


 

  

Direct Organocatalytic Reductive 

Alkylation/Amination of Chiral 

Formylcyclopropanes: Scope and Applications 

 

A 

Thesis 

Submitted for the Degree of 

Doctor of Philosophy 

By 

Akram hussain 
 

 

 

 

 

 School of Chemistry 

University of Hyderabad 

Hyderabad-500046, India 

 

August 2022 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
Dedicated to……….. 

My Parents and My Late Grandparents 
 

 

 

 

 

 

 

 

 

 

 

 



 

  



 

 

 

       

 

 

 

 

 

    My Lord, increase me in knowledge. 
                                                                           (Quran 20:114) 

 

 

 







iv 

 

 

 

CONTENTS 

DECLARATION                                   i 

CERTIFICATE                                  iii 

CONTENTS                                           iv 

ACKNOWLEDGEMENTS                             v 

PREFACE                                  vii 

LIST OF ABBREVIATIONS                            ix  

Direct Organocatalytic Reductive Alkylation/Amination of Chiral Formylcyclopropanes: 

Scope and Applications  

1. Abstract                                                                                                                           1 

2. Introduction                                                                                                                    2 

3. Synthesis of Chiral 2,3-Dihydrofurans and 3,4- Dihydro-2H-pyrans through          

Organocatalytic Reductive Coupling  and Annulative Ring-Opening Reactions       14 

4. Organocatalytic Chemoselective Reductive Alkylation of the Chiral dicarbonyl 

cyclopropanes: Scope and Applications                                                                     55 

5. Organocatalytic Reductive Amination of the Chiral Formylcyclopropanes:            

Scope and Application                                                                                                90 

6. Experimental Section                                                                                                    124 

7. References                                                                                                                    214        

                   

ABOUT THE AUTHOR                             xi 

 

 

 



v 

 

 

ACKNOWLEDGEMENTS 

Firstly, and most I would like to thank my supervisor Prof. Dhevalapally B. Ramachary, 

for his inspiring guidance and constant encouragement throughout the course of the present 

investigations. It has been a great privilege and honor to be associated with him.  

I take this opportunity to thank Prof. Ashwini Nangia, Dean, School of Chemistry for 

providing all the facilities needed for my research. I extend my sincere thanks to former 

Dean Prof. T. P. Radhakrishnan and all the faculty members of the School of Chemistry for 

their timely help and cooperation during my Ph. D. program. 

It is a great privilege to express my heartfelt regards to all my teachers during the entire 

tenure of my educational career, especially to Prof. Imran Ali, Prof Nasimul Hoda, Prof. R. 

P. Mathur, and Dr. K. Anebouselvy for their support and encouragement. 

I take this occasion to express my love to the people who are with me under any 

conditions like Dr. Rizwan Ahmed, Dr. Mohd, Monis Ayyub, Waqar Ahmed, Safa Thayil, and 

Unalita Phukan. 

It gives me great pleasure to thank my well-wishers Dr. Swamy Peraka, Dr. Khalid Naim, 

and Asif Iqbal during my Ph.D. studies. 

I am extremely thankful to my lab seniors and colleagues, Dr. Shruthi, Dr. Rehana, Dr. 

Suresh Adaveni, Dr. Thirupathi, Dr. Prabhakar, Dr. Surrendra, Dr. Jagjeet, Dr. Anif, 

Pritam, Gorachand, Ashok, Vamshi, Rajyalaxmi, Sravanti, Shivani, Shyam, Rajkiran, 

Sharvan, Grace, Ganapati, and Asikul for their friendly cooperation in the lab. 

I would like to express my heartfelt thanks to Prof. Periasamy, Prof. Balamurugan, and 

Prof. P. Ramu Shridhar lab members, Chemistry legends, Chemistry Badminton batch, 

Welcome party initiators-2016, and Chem-Fest volunteers of 2017 and 2022 for their 

affection during Ph.D. Studies. 

I would like to express my lovable thanks to Dr. Junaid Ali, Dr. Manjoor Pandit, Dr. 

Shaukat Ali, Dr. Saddam, Dr. Tasnim, Dr. Sneha, Dr. Tanmay, Dr. Ankit Shrivastav, Dr. 

Mohd, Ishtiyak, Sayyed Basha, Irfan Wazir, Intezar Ali, S. K. Alim, Ishfaqh Ahmed, Mujahid 

Hussain, Asif Bhai, Noorul, Dr. Arshad, Shadab Bhai, Faisal, Rashid, Abdul Bari Bhai, 



vi 

 

 

Maaz Bhai, Aizan, Abrar, Ehtesam and Pravindra who treated me as a brother during my 

PhD tenure. 

I am very grateful to all my friends and colleagues in the School of Chemistry Dr. 

Suryanarayan, Dr. Majishankar, Ramesh Anna, Arun Anna, Anji Anna, Dr. Shashi anna, Dr. 

Shankar anna, Dr. Rajesh, Mou di, Shamita di, Shipra di, Sardamoni, Mamina, Jyotsna, 

Prachi, Soumya, Kalyani, Shanti, Lata, Ravindra, Jayakrishna, Suman, Narshima, Soutrik, 

Shubham, Shubham Dutta, Nilanjan, Laxman, Tabbasum, Kamla Laxmi, Sneha, Rina, Ritesh, 

Arun, Jishu, Sheema, Manas, Manoj, Olivia, Vinay, Vinod, Smruthi, Arun, Sneha, Shabber 

Ahmed, Ajay, Sachin, Suraj, Satyam, Shampita, Upasna, Moon, Dheeraj, and Liyaqat Ali. 

I acknowledge the extreme support provided by the technical and non-teaching staff of the 

School of Chemistry. I also thank Dr. P. Ragavaiah, Satyanarayana, Vijaya Laxmi, Turab, 

Durgesh, Mahendra, Venky, Maruthi, and Mahesh for their timely assistance. 

National Single Crystal X-ray Facility, funded by DST (New Delhi) in the School of 

Chemistry is highly acknowledged. I am thankful to the IGM library for providing excellent 

books and journals. Financial assistance by UGC (New Delhi) is gratefully acknowledged. 

I would extremely appreciate the role of Hyderabadi food in my Ph.D. tenure especially, 

Hyderabadi biryani, Arabian mandi, Shawarma, and Irani chai. 

Finally, I would like to thank my mother Shaira Bano & father Maksood Ali, and my 

uncle Mohd Hussain Ghori & aunty Khursida Bano and my brothers Aslam Hussain, 

Saddam Hussain, Dr. Javed Hussain & sisters Shehnaz, Rehana, and Shabnam for their 

support, encouragement and deserves great appreciation. The unconditional love of my 

parents and their blessings made me what I am today and I owe everything to them. 

Dedicating this thesis to them is a minor recognition for their relentless support and love.  

Most importantly, I would like to thank the Almighty, who gave me this opportunity in my 

life. 

                                                                                                                           Akram Hussain 



vii 

 

 

PREFACE 

 Reductive alkylation/amination is one of the powerful reactions to generate a carbon-

carbon/carbon-nitrogen bond in a single step. More importantly, organocatalytic reductive 

alkylation/amination has become an alternative to metal-mediated reductive 

alkylation/amination because of its simple operation technique, milder conditions, high 

efficiency, short reaction time, high regioselectivity, readily available precursors, and 

potentially greener. The present thesis entitled “Direct Organocatalytic Reductive 

Alkylation/Amination of Chiral Formylcyclopropanes: Scope and Applications” describes 

the reactions between chiral formylcyclopropanes and active methylene compound or 

aromatic amines in the presence of secondary amine catalyst or phosphoric acid catalyst for 

the synthesis of highly functionalized organocatalytic reductive alkylation/amination 

products which have pharmaceutical and biological importance. In all these sections, a brief 

introduction is provided to keep the present work in proper perspective, the compounds are 

sequentially numbered (bold), and references are marked sequentially as superscripts and 

listed at the end of the thesis. All the figures included in the thesis were obtained by DIRECT 

PHOTOCOPY OF THE ORIGINAL SPECTRA and in some of them, uninformative areas 

have been cut to save space. 

In the first chapter, an organocatalytic reductive coupling and Lewis acid catalyzed 

annulative ring-opening strategy is developed, as a two-step protocol for the stereoselective 

synthesis of dihydropyrans as the major products from the chiral formylcyclopropanes, CH-

acids and Hantzsch ester. It is an efficient, catalytic, two-step protocol for the chiral 

synthesis of dihydropyrans and dihydrofurans. Structurally important and challenging 

functionally rich cyclopropanes containing cyclic-1,3-diones were synthesized in very good 

yields with excellent chemo-, enantio- and diastereoselectivities from the readily available 

starting materials, chiral formylcyclopropanes, cyclic-1,3-diones or CH-acids, and Hantzsch 

ester through an organocatalytic reductive coupling reaction at ambient conditions, 

especially without harming the cyclopropane ring. Chiral cyclopropanes containing cyclic-

1,3-diones were stereospecifically transformed into dihydropyrans and dihydrofurans found 

in many bioactive natural products and drugs, through an annulative ring-opening reaction 
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by using Lewis acid (BF3.OEt2) or cesium carbonate (Cs2CO3)-catalysis. Highly diastereo- 

and regioselective ring-opening of cyclopropanes was explained through stereospecific 

intimate ion pair pathway. 

In the second chapter, we synthesize a library of chiral dicarbonyl-cyclopropanes which 

were chemoselectively transformed into reductive alkylation products by using 

organocatalytic reductive coupling reaction in very good yields with excellent selectivities. 

These resultant molecules are basic skeletons of important drugs, and natural products and 

highlight the value of this organocatalytic reductive alkylation as a key protocol. 

In the third chapter, we demonstrated the construction of structurally and biologically 

important chiral cyclopropylamines in good yields with excellent enantio- and 

diastereoselectivities. In this protocol variety of chiral formylcyclopropanes, achiral 

aromatic amines, and chiral amines are employed as key starting materials under the 

phosphoric acid catalysis. Furthermore, these chiral cyclopropylamines are transformed into 

functionally rich bio-inspired azabicyclo compounds. 
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1. Abstract 
 

           The cyclopropane ring is unique among all carbocycles due to its unusual bonding and 

inherent ring strain and has constantly been of great scientific interest to the organic 

community. In addition to the appealing synthetic transformations that cyclopropanes might 

present, these smallest carbocycles are part of larger molecular structures that possess a wide 

range of biological properties spanning from enzyme inhibitions, antibacterial, antimetastatic 

(anticancer), antifungal, insecticidal, plant growth, and fruit ripening control. The majority of 

cyclopropane-containing natural compounds have been isolated from plants, fungi, or 

microorganisms. Many show biological activity and may serve as potential drug leads or 

provide new ideas for the study of enzyme mechanisms. Here we describe a strategy and 

extensive synthetic studies for the preparation of a diverse collection of cyclopropane-

containing lead-like compounds, fragments, and building blocks. 

       In the first chapter, an organocatalytic reductive coupling and Lewis acid catalyzed 

annulative ring-opening strategy is developed, as a two-step protocol for the stereoselective 

synthesis of dihydropyrans as the major products. It is an efficient, catalytic, two-step 

protocol for the chiral synthesis of dihydropyrans and dihydrofurans. Structurally important 

and challenging functionally rich cyclopropanes containing cyclic-1,3-diones were 

synthesized in very good yields with excellent chemo-, enantio- and diastereoselectivities 

from the readily available starting materials, chiral formylcyclopropanes, cyclic-1,3-diones or 

CH-acids, and Hantzsch ester through an organocatalytic reductive coupling reaction at 

ambient conditions, especially without harming the cyclopropane ring.  

        In the second chapter, we synthesize a library of chiral dicarbonyl-cyclopropanes 

which were chemoselectively transformed into reductive alkylation products by using 

organocatalytic reductive coupling reaction in very good yields with excellent selectivities. 

These resultant molecules are basic skeletons of important drugs, and natural products and 

highlight the value of this organocatalytic reductive alkylation as a key protocol. 

           In the third chapter, we demonstrated the construction of structurally and biologically 

important chiral cyclopropylamines in good yields with excellent enantio- and 

diastereoselectivities. In this protocol variety of chiral formylcyclopropanes, achiral aromatic 

amines, and chiral amines are employed as key starting materials under the phosphoric acid 

catalysis. Furthermore, these chiral cyclopropylamines are transformed into functionally rich 

bio-inspired azabicyclo compounds. 



Page | 2  
 

2. Introduction 
 

            August Freud described the first cyclopropanation reaction in 1881, using a Wurtz 

coupling reaction to combine 1,3-dibromopropane with sodium.1 Gustavson increased the 

reaction yield by substituting zinc for sodium.2 The triangular structure of cyclopropane has 

60° bond angles between carbon-carbon bonds. Because the carbon-carbon bonds in 

cyclopropane are weaker than those in a conventional alkane due to ring and torsional strain, 

cyclopropane becomes a more reactive ring.3 Despite its high reactivity nature, the 

cyclopropane scaffold is found in a wide spectrum of natural products and medicines, with a 

diverse range of biological functions.4 There are some examples as shown in Figure 1, which 

act as inhibitors, antagonists, antipsychotic drugs, antibiotics, etc.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Cyclopropane-containing drug molecules. 
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Organocatalytic Synthesis of Chiral Formylcyclopropanes: 

(1) Cyclopropanation via Sulfonium Ylide Addition: 6-8 

           Kunz and MacMillan6 described enantioselective organocatalytic cyclopropanation in 

which a direct electrostatic interaction between chiral zwitterionic iminium and sulfonium ylide 

(Pre-TS-1) is the key step in facilitating the formation of a carbon-carbon bond, which is then 

followed by stereoselective cyclization to yield the cyclopropane (Pre-TS-2). In this reaction, 

α,β-unsaturated aldehyde 1, and sulfonium ylide 2 were treated in CHCl3 at -10 C with the 

chiral 2-carboxylic acid dihydroindole A (20 mol%) as a catalyst to create cyclopropane 3 with 

three stereogenic centers with 63-91% yield and high ee’s. Hartikka and Arvidsson7,8 described 

organocatalytic cyclopropanation of α,β-unsaturated aldehyde 1 with sulphur ylide 2 by using 

(-)-indoline-2-yl-1H-tetrazole B or sulfonamides C as a catalyst in these reactions respectively 

(Scheme 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Cyclopropanation via sulfonium ylide addition. 
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(2) Cyclopropanation via Dialkyl Bromomalonate Addition: 9-15 

          Stereoselective conjugate addition of dialkyl bromomalonate 4 to α,β-unsaturated 

aldehydes 1 in the presence of secondary amine D-H as a catalyst yielding enantioselectively 

cyclopropanes 5 with good to excellent yield and high ee and dr’s. The mechanism can be 

explained as iminium ion generation from α,β-unsaturated aldehyde, and secondary amine, 

followed by the attack of the in situ generated anion from the diethyl bromomalonate and 

triethylamine as shown in Pre-TS-1 of the Scheme 2. The first generated Michael adduct 

intermediate cyclizes by releasing a bromide ion and creating cyclopropane via an 

intramolecular alkylation process (Scheme 2). Full details about these reactions catalyzed by 

different catalysts D-H are discussed in the coming section (see, Figure 2 and Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2. Cyclopropanation via dialkyl bromomalonate addition. 

           (a) Rios and co-workers9-11 reported that adding diethyl bromomalonate 4 to α,β-

unsaturated aldehyde 1 and chiral secondary amine D/E (10 mol%)  as a promoter in CHCl3 

for 3-14 h at room temperature yielded enantioselectively cyclopropane 5 with 50-88% yield 

and high ee/dr’s. The main product was trans-cyclopropane.  
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Figure 2. Different types of secondary amine catalysts used in cyclopropanation reaction.        

       (b) Dialkyl bromomalonate 4 was added to α,β-unsaturated aldehyde 1, and chiral diphenyl 

prolinol TMS ether D (10 mol%) as a promoter in CH2Cl2 at room temperature, yielding 

enantioselectively cyclopropane 5 with 42-95% yield and high ee/dr’s, reported by Xie and co-

workers.12 The main product was trans-cyclopropane (Scheme 2, Figure 2, Table 1). 

           (c) Uria and co-workers13,14 reported the first organocatalytic enantioselective 

cyclopropanation reaction of α,β-unsaturated aldehyde 1 with diethyl bromomalonate 4 in the 

presence of O-TMS-diarylprolinol F (20 mol%) and G (10 mol%) catalysts in the presence of 

water as the solvent. The chiral cyclopropane 5 was obtained with 56-84% yield and high 

ee/dr’s by stirring the reagents combination at room temperature for 96 h in the absence of a 

basic additive (Scheme 2, Figure 2, Table 1). 

           (d) An enantioselective flow technique was used to achieve an organocatalytic 

enantioselective cyclopropanation reaction,15 in which a chiral resin H was made by mixing 

chiral vinylbenzyloxy pyrrolidine with styrene in the presence of various additives. Chiral resin 

was packed in an omnifit glass column with two feed streams, one containing α,β-unsaturated 

aldehyde 1 and dimethyl bromomalonate 4, and the other containing N-methylimidazole. The 

reagent combination flows towards the column, which is assisted by the organocatalyst, 

promoting the production of chiral cyclopropane 5 with a yield of 23-60% and high ee/dr’s 

(Scheme 2, Figure 2, Table 1).  
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S.N. 

 

 

R1 

 

 

R2 and R3 

 

Catalyst 

(X mol%) 

 

 

Additive 

 

 

Solvent 

 

Time, 

Temp 

 

 

Products 

 

 

19,10 

 

Alkyl/Aryl 

 

R2 = R3 = Et 

 

D/E 

(20 mol%) 

 

Et3N 

 

CHCl3 

 

3-14 h, 

25 °C 

11 examples 

50-88% yield 

9:1 to >25:1 dr 

93-99%  ee 

 

 

 

211 

 

 

Alkyl/Aryl 

 

R2 = Me/ Et/tBu 

R3 = COMe/ 

COtBu 

 

 

 

D 

(20 mol%) 

 

 

Et3N 

 

 

Toluene 

 

 

14-72 h, 

25 °C 

 

12 examples 

68-95% yield 

2.4:1 to 25:1 dr 

63-99%  ee 

 

 

312 

 

Alkyl/Aryl/ 

2-Furanyl 

 

R2 = R3 = 

Me/Et/iPr/Bn 

 

D 

(10 mol%) 

 

2,6- 

Lutidine 

 

CH2Cl2 

 

5.5-52 h 

0 °C 

 

16 examples 

42-95% yield 

>30:1 dr 

90-98%  ee 

 

 

413 

 

Alkyl/Aryl/ 

2-Furanyl 

 

R2 = R3 = Et 

 

F 

(20 mol%) 

 

No Additive 

 

H2O 

 

96 h 

25 °C 

6 examples 

56-84% yield 

>10:1 dr 

92 to >99%  ee 

 

 

514 

 

Aryl/ 

2-Furyl 

 

R2 = R3 = Et 

 

G 

(10 mol%) 

 

No Additive 

 

H2O 

 

25 °C 

6 examples 

60-93% yield 

>19:1 dr 

93 to >99%  ee 

 

 

615 

Aryl/ 

2-Furanyl/ 

2-Thiophene/ 

3-Pyridyl 

 

R2 = R3 = Me 

 

H 

 

 

N-

methylimidazole 

 

CH2Cl2 

 

6 h 

25 °C 

12 examples 

23-60% yield 

>95:5 dr 

89-96%  ee 

 

Table 1. Cyclopropanation via dialkyl bromomalonate addition. 

 

 

(3) Organocatalyzed Cyclopropanation of α-Substituted α,β-Unsaturated Aldehydes: 

 

           Terrason and co-workers16 reported the first asymmetric cyclopropane synthesis from 

α-substituted α,β-unsaturated aldehydes 6. The key steps in this synthesis were an 

organocatalytic cascade Michael reaction followed by an intramolecular alkylation to produce 

chiral cyclopropanes 5 with a quaternary stereogenic centre. Aldehydes 6 were treated with 

bromomalonate 4 and chiral diphenyl prolinol TMS D (20 mol%) as catalyst and 2,6-lutidine 

or N-methylimidazole as an additive in ethanol at room temperature for 3-144 h to furnish 

cyclopropanes 5 in high selectivity as described (Scheme 3). Cyclopropane was formed via 

iminium intermediate (Pre-TS-1) generation, where Michael addition of bromomalonate was 

added to iminium ion to generate enamine intermediate, which on further intramolecular 

alkylation (Pre-TS-2) furnished the cyclopropanes with high ee/dr’s (Scheme 3). 
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Scheme 3. Cyclopropanation via diethyl bromomalonate addition to α-substituted α,β-

unsaturated aldehydes. 

 

(4) One-pot Enantioselective Cyclopropanation of Allylic Alcohols: 

           Rueping and co-workers17 described the first asymmetric cyclopropane synthesis by 

using cinnamyl alcohol 7, diethyl bromomalonate 4, diphenyl prolinol TMS-ether D (20 mol%) 

as a catalyst, and Et3N as co-catalyst by using MnO2 as an oxidant to furnish cyclopropanes 5 

in 66-88% yield with high ee/dr’s in chloroform at room temperature for 18 h. The process 

began with in situ hydroxyl group oxidation to the corresponding aldehyde by using MnO2 

excess, followed by the in situ generations of the iminium intermediate (Pre-TS-1) to which 

the diethyl malonate was added through Michael addition, and finally, an intramolecular 

alkylation reaction (Pre-TS-2) was taken place to produce cyclopropanes in high ee/dr’s 

(Scheme 4). 
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Scheme 4. Cyclopropanation via diethyl bromomalonate addition on allylic alcohols. 

 

(5) Cyclopropanation via Alkyl Halide Addition:18,19 

           An organocatalytic enantioselective synthesis of cyclopropane was achieved with α,β-

unsaturated aldehydes 1 and chloroacetophenone 8 in the presence of diphenyl prolinol TMS-

ether D (20 mol%) as catalyst and Et3N as base in CH2Cl2 at room temperature for 24 h.18 The 

asymmetric reaction proceeded as α,β-unsaturated aldehydes 1 was treated with diphenyl 

prolinol TMS-ether D (20 mol%) in CH2Cl2 at room temperature to afford the chiral iminium 

ion (Pre-TS-2), which was attacked by chloroacetophenone 8 via Michael addition to produce 

Michael adduct (Pre-TS-3). This intermediate further cyclized to releasing a chloride to furnish 

cyclopropane 3 in 62-85% yield with high ee/dr’s as depicted in Scheme 5. 

          Dzambaski and co-workers19 described an enantioselective organocatalytic 

cyclopropane 3 synthesis from saturated aldehyde 9. This saturated aldehyde 9 in the presence 

of diphenyl prolinol TMS-ether D (20 mol%) catalyst formed enamine intermediate (Pre-TS-

1), which was in situ oxidized with 2,3-dichloro-5,6-dicyano-1,4-benzoquinine (DDQ) in THF 

at room temperature for 2 h to produce iminium ion. As demonstrated in Scheme 5, a second 

Michael addition of deprotonated chloroacetophenone 8 to iminium ion (Pre-TS-2), followed 
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by an intramolecular alkylation, yielded chiral cyclopropanes 3 (Pre-TS-3) in 50-82% yield 

with high ee/dr’s as depicted in Scheme 5. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5. Cyclopropanation via alkyl halide addition. 

 

(6) Cyclopropanation via Bromonitromethane Addition: 

           A four-step organocatalytic reaction yielded unprecedented bicyclic nitrocyclopropane 

11 in one-pot manner.20 This procedure involved the reaction of α,β-unsaturated aldehyde 1, 

and 1,4-dithiane-2,5-diol 10 in CH2Cl2 for 2 h at 40 C in the presence of (S)-

diphenylprolinolsilyl ether D (20 mol%) and benzoic acid as an additive in an inert atmosphere. 

Then a bromonitromethane/triethylamine mixture is added to furnish the bicyclic 

nitrocyclopropane 11 with 27-45% yield and high ee/dr’s. The sulfa-Michael reaction is carried 

out by adding mercaptoacetaldehyde to the corresponding chiral iminium-ion to produce the 

enamine intermediate (Pre-TS-1) in the asymmetric organocatalytic process. After an 
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intramolecular aldol reaction and dehydration, an iminium-ion intermediate (Pre-TS-2) was 

obtained, which was then added to bromonitromethane to produce an intermediate (Pre-TS-3), 

in which the bromine atom is displaced through an intramolecular nucleophilic substitution to 

produce the nitrocyclopropanes (Scheme 6). 

 

 

 

 

 

 

 

 

 

 

 

Scheme 6. Cyclopropanation via bromonitromethane addition. 

 

(7) Organocatalytic Transannular Approach to Stereodefined Bicyclo[3.1.0]Hexanes: 

          Through a transannular alkylation reaction that builds up the bicyclic core and uses 

asymmetric organocatalysis to install all stereocenters with a diastereodivergent method to 

construct highly substituted bicyclo[3.1.0]hexanes 13 (Scheme 7)21. The substituted 

bicyclo[3.1.0]hexanes 13 were directly obtained in a single operation from the enals 1 and 4-

alkenyl sulfamidate imines 12 via a cascade Michael/Michael/transannular 

alkylation/hydrolysis sequence using successive iminium/enamine/enamine combination of 

aminocatalytic activation manifolds. In the presence of a diarylprolinol derivative D as catalyst, 

a Michael/Michael cascade reaction under the well-known combination of aminocatalytic 

iminium/enamine activation mechanisms was responsible for the installation of all 

stereocenters (Ⅰ), forming an oxathiazole-2,2-dioxide-fused cyclohexane adduct intermediate 

(Ⅲ/Ⅳ). This intermediate can continue the cascade process by undergoing a subsequent 
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transannular alkylation reaction through an enamine intermediate (Ⅴ) followed by hydrolysis 

to generate compounds 13 in high yields with ee and dr’s (Scheme 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 7. Organocatalytic transannular approach to stereodefined bicyclo[3.1.0]hexanes. 
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(8) Highly Enantioselective Construction of Strained Spiro[2,3]Hexanes Through a 

Michael Addition/Ring Expansion/Cyclization Cascade: 

          Zhao and co-workers22 described a universal organocatalytic enantioselective technique 

for making highly strained spiro[2,3]hexane 15 skeletons from methylenecyclopropanes 14 and 

a wide range of α,β-unsaturated aldehydes 1. To realize the production of spiro[2,3]hexanes 

15, a Michael addition on iminium ion intermediate (Pre-TS-1), is followed by ring expansion 

of methylenecyclopropanes and nucleophilic attack of an enamine (Pre-TS-2). The use of an 

electron-deficient difluoro-substituted secondary amine catalyst I and the innate reactivity of 

methylenecyclopropanes were critical to the success of this method (Scheme 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 8. Highly enantioselective construction of strained spiro[2,3]hexane. 

 

(9) A Direct Organocatalytic Enantioselective Route to Functionalized trans-Diels–Alder 

Products Having the Norcarane Scaffold: 

           Barlose and co-workers23 described an enantioselective organocatalytic approach for 

constructing trans-Diels–Alder scaffolds 18 with excellent selectivity, high yield, and up to 
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five contiguous stereocenters (Scheme 9). The process concept combines the halogen effect 

with a newly found pseudo-halogen effect to lead to an endo-selective secondary-amine 

catalysed Diels–Alder reaction, resulting in trans-Diels–Alder cycloadducts with the norcarane 

scaffold. The method depends on the formation of a transient cis-Diels–Alder intermediate 

(Pre-TS-2) by the reaction of an in situ produced trienamine with an α-brominated or α-pseudo-

halogenated enone (Pre-TS-1). The endo-transition state-enhanced by the pseudo-halogen 

effect sets the stereochemistry that allows for a subsequent SN
2-like reaction at a tertiary center 

to obtain the trans-Diels–Alder scaffold (Scheme 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 9. Direct organocatalytic enantioselective route to functionalized trans-Diels-Alder 

products having the norcarane scaffold. 
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3. Synthesis of Chiral 2,3-Dihydrofurans and 3,4- 

Dihydro-2H-pyrans through Organocatalytic Reductive 

Coupling and Annulative Ring-Opening Reactions 

 

3.1 Introduction 

          Synthesis and study of cyclopropane ring, which is widely present as key structural motif 

in many natural and pharmaceutically active compounds, is challenging task due to their 

stereoelectronic factors and intrinsic ring strain.24-26 Over the past two decades, the domain of 

donor-acceptor cyclopropanes (D-A cyclopropanes) has experienced an exponential growth since 

the seminal work by Wenkert,27 Danishefsky,28 and Reissig.29 The chemist’s interest on D-A 

cyclopropanes increased, as they were predisposed to provide ready access to multi-

functionalized intermediates and key building blocks, for the synthesis of natural products and 

biologically active molecules through various ring-opening strategies.30-41 The ring-opening has 

been largely realized through activation by Lewis acid23,24 and transition-metal catalysis in both 

achiral32 and chiral33 versions. In addition, D-A cyclopropanes are transformed into various 

cyclic compounds by Brønsted acid34 and base35 induced nucleophilic addition, ring-expansion 

and cycloaddition reactions. 

          Among D-A cyclopropanes, formylcyclopropanes are of particular interest, as they open 

up new window for investigation of novel reactions by activation of the formyl group under the 

newly emerging organocatalysis. In 2006, Bode et. al. demonstrated the first NHC-catalyzed 

redox esterification by ring-opening of chiral formylcyclopropanes (Scheme 10a).36a This elegant 

reaction inspired many organic chemists to use formylcyclopropanes in various ring expansion, 

annulation and cycloaddition reactions (Scheme 10a).36b-g In 2007, Wang and co-workers and in 

2008, Cordova and co-workers disclosed the formylcyclopropane ring-opening by secondary 

amine-catalysis in the presence of base through iminium and enamine formation (Scheme 10b).12  
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Scheme 10. Previous Organocatalytic Methods for Activation of D-A Cyclopropanes. 
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          Later, Wang, Gilmour and Werz groups realized the synthesis of functionalized cyclic or 

acyclic molecules through homoconjugate addition of nucleophiles to iminium activated 

cyclopropanes followed by electrophiles under the organocatalysis (Scheme 10b).37 Recently, β-

ketocyclopropanes were utilized as pro D-A cyclopropanes and transformed under the chiral 

amine-catalysis to generate reactive dipolarophiles through enamine- and enolate-mediated ring-

opening processes, and to further employ them in cycloaddition or cascade processes with 

suitable counter parts (Scheme 10c and 10d).38,39 Mattson and co-workers reported an urea-

mediated ring-opening of nitro-functionalized D-A cyclopropanes through hydrogen bonding 

catalysis (Scheme 10e).40 Very recently, Xu et al. described DABCO catalyzed ring-expansion 

of cyclopropyl ketones through Cloke−Wilson rearrangement (not shown in Scheme).41 

Scheme 11. Reaction Design for the Synthesis of Functionally Rich Chiral Heterocycles through        

Stereospecific Activation of Formylcyclopropanes. 
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           It is worth mentioning that all the reported organocatalytic approaches which involved 

activation of formylcyclopropanes through NHC or amine catalysis led to ring-opening of D-A 

cyclopropanes (Schemes 10a-e). However, the formylcyclopropanes have not been investigated 

so far under organocatalysis for strategic synthetic transformations without affecting the strained 

cyclopropane ring.42,43 To accomplish this synthetic challenge, based on our previous discovery 

of organocatalytic reductive coupling reaction,44 we have designed a high-yielding conversion of 

the formyl group of cyclopropanes into the cyclic-1,3-diketones 22 and 23 containing the methyl 

group of cyclopropanes, without ring-opening from the cyclic-1,3-diketones or CH-acids 19, 

chiral formylcyclopropanes (5) and Hantzsch ester (20) through the organocatalytic reductive 

coupling reaction (Scheme 11). Further, the products 22 were converted into 3,4-dihydro-2H-

pyrans (24) and 2,3-dihydrofurans (25) by acid/base catalysis (Scheme 11). Nevertheless, the 

realization of product 22 from 19, 5 and 20 is a highly challenging task because of the tendency 

of the cyclopropane to cleave under iminium-catalysis.12,37 The formation of the product 22 

could be possible only upon the selective sequential attack of the carbon nucleophile on the 

iminium ion intermediate A followed by transfer hydrogenation with Hantzsch ester on the 

activated olefin of the intermediate B over multiple addition choices under the iminium 

activation (Scheme 11).44 Undoubtedly, this design is a complementary approach to those 

strategies which demonstrated the ring-opening of formylcyclopropanes under iminium-catalysis 

(Schemes 10 and 11). 

3.2 Results and Discussion 

3.2.1 Reaction Optimization: 

           According to the plan, initially we focused our attention to obtain the chiral cyclopropanes 

containing cyclic-1,3-diketones 22 from 19 and 5. First to understand the reactivity of the 

formylcyclopropanes under iminium-catalysis,12 the chiral aldehyde (-)-5a and Meldrum’s acid 

19a were chosen as the substrates and reacted under (S)-proline 21a catalysis in DCM at 25 C 

without using any reducing agent. Astonishingly, the reaction provided the corresponding olefin 

product Baa in 61% yield within 20 min without epimerization and ring-opening through 

Knoevenagel condensation reaction.44 Then, the olefinic product Baa was subjected to 

hydrogenation using Hantzsch ester (20) or H2 on Pd/C. Intriguingly, the Hantzsch ester (20) 

mediated transfer hydrogenation leads to the desired product (-)-22aa in 60% overall yield from 
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19a and 5a,44 whereas the catalytic hydrogenation using H2 on Pd/C did not afford the desired 

product (-)-22aa instead it gave an inseparable mixture of undesired ring-opened products 

(results not shown in Table 1).45 These results clearly indicate the importance of a mild reducing 

agent along with performing a reaction in one-pot manner as shown in Scheme 11. 

Table 2. Investigation of the Proposed Reductive Coupling Reaction of Formylcyclopropane     

(-)-5aa,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv. of (-)-5a (0.275 mmol) and 1.1 

equiv. of 20 (0.275 mmol) relative to the 19a (0.25 mmol) in the presence of 10 mol% of (S)-21a 
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and yield refers to the column-purified product. bEnantiomeric excess (ee) was determined by 

chiral HPLC analysis after converting (-)-22aa into its dimethyl malonate derivative and 

diastereomeric excess (de) was determined by 1H NMR analysis of crude reaction mixture. c1.0 

equiv. of 20 used. d10 mol% of (S)-DPPOTMS (21b) was used as catalyst. e10 mol% of (R)-

proline (21a) was used as catalyst. f10 mol% of (DL)-proline (21a) was used as catalyst. g10 

mol% of pyrrolidine (21c) was used as catalyst. h10 mol% of pyrrolidine/acetic acid (1:1, 21d) 

was used as catalyst. i10 mol% of PhCO2H was used as catalyst. 

      To our delight, the one-pot three-component reductive coupling reaction of 19a, (-)-5a 

(1.2 equiv., 98% ee and >95% de) and 20 in the presence of 20 mol% of (S)-proline (21a) 

provided only one product (-)-22aa in 94% yield with high selectivity (>98% de and >99% ee) 

without the formation of any other byproducts through iminium-catalysis (entry 1, Table 2).44e 

Further optimization revealed that 1.1 equiv. of (-)-5a, 1.1 equiv. of 20 and 10 mol% of (S)-21a 

with respect to 19a were optimal to obtain (-)-22aa in 94% yield with >99% ee and >98% de at 

25 C in 20 min (entries 2-8, Table 2). Surprisingly, the reductive coupling of 19a with 1.1 

equiv. of (-)-5a and 1.1 equiv. of 20 under the catalysis of 10 mol% of (S)‐2‐

{diphenyl[(trimethylsilyl)oxy]methyl}pyrrolidine [(S)-DPPOTMS] (21b), (R)-proline (21a) or 

(DL)-proline (21a) at 25 C for 20 min furnished (-)-22aa in 81-94% yield with >99% ee and 

>98% de (entries 9-11, Table 2). Notably, the one-pot reductive coupling of 19a with (-)-5a and 

20 under the catalysis of 10 mol% of pyrrolidine (21c), or pyrrolidine/acetic acid (1:1, 21d) at 25 

C for 15-20 min furnished the coupling product (-)-22aa in reduced (80-85%) yield with 99% 

ee and >98% de (entries 12-13, Table 2). In a similar manner, the one-pot reductive coupling 

reaction of 19a, (-)-5a and 20 under the catalysis of PhCO2H furnished the expected product (-)-

22aa in only 33% yield after long reaction time and without affecting the selectivity (entry 14, 

Table 2). More importantly, the selective formation of ()-22aa with >99% ee and >98% de 

from ()-5a (98% ee and >95% de), 19a and 20 under (S)-21a-, (R)-21a-, (DL)-21a-, (S)-21b-, 

21c- or 21d-catalysis indicates that the iminium ion activation did not epimerize the - or -

centre of the carbonyl of the cyclopropane ring (Table 2),24 and that the rate of the Knoevenagel 

condensation or olefination reaction wasn’t affected by catalyst’s absolute configuration. This 

observation may be due to the formation of highly reactive iminium ions A as the catalytic 

intermediates from (-)-5a and 21, which is selectively undergoing Mannich followed by 

deamination reactions with 19a to generate (-)-Baa. Stereoselective transfer hydrogenation of (-

)-Baa with 20 furnished the coupling product (-)-22aa as a single product without racemization 

and epimerization. Enantioselectivity of the product (-)-22aa was obtained from HPLC analysis 
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Figure 3. 1H and 13C spectra of the product (-)-22aa. 
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Chiralpak IA-3, Hexane/i-PrOH = 95:05, Flow Rate 0.5 mL/min, 254 nm 

Chiralpak IA-3, Hexane/i-PrOH = 95:05, Flow Rate 0.5 mL/min, 254 nm 

Racemic (±)-23aa: 

                                                                                                                                                                                   

 

 

 

 

  

  

                                                                                                                                                                       

Chiral (-)-23aa (>99.9% ee): 

 

 

 

 

 

 

                                                                                                                                                                   

Figure 4. HPLC spectra of the methylated product (-)-23aa of (-)-22aa. 
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on the corresponding dimethyl malonate,46 which is synthesized through domino O-

methylation/ketenization/esterification reaction sequence44c with ethereal diazomethane solution 

in methanol and the slight (1-2%) increase in ee/de of (-)-22aa is a consequence of resolution 

during the five reactions and not because of catalyst optical purity. 1H and 13C spectra of 

compound (-)-22aa and HPLC spectra of methylated product (-)-23aa are shown in Figures 3 

and 4. 

3.2.2 Reaction scope: 

          We have studied various chiral formylcyclopropanes (-)-5b-g and Meldrum’s acid 19a 

under the optimized reaction conditions to highlight the generality of the organocatalytic 

reductive coupling reaction (Scheme 12). The formylcyclopropanes containing different aryl 

groups (-)-5b to (-)-5g (>95% de) were reacted with Meldrum’s acid 19a and 20 under (S)-21a-

catalysis to provide the corresponding reductive coupling products (-)-22ab to (+)-22ag in good 

to excellent yields with high selectivity (>98% de) at 25 C in just 30-40 min (Scheme 12). As 

expected, there is no effect of aryl group substitution (Me, OMe, Br, and NO2) on the outcome of 

the reductive coupling reaction rate and selectivity (Scheme 12). 1H and 13C spectra of compound 

(-)-22ad are shown in Figure 5. 

