the bond distance Au-C* is 2.216 A) in TSal.
Furthermore, the bonds of the C*-C? change from 2.796 to 2.358
A. Table 1 shows that the energy of activation for this step is
calculated to be 10.1 kcal/mol for TSal and the energy of
reaction for the 1a intermediates is -12.9 kcal/mol with respect to
1-Au. In 1a, it is evident that the C'-C? triple bond completes its
change from a triple bond to a double bond (1.346 A) and the
new bond of C*-C? also becomes completely formed and is now
1.536A. The subsequent step for [1, 2] shift would be induce the
2a through TSa2. In TSa2, the breaking C>-C> bond is 1.745 A
and the forming C*-C* bond is 1.687 A. The activation free
energy of the second step was 19.9 kcal/mol, and the formation of
2a is an endothermic process (the free energy of reaction for the
2a was 7.8 kcal/mol with respect to 1a). A higher activation free
energy found for this step indicates that this step is the rate-
determining one. Apart from pyrrole ring attacking the alkyne
through C?, this would be the possibility of the pyrrole ring
attacking the alkyne through C*, instead of carbon C*.**! This
way, a [1, 2]-migration would not be needed. Inspection of Figure
2 shows that the bond distance of C*-C* is 2.157 A in TSa3. The
activation free energy of this step was 16.4 kcal/mol, and the
formation of 2a is an exothermic process (the free energy of
reaction for the 2a was -5.1 kcal/mol with respect to 1-Au). The
next step for migration of the hydrogen atom from C* to O'
(TSa4) results in the formation of new oxonium ion intermediates
3a that are -6.7 kcal/mol lower in energy than the reactants. Table
1 shows that this exothermic hydrogen atom migration step
proceeds with a lower activation energy (9.9 kcal/mol). The
oxonium ion intermediates 3a would be form the final product
(4a) and regenerate the catalyst via a second hydrogen atom
migration from O' to C' (transition states TSa5). The barriers for
this step were 8.5 kcal/mol and were exothermic by -30.7
kcal/mol. The entire catalytic processes are exothermic by -37.9
and -41.5 kcal/mol lower than the starting reactants.

Apart from 5-exo-dig cyclization, the attack between the C* and
the triple bond (C'") would give rise to another possible reaction
pathway in 1-Au. Examination of Figure 1 shows that the first
step for pathway b also involves a preliminary intermediate 1-Au.
Cyclization of the C* onto the triple bond (C') would give a new
and stable structure 1b through a six-membered ring transition
structure TSb1. In TSb1, nucleophilic attack of C* on the C?
leads to the formation of C2-C*bond and the distance of C*-C* in
TSbl was 1.961 A. Table 1 showed that the free energy of
activation for this step was calculated to be 26.6 kcal/mol for
TSb1 and the free energy of reaction for the 1b intermediates was
-14.2 kcal/mol with respect to 1-Au. This step also is the rate-
determining one for the whole catalytic process. The higher
barriers found for TSb1 than those of TSal can be mainly
attributed to the following reasons. Firstly, the NBO charges for

