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Hydrogen bonding template enables remote
meta-C–H alkenylation of nitroarenes with
electron-deficient alkenes

Bishal Dutta1, Mayank Mahajan2, Animesh Ghosh1, Maciej Dajek 3,
Rafal Kowalczyk 3 , Bhaskar Mondal 2 , Haibo Ge 4 &
Debabrata Maiti 1

Regioselective distal C−H functionalization of nitroarenes by overriding
proximal C−H activation has remained an unsolved challenge. Herein, we
present a palladium-catalyzedmeta-C−H alkenylation of nitroarene substrate,
achieved through leveraging the non-covalent hydrogen bonding interactions.
Urea-based templates comprising an elongated biphenyl linker designed in
such a way that it interacts with nitro group via strong hydrogen bonding
interaction,while a cyanobaseddirecting group is attached along the template
to coordinate with the palladium center, thereby facilitating the activation of
the remote meta-C−H bond of nitrobenzene. Computational mechanistic
investigation and the analysis of non-covalent interaction deciphers the crucial
role of H-bonding in regulating the regioselectivity.

The covalent directing group and transient directing group (TDG)
assisted remote (meta/para) C−H functionalization strategy in the
realm of palladium catalysis, has been extensively researched over
the past decades1–8. While these methods have partially addressed the
issue of regioselectivity, they unavoidably introduceextra steps for the
installation and subsequent removal of the directing group after
modification. This added complexity inevitably undermines the step
and atom economy of the reaction. Most importantly these directing
templates cannot be installed with a number of organic substrates like
nitrobenzene. To address these challenges, there hasbeen a significant
surge of interest to merge the concept of non-covalent interactions
with transition metal catalysis in the recent years9,10. Harnessing the
weak non-covalent interactions to functionalize distal C−H bonds
has been widely investigated in the field of iridium-catalyzed
borylation11–15. The weaker nature of non-covalent interaction results
inmore flexible transition states, making it challenging to differentiate
a specific C−H bond for activation16. In 2021, Jin and co-workers
demonstrated a hydrogen bonding methodology under palladium
catalysis for the alkenylation of carbonyl-based arene substrates at the

distal meta position (Fig. 1b)17. Recently, in 2023, our group reported
the palladium-catalyzedmeta-C−Halkenylation of aromatic long-chain
amines with the aid of an anionic H-bond acceptor template (Fig. 1a)18.
Simultaneously, vanGemmeren and co-workers utilized the concept of
electrostatic interaction between the substrate and ligand to enable
meta- alkenylation of benzyl ammonium salts (Fig. 1a)19. In this study,
we present an approach to achieve distal meta-C−H alkenylation of
highly electron deficient nitroarene substrate through the strategic
implementation of urea-based hydrogen bonding concept (Fig. 1c).
Nitroarenes, characterized by the pronounced electron deficiency,
pose formidable challenges in achieving site-selective C−H activation
due to unfavorable redox interactions with palladium20. The compel-
ling electron-withdrawing properties inherent to the nitro group pro-
motes ring substitution at meta position, confined to the limited
domain of SNAr type reactions21,22. Moreover, the coordinating ability
of nitro group with transition metals prefer selective ortho-C−H
activation23,24. Therefore, by overriding the intrinsic challenges asso-
ciated with nitro group, we unveil an unexplored avenue for accessing
meta-alkenylated nitroarene derivatives.
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Results
Optimization of the H-bonding templates
We recognized that the H-bonding template required three compo-
nents; (1) H-bond donor, i.e., urea/thiourea thiourea/squaramide core
interacting with the nitro group through hydrogen bonding, (2) a
directing group coordinating to the palladium center, (3) a suitable
spacer acting as a bridge between donor and directing group ensuring
the regioselectivity of the C−H activation. This interpretation leads us
to first synthesize a hydrogen bond donor template (HT1; Fig. 2),
encompassing an urea motif, nitrile directing group and a biphenyl
linker in between.We hypothesized that the introduction of a biphenyl
motif as an elongated linker perhaps will assist in bringing the palla-
diumcenter closer to themetaC−Hbondof nitrobenzene. In our initial
studies, we obtained a selective meta-alkenylated product of nitro-
benzene substrate with 30% yield and 3:1 selectivity (meta : others)
using HT1 as the H-bonding template. Following this hypothesis, later
we synthesized a vast array of H-bond donor templates, altering the
position of phenyl ring containing nitrile directing group and also by
changing the mode of H-bonding interaction (HT2-HT10; Fig. 2). We
observed an improvement in yield and regioselectivity when HT3 was
used as the H-bonding template. The desired meta-alkenylated pro-
duct formed with 44% yield with 6.5:1 meta-selectivity (Fig. 2). The
selectivity originates from the specific orientation of the hydrogen
bonded template with respect to the substrate scaffold in the transi-
tion state, as revealed through our density functional theory (DFT)-
based calculations (vide infra). Only a trace amount of meta- alkeny-
lated product was formed when a thiourea-based template was used
(HT4). This is likely due to the poisoning of palladium catalyst by the
sulfur center present in the thiourea template (Fig. 2)25. Subsequently,
we studied a series of squaramide-based templates HT5-HT10 (Fig. 2)
having different geometry of H-bonding unit, albeit exhibiting prop-
erties to bind palladium through M−O=C interactions. Although
enhanced N−H acidity resulting in stronger H-bonding with the sub-
strate, the complexation of palladium resulted in no reaction. We have
also synthesized another templateHT11 (Fig. 2) by increasing the linker

