
METAL-ORGANIC FRAMEWORKS SUPPORTED 

SINGLE-SITE BASE-METAL CATALYSTS FOR 

ORGANIC TRANSFORMATIONS 

 

 

 

 

RAJASHREE NEWAR 

 

 

 

 

 

DEPARTMENT OF CHEMISTRY 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

December 2022 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2022 

 

 

 

 

 

 

 

 

 

 

 



METAL-ORGANIC FRAMEWORKS SUPPORTED 

SINGLE-SITE BASE-METAL CATALYSTS FOR 

ORGANIC TRANSFORMATIONS 

 

 

 

 

 

by 

 

RAJASHREE NEWAR 
 

Department of Chemistry 

 

Submitted 

 

In fulfilment of requirements of degree of Doctor of Philosophy 

 

to the 

 

 

 

 

 
 

 

Indian Institute of Technology Delhi 

 

December 2022 

 



 
 
 
 
 
 
 

Dedicated to my beloved Parents & 
Grandparents 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



i 
 

CERTIFICATE 
 

 

 

This is to certify that the thesis entitled, “Metal-Organic Frameworks 

Supported Single-Site Base-Metal Catalysts for Organic Transformations”, 

being submitted by Ms. Rajashree Newar 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 her. Ms. Rajashree Newar 

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. Kuntal Manna) 

Associate Professor 

Department of Chemistry 

Indian Institute of Technology Delhi 

New Delhi-110016 

  



ii 
 

ACKNOWLEDGEMENT 

 

The completion of this doctoral dissertation wouldn’t have been possible without the support 

of several people.  

Firstly, I would like to thank my esteemed advisor Prof. Dr. Kuntal Manna. Without his 

support, guidance, and positivity, this thesis would hardly have been possible. I am also very 

thankful to him for his scientific advice and many insightful discussions and suggestions over 

the past few years. He guided me various paths to approach all the research problems and kept 

on guiding me to the point where everything started to look easy. His advices on my career as 

well have always been result oriented.  

I would also like to thank all the members of my SRC committee, Prof. Ravi Shankar, Prof. 

Anil J. Elias, and Prof. Sreedevi Upadhyayula for their suggestions, guidance and keeping an 

eye on me in my progress. 

The facilities which were provided to me over the last few years to carry out my research work 

has been very much satisfying and I am thankful to all the past HODs and present HOD Prof. 

Siddharth Pandey of the Department of Chemistry, without whom, things would have been 

really difficult. I would also like to thank Prof. N. G. Ramesh (Chairman, DRC) for 

streamlining curricular formalities. I gratefully acknowledge all the faculty members of 

Department of Chemistry, IIT Delhi, including Prof. Chinmoy Kr. Hazra, Prof. Sayantan 

Paria for constantly guiding me throughout my Ph.D. tenure and providing a helping hand 

whenever I needed. I am grateful to the chemistry department office staffs including Ashish 

Kumar, Dimple Hindwani, Shiv, Namita, Vinod Kumar and instrumentation lab staffs; 

especially Ms. Shubra Gupta, Mr. Jagdish P. Sharma, and Mr. Narugopal Kuily for helping 

me in all my official and instrumental lab activities. My sincere thanks also go to the CRF 

IITD for providing me necessary instrumental support to carry out my research work smoothly. 

I would also like to thank Virander Kumar and Kanan Ji for fabricating all the glasswares 

whenever I needed and understanding my emergency everytime. 

I would like to thank all my past and present colleagues, Rahul Kalita, Wahida Begum, Naved 

Akhtar, Manav Chauhan, Poorvi Gupta, Neha Antil, Sakshi Shukla, Balendra, and Ajay 

Kumar. They created a fun filled environment during my tenure which made my challenging 

times pass with ease. They also helped me in creating an atmosphere of learning new things in 

the tenure. 

I would also like to acknowledge the friendship and support offered by my childhood friends 

Jharna, Susmita, Princy who were always there beside me in every possible situation. 



iii 
 

I would like to thank all my friends at NIT Silchar including Tuhina, Manideepa, Nandita, 

Sonmani, Niharika for their personal support and interactions with me. I could get valuable 

suggestions from all of them whenever I needed to discuss on things where I used to get stuck. 

It is a pleasure to thank my friends at IIT Delhi including, Preeti, Vivek who were my very first 

support system at IIT Delhi. Also, Moumita, Kritika and my seniors Archismati, Bharti, Anu 

who were always there whenever I needed a friend or a sister in my journey up to this point. 

