
DEVELOPMENT AND MECHANISTIC STUDIES OF NI-CATALYZED 

ASYMMETRIC REDUCTIVE CROSS-COUPLING REACTIONS 

 
 

 
Thesis by 

 
Julie Lyn Hofstra 

 
 
 
 

In Partial Fulfillment of the Requirements 
 

for the Degree of 
 
 

Doctor of Philosophy 
 
 
 
 
 

 
 
 
 
 
 

 
CALIFORNIA INSTITUTE OF TECHNOLOGY 

 
Pasadena, California 

 
 

2019 
 

(Defended April 26th, 2019) 
 

 
 
 



 ii 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
© 2019 

 
Julie Lyn Hofstra 

 
ORCID: 0000-0001-9558-4317 

 
All Rights Reserved 

 
 
 
 
 



 iii 

 
 
 
 
 

 
 

To the family and friends who not only 
celebrated with me on the mountaintops, 

 but also walked with me through the valleys. 
I wouldn’t have finished without you. 

 
 
 

  



 iv 

ACKNOWLEDGEMENTS 

When I started graduate school at Caltech five years ago, I already knew my time 

was going to be spent making a lot of carbon–carbon bonds; however, I did not anticipate 

how many close, strong friendships I would also form during my time here. I am truly 

grateful to have had such an enriching experience at Caltech, which never ceases to be a 

creative and collaborative atmosphere. I have had the pleasure to work amongst some 

extremely talented and caring people and I am thankful for all the support I received from 

friends and family which has been instrumental in seeing me through to the finish line. 

Caltech is a remarkable, close-knit community, and some of the friendships I have made 

during my time here I will undoubtedly take with me for the rest of my life.  

First of all, I would like to thank my advisor, Prof. Sarah Reisman, for providing 

me the opportunity to join her laboratory. Sarah is dedicated to her students and challenges 

them to become better thinkers, writers, and scientists. I have benefited from her rigor and 

support over the years; it has grown me into the chemist I am today. Although I originally 

came to Caltech with an analytical/physical background, Sarah quickly recognized how 

my strengths could be useful in the context of organic chemistry and provided me with the 

opportunity to pioneer the laboratory’s focused efforts in the realm of mechanistic studies 

on nickel catalysis. While being in her laboratory, I have also come to learn and appreciate 

her drive for natural product synthesis. This unique training environment has led me to 

develop skills I would not have obtained while working in a strictly methods group.  

I would also like to thank the other members of my committee, Profs. Gregory Fu, 

Dennis Dougherty, and Brian Stoltz. Greg has never hesitated an opportunity to chat about 

nickel catalysis and provide his thoughts on some of my odd experimental results when I 



 v 

came seeking advice. For all his insight into my research, I am truly grateful. Dennis has 

also been a valuable addition to my committee, especially with his expertise in physical 

organic chemistry. I remember buying his textbook when I was a senior in college and 

thought it was the best thing ever. When I came to Caltech and realized I would be taking 

his class, I was ecstatic; it was one of the highlights of my course experience here and 

helped propel me towards the field for my postdoctoral studies. Lastly, the ability to 

conduct research alongside Brian and his group has always made me feel at home on the 

third floor of Schlinger. I think it’s a remarkable thing to be able to experience such close 

connections with students in his group; at times it felt like we were one big family.  

I would also like to thank a number of Caltech staff and administration for all their 

support. Lynne Martinez and Veronica Triay work tremendously hard to keep the group 

running from an administrative position. Their warm, smiling faces have always been a 

pleasure to have around. I always enjoyed the simple moments of getting to chat and 

connect with Lynne in her office (or the elevator), and even though she has since retired, I 

am looking forward to seeing her again at our class graduation. I would also like to 

acknowledge all the hard work that Agnes Tong and Alison Ross have done for our 

department. They have worked hard to keep the graduate program running, from simple 

things such as scheduling seminar rooms to more complicated things like organizing 

recruitment. I would also like to thank Dr. Kate McAnulty and Prof. Doug Rees who have 

been advisors to me during my time on the Graduate Honor Council. I have appreciated 

Kate’s periodic check-ins; she has always been there as an extra support when I needed it.  

