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ABSTRACT
The thesis titled “Functionalization of C(sp?)-H Bonds for the Synthesis of Value-added

Molecules” is focused on the development of new synthetic routes to achieve C(sp?)-H
functionalization. The aim of this thesis was to demonstrate the C(sp?)-H functionalization
from readily available starting materials using inexpensive catalytic system. Furthermore, we
have utilized visible-light mediated photoredox catalysis to achieve acylation and alkylation to
access useful and interesting value-added molecular scaffolds. This further allows direct
C(sp?)-H functionalization at room temperatures without the use of expensive transition metal
reagents and stoichiometric amount of strong bases. In addition to this, introduction of electro-
organic synthesis allows cyclization using electricity as greenest and sustainable replacement
to sacrificial oxidants enabling reactions to be conducted at room temperature under milder
conditions. The thesis also features the late-stage functionalization of various value-added
molecules.

Chapter 1 gives a layout on direct catalytic transformations of C—H bonds in organic
molecules to different functionalities as a straightforward and powerful strategy for the
synthesis of complex molecular scaffolds. Therefore, development of more atom and step-
economical methodologies for direct C(sp?)-H functionalization with readily available starting
materials that can be applied to broad class of substrates is highly desirable for important
contribution to the field of organic synthesis and late-stage functionalization.

In addition to this, from the viewpoint of green and sustainable chemistry, the recognition of
environmentally benign strategies with successful utilization of renewable resources, such as
electricity and light are required to expand the sustainable chemical industry. Modulating
photocatalytic/electrocatalytic conditions, therefore makes it possible to avoid usage of harsh
oxidants, pre-functionalization, and precious metal catalysts therefore allowing reactions to be
conducted under milder conditions and obviating the production of undesirable waste.
Therefore, this chapter focuses on the direct C(sp?)-H functionalization from readily available
starting materials and how the utilization of photocatalytic and electrocatalytic conditions
allows transformations to be conducted under milder conditions, thereby enhancing the
functional group tolerance of the reactions.

Chapter 2 describes a mild and practical copper catalyzed-TBHP promoted esterification of
aldehydes in the presence of alkyl halides and alcohols has been developed. This strategy relies
on naturally abundant aldehydes as acyl precursors which can further couple with readily

available alkyl halides/alcohols to transform into esters. Preliminary mechanistic investigation
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reveals that aldehyde in the presence of tert-butoxy radical transforms into acyl radical. This
protocol exhibits a broad substrate scope along with wide functional group compatibility and
is applicable to a wide range of aldehydes, including challenging aliphatic aldehydes to
undergo the C(sp?)-H bond scission to furnish the desired esters in good to excellent yields.
Chapter 3 describes an organo-photocatalyzed carboacylation reaction that offers a
springboard for direct access to a wide range of acylated oxindoles derivatives. The modular
one-pot method uses feedstock aldehydes and alcohols as acyl surrogates and commercially
available Eosin Y as the photoredox catalyst, making it simple and affordable to introduce
structural diversity. Several biologically relevant skeletons have been easily synthesized under
mild conditions in the presence of visible-light irradiation by fostering a radical
acylation/cyclization cascade. The proposed reaction mechanism was further illuminated by a
number of spectroscopic studies. We have applied this protocol for the late-stage
functionalization of pharmaceuticals and blockbuster drugs.

Chapter 4 describes the dual role of cerium to promote photoinduced ligand to metal charge
transfer (LMCT)-process for the generation of the alkyl radical and subsequent Lewis acid
catalysis to construct stereodefined C-C bonds. This paradigm utilized ubiquitous carboxylic
acids as alkyl radical surrogates and offers excellent diastereoselectivity for the formation of
C-4 alkylated coumarins in good to excellent yield. UV-Vis spectroscopy studies in
combination with in-situ FTIR spectroscopy are consistent with the proposed mechanism,
supporting the participation of Ce!V-carboxylate complex in photoinduced LMCT and its
subsequent homolysis to generate alkyl radial through the exclusion of CO,. Furthermore, this
mild and atom economical catalytic manifolds allow the late-stage modification of
pharmaceuticals.