I am also greatly indebted to many teachers in the past including Prof. Debajit Bhuyan, Prof. 

Raghav Parajuli, Prof. Bhabajit Bhuyan, Prof. N. Islam, Prof. Diganta Kalita, Prof. S. S. 

Dhar. for creating my interest in the chemistry research field from my early college days. 

Words cannot express how grateful I am to my family: my parents, Dambaru Dhar Newar and 

Nama Devi Newar for educating me the best possible way, for unconditional support, 

blessings, constant love and encouragement to pursue my interests. I express my deepest 

gratitude to my sister Punamshree and brother Kaushik for believing in me and selflessly 

encouraging me to explore new directions in life and seek my own destiny. The credit of my 

endless smile goes to my cousins, Arush, Rishav, Rashmi, Roshan, Liza, Papu and all my 

aunt, uncle and my dearest grandfather, Krishna Bahadur Newar who had always blessed me 

for my success. 

I would also like to thank my friends and family in Delhi including Divya, Niharika, Amanpreet 

ma’am, Sanju, Krishan Bhayya and Sajid who created a homely environment for me which 

helped me to remain positive in every tough situation. Most importantly, I would be forever 

grateful to Pratik Puri, who helped me realise how powerful I am whenever I feel low by 

motivating me in every walk of my life. 

It would be very selfish of me to not acknowledge the Previous Director of IIT Delhi, Prof. 

Ram Gopal Rao under his stint I had seen how the students used to always feel motivated. 

Also, carrying his vision Prof. Rangan Banerjee have been extremely good too in shaping up 

the overall structure of IIT Delhi. 

I would also like to thank the Sports Department and IITD Hospital for the physical and 

mental support they have provided to the students at IIT Delhi. 

I would like to thank the Security Personnel, Maintenance Staff, Canteen Staff, Scoops Shop 

for overall helping me in smoothly completing this research. 

Last, but not the least, I would like to thank the almighty God for blessings and providing me 

the strength and courage needed to face the challenges laid out before me.  

 

Rajashree Newar 



iv 
 

ABSTRACT 

The thesis entitled, “Metal-Organic Frameworks Supported Single-site Base-metal Catalysts 

for Organic Transformations” deals with the development and characterization of robust single-

site solid catalysts based on metal-organic frameworks for carrying out various kind of organic 

transformation reactions to produce chemically important feedstock for industrially important 

compounds. Numerous possibilities of designing MOFs based catalyst including metalation 

with broad range of metals, large pore size and high surface area, and easy synthetic route make 

MOF advantageous for liquid phase reactions, characteristic of fine chemistry. Targeting the 

development of real industrial processes based on MOFs, usage of it as a heterogeneous catalyst 

is still under intense investigation. Considering the added value of fine chemicals and the 

typical reaction conditions for their production, MOFs appear to be very promising catalysts in 

this sector. Therefore, my thesis work focuses on synthesis and characterization of single-site 

solid catalyst based on MOFs and its application towards organic transformation reactions like 

C-H borylation, asymmetric reactions, CO2 utilization etc. 

The thesis is divided into six chapters. 

Chapter I- Introduction 

This chapter deals with a brief overview of single-site solid catalyst based on Metal-Organic 

Frameworks. It also includes survey of literature highlighting recent studies on Metal-Organic 

Frameworks based catalysis with a brief mention of the historical background. 

Chapter II- General Experimental Techniques 

This chapter describes the source of various chemicals used for this thesis. The experimental 

procedures for the drying of solvents, purification of reagents and products, handling of air and 

moisture sensitive compounds are stated. The detailed description regarding the instruments 

used for the characterization of the catalysts and compounds are furnished. Further, the details 

about the software used for theoretical studies are mentioned. 

Chapter III- Amino Acid-Functionalized Metal-Organic Frameworks for Asymmetric 

Base-Metal Catalysis.  

This chapter deals with designing a chiral metal catalyst based on MOF for sustainable 

production of chiral active pharmaceutical ingredients by replacing precious and toxic metals 

and expensive chiral ligands with earth abundant base metals and naturally occurring amino 
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acids as a chiral source for asymmetric catalysis. The grafting of amino acids within the pores 

of a metal-organic framework (MOF), followed by post-synthetic metalation with iron 

precursor afforded highly active and enantioselective catalysts. The catalytic efficiency of the 

synthesized catalyst was explored in asymmetric hydrosilylation and hydroboration of carbonyl 

compounds. Moreover, based on certain spectroscopic and computational studies, a catalytic 

cycle for asymmetric hydrosilylation of unsymmetric ketone was proposed. 

