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ABSTRACT

The doctoral thesis titled “Asymmetric Synthesis of Non-Biaryl C-C Atropisomers and Spiro-
Oxindoles” encompasses five chapters focused on the advancement of organocatalytic
enantioselective C-C and C-O bond formation. Chapter 1 is introductory and briefly explains the
terminology and importance of asymmetric catalysis. In chapters 2 and 3, the concept of VQM has
been elaborated and axially chiral styrenes containing barbiturates are synthesized in chapter 2
while axially chiral styrenes bearing multiple stereogenic elements are constructed in chapter 3. In
chapters 4 and 5, oxindole fused spiro [furo[2,3-d]pyrimidines] and spirodihydrobezofuran are

synthesized enantioselectively using organocascade approach.

Chapter 1: provides a concise overview of the importance of chirality and its practical aspects
with intriguing examples. It covers methods of asymmetric induction, with special emphasis on
organocatalysis, followed by its brief history and modes of activation including covalent and non-
covalent organocatalysis. Then, a brief introduction to atropisomerism, axially chiral styrenes,
spirocycles and spiro-oxindoles is provided, followed by various challenges and strategies for

synthesising them.

Chapter 2: describes the inaugural enantioselective method for axially chiral barbiturate-
substituted styrenes from vinylidene ortho-quinone methide (VQM) derived from 1-
alkynylnaphthalen-2-ols, facilitated by quinidine-derived bifunctional catalyst via C-5
functionalization of barbituric acids. This mild and straightforward protocol offers tolerance to a
broad range of substrates bearing electronically diverse functional groups to afford axially chiral
barbiturate bearing styrenes in excellent yield (up to 99%), diastereo- and enantioselectivities (up
to 99%). The scale-up synthesis, post synthetic transformations and stereodivergent synthesis

demonstrate its synthetic potential.

Chapter 3: In this chapter, an enantioselective methodology is demonstrated for synthesizing
highly functionalized styrenes bearing multiple stereogenic elements. This methodology involves
the nucleophilic addition of nucleophile generated from f-keto esters in presence of quinine-

derived bifunctional squaramide catalyst on in situ generated vinylidene ortho-quinone methide
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(VQM) from 1-alkynylnaphthalen-2-ols. A series of axially chiral styrenes bearing axial and
central chirality has been synthesized successfully with excellent yield (up to 90%) and

stereoselectivity (dr up to 98:2, er up to 96:4) at room temperature.

Chapter 4: Here, we have developed an unparalleled enantioselective methodology to access
oxindole-fused spiro [furo[2,3-d|pyrimidines] with high bond efficiency, involving the formation
of two new C-C bonds and one C-O bond with two contiguous stereocenters. A library of chiral
spiro[furo[2,3-d]pyrimidines] with various substitutions has been synthesised with high yields (up
to 90%) and exceptional stereoselectivity (dr up to 99:1, er up to 97:3) at room temperature. The
scale-up synthesis, while maintaining reactivity and selectivity, showcases its synthetic potential.
The reaction mechanism involving ammonium ylide and the subsequent synthesis of

spirocyclopropylbarbiturate has been investigated using 'H NMR and HRMS titrations.

Chapter 5: illustrates the wunprecedented protocol to access chiral oxindole fused
spirodihydrobezofuran via organocascade approach, applicable to N-unprotected as well as
protected 3-chlorooxindoles and the spiro product formed with high bond efficiency (1 new C-C
and 1 C-O bond) with two contiguous stereocenters. A series of chiral oxindole fused
spirobezofuran has been synthesized successfully with high yield (up to 82%) and excellent
stereoselectivity (dr and er up to 99:1) at room temperature. Further, the potential practicality of
the protocol is shown by gram scale and stereodivergent synthesis without compromising the
reaction outcome. Dynamic HRMS titrations have been conducted to propose the reaction

pathway.
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R

SleeRd MY WYY “SFHAT FLIYT F/7-T497 C-C UCITHAEHHTE U9 &eR)-
SffRTTSIRT | Uld S T &, S ST HIdb el TAfearad-ated C-C 3R C-0 §Y
ffor & 7 T IR i &1