There are also numerous staff who deserve so much more than any words I can 

describe here. Dr. David VanderVelde does an amazing job keeping the NMR facility up 



 vi 

and running. It seems like one instrument or another is always having issues and Dave 

works endlessly to keep everything working. Without such an awesome facility, it would 

be exponentially more difficult to do the research that we do. I also owe a huge gratitude 

to Dr. Michael Takase and Mr. Lawrence Henling for all their hard work running the X-

ray facility. It’s not uncommon to get a phone call from Larry close to midnight following 

up on your late night requests, asking if your samples are ready to go. They work around 

the clock to make sure we get our structural data in a timely fashion. Mike and Larry have 

also been extremely patient with me and have taught me so much about structure solution 

over the past five years as I took on the inaugural “Reisman Lab X-ray Crystallography 

Liaison” group job. I have enjoyed getting to learn how to solve crystal structures and 

everything I know about X-ray crystallography I owe to them. I would also like to thank 

Dr. Angel Di Billo and Dr. Paul Oyala for their hard work running the EPR facilities. They 

have always been more than happy to help me run samples and teach me about EPR 

spectroscopy. It was not too uncommon to be sitting in the basement of Crellin while 

finding “interesting” peaks in my EPR samples; we often deduced that the lab glassware 

must simply be plagued with manganese. Finally, I would like to thank Dr. Mona Shahgholi 

and Naseem Torian for their hard work running our mass spectrometry facility. Whenever 

I had sensitive samples that needed to be run rather quickly, Mona was always 

accommodating to find time for me to get the data I needed. 

I owe so much gratitude to Dr. Scott Virgil and Mrs. Silva Virgil. You hear so much 

about Scott in about every thesis defense that comes out of our organic laboratories. Scott 

truly does a phenomenal job maintaining the Caltech 3CS facility. He works tirelessly to 

keep instruments up and running, while always willing to provide students with feedback 



 vii 

on chemical conundrums. He does this even when juggling multiple things at once. Silva 

has been one of my closest friends I have had at Caltech. She has always had an open door 

and gets excited to have me stop by and tell her about all the things going on in my day. 

They are some of the kindest, most loving people I have met. I am going to miss seeing 

them so frequently but am looking forward to their visits in Utah. 

I would also like to thank a number of people who contributed to my teaching 

experiences at Caltech. Dr. Jennifer Weaver and the directors in the Caltech Project for 

Effective Teaching (CPET) program have provided me with valuable feedback on my 

teaching portfolio as I worked to complete my Certificate of Practice in University 

Teaching. I am thankful to Ms. Jodi Marchesso and the high school chemistry teachers in 

the Pasadena Unified School District for their willingness to let me help on a year-long 

curricula redesign project during my first year of grad school. I would like to thank Prof. 

John Hanley at Pasadena City College who gave me the opportunity to come shadow his 

organic chemistry class for a semester and also guest lecture in his course. Lastly, I would 

like to thank my coworker, Dr. Carolyn Ladd, for taking on this huge undertaking of 

teaching Ch101 with me. It’s been such a fun and rewarding (and sleepless) experience 

learning how to design and run our own course on natural products in medicine; Carolyn 

has been beyond supportive during the first few weeks of our course as I frantically 

wrapped up writing my thesis. I have really valued her continual encouragement and cheer. 

This experience has given me a lot more confidence in my teaching abilities which will be 

instrumental when I start my independent career.   

