ASYMMETRIC VINYLOGOUS MANNICH,
ALLYLATION AND DIASTEREOSELECTIVE
CYANOMETHYLATION REACTIONS: A DIRECT
ACCESS TO 3,3-DISUBSTITUTED OXINDOLES

U BHASKARA RAO VIPPILI

DEPARTMENT OF CHEMISTRY

INDIAN INSTITUTE OF TECHNOLOGY DELHI

JULY 2018



©Indian Institute of Technology Delhi (IITD), New Delhi, 2018



ASYMMETRIC VINYLOGOUS MANNICH,
ALLYLATION AND DIASTEREOSELECTIVE
CYANOMETHYLATION REACTIONS: A DIRECT
ACCESS TO 3,3-DISUBSTITUTED OXINDOLES

by

U BHASKARA RAO VIPPILI

Department of Chemistry

Submitted

In fulfillment of requirements of degree of Doctor of Philosophy

to the

Indian Institute of Technology Delhi

JULY 2018



Dedicated to my beloved
Grandparents, Parents and Family

Members



CERTIFICATE

This is to certify that the thesis entitled, “Asymmetric Vinylogous Mannich, Allylation and
diastereoselective Cyanomethylation reactions: A direct access to 3,3-disubstituted
oxindoles”, being submitted by Mr. U Bhaskara Rao Vippili to the Indian Institute of
Technology Delhi for the award of the degree of Doctor of Philosophy in Chemistry is a record
of bonafide research work carried out by him. Mr. U Bhaskara Rao Vippili worked under my
guidance and supervision and has fulfilled the requirements for the submission of this thesis,
which to my knowledge has reached the requisite standard.

The results contained in this dissertation have not been submitted in part or full to any other

University or Institute for the award of any degree or diploma.

(Dr. Ravi P. Singh)

Associate Professor,

Department of Chemistry

Indian Institute of Technology Delhi

New Delhi-110016



ACKNOWLEDGEMENTS

Completion of this doctoral dissertation was possible with the support of several people. | would
like to express my sincere gratitude to all of them. First and foremost, | want to thank my advisor
Dr. Ravi P. Singh. It has been an honor to be his Ph.D. student. Without his guidance,
enthusiasm, encouragement, support and continuous optimism this thesis could hardly get
completed. 1 am also very grateful to him for his scientific advice and knowledge and many
insightful discussions and suggestions. He showed me different ways to approach a research
problem and the need to be persistent to accomplish any goal. His advice on both research as
well as on my career has been invaluable.

| also have to thank the members of my SRC committee, Professors Nalin Pant, N. G. Ramesh,
and K. K. Pant for their helpful suggestions and advice in general. | also thank all the past and
the present Head of the Department of Chemistry, for the academic support and the facilities
provided to carry out my research work. |1 would also like to thank Prof. N. D. Kurur (Chairman,
DRC) for streamlining curricular formalities. | would especially like to express my gratitude
towards Dr. Neetu Singh, for her kind and generous nature, constant support and
encouragement. | would also like to thank Dr. S. L. Gholap for his timely encouragement and
support. | gratefully acknowledge all the faculty members and staff for providing the necessary
facilities to pursue my research activities. |1 would like to thank CSIR, India, for providing the
research fellowship which allowed me to undertake this research program.

A good support system is important to surviving and staying sane in grad school. I was lucky
to be a part of what we like to call as “CCSL Group”. I am forever thankful to my colleagues in
the lab for their friendship and support and for creating a cordial working environment. Their
presence was very important in a process that is often felt as tremendously solitaire. | would like
to express my very great appreciation to my friend; colleague Dr. Amol P. Jadhav, who
understands me better. It was fantastic to have the opportunity to work majority of my research
and time with him, for his valuable and constructive suggestions from time to time during the
planning and development of this research work and we had been there for one another
throughout this journey. Big thanks to Dr. Devalina Ray, for her valuable suggestions and
productive discussions. | would like to thank Vijay, Krishna Kumar, Krishna Tripathi, Pradeep
Singh and Arup Roy for the stimulating discussions, for the sleepless nights we were working
together, and for all the fun we have had on the journey. | would like to thank all my colleagues
(past and present) Dr. T. Palani, Amjad, Manish, Soumyadip, Sanjay, Sonu, Neha, Shrikesh,
Ashima, Shweta, Deepak, Aarti, Richa, Pooja, Ravneet, Satish, Debashish, Priyankar, Rajesh
and Dr. Md. Belal. | owe my deepest gratitude to our M.Sc. project student Khushboo Kaim, who
took keen interest in research work and worked hard, till the completion of her tenure. Heartfelt
thanks to Dr. Monali, who was extremely encouraging, supportive and for many thoughtful
discussions and suggestions. She has no idea how much she really helped.