            Next, the three-component reductive coupling of ()-5a with various cyclic and acyclic 

CH-acids 19b-o and 20 were investigated to furnish the corresponding reductive coupling 

products (-)-22ba to (-)-22oa in 78-99% yields with >98% de at 25 C in 30-240 min, 

respectively (Table 3). It is delightful to mention that the chiral formylcyclopropane ()-5a 

smoothly underwent iminuim-mediated Knoevenagel condensation or olefination with the library 

of CH-acids 19b-o followed by in situ transfer hydrogenation with Hantzsch ester 20 to furnish 

the coupling products (-)-22ba to (-)-22oa in very good yields with high selectivity at 25 C in 

30-240 min without epimerization and ring-opening reactions (Table 3). The reductive coupling 

of the formylcyclopropane ()-5c (>95% de) with tetronic acid 19e and cyclopentane-1,3-dione 

19j under the optimal conditions furnished the coupling products ()-22ec and ()-22jc in 87% 

and 97% yields with enriched de’s in 25-30 min, respectively (Table 3). 1H and 13C spectra of 

compounds (-)-23ha, (-)-22la, (-)-22ma, and (-)-22oa are shown in Figures 6-9. 
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          In a similar manner, the reductive coupling of cyclohexane-1,3-dione 19h with various 

chiral formylcyclopropanes containing aryl and alkyl groups (-)-5b to (-)-5j (>95% de) and 20 

under (S)-21a-catalysis at 25 C for 20-50 min furnished the corresponding coupling products (-

)-22hb to (-)-22hj in 80-98% yields with enriched de’s (Scheme 13). The aryl or alkyl group 

substitution on the formylcyclopropanes has no effect on the outcome of the reductive coupling 

reaction rate and selectivity (Scheme 13). The structures of the reductive coupling products (-)-

22aa to (-)-22hj were established by NMR analysis and the absolute stereochemistry was 

unambiguously confirmed by X-ray structure analysis of ()-22ia (Figure 16)47 and also by 

correlation with previous asymmetric synthesis of formylcyclopropanes (-)-5a to (-)-5j.46 1H and 

13C spectra of compounds (-)-23hh and (-)-31hj are shown in Figures 10 and 11. 

Scheme 12. Reductive Coupling Reaction Scope with Respect to Various Formylcyclopropanes (-)-5a,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv. of (-)-5 (0.275 mmol) and 1.1 

equiv. of 20 (0.275 mmol) relative to the Meldrum’s acid 19a (0.25 mmol) in the presence of 10 

mol% of (S)-21a and yield refers to the column-purified product. bDiastereomeric excess (de) 

was determined by 1H NMR analysis of crude reaction mixture 22.  
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Figure 5. 1H and 13C spectra of the product (-)-22ad. 
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Table 3. Reductive Coupling Reaction Scope with Respect to Various CH-Acidsa,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv. of (-)-5 (0.275 mmol) and 1.1 

equiv. of 20 (0.275 mmol) relative to the 19 (0.25 mmol) in the presence of 10 mol% of (S)-21a 

and yield refers to the column-purified product. bDiastereomeric excess (de) was determined by 
1H NMR analysis of crude reaction mixture 22. cThe products 22 were fully characterized by 

converting them into methyl enol ether 23 and reported yields represent for the column-purified 

product of 22. dDiastereomeric ratio (dr) was determined by 1H NMR analysis of the isolated 

product of (-)-22na and (-)-22oa.  
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Figure 6. 1H and 13C spectra of the methylated product (-)-23ha of (-)-22ha. 
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Figure 7. 1H and 13C spectra of the product (-)-22la. 
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Figure 8. 1H and 13C spectra of the product (-)-22ma. 
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Figure 9. 1H and 13C spectra of the product (-)-22oa. 
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Scheme 13. Reductive Coupling Reaction Scope with Respect to Various Formylcyclopropanes 

and Cyclohexane-1,3-dionea,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv. of (-)-5 (0.275 mmol) and 1.1 

equiv. of 20 (0.275 mmol) relative to the cyclohexane-1,3-dione 19h (0.25 mmol) in the presence 

of 10 mol% of (S)-21a and yield refers to the column-purified product. bDiastereomeric excess 

(de) was determined by 1H NMR analysis of crude reaction mixture 22. 
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Figure 10. 1H and 13C spectra of the product (-)-23hh. 
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Figure 11. 1H and 13C spectra of the product (-)-31hj. 
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      Some of the reductive coupling products 22 were further characterized by converting them 

into stable methyl etherification products 23 or Michael adducts 27/29 or bromination products 

31 through simple reaction with TMSCHN2 or methyl vinyl ketone/acrolein or NBS, respectively 

at room temperature as shown in Table 4 and Scheme 14. 

Table 4. Methyl Etherification of TCRA Products 22 for Further Characterizationa,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in MeOH/toluene (1:1, 1.0 mL) with 10 equiv. of TMSCHN2 relative 

to the 22 (0.1 mmol) and stirred at 0 °C for 30 min. bYield refers to the column-purified product. 
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Scheme 14. Synthetic Derivatives of TCRA Products 22 for Further Characterization. 
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Figure 12. Selected natural products containing pyran and furan as core structure. 

         After successfully installing the reactive cyclic-1,3-diketone methyl group in the 

formylcyclopropanes, we planned to transform 22 into the dihydropyran (24) or dihydrofuran 

(25) in a single step. Because, compounds 24 and 25 are prevalent structural motifs found in 

many natural products and pharmaceuticals with diverse biological activities as shown in Figure 

12.46,48 As both electrophilic and nucleophilic groups are present in the chiral cyclopropanes 22, 

it is inspiring to investigate the reactivity and selectivity pattern of these functional groups on the 

cyclopropane ring under acid/base-catalysis as shown in Scheme 11. We thought that the 

coordination of BF3.OEt2 to the carbonyls of tethered diesters of cyclopropane 22 would render 

this unit more reactive by polarizing the cyclopropane C-C bond and thus facilitate the 

intramolecular nucleophilic ring-opening by cyclic-1,3-diketone group with inversion at the 

cyclopropane site.30 Surprisingly, the treatment of (-)-22ha with one equiv. of BF3.OEt2 in DCM 

at 25 C for 2 h gave only one product the dihydropyran (-)-24ha in 82% yield and >98% de 

with inversion of configuration at the cyclopropane ring-opening center and similar results were 

obtained with 30 mol% of catalyst also (Table 5).30  
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Table 5. Scope of Chiral 3,4-Dihydro-2H-pyrans Synthesis from Functionally Rich 

Cyclopropanes (-)-22ha to (-)-22hja,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 0.1 mmol of 22 in the presence of 30 mol% 

of BF3.OEt2 at 25 C and yield refers to the column-purified product. bDiastereomeric excess 

(de) of 24 or 25 was determined by 1H NMR analysis of crude reaction mixture. cIsomer (+)-

25hd formed in 5% yield. dBF3.OEt2 was used in 60 mol%. eIsomer (+)-25he formed in 49% 

yield with >98% de. fIsomer (+)-25hf formed in 38% yield with >98% de. gIsomer (+)-25hg 
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formed in 63% yield with >98% de. hIsomer (+)-25hh formed in 52% yield with >98% de and 

the starting material was completely consumed. iIsomer (+)-25hi formed in 55% yield with 

>98% de and the starting material was completely consumed. jIsomer (+)-25hj formed in 72% 

yield with >98% de and the starting material was completely consumed. 

 

          Likewise, the reactions of aryl substituted cyclopropanes containing cyclic-1,3-diones (-)-

22ha to (-)-22hc with 30 mol% of BF3.OEt2 furnished the corresponding annulative ring-opened 

dihydropyrans (-)-24ha to (-)-24hc in 81-94% yields with >98% de within 1-3 h as single 

isomers (Table 4). The 4-bromophenyl substituted cyclopropane ()-22hd also reacted smoothly 

with 30 mol% of BF3.OEt2 to furnish ()-24hd in 83% yield and >98% de along with 5% of the 

regioisomer ()-25hd (Table 5). Surprisingly, the nitrophenyl substituted cyclopropanes 

containing cyclic-1,3-diones (-)-22he to (+)-22hg under 60 mol% of BF3.OEt2 catalysis in DCM 

at 25 C for longer reaction times (30-48 h) furnished the respective annulative ring-opened 

products in 74-99% yields as mixture of isomers (-)-24he to (+)-24hg and (+)-25he to (+)-25hg, 

respectively (Table 5). In contrast, the aliphatic group substituted cyclopropanes containing 

cyclic-1,3-diones ()-22hh to ()-22hj under 30 mol% of BF3.OEt2 catalysis in DCM at 25 C 

for 2-4 h furnished the regioisomers of dihydrofurans ()-25hh to ()-25hj as major products 

(52%, 55% and 72%) and dihydropyrans ()-24hh to ()-24hj in trace amounts, respectively 

(Table 5). These Lewis acid-catalyzed annulative ring-opening reactions are clearly specifying 

the fact that the electronic nature of the substituents on aryl group of cyclopropanes 22 controls 

the outcome of regioselectivity. Electron donating substituents on the aryl group of 

cyclopropanes 22 are essential for stabilizing or inducing the formation rate of the in situ formed  

intimate ion pair.49 On the other hand, electron withdrawing substituents on the aryl group of 

cyclopropanes 22 decrease the formation rate of the in situ intimate ion pair perhaps due to 

destabilization.49 But in the case of aliphatic group substituted cyclopropanes 22, due to the 

absence of electronic factors to stabilize or induce the intimate ion pair formation, only kinetics 

are dominating to guide the product formation rather than thermodynamics (Table 5). 1H and 13C 

spectra of compound (-)-24ha are shown in Figure 13. 

 

 



 

 

Synthesis of Chiral 2,3-Dihydrofurans and 3,4-Dihydro-2H-pyrans 

 

Page | 38  

 

 

Figure 13. 1H and 13C spectra of the product (-)-24ha.                                                                                                                                                           
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Table 6. Scope of Chiral 3,4-Dihydro-2H-pyrans Synthesis from Functionally Rich 

Cyclopropanes (-)-22ca to (-)-22laa,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 0.1 mmol of 22 in the presence of 30 mol% 

of BF3.OEt2 at 25 C and yield refers to the column-purified product. bDiastereomeric excess 

(de) of 24 was determined by 1H NMR analysis of crude reaction mixture. cBF3.OEt2 was used in 

60 mol%. 
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             The annulative ring-opening reactions of phenyl or 4-methoxyphenyl substituted 

cyclopropanes containing cyclic-1,3-diones (-)-22ia, (-)-22ja, (-)-22jc, (-)-22ca, (-)-22ea, (-)-

22ec and (-)-22ga under 30 mol% of BF3.OEt2-catalysis in DCM at 25 C for 1-22 h furnished 

the respective chiral dihydropyrans (-)-24ia, (-)-24ja, (-)-24jc, (-)-24ca, (-)-24ea, (-)-24ec and (-

)-24ga in 83-98% yields as single isomers (Table 6). Notably, the reaction allowed transfer of 

absolute stereochemical information with high accuracy. Many of the products (-)-24 were 

obtained within 1-5 h from (-)-22 containing the cyclic-1,3-diones, but formation of the products 

(-)-24ca and (-)-24ga took more reaction time (22 and 18 h) from the corresponding 

cyclopropanes (-)-22ca and (-)-22ga containing the cyclic -keto lactone and the cyclic 1,3-

diamide respectively (Table 6). This reactivity difference may be explained by the fact that the 

cyclic-1,3-diones are highly nucleophilic compared to the cyclic -keto lactone and the cyclic 

1,3-diamides. The dihydropyran compound ()-24la was obtained in 60% yield with >98% de 

from the reaction of ()-22la with 30 mol% of BF3.OEt2 catalysis in DCM at 25 C in 4 h (Table 

6). Surprisingly, the annulative ring-opening reaction of ()-22da under the catalysis of 30 mol% 

of BF3.OEt2 furnished a mixture of regioisomers of dihydropyrans ()-24daa and ()-24dab in 

26% and 36% yields, respectively (Table 6). 1H and 13C spectra of compounds (-)-24ja and (-)-

24ca are shown in Figures 14 and 15. 

        After understanding the stereoselective annulative ring-opening of (-)-22 through Lewis 

acid-catalysis, we further showed interest to investigate the same reaction under base-catalysis.35 

In this perspective, few selected functionally rich cyclopropanes 22 were treated with a catalytic 

amount of Cs2CO3 (30-50 mol%) in DMSO at 25 C for 24-48 h (Table 7). Many of the aryl 

substituted cyclopropanes containing cyclic-1,3-diones (-)-22ha to (+)-22hg under 30 mol% of 

Cs2CO3-catalysis in DMSO at 25 C for 24-48 h furnished a mixture of dihydropyrans (-)-24ha 

to (+)-24hg and dihydrofurans (+)-24ha to (+)-24hg respectively in 57-79% overall yields with 

>98% de (Table 7, entries 1-7). However, the aliphatic group substituted cyclopropanes 

containing cyclic-1,3-diones ()-22hh to ()-22hj under 30 mol% of Cs2CO3-catalysis in DMSO 

at 25 C for 24 h furnished the dihydrofurans ()-25hh to ()-25hj as major products (each 50%) 

and dihydropyrans ()-24hh to ()-24hj in trace amounts, respectively (Table 7, entries 8-10). 

1H and 13C spectra of compound (+)-25hh are shown in Figure 16.  
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Figure 14. 1H and 13C spectra of the product (-)-24ja. 



 

 

Synthesis of Chiral 2,3-Dihydrofurans and 3,4-Dihydro-2H-pyrans 

 

Page | 42  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. 1H and 13C spectra of the product (-)-24ca. 



 

 

Synthesis of Chiral 2,3-Dihydrofurans and 3,4-Dihydro-2H-pyrans 

 

Page | 43  

 

Table 7. Scope of 2,3-Dihydrofurans Synthesis from Functionally Rich Cyclopropanes (-)-5ha 

to (-)-22hja,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

aUnless otherwise stated, 22 (0.1 mmol), and Cs2CO3 (30 mol%) in DMSO (0.1 M) were stirred 

at 25 C and yield refers to the column-purified product. bDiastereomeric excess (de) of 25 was 

determined by 1H NMR analysis of crude reaction mixture. cThe catalyst Cs2CO3 was employed 

in 50 mol%. 

        Correlation between base-catalysis (Table 7) and Lewis acid-catalysis (Tables 5-6) revealed 

that the reaction rate and the regioselectivity of the ring-opening are very low in the former case. 

However, common points in both the cases are requirement of high catalyst loading (50-60 

mol%) and longer reaction time (30-48 h) for the annulative ring-opening of cyclopropanes 

containing electron withdrawing group substituted aryl groups ()-22 (Tables 5-7). 
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Figure 16. 1H and 13C spectra of the product (+)-25hh.         
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        Strikingly, the functionalized chiral dihydrofuran ()-25pa was directly produced in 70% 

overall yield from the three-component reaction of ()-5a, thiane-3,5-dione 19p and 20 under 

(S)-21a-catalysis in DCM at 25 C in just 2 h without requiring any inducement from either 

Lewis acid or base catalysis for the ring-opening annulation (Eq. 1). This reaction is supposed to 

have gone through unisolable and transient intermediacy of the cyclopropyl containing thiane-

3,5-dione 22pa. This aforementioned shocking result could be explained by the higher 

nucleophilic nature of the sulfur containing cyclic-1,3-dione fragment of the intermediate 22pa, 

which must have exclusively driven the annulative ring-opening reaction in a highly regio- and 

stereoselective fashion, even in the absence of Lewis acid/base catalysts (Eq. 1). 1H and 13C 

spectra of compound (+)-25pa are shown in Figure 17. 

 

 

 

 

        The sequential one-pot combination of the reductive coupling and the annulative ring-

opening of 19h, (-)-5a, and 20 under (S)-21a/Cs2CO3-catalysis at 25 C for 24 h furnished the 

products ()-25ha and ()-24ha in 64% overall yield with 5.4:1 ratio (Eq. 2). 
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Figure 17. 1H and 13C spectra of the product (+)-25pa. 
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Scheme 15. Non-racemization and Non-epimerization of 22, 24 and 25 During the Reaction 

Course. 

 

 

 

 

 

 

 

 

              To investigate the transfer of absolute stereochemical information from the starting 

materials (-)-5 to the products (-)-22 and (-)-24/(+)-25 with high accuracy, we have done HPLC 

analysis of both the compounds in a sequence of reactions as shown in Scheme 15 (Figure18-20). 

Chiral HPLC analysis of two reaction sequences of (-)-5f  (-)-22hf  (-)-24hf/(+)-25hf and (-

)-5i  (-)-22hi  (+)-25hi from both the catalytic methods revealed that there is no loss of  

chiral information from the starting materials to the products as shown in the Scheme 15.  

            Slight changes (1-2%) in ee/de of the products 22-25 compared to the starting materials 5 

are consequence of resolution during the reactions, not because of racemization or epimerization 

of particular chiral centers. By correlation with these results (Scheme 15) we concluded that 

there is no loss of optical activity (ee) in the rest of the chiral molecules 22-25 as compared to 

their starting materials (-)-5 studied in this work. HPLC spectra of compounds (-)-24hf, (+)-25hf 

and (+)-25hi are shown in Figures 18-20. 
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Racemic (±)-24hf: 

 

 

 

 

 

 

 

 

Chiral ()-24hf (86% ee): 

 

 

 

 

 

                                                                                                                                                         

Figure 18. HPLC spectra of the product (-)-24hf. 

Chiralpak AD-H, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

Chiralpak AD-H, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-25hf: 

 

 

 

 

 

 

 

Chiral (+)-25hf (84% ee): 

 

 

 

 

 

 

 

Figure 19. HPLC spectra of the product (+)-25hf. 

Chiralpak OD-H, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

Chiralpak OD-H, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-25hi: 

 

 

 

 

 

 

 

Chiral (+)-25hi (97% ee): 

 

 

 

 

 

 

                                                                                                                                                                         

Figure 20. HPLC spectra of the product (+)-25hi.        

Chiralpak OD-H, Hexane/i-PrOH = 95:05, Flow Rate 0.5 mL/min, 254 nm 

Chiralpak OD-H, Hexane/i-PrOH = 95:05, Flow Rate 0.5 mL/min, 254 nm 
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3.2.3 Reaction Mechanism: 

     Highly diastereo- and regioselective chiral synthesis of dihydropyrans 24 and dihydrofurans 

25 through acid-catalysis was explained through stereospecific intimate ion pair pathway and 

base-catalysis through self-polarization of cyclopropane ring (Scheme 16).49 The annulative ring-

opening products 24/25 were obtained without any significant loss in the stereochemical 

information from the chiral cyclopropanes 22 as shown in Scheme 15. Mixture of diastereomers 

would have formed if the reaction proceeded through a ring opened zwitterion, and the results 

presented in Tables 5-7 suggests that zwitterion was not formed in these annulative ring-opening 

reactions. Simultaneously, the single crystal X-ray diffraction analysis on the compounds (-)-

24ga and (+)-25hc also revealed that inversion occurred at the cyclopropyl stereocenter (C2 or 

C3) during the course of the acid/base-catalyzed annulative ring-opening reaction. 

            Regioselectivity of the acid/base-catalyzed annulative ring-opening can be explained 

by the stability of the cyclopropane in terms of C1-C3 or C1-C2 σ-bond stability and also by the 

nature of its close proximity with O-nucleophiles. Reactions of neutral- or electron rich 

substituted arylcyclopropane containing cyclic-1,3-diones 22 under the Lewis-acid catalysis 

proceeded with the formation of 24 in high regioselectivities within 1-3 h with 30 mol% catalyst 

(Tables 5-6). In comparison, the reaction of electron poor substituted arylcyclopropane 

containing cyclic-1,3-diones 22 under the Lewis-acid catalysis proceeded with low to moderate 

regioselectivities for 30-48 h and with 60 mol% catalyst loading. In a similar manner, aliphatic 

group substituted cyclopropane containing cyclic-1,3-diones 22 under the Lewis-acid catalysis 

for 2-4 h furnished reverse regioselectivities with trace amounts of 24 and 52-72% of 25. These 

results can be explained by the ability of the neutral- or electron rich aryl group to stabilize any 

cationic charge at C3 so as to facilitate the ring-opening of the cyclopropane followed by 

annulation to dihydropyrans 24 (see Scheme 16). But the electron poor aryl or aliphatic group 

can’t stabilize the cationic charge at C3 and so the entire process of ring-opening followed by 

annulation will take place in kinetic mode at C2 to furnish the dihydrofurans 25 as the major 

regioisomers under the Lewis-acid catalysis (Scheme 16). 
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Scheme 16. Reaction Mechanism for Annulative Ring-Opening of 22. 

 

 

 

 

 

 

 

                                                                                                                                                                      

        

            Surprisingly, base-catalyzed annulative ring-opening of 22 is less regioselective 

compared to the Lewis acid-catalyzed, even with neutral- or electron rich substituted aryl groups 

on cyclopropane ring, without compromising diastereo- and enantioselectivity. This observation 

may be due to the pre-existence of reactive nucleophiles as enol group in the cyclopropyl 

containing cyclic-1,3-diones 22 and also the close proximity between intimate cation or self-

polarized cationic carbon C2 and the enolate anion nucleophile, which facilitate the reaction 

kinetics to support the formation of the dihydrofurans 25 as the major regioisomers (Scheme 16). 

           The structures of the products 22, 24 and 25 were established by NMR analysis and the 

absolute stereochemistry was unambiguously confirmed by X-ray structure analysis of ()-22ia, 

()-24ga and ()-25hc (Figure 21, 22).47 
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Figure 21. Crystal structures of compounds (-)-24ga and (+)-25hc. 
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Figure 22. Crystal structure of compound (-)-22ia. 

3.3 Conclusions 

              In conclusion, for the first time we have developed an efficient reductive coupling 

protocol for the activation and utilization of formylcyclopropanes in the presence of various 

nucleophiles under the iminium-activation and more importantly without cleaving the strained 

three-membered ring. Using this activation mode, we have synthesized a library of functionally 

rich chiral cyclopropanes in good to excellent yields with sustained rate and selectivity and 

further transformed them into chiral dihydropyrans and dihydrofurans in high yields through a 

novel intramolecular annulative ring-opening reaction. We believe this two-step methodology 

will be an useful protocol for a large number of applications in medicinal chemistry. Further 

work is in progress to utilize potential application of this mild activation mode. 
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4. Organocatalytic Chemoselective Reductive 

Alkylation of the Chiral Dicarbonyl-Cyclopropanes: 

Scope and Applications 

4.1 Introduction 

          Cyclopropane plays an essential role in organic synthesis. The importance of 

cyclopropane is attributed to its ability to transform into various natural products and 

pharmaceutical compounds through various ring-opening reactions. Cyclopropane is 

present in many bioactive compounds and natural products, which shows a large spectrum 

of biological activities such as enzyme inhibition, antimicrobial, insecticidal, and 

antitumor activity (figure 23).50-52 Among cyclopropanes, dicarbonyl-cyclopropanes are 

uniquely positioned because of their ability to transform into valuable compounds 

through the chemoselective activation of the formyl group with the help of lewis-acid 

catalysis, transition metal catalysis, and organocatalysis. Organocatalytic activation of 

dicarbonyl-cyclopropanes can be easily achieved through NHC catalysis, 

iminium/enamine mediated, enolate mediated, and urea catalyzed reactions. 

 

 

 

 

 

 

 

 

 

 

 

Figure 23. Bioactive drug molecules with cyclopropane scaffold.     
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              In formylcyclopropanes, particularly dicarbonyl-formylcyclopropanes, are the 

essential core structures of many bioactive compounds and natural products. In 2005, 

MacMillan and co-workers6 described the first enantioselective organocatalytic synthesis 

of dicarbonyl-cyclopropanes. Later in 2011, Jinxing Ye et al. reported the organocatalytic 

asymmetric synthesis of dicarbonyl-cyclopropanes.18 Last year Dzambaski and co-

workers19 also described the organocatalytic synthesis of dicarbonyl-cyclopropanes in a 

one-pot manner. These synthesis methods of dicarbonyl-cyclopropanes have been 

described in Schemes 1 and 5. 

Scheme 17. Previous Organocatalytic Activation of Dicarbonyl-Cyclopropanes. 
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            In 2006, Bode and co-workers reported the first organocatalytic activation of 

dicarbonyl-cyclopropanes by NHC catalyzed C-C bond cleavage in redox 

esterification.36a Again, in 2007, Bode and co-workers described the amidation reaction 

of dicarbonyl-cyclopropanes through NHC catalysis.53 In 2009, Shu-Li You et al. also 

reported NHC catalyzed ring expansion of dicarbonyl-cyclopropanes36d (Scheme 17).  

          The reactivity of these dicarbonyl-cyclopropanes was investigated through NHC 

catalysis only. It is important to note that all of the described organocatalytic methods 

involving dicarbonyl-cyclopropanes activated via NHC catalysis resulted in cyclopropane 

rings being opened. However, the dicarbonyl-cyclopropanes have not been investigated 

under organocatalysis for strategic synthetic transformations without affecting the 

strained cyclopropane ring. There is no report on dicarbonyl-cyclopropane activation 

through iminium ion. To accomplish this synthetic challenge, based on our previous 

discovery of organocatalytic reductive coupling reaction,44,54 we have designed a high-

yielding conversion of the formyl group of dicarbonyl-cyclopropanes into the cyclic-1,3-

diketones 32 without ring-opening from cyclic-1,3-diketones or CH-acids 19, chiral 

dicarbonyl-cyclopropanes (-)-3 and Hantzsch ester 20 through organocatalytic reductive 

coupling reaction (Scheme 18). 

          As depicted in Scheme 18, our reaction design suggests that amino acid 21 would 

catalyze three-component reductive coupling between cyclic 1,3-diones 19, dicarbonyl-

cyclopropanes (-)-3, and Hantzsch ester 20 at the ambient conditions in DCM. First, 

amino acid (S)-proline 21a would selectively react with the formyl group of dicarbonyl-

cyclopropanes (-)-3 to generate the iminium ion A by 1,2-addition. Secondly, the in situ 

generated iminium ion A intermediate may undergo reaction with the 

nucleophiles 19 through 1,2-addition. And the in situ reaction of iminium ion A with 

cyclic 1,3-diones, 19 can produce the intermediate B through 1,2-addition (Knoevenagel 

condensation) (Scheme 18). Thirdly, reduction or transfer hydrogenation of 

intermediates B with Hantzsch ester 20 could result in the formation of products 32. 

However, due to the cyclopropane's propensity to cleave under iminium-catalysis, 

releasing product 32 from 19, (-)-3, and 20 is challenging. Only the selective sequential 

attack of the carbon nucleophile on the iminium ion intermediate A followed by the 

transfer hydrogenation with Hantzsch ester on the activated olefin of the 

intermediate B over numerous additional options takes place; in contrast, the iminium 

activation could result in the formation of the product 32. 
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Scheme 18. Reaction Design for The Chemoselective Alkylation of CH-Acids. 
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           Similarly, the reaction can also proceed on the ketone group of dicarbonyl-

cyclopropane (-)-3. First, it will generate iminium ion Aʹ by reacting with the ketone 

group of dicarbonyl-cyclopropane (-)-3 with (S)-proline 21a. Secondly, the in situ 

generated iminium ion Aʹ intermediate may undergo a reaction with the 

nucleophiles 19 through 1,2-addition. In situ reaction of iminium ion Aʹ with cyclic 1,3-

diones, 19 can produce the intermediate Bʹ through 1,2-addition (Knoevenagel 

condensation) (Scheme 18). Thirdly, reduction or transfer hydrogenation of 

intermediates Bʹ with Hantzsch ester 20 could result in the formation of products 32ʹ. 

             Another possibility is that both carbonyl groups of dicarbonyl-cyclopropane (-)-

3 can participate in the reaction. First, it will generate di iminium ion Aʹʹ by reacting with 

both carbonyl groups of dicarbonyl-cyclopropane (-)-3 with (S)-proline 21a. Secondly, 

the in situ generated di iminium ion Aʹʹ intermediate may undergo a reaction with the 

nucleophiles 19 through 1,2-addition. In situ reaction of iminium ion Aʹʹ with cyclic 1,3-

diones, 19 can produce the intermediate Bʹʹ through 1,2-addition (Knoevenagel 

condensation) (Scheme 18). Thirdly, reduction or transfer hydrogenation of intermediates 

Bʹʹ with Hantzsch ester 20 could result in the formation of reductive coupling products 

32ʹʹ. 

          Therefore, it is a challenge to selectively synthesize the desired product in a 

situation where there is a possibility of forming three different products 32, 32ʹ, and 32ʹʹ 

from the three-component reductive alkylation reaction utilizing amino acids as a catalyst. 

 

4.2 Results and Discussion 

4.2.1 Synthesis of Chiral Dicarbonyl-Cyclopropanes (-)-3: 

          We synthesize the library of chiral dicarbonyl-cyclopropane (-)-3 following 

reported procedure18. The asymmetric reaction of α,β-unsaturated aldehydes 1 with 

diphenyl prolinol TMS-ether D (20 mol%) in CH2Cl2 at room temperature to afford the 

chiral iminium ion (Pre-TS-2), which was attacked by chloroacetophenone 8 via Michael 

addition to produce the Michael adduct (Pre-TS-3). This intermediate further cyclized by 

releasing a chloride to furnish dicarbonyl-cyclopropane (-)-3 in 62-85% yield with high 

ee/dr’s as depicted in Scheme 5. In Table 8, we showed some of the chiral 

formylcyclopropanes, which were first synthesized by us. For HPLC analysis, we 
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converted formylcyclopropane (-)-3 into corresponding alcohols (-)-3ʹ by following 

procedure K. 

Table 8. Synthesis of Chiral Dicarbonyl-Cyclopropanes (-)-3a,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReaction conditions: α,β-unsaturated aldehydes 1 (3 mmol), chloroacetophenones 8 (6 

mmol), D (0.6 mmol) and triethylamine (3 mmol) in CH2Cl2 (6 mL) were stirred under 

room temperature for 24 h. bIsolated yield. cThe enantiomer excess was detected on HPLC 

using the Chiralpak AS-H column. dThe enantiomer excess was detected on HPLC after 

conversion to the corresponding alcohols 3ʹ. Diastereomeric ratio (dr) was determined by 
1H NMR analysis of crude reaction mixture. 

 

             1H and 13C spectra of compounds (-)-3l, (-)-3lʹ, and HPLC spectra of compound (-

)-3lʹ are shown in Figures 24-26.  
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Figure 24. 1H and 13C spectra of the product (-)-3l.  
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Figure 25. 1H and 13C spectra of the product (-)-3lʹ. 
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Racemic (±)-3lʹ: 

 

 

 

 

 

 

 

 

 

Chiral (-)-3lʹ (>99.9% ee): 

 

 

 

 

 

 

 

 

       

 

 

 

 

 

 

Figure 26. HPLC spectra of the product (-)-3lʹ. 

  

Chiralpak AS-H, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

Chiralpak AS-H, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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4.2.2 Reaction Optimization: 

         Though the application of cyclopropanes in medicinal chemistry is enormous, only 

a few reports are available for their synthesis. Hence, we decided to investigate the three-

component reductive alkylation reaction by choosing 1,3-dimethylbarbituric acid 19g, 

dicarbonyl-cyclopropane (-)-3a, and Hantzsch ester 20 as our critical substrates. 

Accordingly, when we treated 19g (1 equiv.) with (-)-3a (1.1 equiv.) under (S)-

proline 21a catalyst (10 mol%) and Hantzsch ester 20 (1.1 equiv.) in DCM solvent at 

room temperature in a one-pot manner. To our surprise, the reaction chemo-selectively 

proceeded on a formyl group of dicarbonyl-cyclopropanes resulting in a reductive 

coupling product (-)-32ga in 93% yield with >20:1 dr and >99.9 ee in 30 min (Table 9, 

entry1). Notably, we did not observe the formation of other possible products 32ʹ, 32ʹʹ in 

the above reaction. 

Table 9. Investigation of The Reductive Alkylation on 1,3-Dimethyl Barbituric Acid 19g 

and Dicarbonyl-Cyclopropane (-)-3aa,b 
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aReactions were carried out in DCM (1.0 mL) with 1.1 equiv of (-)-3a (0.275 mmol) and 

1.1 equiv of 20 (0.275 mmol) relative to 19g (0.25 mmol) in the presence of 10 mol % of 

(S)-21a, and yield refers to the column-purified product. bEnantiomeric excess (ee) was 

determined by chiral HPLC analysis after converting (-)-32ga into its dimethyl malonate 

derivative, and diastereomeric ratio (dr) was determined by 1H NMR analysis of crude 

reaction mixture. cA 10 mol % of benzylamine (21b) was used as a catalyst. 

          We proceeded with our further optimization by reducing the catalyst loading to 5 

mol%, which resulted in an 88% yield of (-)-32ga in 60 minutes of reaction time (Table 

9, entry 2). Though there is no discernible effect of the catalyst loading on the reaction 

yield, it does have a visible effect on the reaction times, which are inversely proportional 

to the catalyst loadings. Further, we tried to change the equivalents of (-)-3a (1.0 equiv.) 

and 19g (1.1 equiv.), which resulted in an 88% yield of (-)-32ga in 30 minutes of reaction 

time (Table 9, entry 3).           

          At the same time, TCRA reaction of (-)-3a (0.22 mmol), 19g (0.2 mmol), 

and 20 (0.22 mmol) in DCM at 25 °C under the 10 mol% of benzylamine-catalysis for 30 

minutes furnished the (-)-32ga in 92% yield (Table 9, entry 4) and this result was inferior 

to (S)-21a catalysis. Next, we tried TCRA reaction with different solvents such as CHCl3, 

DCE, EtOH, CH3CN, and DMSO and in all the cases it furnished lesser yield compared 

to DCM solvent, which was 93%, 91%, 91%, 87%, and 87%, respectively (Table 9, entry 

5-9). Thus, the optimization process ended, inferring entry 1 of Table 9 to be the best-

optimized condition. 1H and 13C spectra of compound (-)-32ga are shown in Figure 27. 

 

4.2.3 Scope of TCRA Reaction: 

           With optimized conditions in hand, we continued our studies of three-component 

reductive alkylation on the chiral dicarbonyl-cyclopropanes (-)-3 to prove the strength 

and generality of the coupling reaction. The 1,3-dimethylbarbituric acid 19g reacted with 

various dicarbonyl-cyclopropanes (-)-3b-3i under the (S)-proline 21a catalysis in the 

presence of 20 to afford the corresponding reductive alkylation products (-)-32gb-

32gi with excellent yields (Scheme 19). These coupling reactions were completed within 

the range of 30 to 60 min. 
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Figure 27. 1H and 13C spectra of the product (-)-32ga. 
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Scheme 19. Reductive Coupling Reaction Scope with Respect to Various Dicarbonyl-

Cyclopropanes (-)-3a,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv of (-)-3 (0.275 mmol) and 1.1 equiv 

of 20 (0.275 mmol) relative to 19g (0.25 mmol) in the presence of 10 mol % of (S)-21a, and yield 

refers to the column-purified product. bEnantiomeric excess (ee) was determined by chiral HPLC 

analysis after converting (-)-32 into its dimethyl malonate derivative, and diastereomeric ratio 

(dr) was determined by 1H NMR analysis of crude reaction mixture. 
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Figure 28. 1H and 13C spectra of the product (-)-32gb. 
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Figure 29. 1H and 13C spectra of the product (-)-32ge 
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Racemic (±)-33ge: 

                                                                                                                                                                                                         

Chiral ()-33ge (>99.9% ee): 

 

                                                                                                                                                                                                            

Figure 30. HPLC spectra of the methylated product (-)-33ge of (-)-32ge. 

  

Lux 5u Cellulose-1, Hexane/i-PrOH = 95:5, Flow Rate 1.0 mL/min, 254 nm 

Lux 5u Cellulose-1, Hexane/i-PrOH = 95:5, Flow Rate 1.0 mL/min, 254 nm 
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Figure 31. 1H and 13C spectra of the product (-)-32gi. 
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Racemic (±)-33gi: 

 

 

 

                                                                                                                                                                         

Chiral ()-33gi (>99.9% ee): 

 

 

 

 

 

 

 

Figure 32. HPLC spectra of the methylated product (-)-33gi of (-)-32gi. 

  

Lux 5u Cellulose-1, Hexane/i-PrOH = 95:5, Flow Rate 1.0 mL/min, 254 nm 

Lux 5u Cellulose-1, Hexane/i-PrOH = 95:5, Flow Rate 1.0 mL/min, 254 nm 
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We have studied various chiral dicarbonyl-cyclopropanes (-)-3b to (-)-3i and 1,3-

dimethylbarbituricacid 19g under the optimized conditions to highlight the generality of 

the organocatalytic reductive coupling reaction (Scheme 19). The dicarbonyl-

cyclopropanes containing different aryl groups (-)-3 (>97% to >99.9% ee, 2:1 to 

>20:1 dr) reacted with 1,3-dimethylbarbituricacid 19g and 20 under (S)-21a-catalysis to 

provide the corresponding reductive coupling products (-)-32 in excellent yields with 

high enantioselectivity (>99.9% ee) and diastereo selectivity in the range of 2:1 to 

>20:1 dr at 25 °C in just 30-60 min (Scheme 19). In this coupling reaction, the 

diastereoselectivity of products was obtained from the starting material dicarbonyl-

cyclopropanes (-)-3, and hence less diastereoselectivity of products (-)-

32gb (3:1:1 dr) and (-)-32gf (2:1 dr) were obtained from starting material dicarbonyl-

cyclopropanes (-)-3b (3:1:1 dr) and (-)-3f (2:1 dr), respectively. As expected, there is no 

effect of aryl group substitution (F, Cl, Br, CN, NO2, and Me) on the outcome of the 

reductive coupling reaction rate and selectivity (Scheme 19). 1H and 13C spectra of 

compounds (-)-32gb, (-)-32ge, (-)-32gi and HPLC spectra of compounds (-)-33ge, (-)-

33gi are shown in Figures 28-32. 

After successfully investigating the organocatalytic reductive alkylation of different 

dicarbonyl-cyclopropanes (-)-3b-3i with 1,3-dimethyl barbituric acid 19g, we have 

envisioned synthesizing a library of reductive coupling products (-)-26 from the 

corresponding highly substituted chiral dicarbonyl-cyclopropanes (-)-3j-3v and 1,3-

dimethyl barbituric acid 19g (Table 10) as there are a numerous synthetic applications 

starting from the of reductive coupling products (-)-32. The reported reductive coupling 

products (-)-32 were obtained in excellent yields with high enantio-selectivity 

(>99.9% ee) and diastereoselectivity in the range of 5:1:1 to >20:1 dr through a coupling 

reaction of simple 1,3-dimethylbarbituric acid 19g with a variety of chiral dicarbonyl-

cyclopropanes (-)-3j-3v containing halogen atoms, electron-withdrawing, electron-

donating, neutral, and both side substituted aryl groups (Table 10). Here, also the 

diastereoselectivity of the reductive coupling products was obtained from the starting 

material dicarbonyl-cyclopropanes 3, and hence less diastereoselectivity of products (-)-

32gk (>5:1 dr), (-)-32gm (5:1:1 dr), (-)-32gn (>5:1 dr) and (-)-32gv (>5:1 dr) were 

obtained from the starting material dicarbonyl-cyclopropanes (-)-3k, (-)-3m, (-)-3n, (-)-

3v, respectively. As expected, there is no effect of aryl group substitution containing 
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halogen atoms, electron-withdrawing, electron-donating, neutral, and di-substituted aryl 

groups on the outcome of the reductive coupling reaction rate and selectivity (Table 10).  

Table 10. Reductive Coupling Reaction Scope with Respect to Various Dicarbonyl-

Cyclopropanes (-)-3a,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv of (-)-3 (0.275 mmol) and 1.1 

equiv of 20 (0.275 mmol) relative to 19g (0.25 mmol) in the presence of 10 mol % of (S)-

21a, and yield refers to the column-purified product. bEnantiomeric excess (ee) was 

determined by chiral HPLC analysis after converting (-)-32 into its dimethyl malonate 

derivative, and diastereomeric ratio (dr) was determined by 1H NMR analysis of crude 

reaction mixture. 
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Figure 33. 1H and 13C spectra of the product (-)-32gl. 
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Racemic (±)-33gl: 

 

 

 

 

 

 

 

 

 

       Chiral ()-33gl (>99.9% ee):                                                                                                                                                     

 

 

 

 

 

 

 

 

Figure 34. HPLC spectra of the methylated product (-)-33gl of (-)-32gl. 