length of the carbon chain between biphenyl directing group and urea
motif. However, we haven’t noticed any improvement of the results in
comparison to HT3. It was also observed that the yield and selectivity
reduced significantly in the presence of a strong coordinating
pyridine-based H-bonding template (HT12). The introduction of car-
boxylic acid as a directing group in the template (HT13) also provided
poor yield and regioselectivity. Three H-bonding templates (HT1-HT3)
were subjected to computational investigation to decipher the origin
of the better selectivity exhibited by template HT3 (vide infra).

Substrate scopes
After a thorough optimization of reaction parameters (Supplementary
Tables 1–4, Supplementary Information, Sections 2.2.1–2.2.5), we
moved to investigate the generality of this protocol with 10mol% of
Pd(OAc)2, 20mol% of N-Ac-Gly-OH, 90mol% of H-bonding template,
silver acetate (3 equiv) as a sacrificial oxidant in HFIP solvent. A diverse
range of nitroareneswere found tobe compatible under the optimized
reaction condition (Fig. 3). Simple nitrobenzene produced meta-alke-
nylated product with 46% yield and 7:1 regioselectivity with this opti-
mized condition (3a). Ortho-nitro toluene gave desired meta-
alkenylated productwith 51% yield, albeit with ameta :meta’ selectivity
of 1.6:1 andmeta : others selectivity of 4:1 (3b). In the case of 2-methoxy
nitrobenzene substrate, meta-alkenylated product was formed with
almost exclusive selectivity and moderate yield (3c). Similarly,
4-substituted nitroarene like para-nitro toluene was successfully
alkenylated at meta position with an yield of 54% and meta : others
selectivity of 4.5:1 (3d). The main reason for reduced selectivity in
these substrates is the steric induction provided by the methyl group
present in the ring. The introduction of an ethoxy group at the para
position leads to excellent yield and selectivity (3e), indicating that the
electronic effect of substituent has a governing role in controlling the
extent of hydrogen bonding with the urea-based template (HT3). Not
only the electron-donating substituents but also the electron-
withdrawing group present at the para position of nitrobenzene was
found to be compatible under this reaction condition (3f).
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Subsequently, we proceeded to explore the fate of this reaction in the
caseof 2,4-disubstitutednitrobenzene substrates. Itwas found that the
reactionworks reasonably well with electronically diverse substituents
present at the 2- and 4- positions of the nitroarene ring (3g-3j). After
that, we drew our attention to 2,6-disubstituted nitroarenes. Intrigu-
ingly, 2,6-dimethyl nitrobenzene worked well in this reaction despite
of having immense steric demand (3k). Moderately electron-deficient
substrates, like 2,6-difluoro nitrobenzene and 2,6-dichloro nitro-
benzene, were also alkenylated selectively at the meta position using
this approach (3l and 3m). We have observed that the presence of
electron donating groups in the nitroarene ring helps to increase the
yield as well as regioselectivity of the alkenylated product. As different
types of nitro benzenes were found to be suitable under this reaction
condition, we started to explore a series of alkenes (Fig. 3). Excitingly,
selective meta-alkenylated products formed with short to long alkyl
chains containing acrylates (3n-3q). Cyclohexyl acrylate along with
dicyclopentanyl acrylate were found to be compatible under this
reaction condition furnishing meta product with moderate yield and
selectivity (3r and 3s). Simple trifluoromethyl acrylate and fluoro-
containing long chain acrylate also worked out satisfactorily in this
particular reaction (3t and 3u). This protocol was also applicable for
activated alkene like methyl vinyl ketone (3v) and acrylate-containing
natural product core (3w). We have also sought to examine the reac-
tivity of other activated alkene like acrylonitrile. It has been observed
that acrylonitrile gives the selective meta-alkenylated product with
excellent yield and regioselectivity (3x). In this particular case, both (E)
and (Z) isomers of the alkenylated product formed with 1.7:1
selectivity.