An even bigger thank to my dear friends Hanumantha Rao Ganipisetty and Dr. Trinadh
Kaicharla, who always cooperative and for their boundless help and selfless love. I would like to
thank all my friends at 11ISC Bangalore, NCL Pune, Pune University including, Dr. Naresh,
Hanuman Prasad, Dr.Veerareddy, Avinash, Manikandan, Dnyaneshwar, Virat, Balaji,
Shivcharan, Tharun, Brijesh, Dr.Nookaraju, Dr. Satish, Dr. Santhi vardhan, Dr. Sachin, Dr.
Anup, Dr. Chaitanya and Dr. Venu for their personal and scholarly interactions with me. It is a
pleasure to thank my friends at IIT Delhi including Rahul, Venkat, Vimal, Rituraj, Ashish,
Lakhbeer, Jagriti, Awadh, Sakshi, Jatinder, Mayuk, Anil Chandra, Sonal, Varthika, Smitha,
Poonam, Srikant, Sowmya Vaddadi, P S Chandra Shekhar and Vijay Sariki.

| am also greatly indebted to many teachers in the past, including Prof. Balaji Gupta,
Rajyalakshmi, Venkateswararao, Sudhakar, Mohan Krishna and Prasanna Laxmi for creating
my interest in Chemistry and further in the research field.

Words cannot express how grateful I am to my family: my parents Visweswara Rao and Surya
Kumari and most importantly, my grandparents, Pathiwada Krishna Murthy and Pathiwada
Mavullamma for educating me the best possible way, the love and affection they shower on us is
simply unmatched, for unconditional support, blessings, constant love and encouragement to
pursue my interests, for good moral values and many other valuable lessons for life, without
them, none of this would ever have been possible. | express my deepest gratitude to my brothers
Babi, Mohana Rao and my sister Madhu Latha, to whom | see as inspiration and motivation and
from whom | learned the scientific way of approaches to do things and hard work. Which helped
me in the journey of a thousand miles and | came to know about so many new things, | am really
thankful to them and sisters-in-law Revathi, Akhila and brother-in-law Rajesh for believing in me
and selflessly encouraging me to explore new directions in life and seek my own destiny. Credit
to smiles on my face goes to Vasanth, Gayatri, Suchishma and Ruthika my nephew and Nieces,
who has been the light of our life and has given me the extra strength and motivation to get
things done.

Last, but not the least, | would like to thank the almighty God for showers of blessings and for
providing me strength and courage to face the challenges laid out before me.

U Bhaskara Rao Vippili.



ABSTRACT

The thesis entitled “Asymmetric Vinylogous Mannich, Allylation and diastereoselective
Cyanomethylation reactions: A direct access to 3,3-disubstituted oxindoles” deals with
development of stereoselective reactions for the synthesis of spatially defined functionalized
scaffolds. Different sterecisomers can show varied response towards human senses such as smell
and taste, behaviour of insects and most importantly in their pharmacological activity in human
body. Thus, it is very important to selectively synthesize the desired enantiomers and
diastereomers through meticulous choice of catalysts and reaction conditions. We have
developed chiral auxiliary assisted enantioselective and base mediated diastereoselective

methods for C-C bond forming reactions leading to functionally rich moieties.

This thesis has been divided into four chapters. In the first chapter, importance of
stereochemistry with various interesting examples has been explained. An introduction to
asymmetric catalysis with the emphasis on organocatalysis has been described. A brief history of
chiral auxiliaries is followed by a brief introduction to the principle of vinylogy has been

described.