  

Lux 5u Cellulose-1, Hexane/i-PrOH = 95:5, Flow Rate 1.0 mL/min, 254 nm 

Lux 5u Cellulose-1, Hexane/i-PrOH = 95:5, Flow Rate 1.0 mL/min, 254 nm 
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1H and 13C spectra of compound (-)-32gl and HPLC spectra of compound (-)-33gl are 

shown in Figures 33 and 34. 

 

Scheme 20. Reductive Coupling Reaction Scope with Respect to Various CH Acidsa,b 
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aReactions were carried out in DCM (1.0 mL) with 1.1 equiv of (-)-3a (0.275 mmol) 

and 1.1 equiv of 20 (0.275 mmol) relative to 19 (0.25 mmol) in the presence of 10 mol 

% of (S)-21a, and yield refers to the column-purified product. bEnantiomeric excess (ee) 

was determined by chiral HPLC analysis after converting (-)-32 into its dimethyl 

malonate derivative, and diastereomeric ratio (dr) was determined by 1H NMR analysis 

of crude reaction mixture.    

            Further, the three-component reductive coupling of (-)-3a with various cyclic and 

acyclic CH-acids 19 was investigated to furnish the corresponding reductive coupling 

products (-)-32 with 75-99% yields with >50:1 dr at 25 °C in 30-600 min. (Scheme 20). 

It is delightful to mention that the chiral dicarbonyl-cyclopropane (-)-3a smoothly 

underwent the iminium-mediated Knoevenagel condensation or olefination with the 

library of CH-acids 19a-19d, 19h-19m, 19o, and 19q followed by in-situ transfer 

hydrogenation with Hantzsch ester 20 to furnish the coupling products (-)-32aa-32da, (-

)-32ha-32ma, (-)-32oa, and (-)-32qa in very good to excellent yields with high 

diastereoselectivity (>50:1) at 25 °C in 30-600 min without epimerization and ring-

opening reactions (Scheme 20). 1H and 13C spectra of compounds (-)-32aa, (-)-33ha, (-)-

33ja, and (-)-32oa are shown in Figures 35-38. 

 

4.2.4 Methyl Etherification of TCRA Products (-)-32: 

          Some of the reductive coupling products (-)-32 were characterized by converting 

them into stable methyl etherification products (-)-33 through a simple reaction with 

TMSCHN2 at 0 °C in MeOH/Toluene (1:1) solvent for HPLC, 1H NMR, and 13C NMR 

analysis, as shown in Scheme 21. 1H and 13C spectra of compound (-)-33ga are shown in 

Figure 39. 
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Figure 35. 1H and 13C spectra of the product (-)-32aa. 
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Figure 36. 1H and 13C spectra of the methylated product (-)-33ha of (-)-32ha. 
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Figure 37. 1H and 13C spectra of the methylated product (-)-33ja of (-)-32ja. 
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Figure 38. 1H and 13C spectra of the product (-)-32oa. 
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Scheme 21: Methyl Etherification of TCRA Products (-)-32a,b 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in MeOH/toluene (1:1, 1.0 mL) with 10 equiv. of TMSCHN2 

relative to the 32 (0.1 mmol) and stirred at 0 °C for 30 min. bYield refers to the column-

purified product. C(-)-33aa is a methylated product of (-)-32aa. 
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Figure 39. 1H and 13C spectra of the product (-)-33ga. 
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4.2.5 Gram-scale Synthesis of TCRA Products (-)-32aa: 

           To investigate the sustainability of the reductive coupling reaction on a bulk scale, 

we planned a gram-scale reaction of Meldrum’s acid 19a (0.58 g, 4 mmol) with chiral 

dicarbonyl-cyclopropane (-)-3a (1.10 g, 4.4 mmol, 1.1 equiv.) and Hantzsch ester 20 (1.11 

g, 4.4 mmol) under the catalysis of (S)-proline 21a (46.05 mg, 10 mol%) in DCM (10.0 

mL) at 25 °C for 30 min, followed by column chromatography purification furnished the 

coupling product (-)-32aa in 72% (1.09 g) yield with >30:1 dr (Equation 3).  

 

 

 

 

 

 

 

4.2.6 Synthetic Applications of TCRA Products: 

As discussed earlier, there are significant potential applications for reductive 

coupling products, and a few of them are shown here. Lewis acid-catalyzed annulative 

ring-opening reaction of (-)-32ha with BF3·OEt2 (30 mol%) in DCM at 25 °C for 60 min 

furnished the dihydropyran product (-)-34ha in 70% yield with >50:1 dr. These 

functionalized dihydropyran compounds are essential biological and medicinal 

compounds (Equation 4). 1H and 13C spectra of compound (-)-34ha are shown in Figure 

40. 
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Figure 40. 1H and 13C spectra of the product (-)-34ha. 
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          Methylation of the alkylated compound (-)-32aa with TMSCHN2 gave product (-

)-33aa, which is very useful for further synthetic transformation. When we treated 

compound (-)-33aa with NaBH4 in MeOH for 3 h at 25 °C furnished the reduction product 

(-)-35aa in 56% yield with >30:1 dr (Equation 5). 

 

 

 

 

 

          We also performed a Wittig reaction on the compound (-)-33aa. First, we generated 

Wittig salt by treating PPh3CH3Br (4 equiv.) with tBuOK (4 equiv.) in dry benzene 

solvent. After generating Wittig salt, we added compound (-)-33aa at 25 °C; and then we 

increased the temperature to 40 °C for 12 h, which gave the mixture of epimers (-)-

36aa and (-)-36aaʹ in 69% yield with a 1.5:1 ratio of epimers (Equation 6). 1H and 13C 

spectra of compounds (-)-36aa and (-)-36aaʹ are shown in Figure 41. 

 

 

 

 

 

 

 

          The structure and relative stereochemistry of the reductive coupling product (-)-32aa and 

its methylated product (-)-33aa were established by IR, NMR, and mass analysis and also 

finally confirmed by correlation with the X-ray crystal structures of (-)-32aa and (-)-33aa 

(Figure 42).  
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Figure 41. 1H and 13C spectra of the product (-)-36aa. 
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Figure 42. X-ray crystal structures of compounds (-)-32aa and (-)-33aa. 

 

4.3 Conclusions 

In summary, we have effectively established an ‘organocatalytic three-component 

reductive alkylation’ for the selective coupling of dicarbonyl-cyclopropane with CH-acids 

or active methylene compounds under 10 mol% of (S)-proline in the presence of Hantzsch 

ester as a hydrogen source. The metal-free reductive coupling method has wide substrate 

tolerance in generating mono-alkylated cyclic and acyclic products and has various 

applications in the total synthesis of natural products, drugs, and designed materials. We 

have also shown the application of reductive coupling products (-)-32 into methylation 

products (-)-33, functionally rich dihydropyran compound (-)-34, reduction product (-)-

35, and Wittig product (-)-36, which serve as excellent building blocks for many natural 

products and pharmaceuticals. Further, more applications toward this ‘organocatalytic 

activation of dicarbonyl-cyclopropane’ is currently underway.  



Page | 90  
 

 

5. Organocatalytic Reductive Amination of the Chiral 

Formylcyclopropanes: Scope and Applications 

 

5.1 Introduction         

          One of the primary purposes of modern science is to improve the quality of human life. 

Therefore, the drug discovery process mainly requires the development of novel medications 

as well as the improvement of methods for obtaining existing ones. From a chemical 

standpoint, this goes hand in hand with efforts to develop new, highly selective techniques to 

establish chemical bonds with the fewest possible stages in the synthetic process. 

          Because of the synthetic benefits and the prevalence of amines among biologically active 

molecules, reductive amination plays a crucial role in pharmaceutical and medicinal chemistry 

(Figure 43). According to Roughley's research55, reductive amination applies in a quarter of C-

N bond-forming processes in the pharmaceutical sector. 

 

 

 

 

 

 

 

 

Figure 43. Important cyclopropylamines containing bioactive molecules.     
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           Reductive amination is one of the most effective and adaptable reactions for 

manufacturing amines and related functional compounds in chemical synthesis and biological 

systems, which involves treating a mixture of an aldehyde or ketone and an amine with a 

reductant in one pot56. The amines produced in this way are widely used in industry as 

intermediates in the production of pharmaceuticals, dyes, resins, fine chemicals, solvents, 

textile additives, disinfectants, rubber stabilizers, corrosion inhibitors, and detergents and 

plastics. There are some examples, as shown in Figure 43, which act as inhibitors, antagonists, 

antipsychotic drugs, and others used in the treatment of osteoarthritis pain, etc.5 

          Organocatalysis has become a powerful alternative to metal catalysis since 2000. Various 

organocatalytic asymmetric reduction systems, particularly for imine reduction, have been 

developed57. Hydrosilanes or Hantzsch esters are the most common hydrogen sources in 

organocatalytic ARA (Asymmetric Reductive amination), and both require Lewis base and 

phosphoric acid catalysts to activate.  

         ARA is an essential family of RA reactions, with Hantzsch esters as hydrogen donors and 

chiral phosphoric acids as catalysts. Hantzsch esters are synthetic versions of NADH, the 

hydride source required by enzymes in reduction processes. It is thought that the acid activates 

the imine intermediate in organocatalytic ARA with the chiral phosphoric acid/Hantzsch ester 

system by hydrogen bonding. Hydrogen bonding between the NH unit of the Hantzsch ester 

and the P=O group of the phosphoric acid also activates it58. 

          The first asymmetric organocatalytic reduction of imines employing Hantzsch ester was 

published in early 198959. However, until 2005, this reaction recorded no further progress. 

Several articles on organocatalytic imine reduction and ARA with Hantzsch ester were 

published simultaneously by the groups of Rueping60, List61, and Macmillan62. 

           List and co-workers used the chiral phosphoric acid/Hantzsch ester combination. 

Through a dynamic kinetic resolution process (Scheme 22), α-branched aldehydes were 

reductively aminated to provide β-branched chiral amines63. Cai and co-workers reported the 

direct reductive amination of aromatic and aliphatic aldehydes in 2009 (Scheme 22). A 

catalytic quantity of thiourea mediates the reaction64. Under N, N-di-(3’,5’-trifluoromethyl) 

phenyl thiourea catalysis, hydrogen-bonding activation with Hantzsch ester as the hydrogen 

source reduced a range of aromatic and aliphatic aldimines to get the corresponding amines. 

The ARA with hydrosilanes catalyzed by chiral Lewis base catalyst was reported by Zhang 

and co-workers65 in 2017. At 0 °C for 24 h, amines and α-branched aldehydes reacted in the 

presence of Lewis base (10 mol%) and Hydrosilanes, furnished the variety of β-branched chiral 
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amines in low to moderate enantioselectivities (up to 56 %) and moderate to good yields (up 

to 92%) (Scheme 22). 

  

Scheme 22: Previous Work on Reductive Amination of Aldehydes. 
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         Cyclopropylamines are a fundamental class of amines which are the core structure of 

many biologically and medicinally essential compounds (Figure 43). A very few reports are 

present on synthesize these cyclopropylamines by treating formylcyclopropanes with amines 

with the help of metal hydride donors such as NaBH3CN, KBH4, etc.66 (Scheme 22). First, 

formylcyclopropane reacts with amine and produce aldimines which subsequently reduces by 

the hydride donor. Organocatalytic reductive amination of chiral formylcyclopropanes is not 

reported till date, in which Hantzsch ester is used as a hydride donor in place of the metal 

hydride. Based on our previous knowledge of developing an organocatalytic reductive 

alkylation reaction44,54, we envisioned to accomplish this synthetic challenge by designing a 

high-yielding conversion of the formyl group of cyclopropanes into the secondary amine 

compounds 39 without ring-opening from the Aromatic amines 37, chiral 

formylcyclopropanes (-)-5 and Hantzsch ester 20 through the organocatalytic reductive 

coupling reaction (Scheme 23).         

 

Scheme 23. Reaction Design for The Reductive Amination of Chiral Formylcyclopropane    

(-)-5. 

 

 

 

 

 

 

 

 

 

 

 

 



Organocatalytic Reductive Amination of the Chiral Formylcyclopropanes 

Page | 94  
 

5.2 Results and Discussion 

5.2.1 Reaction Optimization: 

          The initial investigation was carried out with Chiral formylcyclopropane (-)5a and p-

anisidine (37a) using Hantzsch ester 20 (HEH) as the reducing reagent in the presence of 

diphenyl phosphate 38 (10 mol%). The reaction was carried out in DCM at 25 °C with 5 Å MS 

acting as a water scavenger and furnished the desired product (-)-39aa in 93% yield in 240 min 

with >96% ee and >98% de (Table11, entry 1). Next, when we stirred the reaction for 30 and 

10 min, it gave the product (-)-39aa in 98% and 46% yields, respectively (Table11, entry 2,3).  

Table 11: Reaction Optimizationa,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv of (-)-5a (0.11 mmol) and 1.1 

equiv of 20 (0.11 mmol) relative to 37a (0.1 mmol) in the presence of 10 mol % of 38, and 

yield refers to the column-purified product. bEnantiomeric excess (ee) was determined by chiral 

HPLC analysis, and diastereomeric excess (de) was determined by 1H NMR analysis of crude 
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reaction mixture. cRacemic 5a was used. dWithout molecular sieves. eWithout acid catalyst. 
fWithout Hantzsch ester. 

 

            When we used racemic formylcyclopropane 5a instead of chiral formylcyclopropane, 

it furnished the Product 39aa in 98% yield with >98% de in 30 min (Table11, entry 4). We also 

performed a reaction without molecular sieves, which furnished the product (-)-39aa in 94% 

yield with >96% ee and >98% de in 30 min (Table11, entry 5). Next, we performed a reaction 

without acid catalyst, and it furnished the desired product (-)-39aa in 50% yield with >96% ee 

and >98% de in 300 min (Table11, entry 6). Acid catalyst forms hydrogen bonds with both 

imine and Hantzsch ester, which facilitates imine formation. Hence, without an acid catalyst, 

the reaction rate slows down. In the following condition, we performed a reaction without 

Hantzsch ester 20, resulting in no formation of the desired product (-)-39aa, only imine was 

present in the reaction mixture (Table11, entry 7). Next, we changed the catalyst loading from 

10 mol% to 5 mol%, which furnished the desired product 39aa in 98% yield and 97% yield, 

with and without molecular sieves, respectively, in 60 min. with >96% ee and >98% de 

(Table11, entry 8,9). After analyzing all the conditions, finally, we chose entry 2 as our best-

optimized condition for reductive amination reaction. 1H, 13C, and HPLC spectra of compound 

(-)-39aa are shown in Figures 44 and 45. 

  



Organocatalytic Reductive Amination of the Chiral Formylcyclopropanes 

Page | 96  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                              

 

 

 

 

 

 

 

 

Figure 44. 1H and 13C spectra of the product (-)-39aa. 
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Racemic (±)-39aa: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chiral (-)-39aa (>96% ee): 

                                                                                                                                                                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 45. HPLC spectra of the product (-)-39aa. 

Chiralpak OD-H, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

Chiralpak OD-H, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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5.2.2 Reaction Scope: 

           After determining the optimized condition for organocatalytic reductive amination, we 

looked at the role played by the chiral formylcyclopropane (-)-5 component in this 

organocatalytic reduction. As shown in Scheme 24, various substituted chiral 

formylcyclopropanes (-)-5 derivatives, including ortho, meta, para-substituted systems as well 

as electron-rich and electron-deficient systems, are effectively coupled (Scheme 24, 82-98% 

yield, >98% de). We have also tried reductive amination reaction with aliphatic chiral 

formylcyclopropane (-)-5k, which resulted in reductive amination product (-)-39ak in 42% 

yield with >98% de (Scheme 24). 1H and 13C spectra of compounds (-)-39ab, (-)-39aj, (-)-

39ah, and (-)-39ak are shown in Figures 46-49. 

  

Scheme 24. Reductive Amination Reaction Scope with Respect to Various 

Formylcyclopropanes (-)-5a,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv of (-)-5 (0.11 mmol) and 1.1 equiv of 20 

(0.11 mmol) relative to 37a (0.1 mmol) in the presence of 10 mol % of 38, and yield refers to the 

column-purified product. bDiastereomeric excess (de) was determined by 1H NMR analysis of crude 

reaction mixture. 
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Figure 46. 1H and 13C spectra of the product (-)-39ab. 

  



Organocatalytic Reductive Amination of the Chiral Formylcyclopropanes 

Page | 100  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 47. 1H and 13C spectra of the product (-)-39ah. 
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Figure 48. 1H and 13C spectra of the product (-)-39aj. 
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Figure 49. 1H and 13C spectra of the product (-)-39ak. 
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            We aimed to investigate the universality of our planned reaction after obtaining 

acceptable optimal reaction conditions. We assessed the impact of aromatic amines 37.  The 

reaction expands its scope to several para-, meta-, ortho-, and di-substituted aniline substrates, 

as indicated in Table 12. 

          The reactivity and enantiocontrol of the reaction are not significantly affected by various 

neutral (H), electron-donating (Me), and electron-withdrawing (F, Cl, Br, I, NO2, CN, OCF3, 

ethynyl) groups at the phenyl ring, which resulted in the delivery of the desired reductive 

amination products (-)-39 with good to excellent yields (81-98%) and >98% de. We also 

observed the high enantioselectivity (>97% ee) for compound (-)-39ba. We also tried reactions 

with ortho-substituted halogen atoms. When we used ortho fluoro and ortho chloro substituted 

amine compounds, the reaction yielded the reductive amination product in 75% and 23% 

yields, respectively. With the ortho iodo substituted amine compound, the reaction did not 

proceed. Because fluoro to iodo atom size is continuously increasing which increases the steric 

hindrances on ortho position, hence the rate of the reaction decreases.  

           Regardless of the electronic property and positioning of these functional groups, when 

two substituents to the phenyl ring of anilines 37, the corresponding reductive amination 

products (-)-39 were also produced in good to excellent yields (75%–97%) and with 

>98% de (Table 12). 1H and 13C spectra of compounds (-)-39ba, (-)-39ca (-)-39ha, (-)-39pa, 

(-)-39qa and HPLC spectra of compound (-)-39ba are shown in Figures 50-55. 
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Table 12. Reductive Amination Reaction Scope with Respect to Various Aromatic Amines a,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv of (-)-5a (0.11 mmol) and 1.1 

equiv of 20 (0.11 mmol) relative to 37 (0.1 mmol) in the presence of 10 mol % of 38, and yield 

refers to the column-purified product. bEnantiomeric excess (ee) was determined by chiral 

HPLC analysis, and diastereomeric excess (de) was determined by 1H NMR analysis of the 

crude reaction mixture. 
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Figure 50. 1H and 13C spectra of the product (-)-39ba. 
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Racemic (±)-39ba: 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

Chiral (-)-39ba (>97% ee): 

                                                                                                                                                                            

 

 

Figure 51. HPLC spectra of the product (-)-39ba. 

  

Chiralpak OD-H, Hexane/i-PrOH = 95:5, Flow Rate 1.0 mL/min, 254 nm 

Chiralpak OD-H, Hexane/i-PrOH = 95:5, Flow Rate 1.0 mL/min, 254 nm 
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Figure 52. 1H and 13C spectra of the product (-)-39ca. 
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Figure 53. 1H and 13C spectra of the product (-)-39ha. 
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Figure 54. 1H and 13C spectra of the product (-)-39pa. 
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Figure 55. 1H and 13C spectra of the product (-)-39qa. 
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     We also performed reactions of dicarbonyl-cyclopropane (-)-3a with different substituted 

anilines such as p-OCH3, p-Cl, and m-NO2, which gave the corresponding reductive amination 

products (-)-40aa, (-)-40fa and (-)-40ra in 92%, 98%, and 94% yields, respectively with 

>98% de in 60 min. To check the chemo-selectivity of this reaction, we tried a reaction between 

2 equiv. of (-)-37a and reductive amination product (-)-40aa for 12 h at 25 °C, after this we 

increased the temperature up to 50 °C for the next 12 h, resulting in no reaction proceeding and 

we recovered the total compound (-)-40aa, which means the reaction only proceeded on the 

formyl group of cyclopropane and there was no participation of the keto group in the reaction 

(Equation 7). 1H and 13C spectra of compound (-)-40aa are shown in Figure 56.  

 

 

 

 

 

 

 

 

 

 

          After successful reductive amination with aromatic monoamines, we want to elaborate 

further on this reaction with aromatic diamines such as 4-amino aniline and 3-amino aniline. 

4-amino aniline 41 (1 equiv., 0.1 mmol) reacted with chiral formylcyclopropane (-)-5a (2.2 

equiv.) in the presence of acid catalyst 38 (10 mol%) and Hantzsch ester (2.2 equiv) in DCM 

at 25 °C for 30 min, furnished the di reductive amination product (-)42 in 95% yield with 

>98% de (Scheme 25). 1H and 13C spectra of compound (-)-42 are shown in Figure 57. 

 

           Similarly, we tried the reaction of 3-amino aniline 43 (1 equiv., 0.1 mmol) with various 

chiral formylcyclopropane (-)5a, (-)-5h, and (-)-5i (2.2 equiv.) in the presence of acid 

catalyst 38 (10 mol%) and Hantzsch ester (2.2 equiv) in DCM at 25 °C in 60 min. Instead of 

getting di reductive amination products, we got the products (-)-44a, (-)-44h, and (-)-44i in 

46%, 45%, and 33% yields, respectively with >98% de (Scheme 25). 1H and 13C spectra of 

compound (-)-44aa are shown in Figure 58. 



Organocatalytic Reductive Amination of the Chiral Formylcyclopropanes 

Page | 112  
 

                                                                                                                                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 56. 1H and 13C spectra of the product (-)-40aa. 
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Scheme 25. Reaction Scope with 1,2 and 1,3 Aromatic Diaminea,b 

 

 

 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (2.0 mL) with 2.2 equiv of (-)-5 (0.22 mmol) and 2.2 equiv 

of 20 (0.22 mmol) relative to 41/43 (0.1 mmol) in the presence of 10 mol % of 38, and yield 

refers to the column-purified product. bDiastereomeric excess (de) was determined by 1H NMR 

analysis of crude reaction mixture. 

 

5.2.3 Formation of (-)-44: 

           In the first step, chiral formylcyclopropane (-)-5 is reacted with one of the amine groups 

and produced a mono reductive amination product. Further, this mono reductive amination 

product will attack another chiral formylcyclopropane (-)-5, and generate intermediate A. After 

this, intermediate A will give intermediate B by the protonation of anion O. After dehydration 

of intermediate B, it will generate intermediate C, which will take hydride and proton from 

Hantzsch ester to form the product (-)-44 (Figure 2). 
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Figure 57. 1H and 13C spectra of the product (-)-42. 

In DMSO-d6 

In DMSO-d6 
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Figure 58. 1H and 13C spectra of the product (-)-44aa. 
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Scheme 26. Mechanism for The Formation of (-)-44. 

 

 

 

 

 

 

 

 

 

Scheme 27. Reaction Scope with Chiral Aminesa,b 

 

 

 

 

 

 

 

 

 

aReactions were carried out in DCM (1.0 mL) with 1.1 equiv of (-)-5a (0.11 mmol) and 1.1 

equiv of 20 (0.11 mmol) relative to 39 (0.1 mmol) in the presence of 10 mol % of 32, and yield 

refers to the column-purified product. bDiastereomeric excess (de) was determined by 1H NMR 

analysis of the crude reaction mixture.  
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             After the success of a reductive amination reaction with achiral amines, we want to 

investigate the reactivity towards chiral amines. The reaction of the chiral primary amines (R)-

(+)-tert-butylsulfinamide 45 and (S)-(-)-tert-butylsulfinamide 45 with chiral 

formylcyclopropane (-)-5a in the presence of an acid catalyst and hantzsch ester in DCM at 25 

°C for 30 min furnished the imine products (-)-46 and (+)-46 in very good yield with 

>98% de (Scheme 2). Notably, here we didn’t get the reductive amination product because of 

the mild nature of Hantzsch ester, which could not reduce this imine product 46 (Scheme 27). 

1H and 13C spectra of compound (-)-46 are shown in Figure 59. 

            For the reduction of imine product 46, we treated compounds (-)-46 and (+)-46 with 

NaBH4 (2.5 equiv.) in methanol (1 ml) at 25 °C for 15 min, furnished the reduced product (-)-

47 and (+)-47 in 90% and 93% yield with >98% de, respectively (Equation 8). 1H and 13C 

spectra of compound (-)-47 are shown in Figure 60. 
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Figure 59. 1H and 13C spectra of the product (-)-46. 
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Figure 60. 1H and 13C spectra of the product (-)-47. 
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5.2.4 Synthetic Applications of Reductive Amination Reaction: 

          When we treated the reductive amination product of chiral amine (+)-47 with 4M 

hydrochloric acid in dioxane (0.2 ml) in methanol (1 ml) for 2 h, it furnished the azabicyclo 

product (-)-48 in 58% yield with >98% de (Equation 9). 1H and 13C spectra of compound (-)-

48 are shown in Figure 61. 

 

 

 

 

            We also performed a reductive amination reaction with benzylamine 49. When we 

treated benzylamine 49 with chiral formylcyclopropane (-)-5a in the presence of acid catalyst 

38 and Hantzsch ester 20 in DCM solvent then we did not observe the reductive amination 

product formation. Because of the Hantzsch ester’s mild nature, it couldn’t reduce the imine 

product. Further, we tried a reaction between benzylamine 49 and chiral formylcyclopropane 

(-)-5a in the presence of acid catalyst 38 (10 mol%) in methanol for 3 h stirring. After imine 

formation, we added NaBH4 (2.5 equiv.) in the same reaction mixture. After 12 h of stirring, it 

furnished the azabicyclo product (-)-50 instead of the reductive amination product (Equation 

10). 1H and 13C spectra of compound (-)-50 are shown in Figure 62. 
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Figure 61. 1H and 13C spectra of the product (-)-48. 
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62. 1H and 13C spectra of the product (-)-50.  



Organocatalytic Reductive Amination of the Chiral Formylcyclopropanes 

Page | 123  
 

          The structure and relative stereochemistry of the (-)-48 was established by IR, NMR, 

and mass analysis and also finally confirmed by correlation with the X-ray crystal structure of 

(-)-48 (Figure 63). 

 

 

 

 

 

 

 

 

 

 

Figure 63. X-ray crystal structure of compound (-)-48. 

 

5.3 Conclusions 

             In conclusion, we have reported the first organocatalytic phosphoric acid-catalyzed 

reductive amination of chiral formylcyclopropanes for the construction of biologically active 

and medicinally important chiral formylcyclopropylamines. This protocol could be applied to 

various formylcyclopropanes, aniline derivatives, and the desired formylcyclopropylamines 

were obtained in good to excellent yields with high enantioselectivities. Further application of 

this method to the preparation of other biologically important compounds and detailed 

mechanistic studies are currently underway in our laboratory and will be reported in due course. 
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6. Experimental Section 

 

General Experimental Procedures for the Organocatalytic Stereospecific Activation of 

Donor–Acceptor Cyclopropanes: 

General Methods: The 1H NMR and 13C NMR spectra were recorded at 400, 500 MHz and 100, 

125 MHz, respectively. The chemical shifts are reported in ppm downfield to TMS ( = 0) for 1H 

NMR and relative to the central CDCl3 resonance ( = 77.0) for 13C NMR. In the 13C NMR 

spectra, the nature of the carbons (C, CH, CH2 or CH3) was determined by recording the DEPT-

135 experiment, and is given in parentheses. The coupling constants J are given in Hz. Column 

chromatography was performed using Acme’s silica gel (particle size 0.063-0.200 mm). High-

resolution mass spectra were recorded on micromass ESI-TOF MS. IR spectra were recorded on 

JASCO FT/IR-5300 and Thermo Nicolet FT/IR-5700. The X-ray diffraction measurements were 

carried out at 298 K on an automated Enraf-Nonious MACH 3 diffractometer using graphite 

monochromated, Mo-Kα (λ = 0.71073 Å) radiation with CAD4 software or the X-ray intensity 

data were measured at 298 K on a Bruker SMART APEX CCD area detector system equipped 

with a graphite monochromator and a Mo-Kα fine-focus sealed tube (λ = 0.71073 Å). For thin-

layer chromatography (TLC), silica gel plates Merck 60 F254 were used and compounds were 

visualized by irradiation with UV light and/or by treatment with a solution of p-anisaldehyde (23 

mL), conc. H2SO4 (35 mL), acetic acid (10 mL), and ethanol (900 mL) followed by heating. 

Materials: All solvents and commercially available chemicals were used as received without 

further purification unless otherwise stated. The chiral compounds 59,10 and 318 were prepared by 

following the reported methods. 

Olefination of Formylcyclopropane with Meldrum’s Acid (Procedure A): To an ordinary 

glass vial equipped with a magnetic stirring bar were added 0.025 mmol of catalyst (S)-proline 

21a, 0.275 mmol of an aldehyde (-)-5a and 1.0 mL of anhydrous DCM. Then, 0.25 mmol of 

Meldrum’s acid 19a was added, and the resulting mixture was allowed to stir for 0.33 h at 25 C. 

The olefination product (-)-Baa was obtained as a pale yellow liquid in 61% yield after flash 

column chromatography using short silica gel column packing (eluent: mixture of hexanes/ethyl 

acetate). 
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Organocatalytic Reductive Coupling of Formylcyclopropanes with Active Methylene 

Compounds (Procedure B): To an ordinary glass vial equipped with a magnetic stirring bar 

were added 0.025 mmol of catalyst 21, 0.275 mmol of aldehyde (-)-5/(-)-3 and 1.0 mL of 

anhydrous DCM. Then, 0.275 mmol of Hantzsch ester 20 and 0.25 mmol of active methylene 

compound 19 were added sequentially to a well-stirred solution and the resulting mixture was 

allowed to stir for 0.33 to 10.0 h at 25 C as mentioned in Schemes 12-13/19-20 and Table 3/10. 

The crude reaction mixture was directly loaded onto a silica gel column with or without aqueous 

workup, and pure coupling products 22/32 were obtained in 75-99% yield (eluent: mixture of 

hexanes/ethyl acetate). 

Derivatization of Reductive Coupling Product 22/32 (Procedure C): To an ordinary glass vial 

equipped with a magnetic stirring bar were added 0.1 mmol of 22/32, 0.5 mL of methanol and 

0.5 mL of toluene. Then, the reaction mixture was cooled to 0 C and 1.0 mmol of 

trimethylsilyldiazomethane (TMSCHN2) was added drop wise for 5 minutes under N2 

atmosphere and the resulting mixture was allowed to stir for 0.5 h. The solvent was evaporated 

under reduced pressure and the crude reaction mixture was directly loaded onto a silica gel 

column without aqueous workup, and pure products 23/33 were obtained in 38-98% yield 

(eluent: mixture of hexanes/ethyl acetate). 

BF3.OEt2-Catalyzed Intramolecular Annulative Ring Opening of Cyclopropanes 22/(-)-

32ha (Procedure D): To an ordinary glass vial equipped with a magnetic stirring bar were added 

0.1 mmol of 22/(-)-32ha and 1.0 mL of anhydrous DCM. Then, 0.03 mmol of BF3.OEt2 was 

added and the resulting mixture was allowed to stir for 1.0 to 48.0 h at room temperature as 

mentioned in Tables 5-6, Equation 4. The pure products 24/(-)-33ha and 25 were obtained by 

column chromatography by loading the crude reaction mixture directly onto a silica gel column 

without aqueous workup (eluent: mixture of hexanes/ethyl acetate). 

Cs2CO3-Catalyzed Intramolecular Annulative Ring Opening of Cyclopropanes 22 

(Procedure E): To an ordinary glass vial equipped with a magnetic stirring bar were added 0.1 

mmol of 22 and 1.0 mL of DMSO. Then, 0.03 mmol of Cs2CO3 was added and the resulting 

mixture was allowed to stir for 24.0 to 48.0 h at room temperature as mentioned in Table 7. The 

reaction was quenched with saturated aqueous NH4Cl and the organic products were extracted 

three times with Et2O (10 mL). The combined organic layers were dried over anhydrous Na2SO4 
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and concentrated on rotary evaporator. The pure products 24 and 25 were obtained by column 

chromatography using mixture of hexanes/ethyl acetate as an eluent. 

Michael Reaction of (-)-22aa with MVK (Procedure F): To an ordinary glass vial equipped 

with a magnetic stirring bar were added 0.03 mmol of (S)-proline 21a, 0.1 mmol of (-)-22aa and 

1.0 mL of anhydrous DMF. The mixture was stirred for some time and then 0.3 mmol of methyl 

vinyl ketone (MVK) 26 was added. The resulting mixture was allowed to stir for 24.0 h at room 

temperature after that the reaction was quenched with saturated aqueous NH4Cl and the organic 

products were extracted three times with Et2O (10 mL). The combined organic layers were 

washed twice with ice cold water, dried over anhydrous Na2SO4 and concentrated on rotary 

evaporator. The pure product (-)-27aa was obtained as a colourless liquid in 71% yield by 

column chromatography using mixture of hexanes/ethyl acetate as an eluent. 

Michael Reactions of (-)-22ha and (+)-22hg with MVK (Procedure G): To an ordinary glass 

vial equipped with a magnetic stirring bar were added 0.1 mmol of (-)-22ha or (+)-22hg, 1.0 mL 

of anhydrous DMF and 0.3 mmol of methyl vinyl ketone (MVK) 26. The mixture was stirred for 

some time and then 0.12 mmol of freshly distilled Et3N was added under N2 atmosphere. The 

resulting mixture was allowed to stir for 24.0 h at room temperature under N2 atmosphere. After 

completion of the reaction, monitored by TLC, the reaction was quenched with saturated 

aqueous NH4Cl and the organic products were extracted three times with Et2O (10 mL). The 

combined organic layers were washed twice with ice cold water, dried over anhydrous Na2SO4 

and concentrated on rotary evaporator. The pure Michael adducts (-)-27ha or (+)-27hg were 

obtained as a colourless liquid or pale yellow liquid in 74 and 72% yields, respectively, by 

column chromatography using mixture of hexanes/ethyl acetate as an eluent. 

Michael Reaction of (-)-22ma with MVK (Procedure H): To an ordinary glass vial equipped 

with a magnetic stirring bar were added 0.06 mmol of Cs2CO3, 0.1 mmol of (-)-22ma and 0.5 

mL of anhydrous DCM. The mixture was stirred for some time and then 0.3 mmol of methyl 

vinyl ketone (MVK) 26 and 0.2 mmol of BF3.OEt2 were added sequentially under N2 

atmosphere. The resulting mixture was allowed to stir for 1.5 h at room temperature. After 

completion of the reaction, monitored by TLC, the reaction was quenched with saturated 

aqueous NH4Cl and the organic products were extracted three times with Et2O (10 mL). The 

combined organic layers were washed with water, dried over anhydrous Na2SO4 and 

concentrated on rotary evaporator. The pure product (-)-27ma was obtained as a pale yellow 
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liquid in 85% yield by column chromatography using mixture of hexanes/ethyl acetate as an 

eluent. 

Michael Reaction of (-)-22aa with Acrolein (Procedure I): To an ordinary glass vial equipped 

with a magnetic stirring bar were added 0.1 mmol of (-)-22aa, 1.0 mL of anhydrous DMF and 

0.3 mmol of acrolein 28. The mixture was stirred for some time and then 0.03 mmol of freshly 

distilled Et3N was added under N2 atmosphere. The resulting mixture was allowed to stir for 48.0 

h at room temperature under N2 atmosphere. After completion of the reaction, monitored by 

TLC, the reaction was quenched with saturated aqueous NH4Cl and the organic products were 

extracted three times with Et2O (10 mL). The combined organic layers were washed twice with 

ice cold water, dried over anhydrous Na2SO4 and concentrated on rotary evaporator. The pure 

product (-)-29aa was obtained as a colourless liquid in 47% yield by column chromatography 

using mixture of hexanes/ethyl acetate as an eluent. 

Bromination of 22ia (Procedure J): To an ordinary glass vial equipped with a magnetic stirring 

bar were added 0.1 mmol of (-)-22ia, 0.12 mmol of N-bromosuccinimide (30) and 1.0 mL of 

anhydrous DCM. Then, 0.12 mmol of BF3.OEt2 was added and the resulting mixture was 

allowed to stir for 0.25 h at room temperature. The pure product (-)-31ia was obtained in 80% 

yield after column chromatography by loading the crude reaction mixture directly onto a silica 

gel column without aqueous workup (eluent: mixture of hexanes/ethyl acetate). 

Reduction of Chiral Formylcyclopropanes (-)-5a, (-)-5f, (-)-3a, (-)-3e, (-)-3f, (-)-3i, and (-)-3l/ 

Reductive Coupling Product (-)-33aa (Procedure K): To an ordinary glass vial equipped with 

a magnetic stirring bar were added 0.1 mmol of (-)-5a, (-)-5f, (-)-3a, (-)-3e, (-)-3f, (-)-3i, and (-)-

3l/(-)-33aa and 1.0 mL of methanol. To this solution, 0.25 mmol of NaBH4 was added at 0 C/25 

°C and the resulting mixture was allowed to stir for 10 min at the same temperature. Then, the 

reaction was quenched with saturated aqueous NH4Cl and the organic products were extracted 

three times with Et2O (10 mL). The combined organic layers were washed with water, dried over 

anhydrous Na2SO4 and concentrated on rotary evaporator. The pure products (-)-5aʹ, (-)-5fʹ, (-)-

3aʹ, (-)-3eʹ, (-)-3fʹ, (-)-3iʹ, and (-)-3lʹ/(-)-35aa (Equation 5) was obtained as a colourless liquid by 

column chromatography using mixture of hexanes/ethyl acetate as an eluent. 

Wittig Reaction of Formylcyclopropane (-)-5i (Procedure L): To an ordinary glass vial 

equipped with a magnetic stirring bar were added 0.1 mmol of (-)-5i and 1.0 mL of anhydrous 

DCM. Then, 0.12 mmol of Ph3P=CHCO2Et was added and the resulting mixture was allowed to 
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stir for 10 min at room temperature. The pure product (-)-5iʹ was obtained in 85% yield as a 

colorless liquid after column chromatography by loading the crude reaction mixture directly onto 

a silica gel column without aqueous workup (eluent: mixture of hexanes/ethyl acetate). 

Oxidative Bromination of (-)-22hj (Procedure M): To an ordinary glass vial equipped with a 

magnetic stirring bar were added 0.15 mmol of (-)-22hj and 3.0 mL of methanol. Then, 0.165 

mmol of NH4Br and 0.165 mmol of oxone were added sequentially and the resulting mixture was 

allowed to stir for 3 h at room temperature. After completion of the reaction, monitored by TLC, 

the solvent was evaporated under reduced pressure and the product mixture was extracted with 

ethyl acetate. The combined organic extracts were treated with 5% aqueous Na2S2O3 solution 

and washed with water. The organic components were dried over anhydrous Na2SO4 and the pure 

product (-)-31hj was obtained in 83% yield as a colorless liquid after column chromatography 

(eluent: mixture of hexanes/ethyl acetate). 