Mechanistic investigation
In an effort to justify the role of HT3, we performed control experi-
ments. When the alkenylation reaction was carried out in absence of
the template, the yield as well as selectivity of the product remarkably

diminished (Fig. 4a). This unambiguously shows participation of HT3
in this reaction and its ability to activate distal meta-C−H bond in
preference over the other C−H bonds. To investigate the role of HT3
further, we synthesized another template (HT14) by N, N-di-methyla-
tion ofHT3. As the twoN−Hbonds areprotected in this case, chance of
hydrogen bonding with nitroarene substrate is null. We then per-
formed alkenylation reaction in the presence of this particular
methylated template (HT14) (Fig. 4a). As expected, under this parti-
cular condition, desired meta-alkenylated product was not formed.
This inspection clearly suggests that hydrogen bonding interaction is
essential to be present between substrate and template which is gov-
erning the site-selectivity in our alkenylation reaction. Our next
objective was to probe the H-bonding interaction between template
(HT3) and nitrobenzene. In search of this, templateHT3was dissolved
in acetone-d6 and an equimolar amount of guest molecule, i.e., nitro-
benzene was added. After that, NMR spectra was recorded. Interest-
ingly, characteristic peak of two N−H proton present inHT3 shifted to
downfield region (Fig. 4b), signifying hydrogen bonding between
nitrobenzene and HT3. Considering the important role of HFIP as a
solvent in distal C−H functionalization26, we anticipated that it might
play a critical role in hydrogen bonding in our case. So, we performed
the NMR experiment in presence of HFIP. This time NMR spectra was
recorded by adding HFIP in the solution of HT3 in acetone-d6. We
observed a downfield shift of two N−Hpeaks (Fig. 4c). Thismay be due
to the possibility of several H-bonding modes between HFIP and HT3.
In the same mixture, when nitrobenzene was added, it was noted that
characteristic peaks shifted unequally in the downfield region. This is
due to the possible interaction between −OH proton of HFIP with lone
pair of oxygen inHT3 that increase the N−Hbond length and results in
enhancement of H-bond donation of HT3. All these experiments sug-
gest a plausible involvement of hydrogen bonding in this particular
reaction. A case studywas performed to compare the regioselectivities
achieved in this H-bonding methodology and that achieved under our