Chapter 2, describes a highly practical asymmetric approach for the efficient preparation of
chiral tetrasubstituted 3-aminooxindoles. Functionalized chiral oxindoles bearing a 3,3’-
disubstituted carbon stereocenter are common structural core in natural products and
pharmaceuticals. Such cores also offer valuable chiral building blocks for the enantioselective
synthesis of biologically active compounds. Especially, the oxindoles with amino group at the 3-
position are vital in drug discovery and considered important for the bioactivity of these
molecules. We have disclosed the use of Ellman’s chiral auxiliary tert-butanesulfinamide for the
efficient preparation of chiral tetrasubstituted 3-aminooxindoles; based on a simple Lewis acid
mediated diasteroselective vinylogous Mannich process. The method is found to be very efficient
and also provides a facile access to sterically challenging 3-aminooxindole butenolides bearing
two quaternary centers in continuation. The relative configuration of the major stereoisomer of
Mannich adduct was established to be anti. Further, versatility of the method is demonstrated by

1,4-addition of nucleophiles on the sterically congested butenolide substructure. The method

v



provides easy access to a wide range of highly enantiomerically enriched 3-butenolide substitued
3-aminooxindoles, which is the essential structural motif in natural products and biologically

active compounds.

Chapter 3, deals with asymmetric allylation of isatin derived ketimines for the efficient
preparation of chiral tetra substituted functionalized 3-allyl-3-aminooxindoles. Here also we
have used Ellman’s chiral auxiliary tert-butanesulfinamide, a profoundly useful chiral auxiliary
for asymmetric amination reactions and this method has shown to be an efficient preparation of
chiral tetra substituted functionalized 3-allyl-3-aminooxindoles; in light of simple zinc mediated
highly diasteroselective allylation reaction with the major role of KF as an additive in shaping
the reaction. The present methodology is found to be very efficient and also provides a facile
access to produce chiral quaternary homoallylic amines i. e. 3-allyl-3-aminooxindoles that

possess an adjacent tertiary stereocenter.

In chapter 4, we have also demonstrated that, Aldol-type cyanomethylation of isatins by
nucleophilic addition provides direct access to 3-substituted-3-hydroxyoxindoles, an important
and common structural core in natural products and pharmaceuticals. In the first section of
chapter 4, a practically simple and highly efficient CsF mediated cyanomethylation of various N-
tritylisatins with TMSAN for the synthesis of 3-hydroxy-3-cyanomethyl oxindoles has been
established. This method provides g-hydroxynitriles in moderate to very good yields and
represents a valuable and competitive alternative to the previously reported procedures.
Moreover, the synthetic utility of the present methodology has been showed by applying current
protocol in the efficient assembly of the intermediates of medicinally important 3-hydroxy indole
containing natural products. Further, in the second section an efficient, metal-free approach to 3-
substituted 3-hydroxyoxindole by DBU-mediated highly diastereoselective addition of aryl
acetonitrile to N-protected isatin under mild conditions has been developed. The reaction
proceeds smoothly to produce respective cyanomethylated adducts in good yield and excellent
diastereoselectivity. The mechanistic insight toward the aldol-type cyanomethylation of N-
tritylisatin with benzyl cyanide was obtained by DFT calculations. The study indicates that the
major diastereoselective product formed would be the anti product. The versatility of the
cyanomethylation reaction is also validated by converting the cyanomethyl adduct to an advance

intermediate of a natural product analogue in simple steps.



E3IE8

NJT “rwafAa Adee dafaw, vasa it srftieFdsda aEaafRdr sfaftran:
3,3-Raffecyes fwiiRlew aw Wt aga Turfas &9 & RS Fricare Far & TRAT0T &
fore eI T wfafshamsit & faera & geferd g1 fafder EORAIsHaR A gieat Sia arer
3R @1e, HIst & YR AR TGE Ageaqul §9 ¥ Aledd R A 3o1eh el arfafafer # f&afde=
SfAfehaTd feem Hevel &1 30 YR, 3c9e 3R gfafshar & [&ufa T arauriiqdes qwie & Aregs s &
T TN IR BAFITTAR ieeT T F FRATIT ReTl g Agea 0T & &= AT-H FF &
foIT T TgTeh TgTeh TATeabeleid AR 98 AEqey sHffeidadla faftrat s faenfad frar
& Sl ShriTcHeS & & HHGE T AT & Torw glcfshar giafhansit o foafor frar g |

g NTAY TR 3reaqrat 7 aier 7T § | Uge e H, [FfFea VI IS8l & a1y EE RIS AEY
o HEcd ol THSTT IAT & | SR AT W AR & A1 AFATHT 3coR0T HI IR fear g
kT TeTae & e diared sfaerd & are fastiaistt & fReyid & fore T dfared aRa figar sar g