Wittig Reaction of (-)-33aa (Procedure N): In a 10 mL round-bottom flask equipped with a 

magnetic stirring bar, methyl triphenylphosphonium bromide (0.8 mmol) and tBuOK (0.8 mmol) 

was added to dry benzene at 25 C under nitrogen atmosphere and stirred for 30 min. The 

compound (-)-33aa (0.2 mmol) dissolved in dry benzene (1.0 mL) was added dropwise at 25 C 

and the reaction mixture was stirred at 40 C for 12 h. The crude reaction mixture was treated 

with saturated aqueous NH4Cl solution, and then the aqueous layer was extracted with ethyl 

acetate (3 × 10 mL). The combined organic layers were dried (Na2SO4) and concentrated. Pure 

product (-)-36aa and (-)-36aaʹ as a mixture of epimers (1.5:1) in 69% yield was obtained by 

column chromatography (silica gel, mixture of hexane/ethyl acetate). 

Organocatalytic Reductive Amination of Formylcyclopropanes with Aromatic Amine or 

Chiral Amine Compounds (Procedure O): To an ordinary glass vial equipped with a magnetic 

stirring bar was added 0.01 mmol of catalyst 38, 0.11 mmol of aldehyde (-)-5 or (-)-3a and 1.0 

mL of anhydrous DCM. Then, 0.11 mmol of Hantzsch ester 20 and 0.1 mmol of aromatic amines 

37/41/43 or chiral amines 45 were added sequentially to a well-stirred solution and the resulting 

mixture was allowed to stir for 0.5 to 12 h at 25 C as mentioned in Scheme 24, 25, 27, Table 12, 

and Equation 7. The crude reaction mixture was directly loaded onto a silica gel column with or 

without aqueous workup, and pure coupling products 39/40/42/44 or 46 were obtained in 33-

98% yield (eluent: mixture of hexanes/ethyl acetate). 
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Reduction of Imine Product 46 (Procedure P): To an ordinary glass vial equipped with a 

magnetic stirring bar were added 0.1 mmol of 46 and 1.0 mL of methanol. To this solution, 0.25 

mmol of NaBH4 was added at 25 C and the resulting mixture was allowed to stir for 15 min at 

the same temperature. Then, the reaction was quenched with saturated aqueous NH4Cl, and the 

organic products were extracted three times with Et2O (10 mL). The combined organic layers 

were washed with water, dried over anhydrous Na2SO4, and concentrated on a rotary evaporator. 

The pure Products 47 (Equation 8) were obtained as a colorless liquid in 90%, and 93% yield, 

respectively by column chromatography using a mixture of hexanes/ethyl acetate as an eluent. 

Formation of Azabicyclo Compound (-)-48 (Procedure Q): To an ordinary glass vial equipped 

with a magnetic stirring bar were added 0.2 mmol of (+)-47 and 1.0 mL of methanol. To this 

solution, 0.2 ml 4M HCl in dioxane was added at 25 C and the resulting mixture was allowed to 

stir for 2 h at the same temperature. Then, the reaction was quenched with saturated aqueous 

NaHCO3, and the organic products were extracted with ethyl acetate (10 mL). The combined 

organic layers were washed with water, and brine, dried over anhydrous Na2SO4, and 

concentrated on a rotary evaporator. The pure Product (-)-48 (Equation 9) was obtained as a 

colorless liquid in 58% yield by column chromatography using a mixture of MeOH/CHCl3 as an 

eluent. 

Formation of Azabicyclo Compound (-)-50 (Procedure R): To an ordinary glass vial equipped 

with a magnetic stirring bar were added 0.2 mmol of 49, 0.22 mmol of (-)-5aa, and 0.02 mmol of 

catalyst 38 in 2.0 mL of methanol and the resulting mixture was allowed to stir for 3 h at 25 C. 

To this reaction solution, 2.5 equivalent NaBH4 was added at 25 C and the resulting mixture 

was allowed to stir for 12 h at the same temperature. Then, the reaction was quenched with 

saturated aqueous NH4Cl, and the organic products were extracted three times with Et2O (10 

mL). The combined organic layers were washed with water, dried over anhydrous Na2SO4, and 

concentrated on a rotary evaporator. The pure Product (-)-50 (Equation 10) was obtained as a 

colorless liquid in 57% yield by column chromatography using a mixture of hexanes/ethyl 

acetate as an eluent. 

 

Chapter 3: 
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Materials: The chiral compounds 5a (98% ee),9,10a 5b (95% ee),10b 5c (90% ee),9,10a 5d (98% 

ee),9,10a 5e (98% ee),9,10a 5f (86% ee),9,10a 5g (95% ee),10b 5h (99% ee),9,10a 5i (98% ee),9,10a 5j 

(94% ee)9,10a were prepared by following the reported methods. 

Diethyl (2R,3S)-2-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (Baa): The compound was prepared following the 

procedure A and purified by column chromatography using 

EtOAc/hexanes (1:9 to 2:8) and isolated as a pale yellow liquid; Yield: 

61% (63.5 mg); [α]D
25 = 41.1 (c = 0.7, CHCl3, 98% ee and >99:1 dr); IR 

(Neat): νmax 2988, 2927, 2854, 1726, 1620, 1445, 1371, 1275, 1182, 1106, 

1020, 926, 860, 798, 743, 697, 641 and 544 cm-1; 1H NMR (CDCl3, 500 

MHz): δ 7.63 (1H, d, J = 11.0 Hz, olefinic-H), 7.35-7.26 (5H, m),  4.82 

(1H, dd, J = 11.0, 7.5 Hz), 4.39-4.34 (1H, m), 4.32-4.26 (1H, m), 3.97-3.87 (2H, m), 3.68 (1H, d, 

J = 7.5 Hz), 1.78 (3H, s), 1.77 (3H, s), 1.31 (3H, t, J = 7.0 Hz), 0.91 (3H, t, J = 7.0 Hz); 13C 

NMR (CDCl3, DEPT-135) δ 166.3 (C, O-C=O), 164.7 (C, O-C=O), 161.1 (C, O-C=O), 160.7 

(CH), 160.0 (C, O-C=O), 132.3 (C), 128.6 (2 x CH), 128.5 (2 x CH), 128.0 (CH), 119.3 (C), 

105.1 (C, O-C-O), 62.5 (CH2), 61.9 (CH2), 47.2 (C), 39.8 (CH), 31.3 (CH), 27.9 (CH3), 27.7 

(CH3), 14.0 (CH3), 13.6 (CH3); LCMS m/z 417.35 (M + H+), Calcd for C22H24O8H 417.1549; 

Anal. Calcd for C22H24O8: C, 63.45; H, 5.81. Found: C, 63.32; H, 5.86. See Supporting 

Information-I for 2D NMR spectra and analysis for further support60. 

Diethyl (2R,3S)-2-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-3-phenylcyclopropane-

1,1-dicarboxylate (22aa): The title compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1:9 to 2:8) and 

isolated as a pale yellow liquid; Yield: 94% (98.33 mg); [α]D
25 = 45.1o (c 

= 0.1, CHCl3, >99% ee and >99:1 dr); IR (Neat): νmax 2985, 2936, 1786, 

1748, 1598, 1499, 1446, 1373, 1295, 1205, 1122, 1024, 979, 859, 743 and 

700 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.26-7.25 (2H, m), 7.23-7.21 

(3H, m), 4.36-4.29 (1H, m), 4.29-4.22 (1H, m), 3.89-3.81 (2H, m), 3.72 

(1H, t, J = 5.0 Hz), 3.20 (1H, d, J = 8.0 Hz), 2.90 (1H, br q, J = 7.0 Hz), 2.42-2.31 (2H, m), 1.82 

(3H, s), 1.77 (3H, s), 1.31 (3H, t, J = 7.0 Hz), 0.87 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-

135) δ 167.7 (C, O-C=O), 166.5 (C, O-C=O), 165.0 (C, O-C=O), 164.9 (C, O-C=O), 134.4 (C), 

128.7 (2 x CH), 128.1 (2 x CH), 127.3 (CH), 105.2 (C), 62.0 (CH2), 61.2 (CH2), 45.9 (CH), 43.3 
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(C), 36.7 (CH), 28.5 (CH3), 27.8 (CH3), 26.7 (CH), 24.9 (CH2), 14.1 (CH3), 13.7 (CH3); HRMS 

(ESI-TOF) m/z: [M + H]+ Calcd for C22H26O8H 419.1706; Found 419.1700. 

Diethyl (2R,3S)-2-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-3-(p-tolyl)cyclopropane-

1,1-dicarboxylate (22ab): The compound was prepared following the procedure B and purified 

by column chromatography using EtOAc/hexanes (1:9 to 2:8) and 

isolated as a colorless liquid; Yield: 90% (97.3 mg); [α]D
25 = 45.1o (c 

= 0.16, CHCl3, >99:1 dr); IR (Neat): νmax 2982, 2928, 1784, 1743, 

1719, 1445, 1369, 1288, 1200, 1180, 1096, 976 and 752 cm-1; 
1H 

NMR (CDCl3, 500 MHz): 7.11 (2H, d, J = 8.0 Hz), 7.07 (2H, d, J = 

8.0 Hz), 4.37-4.29 (1H, m), 4.29-4.21 (1H, m), 3.94-3.82 (2H, m), 

3.71 (1H, br t, J = 7.0 Hz), 3.17 (1H, d, J = 8.0 Hz), 2.88 (1H, br q, J = 10 Hz), 2.43-2.33 (2H, 

m), 2.30 (3H, s, Ar-CH3), 1.83 (3H, s), 1.78 (3H, s), 1.32 (3H, t, J = 7.2 Hz), 0.92 (3H, t, J = 7.2 

Hz); 13C NMR (CDCl3, DEPT-135) δ 167.8 (C, O-C=O), 166.6 (C, O-C=O), 165.0 (C, O-C=O), 

164.9 (C, O-C=O), 136.9 (C), 131.2 (C), 128.8 (2 x CH), 128.5 (2 x CH), 105.1 (C), 61.9 (CH2), 

61.2 (CH2), 45.9 (CH), 43.1 (C), 36.4 (CH), 28.4 (CH3), 27.8 (CH3), 26.6 (CH), 24.8 (CH2), 21.0 

(CH3), 14.1 (CH3), 13.7 (CH3); LCMS m/z 433.30 (M + H+), Calcd for C23H28O8H 433.1862; 

Anal. Calcd for C23H28O8: C, 63.88; H, 6.53. Found: C, 63.76; H, 6.58. 

Diethyl (2R,3S)-2-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-3-(4-

methoxyphenyl)cyclopropane-1,1-dicarboxylate (22ac): The compound was prepared 

following the procedure B and purified by column chromatography 

using EtOAc/hexanes (1:9 to 2:8) and isolated as a colorless liquid; 

Yield: 75% (84.10 mg); [α]D
25 = 42.9o (c = 0.48, CHCl3, >99:1 dr); 

IR (Neat): νmax 2982, 2932, 1786, 1720, 1613, 1517, 1442, 1369, 

1292, 1248, 1215, 1176, 1123, 1096, 1030, 840, 748 and 667 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.15 (2H, d, J = 8.5 Hz), 6.80 (2H, d, J = 

8.5 Hz), 4.36-4.29 (1H, m), 4.29-4.22 (1H, m), 3.94-3.83 (2H, m), 3.78 (3H, s, Ar-OCH3), 3.71-

3.69 (1H, m), 3.15 (1H, d, J = 8.0 Hz), 2.87 (1H, q, J = 8.0 Hz), 2.43-2.37 (1H, m), 2.35-2.31 

(1H, m), 1.83 (3H, s), 1.78 (3H, s), 1.32 (3H, t, J = 7.0 Hz), 0.93 (3H, t, J = 7.0 Hz); 13C NMR 

(CDCl3, DEPT-135) δ 167.8 (C, O-C=O), 166.6 (C, O-C=O), 165.0 (C, O-C=O), 164.9 (C, O-

C=O), 158.8 (C), 129.7 (2 x CH), 126.3 (C), 113.5 (2 x CH), 105.1 (C), 61.9 (CH2), 61.2 (CH2), 

55.2 (CH3, OCH3), 45.9 (CH), 43.2 (C), 36.1 (CH), 28.4 (CH3), 27.9 (CH3), 26.6 (CH), 24.8 
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(CH2), 14.1 (CH3), 13.7 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C23H28O9H 

449.1812; Found 449.1814. 

Diethyl (2S,3R)-2-(4-bromophenyl)-3-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-

yl)methyl)cyclopropane-1,1-dicarboxylate (22ad): The compound was prepared following the 

procedure B and purified by column chromatography using 

EtOAc/hexanes (1:9 to 2:8) and isolated as a colorless liquid; Yield: 

95% (118.12 mg); [α]D
25 = 37.5o (c = 0.11, CHCl3, >99:1 dr); IR 

(Neat): νmax 2981, 2925, 2853, 1784, 1720, 1491, 1444, 1369, 1289, 

1203, 1072, 1010, 979, 841, 751, 667 and 545 cm-1; 1H NMR (CDCl3, 

400 MHz): δ 7.38 (2H, br d, J = 8.4 Hz), 7.09 (2H, br d, J = 8.4 Hz), 

4.36-4.28 (1H, m), 4.28-4.20 (1H, m), 3.96-3.82 (2H, m), 3.71-3.68 (1H, m), 3.13 (1H, d, J = 8.0 

Hz), 2.84 (1H, q, J = 7.4 Hz), 2.41-2.28 (2H, m), 1.82 (3H, s), 1.77 (3H, s), 1.31 (3H, t, J = 7.2 

Hz), 0.94 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 167.5 (C, O-C=O), 166.4 (C, O-

C=O), 165.0 (C, O-C=O), 164.9 (C, O-C=O), 133.5 (C), 131.3 (2 x CH), 130.4 (2 x CH), 121.3 

(C), 105.3 (C), 62.1 (CH2), 61.5 (CH2), 45.8 (CH), 43.2 (C), 36.0 (CH), 28.5 (CH3), 27.8 (CH3), 

26.7 (CH), 24.8 (CH2), 14.1 (CH3), 13.8 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C22H25BrO8H 497.0811; Found 497.0813. 

Diethyl (2R,3S)-2-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-3-(4-

nitrophenyl)cyclopropane-1,1-dicarboxylate (22ae): The compound was prepared following 

the procedure B and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 2.5:7.5) and isolated as a pale yellow 

liquid; Yield: 94% (108.91 mg); [α]D
25 = 33.2o (c = 0.19, CHCl3, 

>99:1 dr); IR (Neat): νmax 3021, 2927, 2855, 1789, 1746, 1602, 1523, 

1348, 1294, 1215, 744 and 667 cm-1; 1H NMR (CDCl3, 400 MHz): δ 

8.13 (2H, br d, J = 8.8 Hz), 7.39 (2H, br d, J = 8.8 Hz), 4.39-4.23 

(2H, m), 3.97-3.90 (1H, m), 3.89-3.82 (1H, m), 3.74 (1H, t, J = 5.6 Hz), 3.25 (1H, d, J = 8.0 Hz), 

2.90 (1H, q, J = 7.6 Hz), 2.39-2.36 (2H, m), 1.84 (3H, s), 1.78 (3H, s), 1.32 (3H, t, J = 7.2 Hz), 

0.94 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 167.1 (C, O-C=O), 166.0 (C, O-C=O), 

164.9 (C, O-C=O), 164.8 (C, O-C=O), 147.2 (C), 142.2 (C), 129.6 (2 x CH), 123.4 (2 x CH), 

105.4 (C), 62.4 (CH2), 61.7 (CH2), 45.7 (CH), 43.7 (C), 36.1 (CH), 28.5 (CH3), 28.1 (CH3), 26.7 
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(CH), 24.8 (CH2), 14.1 (CH3), 13.8 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C22H25NO10H 464.1557; Found 464.1557. 

Diethyl (2R,3S)-2-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-3-(3-

nitrophenyl)cyclopropane-1,1-dicarboxylate (22af): The compound was prepared following 

the procedure B and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 2.5:7.5) and isolated as a colorless liquid; 

Yield: 93% (107.74 mg); [α]D
25 = 32.3o (c = 0.10, CHCl3, 86% ee and 

>99:1 dr); IR (Neat): νmax 3021, 2982, 1786, 1741, 1721, 1531, 1445, 

1346, 1291, 1200, 1096, 748, 685 and 667 cm-1; 1H NMR (CDCl3, 400 

MHz): δ 8.07 (1H, d, J = 6.8 Hz), 8.06 (1H, s), 7.55 (1H, d, J = 7.6 Hz), 

7.44 (1H, t, J = 8.0 Hz), 4.38-4.21 (2H, m), 3.94-3.84 (2H, m), 3.81 (1H, t, J = 5.2 Hz), 3.26 (1H, 

d, J = 8.0 Hz), 2.84 (1H, q, J = 7.2 Hz), 2.42-2.31 (2H, m), 1.84 (3H, s), 1.78 (3H, s), 1.31 (3H, t, 

J = 7.2 Hz), 0.93 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 167.0 (C, O-C=O), 166.1 

(C, O-C=O), 164.9 (C, O-C=O), 164.8 (C, O-C=O), 147.9 (C), 136.8 (C), 134.8 (CH), 129.1 

(CH), 123.7 (CH), 122.3 (CH), 105.3 (C), 62.2 (CH2), 61.6 (CH2), 45.6 (CH), 43.0 (C), 35.9 

(CH), 28.3 (CH3), 27.9 (CH3), 26.5 (CH), 24.7 (CH2), 14.0 (CH3), 13.7 (CH3); HRMS (ESI-

TOF) m/z: [M + H]+ Calcd for C22H25NO10H 464.1557; Found 464.1557. 

Diethyl (2R,3S)-2-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-3-(2-

nitrophenyl)cyclopropane-1,1-dicarboxylate (22ag): The compound was prepared following 

the procedure B and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 2.5:7.5) and isolated as a pale yellow liquid; 

Yield: 93% (107.8 mg); [α]D
25 = 31.7o (c = 0.68, CHCl3, >99:1 dr); IR 

(Neat): νmax 3025, 2984, 2938, 1784, 1743, 1721, 1525, 1346, 1289, 1205, 

1107, 1016, 980, 851, 748, 704 and 667 cm-1; 1H NMR (CDCl3, 500 

MHz): δ 7.96 (1H, dd, J = 10.0, 1.0 Hz), 7.55 (1H, dt, J = 7.5, 1.0 Hz), 

7.44-7.40 (2H, m), 4.38-4.33 (1H, m), 4.32-4.25 (1H, m), 3.92-3.86 (1H, m), 3.84-3.78 (1H, m), 

3.79 (1H, t, J = 6.0 Hz), 3.67 (1H, d, J = 8.5 Hz), 2.81 (1H, q, J = 7.5 Hz), 2.43 (2H, t, J = 6.0 

Hz), 1.86 (3H, s), 1.79 (3H, s), 1.33 (3H, t, J = 7.0 Hz), 0.94 (3H, t, J = 7.0 Hz); 13C NMR 

(CDCl3, DEPT-135) δ 167.1 (C, O-C=O), 166.6 (C, O-C=O), 165.1 (C, O-C=O), 165.0 (C, O-

C=O), 150.0 (C), 133.1 (CH), 131.6 (CH), 130.5 (C), 128.6 (CH), 124.6 (CH), 105.4 (C), 62.1 

(CH2), 61.7 (CH2), 45.8 (CH), 42.1 (C), 34.8 (CH), 28.8 (CH3), 28.5 (CH3), 26.5 (CH), 24.3 
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(CH2), 14.1 (CH3), 13.6 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C22H25NO10H 

464.1557; Found 464.1557. 

Diethyl (2R,3S)-2-((7,9-dioxo-6,10-dioxaspiro[4.5]decan-8-yl)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (22ba): The compound was prepared following the 

procedure B and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 2.5:7.5) and isolated as a colorless liquid; 

Yield: 94% (104.45 mg); [α]D
25 = 37.8o (c = 0.54, CHCl3, >99:1 dr); 1H 

NMR (CDCl3, 400 MHz): δ 7.29-7.22 (5H, m), 4.37-4.21 (2H, m), 3.90-

3.82 (2H, m), 3.73 (1H, dd, J = 6.8, 6.4 Hz), 3.21 (1H,   d, J = 8.0 Hz), 

2.96-2.90 (1H, m), 2.42-2.35 (1H, m), 2.30-2.17 (5H, m), 2.00-1.82 (4H, 

m), 1.32 (3H, t, J = 7.2 Hz), 0.87 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 167.8 (C, 

O-C=O), 166.6 (C, O-C=O), 165.4 (C, O-C=O), 165.3 (C, O-C=O), 134.4 (C), 128.7 (2 x CH), 

128.2 (2 x CH), 127.3 (CH), 114.4 (C), 62.0 (CH2), 61.3 (CH2), 47.1 (CH), 43.3 (C), 39.2 (CH2), 

38.0 (CH2), 36.7 (CH), 27.8 (CH), 24.5 (CH2), 24.0 (CH2), 22.5 (CH2), 14.2 (CH3), 13.7 (CH3); 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C24H28O8H 445.1862; Found 445.1862. 

Diethyl (2R,3S)-2-((4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (22ca): The compound was prepared following the 

procedure B and purified by column chromatography using 

EtOAc/hexanes (4:6 to 5:5) and isolated as a pale yellow liquid; Yield: 

82% (82.04 mg); [α]D
25 = 49.4 (c = 1.16, CHCl3, >99:1 dr); IR (Neat): 

νmax 2977, 2925, 1722, 1665, 1582, 1500, 1443, 1412, 1371, 1288, 1252, 

1226, 1190, 1112, 1025, 994, 911, 859, 828, 751 and 699 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.23-7.17 (5H, m), 6.09 (1H, s), 4.41-4.33 (1H, m), 

4.31-4.24 (1H, m), 3.88-3.78 (2H, m), 3.22 (1H, d, J = 8.0 Hz), 2.94 (1H, q, J = 7.5 Hz), 2.84 

(1H, dd, J = 14.5, 7.0 Hz), 2.63 (1H, dd, J = 14.5, 7.0 Hz), 2.16 (3H, s), 1.32 (3H, t, J = 7.0 Hz), 

0.86 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 169.0 (C), 167.4 (2 x C, O-C=O), 

167.1 (C, O-C=O), 160.8 (C), 135.1 (C), 128.8 (2 x CH), 128.0 (2 x CH), 127.1 (CH), 101.3 

(CH), 100.5 (C), 62.1 (CH2), 61.2 (CH2), 42.9 (C), 36.9 (CH), 29.4 (CH), 21.0 (CH2), 19.6 

(CH3), 14.2 (CH3), 13.7 (CH3); HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H24O7Na 

423.1420; Found 423.1421.   



  

 

Experimental Section 

Page | 135  

 

Diethyl (2R,3S)-2-((4-hydroxy-2-oxo-2,5-dihydrofuran-3-yl)methyl)-3-phenylcyclopropane-

1,1-dicarboxylate (22ea): The compound was prepared following the procedure B and purified 

by column chromatography using EtOAc/hexanes (5:5 to 6:4) and isolated 

as a colorless liquid; Yield: 98% (91.72 mg); [α]D
25 = 37.8 (c = 0.54, 

CHCl3, >99:1 dr); IR (Neat): νmax 2977, 2915, 2848, 1722, 1665, 1448, 

1407, 1371, 1298, 1221, 1190, 1102, 1040, 864, 740 and 694 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.27-7.20 (5H, m), 4.61 (2H, s), 4.37-4.32 

(2H, m), 3.91-3.83 (2H, m), 3.07 (1H, d,  J = 8.0 Hz), 2.74-2.66 (2H, m), 2.35-2.29 (1H, m), 1.34 

(3H, t, J = 7.0 Hz), 0.87 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 176.0 (C, O-C=O), 

173.6 (C, O-C=O), 170.0 (C, O-C=O), 166.9 (C, C=C-OH), 134.1 (C), 128.6 (2 x CH), 128.1 (2 

x CH), 127.4 (CH), 98.8 (C), 67.2 (CH2), 62.8 (CH2), 61.6 (CH2), 42.9 (C), 36.8 (CH), 28.9 

(CH), 20.2 (CH2), 14.0 (CH3), 13.6 (CH3); HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for 

C20H22O7Na 397.1263; Found 397.1268. 

Diethyl (2R,3S)-2-((4-hydroxy-2-oxo-2,5-dihydrofuran-3-yl)methyl)-3-(4-

methoxyphenyl)cyclopropane-1,1-dicarboxylate (22ec): The compound was prepared 

following the procedure B and purified by column chromatography 

using EtOAc/hexanes (5:5 to 6:4) and isolated as a pale yellow 

liquid; Yield: 87% (87.96 mg); [α]D
25 = 31.0 (c = 0.07, CHCl3, 

>99:1 dr); IR (Neat): νmax 2928, 1720, 1668, 1517, 1412, 1294, 

1249, 1218, 1177, 1096, 1032, 747, and 667 cm-1; 1H NMR (CDCl3, 

500 MHz): δ 7.14 (2H, br d, J = 8.5 Hz), 6.81 (2H, br d, J = 8.5 Hz), 4.59 (2H, d, J = 2.0 Hz), 

4.35 (2H, q, J = 7.0 Hz), 3.93-3.84 (2H, m), 3.77 (3H, s, Ar-OCH3), 2.97 (1H, d, J = 8.5 Hz), 

2.76 (1H, dd, J = 16.0, 3.5 Hz), 2.67-2.63 (1H, m), 2.26 (1H, dd, J = 16.0, 9.5 Hz), 1.35 (3H, t, J 

= 7.0 Hz), 0.94 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 175.6 (C, C-C-OH), 173.2 

(C, O-C=O), 170.6 (C, O-C=O), 167.0 (C, O-C=O), 159.0 (C), 129.8 (2 x CH), 125.9 (C), 113.6 

(2 x CH), 99.0 (C), 67.2 (CH2), 63.0 (CH2), 61.7 (CH2), 55.3 (CH3, OCH3), 42.9 (C), 36.4 (CH), 

29.2 (CH), 20.3 (CH2), 14.0 (CH3), 13.7 (CH3); LCMS m/z 405.40 (M + H+), Calcd for 

C21H24O8H 405.1549; Anal. Calcd for C21H24O8: C, 62.37; H, 5.98. Found: C, 62.45; H, 5.94. 

Diethyl (2R,3S)-2-((3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (22la): The compound was prepared following the 

procedure B and purified by column chromatography using EtOAc/hexanes (1:9 to 2:8) and 
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isolated as a yellow solid; Mp: 107-109 C; Yield: 99% (111.0 mg); [α]D
25 

= 80.9 (c = 1.58, CHCl3, >99:1 dr); IR (Neat): νmax 3323, 2982, 2930, 

2853, 1717, 1675, 1644, 1593, 1464, 1371, 1278, 1221, 1112, 1025, 942, 

864, 730 and 694 cm-1; 1H NMR (CDCl3, 400 MHz): δ 8.15 (1H, dd, J = 

7.6, 1.2 Hz), 8.09 (1H, dd, J = 7.6, 1.2 Hz), 7.77 (1H, dt, J = 7.6, 1.2 Hz), 

7.70 (1H, dt, J = 7.6, 1.2 Hz), 7.57 (1H, br s, OH), 7.23-7.16 (5H, m), 

4.44-4.36 (1H, m), 4.31-4.23 (1H, m), 3.90-3.78 (2H, m), 3.35 (1H, d, J = 8.0 Hz), 3.01 (1H, dd, 

J = 12.8, 6.0 Hz), 2.90-2.85 (1H, m), 2.83-2.81 (1H, m), 1.32 (3H, t, J = 7.2 Hz), 0.87 (3H, t, J = 

7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 184.2 (C, C=O), 181.3 (C, C=O), 167.8 (C, O-C=O), 

166.8 (C, O-C=O), 153.8 (C), 135.05 (CH), 134.97 (C), 133.0 (CH), 132.8 (C), 129.4 (C), 128.7 

(2 x CH), 128.0 (2 x CH), 127.1 (CH), 126.9 (CH), 126.2 (CH), 121.7 (C), 61.8 (CH2), 61.1 

(CH2), 43.1 (C), 36.5 (CH), 28.7 (CH), 21.3 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS (ESI-TOF) 

m/z: [M + Na]+ Calcd for C26H24O7Na 471.1420; Found 471.1415. 

Diethyl (2R,3S)-2-((3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)methyl)-3-(4-

nitrophenyl)cyclopropane-1,1-dicarboxylate (22le): The 

compound was prepared following the procedure B and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and 

isolated as a yellow solid; Mp: 125-127 C; Yield: 95% (117.2 mg); 

[α]D
25 = 64.7 (c = 0.37, CHCl3, >99:1 dr); IR (Neat): νmax 3346, 

2981, 2929, 1719, 1644, 1594, 1520, 1460, 1369, 1342, 1273, 1215, 

1193, 1107, 1024, 986, 944, 851, 753, 725, 694, 667 and 572 cm-1; 

1H NMR (CDCl3, 500 MHz): δ 8.13 (1H, dd, J = 8.0, 1.0 Hz), 8.09 (1H, dd, J = 8.0, 1.0 Hz), 

8.07 (2H, d, J = 8.5 Hz), 7.78 (1H, dt, J = 7.5, 1.0 Hz), 7.71 (1H, dt, J = 7.5, 1.0 Hz), 7.62 (1H, 

br s, OH), 7.33 (2H, d, J = 9.0 Hz), 4.44-4.38 (1H, m), 4.31-4.24 (1H, m), 3.95-3.89 (1H, m), 

3.87-3.81 (1H, m), 3.39 (1H, d, J = 8.0 Hz), 3.01 (1H, dd, J = 13.5, 6.5 Hz), 2.89 (1H, br dd, J = 

13.5, 6.5 Hz), 2.78 (1H, dd, J = 13.5, 6.5 Hz), 1.32 (3H, t, J = 7.0 Hz), 0.94 (3H, t, J = 7.0 Hz); 

13C NMR (CDCl3, DEPT-135) δ 184.2 (C, C=O), 181.2 (C, C=O), 167.1 (C, O-C=O), 166.2 (C, 

O-C=O), 153.8 (C, HO-C=C), 147.0 (C), 142.8 (C), 135.1 (CH), 133.1 (CH), 132.7 (C), 129.5 (2 

x CH), 129.3 (C), 126.9 (CH), 126.3 (CH), 123.2 (2 x CH), 121.0 (C), 62.1 (CH2), 61.5 (CH2), 

43.7 (C), 35.9 (CH), 29.1 (CH), 21.3 (CH2), 14.1 (CH3), 13.8 (CH3); LCMS m/z 493.50 (M+), 
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Calcd for C26H23NO9 493.1373; Anal. Calcd for C26H23NO9: C, 63.28; H, 4.70; N, 2.84. Found: 

C, 63.21; H, 4.75; N, 2.81.  

Diethyl (2R,3S)-2-(2,2-dicyanoethyl)-3-phenylcyclopropane-1,1-dicarboxylate (22ma): The 

compound was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as a pale 

yellow liquid; Yield: 90% (76.6 mg); [α]D
25 = 40.9 (c = 0.40, CHCl3, 

>99:1 dr); IR (Neat): νmax 2987, 2915, 1722, 1603, 1446, 1371, 1300, 1223, 

1190, 1125, 1097, 1024, 854, 745 and 698cm-1; 1H NMR (CDCl3, 500 

MHz): δ 7.30-7.24 (3H, m), 7.23-7.20 (2H, m), 4.37-4.31 (1H, m), 4.28-4.21 (1H, m), 3.93-3.82 

(3H, m), 3.21 (1H, d, J = 8.0 Hz), 2.72 (1H, q, J = 8.0 Hz), 2.46-2.40 (1H, m), 2.30-2.24 (1H, 

m), 1.31 (3H, t, J = 7.5 Hz), 0.89 (3H, t, J = 7.5 Hz); 13C NMR (CDCl3, DEPT-135) δ 167.4 (C, 

O-C=O), 165.6 (C, O-C=O), 133.1 (C), 128.4 (2 x CH), 128.3 (2 x CH), 127.7 (CH), 112.0 (2 x 

C, C≡N), 62.4 (CH2), 61.6 (CH2), 42.4 (C), 36.2 (CH), 28.7 (CH2), 26.3 (CH), 22.1 (CH), 14.0 

(CH3), 13.0 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C19H20N2O4H 341.1501; Found 

341.1498. 

Diethyl (2R,3S)-2-(2-cyano-3-oxo-3-phenylpropyl)-3-phenylcyclopropane-1,1-dicarboxylate 

(22na): The compound was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a 

colorless liquid; Yield: 93% (97.53 mg); [α]D
25 = 26.7 (c = 0.34, 

CHCl3, 1:1 dr); IR (Neat): νmax 3060, 2967, 2915, 2853, 1722, 1603, 

1500, 1443, 1371, 1298, 1226, 1117, 1025, 978, 864, 740 and 699 

cm-1; 1H NMR (CDCl3, 500 MHz, 1:1 diastereomers): δ 8.00-7.96 (2 

x 2H, m), 7.66 (2 x 1H, t, J = 7.0 Hz), 7.54-7.51 (2 x 2H, m), 7.29-7.21 (2 x 4H, m), 7.20-7.18 (2 

x 1H, m), 4.52-4.46 (2 x 1H, m), 4.34-4.18 (2 x 2H, m), 3.91-3.79 (2 x 2H, m), 3.18 (1H, d, J = 

8.0 Hz), 3.15 (1H, d, J = 8.0 Hz), 2.78-2.71 (2 x 1H, m), 2.43-2.37 (1H, m), 2.32-2.29 (2 x 1H, 

m), 2.25-2.20 (1H, m), 1.31 (3H, t, J = 7.0 Hz), 1.27 (3H, t, J = 7.0 Hz), 0.88 (3H, t, J = 7.0 Hz), 

0.85 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135, 1:1 diastereomers) δ 189.76 (C, C=O), 

189.70 (C, C=O), 167.6 (2 x C, O-C=O), 166.15 (C, O-C=O), 166.07 (C, O-C=O), 134.69 (CH), 

134.66 (CH), 133.9 (C), 133.87 (2 x C), 133.8 (C), 129.1 (4 x CH), 128.9 (2 x CH), 128.8 (2 x 

CH), 128.6 (2 x CH), 128.5 (2 x CH), 128.20 (2 x CH), 128.18 (2 x CH), 127.53 (CH), 127.47 

(CH), 116.7 (2 x C, C≡N), 62.14 (CH2), 62.06 (CH2), 61.42 (CH2), 61.37 (CH2), 43.0 (C), 42.5 
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(C), 39.1 (CH), 38.7 (CH), 36.7 (CH), 36.4 (CH), 28.0 (CH2), 27.6 (CH2), 27.3 (CH), 27.1 (CH), 

14.13 (CH3), 14.12 (CH3), 13.65 (CH3), 13.63 (CH3); HRMS (ESI-TOF) m/z: [M + Na]+ Calcd 

for C25H25NO5Na 442.1630; Found 442.1636. 

Diethyl (2R,3S)-2-(3-ethoxy-2-nitro-3-oxopropyl)-3-phenylcyclopropane-1,1-dicarboxylate 

(22oa): The compound was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1:9 to 1.5:8.5) and isolated as 

a pale yellow liquid; Yield: 78% (79.45 mg); [α]D
25 = 33.0 (c = 

1.19, CHCl3, 1:1 dr); IR (Neat): 2982, 2926, 2853, 1724, 1562, 1498, 

1446, 1370, 1297, 1221, 1103, 1022, 860, 745 and 698 cm-1; 1H NMR 

(CDCl3, 500 MHz, 1:1 diastereomers): δ 7.27-7.21 (2 x 3H, m), 7.15 (2 x 2H, d, J = 7.5 Hz), 

5.27-5.22 (2 x 1H, m), 4.36-4.31 (2 x 1H, m), 4.30-4.21 (2 x 3H, m), 3.88-3.81 (2 x 2H, m), 3.14 

(2 x 1H, d, J = 7.5 Hz), 2.63-2.52 (2 x 2H, m), 2.45-2.33 (2 x 1H, m), 1.33-1.26 (4 x 3H, m), 

0.89-0.85 (2 x 3H, m); 13C NMR (CDCl3, DEPT-135, 1:1 diastereomers) δ 167.4 (2 x C, O-

C=O), 166.0 (C, O-C=O), 165.9 (C, O-C=O), 163.9 (C, O-C=O), 163.8 (C, O-C=O), 133.8 (C), 

133.7 (C), 128.5 (4 x CH), 128.21 (2 x CH), 128.18 (2 x CH), 127.54 (CH), 127.50 (CH), 87.07 

(CH), 87.01 (CH), 63.3 (2 x CH2), 62.14 (CH2), 62.09 (CH2), 61.40 (CH2), 61.39 (CH2), 42.8 

(C), 42.3 (C), 36.4 (CH), 36.1 (CH), 28.5 (CH2), 28.4 (CH2), 25.8 (CH), 25.7 (CH), 14.10 (CH3), 

14.08 (CH3), 13.8 (CH3), 13.7 (CH3), 13.6 (2 x CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd 

for C20H25NO8H 408.1658; Found 408.1655. 

Diethyl (2R,3S)-2-(3-methoxy-2-(methoxycarbonyl)-3-oxopropyl)-3-phenylcyclopropane-

1,1-dicarboxylate (23aa): The compound was prepared from (-)-22aa following the procedure 

C and purified by column chromatography using EtOAc/hexanes (1:9 to 

1.5:8.5) and isolated as a colorless liquid; Yield: 78% (31.7 mg); The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC 

using a Daicel Chiralcel IA-3 column (hexane/2-propanol = 95:05, flow rate 

0.5 mL/min, λ = 254 nm), tR = 29.04 min (minor), tR = 31.29 min (major); 

[α]D
25 = 30.9 (c = 0.37, CHCl3, >99% ee and >99:1 dr); IR (Neat): νmax 2895, 2951, 1727, 

1598, 1439, 1368, 1289, 1220, 1123, 1025, 865, 743 and 698 cm-1; 1H NMR (CDCl3, 400 MHz): 

δ 7.25-7.16 (5H, m), 4.36-4.21 (2H, m), 3.89-3.81 (2H, m), 3.74 (3H, s, OCH3), 3.69 (3H, s, 

OCH3), 3.57-3.54 (1H, m), 3.11 (1H, d, J = 8.0 Hz), 2.58-2.52 (1H, m), 2.26-2.19 (1H, m), 2.14-

2.06 (1H, m), 1.31 (3H, t, J = 7.2 Hz), 0.87 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 
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169.2 (C, O-C=O), 169.1 (C, O-C=O), 167.6 (C, O-C=O), 166.5 (C, O-C=O), 134.4 (C), 128.6 

(2 x CH), 128.1 (2 x CH), 127.3 (CH), 61.9 (CH2), 61.2 (CH2), 52.7 (CH3, OCH3), 52.6 (CH3, 

OCH3), 51.0 (CH), 42.8 (C), 36.6 (CH), 27.6 (CH), 27.0 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS 

(ESI-TOF) m/z: [M + H]+ Calcd for C21H26O8H 407.1706; Found 407.1700. 

Diethyl (2R,3S)-2-((4-methoxy-6-methyl-2-oxo-2H-pyran-3-yl)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (23ca): The compound was prepared following the 

procedure C and purified by column chromatography using EtOAc/hexanes 

(1:9 to 2:8) and isolated as a pale yellow liquid; Yield: 53% (21.97 mg); 

[α]D
25 = 75.3 (c = 0.79, CHCl3, >99:1 dr); IR (Neat): 2977, 2925, 2853, 

1717, 1644, 1562, 1464, 1365, 1293, 1247, 1221, 1117, 1014, 901, 859, 792, 

746 and 699 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.23-7.13 (5H, m), 6.04 

(1H, s), 4.38-4.30 (1H, m), 4.28-4.20 (1H, m), 3.86 (3H, s), 3.84-3.81 (2H, 

m), 3.25 (1H, d, J = 7.6 Hz), 2.82-2.75 (2H, m), 2.57-2.51 (1H, m), 2.62 (3H, s), 1.31 (3H, t, J = 

7.2 Hz), 0.85 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 168.1 (C, O-C=O), 167.0 (C, 

O-C=O), 166.8 (C, O-C=O), 165.1 (C), 162.0 (C), 135.4 (C), 128.7 (2 x CH), 128.0 (2 x CH), 

127.0 (CH), 102.7 (C), 95.0 (CH), 61.6 (CH2), 61.0 (CH2), 56.4 (CH3, OCH3), 42.9 (C), 36.7 

(CH), 29.0 (CH), 21.4 (CH2), 20.4 (CH3), 14.20 (CH3), 13.70 (CH3); HRMS (ESI-TOF) m/z: [M 

+ H]+ Calcd for C23H26O7H 415.1757; Found 415.1762. 