115 the C!, C*and C* atoms are -0.130, 0.106 and 0.217 au for 1-Au,,

respectively. A positive charge found for C* atom makes the
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nucleophilic attack of O on the positively charged C> more
feasible than on C' atom. Secondly, the calculation results for
orbital interactions of LUMO for TSal and TSb1 were shown in
Figure 3. As we can see from Figure 3, the new formly C*-C°
bond attributed to the orbital interactions between 7 (C'-C?) and
7 (C*-C*). However, the orbital interactions between 7 (C'-C?)
and 7" (C*-C*) should be responsible for the new formly C'-C?
bond for TSbl. These differents between orbital interactions
cause the nucleophilic attack of C* on C? more feasible than on
C! atom. Just as exhibited by the structure of 1a, the C'-C? bond
in 1b also becomes completely formed. Now is 1.538 A.
Furthermore, the C'-C? bond also accomplished the conversion of
triple bond to double bond and now the bond distance was 1.344
A. Subsequent step for [1, 2] shift would be generate seven
carbocation intermediate 2b. Figure 2 shows that the C'-C* bond
was 1.772 A in TSb2. Furthermore, the new forming C'-C* bond
is 1.748 A. The activation free energy of this step is 20.8
kcal/mol, and the formation of 2b is an endothermic process (the
free energy of reaction for the 2b was 7.2 kcal/mol with respect
to 1b). Just as pathway a, this would be another possibility of the
pyrrole ring attacking the alkyne through C*, instead of carbon
C? B Figure 2 shows that the bond distance of C'-C* is 2.435 A
in TSb3. The activation free energy of this step was 18.5
kcal/mol, and the formation of 2b is an exothermic process (the
free energy of reaction for the 2a was -7.0 kcal/mol with respect
to 1-Au). Next step generate the oxonium ion intermediates 3b
through hydrogen atom migration from C* to O' (TSb4). Figure 2
shows that the bonds of C*-H and O'-H were 1.264 and 1.529 A
in TSb4, respectively. The activation free energy of this step is
30 7.1 keal/mol, and the formation of 3b is an exothermic process
(the free energy of reaction for the 3b was -8.0 kcal/mol with
respect to 2b). In order to generate the final product (4b) and
regenerate the catalyst, oxonium ion intermediates 3b undergo
the second hydrogen atom migration (O' to C?> TSb5). The
activation free energy of the second step is 5.4 kcal/mol, and the
formation of 4b is an exothermic process (the free energy of
reaction for the 4b was -34.6 kcal/mol with respect to 1).
According to our calculated results, TSa3 and TSb3 would play
vital roles in the title reaction. A higher activation energies found
for TSb3 indicate that the formation of product 4b from 1 via
pathway b should be unfavored. In order to further consider the
effect of the legend, the reaction pathways a for the Au(PPh;)”
were calculated and the energy profile for this process is
represented in Figure S1. Caculation results show that barriers for
TSal-Ph, TSa2-Ph, TSa3-Ph, TSa4-Ph and TSa5-Ph were
13.9, 20.8, 15.3, 12.1 and 8.3 kcal/mol, respectively. A little
difference between Au(PPh;)" and AuPH;' indicate that
[AuPH;]" is a good model for [AuPPh;]" for the systems studied
here.

3.2 Computational Results for the Pt (II) -Catalyzed

The energy profile for this process is depicted in Figure 4. The
structures of the various critical points located on the potential
surface along with the values of the most relevant geometry
parameters are presented in Figure 5. Examination of Figure 4
shows that the first step for pathway ¢ also involves a preliminary
intermediate 1-Pt stabilized by the coordination of the Pt atom
and the n-bond of the alkyne moiety. If we consider PtCl, as the
“active” species of the catalyst, 1-Pt forms without any barrier
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and is 48.7 kcal/mol lower in energy than the reactants. The