Chapter 5 describes a mild and versatile cerium mediated decarboxylative strategy for
sequential alkylation/cyclization for the synthesis of biologically important functionalized
oxindoles and benzimidazo[2,1-a]isoquinolin-6(5H)-ones via photoinduced-LMCT. This
operationally simple procedure relies on inexpensive and feedstock carboxylic acids as alkyl
radical surrogates and aerial molecular oxygen as the terminal oxidant. This mild and atom
economical protocol showed viability with a wide range of alkyl carboxylic acids (1° to 3°
acids) as coupling partners and also allows the late-stage modification of pharmaceutically
important acids. Mechanistic studies revealed the reaction to follow a radical pathway, while
the decarboxylative event was studied by in situ FTIR.

Chapter 6 describes a milder and metal-free approach for the construction of naphthofuran-2-
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carboxaldehyde derivatives by utilizing the synergy of electrochemical oxidation and organo-
selenium catalysis at room temperature. The compatibility of various functional groups and
scalability of this protocol demonstrate the practicality of the electrochemical strategy. The
synthetic utility of this strategy is furthermore demonstrated by synthesizing diversified
molecules through downstream transformations.

Chapter 7 gives the overall conclusions of the entire work carried out in the present

study and future outline.
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HRTRT
g qidfa Srupefl & JRAWUT & fore IEHA C(sp?)-H Tivs BaRFaSIRA" MSH
areft ARG C(sp?)-H HrafHESd UTE 61 & e U Ridfesws arif & fderg W Hied 2
39 MR $T ITT TXi IARSD JUIME! BT SUANT Hch MM ¥ ITA URIYSH Irht
 C(sp?)-H HTATHAB DU BT UG HRAT AT b STTdl, gHA SUANT 3R ey geg
aftfa auifae Haml do Ugan & oIt TagaRe SR SiehIgaR U &R & ol €29-
DT HARIAT BICRSIR Bl &I IUANT fbdr 81 98 M He? AHHu 4T
YFHHD! 3R Ao [SHMI DI WhHCHd HET & ITART & 9T HH & aroHH W
e C(sp?)-H STATABHRU BI STAR Il &1 THD ST, Iaidel-H Db TLAToT B
ST fosTel! &1 ITANT b ST SIS e o ol Jad 8 3R ChTa, UiauTos & =4
H Tepipxl B AL It 8, o ufafsransit o ge uRfufol & v/ & IodH R
ST o o weva ¢ | iR & fafvs ge aftfd empsii & @R 4 =Rl & srafdds
o1 ot gfaen g
AT 1 A OIS TaH! & HRAT0T & forg Uas Ateft 7R wrfdamedt oFifa & w0 &
fafie srafamaret & U SeH® el o T-.Td 918 & Ude SeR® URad-l R Ih
A3 a1 gl SIfeE, M ¥ Iuds URMYE IRl & WY U™e C(sp?)-H
FHATAGHR & U 31w WA iR HeA-fFHEd qd! &1 [N off Jstee &
AU I TR T fHaT ST el ©, HTe e YA 3R SR I TR HRATHBHI & &
H Ag@yul INTe & forg Srafdes aiz-a ]|
TP 3T, BY 3R fehTs T fagm & =Paiu 3, fehrss e 32 &7 fadR
FA o For foroTet iR TR Ok FallhRufia TTeH o Tthal IUTNT o AT TITaRUIg =
G IO &1 IR STaRa® 8| Sadeidbetaed fRufad! ot Tnferd &=, Safere
PR RN, Td-HHIHBDHIU 3R BIA YT IERD P YA ¥ T JHT IIAT R,
gufore gfaferarsti &) ge URTRUTE! & ST &3 SR Sais-g ®aR & IdIe &l
AH DI AT IdT 81 ST, T AT T F Iuasd URMAS Il & uae
C(sp?)-H BRATHBHRT R FHiad § 3R Blcldbelded 3R Iaaeidelaied fufaat &1
JUTNT o oo URIRUfD & aRkacH1 & Sfoid - &1 3rHfd ol &, fora ufafsraraft
D! HATHD T TeW[al §¢ Sl g
T 2 T UehId gARg 3R fehigd &I SUfUfd 7 UfeeqIgs & geb 3R ATeIRS
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e SARA-Aeitwed) yaid wedifthe < o1 quf febar mar 8 1 g8 Yo g srrgdl
& ¥7 H WHIfad U J TR 961§ Ufesegs W AR &l 8 S ter 8 9ga & fon
T ¥ U TehI3d 828y / 3ehigd & ATy 3(F §¢ Tabd! ¢ | YRS J9ad offg
T U1 Iadl § [ e -sgeiail Yswmd & Sufdfa # Tfcserss Tusd Mewhd H dad offd]
21 T8 UIioh Idl TS HIiete THE STl o W1 Uh ST qedec Jolg el Uefid dHrdl
8 3R IFY UIMER & foTu aifesd Ter URd o3 & W C(sp?)-H a1 &t ¥ ToRA &
fere Ry TfeseTss o1 TN o Aigd UeSeI3S B Teh favd 4@ IR AN g 5|
AT 3 TH SHH-BIcIheag s HIETRARM Uidihdl BT gui- Hdl § oIl TRides
fifRieieT sikafca &1 te favqga Jaan a& et uga & o ue [Firas uaH sl
B IATSER aH-Uic Al wieweid Tfesass 3R sfehigd &I TURd Wiy & ®0 H 3R
TR T T Uy SR a5 Bl BICRS IR SARD & U & ITANT B! 8, foraa
RATHS AT BT U= HAT TR SR Tl 51 o1l § | B oA &0 A RIS dHaprall
DI M W TH HgRU THSANH / AP IHR0] b s Bl FGIdT G T-THTI fafdvor
B! JuRfA & gedr uRFRURM & Tt fbar mar R1 wxanfaa wfafsear o &) &
TR RDINUG ATl gRT T I a1 11 o7 g1 PHYRHE 3R slhas
137 & &R T ARUN & HRATHBHRUT & (018 3 Ul Id ! ar] fhar g