Diethyl (2R,3S)-2-((4-methoxy-2-oxo-2H-chromen-3-yl)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (23da): The compound was prepared following the procedure C and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1.5:8.5) and 

isolated as a colorless liquid; Yield: 68% (30.63 mg); [α]D
25 = 54.2 (c = 

0.7, CHCl3, >99:1 dr); IR (Neat): νmax 2972, 2920, 2853, 1722, 1624, 1572, 

1453, 1350, 1288, 1226, 1195, 1097, 1045, 962, 911, 859, 756 and 699 cm-

1; 1H NMR (CDCl3, 500 MHz): δ 7.69 (1H, dd, J = 8.0, 1.0 Hz), 7.54 (1H, 

br t, J = 7.5 Hz), 7.37 (1H, br d, J = 8.0 Hz), 7.31 (1H, br t, J = 7.5 Hz), 

7.24-7.16 (5H, m), 4.42-4.35 (1H, m), 4.30-4.24 (1H, m), 4.02 (3H, s, OCH3), 3.87-3.81 (2H, m), 

3.32 (1H, d, J = 7.5 Hz), 3.00-2.94 (2H, m), 2.87-2.79 (1H, m), 1.31 (3H, t, J = 7.5 Hz), 0.86 

(3H, t, J = 7.5 Hz); 13C NMR (CDCl3, DEPT-135) δ 168.0 (C, O-C=O), 166.7 (C, O-C=O), 

164.6 (C, O-C=O), 163.4 (C), 152.9 (C), 134.9 (C), 131.6 (CH), 128.7 (2 x CH), 128.0 (2 x CH), 

127.1 (CH), 124.1 (CH), 123.3 (CH), 116.9 (CH), 115.6 (C), 62.2 (CH3, OCH3), 61.8 (CH2), 
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61.1 (CH2), 43.1  (C), 36.7 (CH), 28.9 (CH), 22.8 (CH2), 14.1 (CH3), 13.7 (CH3); HRMS (ESI-

TOF) m/z: [M + H]+ Calcd for C26H26O7H 451.1757; Found 451.1754. 

Diethyl (2R,3S)-2-((4-methoxy-2-oxo-2,5-dihydrofuran-3-yl)methyl)-3-phenylcyclopropane-

1,1-dicarboxylate (23ea-1): The compound was prepared following the procedure C and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) 

and isolated as a pale yellow liquid; Yield: 64%  (24.86 mg); [α]D
25 = 57.9 

(c = 0.85, CHCl3, >99:1 dr); IR (Neat): νmax 2987, 2920, 2853, 1748, 1722, 

1670, 1458, 1386, 1340, 1288, 1226, 1195, 1102, 1050, 859, 751 and 704 

cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.25-7.17 (5H, m), 4.72 (2H, s), 4.37-

4.29 (1H, m), 4.26-4.18 (1H, m), 3.89 (3H, s, OCH3), 3.87-3.79 (2H, m), 3.19 (1H, d,  J = 8.0 

Hz), 2.84 (1H, q, J = 7.6 Hz), 2.58 (1H, dd, J = 14.8, 6.4 Hz), 2.40 (1H, dd, J = 14.8, 8.4 Hz), 

1.30 (3H, t, J = 7.2 Hz), 0.86 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 174.1 (C), 

173.5 (C, O-C=O), 167.9 (C, O-C=O), 166.7 (C, O-C=O), 134.8 (C), 128.7 (2 x CH), 128.1 (2 x 

CH), 127.2 (CH), 101.5 (C), 65.2 (CH2), 61.8 (CH2), 61.1 (CH2), 57.6 (CH3, OCH3), 42.9 (C), 

36.7 (CH), 28.3 (CH), 20.2 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS (ESI-TOF) m/z: [M + Na]+ 

Calcd for C21H24O7Na 411.1420; Found 411.1420. 

Diethyl (2R,3S)-2-((2-methoxy-4-oxo-4,5-dihydrofuran-3-yl)methyl)-3-phenylcyclopropane-

1,1-dicarboxylate (23ea-2): The compound was prepared following the procedure C and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 4:6) 

and isolated as a colorless liquid; Yield: 34% (13.21 mg); [α]D
25 = 62.7 

(c = 0.46, CHCl3, >99:1 dr); IR (Neat): νmax 2925, 2853, 1727, 1603, 

1479, 1386, 1288, 1221, 1195, 1138, 1019, 859, 751 and 704 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 7.25-7.17 (5H, m), 4.60 (2H, s), 4.35-4.28 

(1H, m), 4.25-4.19 (1H, m), 4.01 (3H, s, OCH3), 3.86-3.81 (2H, m), 3.17 (1H, d, J = 8.0 Hz), 

2.75 (1H, q, J = 8.0 Hz), 2.48 (1H, dd, J = 14.8, 6.4 Hz), 2.23 (1H, dd, J = 14.8, 8.0 Hz), 1.30 

(3H, t, J = 7.2 Hz), 0.86 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 195.6 (C, C=O), 

181.9 (C, O-C-OCH3), 167.9 (C, O-C=O), 166.9 (C, O-C=O), 135.1 (C), 128.7 (2 x CH), 128.0 

(2 x CH), 127.1 (CH), 91.9 (C), 75.0 (CH2),  61.7 (CH2), 61.0 (CH2), 56.2 (CH3, OCH3), 42.9 

(C), 36.9 (CH), 28.9 (CH), 17.9 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS (ESI-TOF) m/z: [M + 

H]+ Calcd for C21H24O7H 389.1600; Found 389.1600. 
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Diethyl (2R,3S)-2-((2,4-dimethoxy-1-methyl-6-oxo-1,6-dihydropyrimidin-5-yl)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (23fa): The compound was prepared following the 

procedure C and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a pale yellow solid; Mp 

74-76 C; Yield: 52% (23.11 mg); [α]D
25 = 60.4 (c = 0.6, CHCl3, >99:1 

dr); IR (Neat): νmax 2983, 2951, 2863, 1725, 1669, 1608, 1550, 1459, 

1412, 1377, 1292, 1217, 1110, 1029, 917, 859, 787, 741 and 700 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 7.22-7.14 (5H, m), 4.39-4.31 (1H, m), 4.29-

4.21 (1H, m), 4.02 (3H, s, OCH3), 3.91 (3H, s, OCH3), 3.85-3.78 (2H, m), 3.39 (3H, s, NCH3), 

2.81 (1H, d, J = 7.6 Hz), 2.85-2.79 (2H, m), 2.55-2.49 (1H, m), 1.32 (3H, t, J = 7.2 Hz), 0.84 

(3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 168.1 (C, O-C=O), 167.2 (C, O-C=O), 

165.0 (C, N-C-OCH3), 164.0 ( C, N-C=O), 155.2 (C, N-C-N), 135.7 (C), 128.8 (2 x CH), 127.9 

(2 x CH), 126.8 (CH), 95.6 (C), 61.5 (CH2), 60.9 (CH2), 55.4 (CH3, OCH3), 53.9 (CH3, OCH3), 

43.0 (C), 36.8 (CH), 29.6 (CH3, NCH3), 28.0 (CH), 21.1 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS 

(ESI-TOF) m/z: [M + H]+ Calcd for C23H28N2O7H 445.1975; Found 445.1968. 

Diethyl (2R,3S)-2-((6-methoxy-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-

yl)methyl)-3-phenylcyclopropane-1,1-dicarboxylate (23ga): The compound was prepared 

following the procedure C and purified by column chromatography using 

EtOAc/hexanes (4:6) and isolated as a white solid; Mp: 76-78 C; Yield: 

62% (27.56 mg); [α]D
25 = 55.2 (c = 0.48, CHCl3, >99:1 dr); IR (Neat): 

νmax 2981, 2925, 1713, 1650, 1458, 1366, 1291, 1221, 1114, 1028, 980, 

862, 747 and 698 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.24-7.15 (5H, 

m), 4.39-4.32 (1H, m), 4.25-4.19 (1H, m), 3.89 (3H, s, OCH3), 3.86-3.77 

(2H, m), 3.365 (3H, s, NCH3), 3.364 (3H, s, NCH3), 3.23 (1H, d, J = 8.0 Hz), 2.90-2.86 (1H, m), 

2.73 (1H, dd, J = 14.5, 6.5 Hz), 2.57 (1H, dd, J = 14.5, 6.5 Hz), 1.31 (3H, t, J = 7.0 Hz), 0.85 

(3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 168.1 (C, O-C=O), 166.8 (C, O-C=O), 

164.0 (C, N-C=O), 159.1 ( C, N-C-OCH3), 151.4 (C, N-C-N), 135.0 (C), 128.7 (2 x CH), 128.0 

(2 x CH), 127.1 (CH), 99.5 (C), 62.2 (CH3, OCH3), 61.7 (CH2), 61.0 (CH2), 43.2 (C), 36.7 (CH), 

29.6 (CH3, NCH3), 29.5  (CH3, NCH3), 28.4 (CH), 21.6 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS 

(ESI-TOF) m/z: [M + Na]+ Calcd for C23H28N2O7Na 467.1794; Found 467.1788. 
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Diethyl (2R,3S)-2-((2-methoxy-6-oxocyclohex-1-en-1-yl)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (23ha): The compound was prepared following the 

procedure C and purified by column chromatography using 

EtOAc/hexanes (3:7) and isolated as a colorless liquid; Yield: 79% (31.64 

mg); [α]D
25 = 62.8 (c = 0.37, CHCl3, >99:1 dr); IR (Neat): νmax 2977, 

2931, 2853, 1724, 1645, 1611, 1497, 1459, 1370, 1289, 1234, 1189, 

1103, 1038, 861, 744 and 698 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.24-7.17 (3H, m), 7.16-7.13 

(2H, m), 4.37-4.29 (1H, m), 4.28-4.20 (1H, m), 3.86-3.81 (2H, m), 3.80 (3H, s, OCH3), 3.21 (1H, 

d, J = 8.0 Hz), 2.69 (1H, dd, J = 13.2, 5.6 Hz), 2.64-2.58 (3H, m), 2.40-2.32 (3H, m), 2.02 (2H, 

quintet, J = 6.4 Hz), 1.32 (3H, t, J = 7.2 Hz), 0.86 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-

135) δ 197.7 (C, C=O), 172.9 (C, C-C-OCH3), 168.2 (C, O-C=O), 167.3 (C, O-C=O), 135.9 (C), 

128.8 (2 x CH), 127.9 (2 x CH), 126.8 (CH), 117.5 (C), 61.4 (CH2), 60.9 (CH2), 55.3 (CH3, 

OCH3), 42.9 (C), 36.8 (CH), 36.3 (CH2), 29.9 (CH), 24.9 (CH2), 20.9 (CH2), 20.1 (CH2), 14.2 

(CH3), 13.7 (CH3); HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C23H28O6Na 423.1784; Found 

423.1779. 

Diethyl (2R,3S)-2-((2-methoxy-4,4-dimethyl-6-oxocyclohex-1-en-1-yl)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (23ia): The compound was prepared following the 

procedure C and purified by column chromatography using EtOAc/hexanes 

(1.5:8.5 to 3:7) and isolated as a pale yellow liquid; Yield: 98% (42.0 mg); 

[α]D
25 = 53.6 (c = 0.49, CHCl3, >99:1 dr); IR (Neat): νmax 2958, 2925, 

2863, 1723, 1648, 1617, 1461, 1370, 1293, 1234, 1157, 1102, 1068, 1025, 

870, 743 and 700 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.21-7.11 (5H, m), 

4.36-4.26 (1H, m), 4.24-4.18 (1H, m), 3.84-3.76 (2H, m), 3.76 (3H, s, OCH3), 3.20 (1H, d, J = 

8.0 Hz), 2.69-2.59 (2H, m), 2.42 (2H, s), 2.33 (1H, dd, J = 12.0, 8.0 Hz), 2.24 (2H, s), 1.30 (3H, 

t, J = 8.0 Hz), 1.08 (6H, s, 2 x CH3), 0.83 (3H, t, J = 8.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 

197.4 (C, C=O), 171.0 (C, C-C-OCH3), 168.1 (C, O-C=O), 167.2 (C, O-C=O), 135.8 (C), 128.7 

(2 x CH), 127.9 (2 x CH), 126.8 (CH), 116.3 (C), 61.4 (CH2), 60.8 (CH2), 55.2 (CH3, OCH3), 

50.2 (CH2), 43.0 (C), 38.8 (CH2), 36.8 (CH), 32.0 (C), 29.8 (CH), 28.53 (CH3), 28.50 (CH3), 

19.9 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C25H32O6H 

429.2277; Found 429.2273. 
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Diethyl (2R,3S)-2-((2-methoxy-5-oxocyclopent-1-en-1-yl)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (23ja): The compound was prepared following the procedure C and purified by 

column chromatography using EtOAc/hexanes (4:6) and isolated as a pale 

yellow liquid; Yield: 97% (37.48 mg); [α]D
25 = 59.7 (c = 0.78, CHCl3, 

>99:1 dr); IR (Neat): νmax 2977, 2920, 2858, 1722, 1680, 1629, 1458, 1365, 

1293, 1221, 1190, 1097, 895, 859, 782, 740 and 704 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.23-7.20 (2H, m), 7.18-7.15 (3H, m), 4.33-4.28 (1H, 

m), 4.24-4.19 (1H, m), 3.89 (3H, s, OCH3), 3.84-3.79 (2H, m), 3.16 (1H, d, J = 8.0 Hz), 2.77-

2.72 (1H, m), 2.69-2.67 (2H, m), 2.51-2.45 (3H, m), 2.25 (1H, dd, J = 14.5, 8.5 Hz), 1.30 (3H, t, 

J = 7.0 Hz), 0.85 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 203.9 (C, C=O), 185.3 (C, 

C-C-OCH3), 167.9 (C, O-C=O), 167.0 (C, O-C=O), 135.4 (C), 128.7 (2 x CH), 127.9 (2 x CH), 

126.9 (CH), 118.4 (C), 61.5 (CH2), 60.9 (CH2), 56.4  (CH3, OCH3), 43.0 (C), 36.9 (CH), 33.4 

(CH2), 28.6 (CH), 24.5 (CH2), 19.6 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS (ESI-TOF) m/z: [M + 

Na]+ Calcd for C22H26O6Na 409.1627; Found 409.1628. 

Diethyl  (2R,3S)-2-((2-methoxy-5-oxocyclopent-1-en-1-yl)methyl)-3-(4-

methoxyphenyl)cyclopropane-1,1-dicarboxylate (23jc): The compound was prepared 

following the procedure C and purified by column chromatography 

using EtOAc/hexanes (4:6) and isolated as a pale yellow liquid; 

Yield: 72% (29.98 mg); [α]D
25 = 71.5° (c = 0.14, MeOH, >99:1 

dr); IR (Neat): νmax 2984, 2935, 2838, 1719, 1686, 1624, 1515, 

1462, 1362, 1286, 1246, 1222, 1173, 1115, 1095, 1029, 838, 750, 

665, 572 and 548 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.08 (2H, d, J = 8.0 Hz), 6.76 (2H, d, J = 

8.5 Hz), 4.34-4.28 (1H, m), 4.23-4.17 (1H, m), 3.90 (3H, s, OCH3), 3.87-3.80 (2H, m), 3.75 (3H, 

s, OCH3), 3.10 (1H, d, J = 8.5 Hz), 2.72-2.69 (3H, m), 2.50-2.46 (3H, m), 2.25 (1H, dd, J = 14.5, 

8.0 Hz), 1.29 (3H, t, J = 7.0 Hz), 0.91 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 203.9 

(C, C=O), 185.3 (C, C=C-OCH3), 168.0 (C, O-C=O), 167.0 (C, O-C=O), 158.5 (C), 129.7 (2 x 

CH), 127.3 (C), 118.4 (C), 113.3 (2 x CH), 61.4 (CH2), 60.8 (CH2), 56.3 (CH3, OCH3), 55.1 

(CH3, OCH3), 42.8 (C), 36.3 (CH), 33.4 (CH2), 28.7 (CH), 24.4 (CH2), 19.5 (CH2), 14.1 (CH3), 

13.7 (CH3); LCMS m/z 417.35 (M + H+), Calcd for C23H28O7H 417.1913; Anal. Calcd for 

C23H28O7: C, 66.33; H, 6.78. Found: C, 66.25; H, 6.72. 
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Diethyl (2R,3S)-2-((3-methoxy-1-oxo-1H-inden-2-yl)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (23ka): The compound was prepared following the procedure C and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated 

as a yellow liquid; Yield: 80% (34.76 mg); [α]D
25 = 92.4 (c = 0.25, 

CHCl3, >99:1 dr); IR (Neat): νmax 2977, 2930, 1727, 1629, 1587, 1500, 

1443, 1381, 1334, 1293, 1221, 1190, 1102, 1076, 1024, 973, 932, 864, 777, 

798 and 694 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.41 (1H, d, J = 7.0 Hz), 

7.33 (1H, dt, J = 7.0, 1.0 Hz), 7.25-7.14 (7H, m), 4.37-4.31 (1H, m), 4.27 

(3H, s, OCH3), 4.26-4.21 (1H, m), 3.88-3.78 (2H, m), 3.27 (1H, d, J = 7.5 Hz), 2.87-2.79 (2H, 

m), 2.59-2.52 (1H, m), 1.30 (3H, t, J = 7.5 Hz), 0.86 (3H, t, J = 7.5 Hz); 13C NMR (CDCl3, 

DEPT-135) δ 195.5 (C, C=O), 172.1 (C, C-C-OCH3), 168.1 (C, O-C=O), 166.7 (C, O-C=O), 

140.6 (C), 135.0 (C), 132.3 (CH), 132.1 (C), 129.4 (CH), 128.7 (2 x CH), 128.0 (2 x CH), 127.1 

(CH), 120.9 (CH), 118.8 (CH), 108.6 (C), 61.7 (CH2), 61.1 (CH2), 59.2 (CH3, OCH3), 43.3 (C), 

37.1 (CH), 30.3 (CH), 20.3 (CH2), 14.2 (CH3), 13.7 (CH3); HRMS (ESI-TOF) m/z: [M + Na]+ 

Calcd for C26H26O6Na 457.1627; Found 457.1629. 

Diethyl (2R,3S)-2-((2-methoxy-6-oxocyclohex-1-en-1-yl)methyl)-3-(p-tolyl)cyclopropane-

1,1-dicarboxylate (23hb): The compound was prepared following the procedure C and purified 

by column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) 

and isolated as a colorless liquid; Yield: 88% (36.47 mg); [α]D
25 = 

74.3 (c = 0.23, CHCl3, >99:1 dr); IR (Neat): νmax 2982, 2949, 

1718, 1641, 1610, 1461, 1368, 1286, 1226, 1187, 1093, 1042, 748 

and 665 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.01 (4H, s), 4.36-4.28 

(1H, m), 4.26-4.18 (1H, m), 3.90-3.79 (2H, m), 3.78 (3H, s, OCH3), 3.15 (1H, d, J = 8.0 Hz), 

2.67 (1H, dd,  J = 13.2, 5.2 Hz), 2.56-2.54 (3H, m), 2.38-2.30 (3H, m), 2.27 (3H, s, ArCH3), 2.00 

(2H, quintet, J = 6.4 Hz), 1.31 (3H, t, J = 7.2 Hz), 0.89 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, 

DEPT-135) δ 197.6 (C, C=O), 172.9 (C, C-C-OCH3), 168.2 (C, O-C=O), 167.3 (C, O-C=O), 

136.3 (C), 132.7 (C), 128.6 (2 x CH), 128.5 (2 x CH), 117.5 (C), 61.3 (CH2), 60.8 (CH2), 55.2 

(CH3, OCH3), 42.8 (C), 36.5 (CH), 36.2 (CH2), 29.9 (CH), 24.8 (CH2), 21.0 (CH3), 20.8 (CH2), 

20.0 (CH2), 14.2 (CH3), 13.7 (CH3); LCMS m/z 415.25 (M + H+), Calcd for C24H30O6H 

415.2121; Anal. Calcd for C24H30O6: C, 69.54; H, 7.30. Found: C, 69.45; H, 7.32. 
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Diethyl (2R,3S)-2-((2-methoxy-6-oxocyclohex-1-en-1-yl)methyl)-3-(4-

methoxyphenyl)cyclopropane-1,1-dicarboxylate (23hc): The compound was prepared 

following the procedure C and purified by column chromatography 

using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless 

liquid; Yield: 84% (36.16 mg); [α]D
25 = 77.1 (c = 0.10, MeOH, 

>99:1 dr); IR (Neat): νmax 2978, 2949, 1720, 1644, 1610, 1515, 

1462, 1368, 1285, 1242, 1172, 1115, 1032, 846 and 752 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 7.05 (2H, d, J = 8.4 Hz), 6.75 (2H, d, J = 8. 4 Hz), 4.36-4.28 (1H, 

m), 4.26-4.18 (1H, m), 3.90-3.81 (2H, m), 3.79 (3H, s, OCH3), 3.75 (3H, s, OCH3), 3.14 (1H, d, 

J = 8.0 Hz), 2.66 (1H, dd, J = 13.2, 5.2 Hz), 2.60-2.53 (3H, m), 2.39-2.30 (3H, m), 2.00 (2H, 

quintet, J = 6.4 Hz), 1.31 (3H, t, J = 7.2 Hz), 0.91 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-

135) δ 197.7 (C, C=O), 172.9 (C, C-C-OCH3), 168.2 (C, O-C=O), 167.3 (C, O-C=O), 158.4 (C), 

129.7 (2 x CH), 127.8 (C), 117.5 (C), 113.3 (2 x CH), 61.3 (CH2), 60.8 (CH2), 55.2 (CH3, 

OCH3), 55.1 (CH3, OCH3), 42.8 (C), 36.23 (CH), 36.22 (CH2), 30.0 (CH), 24.8 (CH2), 20.8 

(CH2), 20.0 (CH2), 14.2 (CH3), 13.8 (CH3); LCMS m/z 431.10 (M + H+), Calcd for C24H30O7H 

431.2070; Anal. Calcd for C24H30O7: C, 66.96; H, 7.02. Found: C, 66.85; H, 7.08. 

Diethyl (2S,3R)-2-(4-bromophenyl)-3-((2-methoxy-6-oxocyclohex-1-en-1-

yl)methyl)cyclopropane-1,1-dicarboxylate (23hd): The compound was prepared following the 

procedure C and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; 

Yield: 76% (36.43 mg); [α]D
25 = 79.2 (c = 0.18, MeOH, >99:1 dr); 

IR (Neat): νmax 2979, 2947, 1719, 1644, 1610, 1367, 1286, 1223, 

1186, 1072, 1010, 846 and 753 cm-1; 1H NMR (CDCl3, 400 MHz): δ 

7.33 (2H, d, J = 8.4 Hz), 7.01 (2H, d, J = 8.4 Hz), 4.37-4.29 (1H, m), 4.26-4.18 (1H, m), 3.91-

3.81 (2H, m), 3.79 (3H, s, OCH3), 3.13 (1H, d, J = 8.0 Hz), 2.67 (1H, dd, J = 13.2, 5.2 Hz), 2.60 

(2H, t, J = 6.0 Hz), 2.57-2.51 (1H, m), 2.38-2.28 (3H, m), 2.00 (2H, quintet, J = 6.4 Hz), 1.31 

(3H, t, J = 7.2 Hz), 0.92 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 197.5 (C, C=O), 

172.8 (C, C-C-OCH3), 167.7 (C, O-C=O), 167.0 (C, O-C=O), 134.9 (C), 130.9 (2 x CH), 130.4 

(2 x CH), 120.7 (C), 117.2 (C), 61.4 (CH2), 60.9 (CH2), 55.2 (CH3, OCH3), 42.9 (C), 36.2 (CH2), 

36.1 (CH), 29.9 (CH), 24.8 (CH2), 20.7 (CH2), 20.0 (CH2), 14.1 (CH3), 13.7 (CH3); LCMS m/z 



  

 

Experimental Section 

Page | 146  

 

479.25 (M + H+), Calcd for C23H27BrO6H 479.1069; Anal. Calcd for C23H27BrO6: C, 57.63; H, 

5.68. Found: C, 57.48; H, 5.62. 

Diethyl (2R,3S)-2-((2-methoxy-6-oxocyclohex-1-en-1-yl)methyl)-3-(4-

nitrophenyl)cyclopropane-1,1-dicarboxylate (23he): The compound was prepared following 

the procedure C and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a pale yellow liquid; 

Yield: 78% (34.75 mg); [α]D
25 = 83.7 (c = 0.12, CHCl3, >99:1 

dr); IR (Neat): νmax 2981, 2927, 2854, 1720, 1643, 1602, 1518, 

1462, 1368, 1345, 1286, 1225, 1188, 1107, 1040, 853, 745 and 697 

cm-1; 1H NMR (CDCl3, 400 MHz): δ 8.10 (2H, d, J = 8.8 Hz), 7.31 (2H, d, J = 8.8 Hz), 4.38-4.32 

(1H, m), 4.29-4.23 (1H, m), 3.94-3.84 (2H, m), 3.83 (3H, s, OCH3), 3.26 (1H, d, J = 8.0 Hz), 

2.74-2.69 (1H, m), 2.64-2.59 (3H, m), 2.40-2.31 (3H, m), 2.03 (2H, quintet, J = 6.4 Hz), 1.33 

(3H, t, J = 7.2 Hz), 0.94 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 197.7 (C, C=O), 

173.1 (C, C-C-OCH3), 167.4 (C, O-C=O), 166.8 (C, O-C=O), 146.8 (C), 143.9 (C), 129.6 (2 x 

CH), 123.2 (2 x CH), 117.0  (C), 61.8 (CH2), 61.3 (CH2), 55.3 (CH3, OCH3), 43.6 (C), 36.29 

(CH2), 36.26 (CH), 30.4 (CH), 24.9 (CH2), 20.8 (CH2), 20.2 (CH2), 14.2 (CH3), 13.9 (CH3); 

LCMS m/z 446.35 (M + H+), Calcd for C23H27 NO8H 446.1815; Anal. Calcd for C23H27NO8: C, 

62.01; H, 6.11; N, 3.14. Found: C, 62.12; H, 6.09; N, 3.18.  

Diethyl (2R,3S)-2-((2-methoxy-6-oxocyclohex-1-en-1-yl)methyl)-3-(3-

nitrophenyl)cyclopropane-1,1-dicarboxylate (23hf): The compound was prepared following 

the procedure C and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; 

Yield: 73% (32.52 mg); [α]D
25 = 68.5 (c = 0.10, CHCl3, 86% ee 

and >99:1 dr); IR (Neat): νmax 2981, 2927, 2852, 1720, 1643, 1610, 

1523, 1462, 1368, 1347, 1288, 1229, 1189, 1097, 1042, 920, 861, 

804, 747, 686 and 667 cm-1; 1H NMR (CDCl3, 500 MHz): δ 8.05 (1H, d, J = 8.0 Hz), 7.99 (1H, 

s), 7.49 (1H, d, J = 7.5 Hz), 7.41 (1H, t, J = 8.0 Hz), 4.40-4.33 (1H, m), 4.29-4.23 (1H, m), 3.94-

3.86 (2H, m), 3.85 (3H, s, OCH3), 3.27 (1H, d, J = 8.0 Hz), 2.73 (1H, dd, J = 13.0, 5.0 Hz), 2.65 

(2H, t, J = 6.5 Hz), 2.58-2.54 (1H, m), 2.40-2.30 (3H, m), 2.05 (2H, quintet, J = 6.4 Hz), 1.34 

(3H, t, J = 7.0 Hz), 0.96 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 197.6 (C, C=O), 

173.1 (C, C-C-OCH3), 167.5 (C, O-C=O), 166.9 (C, O-C=O), 148.0 (C), 138.4 (C), 135.1 (CH), 
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128.9 (CH), 123.9 (CH), 122.0 (CH), 117.1 (C), 61.7 (CH2), 61.3 (CH2), 55.3 (CH3, OCH3), 42.9 

(C), 36.3 (CH2), 36.0 (CH), 30.4 (CH), 24.9 (CH2), 20.8 (CH2), 20.2 (CH2), 14.2 (CH3), 13.9 

(CH3); LCMS m/z 446.40 (M + H+), Calcd for C23H27NO8H 446.1815; Anal. Calcd for 

C23H27NO8: C, 62.01; H, 6.11; N, 3.14. Found: C, 62.09; H, 6.15; N, 3.10. 

(2R,3R)-Diethyl 2-((2-methoxy-6-oxocyclohex-1-en-1-yl)methyl)-3-propylcyclopropane-1,1-

dicarboxylate (23hh): The compound was prepared following the procedure C and purified by 

column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and 

isolated as oil colour liquid; Yield: 85% (31.15 mg) ; [α]D
25 = 23.7 (c = 

0.06, CHCl3, >95% de); IR (Neat): νmax 2957, 2925, 2852, 1720, 1644, 

1614, 1462, 1368, 1292, 1241, 1202, 1166, 1123, 1077, 1042, 917, 863 

and 753 cm-1; 1H NMR (CDCl3, 500 MHz): δ 4.30-4.20 (2H, m), 4.19-

4.09 (2H, m), 3.81 (3H, s, OCH3), 2.57 (2H, t, J = 6.0 Hz), 2.52 (1H, dd, J = 13.5, 5.0 Hz), 2.34 

(2H, t, J = 6.5 Hz), 2.12 (1H, dd, J = 18.0, 9.0 Hz), 1.99 (2H, quintet, J = 6.5 Hz), 1.89 (1H, br q, 

J = 7.0 Hz), 1.83-1.77 (1H, m), 1.41-1.35 (1H, m), 1.33-1.26 (2H, m), 1.27 (3H, t, J = 7.0 Hz), 

1.24 (3H, t, J = 7.0 Hz), 1.13-1.04 (1H, m), 0.86 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-

135) δ 197.4 (C, C=O), 172.3 (C, C=C-OCH3), 168.9 (C, O-C=O), 168.8 (C, O-C=O), 117.9 (C), 

61.0 (CH2), 60.9 (CH2), 55.1 (CH3, OCH3), 39.9 (C), 36.3 (CH2), 32.9 (CH), 32.1 (CH), 29.7 

(CH2), 24.8 (CH2), 22.1 (CH2), 20.8 (CH2), 20.4 (CH2), 14.2 (2 x CH3), 13.7 (CH3); LCMS m/z 

367.30 (M + H+), Calcd for C20H30O6H 367.2121; Anal. Calcd for C20H30O6: C, 65.55; H, 8.25. 

Found: C, 65.43; H, 8.31. 

Diethyl (2R,3R)-2-butyl-3-((2-methoxy-6-oxocyclohex-1-en-1-yl)methyl)cyclopropane-1,1-

dicarboxylate (23hi): The compound was prepared following the procedure C and purified by 

column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and 

isolated as a pale yellow liquid; Yield: 86% (32.72 mg); [α]D
25 = 

28.5 (c = 0.10, CHCl3, 98% ee and >99:1 dr); 1H NMR (CDCl3, 500 

MHz): δ 4.19-4.24 (1H, m), 4.23-4.18 (1H, m), 4.17-4.10 (2H, m), 

3.81 (3H, s, OCH3), 2.57 (2H, t, J = 6.0 Hz), 2.51 (1H, dd, J = 13.5, 

5.0 Hz), 2.34 (2H, t, J = 6.5 Hz), 2.11 (1H, dd, J = 13.5, 9.5 Hz), 1.99 (2H, quintet, J = 6.5 Hz), 

1.87 (1H, q, J = 8.0 Hz), 1.83-1.78 (1H, m), 1.43-1.36 (1H, m), 1.29-1.23 (10H, m), 1.15-1.09 

(1H, m), 0.85 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 197.5 (C, C=O), 172.4 (C, C-

C-OCH3), 168.9 (C, O-C=O), 168.8 (C, O-C=O), 117.9 (C), 61.1 (CH2), 61.0 (CH2), 55.1 (CH3, 
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OCH3), 39.9 (C), 36.3 (CH2), 33.0 (CH), 32.2 (CH), 31.2 (CH2), 27.2 (CH2), 24.9 (CH2), 22.2 

(CH2), 20.8 (CH2), 20.4 (CH2), 14.2 (2 x CH3), 14.1 (CH3); LCMS m/z 381.25 (M + H+), Calcd 

for C21H32O6H 381.2277; Anal. Calcd for C21H32O6: C, 66.29; H, 8.48. Found: C, 66.15; H, 8.52. 

Diethyl 2-((2R,3S)-5-oxo-2-phenyl-3,4,5,6,7,8-hexahydro-2H-chromen-3-yl)malonate 

(24ha):The compound was prepared following the procedure D or procedure E and purified by 

column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and 

isolated as a pale yellow liquid; Yield: 81% (31.3 mg, procedure D), 10% 

(3.86 mg, procedure E); [α]D
25 = 80.8 (c = 1.15, CHCl3, >99:1 dr); IR 

(Neat): νmax 2981, 2939, 1727, 1626, 1455, 1388, 1369, 1296, 1222, 

1175, 1133, 1093, 1027, 861, 751, 700, 649 and 546 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.40-7.34 (3H, m), 7.31-7.30 (2H, m), 5.16 (1H, d, J = 7.5 Hz), 4.21-4.07 

(4H, m), 3.27 (1H, d, J = 6.5 Hz), 2.78 (1H, quintet, J = 6.5 Hz), 2.53-2.45 (2H, m), 2.44-2.33 

(4H, m), 2.05-2.00 (2H, m), 1.24 (3H, t, J = 7.0 Hz), 1.23 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, 

DEPT-135) δ 197.6 (C, C=O), 170.3 (C, C-C-O), 168.1 (C, O-C=O), 167.7 (C, O-C=O), 138.1 

(C), 128.7 (2 x CH), 128.6 (CH), 126.6 (2 x CH), 110.7 (C, C=C-C), 80.3 (CH, C-CH-O), 61.6 

(CH2), 61.5 (CH2), 52.4 (CH), 37.4 (CH), 36.6 (CH2), 28.3 (CH2), 20.9 (CH2), 19.7 (CH2), 13.99 

(CH3), 13.96 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C22H26O6H 387.1808; Found 

387.1809. 

Diethyl 2-((2R,3S)-5-oxo-2-(p-tolyl)-3,4,5,6,7,8-hexahydro-2H-chromen-3-yl)malonate 

(24hb): The compound was prepared following the procedure D or procedure E and purified by 

column chromatography using EtOAc/hexanes (3:7) and isolated as a 

colorless liquid; Yield: 91% (36.44 mg, procedure D), 23% (9.21 mg, 

procedure E); [α]D
25 = 103.9 (c = 0.21, MeOH, >99:1 dr); IR (Neat): 

νmax 2982, 2938,  1727, 1624, 1517, 1447, 1389, 1296, 1222, 1178, 1089, 

1027, 817, 748, 667 and 624 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.12 

(4H, br s), 5.10 (1H, d, J = 7.6 Hz), 4.21-4.06 (4H, m), 3.26 (1H, d, J = 6.4 Hz), 2.78-2.71 (1H, 

m), 2.52-2.36 (6H, m), 2.35 (3H, s, ArCH3), 2.04-1.97 (2H, m), 1.23 (6H, t, J = 7.2 Hz); 13C 

NMR (CDCl3, DEPT-135) δ 197.6 (C, C=O), 170.4 (C, C-C-O), 168.1 (C, O-C=O), 167.6 (C, 

O-C=O), 138.5 (C), 134.8 (C), 129.3 (2 x CH), 126.6 (2 x CH), 110.6 (C, C=C-C), 80.3 (CH, C-

CH-O), 61.6 (CH2), 61.4 (CH2), 52.2 (CH), 37.4 (CH), 36.6 (CH2), 28.3 (CH2), 21.1 (CH3), 20.8 



  

 

Experimental Section 

Page | 149  

 

(CH2), 19.8 (CH2), 13.92 (CH3), 13.91 (CH3); LCMS m/z 401.35 (M + H+), Calcd for 

C23H28O6H 401.1964; Anal. Calcd for C23H28O6: C, 68.98; H, 7.05. Found: C, 68.92; H, 7.09. 

Diethyl 2-((2R,3S)-2-(4-methoxyphenyl)-5-oxo-3,4,5,6,7,8-hexahydro-2H-chromen-3-

yl)malonate (24hc): The compound was prepared following the procedure D or procedure E and 

purified by column chromatography using EtOAc/hexanes (2:8 to 3:7) 

and isolated as a colorless liquid; Yield: 94% (39.15 mg, procedure D), 

20% (8.33 mg, procedure E); [α]D
25 = 111.3 (c = 0.17, CHCl3, >99:1 

dr); IR (Neat): νmax 2982, 2937, 1726, 1623, 1514, 1389, 1296, 1245, 

1222, 1173, 1086, 1029, 830, 747, 665 and 624 cm-1; 1H NMR (CDCl3, 

500 MHz): δ 7.24 (2H, d, J = 8.5 Hz), 6.90 (2H, d, J = 8.5 Hz), 5.08 (1H, d, J = 8.0 Hz), 4.20-

4.06 (4H, m), 3.80 (3H, s, OCH3), 3.26 (1H, d, J = 5.5 Hz), 2.75-2.69 (1H, m), 2.49-2.45 (3H, 

m), 2.41-2.33 (3H, m), 2.03-1.96 (2H, m), 1.234 (3H, t, J = 7.0 Hz), 1.232 (3H, t, J = 7.0 Hz); 

13C NMR (CDCl3, DEPT-135) δ 197.6 (C, C=O), 170.5 (C, C-C-O), 168.0 (C, O-C=O), 167.6 

(C, O-C=O), 159.8 (C), 129.8 (C), 128.2 (2 x CH), 114.0 (2 x CH), 110.8 (C, C=C-C), 80.3 (CH, 

C-CH-O), 61.5 (CH2), 61.4 (CH2), 55.2 (CH3), 52.3 (CH), 37.6 (CH), 36.6 (CH2), 28.3 (CH2), 

20.8 (CH2), 20.1 (CH2), 13.9 (2 x CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C23H28O7H 

417.1913; Found 417.1912.     