Fig. 2 | Evaluation of H-bond donor templates inmeta-C−H alkenylation. aYield and regioselectivity was determined by 1H-NMR analysis with reference to 1,3,5-
trimethoxy benzene as an internal standard. bC−H alkenylation of the template was also observed. n.r no reaction, HT Hydrogen bonding template.
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previously explored photo-redox condition (Fig. 4d)27. It was found
that under photo condition, simple nitrobenzene gives better regios-
electivity compared to the hydrogen bonding approach. However, we
observed that the photoinduced alkenylation approach failed com-
pletely in case of the substituted nitrobenzenes. This shows the
advantage of our H-bonding alkenylation protocol where several
substituted nitroarenes can be functionalized at distal meta-position.
In pursuit of a deeper understanding at the mechanistic level, our
subsequent approach aimed to identify the pivotal phase that governs
the pace of the nitroarene alkenylation reaction. For this purpose, we
conducted simultaneous reactions utilizing both nitrobenzene and
d5-nitrobenzene as substrates, adhering to established conditions
(Fig. 4e). By assessing the initial rates and deducing the kinetic isotope
effect (KIE) (kH/kD), a value of 1.2 was obtained. This observation
strongly implies that the C−H activation step is improbable to serve as
the rate-determining step in this reaction28. We have also attempted to
find the reactivity of deuterated substrate in the absence of H-bonding
template. It was noticed that deuterated nitrobenzene did not react up
to two hours in the absence of template (Fig. 4f). As in the absence of
template there is a significant difference in reactivity between nitro-
benzene and d5-nitrobenzene, it clearly demonstrates that the C−H

activation step is actually accelerated by the H-bonding template
(Fig. 4f). In order to demonstrate the practicality of our protocol, we
have scaled up this alkenylation reaction by taking 2,6-dimethyl
nitrobenzene as a model substrate (Fig. 4g). The alkenylated product
was formed with 54% yield without compromising the regioselectivity.
The template (HT3) was also recovered from the reactionmedium and
recrystallized with 81% yield.

Computational studies
To obtain a detailed insight into the overall reaction mechanism, rate-
and selectivity-determining steps, and the specific role of hydrogen
bonding template (HT), we turned to density functional theory (DFT)-
based calculations. The well-accepted density functional B3LYP
(Becke’s three-parameter exchange with Lee–Yang–Parr correlation)
was employed for the DFT calculations for palladium-catalyzed
reactions29,30. A detailed description of the computational methodol-
ogy can be found in the Supplementary Information (page 46–57,
Supplementary Information). We used the basic information on the
catalytic cycle based on previous literature reports of palladium cat-
alyzed distal C−H olefination31, as a guide for our computational
investigation. Specifically, the reaction involves five major steps:

Fig. 3 | Substrate scope of nitroarenes and alkenes. aYield and selectivity were determined from the 1H NMR of the crude reaction mixture.
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(i) activation of the N−H bond of N-acetyl glycine by acetate ligand of
palladium acetate, (ii) activation of the meta-C−H bond of nitro-
benzene by the N-acetyl glycine ligand of active catalyst, (iii) coordi-
nation and 1,2-migratory insertion of the alkene (iv) β-hydride
elimination, and finally (v) reductive elimination followed by the pro-
duct release. Figure 5 represents a stepwise reaction Gibbs free energy
(ΔG) profile computed at the DFT-B3LYP level of theory. In the first
step, the N-acetyl glycine coordinated Pd(II)-acetate complex (RC)
undergoes N–H bond activation in the glycine unit by the acetate
group through a facile barrier of 5.0 kcal/mol (TS1) that leads to the
formation of Int1. In the subsequent step, the removal of AcOH fol-
lowed by the co-ordination of substrate(nitrobenzene)-bound
H-bonding template (HT3) generates Int1’ in an endergonic binding
process (ΔG= 10.4 kcal/mol). In Int1’ the H-bonding template orients

