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di or tri arylation of amines have been per-
formed using the same protocol. 

Instead of these success stories, one 
of the major criticism in this domain has 
been the usage of external directing group 
which has to be attached and detached 
pre and post functionalization. An ideal 
approach would be to perform the reaction 

showed δ-(sp3)-H arylation of a number of 
aliphatic amines (Figure 3d).25 Notably, the 
activated six-membered palladacycle was 
characterized via X-ray crystallography. A 
number of aryl coupling partners including 
aryl iodides, natural product containing 
iodides, BODIPY derivatives were utilized 
as coupling partners in the reaction. Not 
just mono arylation, but even sequential 

activation. In this regard, we have reported 
the formation of C-S, C-Se, C-Si, and C-Ge 
bonds starting from aliphatic acid sub-
strates (Figure 3c).23, 24 These protocols 
enable the synthesis of bioactive chal-
cogen containing α-amino acids in fewer 
steps. Further, distal δ-(sp3)-H bond of 
aliphatic amines have also been activated 
by our group and group of Shi. In 2019, we 
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Conclusion
 In essence, the field is transition metal 

catalyzed remote C-H activation witness-
ing tremendous growth due to its poten-
tial to streamline chemical synthesis. 
Remote functionalization of both C(sp2)-H 
and C(sp3)-H have achieved tremendous 
advances in terms of designing direct-
ing templates, catalysts, and ligands. The 
major challenges associated with increas-
ing the practicality of this research domain 
is to discover more environmentally benign, 
cost-effective, scalable, and sustainable 
catalytic systems with very high turnover 
number. In this realm, usage of abundant 
3d transition metals like Fe, Ni, Cu, etc. 
for catalysis are getting more popular. To 
improve the practical applications, direct-
ing group free approaches have been 
invented both in the realm of sp2 and sp3 

activation. Given the remarkable progress 
remote C-H functionalization has made in 
the last two decades, these strategies are 
expected to expand the toolbox of syn-
thetic chemists and facilitate the discovery 
of pharmaceuticals, agrochemicals, and 
other desired materials.

furnished multisubstituted five membered 
lactones via dual γ-(sp3)-H activation.29, 30 
Although, carboxylate group found to be 
effective for methyl group activation but the 
activation of methylene group in a aliphatic 
substrate present a bigger challenge due to 
steric hindrance. Very recently, we devised 
a new strategy to reverse the site-selectiv-
ity in aliphatic substrates. Utilizing a bulky 
amino acid ligand N-acetyl tertiary leucine, 
γ-methylene group of cycloalkane acetic 
acid have been activated in presence of 
more facile γ-methyl group.31 More inter-
estingly, unsaturated bicyclic lactones form 
in absence of any coupling partner in the 
reaction, whereas, in presence of alkene or 
allyl alcohol as coupling partner olefinated 
bicyclic lactones form (Figure 3f). Thus a 
quaternary center forms in a single step 
from a methylene center in the substrate. 
There are a plethora of natural products 
and bioactive compounds that requires 
synthesis of such bicyclic lactones. Our 
developed methodology provides access 
to these lactones in a straightforward man-
ner than previously utilized approaches. 

with same efficiency but without using 
any extra auxiliary. In this realm, transient 
directing group approaches have come 
up as an alternative for amine, aldehyde, 
and ketone substrates where imine inter-
mediate forms in situ and breaks down 
after the functionalization, omitting the need 
to covalently attach the directing group.26 
However, this approach is limited only to 
ketone, aldehyde, and amine substrates 
to some extent. However, a practical and 
preferred approach would be one where 
no usage of extra directing group is nec-
essary. In other words, native functional 
group such as amine, acid, etc. present 
in the substrate could coordinate with the 
metal and assist in activating C-H bonds 
of the substrates.27 In 2019, we reported for 
the first time that carboxylate group could 
activate the γ-(sp3)-H bond of aliphatic acid 
substrate.28 Employing various aryl iodides, 
γ-(sp3)-H mono as well as diarylation was 
achieved. Later, we expanded this strategy 
to unsaturated systems such as alkene and 
allyl alcohol (Figure 3e). Whereas, alkene 
with aliphatic acid provided six and seven 
membered lactones, usage of allyl alcohols 
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