Diethyl 2-((2R,3S)-2-(4-bromophenyl)-5-oxo-3,4,5,6,7,8-hexahydro-2H-chromen-3-

yl)malonate (24hd): The compound was prepared following the procedure D or procedure E 

and purified by column chromatography using EtOAc/hexanes (2:8 to 

3:7) and isolated as a colorless liquid; Yield: 83% (38.62 mg, procedure 

D), 18% (8.38 mg, procedure E); [α]D
25 = 105.1 (c = 0.17, CHCl3, 

>99:1 dr); IR (Neat): νmax 2982, 2929, 1727, 1626, 1488, 1387, 1298, 

1219, 1175, 1072, 1009, 818, 748, 665 and 548 cm-1; 1H NMR (CDCl3, 

400 MHz): δ 7.51 (2H, d, J = 8.4 Hz), 7.20 (2H, d, J = 8.4 Hz), 5.14 (1H, d, J = 7.2 Hz), 4.23-

4.06 (4H, m), 3.26 (1H, d, J = 6.8 Hz), 2.76-2.69 (1H, m), 2.49-2.46 (2H, m), 2.44-2.29 (4H, m), 

2.05-1.98 (2H, m), 1.25 (3H, t, J = 6.8 Hz), 1.23 (3H, t, J = 6.8 Hz); 13C NMR (CDCl3, DEPT-

135) δ 197.6 (C,  C=O), 170.1 (C, C-C-O), 168.0 (C, O-C=O), 167.6 (C, O-C=O), 137.1 (C), 

131.8 (2 x CH), 128.5 (2 x CH), 122.7 (C), 110.7 (C, C=C-C), 79.7 (CH, C-CH-O), 61.8 (CH2), 

61.7 (CH2), 52.3 (CH), 37.4 (CH), 36.6 (CH2), 28.3 (CH2), 20.8 (CH2), 19.9 (CH2), 14.0 (CH3), 
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13.97 (CH3); LCMS m/z 463.05 (M - H+), Calcd for C22H24BrO6 463.0762; Anal. Calcd for 

C22H25BrO6: C, 56.78; H, 5.42. Found: C, 56.65; H, 5.46. 

Diethyl 2-((2R,3S)-2-(4-nitrophenyl)-5-oxo-3,4,5,6,7,8-hexahydro-2H-chromen-3-

yl)malonate (24he): The compound was prepared following the procedure D or procedure E and 

purified by column chromatography using EtOAc/hexanes (2:8 to 3:7) 

and isolated as a pale yellow liquid; Yield: 25% (10.79 mg, procedure 

D), 11% (4.74 mg, procedure E); [α]D
25 = 105.2 (c = 0.13, CHCl3, 

>99:1 dr); IR (Neat): νmax 3020, 2928, 2855, 1727, 1628, 1525, 1389, 

1349, 1215, 1186, 1090, 1027, 851,  745 and 667 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 8.24 (2H, d, J = 8.5 Hz), 7.51 (2H, d, J = 8.5 Hz), 5.34 (1H, d, J = 6.5 Hz), 

4.25-4.19 (1H, m), 4.18-4.06 (3H, m), 3.30 (1H, d, J = 7.0 Hz), 2.82 (1H, quintet, J = 6.5 Hz), 

2.57-2.48 (2H, m), 2.46-2.37 (2H, m), 2.34-2.28 (2H, m), 2.07-2.02 (2H, m), 1.26 (3H, t, J = 7.0 

Hz), 1.24 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 197.3 (C, C=O), 169.5 (C, C-C-

O), 167.9 (C, O-C=O), 167.5 (C, O-C=O), 147.9 (C), 145.5 (C), 127.5 (2 x CH), 123.8 (2 x CH), 

110.7 (C, C=C-C), 78.9 (CH, C-CH-O), 61.9 (CH2), 61.87 (CH2), 52.3 (CH), 37.2 (CH), 36.5 

(CH2), 28.1 (CH2), 20.8 (CH2), 19.4 (CH2), 14.0 (CH3), 13.9 (CH3); LCMS m/z 432.05 (M + 

H+), Calcd for C22H25NO8H 432.1658; Anal. Calcd for C22H25NO8: C, 61.25; H, 5.84; N, 3.25. 

Found: C, 61.32; H, 5.81; N, 3.28. 

Diethyl 2-((2R,3S)-2-(3-nitrophenyl)-5-oxo-3,4,5,6,7,8-hexahydro-2H-chromen-3-

yl)malonate (24hf): The compound was prepared following the procedure D or procedure E and 

purified by column chromatography using EtOAc/hexanes (2:8 to 3:7) 

and isolated as a colorless liquid; Yield: 42% (18.12 mg, procedure 

D), 31% (13.37 mg, procedure E); The enantiomeric excess (ee) was 

determined by chiral stationary phase HPLC using a Daicel Chiralcel 

AD-H column (hexane/2-propanol = 90:10, flow rate 1 mL/min, λ = 

254 nm), tR = 23.49 min (major), tR = 46.73 min (minor); [α]D
25 = 66.2 (c = 0.07, CHCl3, 86% 

ee and >99:1 dr); IR (Neat): νmax 2981, 2941, 2872, 1726, 1627, 1530, 1447, 1388, 1349, 1296, 

1222, 1175, 1095, 1024, 860, 810, 754, 691 and 642 cm-1; 1H NMR (CDCl3, 500 MHz): δ 8.22 

(1H, br d, J = 8.0 Hz), 8.19 (1H, br s), 7.70 (1H, br d, J = 8.0 Hz), 7.58 (1H, t, J = 8.0 Hz), 5.32 

(1H, d, J = 7.0 Hz), 4.23-4.18 (1H, m), 4.17-4.12 (1H, m), 4.08 (2H, q, J = 7.0 Hz), 3.29 (1H, d, 

J = 6.5 Hz), 2.81 (1H, quintet, J = 7.0 Hz), 2.58-2.46 (2H, m), 2.42 (2H, q, J = 6.5 Hz), 2.34 (2H, 
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d, J = 6.5 Hz), 2.05 (2H, quintet, J = 6.0 Hz), 1.26 (3H, t, J = 7.5 Hz), 1.22 (3H, t, J = 7.5 Hz); 

13C NMR (CDCl3, DEPT-135) δ 197.5 (C, C=O), 169.6 (C, C=C-O), 167.8 (C, O-C=O), 167.4 

(C, O-C=O), 148.3 (C),  140.3 (C), 132.8 (CH), 129.7 (CH), 123.5 (CH), 121.7 (CH), 110.8 (C, 

C=C-C), 78.9 (CH, C-CH-O), 61.9 (CH2), 61.8 (CH2), 52.2 (CH), 37.3 (CH), 36.5 (CH2), 28.1 

(CH2), 20.7 (CH2), 19.7 (CH2), 13.94 (CH3), 13.86 (CH3); LCMS m/z 432.30 (M + H+), Calcd 

for C22H25NO8H 432.1658; Anal. Calcd for C22H25NO8: C, 61.25; H, 5.84; N, 3.25. Found: C, 

61.15; H, 5.89; N, 3.18. 

Diethyl 2-((2R,3S)-2-(2-nitrophenyl)-5-oxo-3,4,5,6,7,8-hexahydro-2H-chromen-3-

yl)malonate (24hg): The title compound was prepared following the procedure D or procedure 

E and purified by column chromatography using EtOAc/hexanes (2:8 to 

3:7) and isolated as a pale yellow liquid; Yield: 36% (15.53 mg, procedure 

D), 12% (5.18 mg, procedure E); [α]D
25 = 13.7 (c = 0.14, CHCl3, >99:1 

dr); IR (Neat): νmax 3020, 2928, 1727, 1627, 1533, 1391, 1215, 1186, 

1093, 1024, 745 and 667 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.90 (1H, 

dd, J = 8.0, 0.8 Hz), 7.66-7.62 (1H, m), 7.55-7.50 (2H, m), 5.76 (1H, d, J = 8.0 Hz), 4.13-4.02 

(4H, m), 3.33 (1H, d, J = 6.4 Hz), 2.96-2.89 (1H, m), 2.53-2.33 (6H, m), 2.05-1.98 (2H, m), 1.22 

(3H, t, J = 8.0 Hz), 1.21 (3H, t, J = 8.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 197.6 (C, C=O), 

170.1 (C, C=C-O), 167.63 (C, O-C=O),  167.28 (C, O-C=O), 149.1 (C), 133.0 (CH), 132.3 (C), 

129.7 (CH), 129.4 (CH), 124.8 (CH), 110.8 (C, C=C-C), 75.8 (CH, C-CH-O), 61.85 (CH2), 

61.81 (CH2), 52.6 (CH), 36.9 (CH), 36.6 (CH2), 28.0 (CH2), 20.8 (CH2), 20.6 (CH2), 13.93 

(CH3), 13.91 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C22H25NO8H 432.1658; Found 

432.1658. 

Diethyl 2-((2R,3S)-7,7-dimethyl-5-oxo-2-phenyl-3,4,5,6,7,8-hexahydro-2H-chromen-3-

yl)malonate (24ia): The compound was prepared following the procedure D and purified by 

column chromatography using EtOAc/hexanes (2:8 to 3:7) and 

isolated as a colorless liquid; Yield: 90% (37.3 mg); [α]D
25 = 49.9 

(c = 1.17, CHCl3, >99:1 dr); IR (Neat): νmax 2958, 2871, 1729, 1630, 

1448, 1389, 1368, 1291, 1221, 1163, 1125, 1093, 1027, 987, 906, 

861, 751, 698, 658 and 561 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.38-7.32 (3H, m), 7.30-7.27 

(2H, m), 5.22 (1H, d, J = 6.4 Hz), 4.24-4.06 (4H, m), 3.29 (1H, d, J = 7.6 Hz), 2.83 (1H, quintet, 

J = 6.4 Hz), 2.43-2.35 (2H, m), 2.33-2.23 (4H, m), 1.25 (3H, t, J = 7.2 Hz), 1.22 (3H,  t, J = 7.2 
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Hz), 1.11 (6H, s, 2 x CH3); 
13C NMR (CDCl3, DEPT-135) δ 197.3 (C, C=O), 168.5 (C, C=C-O), 

168.2 (C, O-C=O), 167.8 (C, O-C=O), 138.3 (C), 128.6 (2 x CH), 128.5 (CH), 126.2 (2 x CH), 

109.1 (C, C=C-C), 80.0 (CH, C-CH-O), 61.7 (CH2), 61.6 (CH2), 52.3 (CH), 50.5 (CH2), 42.0 

(CH2), 37.0 (CH), 32.2 (C), 28.5 (CH3), 28.3 (CH3), 18.7 (CH2), 14.02 (CH3), 13.96 (CH3); 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C24H30O6H 415.2121; Found 415.2121. 

Diethyl 2-((2R,3S)-5-oxo-2-phenyl-2,3,4,5,6,7-hexahydrocyclopenta[b]pyran-3-yl)malonate 

(24ja): The compound was prepared following the procedure D and purified by column 

chromatography using EtOAc/hexanes (2:8 to 3:7) and isolated as a 

colorless liquid; Yield: 94% (35.0 mg); [α]D
25 = 58.3 (c = 0.24, CHCl3, 

>99:1 dr); IR (Neat): νmax 2981, 2927, 1727, 1696, 1633, 1444, 1402, 

1369, 1289, 1223, 1173, 1029, 986, 943, 906, 750, 701 and 665 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 7.43-7.37 (3H, m), 7.31 (2H, d, J = 9.2 Hz), 5.33 (1H, d, J = 7.6 

Hz), 4.22-4.09 (4H, m), 3.23 (1H, d, J = 6.4 Hz), 2.81-2.74 (1H, m), 2.73-2.59 (2H, m), 2.51-

2.49 (2H, m), 2.42-2.30 (2H, m), 1.244 (3H, t, J = 7.2 Hz), 1.240 (3H, t, J = 7.2 Hz); 13C NMR 

(CDCl3, DEPT-135) δ 203.2 (C, C=O), 183.2 (C, C=C-O), 167.8 (C, O-C=O), 167.4 (C, O-

C=O), 137.2 (C), 128.9 (CH), 128.7 (2 x CH), 126.5 (2 x CH), 114.3 (C, C=C-C), 82.5 (CH, C-

CH-O), 61.7 (CH2), 61.5 (CH2), 51.9 (CH), 37.0 (CH), 33.5 (CH2), 26.1 (CH2), 18.6 (CH2), 13.9 

(2 x CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C21H24O6H 373.1651; Found 373.1652. 

Diethyl 2-((2R,3S)-2-(4-methoxyphenyl)-5-oxo-2,3,4,5,6,7-hexahydrocyclopenta[b]pyran-3-

yl)malonate (24jc): The compound was prepared following the procedure D and purified by 

column chromatography using EtOAc/hexanes (3:7) and isolated as a 

colorless liquid; Yield: 96% (38.63 mg); [α]D
25 = 47.8 (c = 0.05, 

CHCl3, >99:1 dr); IR (Neat): νmax 3017, 2927, 2853, 1727, 1633, 1515, 

1402, 1249, 1215, 1176, 1032, 744 and 667 cm-1; 1H NMR (CDCl3, 400 

MHz): δ 7.25 (2H, d, J = 8.8 Hz), 6.92 (2H, d, J = 8.8 Hz), 5.24 (1H, d, 

J = 8.0 Hz), 4.19-4.10 (4H, m), 3.82 (3H, s), 3.23 (1H, d, J = 5.6 Hz), 2.75-2.68 (1H, m), 2.65-

2.60 (2H, m), 2.50-2.47 (2H, m), 2.40 (2H, d, J = 7.2 Hz), 1.24 (3H, t, J = 7.2 Hz), 1.23 (3H, t, J 

= 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 203.4 (C, C=O), 183.6 (C, C=C-O), 168.0 (C, O-

C=O), 167.5 (C, O-C=O), 160.1 (C), 129.1 (C), 128.3 (2 x CH), 114.5 (C, C=C-C), 114.2 (2 x 

CH), 82.6 (CH, C-CH-O), 61.8 (CH2), 61.6 (CH2), 55.3 (CH3, OCH3), 52.0 (CH), 37.3 (CH), 
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33.7 (CH2), 26.3 (CH2), 19.1 (CH2), 14.0 (2 x CH3); LCMS m/z 403.30 (M + H+), Calcd for 

C22H26O7H 403.1757; Anal. Calcd for C22H26O7: C, 65.66; H, 6.51. Found: C, 65.52; H, 6.57. 

Diethyl 2-((2R,3S)-5,10-dioxo-2-phenyl-3,4,5,10-tetrahydro-2H-benzo[g]chromen-3-

yl)malonate (24la): The title compound was prepared following the procedure D and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and 

isolated as a deep yellow liquid; Yield: 60% (26.91 mg); [α]D
25 = 

86.8 (c = 0.08, CHCl3, >99:1 dr); IR (Neat): νmax 3020, 2925, 

1727, 1679, 1650, 1626, 1596, 1458, 1385, 1302, 1215, 1092, 1029, 

1001, 748, 700 and 667 cm-1; 1H NMR (CDCl3, 500 MHz): δ 8.14 

(1H, dd, J = 7.0, 2.0 Hz), 8.08 (1H, dd, J = 7.0, 2.0 Hz), 7.75-7.69 (2H, m), 7.39-7.32 (5H, m), 

5.46 (1H, d, J = 6.0 Hz), 4.26-4.11 (4H, m), 3.37 (1H, d, J = 7.5 Hz), 3.00 (1H, quintet, J = 6.5 

Hz), 2.75 (1H, dd, J = 19.0, 6.0 Hz), 2.62 (1H, dd, J = 19.0, 5.5 Hz), 1.27 (3H, t, J = 7.0 Hz), 

1.24  (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 183.6 (C, C=O), 179.1 (C, C=O), 

167.9 (C, O-C=O), 167.6 (C, O-C=O), 154.3 (C, C=C-O), 137.5 (C), 134.1 (CH), 133.2 (CH), 

132.0 (C), 131.1 (C), 128.9 (2 x CH), 128.7 (CH), 126.4 (CH), 126.2 (CH), 126.1 (2 x CH), 

120.6 (C, C=C-C), 80.2 (CH, C-CH-O), 61.9 (CH2), 61.8 (CH2), 52.0 (CH), 36.3 (CH), 19.7 

(CH2), 14.00 (CH3), 13.97 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C26H24O7H 

449.1600; Found 449.1598. 

Diethyl 2-((2R,3S)-7-methyl-5-oxo-2-phenyl-3,4-dihydro-2H,5H-pyrano[4,3-b]pyran-3-

yl)malonate (24ca): The compound was prepared following the procedure D and purified by 

column chromatography using EtOAc/hexanes (5:5 to 6:4) and 

isolated colorless liquid; Yield: 95% (38.04 mg); [α]D
25 = 32.1 (c = 

0.43, CHCl3, >99:1 dr); IR (Neat): νmax 2982, 2931, 1727, 1670, 

1631, 1590, 1425, 1371, 1298, 1243, 1189, 1143, 1102, 1022, 907, 

853, 750, 700, 664, 578 and 551 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.40-7.34 (5H, m), 6.03 

(1H, s, olefinic-H), 5.45 (1H, d, J = 7.5 Hz), 4.22-4.07 (4H, m), 3.31 (1H, d, J = 6.0 Hz), 2.90-

2.85 (1H, m), 2.69-2.60 (2H, m), 2.24 (3H, s), 1.25 (3H, t, J = 6.0 Hz), 1.23 (3H, t, J = 6.0 Hz); 

13C NMR (CDCl3, DEPT-135) δ 179.7 (C,  C=C-O), 167.7 (C, O-C=O), 167.3 (C, O-C=O), 

162.8 (C, O-C=O), 160.6 (C,  C=C-CH3), 136.3 (C), 129.1 (CH), 128.8 (2 x CH), 126.7 (2 x 

CH), 112.1 (CH), 98.0 (C, C=C-CO), 82.6 (CH, C-CH-O), 61.7 (CH2), 61.6 (CH2), 52.8 (CH), 
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37.4 (CH), 19.3 (CH2), 19.1 (CH3), 13.90 (CH3), 13.87 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ 

Calcd for C22H24O7H 401.1600; Found 401.1600. 

Diethyl 2-((2R,3S)-5-oxo-2-phenyl-2,3,4,5-tetrahydropyrano[3,2-c]chromen-3-yl)malonate 

(24daa): The compound was prepared following the procedure D and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a 

colorless liquid; Yield: 26% (11.35 mg); [α]D
25 = 19.2 (c = 0.28, 

CHCl3, >99:1 dr); IR (Neat): νmax 3020, 2927, 1721, 1704, 1636, 1494, 

1404, 1261, 1215, 1169, 1093, 1024, 801, 747, 700 and 667 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 7.80 (1H, dd, J = 8.0, 1.6 Hz), 7.56-7.52 (1H, m), 7.43-7.38 (3H, m), 

7.36-7.34 (3H, m), 7.29-7.25 (1H, m), 5.50 (1H, d, J = 6.8 Hz), 4.26-4.09 (4H, m), 3.37 (1H, d, J 

= 7.2 Hz), 3.04-2.97 (1H, m), 2.72 (1H, dd, J = 17.6, 7.2 Hz), 2.66 (1H, dd, J = 17.6, 5.6 Hz), 

1.26 (6H, 2 x CH3, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 167.9 (C, O-C=O), 167.6 (C, 

O-C=O), 162.5 (C, O-C=O), 159.2 (C,  C=C-O), 152.4 (C), 137.5 (C), 131.7 (CH), 128.8 (3 x 

CH), 126.3 (2 x CH), 123.9 (CH), 122.4 (CH), 116.6 (CH), 115.1 (C), 100.2 (C), 80.4 (CH, C-

CH-O), 61.9 (CH2), 61.8 (CH2), 52.1 (CH), 37.0 (CH), 20.8 (CH2), 13.97 (CH3), 13.95 (CH3); 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C25H24O7H 437.1600; Found 437.1602. 

Diethyl 2-((2R,3S)-5-oxo-2-phenyl-2,3,4,5-tetrahydropyrano[2,3-b]chromen-3-yl)malonate 

(24dab): The compound was prepared following the procedure D and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a 

pale yellow liquid; Yield: 36% (15.71 mg); [α]D
25 = 16.2 (c = 

0.29, CHCl3, >99:1 dr); IR (Neat): νmax 2982, 2929, 1727, 1621, 

1568, 1467, 1419, 1368, 1253, 1175, 1152, 1113, 1029, 992, 937, 

860, 753, 694, 665, 624 and 579 cm-1; 1H NMR (CDCl3, 500 MHz): δ 8.19 (1H, dd, J = 8.0, 1.5 

Hz), 7.62 (1H, dt, J = 8.0, 1.5 Hz), 7.44-7.37 (7H, m), 5.57 (1H, d, J = 7.5 Hz), 4.24-4.09 (4H, 

m), 3.37 (1H, d, J = 6.5 Hz), 2.99-2.94 (1H, m), 2.82-2.73 (2H, m), 1.26 (3H, t, J = 7.0 Hz), 1.24 

(3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 177.5 (C, C=O), 167.8 (C, O-C=O), 167.4 

(C, O-C=O), 162.8 (C, O-C-O), 153.2 (C), 136.5 (C), 132.9 (CH), 129.1 (CH), 128.9 (2 x CH), 

126.6 (2 x CH), 125.7 (CH), 125.0 (CH), 122.5 (C), 117.2 (CH), 95.6 (C), 82.9 (CH, C-CH-O), 

61.8 (CH2), 61.7 (CH2), 52.0 (CH), 37.4 (CH), 19.6 (CH2), 13.97 (CH3), 13.94 (CH3); HRMS 

(ESI-TOF) m/z: [M + H]+ Calcd for C25H24O7H 437.1600; Found 437.1600. 
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Diethyl 2-((2R,3S)-5-oxo-2-phenyl-3,4,5,7-tetrahydro-2H-furo[3,4-b]pyran-3-yl)malonate 

(24ea): The compound was prepared following the procedure D and purified by column 

chromatography using EtOAc/hexanes (3:7) and isolated as a colorless 

liquid; Yield: 97% (36.31 mg); [α]D
25 = 64.2 (c = 0. 25, CHCl3, >99:1 

dr); IR (Neat): νmax 3019, 2928, 1747, 1727, 1680, 1419, 1263, 1215, 

1032, 745 and 667 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.44-7.38 (3H, 

m), 7.32-7.30 (2H, m), 5.36 (1H, d, J = 8.0 Hz), 4.74 (1H, d, J = 16.0 Hz), 4.69 (1H, d, J = 16.0 

Hz), 4.22-4.10 (4H, m), 3.24 (1H, d, J = 6.0 Hz), 2.86-2.80 (1H, m), 2.53 (1H, dd, J = 16.5, 8.5 

Hz), 2.43 (1H, dd, J = 16.5, 5.5 Hz), 1.26 (3H, t, J = 7.0 Hz), 1.24 (3H, t, J = 7.0 Hz); 13C NMR 

(CDCl3, DEPT-135) δ 173.2 (C, C=C-O), 172.2 (C, O-C=O), 167.7 (C, O-C=O), 167.3 (C, O-

C=O), 136.4 (C), 129.3 (CH), 128.9 (2 x CH), 126.7 (2 x CH), 100.0 (C), 83.2 (CH, C-CH-O), 

66.2 (CH2), 61.88 (CH2), 61.66 (CH2), 51.7 (CH), 37.3 (CH), 18.8 (CH2), 13.9 (2 x CH3); HRMS 

(ESI-TOF) m/z: [M + H]+ Calcd for C20H22O7H 375.1444; Found 375.1444. 

Diethyl 2-((2R,3S)-2-(4-methoxyphenyl)-5-oxo-3,4,5,7-tetrahydro-2H-furo[3,4-b]pyran-3-

yl)malonate (24ec): The compound was prepared following the procedure D and purified by 

column chromatography using EtOAc/hexanes (3:7) and isolated as a 

pale yellow liquid; Yield: 83% (33.57 mg); [α]D
25 = 60.0 (c = 0.21, 

CHCl3, >99:1 dr); IR (Neat): νmax 2981, 2932, 1746, 1726, 1677, 1613, 

1515, 1414, 1369, 1295, 1246, 1175, 1109, 1026, 904, 830, 748, 695 

and 571 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.25 (2H, d, J = 8.5 Hz), 

6.94 (2H, d, J = 8.5 Hz), 5.28 (1H, d, J = 8.5 Hz), 4.73-4.64 (2H, m), 4.21-4.12 (4H, m), 3.83 

(3H, s, OCH3), 3.24 (1H, d, J = 5.5 Hz), 2.80-2.74 (1H, m), 2.57 (1H, dd, J = 16.5, 9.5 Hz), 2.46 

(1H, dd, J = 16.5, 5.0 Hz), 1.25 (3H, t, J = 7.0 Hz), 1.24 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, 

DEPT-135) δ 173.5 (C, C=C-O), 172.3 (C, O-C=O), 167.7 (C, O-C=O), 167.3 (C, O-C=O), 

160.3 (C), 128.3 (2 x CH), 128.2 (C), 114.3 (2 x CH), 100.0 (C), 83.2 (CH, C-CH-O), 66.2 

(CH2), 61.8 (CH2), 61.6 (CH2), 55.3 (CH3, OCH3), 51.7 (CH), 37.5 (CH), 19.0 (CH2), 13.91 

(CH3), 13.90 (CH3); LCMS m/z 405.45 (M + H+), Calcd for C21H24O8H 405.1549; Anal. Calcd 

for C21H24O8: C, 62.37; H, 5.98. Found: C, 62.45; H, 5.94. 

Diethyl 2-((6S,7R)-1,3-dimethyl-2,4-dioxo-7-phenyl-2,3,4,5,6,7-hexahydro-1H-pyrano[2,3-

d]pyrimidin-6-yl)malonate (24ga): The compound was prepared 

following the procedure D and purified by column chromatography 
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using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a white solid; Mp: 132-134 C; Yield: 98% 

(42.18 mg); [α]D
25 = 11.6 (c = 0.66, CHCl3, >99:1 dr); IR (Neat): νmax 2982, 2931, 1727, 1701, 

1637, 1487, 1455, 1371, 1275, 1221, 1173, 1029, 973, 904, 863, 750, 703, 665, 624 and 541 cm-

1; 1H NMR (CDCl3, 500 MHz): δ 7.43-7.37 (3H, m), 7.32-7.30 (2H, m), 5.44 (1H, d, J = 7.5 Hz), 

4.23-4.16 (1H, m), 4.15-4.08 (3H, m), 3.36 (3H, s, NCH3), 3.35 (3H, s, NCH3), 3.29 (1H, d, J = 

6.0 Hz), 2.87-2.82 (1H, m), 2.61 (1H, s), 2.59 (1H, d, J = 2.0 Hz), 1.25 (3H, t, J = 7.0 Hz), 1.24 

(3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 167.3 (C, O-C=O), 

162.6 (C, N-C=O), 155.1 (C, N-C-O), 150.9 (C, N-C-N), 136.4 (C), 129.1 (CH), 128.8 (2 x CH), 

126.4 (2 x CH), 85.9 (C), 82.6 (CH, C-CH-O), 61.7 (CH2), 61.6 (CH2), 51.9 (CH), 37.2 (CH), 

28.5 (CH3), 27.9 (CH3), 19.9 (CH2), 13.9 (CH3), 13.8 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ 

Calcd for C22H26N2O7H 431.1818; Found 431.1819. 

Diethyl 2-((R)-((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-yl)(phenyl)methyl)malonate 

(25ha): The compound was prepared following the procedure E and purified by column 

chromatography using EtOAc/hexanes (3:7 to 4:6) and isolated as a 

pale yellow liquid; Yield: 54% (20.86 mg); [α]D
25 = 92.7 (c = 0.3, 

CHCl3, >99:1 dr); IR (Neat): νmax 2979, 2939, 1729, 1631, 1454, 1402, 

1368, 1301, 1226, 1178, 1148, 1013, 957, 856, 750, 704 and 611 cm-1; 

1H NMR (CDCl3, 400 MHz): δ 7.23-7.17 (5H, m), 5.18 (1H, ddd, J = 9.6, 7.2, 2.4 Hz), 4.27 (2H, 

q, J = 7.2 Hz), 4.18 (1H,  d, J = 11.6 Hz), 3.88-3.80 (2H, m), 3.54 (1H, dd, J = 11.6, 2.0 Hz), 

2.83 (1H, t, J = 12.0, 1.0 Hz), 2.45 (1H, dd, J = 14.4, 7.2 Hz), 2.39-2.22 (2H, m), 2.17-2.10 (1H, 

m), 2.03-1.96 (1H, m), 1.92-1.83 (1H, m), 1.78-1.69 (1H, m), 1.30 (3H, t, J = 7.2 Hz), 0.87 (3H, 

t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 195.0 (C, C=O), 177.0 (C, C=C-O), 168.1 (C, O-

C=O), 167.3 (C, O-C=O), 134.4 (C), 129.8 (2 x CH), 128.1 (2 x CH), 127.8 (CH), 113.4 (C), 

84.4 (CH, C-CH-O), 62.0 (CH2), 61.4 (CH2), 54.1 (CH), 49.3 (CH), 36.1 (CH2), 29.3 (CH2), 23.8 

(CH2), 21.4 (CH2), 14.1 (CH3), 13.6 (CH3); LCMS m/z 387.25 (M + H+), Calcd for C22H26O6H 

387.1808; Anal. Calcd for C22H26O6: C, 68.38; H, 6.78. Found: C, 68.29; H, 6.81. 

Diethyl 2-((R)-((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-yl)(p-tolyl)methyl)malonate 

(25hb): The compound was prepared following the procedure E and purified by column 

chromatography using EtOAc/hexanes (3:7 to 4:6) and isolated as a 

pale yellow liquid; Yield: 34% (13.62 mg); [α]D
25 = 98.5 (c = 0.07, 

CHCl3, >99:1 dr); IR (Neat): νmax 2979, 2924, 2852, 1730, 1633, 1454, 
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1402, 1368, 1228, 1178, 1146, 1119, 1013, 957, 857, 751 and 611 cm-1; 1H NMR (CDCl3, 400 

MHz): δ 7.07 (2H, br d, J = 8.0 Hz), 7.02 (2H, br d, J = 8.0 Hz), 5.17 (1H, ddd, J = 9.6, 7.2, 2.4 

Hz), 4.27 (2H, dq, J = 7.2, 1.6 Hz), 4.16 (1H, d, J = 11.6 Hz), 3.87 (2H, dq, J = 7.2, 1.6 Hz), 3.52 

(1H, dd, J = 12.0, 2.4 Hz), 2.86-2.81 (1H, m), 2.45 (1H, dd, J = 14.4, 6.8 Hz), 2.39-2.33 (1H, m), 

2.31-2.24 (1H, m), 2.27 (3H, s), 2.21-2.13 (1H, m), 2.07-2.00 (1H, m), 1.95-1.85 (1H, m), 1.82-

1.72 (1H, m), 1.31 (3H, t, J = 6.8 Hz), 0.92 (3H, t, J = 6.8 Hz); 13C NMR (CDCl3, DEPT-135) δ 

195.1 (C, C=O), 177.0 (C, C=C-O), 168.2 (C, O-C=O), 167.3 (C, O-C=O), 137.4 (C), 131.2 (C), 

129.6 (2 x CH), 128.7 (2 x CH), 113.5 (C), 84.6 (CH, C-CH-O), 61.9 (CH2), 61.3 (CH2), 54.3 

(CH), 48.9 (CH), 36.1 (CH2), 29.3 (CH2), 23.8 (CH2), 21.4 (CH2), 21.0 (CH3), 14.1 (CH3), 13.6 

(CH3); LCMS m/z 401.35 (M + H+), Calcd for C23H28O6H 401.1964; Anal. Calcd for C23H28O6: 

C, 68.98; H, 7.05. Found: C, 68.85; H, 7.12. 

Diethyl 2-((R)-(4-methoxyphenyl)((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-

yl)methyl)malonate (25hc): The compound was prepared following the procedure E and 

purified by column chromatography using EtOAc/hexanes (3:7 to 4:6) 

and isolated as a white solid; Mp: 105-107 C; Yield: 40% (16.66 mg); 

[α]D
25 = 124.9 (c = 0.04, CHCl3, >99:1 dr); IR (Neat): νmax 3017, 

2959, 2927, 2854, 1729, 1628, 1513, 1404, 1256, 1215, 1180, 1095, 

1014, 804, 747, 667 and 611 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.19 

(2H, td, J = 8.4, 3.2 Hz), 6.96 (2H, td, J = 8.4, 3.2 Hz), 5.16 (1H, ddd, J = 9.6, 7.2, 2.4 Hz), 4.27 

(2H, dq, J = 7.2, 1.2 Hz), 4.14 (1H, d, J = 11.6 Hz), 3.91-3.84 (2H, m), 3.75 (3H, s, OCH3), 3.50 

(1H, dd, J = 11.6, 2.4 Hz), 2.86-2.80 (1H, m), 2.44 (1H, dd, J = 7.2 Hz), 2.38-2.34 (1H, m), 2.32-

2.24 (1H, m), 2.21-2.14 (1H, m), 2.10-2.02 (1H, m), 1.96-1.86 (1H, m), 1.83-1.75 (1H, m), 1.31 

(3H, t, J = 7.2 Hz), 0.93 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 195.1 (C, C=O), 

176.9 (C, C=C-O), 168.2 (C, O-C=O), 167.3 (C, O-C=O), 159.0 (C), 130.8 (2 x CH), 126.2 (C), 

113.45 (2 x CH), 113.42 (C), 84.6 (CH, C-CH-O), 61.9 (CH2), 61.3 (CH2), 55.1 (CH3, OCH3), 

54.3 (CH), 48.5 (CH), 36.1 (CH2), 29.3 (CH2), 23.8 (CH2), 21.5 (CH2), 14.0 (CH3), 13.7 (CH3); 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C23H28O7H 417.1913; Found 417.1915. 

Diethyl 2-((R)-(4-bromophenyl)((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-

yl)methyl)malonate (25hd): The compound was prepared following 

the procedure E and purified by column chromatography using 

EtOAc/hexanes (3:7 to 4:6) and isolated as a pale yellow liquid; Yield: 



  

 

Experimental Section 

Page | 158  

 

41% (19.08 mg); [α]D
25 = 112.7 (c = 0.05, CHCl3, >99:1 dr); IR (Neat): νmax 2978, 2925, 2850, 

1730, 1631, 1488, 1402, 1368, 1309, 1228, 1178, 1150, 1115, 1010, 959, 857, 750, 665 and 614 

cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.39 (2H, td, J = 8.4, 2.4 Hz), 7.11 (2H, td, J = 8.4, 2.4 Hz), 

5.23 (1H, ddd, J = 9.6, 7.2, 2.4 Hz), 4.32 (2H, dq, J = 7.2, 1.2 Hz), 4.15 (1H, d, J = 12.0 Hz), 

3.93 (2H, dq, J = 7.2, 1.2 Hz), 3.55 (1H, dd, J = 11.6, 2.4 Hz), 2.91-2.85 (1H, m), 2.45-2.35 (2H, 

m), 2.31-2.24 (1H, m), 2.23-2.17 (1H, m), 2.13-2.05 (1H, m), 1.98-1.89 (1H, m), 1.85-1.76 (1H, 

m), 1.33 (3H, t, J = 7.2 Hz), 0.97 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 195.0 (C, 

C=O), 176.7 (C, C=C-O), 167.8 (C, O-C=O), 167.1 (C, O-C=O), 133.6 (C), 131.5 (2 x CH), 

131.3 (2 x CH), 122.0 (C), 113.4 (C), 84.1 (CH, C-CH-O), 62.1 (CH2), 61.6 (CH2), 54.1 (CH), 

48.7 (CH), 36.1 (CH2), 29.4 (CH2), 23.8 (CH2), 21.4 (CH2), 14.0 (CH3), 13.7 (CH3); LCMS m/z 

465.20 (M + H+), Calcd for C22H25BrO6H 465.0913; Anal. Calcd for C22H25BrO6: C, 56.78; H, 

5.42. Found: C, 56.71; H, 5.46. 

Diethyl 2-((R)-(4-nitrophenyl)((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-

yl)methyl)malonate (25he): The compound was prepared following the procedure E and 

purified by column chromatography using EtOAc/hexanes (3:7 to 4:6) 

and isolated as a yellow solid; Mp: 109-111 C; Yield: 63% (27.18 

mg); [α]D
25 = 125.9 (c = 0.20, CHCl3, >99:1 dr); IR (Neat): νmax 

2984, 2928, 2869, 1731, 1631, 1604, 1521, 1454, 1401, 1345, 1308, 

1256, 1226, 1178, 1110, 1013, 957, 856, 801, 753, 714, 700 and 614 

cm-1; 1H NMR (CDCl3, 400 MHz): δ 8.14 (2H, br d, J = 8.4 Hz), 7.44 (2H, br d, J = 8.4 Hz), 

5.23 (1H, ddd, J = 9.6, 7.2, 2.4 Hz), 4.34-4.26 (2H, m), 4.20 (1H, d, J = 11.2 Hz), 3.96-3.84 (2H, 

m), 3.73 (1H, dd, J = 11.6, 2.4 Hz), 2.91 (1H, t, J = 12.4 Hz), 2.44-2.35 (2H, m), 2.32-2.24 (1H, 

m), 2.22-2.15 (1H, m), 2.09-2.02 (1H, m), 1.98-1.89 (1H, m), 1.83-1.73 (1H, m), 1.32 (3H, t, J = 

7.2 Hz), 0.96 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, DEPT-135) δ 194.8 (C, C=O), 176.5 (C, 

C=C-O), 167.4 (C, O-C=O), 166.7 (C, O-C=O), 147.4 (C), 142.6 (C), 130.7 (2 x CH), 123.1 (2 x 

CH), 113.2 (C), 83.7 (CH, C-CH-O), 62.2 (CH2), 61.7 (CH2), 53.8 (CH), 48.8 (CH), 36.0 (CH2), 

29.4 (CH2), 23.6 (CH2), 21.3 (CH2), 13.95 (CH3), 13.61 (CH3); LCMS m/z 432.10 (M + H+), 

Calcd for C22H25NO8H 432.1658; Anal. Calcd for C22H25NO8: C, 61.25; H, 5.84; N, 3.25. Found: 

C, 61.32; H, 5.80; N, 3.31. 

Diethyl 2-((R)-(3-nitrophenyl)((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-

yl)methyl)malonate (25hf): The compound was prepared following the procedure E and 
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purified by column chromatography using EtOAc/hexanes (3:7 to 4:6) 

and isolated as oil color liquid; Yield: 34% (14.7 mg); The 

enantiomeric excess (ee) was determined by chiral stationary phase 

HPLC using a Daicel Chiralcel OD-H column (hexane/2-propanol = 

90:10, flow rate 1 mL/min, λ = 254 nm), tR = 19.79 min (major), tR = 

30.72 min (minor); [α]D
25 = 80.7 (c = 0.12, CHCl3, 84% ee and >99:1 dr); IR (Neat): νmax 

3015, 2931, 2872, 1729, 1631, 1530, 1404, 1349, 1216, 1180, 1013, 961, 745, 667 and 614 cm-1; 

1H NMR (CDCl3, 500 MHz): δ 8.17 (1H, t, J = 2.0 Hz), 8.13-8.11 (1H, m), 7.59 (1H, br d, J = 

7.5 Hz), 7.46 (1H, t, J = 8.0 Hz), 5.28-5.24 (1H, m), 4.32 (2H, dd, J = 7.0, 1.0 Hz), 4.22 (1H, d, J 

= 11.5 Hz), 3.94-3.85 (2H, m), 3.71 (1H, dd, J = 11.5, 2.5 Hz), 2.95-2.91 (1H, m), 2.41 (2H, br t, 

J = 6.0 Hz), 2.33 (1H, tdd, J = 14.5, 7.0, 1.2 Hz), 2.21-2.15 (1H, m), 2.07-2.01 (1H, m), 1.97-

1.89 (1H, m), 1.77-1.71 (1H, m), 1.33 (3H, t, J = 7.0 Hz), 0.94 (3H, t, J = 7.0 Hz); 13C NMR 

(CDCl3, DEPT-135) δ 194.9 (C, C=O), 176.8 (C, C=C-O), 167.5 (C, O-C=O), 166.9 (C, O-

C=O), 148.0 (C), 137.2 (C), 136.8 (CH), 129.1 (CH), 124.0 (CH), 122.9 (CH), 113.2 (C), 83.7 

(CH, C-CH-O), 62.2 (CH2), 61.7 (CH2), 54.0 (CH), 48.8 (CH), 36.1 (CH2), 29.5 (CH2), 23.6 

(CH2), 21.4 (CH2), 14.0 (CH3), 13.6 (CH3); LCMS m/z 432.10 (M + H+), Calcd for C22H25NO8H 

432.1658; Anal. Calcd for C22H25NO8: C, 61.25; H, 5.84; N, 3.25. Found: C, 61.18; H, 5.79; N, 

3.32.  