the meta-C–H bond of the nitrobenzene substrate close to the Pd-
center, which triggers the C–H bond activation through a concerted
metalation deprotonation (CMD)-type mechanism. The process leads
to a palladacycle complex (Int2) that involves an overall free energy
barrier of 17.4 kcal/mol with a six-membered transition state (TS2). To
verify whetherTS2 is associatedwith the lowest energy C–H activation
pathway, three different orientations of the substrate leading to three
possible C–H activation pathways were investigated (Supplementary
Fig. 14). Indeed, the pathway where the N-acetyl glycine ligand assists
in activating themeta-C−Hbond due to the coplanarity of the involved
atoms was calculated to possess the lowest barrier. The other two
pathways involve amuchhigher free energy barrier, 27.1, and 27.4 kcal/
mol, respectively, and therefore, were discarded from our discussion
(Supplementary Fig. 14). As the reactionmoves past the C–Hactivation
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step, the alkene coordinates with the Pd(II)-center in Int2, and the
resulting intermediate Int2’ undergoes 1,2-migratory insertion of
alkene to the Pd–C bond with an overall barrier of 22.2 kcal/mol
through a highly strained four-membered transition state (TS3). We
also considered the possibility of N-Ac-Gly-OH influencing or partici-
pating in the H-bonding strategy through the oxidative addition of
alkene to Pd(II)-intermediate (Int2) resulting in a Pd(IV)-intermediate
(Supplementary Fig. 15). However, the formation of a Pd(IV)-inter-
mediatewith anuncoordinatedH-bonding template involves veryhigh
Gibbs free energy (ΔG= 26.3 kcal/mol), which lies even higher than the
migratory insertion TS. Therefore, this possibilitywas discarded. In the
subsequent step of the migratory insertion, an alkene-coordinated
palladium(II)-hydride intermediate (Int4) is generated through the β-
hydride elimination pathway, which involves a moderate free energy
barrier of 13.7 kcal/mol (TS4). Finally, the palladium(II)-hydride inter-
mediate undergoes reductive elimination at the Pd-center to form Int5
featuring a Pd(0) center. The alkenylated product remains very weakly
coordinated at the Pd(0) center in Int5, which gets released in the
subsequent step. The silver acetate present in the reaction re-oxidizes
the Pd(0)metal center to Pd(II), thereby, regenerating the Pd(II)-based
active catalyst. As per the stepwise reaction energetics presented
above, the 1,2- migratory insertion step possessing the highest overall
free energy barrier (ΔG‡ = 22.2 kcal/mol) among the four key reaction
steps appeared to be the rate-determining step (RDS) of the overall
reaction. Thus, the C–H activation step with an appreciably lower
barrier (ΔG‡ = 17.4 kcal/mol) is not involved in the RDS. This compu-
tational finding appears consistent with the experimental observation
of a KIE value of 1.2 obtained through the parallel reactionmethod. To
justify the role of the H-bonding template, the entire reaction