Chapter IV- Mono-Phosphine Metal-Organic Framework-Supported Cobalt Catalyst for 

Efficient Borylation Reactions.  

The synthesis and characterization of a metal-organic frameworks (MOFs) supported 

monoligated phosphine-cobalt complex has been reported, which is an active heterogeneous 

catalyst for aromatic C-H borylation and alkene hydroboration reactions us discussed in this 

chapter. The synthetic procedure for producing mono(phosphine)-Co catalyst (MOF-P-Co), 

which is the active catalyst for the catalysis reactions was stated, which was done via post 

synthetic metalation of the porous triarylphosphine-functionalized MOF (MOF-P) with CoCl2 

followed by treatment with NaEt3BH. The catalytic properties and the reaction mechanism of 

MOF-P in C-H borylation reaction was studied and a catalytic cycle was proposed using 

spectroscopic and computational studies. 

Chapter V- Single-site Cobalt-Catalyst Ligated with Pyridylimine-Functionalized Metal-

Organic Framework (MOF) for Arene and Benzylic Borylation. 

This chapter includes the synthesis and characterization of highly active single-site 

heterogeneous cobalt-catalyst, based on a porous and robust redox non-innocent ligated 

pyridylimine functionalized metal−organic frameworks (pyrim-MOF). The synthetic route of 

pyrim-MOF was discussed. Moreover, the catalytic activity of the pyrim-MOF was studied in 

chemoselective dehydrogenative borylation of C–H bonds of various activated as well as 

unactivated arenes and heterocyclic compounds using B2pin2 or HBpin (pin = pinacolate) as 

the borylating agent. Based on theoretical and spectroscopic evidence, a catalytic cycle for C-

H borylation reaction was proposed. 
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Chapter VI- Metal-Organic Framework Supported Single-Site Cobalt Catalyzed 

N‑Formylation of Amines utilizing CO2 as a C1 source.  

In this chapter, the development of single site, robust and chemoselective earth-abundant 

cobalt(II) hydride metal catalyst based on porous Aluminum Metal–Organic Frameworks 

(MOFs) (DUT-5) is studied for N-formylation of amines in different reaction conditions. The 

preparation of active cobalt catalyst (DUT-5-CoH) by post-synthetic metalation of the 

secondary building units (SBUs) of DUT-5 with CoCl2 followed by the reaction with NaEt3BH 

is mentioned. The catalytic efficiency of MOFs in the formation of N-formaldehyde products 

from various alkyl amines and substituted benzylamines in mild condition, using CO2 as a C1 

source was investigated. Furthermore, the catalytic cycle for N-formylation of amines were 

proposed based on computational studies. 
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साराांश 

थीसिि शीर्षक, "धातु-कार्षसिक ढाांचे के आधार पर मजर्तू एकल-िाइट ठोि उत्प्रेरक का सिकाि" औद्योसिक रूप िे 

महत्प्िपरू्ष यौसिकों के सलए रािायसिक रूप िे महत्प्िपरू्ष कच्चे माल के उत्प्पादि के सलए सिसिन्ि रकार के कार्षसिक 

पररितषि रसतसियाओां को परूा करिे के सलए धातु-कार्षसिक ढाांचे के आधार पर मजर्तू एकल-िाइट ठोि उत्प्रेरक के 

सिकाि और लक्षर् िर्षि िे िांर्ांसधत ह।  धातुओां की सिस्ततृ श् ृांखला, र्डे सिद्र आकार और उच्च ितह के्षत्र, और आिाि 

सिांथेसटक मािष के िाथ एमओएफ आधाररत उत्प्रेरक को सिजाइि करिे की कई िांिाििाएां एमओएफ को तरल चरर् 

रसतसियाओां, ठीक रिायि की सिशेर्ता के सलए फायदेमांद र्िाती हैं  एमओएफ के आधार पर िास्तसिक औद्योसिक 

रसियाओां के सिकाि को लसक्षत करिा, एक सिर्म उत्प्रेरक के रूप में इिका उपयोि अिी िी िहि जाांच के अधीि ह।  

महीि रिायिों के असतररक्त मलू्य और उिके उत्प्पादि के सलए सिसशष्ट रसतसिया सस्थसतयों को ध्याि में रखते हुए, 