Over the course of my graduate career, I have been privileged to work on a variety 

of collaborative projects with students in our group as well as with students at other 



 viii 

universities. I am indebted to Prof. Kendall Houk and his students Dr. Yunfang Yang and 

Dr. Xin Hong for their hard work running the geometry optimizations and energy 

calculations on our alkenylation reaction. Without them we could not have conducted some 

of our mechanistic studies. I am also grateful for the opportunity to work with Iris Guo and 

Prof. Matt Sigman on PHOX ligand parameterization. Iris is such a talented computational 

chemist and definitely put up with a lot of my excessive questions regarding MatLab and 

my confusion on how Python is not a coding language and has nothing to do with snakes. 

It was so fun to visit Matt’s laboratory last February to learn how they conduct their 

research. Matt has been such a supportive semi-advisor throughout the past two years and 

I am excited to now have the opportunity to work for him in my postdoctoral studies. 

I have also been fortunate to have worked alongside many fantastic coworkers 

during my time in the Reisman laboratory. I would like to particularly thank my project 

partners over the years; I think some of my greatest joys in grad school have been the 

opportunities I received to collaborate with my colleagues. Dr. Alan Cherney was my first 

mentor when I started in the laboratory back in 2014, and his willingness to give me 

feedback during my studies is something I have always appreciated. It has been an honor 

to be entrusted with the allylic silane project after he graduated. His insight into the 

alkenylation mechanism project has also always been a fun conversation starter. I would 

also like to thank Dr. Nathaniel Kadunce who also taught me so much about reductive 

cross-coupling during my first few years in grad school. I think one of the things I enjoyed 

most about being on Team Nickel was the openness in our group. Although everyone is 

usually working on their own project, the communication and feedback everyone gives 

each other makes it feel like you are part of something bigger. 



 ix 

I am thankful for a number of other project partners who have worked alongside 

me, including Dr. Naoyuki Suzuki, Alex Shimozono, and Raymond Turro. Naoyuki and 

Alex are such terrific scientists and work extremely hard with intense focus. I have learned 

a lot about dedication from both of them. Ray is also another gifted chemist; it has been 

refreshing to have a new set of eyes and hands take over the mechanism projects. I am 

confident that he will do well finishing up the work and I am excited to see what new 

chemistry everyone on Team Nickel will discover in the years to come.  

Kelsey Poremba deserves a super special shout out. We both started on Team 

Nickel together during our first year and it has been incredible getting to work with her on 

various projects. We each came into the laboratory with a unique set of skills and I have 

been lucky to have learned so much from her. Kelsey can teach everyone a thing or two 

about organization (something I am still lacking) and is truly a reaction optimization queen. 

I was also privileged to have the opportunity to mentor two fantastic undergraduate 

students, Ciara Ordner and Dana Gephart. It has been wonderful to watch them grow and 

develop careful, thoughtful approaches to their research. I am excited to see where their 

roads will take them and what accomplishments they achieve. In particular, Ciara came 

into the laboratory during a time when my graduate studies felt like a monotony, and 

working with her gave me a renewed sense of motivation. Ciara was a present reminder of 

what I was working towards in my teaching career, although it was definitely easy to 

mentor such an ambitious and thoughtful student. I think in the end, I learned more from 

Ciara than she learned from me and I am fortunate enough to also call her a close friend. 

There are also a number of other close friends in the lab that have helped get me 

situated when I first started. I remember Dr. Lauren Chapman dropped what she was doing 



 x 

and helped me clean out my entire fume hood and manifold for about three hours on my 

first day. She made an impression on me that lasted over the next few years as I got to 

know her more and more. Lauren was always so caring and her encouragement and 

friendship was something that helped get me through my first two years at Caltech. Dr. 

Haoxuan Wang, Dr. Kangway Chuang, and (especially) Dr. Matthew Hesse have taught 

me almost all I know about running reactions and laboratory techniques for which I am 

ever grateful. Matt was such a fun and spirited person to get to work alongside, both in the 

office and in the lab and for all his advice regarding chemistry I am forever grateful. 