Diethyl 2-((R)-(2-nitrophenyl)((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-

yl)methyl)malonate (25hg): The compound was prepared following the procedure E and 

purified by column chromatography using EtOAc/hexanes (3:7 to 4:6) 

and isolated as a pale yellow liquid; Yield: 67% (28.91 mg); [α]D
25 = 

202.2 (c = 0.10, CHCl3, >99:1 dr); IR (Neat): νmax 2984, 2942, 1730, 

1630, 1527, 1402, 1352, 1226, 1179, 1143, 1011, 956, 854, 748, 711, 

665 and 612 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.80 (1H, br d, J = 

8.0 Hz), 7.53-7.48 (2H, m), 7.43-7.39 (1H, m), 5.32 (1H, ddd, J = 9.6, 7.2, 2.4 Hz), 4.48 (1H, dd, 

J = 12.0, 4.0 Hz), 4.27 (2H, dq, J = 7.2, 1.2 Hz), 4.15 (1H, d, J = 11.2 Hz), 3.96-3.83 (2H, m), 

2.98-2.92 (1H, m), 2.57 (1H, tdd, J = 16.0, 8.0, 1.2 Hz), 2.49-2.36 (2H, m), 2.30-2.23 (1H, m), 

2.21-2.14 (1H, m), 2.04-1.95 (1H, m), 1.94-1.85 (1H, m), 1.30 (3H, t, J = 8.0 Hz), 0.97 (3H, t, J 

= 8.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 195.1 (C, C=O), 176.3 (C, C=C-O), 167.2 (C, O-

C=O), 166.7 (C, O-C=O), 151.7 (C), 132.1 (CH), 130.6 (C), 129.9 (CH), 128.6 (CH), 124.7 
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(CH), 114.1 (C), 84.7 (CH, C-CH-O), 62.2 (CH2), 61.9 (CH2), 54.8 (CH), 41.2 (CH), 36.3 (CH2), 

29.4 (CH2), 23.8 (CH2), 21.6 (CH2), 14.0 (CH3), 13.6 (CH3); HRMS (ESI-TOF) m/z: [M + H]+ 

Calcd for C22H25NO8H 432.1658; Found 432.1658. 

Diethyl 2-((S)-1-((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-yl)butyl)malonate (25hh): 

The compound was prepared following the procedure D or procedure E 

and purified by column chromatography using EtOAc/hexanes (2:8 to 

3:7) and isolated as a colorless liquid; Yield: 52% (18.33 mg, procedure 

D), 50% (17.62 mg, procedure E); [α]D
25 = 91.4 (c = 0.08, CHCl3, 

>99:1 dr); IR (Neat): νmax 2958, 2937, 2872, 1727, 1633, 1455, 1404, 1369, 1301, 1231, 1180, 

1153, 1059, 1032, 946, 858 and 602 cm-1; 1H NMR (CDCl3, 500 MHz): δ 5.05 (1H, ddd, J = 

12.5, 8.5, 4.0 Hz), 4.23-4.18 (4H, m), 3.50 (1H, d, J = 7.0 Hz), 2.94-2.89 (1H, m), 2.61 (1H, tdd, 

J = 14.5, 8.5, 1.2 Hz), 2.56-2.54 (1H, m), 2.39-2.34 (4H, m), 2.03 (2H, quintet, J = 6.5 Hz), 1.50-

1.31 (4H, m), 1.28 (6H, 2 x CH3, t, J = 7.0 Hz), 0.90 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, 

DEPT-135) δ 195.4 (C, C=O), 177.5 (C, C=C-O), 168.6 (C, O-C=O), 168.5 (C, O-C=O), 113.4 

(C), 86.3 (CH, C-CH-O), 61.5 (2 x CH2), 52.5 (CH), 42.4 (CH), 36.4 (CH2), 29.4 (CH2), 28.8 

(CH2), 23.8  (CH2), 21.7 (CH2), 21.0 (CH2), 14.3 (CH3), 14.0 (2 x CH3); LCMS m/z 353.15 (M + 

H+), Calcd for C19H28O6H 353.1964; Anal. Calcd for C19H28O6: C, 64.75; H, 8.01. Found: C, 

64.82; H, 8.07. 

Diethyl 2-((S)-1-((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-yl)pentyl)malonate (25hi): 

The compound was prepared following the procedure D or procedure E 

and purified by column chromatography using EtOAc/hexanes (2:8 to 

3:7) and isolated as a colorless liquid; Yield: 55% (20.15 mg, procedure 

D), 50% (18.32 mg, procedure E); The enantiomeric excess (ee) was 

determined by chiral stationary phase HPLC using a Daicel Chiralpak OD-H column (hexane/2-

propanol = 95:05, flow rate 0.5 mL/min, λ = 254 nm), tR = 22.0 min (major), tR = 26.8 min 

(minor); [α]D
25 = 79.0 (c = 0.12, CHCl3, 97% ee and >99% de); IR (KBr): νmax 2954, 2934, 

2871, 1727, 1631, 1455, 1402, 1368, 1229, 1176, 1157, 1060, 1030, 943, 858 and 602 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 5.07-5.02 (1H, m), 4.23-4.17 (4H, m), 3.50 (1H, d, J = 6.5 Hz), 

2.93-2.89 (1H, m), 2.61 (1H, dd, J = 14.5, 9.0 Hz), 2.55-2.50 (1H, m), 2.38-2.33 (4H, m), 2.03 

(2H, quintet, J = 6.0 Hz), 1.50-1.37 (2H, m), 1.36-1.23 (4H, m), 1.23 (6H, 2 x CH3, t, J = 7.0 

Hz), 0.88 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 195.2 (C, C=O), 177.4 (C, C=C-
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O), 168.54 (C, O-C=O), 168.46 (C, O-C=O), 113.3 (C, C=C-C), 86.3 (CH, C-CH-O), 61.4 (2 x 

CH2), 52.5 (CH), 42.5 (CH), 36.2 (CH2), 29.9 (CH2), 29.3 (CH2), 26.4 (CH2), 23.7  (CH2), 22.8 

(CH2), 21.6 (CH2), 14.0 (2 x CH3), 13.8 (CH3); LCMS m/z 367.30 (M + H+), Calcd for 

C20H30O6H 367.2121; Anal. Calcd for C20H30O6: C, 65.55; H, 8.25. Found: C, 65.48; H, 8.32. 

Diethyl 2-((S)-1-((S)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-2-yl)-3-phenylpropyl)malonate 

(25hj): The compound was prepared following the procedure D or 

procedure E and purified by column chromatography using 

EtOAc/hexanes (2:8 to 3:7) and isolated as a colourless liquid; Yield: 

72% (29.84 mg, procedure D), 50% (20.72 mg, procedure E); [α]D
25 = 

110.0 (c = 0.06, CHCl3, >99% de); IR (KBr): νmax 2981, 2929, 2869, 1727, 1634, 1454, 1402, 

1368, 1299, 1229, 1180, 1153, 1115, 1029, 939, 858, 751, 701 and 601 cm-1; 1H NMR (CDCl3, 

500 MHz): δ 7.29 (2H, br t, J = 7.0 Hz), 7.20 (1H, br t, J = 7.5 Hz), 7.16 (2H, br d, J = 7.5 Hz), 

5.08 (1H, ddd, J = 13.0, 8.5, 4.0 Hz), 4.26-4.19 (4H, m), 3.59 (1H, d, J = 6.0 Hz), 2.96-2.91 (1H, 

m), 2.76-2.71 (1H, m), 2.66-2.55 (3H, m), 2.38-2.33 (4H, m), 2.02 (2H, quintet, J = 6.5 Hz), 

1.89-1.83 (1H, m), 1.81-1.73 (1H, m), 1.293 (3H, t, J = 7.0 Hz), 1.287 (3H, t, J = 7.0 Hz); 13C 

NMR (CDCl3, DEPT-135) δ 195.2 (C, C=O), 177.3 (C, C=C-O), 168.41 (C, O-C=O), 168.36 (C, 

O-C=O), 141.5 (C), 128.5 (2 x CH), 128.3 (2 x CH), 126.1 (CH), 113.3 (C, C=C-C), 86.2 (CH, 

C-CH-O), 61.58 (CH2), 61.56 (CH2), 52.4 (CH), 42.3 (CH), 36.3 (CH2), 34.2 (CH2), 29.6 (CH2), 

28.9 (CH2), 23.7 (CH2), 21.6 (CH2), 14.1 (2 x CH3); LCMS m/z 415.25 (M + H+), Calcd for 

C24H30O6H 415.2121; Anal. Calcd for C24H30O6: C, 69.55; H, 7.30. Found: C, 69.45; H, 7.26. 

Diethyl 2-((R)-((S)-4-oxo-3,4,5,7-tetrahydro-2H-thiopyrano[3,4-b]furan-2-

yl)(phenyl)methyl)malonate (25pa): The compound was prepared following the procedure B 

and purified by column chromatography using EtOAc/hexanes (2:8 to 

3:7) and isolated as a colorless liquid; Yield: 70% (28.31 mg); [α]D
25 = 

41.3 (c = 0.92, CHCl3, >99:1 dr); IR (Neat): νmax 2979, 2927, 1729, 

1631, 1454, 1388, 1299, 1253, 1179, 1099, 1017, 959, 860, 768, 705 

and 612 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.27-7.22 (3H, m), 7.19 (2H, br d, J = 8.0 Hz), 

5.21-5.17 (1H, m), 4.31-4.23 (2H, m), 4.17 (1H, d, J = 11.5 Hz), 3.89-3.82 (2H, m), 3.57 (1H, 

dd, J = 11.5, 2.5 Hz), 3.29 (2H, s), 3.00 (1H, d, J = 16 Hz), 2.92 (1H, d, J = 16.0 Hz), 2.91-2.89 

(1H, m), 2.52 (1H, dd, J = 15.0, 7.5 Hz), 1.31 (3H, t, J = 7.5 Hz), 0.89 (3H, t, J = 7.5 Hz); 13C 

NMR (CDCl3, DEPT-135) δ 189.9 (C, C=O), 171.5 (C, C=C-O), 168.0 (C, O-C=O), 167.2 (C, 



  

 

Experimental Section 

Page | 162  

 

O-C=O), 134.3 (C), 129.7 (2 x CH), 128.2 (2 x CH), 127.9 (CH), 112.8 (C), 84.2 (CH, C-CH-O), 

62.0 (CH2), 61.4 (CH2), 54.0 (CH), 49.2 (CH), 33.2 (CH2), 30.1 (CH2), 23.3 (CH2), 14.1 (CH3), 

13.6 (CH3); HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C21H24O6SNa 427.1191; Found 

427.1191. 

Diethyl (2R,3S)-2-((2,2-dimethyl-4,6-dioxo-5-(3-oxobutyl)-1,3-dioxan-5-yl)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (27aa): The compound was prepared following the 

procedure F and purified by column chromatography using 

EtOAc/hexanes (2:8) and isolated as a colorless liquid; Yield: 71% 

(34.7 mg); [α]D
25 = 24.1 (c = 0.42, CHCl3, >99:1 dr); IR (Neat): νmax 

2984, 2924, 2852, 1771, 1717, 1445, 1368, 1285, 1206, 1096, 1059, 

1024, 977, 939, 861, 747 and 698 cm-1; 1H NMR (CDCl3, 500 MHz): δ 

7.22-7.15 (3H, m), 7.12 (2H, d, J = 7.0 Hz), 4.36-4.29 (1H, m), 4.23-4.17 (1H, m), 3.86-3.75 

(2H, m), 3.05 (1H, d, J = 7.5 Hz), 2.62 (2H, t, J = 7.5 Hz), 2.44-2.40 (2H, m), 2.32-2.29 (2H, m), 

2.21 (1H, dd, J = 15.5, 9.5 Hz), 2.13 (3H, s), 1.81 (3H, s), 1.58 (3H, s), 1.30 (3H, t, J = 7.0 Hz), 

0.82 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 206.0 (C, C=O), 168.7 (C, O-C=O), 

168.5 (C, O-C=O), 167.3 (C, O-C=O), 166.2 (C, O-C=O), 134.0 (C), 128.3 (2 x CH), 128.1 (2 x 

CH), 127.4 (CH), 105.9 (C), 61.9 (CH2), 61.3 (CH2), 51.8 (C), 43.0 (C), 37.9 (CH2), 36.1 (CH), 

35.0 (CH2), 31.3 (CH2), 29.9 (CH3), 29.5 (CH3), 28.7 (CH3), 25.8 (CH), 14.1 (CH3), 13.6 (CH3); 

LCMS m/z 488.65 (M+), Calcd for C26H32O9 488.2046; Anal. Calcd for C26H32O9: C, 63.92; H, 

6.60. Found: C, 63.85; H, 6.64. 

Diethyl (2R,3S)-2-((2,6-dioxo-1-(3-oxobutyl)cyclohexyl)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (27ha): The compound was prepared following the procedure G and purified by 

column chromatography using EtOAc/hexanes (3:7) and isolated as a 

colorless liquid; Yield: 74% (33.8 mg); [α]D
25 = 22.2 (c = 0.20, 

CHCl3, >99:1 dr); IR (Neat): νmax 2932, 1713, 1444, 1368, 1295, 1218, 

1135, 1098, 1024, 989, 861, 748, 697 and 667 cm-1; 1H NMR (CDCl3, 

500 MHz): δ 7.26-7.20 (3H, m), 7.12 (2H, d, J = 7.0 Hz), 4.37-4.34 (1H, m), 4.27-4.23 (1H, m), 

3.86-3.78 (2H, m), 3.02 (1H, d, J = 8.5 Hz), 2.71-2.66 (4H, m), 2.36 (2H, t, J = 7.0 Hz), 2.29-

2.24 (1H, m), 2.15-2.08 (3H, m), 2.10 (3H, s, COCH3), 2.04-1.98 (3H, m), 1.33 (3H, t, J = 7.0 

Hz), 0.84 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 210.2 (C, C=O), 209.7 (C, C=O), 

207.2 (C, C=O), 167.6 (C, O-C=O), 166.6 (C, O-C=O), 134.4 (C), 128.4 (2 x CH), 128.1 (2 x 
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CH), 127.3 (CH), 67.0 (C), 61.9 (CH2), 61.2 (CH2), 43.1 (C), 38.95 (CH2), 38.92 (CH2), 38.3 

(CH2), 36.7 (CH), 32.2 (CH2), 29.9 (CH3), 28.9 (CH2), 26.4 (CH), 17.0 (CH2), 14.1 (CH3), 13.6 

(CH3); HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C26H32O7H 457.2226; Found 457.2226. 

Diethyl (2R,3S)-2-((2,6-dioxo-1-(3-oxobutyl)cyclohexyl)methyl)-3-(2-

nitrophenyl)cyclopropane-1,1-dicarboxylate (27hg): The title compound was prepared 

following the procedure G and purified by column chromatography 

using EtOAc/hexanes (3:7) and isolated as a pale yellow liquid; Yield: 

72% (36.11 mg); [α]D
25 = 140.2 (c = 0.12, CHCl3, >99:1 dr); IR 

(Neat): νmax 3020, 2925, 2852, 1717, 1693, 1528, 1444, 1368, 1348, 

1296, 1216, 1097, 1024, 875, 748, 704, 667 and 555 cm-1; 1H NMR (CDCl3, 400 MHz): δ 8.02 

(1H, dd, J = 8.0, 1.2 Hz), 7.58 (1H, dt, J = 7.6, 1.2 Hz), 7.43 (1H, dt, J = 8.0, 1.2 Hz), 7.34 (1H, 

d, J = 7.6 Hz), 4.42-4.34 (1H, m), 4.32-4.24 (1H, m), 3.88-3.80 (1H, m), 3.76-3.68 (1H, m), 3.60 

(1H, d, J = 7.6 Hz), 2.77-2.69 (4H, m), 2.37 (2H, t, J = 7.2 Hz), 2.20-2.13 (5H, m), 2.11 (3H, s, 

COCH3), 2.10-2.02 (2H, m), 1.33 (3H, t, J = 7.2 Hz), 0.90 (3H, t, J = 7.2 Hz); 13C NMR (CDCl3, 

DEPT-135) δ 210.2 (C, C=O), 209.1 (C, C=O), 207.3 (C, C=O), 167.0 (C, O-C=O), 166.7 (C, O-

C=O), 149.8 (C), 133.4 (CH), 131.2 (CH), 130.6 (C), 128.6 (CH), 128.4 (CH), 67.6 (C), 62.0 

(CH2), 61.6 (CH2), 41.5 (C), 38.64 (CH2), 38.56 (CH2), 38.2 (CH2), 34.8 (CH), 31.3 (CH2), 29.9 

(CH3), 28.1 (CH2), 27.3 (CH), 17.1 (CH2), 14.0 (CH3), 13.5 (CH3); LCMS m/z 502.45 (M + H+), 

Calcd for C26H31NO9H 502.2077; Anal. Calcd for C26H31NO9: C, 62.27; H, 6.23; N, 2.79. Found: 

C, 62.36; H, 6.19; N, 2.82. 

Diethyl (2R,3S)-2-(2,2-dicyano-5-oxohexyl)-3-phenylcyclopropane-1,1-dicarboxylate 

(27ma): The compound was prepared following the procedure H and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a 

pale yellow liquid; Yield: 85% (34.9 mg); [α]D
25 = 25.1 (c = 0.16, 

CHCl3, >99:1 dr); IR (Neat): νmax 2925, 2854, 1716, 1445, 1368, 1298, 

1221, 1192, 1169, 1140, 1097, 1023, 864, 747, 697 and 551 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.32-7.27 (3H, m), 7.25-7.20 (2H, m), 4.39-4.32 (1H, m), 4.27-4.21 

(1H, m), 3.94-3.83 (2H, m), 3.29 (1H, d, J = 8.0 Hz), 2.89 (2H, t, J = 8.0 Hz), 2.82-2.77 (1H, m), 

2.50-2.46 (1H, m), 2.36-2.28 (2H, m), 2.25 (3H, s, COCH3), 2.19 (1H, dd, J = 14.0, 8.5 Hz), 1.32 

(3H, t, J = 7.5 Hz), 0.90 (3H, t, J = 7.5 Hz); 13C NMR (CDCl3, DEPT-135) δ 204.3 (C, C=O), 

167.6 (C, O-C=O), 165.7 (C, O-C=O), 133.2 (C), 128.43 (2 x CH), 128.39 (2 x CH), 127.8 (CH), 
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114.7 (2 x C, C≡N), 62.4 (CH2), 61.6 (CH2), 42.1 (C), 39.2 (CH2), 36.53 (CH), 36.47 (C), 35.1 

(CH2), 31.5 (CH2), 30.0 (CH3), 25.6 (CH), 14.1 (CH3), 13.6 (CH3); HRMS (ESI-TOF) m/z: [M]+ 

Calcd for C23H26N2O5 410.1842; Found 410.1843. 

Diethyl (2R,3S)-2-((2-oxo-3,4-dihydro-2H-pyran-3-yl)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (29aa): The compound was prepared following the procedure I and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and 

isolated as a colorless liquid; Yield: 47% (17.5 mg); [α]D
25 = 51.4 

(c = 0.37, CHCl3, 1:1 dr); IR (Neat): νmax 2924, 2854, 1719, 1445, 

1369, 1292, 1221, 1192, 1100, 1069, 1025, 861, 744, 697 and 546 

cm-1; 1H NMR (CDCl3, 500 MHz, 1:1 diastereomers): δ 7.29-7.26 (4H, 2 x 2H, m), 7.24-7.20 

(6H, 2 x 3H, m), 6.510 (1H, d, J = 2.5 Hz, olefinic-H), 6.497 (1H, d, J = 2.0 Hz, olefinic-H), 

5.32-5.29 (2H, 2 x 1H, m, olefinic-H), 4.34-4.29 (2H, 2 x 1H, m), 4.27-4.22 (2H, 2 x 1H, m), 

3.90-3.83 (4H, 2 x 2H, m), 3.12 (2H, 2 x 1H, dd, J = 8.5, 5.5 Hz), 2.80-2.73 (4H, 2 x 2H, m), 

2.68-2.64 (4H, 2 x 2H, m), 2.51-2.46 (2H, 2 x 1H, m), 2.30-2.16 (4H, 2 x 2H, m), 1.84-1.71 (4H, 

2 x 2H, m), 1.312 (3H, t, J = 7.0 Hz), 1.307 (3H, t, J = 7.0 Hz), 0.884 (3H, t, J = 7.0 Hz), 0.880 

(3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 170.2 (2 x C, O-C=O), 167.83 (C, O-C=O), 

167.80 (C, O-C=O), 166.72 (C, O-C=O), 166.67 (C, O-C=O), 141.48 (CH), 141.41 (CH), 134.5 

(2 x C), 128.58 (2 x CH), 128.53 (2 x CH), 128.19 (2 x CH), 128.16 (2 x CH), 127.34 (CH), 

127.30 (CH), 105.03 (CH), 105.00 (CH), 61.9 (CH2), 61.8 (CH2), 61.3 (2 x CH2), 43.2 (C), 42.9 

(C), 38.7 (CH), 38.6 (CH), 36.6 (CH), 36.4 (CH), 28.1 (CH), 27.76 (CH2), 27.72 (CH), 27.70 

(CH2), 24.3 (CH2), 24.1 (CH2), 14.20 (CH3), 14.17 (CH3), 13.7 (2 x CH3); HRMS (ESI-TOF) 

m/z: [M + H]+ Calcd for C21H24O6H 373.1651; Found 373.1652. 

Diethyl (2R,3S)-2-((1-bromo-4,4-dimethyl-2,6-dioxocyclohexyl)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate (31ia): The compound was prepared following the 

procedure J and purified by column chromatography using EtOAc/hexanes 

(1:9 to 2:8) and isolated as a pale yellow liquid; Yield: 80% (39.5 mg); 

[α]D
25 = 36.3o (c = 0.25, CHCl3, >99:1 dr); IR (Neat): νmax 2959, 2929, 

2869, 1720, 1704, 1502, 1464, 1424, 1372, 1292, 1245, 1219, 1190, 1128, 

1096, 1023, 863, 745, 697, 618 and 549 cm-1; 1H NMR (CDCl3, 500 

MHz): δ 7.25-7.21 (2H, m), 7.19-7.16 (3H, m), 4.41-4.35 (1H, m), 4.33-4.27 (1H, m), 3.87-3.77 

(2H, m), 3.43 (2H, dd, J = 14.0, 7.0 Hz), 3.22 (1H, d, J = 7.5 Hz), 2.62-2.58 (2H, m), 2.46-2.41 
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(3H, m), 1.34 (3H, t, J = 7.0 Hz), 1.18 (3H, s, CH3), 0.84 (3H, t, J = 7.0 Hz), 0.82 (3H, s, CH3); 

13C NMR (CDCl3, DEPT-135) δ 200.7 (C, C=O), 200.3 (C, C=O), 167.8 (C, O-C=O), 166.6 (C, 

O-C=O), 134.6 (C), 128.6 (2 x CH), 128.0 (2 x CH), 127.1 (CH), 61.7 (CH2), 61.69 (C), 61.7 

(CH2), 49.6 (CH2), 49.4 (CH2), 43.5 (C), 37.2 (CH), 30.8 (C), 30.4 (CH), 29.7 (CH2), 27.5 (CH3), 

25.8 (CH3), 14.2 (CH3), 13.7 (CH3); LCMS m/z 493.00 (M + H+), Calcd for C24H29BrO6H 

493.1226; Anal. Calcd for C24H29BrO6: C, 58.42; H, 5.92. Found: C, 58.36; H, 5.89. 

Diethyl (2R,3R)-2-((1-bromo-2,6-dioxocyclohexyl)methyl)-3-phenethylcyclopropane-1,1-

dicarboxylate (31hj): The compound was prepared following the 

procedure M and purified by column chromatography using 

EtOAc/hexanes (1:9 to 2:8) and isolated as a colorless liquid; 

Yield: 83% (61.43 mg); [α]D
25 = 16.5 (c = 0.08, CHCl3, >95% 

de); IR (KBr): νmax 2924, 2852, 1716, 1600, 1454, 1369, 1291, 

1210, 1176, 1110, 1032, 861, 750, 698, 667 and 568 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.28 

(2H, br t, J = 7.5 Hz), 7.19 (1H, br t, J = 7.25 Hz), 7.15 (2H, br d, J = 7.0 Hz), 4.32-4.28 (1H, m), 

4.27-4.21 (2H, m), 4.17-4.10 (1H, m), 3.29-3.20 (2H, m), 2.70-2.59 (2H, m), 2.58-2.56 (2H, m), 

2.56-2.52 (1H, m), 2.27-2.22 (2H, m), 1.95 (1H, q, J = 7.5 Hz), 1.87-1.79 (1H, m), 1.66-1.58 

(3H, m), 1.32 (3H, t, J = 7.0 Hz), 1.27 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 

200.37 (C, C=O), 200.14 (C, C=O), 168.16 (C, O-C=O), 168.11 (C, O-C=O), 141.4 (C), 128.36 

(2 x CH), 128.32 (2 x CH), 125.9 (CH), 62.3 (C, C-Br), 61.5 (CH2), 61.4 (CH2), 40.3 (C), 36.54 

(CH2), 36.48 (CH2), 35.0 (CH2), 33.1 (CH), 30.5 (CH2), 30.4 (CH2), 29.7 (CH), 17.5 (CH2), 14.1 

(2 x CH3); LCMS m/z 493.1 (M + H+), Calcd for C24H29BrO6H 493.1226; Anal. Calcd for 

C24H29BrO6: C, 58.42; H, 5.92. Found: C, 58.36; H, 5.87. 

Diethyl (2R,3S)-2-(hydroxymethyl)-3-(3-nitrophenyl)cyclopropane-1,1-dicarboxylate (5fʹ): 

The compound was prepared following the procedure K and purified by 

column chromatography using EtOAc/hexanes (1.5:8.5 to 2.5:7.5) and 

isolated as a colorless liquid; Yield: 76% (25.64 mg); The enantiomeric 

excess (ee) was determined by chiral stationary phase HPLC using a Daicel 

Chiralcel OJ-H column (hexane/2-propanol = 90:10, flow rate 0.8 mL/min, λ = 254 nm), tR = 

32.71 min (major), tR = 27.81 min (minor); [α]D
25 = 59.1o (c = 0.07, CHCl3, 86% ee and >99:1 

dr); IR (Neat): νmax 2981, 2927, 1717, 1523, 1465, 1348, 1291, 1193, 1128, 1027, 805, 734, 687 

and 672 cm-1; 1H NMR (CDCl3, 500 MHz): δ 8.12 (1H, s), 8.10 (1H, d, J = 8.5 Hz), 7.60 (1H, d, 
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J = 8.0 Hz), 7.47 (1H, t, J = 8.0 Hz), 4.33-4.27 (2H, m), 4.01 (1H, dd, J = 12.0, 6.0 Hz), 3.98-

3.86 (2H, m), 3.69 (1H, dd, J = 12.0, 8.0 Hz), 3.25 (1H, d, J = 8.0 Hz), 2.86 (1H, q, J = 7.0 Hz), 

2.36 (1H, br s), 1.33 (3H, t, J = 7.0 Hz), 0.97 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) 

δ 167.6 (C, O-C=O), 166.3 (C, O-C=O), 148.1 (C), 136.7 (C), 135.0 (CH), 129.2 (CH), 123.8 

(CH), 122.5 (CH), 62.3 (CH2), 61.8 (CH2), 60.4 (CH2), 41.9 (C), 33.8 (CH), 32.3 (CH), 14.1 

(CH3), 13.8 (CH3); LCMS m/z 338.28 (M + H+), Calcd for C16H19NO7H 338.1240; Anal. Calcd 

for C16H19NO7: C, 56.97; H, 5.68; N, 4.15. Found: C, 56.85; H, 5.62; N, 4.19. 

Diethyl (2R,3R)-2-butyl-3-((E)-3-ethoxy-3-oxoprop-1-en-1-yl)cyclopropane-1,1-

dicarboxylate (5iʹ): The compound was prepared following the procedure L and purified by 

column chromatography using EtOAc/hexanes (0.25:9.75 to 

0.5:9.5) and isolated as a colourless liquid; Yield: 85% (28.93 mg); 

The enantiomeric excess (ee) was determined by chiral stationary 

phase HPLC using a Daicel Chiralcel IC-3 column (hexane/2-

propanol = 97:03, flow rate 0.5 mL/min, λ = 254 nm), tR = 21.31 min (minor), tR = 25.17 min 

(major); [α]D
25 = 32.5 (c = 0.13, CHCl3, 98% ee and >92% de); IR (neat): νmax 2959, 2932, 

2872, 1717, 1650, 1465, 1368, 1288, 1201, 1139, 1029, 982, 861 and 757 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 6.52 (1H, dd, J = 15.5, 10.0 Hz), 6.01 (1H, d, J = 15.5 Hz), 4.26-4.21 (2H, 

m), 4.20-4.17 (2H, m), 4.16 (2H, q, J = 7.0 Hz), 2.48 (1H, dd, J = 10.0, 7.5 Hz), 2.13 (1H, q, J = 

7.0 Hz), 1.50-1.45 (1H, m), 1.36-1.27 (5H, m), 1.26 (3H, t, J = 7.5 Hz), 1.25 (3H, t, J = 7.5 Hz), 

1.23 (3H, t, J = 7.5 Hz), 0.86 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135) δ 167.3 (C, 

C=C-O), 167.2 (C, C=C-O), 165.7 (C, O-C=O), 143.6 (CH), 123.6 (CH), 61.69 (CH2), 61.66 

(CH2), 60.2 (CH2), 42.6 (C), 34.3 (CH), 33.4 (CH), 30.9 (CH2), 27.0 (CH2), 22.1 (CH2), 14.2 

(CH3), 14.11 (CH3), 14.07 (CH3), 13.9 (CH3); LCMS m/z 341.10 (M + H+), Calcd for 

C18H28O6H 341.1964; Anal. Calcd for C18H28O6: C, 63.51; H, 8.29. Found: C, 63.45; H, 8.23. 

 

Chapter 4: 

Materials: The chiral dicarbonyl-cyclopropane compounds (-)-3a-3v (90 to >99.9% ee) were 

prepared by following the reported method.18  

(1S,2S,3S)-2-benzoyl-3-phenylcyclopropane-1-carbaldehyde (3a): The compound was 

prepared following the reported procedure18 and purified by column 
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chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as a pale yellow solid (mp = 

82-84 oC); Yield: 78% (585 mg); [α]D
25 = 111.83 (c = 0.093, CHCl3, >99.9% ee, >20:1 dr); IR 

(Neat): νmax 3056, 3040, 2837, 2736, 2362, 1704, 1665, 1597, 1446, 1360, 1272, 1216, 1053, 

1015, 952, 861, 689 and 643 cm-1; 1H NMR (CDCl3, 500 MHz): δ 9.87 (1H, d, J = 2.5 Hz), 7.93 

(2H, d, J = 7.5 Hz), 7.55 (1H, tt, J = 7.5 Hz), 7.44 (2H, t, J = 8.0 Hz), 7.23-7.14 (5H, m), 3.67 

(1H, dd, J = 10.0, 4.5 Hz), 3.59-3.54 (1H, m), 3.42 (1H, dd, J = 10.5, 6.5 Hz); 13C NMR (CDCl3, 

DEPT-135, 100 MHz) δ 198.7 (C, CHO), 192.6 (C, C=O), 137.3 (C), 133.4 (CH), 133.3 (C), 

128.74 (2 x CH), 128.71 (2 x CH), 128.32 (2 x CH), 128.3 (2 x CH), 127.5 (CH), 36.4 (CH), 

35.6 (CH), 33.9 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C17H14O2H 251.1072; Found 

251.1072. 

4-((1S,2S,3S)-2-benzoyl-3-formylcyclopropyl)benzonitrile (3e): The compound was prepared 

following the reported procedure18 and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as a 

brown liquid; Yield: 80% (660 mg); [α]D
25 = 96.26 (c = 0.107, 

CHCl3, >99.9% ee, >20:1 dr); IR (Neat): νmax 3059, 2921, 2854, 2226, 

1704, 1670, 1606, 1448, 1279, 1220, 1016, 839 , 691 and 560 cm-1; 1H NMR (CDCl3, 500 MHz): 

δ 9.87 (1H, d, J = 2.5 Hz), 7.91 (2H, dd, J = 8.5, 1.5 Hz), 7.57 (1H, t, J = 7.0 Hz), 7.51-7.43 (4H, 

m), 7.30 (2H, d, J = 8.0 Hz), 3.74 (1H, dd, J = 10.5, 5.0 Hz), 3.59-3.54 (1H, m), 3.43 (1H, dd, J 

= 10.0, 6.0 Hz); 13C NMR (CDCl3, DEPT-135, 100 MHz) δ 197.8 (C, CHO), 192.1 (C, C=O), 

138.8 (C), 136.7 (C), 133.6 (CH), 131.9 (2 x CH), 129.5 (2 x CH), 128.7 (2 x CH), 128.1 (2 x 

CH), 118.4 (C, CN), 111.1 (C), 35.3 (CH), 35.2 (CH), 33.7 (CH); HRMS (ESI-TOF) m/z: (M + 

H+) calcd for C18H13NO2H 276.1025; Found 276.1022. 

(1S,2S,3S)-2-benzoyl-3-(2-nitrophenyl)cyclopropane-1-carbaldehyde (3f): The compound 

was prepared following the reported procedure18 and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as a red 

brown liquid; Yield: 71% (628.5 mg); [α]D
25 = 101.23 (c = 0.101, CHCl3, 

99% ee, 2:1 dr); IR (Neat): νmax 3061, 2849, 2738, 1710, 1666, 1519, 1343, 

1216, 1008, 785, 732 , and 698 cm-1; 1H NMR (CDCl3, 500 MHz): Major: δ 9.78 (1H, d, J = 3.0 

Hz), 8.07 (1H, d, J = 7.5 Hz), 7.94 (2H, d, J = 7.5 Hz), 7.65-7.38 (6H, m), 3.89 (1H, dd, J = 10.0, 

4.5 Hz), 3.82-3.72 (1H, m), 3.51-3.41 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 197.6 

(C, CHO), 193.2 (C, C=O), 149.5 (C), 136.7 (C), 133.7 (CH), 133.1 (CH), 132.1 (CH), 129.6 
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(C), 128.9 (CH), 128.73 (2 x CH), 128.4 (2 x CH), 124.9(CH), 36.1 (CH), 34.1 (CH), 33.7 (CH); 

Minor: δ 9.52 (1H, d, J = 2.5 Hz), 7.98 (1H, d, J = 8.0 Hz), 7.91 (2H, d, J = 8.0 Hz), 7.65-7.38 

(6H, m), 3.94 (1H, dd, J = 6.5, 5.0 Hz), 3.82-3.72 (1H, m), 3.27-3.21 (1H, m); 13C NMR (CDCl3, 

DEPT-135, 125 MHz) δ 196.2 (C, CHO), 195.0 (C, C=O), 150.1 (C), 136.5 (C), 134.0 (CH), 

133.9 (CH), 132.13 (CH), 129.9 (C), 128.9 (CH), 128.7 (2 x CH), 128.5 (CH), 128.4 (2 x CH), 

39.0 (CH), 34.4 (CH), 30.6 (CH); HRMS (ESI-TOF) m/z: (M + Na+) calcd for C17H13NO4Na 

318.0742; Found 318.0742.  

(1S,2S,3S)-2-benzoyl-3-(o-tolyl)cyclopropane-1-carbaldehyde (3i): The compound was 

prepared following the reported procedure18 and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as a pale 

yellow liquid; Yield: 78% (618 mg); [α]D
25 = 111.27 (c = 0.142, CHCl3, 

>97% ee, >20:1 dr); IR (Neat): νmax 3062, 3027, 2923, 2852, 1712, 1670, 

1448, 1217, 841, 704 and 444 cm-1; 1H NMR  (CDCl3, 500 MHz): δ 9.86 (1H, d, J = 2.5 Hz), 

7.96 (2H, dd, J = 8.5, 1.5 Hz), 7.55 (1H, tt, J = 7.0, 1.5 Hz), 7.44 (2H, t, J = 8.0 Hz), 7.19-7.16 

(1H, m), 7.14-7.11 (2H, m), 7.06-7.02 (1H, m), 3.80 (1H, dd, J = 9.5, 4.5 Hz), 3.57-3.52 (1H, m), 

3.32 (1H, dd, J = 10.0, 6.5 Hz), 2.21 (3H, s, CH3); 
13C NMR (CDCl3, DEPT-135, 125 MHz) δ 

198.8 (C, CHO), 192.4 (C, C=O), 137.5 (C), 137.1 (C), 133.4 (CH), 131.4 (C), 130.0 (CH), 

129.0 (CH), 128.7 (2 x CH), 128.3 (2 x CH), 127.6 (CH), 125.7 (CH), 35.6 (CH), 35.0 (CH), 

34.1 (CH), 19.8 (CH3); HRMS (ESI-TOF) m/z: (M + Na+) calcd for C18H16O2Na 287.1048; 

Found 287.1049. 

(1S,2S,3S)-2-(4-chlorobenzoyl)-3-phenylcyclopropane-1-carbaldehyde (3l): The compound 

was prepared following the reported procedure18 and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as a 

pale yellow liquid; Yield: 72% (613.6 mg); [α]D
25 = 155.77 (c = 0.104, 

CHCl3, >99% ee, >20:1 dr); IR (Neat): νmax 3059, 3034, 2846, 2738, 

1711, 1670, 1587, 1400, 1212, 1090, 1008, 732, 696 and 529 cm-1; 1H NMR (CDCl3, 500 MHz): 

δ 9.87 (1H, d, J = 2.5 Hz), 7.87 (2H, dt, J = 9.5, 2.5 Hz), 7.40 (2H, dt, J = 9.5, 2.5 Hz), 7.23-7.13 

(5H, m), 3.62 (1H, dd, J = 10.0, 4.5 Hz), 3.58-3.54 (1H, m), 3.41 (1H, dd, J = 10.0, 6.0 Hz); 13C 

NMR (CDCl3, DEPT-135, 125 MHz) δ 198.5 (C, CHO), 191.4 (C, C=O), 139.9 (C), 135.6 (C), 

133.1 (C), 129.6 (2 x CH), 129.0 (2 x CH), 128.6 (2 x CH), 128.4 (2 x CH), 127.6 (CH), 36.5 
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(CH), 35.5 (CH), 33.7 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C17H13ClO2H 285.0682; 

Found 285.0680. 

((1S,2S,3S)-2-(hydroxymethyl)-3-phenylcyclopropyl)(phenyl)methanone (3aʹ): The 

compound was prepared following the procedure K and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a 

colorless liquid; Yield: 70% (17.65 mg); [α]D
25 = 91.0 (c = 0.100, CHCl3, 

>99.9% ee, >20:1 dr); IR (Neat): νmax 3434, 3057, 3030, 2922, 2872, 2359, 

2340, 1661, 446, 1372, 1240, 1219, 1055, 1022, 940, 730, 710 and 534 cm-1; 

1H NMR (CDCl3, 500 MHz): δ 7.91 (2H, dt, J = 8.5, 2.0 Hz), 7.51 (1H, tt, J = 8.0, 2.0 Hz), 7.41 

(2H, tt, J = 8.0, 2.0 Hz), 7.23-7.17 (4H, m), 7.16-7.11 (1H, m), 3.91-3.81 (2H, m), 3.08 (1H, dd, 

J = 9.5, 5.0 Hz), 2.89 (1H, dd, J = 10.0, 7.0 Hz), 2.78 (1H, quint, J = 6.0 Hz); 13C NMR (CDCl3, 

DEPT-135, 125 MHz) δ 195.5 (C, C=O), 138.3 (C), 135.3 (C), 132.7 (CH), 129.0 (2 x CH), 

128.5 (2 x CH), 128.1 (2 x CH), 128.0 (2 x CH),  126.8 (CH), 64.0 (CH2), 34.0 (CH), 31.7 (CH), 

27.2 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C17H16O2H 253.1229; Found 253.1229. 