एमओएफ इि के्षत्र में र्हुत आशाजिक उत्प्रेरक रतीत होते हैं  इिसलए, मेरी थीसिि एमओएफ पर आधाररत एकल-िाइट 

ठोि उत्प्रेरक के िांशे्लर्र् और लक्षर् िर्षि पर कें सद्रत ह। और C-H र्ोररलेशि, अिमसमत रसतसियाओां, CO2 उपयोि 

आसद ज।िे कार्षसिक पररितषि रसतसियाओां के सलए इिका अिुरयोि ह।  

 

अध्याय I- परिचय 

 

यह अध्याय धातु-कार्षसिक ढाांचे पर आधाररत एकल-िाइट ठोि उत्प्रेरक के िांसक्षप्त अिलोकि िे िांर्ांसधत ह।  इिमें 

ऐसतहासिक पषृ्ठिसूम के िांसक्षप्त उल्लेख के िाथ धातु-कार्षसिक ढाांचे आधाररत उत्प्रेरर् पर हाल के अध्ययिों पर रकाश 

िालिे िाले िासहत्प्य का ििेक्षर् िी शासमल ह।  

 

अध्याय II- सामान्य प्रायोगिक तकनीक 

 

इि अध्याय में इि थीसिि के सलए रयुक्त सिसिन्ि रिायिों के स्रोत का िर्षि सकया िया ह।  सिलायकों के िुखािे, 

असिकमषकों और उत्प्पादों के शुसिकरर्, हिा और िमी िांिेदिशील यौसिकों के िांचालि के सलए रयोिात्प्मक रसियाओां 

को र्ताया िया ह।  उत्प्रेरकों और यौसिकों की सिशेर्ता के सलए उपयोि सकए जािे िाले उपकरर्ों के र्ारे में सिस्ततृ 

सििरर् रस्तुत सकया िया ह।  इिके अलािा, ि।िाांसतक अध्ययि के सलए उपयोि सकए जािे िाले िमािुदेश के र्ारे में 

सििरर् का उल्लेख सकया िया ह।  

 

अध्याय III-असमगमत क्षारीय धातु उते्प्ररण के गिए अमीनो अम्ल कायाात्मक धातु-कार्ागनक ढाांचे। 

 

यह अध्याय कीमती और जहरीली धातुओां और महांिे काईरल सलिैंि्ि के िाथ पथृ्िी पर रचुर मात्रा में उपलब्ध क्षारीय 

धातुओां और अिमसमत उत्प्रेरर् के सलए काईरल स्रोत के रूप में राकृसतक रूप िे पाए जािे िाले अमीिो अम्ल को र्दलकर 

कमोसिटी और महीि रिायिों के स्थायी उत्प्पादि के सलए एमओएफ पर आधाररत एक काईरल धातु उत्प्रेरक को सिजाइि 

करिे िे िांर्ांसधत ह।  धातु-कार्षसिक ढाांचे (एमओएफ) के सिद्रों के िीतर अमीिो अम्ल का ग्रास्टांि, इिके र्ाद लोहे के 
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अग्रदूत के िाथ सिांथेसटक धातुकरर् के र्ाद अत्प्यसधक िसिय और एि।सन्ियोिेलेसटटि उत्प्रेरक का िहि सकया जाता 

ह।  िांशे्लसर्त उत्प्रेरक की उत्प्रेरक दक्षता अिमसमत हाइड्रोसिसललेशि और कार्ोसिल यौसिकों के हाइड्रोर्ोरेशि में खोजी 

िई थी  इिके अलािा, कुि स्पेटरोस्कोसपक और िांिर्कीय अध्ययिों के आधार पर, अिमसमत कीटोि के अिमसमत 

हाइड्रोसिसललेशि के सलए एक उत्प्रेरक चि रस्तासित सकया िया था  

 

अध्याय IV- कुशि र्ोररिेशन प्रगतगियाओां के गिए मोनो-फॉस्फीन धातु-कार्ागनक ढाांचे-समगथात 

कोर्ाल्ट उते्प्ररक। 

 

धातु-कार्षसिक ढाांचे (एमओएफ) िमसथषत मोिोसलिेटेि फॉस्फीि-कोर्ाल्ट कॉम््लेटि के िांशे्लर्र् और लक्षर् िर्षि की 

िचूिा दी िई ह।, जो िुिांसधत C-H र्ोररलेशि और एल्केि हाइड्रोर्ोरेशि रसतसियाओां के सलए एक िसिय सिर्म उत्प्रेरक 