energetics involving four key reaction stepswas computedwithout the
template (Supplementary Fig. 16). In this case, the C–H activation step
was calculated to involve the highest free energy barrier with a very
high value of 32.1 kcal/mol. Moreover, the 1,2-migratory insertion step
also involves a very high barrier of 27.4 kcal/mol. Therefore, the
highest barrier, which is ~10 kcal/mol higher as compared to the
reaction pathway assisted by the H-bonding template, clearly show-
cases the significant accelerating effect on the alkenylation reaction.
To answer the question of why HT3 turned out to be the optimal one
among the three reactive templates (HT1,HT2, andHT3), as observed
during the experimental reaction optimization process, we performed
a side-by-side analysis of the free energy barrier and electronic effects
of the critical C–H activation step participated by HT1, HT2, and HT3
(Supplementary Fig. 17). As borne out from our calculations,HT3 due
to its structural flexibility could align both the –NH donors toward the
acceptor –NO2 groupof the substrate, and thereby, form twoH-bonds.
On the other hand, HT1 and HT2 could only manage one H-bond due
to the structural reservation. The H-bonds were clearly visible through
the NCI analysis presented in Supplementary Fig. 17b. Consequently,
HT3 undergoes the C–H activation step with a much lower barrier of
17.4 kcal/mol as compared to HT1 and HT2 both showing a barrier of
23.2 and 21.9 kcal/mol respectively. A similar effect was observed for
the rate-determining 1,2-migratory insertion step involving TS3 (Sup-
plementary Fig. 18). To shed light on the regioselectivity enforced by
HT3, geometric and electronic analysis of the transition state that is
involved in the RDS step (TS3) was performed. Three different tran-
sition states leading to meta (m-TS3), para (p-TS3), and ortho (o-TS3)
C–H alkenylation selectivity of the nitrobenzene substrate were com-
puted (Fig. 6). It is apparent that the hydrogen-bonding interactions
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between the nitro group of the substrate and the –NH group of the
template exert a stabilization effect that lowers the energyof theTSs as
well as the intermediates. A careful inspection of the meta-selective
transition state (m-TS3) geometry unravels that there is a formation of
two hydrogen bonds between two optimally aligned donors –NH
groups of HT3 and two acceptor O-atoms of the nitrobenzene sub-
strate with hydrogen-bonding distances of 2.01 Å and 1.97 Å in an
almost linear fashion (∠NHO= 168°) (Fig. 6a). On the contrary, the
para- and ortho-selective transition state (p-TS3 and o-TS3) feature
only one H-bond (1.92 Å) between the −NH group of HT3 and the
O-atom of the nitro group. Consequently, the Gibbs free energy bar-
riers for the later cases of p-TS3 (ΔG‡ = 25.2 kcal/mol) and o-TS3
(ΔG‡ = 31.7 kcal/mol) were calculated to be appreciably higher as
compared to the m-TS3 (ΔG‡ = 22.2 kcal/mol). The H-bonding interac-
tions were also clearly evidenced through the non-covalent interaction
(NCI) plots (Fig. 6b). Therefore, the relative Gibbs free energy of the
other transition states, p-TS3 (ΔΔG‡ = 3.0 kcal/mol) and o-TS3
(ΔΔG‡ = 9.5 kcal/mol), with respect to m-TS3 nicely demonstrates the
prevailing meta-selectivity effect (m:others = 7:1, Fig. 3) of the
H-bonding template. In line with this selectivity rationalization, we
further analyzed the impact of aromatic-ring substituent on the
selectivity. For this purpose, substrate 3e, containing para-OEt sub-
stitution and 3 h with 2,4-dimethyl substitution were selected. The
highest selectivity observed for 3e (m:others > 30:1, Fig. 3) can be
attributed to the formation of a much stronger hydrogen bond in
meta-TS3 due to the enhancement of the electron density on the –NO2

group of nitrobenzene by electron-donating –OEt group. This stabi-
lizes the rate-determining TS (ΔG‡ = 19.4 kcal/mol, Supplementary
Fig. 19) by ~3.0 kcal/mol relative to the unsubstituted nitrobenzene
containing m-TS3 (ΔG‡ = 22.2 kcal/mol, Fig. 6). On the other hand, the