37T 2, RIS AAGISTAe 3-3Se({Fealeld T HeAel IR & fAT U rcgfh caragiRen
AR TehIuT &7 guTed Far &1 3,3'-faufed FesT FEEIRANVeeT e FATcHS R Terdised
STehcieh 3cdTel 3R BAEfEhed H WA TIACHS HR § | V0 HR Siideh &9 F Hishg el &
enantioselective ﬁ%W*ﬁUWWWW Mo aa gl AT s, 3-Fufa &
TR §Hg o A1Y erdister gar T @isl H Agedqul ¢ 3R geT I073iT &1 Sig-ferameferar & faw
Hgca ol AT ST &1 g1 RIS dagferadde 3-ase{fad=arerd HT Frel IR & AT Tedle &
RISl WETge TE-JAGiohaiAG & YA T Gl fhdT §; Teh WTURYT J$8 TS ALIEY
SRS fAeZelasd Afeeta Gfshar & MU | g A 95 & Ferel Tied ge ¢ 3R
TR FeAlNoT 3-TfAfaraster sgfealelissd I foa) SUANT # &Y FaTelerl Shal & A1 Teh T
I el Il 1 AT egerd & 9o TERATHAER i ardet faeara e g1 & faw wenfad
foram arar ar| 38 3ermar, fafer r ELERell ST 1,4-FReholl FHholeds sYfealellss HaFgeaal W
fFrhIse & JTARFT Tl gl 81 Uihar It TfedPWREoel FHeH 3-gdelieie
JfaEAd 3-3efFarared & T e @er I A Tgd Jald Rl &, S Tpich
3curer AR Sifas &9 & Ay AP 7 3maas TaAcAs ¥9 g

I 3, TS T A FAT N & AT SHMEA ool HiHA & IHATAT
tfaforeled & Tafed 3-ufod-3-vtfaafFasicn &I gfaeenia fFar s=r g1 I8 off gaa
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ToHd & TR Heheh TC-sgeadicwsAlss & 3uder fhar §, S AR 3cHolod
gfafshar3ii & o0 T g & ¥ 3UANET RRIT @EEe g 3R 38 [ R”Rrer <ar
gfaed 3-vfeer-3-UfAnifFased ® IfAemid Xt B Th P AR AT §F &
FfdfhaT & PR S H Uh Tloleh & & A HUG H GHT AP & WY TA ST
HEITY AP ST Telelloeiel Ffafhar & gerer #| gad 9eufd sga &
Al UIS STl & 3R FRTel Fareteiy graifoiehel AS | &1 3cUleal el & T T T
IgT ¥ FelT FC & | $1 3-UfAe-3-uiAAfFHsed oA 3dee Jeirae FRAd e
gl