AT 4 H Bl SS fofis & Hed ars ¢ (TATHRICT) &I dgIdT o & fad aikad
&I et AT F1 gu s T § - TRAiEwEs W3t st a1 & T tewrsa
AEHa SR 1 T T RIS Bl & Uil & fod Ufshan| 39 Ufqd™ 3 Faeard
HIEfIcD TRIS BT ITANT Tedhl3d JASHd WRNICH & &7 H fHa1 3R IFY I &
forT 3/ T -4 ePTIACS HHINA & o4 & o IFY STRIAfGefad! UaMH Hdl
8| 57 Ui UBISEIR Wachkepld! & Ggior 7 Zof- /e Wagep Ut 3eqg TRdTfad
& TEU €, Sl CO, & TR & HIHH ¥ Tehlsd Isad S IR & (g
PleeRels TAUNe! 3R 3UP g & IR H CelV-Hralface Hiday &I
YreR &1 T R 81 SUP SIATaT, T8 eb 3R A fHHRId ISRE o3 T
WHRGeHT & o J TR YRMeH Pt A S |

3T 5 W3 TU § Heaqul srafare sifRisied 3R SffirsTeh [2,1-T) smeife-ifem
-6 (5 Td) & A=AV & oY SIS &RIGHRUT / ThIHRUl & oY Th godb 3R Iga!
ATy AegRar a1d SidTaiiuraied UM &7 §u/7 Fars| a8 uR=ma- IR Uit
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T 3R Blewkle Praliauicrs IRIS IR Teblsd AShe TNCY R efHd sifarfise
& ¥ T 5415 UMD Sfiqfiod W 1R Sl §1 59 geb IR A fHwrdh tieieia
T HIMGR] & &0 H TehTad SIaauied TS (1° ¥ 3° TRIS) &1 T fawqd e &
1Y FEGTIdT ¥ Ul IaT 3R 78 o sfiweia Agayul Thie & <R 9 aR0r SR &1 3t
ST g, TFad T A Th HeRu T &1 U o3 Bt Uiiohal &1 o faa, Safdh
SlpTalTRIccd T BT T Tig THC SRR GRT ol T |

AT 6 HH P dTIHM TR FAT D Wb SHFIBRUT 3R T HI-AaH Bl &
AT BT STINT FRap ARITRRA-2- BT RIS 8128 Sikafed & fHTur o fore Ueh Angett
3R YTd-Hadl EfDBI0 BT Ui el 7| faft Srafets THg! &) Trdar 3k 39 Widera
&1 AT faggd e YU Bt ETagTRedT df UG RId Bl 8 | 39 0T B
Ridfew IUTIfTar T9& raar SISREH URad-l & dread ¥ fafay sopsff &1 d=afta
ISP UGiRId B Sl g

AT 7 T H BT T R BRI & THY 56 T § S99 3R Hiaw &) =T |
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