I have worked next to quite a few baymates during my time in the lab: Kevin Sokol, 

Dr. Kohei Takeuchi, and Nick Fastuca. Both Kevin and Kohei were such energetic young 

individuals who would always put a smile on my face. I have also thoroughly enjoyed 

working next to Nick for most of my time in the Reisman lab. We may not always be the 

best at keeping things clean and organized, but I think our work dynamic has been perfect. 

The two of us just seem to roll with all the things the other person does and it has been nice 

to work next to someone with such a calm and forgiving spirit, especially when my blue 

cobalt encrusted glassware often took over all the drying racks in our space. I am going to 

miss chatting with Nick about grad school life and Reisman lab softball strategies. 

Dr. Denise Grünenfelder has been one of my closest friends in the lab here at 

Caltech. Denise is such a warm and loving person who will go out of her way to help out 

anyone who is in need with just about anything. She has always been a solid rock of advice 

during my time here and is one of the hardest working people I know. I am going to miss 

all of our mid-day coffee runs, crepe outings, and late night food adventures to the Habit 



 xi 

Burger. Even though Denise has now graduated and moved to Boston, I know her close 

friendship is something I will value for a long time to come. 

There are so many other friends I have made in the lab, it would take me forever to 

talk about them all in length. Caitlin Laker has been such a close friend and someone I can 

talk to with just about anything. Sometimes the right people come into your life at the right 

time, and Caitlin was one of those people. Jordan Beck and Alice Wong, two of my 

classmates, are such intelligent synthetic chemists who know so much about chemistry. I 

am excited to see where their journeys take them in the years to come. Dr. Arthur Han is 

probably the most efficient and gifted chemist I know. I have appreciated all his feedback 

on government fellowship applications and definitely would not have accomplished all that 

I have without his advice. Some of my other close friends in the laboratory I am going to 

miss dearly: Dr. Chen Xu, Katie Chan, Dr. Justin Su, Dr. Suzie Stevenson, Dr. Nicholas 

Cowper, Sean Feng, Skyler Mendoza, Dr. Luke Hanna, Dr. Elliot Farney, Dr. Yasu 

Nakayama, Karli Holman, Travis DeLano, and Mike Maser. Thank you all for your 

friendships over the years and for making the lab such a fun place to be. 

There are a number of people outside of Caltech to whom I owe much gratitude. 

My undergraduate advisors, Profs. Paula Hudson and Peter de Lijser, are the main reason 

I am finishing my graduate studies. When I first started at CSUF, I was on a path to become 

a high school chemistry teacher. However, it was the close mentorship I had in both of their 

research groups that drove me to continue my studies and pursue my Ph.D. Even when I 

thought I could not do something, they were there to encourage me every step of the way. 

I am thankful for all they taught me over the years and for their ability to keep in touch 

through lab alumni barbeques. I was lucky that Paula lived so close to Caltech and really 



 xii 

appreciated breakfast outings with her during my first few years of grad school. I would 

also like to thank Prof. Steve Buchwald for hosting me as a visiting undergraduate 

researcher the summer before my senior year of college. Working for Steve is what 

propelled me into studying organometallics for my Ph.D. dissertation work. While in the 

Buchwald lab, I was mentored by Dr. Thomas Barton, who is such a positive, caring person, 

and I have really appreciated all his support and encouragement over the years. 