0 higher complexation energies found for 1-Pt indicated that the

interaction with Pt atom to m-bond of the alkyne is significantly
stronger than that for Au atom to the carbonyl oxygen atom.
Comparison of the structures of 1-Au with 1-Pt reveals that the
major coordination reaction occurs between the carbonyl oxygen
atom and the gold atom in 1-Au. However, the major
coordination reaction takes place between the terminal CC triple
bond and the Pt atom in 1-Pt. In 1-Pt, the distance of Pt-O is
3.140 A and the lengths of the two Pt-C bonds are 2.047 and
2.034 A. These values for bond distance indicate that a
symmetrical coordination reaction between the terminal CC triple
bond and the Pt atom was found for 1-Pt. As we mentioned
above, the coordination of the triple bond with the Pt atom in 1-
Pt enhances the electrophilicity of the triple bond which make a
cyclization of the C* onto the triple bond (C*) and give a new and
stable structure lc through a five-membered ring transition
structures TScl. Table 2 shows that the free energy of activation
for this step is calculated to be 9.2 kcal/mol for TSel and the free
energy of reaction for the 1c¢ intermediates is -33.8 kcal/mol with
respect to 1-Pt. 1c¢ is then converted to the intermediate 2¢ via an
[1,2]-shift transition structure TSe2. In TSe2, the C2-C* and C>-
C*bonds are 1.563 and 1.882 A, respectively. The activation free
energy of this step was 12.6 kcal/mol, and the formation of 2¢ is
an endothermic process (the free energy of reaction for the 2¢ was
8.5 kcal/mol with respect to 1c¢). The relatively lower barriers
found for TSc2 than those of Tsa2 can mainly be attributed to the
following reason. There are only relatively small structural
changes (C>-C* bond change from 1.519 to 1.563 A ) from the
reactants to the transition states. Thus, not much energy is needed
to go from the reactant to the transition states. Also this would be
the possibility of the pyrrole ring attacking the alkyne through C*,
instead of carbon C*.1**! Figure 5 shows that the bond distance of
C?-C*is 2.033 A in TSc3. The activation free energy of this step
was 10.7 kcal/mol, and the formation of 2¢ is an exothermic
process (the free energy of reaction for the 2¢ was -25.3 kcal/mol
with respect to 1-Pt). Next step for hydrogen atom migration
from C* to O' would be generating the intermediates 3¢. Figure 5
shows that the bonds of C*-H and O'-H were 1.298 and 1.487 A
in TSc4, respectively. The activation free energy of this step is
13.1 kcal/mol, and the formation of 3¢ is an exothermic process
(the free energy of reaction for the 3¢ was -16.1 kcal/mol with
respect to 2¢). The subsequent step for two consecutive migration
of the hydrogen atom would be inducing the final product (5¢)
and regeneration of the catalyst. The barriers of 17.5 and 9.5
keal/mol are required for TSe5 and TSc6, respectively.**! The
whole catalytic processes are exothermic by -40.4 kcal/mol lower
than 1-Pt. The higher barriers found for TSc5 indicate that this
step also was the rate-determining one.

Simlar to gold (I)-catalyzed, the attack between the C* and the
triple bond (C') would give rise to another possible reaction
pathway in 1-Pt. Cyclization of the C* onto the triple bond (C')
would give a new and stable structure 1d through a six-membered
ring transition structure TSd1. In TSd1, nucleophilic attack of C°
on the C' leads to the formation of C'-C* bond and the distance of
C'-C? in TSd1 was 2.442 A. Table 2 showed that the free energy

s of activation for this step was calculated to be 10.5 kcal/mol for

TSd1 and the free energy of reaction for the 1d intermediates was
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-34.1 kcal/mol with respect to 1-Pt. The C'-C* bond in 1d
becomes completely formed and now is 1.523 A. Furthermore,
the C'-C? bond also accomplished the conversion of triple bond
to double bond and now the bond distance was 1.346 A.
Subsequent step would be generate seven-membered intermediate
2d through TSd2. Figure 5 shows that the C'-C* bond changed
from 1.523 to 1.575 A in TSd2. Furthermore, the new forming
C'-C* bond is 1.834 A. The activation free energy of this step is
15.9 kcal/mol, and the formation of 2d is an endothermic process
(the free energy of reaction for the 2d was 8.5 kcal/mol with
respect to 1d). Similar to pahway c, this also would be the
possibility of the pyrrole ring attacking the alkyne through C*,
instead of carbon C*.[**! Inspection of Figure 5 shows that the
bond distance of C'-C* is 2.506 A in TSd3. The activation free
energy of this step was 14.6 kcal/mol, and the formation of 2d is
an exothermic process (the free energy of reaction for the 2d was
-23.1 kcal/mol with respect to 1-Pt).Next step generate the
oxonium ion intermediates 3d through hydrogen atom migration
from C* to O' (TSd4). Figure 5 shows that the bonds of C*H and
O'-H were 1264 and 1.529 A in TSd4, respectively. The
activation free energy of this step is 5.4 kcal/mol, and the
formation of 3d is an exothermic process (the free energy of
reaction for the 3b was -9.9 kcal/mol with respect to 2d). In order
to generate the final product (4d) and regenerate the catalyst (R2),
3d undergo the second hydrogen atom migration (O' to C'
TSdS5). The activation free energy of the second step is 12.8
kcal/mol, and the formation of 4d is an exothermic process (the
free energy of reaction for the 4d was -7.1 kcal/mol with respect
to 3d). According to our calculated results, TSe¢5 and TSd2
would play vital roles in the platinum (IT) -Catalyzed reaction. A
higher activation energies found for TSec5 indicate that the
formation of product 4¢ from 1-Pt via pathway a would be
unfavored. Our calculated results are in good agreement with the
experimental observations. ['