AT 1 T AEY (chirality) & TE@ 3R ITb HATGRING VAN B TIad T &l
Tlg %I sﬂf{ ST URT (asymmetric induction) &1 fafert o1 Icea fowar man % oy
T I AT IbeIaRg R ad od gUl Eﬂ% '&’ﬁl’&ﬂﬂ foparfafdr (covalent d¥T non-covalent
activation) 3R fafire ATt o @U&mﬁ 3reftg gafid Fﬂ'&'ﬂq Wﬂm 3R
TWRRI- RIS BT TSR S T3 81 1Y 8, 37! YYD gl iR ot
&1 i qui B

AT 2 T Ugall IR T TARIaa-TeTd diids &1 faavur 8, forad 1-Uehre-gad "orRITe-
2-31d ° FId fasiad= sifdf-féa Mussd (vaMm) & T1e9d ¥ Sifdcgre-gad e
AT A Aiffen! 1 o foar a1 7 | I8 wishar fdMSH-eetRd feshiarere SaRe®
GRT SIS 3l & C-5 VM TR fhamiied & mrey ¥ T4 gt 81 98 Id 3R Jg
fafer fafta gaaeie o e TSIe ey &I g HRd §U 3o JUS (99% ) 3R SRATYRUT
SR RAN- U7 TAfedRTHD dT (99% ) UeH Bl ¢ | 59 fafd & Sumifirar o1 58 twm
TR Y], JU-Fevolia FuicRor o1 feRarsHasic G gRT gxifar T 2|

AT 3 § U T TAfedaa-TaTs fafd fasfa &t 78 §, off 9g-KIRaAe dal ard
WA AT & H=AW & T e §1 8 Ufehdl 39-3ig Sdd VQM TR p-Hie! Tex
S d gfdaaresd &1 fBfAF-smuia WmEs SoRe ®f Iuufd # gfeaaitsiees
HToRaT TR SR & | IRUTHRaEY, 31efld 3R S GafiddT T WeiiH dife 90%
q% IUST 3R I TRTTATHBAT (dr: 98:2 A, er: 96:4 TP) &b Y XA fby T & |

AT 4 T TRFSIA-TTT TRRY [RRI[2,3-d]ORRAHES] Tfien! & w0 & g Th
Sffgcta wrfedra-Tatss faftl URqa &t 718 §1 39 Ufshan & &Y C—C 3R T -0 ¢ &1 fAmfor




g1 8, Ford <1 wed WiRkdee d FfHd gid ¢ faftr ufereiry arel diffie! &1 ueb el
90% T JUST 3R SATYRUN TIRTIAIAB T (dr: 99:1, er: 97:3 Th) & ITY U BI 718 5|
TR0 &1 ufdfehar uferdr &1 'H NMR 3R HRMS CI2¢RH GRT JHE AT 8, ford U
AT WSS HLEad! URdlad (ol 7 § |

AT 5 T TP YYD 3 HIhh S At gRT SHfeIa-Hay WRRISTIERS SRR
&1 fmfor v foram mam B, S TRigd o smufasfia 3-saRisiiioTsed gHl &R ar gl
S| I8 UfehdT &1 1T §¢ (Th C—-C 3R TP C-0) & AT & Wiy 3 LIRS gl Bl (A
FRAT B | AT IS BT YA DI 82% TP IUS 3R PP WIRAFGAHDBT (dr: 99:1
b, er: 99:1 TH)) & AT U TohaT T B | 3 UfehaT &) HATARIRD T DI UTH-KR T HRAOT
3R Refkarerasic fafd gRT Rig fasan a1 g1 ufafehan o3 & IHeH 8g SMH® HRMS
CECRERCAR I
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