 I am also appreciative of support from a number of friends here at Caltech and 

beyond. My two roommates, Elizabeth Goldstein and Rachel Ford, have enriched my life 

in ways I never imagined. I will always remember all the fun times we have shared, from 

cheesecake celebrations when finishing literally every exam in our first year, to the fun 

road trips and adventures we have had. Elizabeth has stuck with me as one of my closest 

friends since the very beginning and I will truly miss all of the fun adventures, food runs, 

and board game nights we have shared together. I think one of my favorite memories with 

her was going on our Sierra road trip a few years back. I somehow managed to get her to 

sleep in a tent and hike off-trail into the woods with me to find the Caltech Centennial 

Grove. I am looking forward to visiting her in Germany and maybe one day finally go on 

that Europe trip we dreamed of. I am also thankful for all my friends in the Caltech 

Volleyball Club: Reston Nash, Alex Phillips, Marianne Heida, Michelle Cua, Panagiotis 

Vergados, and so many others. I think this group is single handedly the most responsible 

for keeping me sane during my graduate studies. I am thankful for the time we get to play 

some serious volleyball together, but also for the friendships I have made and the times we 

have shared at barbeques, Congregation Ale House, and Hollywood Boulders rock 

climbing nights. I am going to miss them all so dearly. Finally, I would like to thank both 



 xiii 

Rebecca Adamek, my best friend from college, and Nicholas Tay, a close friend from my 

time in the Buchwald lab. I don’t get to see them as much as I would like, but their 

friendship has been much enjoyed along this journey.  

 I would also like to thank my family for all they have done to support me over the 

past five years. I am fortunate that they live close by and I could frequent trips home, often 

fed by their wonderful food and cooking which is something many of my coworkers on the 

third floor of Schlinger have come to experience around the holidays. My parents, Andrew 

and Patricia, have always poured so much love into me and for that I am forever grateful. 

I definitely would not have made it through grad school without all their love and support. 

I am also lucky to have such a wonderful and caring brother. I have watched James 

accomplish so many things in his life and he continues to be an inspiration to me. 

Lastly, I would like to thank my partner, David Wahlman, for all his love and 

support, especially during the past few months while I was writing up and defending my 

thesis. He has been an extremely loving, selfless, and patient person and I have enjoyed 

getting to spend time with him and make the most of those few moments I have outside of 

the lab. Traveling home to see his family is always a wonderful time; I am thankful for 

Erik and Diana for welcoming me into their family. It is such a selfless act to uproot one’s 

life for another, but I am looking forward to all the new adventures we will share and the 

memories we will make as we move to Salt Lake City.  

  



 xiv 

ABSTRACT 

Cross-coupling reactions have emerged as powerful methods to form carbon-

carbon and carbon-heteroatom bonds in a vast array of synthetic contexts. Nickel-catalyzed 

reductive cross-coupling reactions have opened up a new mode of reactivity, allowing for 

the cross-coupling of bench-stable electrophiles as both coupling partners. Asymmetric 

variants, which use a chiral ligand, increase molecular complexity by introducing 

stereocenters with high levels of enantioselectivity. Application of this methodology to an 

array of electrophiles has led to the development of a number of transformations 

incorporating both C(sp2)-hybridized electrophiles (aryl iodides, alkenyl bromides, and 

acyl chlorides) and C(sp3)-hybridized electrophiles (benzyl chlorides and α-chloronitriles).  

Herein we discuss our most recent efforts in the development and application of 

Ni-catalyzed asymmetric cross-coupling reactions with alkenyl electrophiles. First, the 

expansion of our previously developed methodology has allowed for bulky trimethylsilyl 

groups on the benzyl chloride electrophile, providing chiral allylic silane products in good 

yield and enantioselectivity. The utility of these products with both traditional and newly 

developed methodology is highlighted. Following this, we describe the development of 

reaction conditions that proceed with benzyl N-hydroxyphthalimide esters. This approach 

proceeds through a decarboxylative strategy, generates previously accessible radical 

intermediates, and proceeds with the use of a homogenous reductant. Our investigations 

into the mechanism on the cross-coupling of alkenyl bromides and benzyl chlorides is also 

disclosed, where we first identified the formation of alkenyl chloride and alkenyl iodide 

intermediates under the reaction conditions. This inspired us to develop a Ni-catalyzed 

alkenyl triflate halogenation in order to prepare alkenyl halide synthetic intermediates.  
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