3.3 exo-dig fashion vs endo-dig fashion

According to our calculation results, in the case of cationic gold
the nucleophilic attack of the pyrrole on the activated alkyne
in an exo-dig fashion generating six-membered
intermediate, which upon deprotonation and protodeauration
forms pyrrolopyridinone. When platinum is used, an endo-dig
fashion were located to which generate seven-membered
intermediate. After deprotonation and protodeplatination
pyrroloazepinone is formed. In order to further consider the effect
of different metal complexes, the reaction mechanism catalyzed
by gold (III) has been performed. The calculation results clearly
indicate that gold (III) prefer a pathway similar to platinum (II) —
Catalyzed. That is to say, the nucleophilic attack of the pyrrole
on the activated alkyne occurs in an endo-dig fashion generating
seven-membered intermediate, which upon deprotonation and
protodeplatination forms pyrroloazepinone. P°! As we known,
Cationic Au(I) species are superior Lewis acids compared with
other Group 11 metals for many transformations, and intuitively
it seems that relativistic contraction of the valence s or p orbitals
of Au should be responsible, because they should correspond to a
relatively low-lying lowest unoccupied molecular orbital (LUMO)
and therefore strong Lewis acidity. This conclusion can also be
derived from considering the major coordination between the
metal and oxygen atom. The major coordination reaction occurs

occurs

between the carbonyl oxygen atom and the gold atom in 1-Au.
« However, the major coordination reaction takes place between the
terminal CC triple bond and the Pt atom in 1-Pt. The strong
Lewis acidity of gold (I) might explain why other metal
complexes prefer a pathway involved an endo-dig fashion.

Conclusions

¢s In summary, this work has provided the detailed theoretical study
for the reaction of the gold (I) or platinum (II) catalyzed
intramolecular  hydroarylation to pyrrolopyridinones and
pyrroloazepinones. In the case of cationic gold, our calculation
results suggested that the first step of the cycle is the pyrrole ring

70 attacking the alkyne through C* via an exo-dig fashion generating
generating six-membered intermediate, which upon deprotonation
and protodeauration produces the observed products and liberate
the cationic gold (I) catalyst. A [1, 2]-migration would not be
needed. On the other hand, when platinum is used, an endo-dig

7s fashion were located to which generate seven-membered
intermediate. Also, a [1, 2]-migration would not be needed. After
deprotonation and protodeplatination pyrroloazepinone is formed.
Whether for exo-dig (gold (I)) or endo-dig (platinum (II))
cyclization, the first step for pyrrole ring attacking the alkyne

so through C* was the rate-determining one. These calculated results
are consistent with the experimental observations of Van der
Eycken, and co-workers for the synthesis of pyrrolopyridinones
and pyrroloazepinones through gold (I) - and platinum (II)-
catalysis respectively. The predictions may be useful as a guide to

ss future synthetic efforts and to problems that merit further study
by both theory and experiment.
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Table 1. Thermodynamic Properties (Relative Free Energies and Activation Free Energies in Gas

s Phase and in Solution) of the Structures in Figure 1 and 2 *

System  AESgs AGTae  AETg AGws  AE®  AG% AE" o, AG

I-Au 0 0 0 0

TSal 10.8 11.1 10.8 11.1 12.5 10.1 12.5 10.1
la -16.0 -13.7 -12.0 -12.9

TSa2 23 4.9 18.3 18.6 8.5 7.0 20.5 19.9

TSa3 14.6 16.0 14.6 16.0 14.9 16.4 14.9 16.4
2a -8.6 -6.4 -4.4 -5.1

TSa4 -0.1 2.0 8.5 8.3 9.9 4.5 14.3 9.6
3a -4.2 -2.0 -3.7 -6.7
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TSas -3.2 -1.7 0.9 0.3 6.9 1.8 10.6 8.5
4a -35.7 -35.4 -35.3 -37.0