HEAT 4 H, §HA Ig o1 G § o6, ~g[Foraifthiae S5 aRT SEIfed & Toslo-9hRk
ASAASTANT Fehfcieh 3cural AR wATEfehed # Th HecaqUl iR AHAT HHACHS
PR, 3-yfaeaRa-3-gssiFasiFasia as drer qéu YTl dl &1 AT 4 & Ugol TS H,
3-gTEglFT-3-AEAAs e Jfadleald & TeWT & fav durvgues & @y [(fdea wa-
grsdfodeal $T cAagIRe &9 § T AR AT FUeT HTHTE ALY ATSATHTS AolreT
wﬁaﬁmw%‘lagﬁ%mmﬁagaau—@rt\aawﬁﬁ-seqiﬁwqw Yeld alal &
3R wger REIE & a8 uftkansit & fov ve Aeza 3R gfaeadf Reer & gfafafcs wwd
€| SHS 3Helal, oAl Yeuta $T [Fdfeew STATIEr grehfce 3cdret arel 3iwefig Ageaqor 3-
BISIrdl SSTol o HEFACA T el Tl H TAAET WISThiol I o] Feh fe@mrar 11 g
gHF oA, qEY TS A gedr uRfEUfGl & va-wifag smsdfer & fow wamue
AT & JEG-ATIEY  JAUe  sSHfddided Sis garr  3-giaednud 3-
gregiaTsiausie & T U Herd, Ui HFd eioehlor fawfad fear sar g1 gfafear s
39T 3R 3chse BEABENAAFETH # Fdftd FaaiaeEdde 3egacd 3cdieal a8l & v
FaE § H HET docl gl SoNgd ASASS F WY TA-LBEAdNA & eIsio-ThR
AAIATSIAe Hr AR JiFF FafSe STTHET 0ABT gaRT Iiod &r 75 Af| 3egaT |
ohd fAoar @ & 9ifsq yg@ sffe@dided 3culg U8 3cUle glem| Ais-iaArsieReT
gfafshar T el afasm H W WON H TIHfds 3cG ToAreer & JREA AvIad A
ArsAATSTS e @ aRkafdd a8l Fearad foRar Sar g
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Abbreviation
Ar
AcOLi
AgOAc
BF;.0OEt;
Bn
Boc
‘Bu
BuLi
BusSnH
CDCl;
CHCl,
CHCI,CHCI,
cm™
°C
Cu(OAc),
Cs,CO3
CH3;ONa
CsF
dr
DMAP
DMF
DABCO
DBU

dd
ds-DMSO

List of Abbreviations

Full form
Aryl
Lithium acetate
Silver acetate
Boron trifluoride etherate
Benzyl
tert-butyloxycarbonyl
tert-Butyl
n-Butyllithium
Tributyltin hydride
Deuterated chloroform
Dichloromethane
Tetrachloroethane
Wavenumbers
Degrees Celsius
Copper acetate
Cesium carbonate
Sodium methoxide
Cesium fluoride
Diastereomeric ratio
N, N-Dimethylpyridin-4-amine
Dimethylformamide
1,4-diazabicyclo[2.2.2]octane
1,8-Diazabicyclo[5.4.0]Jundec-7-ene
Doublet
Doublet of doublets
Deuterated dimethyl sulfoxide
Chemical shift
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ee Enantiomeric excess

ESI-TOF Electrospray ionization - Time-of-flight
EtOAc Ethyl acetate
EtOH Ethanol
FTIR Fourier transform infrared
H.O Water
HMPA Hexamethylphosphoramide
h Hour
In Indium
In(OTf); Indium trifluoromethanesulfonate
J Coupling constant
A Wavelength
K,CO3 Potassium carbonate
KF Potassium fluoride
KOH Potassium hydroxide
KO'Bu Potassium tert-butoxide
KOAc Potassium acetate
La(O'Pr)s Lanthanum isopropoxide
LDA Lithium diisopropylamide
LiCl Lithium chloride
LIHMDS Lithium bis(trimethylsilyl)amide
min Minute
MTBE Methyl tert-butyl ether
m Multiplet
MBH Morita-Baylis-Hillman
MHz Megahertz
mL Millilitre
MeOD Deuterated methanol
uL Microlitre
NaOMe Sodium methoxide
NaOAc Sodium acetate
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PMB para-Methoxy benzyl

PhONa Sodium phenoxide
p-TsOH para-Toluenesulfonic acid
S Singlet
Sc(OTf)3 Scandium trifluoromethanesulfonate
Na,CO3 Sodium carbonate
NaO'Bu Sodium tert-butoxide
TASF Tris(dimethylamino)sulfonium difluorotrimethylsilicate
TBAF Tetra-N-butylammonium floride
TBS tert-butyldimethylsilyl
‘BuOH tert-Butyl alcohol
TEA Triethyl amine
THF Tetrahydrofuran
TMS Tetramethylsilane
TMSOTf Trimethylsilyl trifluoromethanesulfonate
TMSAN Trimethylsilyl acetonirile
Tr Trityl or triphenylmethyl
uv Ultraviolet
Yb(OTHf); Ytterbium trifluoromethanesulfonate
Zn Zinc
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