transition state of the only other isomer i.e., ortho-TS3 is destabilized
due to the involvement of only one O-atom of the nitro group towards
hydrogen bonding (Supplementary Fig. 19). This leaves a large barrier
difference between meta-TS3 and ortho-TS3 with ΔΔG‡ of 10.9 kcal/
mol andhighly favoring the formation of themeta-alkenylatedproduct
over the ortho-alkenylated product. For the same reason, the lowest
selectivity was observed for 2,4-dimethyl substituted nitrobenzene
(3h), which is reflected through a small difference between the
activation barrier of rate-determining meta- and ortho-TS3
(ΔΔG‡ = 3.9 kcal/mol, Supplementary Fig 20). We further investigated
the accelerating effect of theH-bonding template in theC–Hactivation
(TS2) and β-hydride elimination (TS4) steps. As shown in Supple-
mentary Fig. 21 of the Supplementary Information, both the H-bonds
between the –NHdonors and –NO2 acceptor remain intact throughout
the reaction course, as consistently observed in TS2, TS3, and TS4
(Supplementary Fig 21)32. This observation further strengthens the
critical role of the H-bonding template in the meta-selective C–H
alkenylation reaction. Finally, to evaluate the role of the mono-
protected amino acid (MPAA) ligand in the overall reaction, the Gibbs
free energy barrier of the crucial C–H activation and 1,2-migratory
insertion steps were calculated with four different types of ligands
L1-L4 (Supplementary Figs. 22 and 23). It was anticipated that bulkier
ligandswould exert a steric effect around the Pd-center anddestabilize
the corresponding transition state. This was, indeed, observed in both
the cases of TS2 (Supplementary Fig. 22) and TS3 (Supplementary
Fig. 23). In the first case, i.e., for the C–H activation step (TS2), rela-
tively bulkier ligands (L2-L4) introduce non-planarity in the six-
membered transition state, and thereby, enhance the reaction bar-
rier by 2.1, 6.9, and 6.7 kcal/mol for L2, L3, and L4, respectively as
compared to the optimal ligand L1 (Supplementary Fig. 22)33. A similar,
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the NCI plot denotes H-bonds), and c key geometrical parameters of the meta-,
para-, and ortho- selective TS3.
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but less pronounced effect was observed in the case of TS3, where the
bulkier ligands L2-L4 involve a larger barrier ranging ~0.5–3.5 kcal/mol
relative to L1 (Supplementary Fig. 23).

In summary, palladium-catalyzed distal meta-alkenylation of
nitroarenes through the incorporation of urea-based hydrogen
bonding has been accomplished. Notably, a diverse range of nitro-
benzenes has demonstrated remarkable suitability within this frame-
work. Our findings are supported by an array of control experiments,
NMR analysis, and meticulous DFT-based mechanistic studies which
affirm the existence of hydrogen bonding interactions between the
substrate and the template. The experimentally observed selectivity
could be nicely rationalized through the relative Gibbs free energy
barriers of different transition states involved. In our pursuit of unra-
veling the reaction’s complexities, we undertook kinetic investigations
and conducted an in-depth computational mechanistic analysis. As a
result, we identified the 1,2-migratory insertion as the rate-determining
step, intricately by the participation of the hydrogen-bonding tem-
plate. The pivotal role played by the extended biphenyl spacer-based
hydrogen bond donor template, combined with the employed ligand,
holds substantial promise for a broader spectrum of synthetic
applications.

Methods
General procedure for the synthesis of alkenylated nitroarenes
A clean, oven-dried screw cap reaction tube with previously placed
magnetic stir–bar was charged with Nitroarene (0.1 mmol, 1 equiv.),
alkene partner (0.2mmol, 2 equiv.), Pd(OAc)2 (0.01mmol, 10mol%),
N-Ac-Gly-OH (0.02mmol, 20mol%), H-bonding template (HT3)
(0.09mmol, 90mol%) and AgOAc (0.3mmol, 3 equiv.) followed by
addition of HFIP (1mL). The reaction mixture was vigorously stirred
for 24 hours in a preheated oil bath at 80 °C. After stipulated time,
the reaction mixture was cooled to room temperature and filtered
through a celite bed. The crude reaction mixture was purified by
column chromatography using silica gel and petroleum-ether/ethyl
acetate as the eluent to give the desired alkenylated-nitroarene as the
product.

Data availability
Details about materials and methods, experimental procedures,
mechanistic studies, characterization data, and NMR spectra are
available in the Supplementary Information. Additional data are
available from the corresponding author upon request. Crystal-
lographic data are available from the Cambridge CrystallographicData
Centre of the following compounds: 3b (CCDC 2209234), 3e (CCDC
2209236), 3j (CCDC 2209235) and HT3 (CCDC 2209378). These data
can be obtained free of charge fromhttps://www.ccdc.cam.ac.uk/data_
request/cif. Source data are provided with this paper.
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