TSbl 23.0 24.8 23.0 24.8 26.4 26.6 26.4 26.6
1b -16.7 -14.2 -14.3 -14.2

TSb2 2.5 6.3 18.5 20.0 6.9 6.6 18.9 20.8

TSb3 15.5 17.8 15.5 17.8 16.5 18.5 16.5 18.5
2b -10.5 -7.3 -1.7 -7.0

TSb4 -6.1 -2.3 4.4 5.0 2.1 -0.1 9.8 7.0
3b -15.1 -12.2 -14.6 -15.0

TSbS -15.2 -11.7 -0.1 0.5 -6.5 -9.6 8.1 54
4b -34.3 -31.7 -35.9 -34.6

* These values, in kcal/mol, were calculated at the M06-2X/6-31G (d, p) (LANL2TZ(f) for Au) level of
theory and included the zero-point energy correction, using single-point integral equation formalism
polarizable continuum model (IEFPCM) calculations at the M06-2X/6-311++G (d, p) (LANL2TZ(f)

for Au) level of theory to model the effect of the solvent .

s Table 2. Thermodynamic Properties (Relative Free Energies and Activation Free Energies in Gas

Phase and in Solution) of the Structures in Figure 4 and 5 *

System  AE . AGSns  AE g AG s AE®,  AG™, AE AG7 o

1-Pt 0 0 0 0

TScl 7.5 10.3 7.5 10.3 8.3 9.2 8.3 9.2
lc -25.1 -21.3 -34.1 -33.8

TSc2 -13.8 -11.3 11.3 10.0 -18.0 -21.2 16.1 12.6

TSc3 7.5 9.8 7.5 9.8 7.2 10.7 7.2 10.7
2c -18.4 -14.2 -25.8 -25.3

TSc4 -8.1 -3.2 10.4 11.0 -9.5 -12.3 16.3 13.1
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3¢
TSc5
4c
TSc6
5¢
TSdl1
1d
TSd2
TSd3
2d
TSd4
3d
TSd5
4d

-32.3
-17.5
-25.5
-12.8
-42.6
8.9
-26.5
-12.4
11.6
-18.5
-15.3
-24.3
-14.1
-41.6

-28.3
-15.3
-22.7
-10.2
-39.3
12.0
-23.4
-9.7
14.6
-14.0
-10.1
-20.5
-10.2
-38.6

14.8

12.7

8.9

12.7
11.6

3.2

10.2

13.0

12.5

12.0

11.6
14.6

3.9

10.3

37.7
-17.9
-26.1
-14.2
424
8.9
-33.9
-15.5
13.4
242
-15.7
322
-16.3
427

-41.4
-23.8
-28.3
-18.7
-40.4
10.5
-34.1
-18.2
14.1
-23.1
-17.6
-32.9
-20.2
-40.5

19.8

11.9

8.9

18.4
13.4

8.5

15.9

17.5

9.6

10.5

15.9
14.1

5.4

12.8

* These values, in kcal/mol, were calculated at the M06-2X/6-31G (d, p) (LANL2TZ(f) for Pt) level of

theory and included the zero-point energy correction, using single-point integral equation formalism

polarizable continuum model (IEFPCM) calculations at the M06-2X/6-311++G (d, p) (LANL2TZ(f)

for Pt) level of theory to model the effect of the solvent .

s Graphical Abstracts

Pyrrolopyridinones and pyrroloazepinones can be prepared through gold (I) or platinum (II) catalyzed.

These interesting gold (I) or platinum (II) catalyzed way is fully supported by a computational study

justifying the formation of each intermediate.
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