ह। सक इि अध्याय में चचाष की िई ह।  मोिो (फॉस्फीि)-िह उत्प्रेरक (MOF-P-Co) के उत्प्पादि के सलए सिांथेसटक रसिया, 

जो सक उत्प्रेरर् रसतसियाओां के सलए िसिय उत्प्रेरक ह।, को र्ताया िया था, जो झरझरा राईररलफॉस्फीि-कायाषत्प्मक 

MOF (MOF-P) के CoCl2 के िाथ NaEt3BH के िाथ उपचार के र्ाद सिांथेसटक धातुकरर् सकया िया था  C-H र्ोररलेशि 

रसतसिया में MOF-P के उत्प्रेरक िुर्ों और रसतसिया तांत्र का अध्ययि सकया िया था और स्पेटरोस्कोसपक और 

िांिर्कीय अध्ययिों का उपयोि करके एक उत्प्रेरक चि का रस्ताि सकया िया था  

 

अध्याय V- एरेन और र्ेंजाइगिक र्ोररिेशन के गिए एकि-साइट कोर्ाल्ट-उते्प्ररक 

पाइररडीगिमाइन-कायाात्मक धातु-कार्ागनक ढाांचे (एमओएफ) के साथ जुडा हुआ है। 

 

इि अध्याय में अत्प्यसधक िसिय एकल-िाइट सिर्म कोर्ाल्ट-उत्प्रेरक का िांशे्लर्र् और लक्षर् िर्षि शासमल ह।, जो एक 

झरझरा और मजर्तू रेिॉटि िॉि-इिोिेंट सलिेटेि पाइररिीसलमाइि कायाषत्प्मक धातु-कार्षसिक ढाांचे (पाइरीम-

एमओएफ) पर आधाररत ह।  सपररम-एमओएफ के िांशे्लर्र् मािष पर चचाष की िई  इिके अलािा, पाइरीम-एमओएफ की 

उत्प्रेरक िसतसिसध का अध्ययि र्ोरीलेसटांि एजेंट के रूप में B2pin2 or HBpin (pin = pinacolate) का उपयोि करते 

हुए सिसिन्ि िसिय के िाथ-िाथ ि।र-िसिय िेरेन्ि और हेरोिायसटलक यौसिकों के C-H र्ाांिों के इिकेमोिेलेसटटि 

िीहाइड्रोजिेसटि र्ोराइलेशि का अध्ययि सकया िया था  ि।िाांसतक और स्पेटरोस्कोसपक िाक्ष्य के आधार पर, C-H 

र्ोररलेशि रसतसिया के सलए एक उत्प्रेरक चि रस्तासित सकया िया था  

 

अध्याय VI- C1 स्रोत के रूप में CO2 का उपयोि कर धातु-कार्ागनक ढाांचे समगथात गसांिि-साइट 

कोर्ाल्ट उते्प्रररत एमाइन का N-फॉमााइिेशन। 

 

इि अध्याय में, मजर्तू और झरझरा एल्यमूीसियम धातु-कार्षसिक ढाांचे (एमओएफ) (िीयटूी -5) पर आधाररत 

केमोिेलेसटटि और सिजातीय, पथृ्िी पर रचुर मात्रा में उपसस्थत एकल-िाइट कोर्ाल्ट (II) हाइड्राइि धातु उत्प्रेरक के 

सिकाि का अध्ययि सकया िया ह।  सिसिन्ि रसतसिया सस्थसतयों में CoCl2 के साथ DUT-5 की िेकें िरी सर्सल्िांि 

यसूिट्ि (SBUs) के पोस्ट सिांथेसटक मेटलेशि द्वारा िसिय कोर्ाल्ट उत्प्रेरक (DUT-5-CoH) की त।यारी के र्ाद 
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NaEt3BH के िाथ रसतसिया का उल्लेख सकया िया ह।  सिसिन्ि एल्काइल एमाइिों िे एि-फॉमेसल्िहाइि उत्प्पादों के 

सिमाषर् में एमओएफ की उत्प्रेरक दक्षता और हल्के सस्थसत में रसतस्थासपत र्ेंस़िलमाइि को िी 1 स्रोत के रूप में CO2 का 

उपयोि करके जाांच की िई थी  इिके अलािा, एमाइि के एि-फॉमाषइलेशि के सलए उत्प्रेरक चि िांिर्कीय के आधार 

पर रस्तासित सकया िया था  
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