4-((1S,2S,3S)-2-benzoyl-3-(hydroxymethyl)cyclopropyl)benzonitrile (3eʹ): The compound 

was prepared following the procedure K and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a 

pale yellow liquid; Yield: 62% (17.2 mg); [α]D
25 = 303.51 (c = 0.057, 

CHCl3, >99.9% ee, >20:1 dr); IR (Neat): νmax 3446, 3058, 2924, 2876, 

2226, 1664, 1606, 1449, 1368, 1216, 1050, 1024, 705 and 560 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.89 (2H, dt, J = 8.5, 2.0 Hz), 7.54 (1H, tt, J = 7.0, 1.5 Hz), 7.48 

(2H, dt, J = 8.5, 2.0 Hz), 7.43 (2H, tt, J = 8.0, 2.0 Hz), 7.30 (2H, d, J = 8.5 Hz),  3.90 (2H, d, J = 

6.0 Hz), 3.20 (1H, dd, J = 10.0, 5.5 Hz), 2.91 (1H, dd, J = 9.5, 7.0 Hz), 2.75 (1H, quint, J = 6.0 

Hz), 1.75 (1H, br s, OH); 13C NMR (CDCl3, DEPT-135, 100 MHz) δ 194.9 (C, C=O), 141.3 (C), 

137.9 (C), 132.2 (CH), 131.8 (2 x CH), 129.8 (2 x CH), 128.7 (2 x CH), 128.0 (2 x CH),  118.9 

(C, CN), 110.5 (C), 63.1 (CH2), 33.2 (CH), 31.5 (CH), 27.6 (CH); HRMS (ESI-TOF) m/z: (M + 

H+) calcd for C18H15NO2H 278.1181; Found 278.1185. 

((1S,2S,3S)-2-(hydroxymethyl)-3-(2-nitrophenyl)cyclopropyl)(phenyl)methanone (3fʹ): The 

compound was prepared following the procedure K and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a pale 

yellow liquid; Yield: 59% (17.3 mg); [α]D
25 = 80.39 (c = 0.102, CHCl3, 
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99% ee, 2:1 dr); IR (Neat): νmax 3389, 3062, 2928, 2873, 2360, 2339, 1660, 1519, 1344, 1215, 

1023, 785, 731 and 699 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.92 (2H, d, J = 7.5 Hz), 7.56-7.52 

(2H, m), 7.48 (1H, d, J = 7.0 Hz), 7.42 (2H, t, J = 8.0 Hz), 7.37-7.31 (2H, m), 3.87 (2H, d, J = 

6.0 Hz), 3.30 (1H, dd, J = 9.5, 5.0 Hz), 3.20 (1H, t, J = 9.0 Hz), 2.72-2.61 (1H, m), 2.04 (1H, br 

s, OH); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 196.1 (C, C=O), 149.9 (C), 137.7 (C), 133.0 

(CH), 132.8 (CH), 132.3 (CH), 131.4 (C), 128.5 (2 x CH), 128.2 (2 x CH),  128.0 (CH), 124.5 

(CH), 63.6 (CH2), 32.1 (CH), 30.5 (CH), 30.0 (CH); HRMS (ESI-TOF) m/z: (M + Na+) calcd for 

C17H15NO4Na 320.0899; Found 320.0898. 

((1S,2S,3S)-2-(hydroxymethyl)-3-(o-tolyl)cyclopropyl)(phenyl)methanone (3iʹ): The 

compound was prepared following the procedure K and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a pale 

yellow liquid; Yield: 94% (25 mg); [α]D
25 =  (c = 0.131, CHCl3, 

>97% ee, >20:1 dr); IR (Neat): νmax 3388, 3065, 3023, 2922, 2870, 1659, 

1448, 1365, 1220, 1042, 1023, 804, 714 and 656 cm-1; 1H NMR (CDCl3, 

500 MHz): δ 7.92 (2H, dd, J = 8.5, 1.0 Hz), 7.50 (1H, tt, J = 7.5, 1.0 Hz), 7.40 (2H, t, J = 8.0 

Hz), 7.24 (1H, d, J = 6.5 Hz), 7.16-7.06 (2H, m), 7.01 (1H, d, J = 7.5 Hz), 3.92 (1H, dd, J = 11.5, 

5.0 Hz), 3.79 (1H, dd, J = 11.5, 5.5 Hz), 3.20 (1H, dd, J = 8.5, 5.5 Hz), 2.80-2.70 (2H, m), 2.19 

(3H, s, CH3), 1.98 (1H, br s, OH); 13C NMR (CDCl3, DEPT-135, 100 MHz) δ 195.3 (C, C=O), 

137.9 (C), 137.6 (C), 133.5 (C), 132.7 (CH), 129.7 (CH), 129.5 (CH), 128.5 (2 x CH), 128.1 (2 x 

CH),  127.1 (CH), 125.5 (CH), 64.1 (CH2), 33.3 (CH), 30.1 (CH), 28.9 (CH), 19.8 (CH3); HRMS 

(ESI-TOF) m/z: (M + Na+) calcd for C18H18O2Na 289.1204; Found 289.1204. 

(4-chlorophenyl)((1S,2S,3S)-2-(hydroxymethyl)-3-phenylcyclopropyl)methanone (3lʹ): The 

compound was prepared following the procedure K and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated 

as a pale yellow liquid; Yield: 89% (25.5 mg); [α]D
25 = 200.00 (c = 

0.101, CHCl3, >99% ee, >20:1 dr); IR (Neat): νmax 3386, 3062, 3026, 

2925, 2873, 2359, 2339, 1662, 1587, 1489, 1400, 1364, 1213, 1089, 

1011, 908, 727, 696 and 524 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.81 (2H, dt, J = 9.5, 2.5 Hz), 

7.35 (2H, dt, J = 7.0, 2.0 Hz), 7.22-7.10 (5H, m), 3.87 (1H, dd, J = 11.5, 6.0 Hz), 3.76 (1H, dd, J 

= 11.5, 6.5 Hz), 3.00 (1H, dd, J = 10.0, 5.5 Hz), 2.87 (1H, dd, J = 9.5, 6.5 Hz), 2.74 (1H, quint, J 

= 5.5 Hz), 2.13 (1H, br s, OH); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.3 (C, C=O), 



  

 

Experimental Section 

Page | 171  

 

139.2 (C), 136.5 (C), 135.1 (C), 129.5 (2 x CH), 128.9 (2 x CH), 128.8 (2 x CH), 128.1 (2 x CH),  

126.9 (CH), 63.7 (CH2), 34.0 (CH), 31.6 (CH), 27.2 (CH); HRMS (ESI-TOF) m/z: (M + Na+) 

calcd for C17H15ClO2Na 309.0658; Found 309.0659. 

5-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32ga): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) 

and isolated as a colorless liquid; Yield: 93% (90.5 mg); [α]D
25 = 103.97 

(c = 0.126, CHCl3, >99% ee, >20:1 dr); IR (Neat): νmax 3056, 2958, 2923, 

2853, 1669, 1445, 1374, 1279, 1218, 1076, 730 and 696 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ 7.83 (2H, dd, J = 8.4, 1.2 Hz), 7.49 (1H, tt, J = 8.4, 

1.2 Hz), 7.39 (2H, t, J = 8.0 Hz), 7.19-7.04 (5H, m), 3.64 (1H, t, J = 4.8 

Hz), 3.15(3H, s, CH3), 3.14 (3H, s, CH3), 2.90 (1H, dd, J = 9.6, 5.2 Hz), 2.71 (1H, dd, J = 9.6, 

6.8 Hz), 2.56-2.44 (2H, m), 2.41-2.34 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.7 

(C, C=O), 168.62 (C, N-C=O), 168.6 (C, N-C=O), 151.1 (C, N-C=O), 137.9 (C), 134.7 (C), 

132.9 (CH), 128.5 (2 x CH), 128.4 (2 x CH), 128.1 (2 x CH), 128.0 (2 x CH), 127.0 (CH), 48.5 

(CH), 36.0 (CH), 34.6 (CH2), 34.3 (CH), 28.5 (2 x CH3), 21.7 (CH); HRMS (ESI-TOF) m/z: (M 

+ H+) calcd for C23H22N2O4H 391.1658; Found 391.1656. 

5-(((1S,2R,3S)-2-benzoyl-3-(2-fluorophenyl)cyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gb): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 96% (98 mg); [α]D
25 = 

106.93 (c = 0.101, CHCl3, 3:1:1 dr); IR (Neat): νmax 2924, 2853, 1669, 

1596, 1580, 1494, 1447, 1375, 1277, 1224, 1077, 1021, 753, 717 and 

655 cm-1; Major: 1H NMR (CDCl3, 500 MHz): δ  7.86 (2H, d, J = 7.5 

Hz), 7.51 (1H, t, J = 7.5 Hz), 7.41 (2H, t, J = 7.5 Hz), 7.12-7.09 (1H, m), 

7.06-7.03 (1H, m), 7.02-6.98 (1H, m), 6.86 (1H, t, J = 10.0 Hz), 3.65 (1H, t, J = 5.0 Hz), 3.21 

(3H, s, CH3), 3.14 (3H, s, CH3), 2.98 (1H, dd, J = 9.5, 5.0 Hz), 2.76 (1H, dd, J = 9.5, 7.5 Hz), 

2.55-2.46 (2H, m), 2.39-2.33 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 195.1 (C, 

C=O), 168.40 (C, N-C=O), 168.37 (C, N-C=O), 161.9 (C, d, J = 243.75 Hz), 151.1 (C, N-C=O), 

137.8 (C), 132.9 (CH), 130.0 (CH, d, J = 3.75 Hz), 128.6 (CH), 128.5 (2 x CH), 128.0 (2 x CH), 

123.7 (CH, d, J = 3.75 Hz), 122.2 (C, d, J = 13.75 Hz), 114.9 (CH, d, J = 21.25 Hz), 48.5 (CH), 
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34.0 (CH2), 32.9 (CH), 29.7 (CH, d, J = 3.75 Hz), 28.5 (CH3), 28.4 (CH3), 22.0 (CH); HRMS 

(ESI-TOF) m/z: (M + H+) calcd for C23H21FN2O4H 409.1564; Found 409.1561. 

5-(((1S,2R,3S)-2-benzoyl-3-(4-chlorophenyl)cyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gc): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 

to 3:7) and isolated as a colorless liquid; Yield: 93% (98.8 mg); 

[α]D
25 = 134.0 (c = 0.100, CHCl3, >20:1 dr); IR (Neat): νmax 2925, 

2853, 1670, 1596, 1493, 1446, 1374, 1219, 1178, 1076, 1015, 751, 

700 and 653 cm-1; 1H NMR (CDCl3, 500 MHz): δ  7.82 (2H, d, J = 

7.5 Hz), 7.51 (1H, t, J = 7.5 Hz), 7.41 (2H, t, J = 8.0 Hz), 7.13 (2H, 

d, J = 8.5 Hz), 7.01 (2H, d, J = 8.5 Hz), 3.61 (1H, t, J = 5.0 Hz), 3.18 (3H, s, CH3), 3.15 (3H, s, 

CH3), 2.92 (1H, dd, J = 10.0, 5.5 Hz), 2.67 (1H, dd, J = 9.5, 7.0 Hz), 2.55-2.50 (1H, m), 2.46-

2.41 (1H, m), 2.34-2.32 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.6 (C, C=O), 

168.5 (C, N-C=O), 168.4 (C, N-C=O), 151.0 (C, N-C=O), 137.7 (C), 133.3 (C), 133.0 (CH), 

132.8 (C), 129.8 (2 x CH), 128.6 (2 x CH), 128.3 (2 x CH), 128.0 (2 x CH), 48.5 (CH), 35.2 

(CH), 34.3 (CH2), 34.1 (CH), 28.54 (CH3), 28.49 (CH3), 22.2 (CH); HRMS (ESI-TOF) m/z: (M 

+ H+) calcd for C23H21ClN2O4H 425.1268; Found 425.1266. 

5-(((1S,2R,3S)-2-benzoyl-3-(4-bromophenyl)cyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gd): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 

to 3:7) and isolated as a colorless liquid; Yield: 97% (113.81 mg); 

[α]D
25 = 121.30 (c = 0.108, CHCl3, >20:1 dr); IR (Neat): νmax 

2924, 2856, 1676, 1448, 1377, 1275, 1219, 1073, 1009, 750 and 698 

cm-1; 1H NMR (CDCl3, 500 MHz): δ  7.82 (2H, dd, J = 8.5, 1.5 Hz), 

7.51 (1H, t, J = 7.5 Hz), 7.41 (2H, t, J = 8.0 Hz), 7.32-7.27 (2H, m), 

6.95 (2H, d, J = 8.5 Hz), 3.64 (1H, t, J = 5.0 Hz), 3.18 (3H, s, CH3), 3.14 (3H, s, CH3), 2.95-2.91 

(1H, m), 2.65 (1H, dd, J =  7.0, 2.5 Hz), 2.56-2.50 (1H, m), 2.47-2.43 (1H, m), 2.38-2.30 (1H, 

m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.6 (C, C=O), 168.46 (C, N-C=O), 168.38 (C, 

N-C=O), 151.0 (C, N-C=O), 137.7 (C), 133.9 (C), 133.1 (CH), 131.2 (2 x CH), 130.2 (2 x CH), 

128.6 (2 x CH), 128.0 (2 x CH), 120.9 (C), 48.5 (CH), 35.3 (CH), 34.2 (CH2), 34.0 (CH), 28.55 
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(CH3), 28.49 (CH3), 22.1 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H21BrN2O4H 

469.0763; Found 469.0768. 

4-((1S,2R,3S)-2-benzoyl-3-((1,3-dimethyl-2,4,6-trioxohexahydropyrimidin-5-

yl)methyl)cyclopropyl)benzonitrile (32ge): The compound was prepared following the 

procedure B and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; 

Yield: 92% (95.5 mg); [α]D
25 = 153.92 (c = 0.102, CHCl3, >99% 

ee, >10:1 dr); IR (Neat): νmax 3005, 2989, 2226, 1678, 1448, 1375, 

1275, 1260, 1075, 750 and 560 cm-1; 1H NMR (CDCl3, 500 MHz): 

δ  7.82 (2H, dd, J = 7.5, 1.0 Hz), 7.53 (1H, tt, J = 7.0, 1.5 Hz), 7.46 

(2H, dd, J = 8.5, 1.5 Hz), 7.42 (2H, t, J = 8.0 Hz), 7.21 (2H, d, J = 8.0 Hz), 3.65 (1H, t, J = 4.5 

Hz), 3.20 (3H, s, CH3), 3.14 (3H, s, CH3), 3.03 (1H, dd, J = 9.5, 5.0 Hz), 2.74 (1H, dd, J = 9.5, 

6.5 Hz), 2.59-2.53 (1H, m), 2.46-2.41 (2H, m); 13C NMR (CDCl3, DEPT-135, 100 MHz) δ 194.4 

(C, C=O), 168.3 (C, N-C=O), 168.2 (C, N-C=O), 151.0 (C, N-C=O), 140.7 (C), 137.5 (C), 133.3 

(CH), 131.9 (2 x CH), 129.4 (2 x CH), 128.7 (2 x CH), 127.9 (2 x CH), 118.7 (C, CN), 110.7 

(C), 48.4 (CH), 35.4 (CH), 34.4 (CH), 33.7 (CH2), 28.6 (CH3), 28.5 (CH3), 22.8 (CH); HRMS 

(ESI-TOF) m/z: (M + H+) calcd for C24H21N3O4H 416.1610; Found 416.1603. 

5-(((1S,2R,3S)-2-benzoyl-3-(2-nitrophenyl)cyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gf): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 95% (103.5 mg); [α]D
25 = 

57.58 (c = 0.099, CHCl3, >99% ee, 2:1 dr); IR (Neat): νmax 2923, 

2852, 2359,  1671, 1597, 1577, 1521, 1447, 1377, 1346, 1276, 1221, 

1078, 1040, 752, 700 and 657 cm-1; Major: 1H NMR (CDCl3, 500 

MHz): δ  7.87-7.82 (3H, m), 7.53 (3H, qd, J = 7.5, 0.5 Hz), 7.42 (3H, 

m), 3.65 (1H, t, J = 5.0 Hz), 3.23 (3H, s, CH3), 3.18 (1H, dd, J = 10.5, 4.5 Hz), 3.11 (1H, dd, J = 

9.5, 7.0 Hz), 3.07 (3H, s, CH3), 2.69-2.62 (1H, m), 2.45-2.38 (2H, m); 13C NMR (CDCl3, DEPT-

135, 125 MHz) δ 195.5 (C, C=O), 168.2 (C, N-C=O), 168.1 (C, N-C=O), 151.1 (C, N-C=O), 

149.6 (C), 137.3 (C), 133.2 (CH), 132.9 (CH), 131.8 (CH), 130.9 (C), 128.8 (CH), 128.6 (2 x 

CH), 128.2 (2 x CH), 124.6 (CH), 48.5 (CH), 34.1 (CH), 33.6 (CH2), 33.4 (CH), 28.6 (CH3), 

28.4 (CH3), 25.0 (CH); Minor: 1H NMR (CDCl3, 500 MHz): δ  7.99 (3H, td, J = 8.5, 1.5 Hz), 
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7.62 (2H, t, J = 7.5 Hz), 7.49-7.46 (2H, m), 7.34 (2H, td, J = 8.5, 1.0 Hz), 3.49 (1H, t, J = 5.0 

Hz), 3.30 (1H, dd, J = 10.0, 5.5 Hz), 3.25 (3H, s, CH3), 3.03 (1H, dd, J = 10.0, 5.0 Hz), 2.89 (3H, 

s, CH3), 2.50-2.46 (1H, m), 2.12-2.03 (1H, m), 1.68-1.59 (1H, m); 13C NMR (CDCl3, DEPT-135, 

125 MHz) δ 197.2 (C, C=O), 167.9 (C, N-C=O), 167.6 (C, N-C=O), 150.9 (C, N-C=O), 150.8 

(C), 136.9 (C), 133.5 (CH), 133.0 (CH), 131.3 (CH), 131.1 (C), 128.1 (CH), 128.2 (2 x CH), 

128.1 (2 x CH), 124.9 (CH), 48.1 (CH), 31.6 (CH), 30.4 (CH), 28.8 (CH2), 28.7 (CH3), 28.5 

(CH3), 28.3 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H21N3O6H 436.1509; Found 

436.1507. 

5-(((1S,2R,3S)-2-benzoyl-3-(p-tolyl)cyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gg): The compound was prepared following the procedure B and 

purified by column chromatography using (1.5:8.5 to 3:7) and 

isolated as a colorless liquid; Yield: 95% (96.1 mg); [α]D
25 = 

127.27 (c = 0.088, CHCl3, >20:1 dr); IR (Neat): νmax 2922, 

2853, 1669, 1597, 1516, 1446, 1375, 1277, 1219, 1075, 1020, 803, 

753, 705 and 652 cm-1; 1H NMR (CDCl3, 500 MHz): δ  7.83 (2H, 

dd, J = 8.5, 1.5 Hz), 7.39 (2H, t, J = 8.0 Hz), 7.00-6.92 (5H, m), 

3.63 (1H, t, J = 4.5 Hz), 3.15 (3H, s, CH3), 3.14 (3H, s, CH3), 2.87 (1H, dd, J = 9.5, 5.5 Hz), 2.68 

(1H, dd, J = 9.5, 6.5 Hz), 2.55-2.34 (2H, m), 2.36-2.33 (1H, m), 2.20 (3H, s, CH3); 
13C NMR 

(CDCl3, DEPT-135, 125 MHz) δ 194.9 (C, C=O), 168.64 (C, N-C=O), 168.59 (C, N-C=O), 

151.1 (C, N-C=O), 138.0 (C), 136.5 (C), 132.8 (CH), 131.5 (C), 128.8 (2 x CH), 128.5 (2 x CH), 

128.3 (2 x CH), 128.0 (2 x CH), 48.5 (CH), 35.9 (CH), 34.7 (CH2), 34.2 (CH), 28.5 (CH3), 28.4 

(CH3), 21.7 (CH), 21.0 (CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H24N2O4H 

405.1814; Found 405.1814. 

5-(((1S,2R,3S)-2-benzoyl-3-(m-tolyl)cyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gh): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 97% (98.1 mg); [α]D
25 = 

93.07 (c = 0.101, CHCl3, >10:1 dr); IR (Neat): νmax 3065, 2954, 2853, 

1668 (C=O), 1597, 1445, 1376, 1280, 1076, 1048, 754, 693 and 651 cm-

1; 1H NMR (CDCl3, 500 MHz): δ 7.83 (2H, dd, J = 8.5, 1.5 Hz), 7.50 

(1H, tt, J = 8.0, 1.5 Hz), 7.40 (2H, t, J =  7.5 Hz), 7.04 (1H, t, J = 7.5 
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Hz), 6.91 (1H, d, J = 7.5 Hz), 6.84 (2H, d, J = 9.0 Hz), 3.64 (1H, t, J = 4.5 Hz), 3.17 (3H, s, 

CH3), 3.13 (3H, s, CH3), 2.88 (1H, dd, J = 9.5, 5.0 Hz), 2.66 (1H, dd, J = 10.0, 7.0 Hz), 2.49 (2H, 

dd, J = 7.0, 5.0 Hz), 2.37-2.32 (1H, m), 2.23 (3H, s, CH3); 
13C NMR (CDCl3, DEPT-135, 125 

MHz) δ 194.8 (C, C=O), 168.64 (C, N-C=O), 168.59 (C, N-C=O), 151.1 (C, N-C=O), 138.0 (C), 

137.6 (C), 134.6 (C), 132.8 (CH), 129.2 (CH), 128.5 (2 x CH), 128.0 (2 x CH), 127.9 (CH), 

127.8 (CH), 125.5 (CH), 48.5 (CH), 36.0 (CH), 34.7 (CH2), 34.2 (CH), 28.4 (2 x CH3), 21.7 

(CH3), 21.5 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H24N2O4H 405.1814; Found 

405.1813. 

5-(((1S,2R,3S)-2-benzoyl-3-(o-tolyl)cyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gi): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 98% (99.1 mg); [α]D
25 = 

80.51 (c = 0.118, CHCl3, >99.9% ee, >10:1 dr); IR (Neat): νmax 3062, 

2956, 2861, 1672, 1597, 1447, 1377, 1285, 1221, 1180, 1079, 911, 756, 

730 and 651 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.87 (2H, d, J = 7.5 

Hz), 7.51 (1H, t, J = 7.5 Hz), 7.41 (2H, t, J = 8.0 Hz), 7.10-7.03 (3H, m), 

6.99(1H, d, J = 7.0 Hz), 3.65 (1H, t, J = 4.5 Hz), 3.16 (3H, s, CH3), 3.10 (3H, s, CH3), 3.05 (1H, 

dd, J = 9.0, 5.0 Hz), 2.65-2.60 (2H, m), 2.49-2.44 (1H, m), 2.39-2.16 (1H, m), 2.16 (3H, s, CH3); 

13C NMR (CDCl3, DEPT-135, 135 MHz) δ 194.5 (C, C=O), 168.5 (C, N-C=O), 168.4 (C, N-

C=O), 151.1 (C, N-C=O), 137.6 (C), 137.4 (C), 132.90 (C), 132.87 (CH), 129.7 (CH), 128.6 

(CH), 128.5 (2 x CH), 128.0 (2 x CH), 127.1 (CH), 125.6 (CH), 48.5 (CH), 35.5 (CH), 34.4 

(CH2), 32.6 (CH), 28.5 (CH3), 28.4 (CH3), 23.4 (CH3), 19.6 (CH); HRMS (ESI-TOF) m/z: (M + 

H+) calcd for C24H24N2O4H 405.1814; Found 405.1814. 

5-(((1S,2R,3S)-2-(2-fluorobenzoyl)-3-phenylcyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gj): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 96% (98 mg); [α]D
25 = 

82.96 (c = 0.135, CHCl3, >10:1 dr); IR (Neat): νmax 2926, 2856, 2359, 

2339, 1671, 1608, 1450, 1376, 1273, 1209, 1153, 1103, 1078, 1027, 753, 

698 and 639 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.50 (2H, td, J = 7.5, 

2.0 Hz)), 7.47-7.41 (1H, m), 7.20 (2H, t, J = 7.5 Hz)), 7.15-7.07 (5H, 
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m), 3.64 (1H, t, J = 4.5 Hz), 3.21 (3H, s, CH3), 3.13 (3H, s, CH3), 2.93 (1H, m), 2.77 (1H, dd, J = 

10.0, 6.5 Hz), 2.55-2.48 (1H, m), 2.48-2.39 (2H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 

193.1 (C, C=O), 168.52 (C, N-C=O), 168.50 (C, N-C=O), 162.6 (C, N-C=O), 160.6 (C), 151.1 

(C), 134.6 (C), 134.2 (CH, d, J = 8.75 Hz), 130.4 (CH, d, J = 2.5 Hz), 128.7 (2 x CH), 128.1 (2 x 

CH), 127.0 (CH), 124.3 (CH, d, J = 3.75 Hz), 116.5 (CH, d, J = 23.75 Hz), 48.5 (CH), 38.3 (CH, 

d, J = 7.5 Hz), 36.7 (CH), 34.5 (CH2), 28.44 (CH3), 28.43 (CH3), 22.3 (CH); 19F NMR (CDCl3, 

400 MHz NMR Machine): δ -111.38; HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H21FN2O4H 

409.1564; Found 409.1562. 

5-(((1S,2R,3S)-2-(2-chlorobenzoyl)-3-phenylcyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gk): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 98% (104.1 mg); [α]D
25 = 

80.0 (c = 0.100, CHCl3, >5:1 dr); IR (Neat): νmax 3059, 2926, 2856, 

2360, 2339, 1674, 1589, 1436, 1377, 1280, 1212, 1075, 1029, 751, 697 

and 641 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.35-7.31 (2H, m), 7.25-

7.21 (4H, m), 7.19-7.15 (3H, m), 3.63 (1H, t, J = 5.0 Hz), 3.23 (3H, s, 

CH3), 3.09 (3H, s, CH3), 2.89 (1H, dd, J = 9.5, 5.0 Hz), 2.75 (1H, dd, J = 

9.5, 7.0 Hz), 2.57 (1H, dt, J = 12.5, 5.0 Hz), 2.47-2.36 (2H, m); 13C NMR (CDCl3, DEPT-135, 

100 MHz) δ 196.4 (C, C=O), 168.4 (2 x C, N-C=O), 151.1 (C, N-C=O), 139.1 (C), 134.3 (C), 

132.0 (CH), 131.6 (C), 130.5 (CH), 129.7 (CH), 128.9 (2 x CH), 128.1 (2 x CH), 127.2 (CH), 

126.9 (CH), 48.4 (CH), 38.2 (CH), 37.9 (CH), 34.4 (CH2), 28.6 (CH3), 28.5 (CH3), 23.9 (CH); 

HRMS (ESI-TOF) m/z: (M + Na+) calcd for C23H21ClN2O4Na 447.1088; Found 447.1090. 

5-(((1S,2R,3S)-2-(4-chlorobenzoyl)-3-phenylcyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gl): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 95% (100.9 mg); [α]D
25 = 

145.22 (c = 0.115, CHCl3, >99.9% ee, >20:1 dr); IR (Neat): νmax 

3004, 1671, 1587, 1440, 1377, 1276, 1217, 1175, 1089, 1046, 1010, 

806, 751 and 698 cm-1; 1H NMR (CDCl3, 500 MHz):  δ  7.77 (2H, dt, J 

= 9.0, 2.0 Hz), 7.37 (2H, dt, J = 9.0, 2.5 Hz), 7.17 (2H, tt, J = 8.0, 1.5 

Hz), 7.11 (1H, d, J = 8.5, 2.5 Hz), 7.03 (2H, d, J = 7.0 Hz), 3.64 (1H, t, J 
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= 4.5 Hz), 3.18 (3H, s, CH3), 3.15 (3H, s, CH3), 2.85 (1H, dd, J = 9.5, 5.0 Hz), 2.71 (1H, dd, J = 

9.5, 7.0 Hz), 2.54-2.45 (2H, m), 2.47-2.35 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 

193.5 (C, C=O), 168.53 (C, N-C=O), 168.47 (C, N-C=O), 151.0 (C, N-C=O), 139.3 (C), 136.2 

(C), 134.5 (C), 129.4 (2 x CH), 128.8 (2 x CH), 128.4 (2 x CH), 128.1 (2 x CH), 127.1 (CH), 

48.5 (CH), 36.0 (CH), 34.4 (CH2), 34.3 (CH), 28.49 (CH3), 28.47 (CH3), 21.8 (CH); HRMS 

(ESI-TOF) m/z: (M + H+) calcd for C23H21ClN2O4H 425.1268; Found 425.1272. 

5-(((1S,2R,3S)-2-(3-bromobenzoyl)-3-phenylcyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gm): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 92% (107.9); [α]D
25 = 

99.0 (c = 0.100, CHCl3, 5:1:1 dr); IR (Neat): νmax 3059, 2956, 2849, 

1668, 1564, 1420, 1438, 1375, 1277, 1207, 1074, 1000, 749, 695 and 

642 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.94 (1H, t, J = 2.0 Hz), 7.75 

(1H, dd, J = 8.0, 1.5 Hz), 7.62 (1H, dq, J = 8.0, 1.0 Hz), 7.28 (1H, t, J = 

8.0 Hz), 7.18 (2H, t, J = 7.5 Hz), 7.13 (1H, dt, J = 8.5, 2.5 Hz), 7.05 (2H, 

d, J = 7.0 Hz), 3.65 (1H, t, J = 5.0 Hz), 3.20 (3H, s, CH3), 3.14 (3H, s, 

CH3), 2.87 (1H, dd, J = 10.0, 5.0 Hz), 2.74 (1H, dd, J = 10.0, 7.0 Hz), 2.49 (2H, dd, J = 7.0, 5.0 

Hz), 2.42-2.37 (1H, m), 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 193.4 (C, C=O), 168.5 (C, 

N-C=O), 168.4 (C, N-C=O), 151.0 (C, N-C=O), 139.6 (C), 135.7 (CH), 134.4 (C), 131.0 (CH), 

130.1 (CH), 128.4 (2 x CH), 128.2 (2 x CH), 127.1 (CH), 126.5 (CH), 122.9 (C), 48.5 (CH), 36.3 

(CH), 34.4 (CH), 34.3 (CH2), 28.53 (CH3), 28.48 (CH3), 22.0 (CH); HRMS (ESI-TOF) m/z: (M 

+ H+) calcd for C23H21BrN2O4H 469.0763; Found 469.0762. 

1,3-dimethyl-5-(((1S,2R,3S)-2-(4-nitrobenzoyl)-3-phenylcyclopropyl)methyl)pyrimidine-

2,4,6(1H,3H,5H)-trione (32gn): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 92% (100.1 mg); [α]D
25 = 

120.18 (c = 0.109, CHCl3, >5:1 dr); IR (Neat): νmax 2923, 2853, 2359, 

2339, 1671, 1602, 1523, 1440, 1378, 1345, 1277, 1212, 1078, 1047, 846, 

752, 698 and 668 cm-1; 1H NMR (CDCl3, 500 MHz): δ  8.24 (2H, d, J = 

8.5 Hz), 7.97 (2H, d, J = 9.0 Hz), 7.18 (2H, t, J = 7.5 Hz), 7.14 (1H, t, J 

= 7.5 Hz), 7.05 (2H, d, J = 7.0 Hz), 3.67 (1H, t, J = 5.0 Hz), 3.22 (3H, s, 
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CH3), 3.15 (3H, s, CH3), 2.94 (1H, dd, J = 10.0, 5.0 Hz), 2.83 (1H, dd, J = 10.0, 7.0 Hz), 2.56-

2.44 (3H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 193.4 (C, C=O), 168.34 (C, N-C=O), 

168.31 (C, N-C=O), 151.0 (C, N-C=O), 150.1 (C), 142.2 (C), 134.0 (C), 128.9 (2 x CH), 128.36 

(2 x CH), 128.28 (2 x CH), 127.4 (CH), 123.8 (2 x CH), 48.4 (CH), 36.8 (CH), 34.9 (CH), 33.9 

(CH2), 28.56 (CH3), 28.52 (CH3), 23.4 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for 

C23H21N3O6H 436.1509; Found 436.1506. 

1,3-dimethyl-5-(((1S,2R,3S)-2-(4-methylbenzoyl)-3-phenylcyclopropyl)methyl)pyrimidine-

2,4,6(1H,3H,5H)-trione (32go): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 97% (98.1); [α]D
25 = 

165.85 (c = 0.082, CHCl3, >20:1 dr); IR (Neat): νmax 3027, 2920, 

1668, 1605, 1439, 1373, 1277, 1225, 1179, 1076, 1047, 802, 750, 697 

and 601 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.73 (2H, dt, J = 8.5, 2.0 

Hz), 7.19 (2H, d, J = 8.0 Hz), 7.15 (2H, tt, J = 7.0, 2.0 Hz), 7.09 (1H, tt, 

J = 7.0, 2.5 Hz), 7.05 (2H, dt, J = 7.5, 2.0 Hz), 3.64 (1H, t, J = 4.5 Hz), 

3.154 (3H, s, CH3), 3.147 (3H, s, CH3), 2.87 (1H, dd, J = 9.5, 5.0 Hz), 

2.67 (1H, dd, J = 9.5, 7.0 Hz), 2.55-2.44 (2H, m), 2.36 (3H, s, CH3), 2.34-2.27 (1H, m); 13C 

NMR (CDCl3, DEPT-135, 125 MHz) δ 194.2 (C, C=O), 168.65 (C, N-C=O), 168.60 (C, N-

C=O), 151.1 (C, N-C=O), 143.6 (C), 135.5 (C), 134.8 (C), 129.2 (2 x CH), 128.4 (2 x CH), 

128.13 (2 x CH), 128.07 (2 x CH), 126.9 (CH), 48.5 (CH), 35.7 (CH), 34.7 (CH2), 34.1 (CH), 

28.4 (2 x CH3), 21.6 (CH), 21.5 (CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H24N2O4H 

405.1814; Found 405.1808. 

5-(((1S,2R,3S)-2-(4-methoxybenzoyl)-3-phenylcyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gp): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 to 

3:7) and isolated as a colorless liquid; Yield: 98% (103 mg); [α]D
25 = 

227.86 (c = 0.140, CHCl3, >10:1 dr); IR (Neat): νmax 3062, 2935, 

2841, 1671, 1597, 1509, 1438, 1420, 1374, 1237, 1167, 1023, 845, 752, 

733, 698 and 603 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.82 (2H, d, J = 

9.0 Hz), 7.15 (2H, t, J = 7.5 Hz), 7.09 (1H, t, J = 7.5 Hz), 7.04 (2H, d, J 

= 7.5 Hz), 6.86 (2H, d, J = 9.0 Hz), 3.82 (3H, s, OCH3), 3.64 (1H, t, J = 
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4.5 Hz), 3.15 (3H, s, CH3), 3.14 (3H, s, CH3), 2.84 (1H, dd, J = 9.5, 5.5 Hz), 2.64 (1H, dd, J = 

9.5, 7.0 Hz), 2.55-2.50 (1H, m), 2.48-2.43 (1H, m) 2.33 (1H, quint, J = 7.0 Hz); 13C NMR 

(CDCl3, DEPT-135, 125 MHz) δ 193.0 (C, C=O), 168.7 (C, N-C=O), 168.6 (C, N-C=O), 163.3 

(C, N-C=O), 151.1 (C), 134.9 (C), 131.0 (C), 130.3 (2 x CH), 128.4 (2 x CH), 128.0 (2 x CH), 

126.8  (CH), 113.7 (2 x CH), 55.4 (CH3, OCH3), 48.5 (CH), 35.4 (CH), 34.8 (CH2), 33.9 (CH), 

28.4 (2 x CH3), 21.3 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H24N2O5H 421.1763; 

Found 421.1763. 

5-(((1S,2S,3R)-2-(4-fluorophenyl)-3-(4-methylbenzoyl)cyclopropyl)methyl)-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (32gq): The compound was prepared following 

the procedure B and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; 

Yield: 90% (95.1 mg); [α]D
25 = 132.58 (c = 0.089, CHCl3, >20:1 

dr); IR (Neat): νmax 2930, 2853, 1669, 1604, 1511, 1442, 1419, 1376, 

1277, 1222, 1180, 1047, 825, 754, 744 and 551 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.73 (2H, d, J = 8.5 Hz), 7.20 (2H, d, J = 8.0 

Hz), 7.03 (2H, dd, J = 9.0, 5.5 Hz), 6.84 (2H, tt, J = 9.0, 2.0 Hz), 3.64 

(1H, t, J = 5.0 Hz), 3.18 (3H, s, CH3), 3.15 (3H, s, CH3), 2.88 (1H, 

dd, J = 9.5, 5.5 Hz), 2.65 (1H, dd, J = 9.5, 7.0 Hz), 2.56-2.51 (1H, m), 2.46-2.41 (1H, m), 2.37 

(3H, s, CH3), 2.34-2.29 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.2 (C, C=O), 

168.6 (C, N-C=O), 168.5 (C, N-C=O), 161.7 (C, d, J = 243.75 Hz), 151.0 (C, N-C=O), 143.8 

(C), 135.3 (C), 130.6 (C), 130.0 (CH), 129.9 (CH), 129.3 (2 x CH), 128.1 (2 x CH), 115.1 (CH), 

114.9 (CH), 48.5 (CH), 34.9 (CH), 34.5 (CH2), 33.9 (CH), 28.50 (CH3), 28.49 (CH3), 21.9 (CH), 

21.6 (CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H23FN2O4H 423.1720; Found 

423.1720. 

5-(((1S,2S,3R)-2-(4-chlorophenyl)-3-(4-methylbenzoyl)cyclopropyl)methyl)-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (32gr): The compound was prepared following 

the procedure B and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; 

Yield: 98% (107.5 mg); [α]D
25 = 142.06 (c = 0.107, CHCl3, >10:1 

dr); IR (Neat): νmax 2924, 2853, 1670, 1605, 1571, 1493, 1442, 

1375, 1277, 1226, 1179, 1080, 1047, 1013, 821, 752, 734, 652 and 
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599 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.73 (2H, d, J = 8.5 Hz), 7.20 (2H, d, J = 8.0 Hz), 7.12 

(2H, dt, J = 9.5, 1.5 Hz), 6.99 (2H, dt, J = 9.5, 2.5 Hz), 3.64 (1H, t, J = 5.0 Hz), 3.19 (3H, s, 

CH3), 3.15 (3H, s, CH3), 2.89 (1H, dd, J = 10.0, 5.5 Hz), 2.64 (1H, dd, J = 9.5, 7.0 Hz), 2.56-

2.51 (1H, m), 2.45-2.43 (1H, m), 2.37 (3H, s, CH3), 2.32-2.29 (1H, m); 13C NMR (CDCl3, 

DEPT-135, 125 MHz) δ 190.1 (C, C=O), 168.5 (C, N-C=O), 168.4 (C, N-C=O), 151.0 (C, N-

C=O), 143.9 (C), 135.3 (C), 133.5 (C), 132.7 (C), 129.8 (2 x CH), 129.3 (2 x CH), 128.2 (2 x 

CH), 128.1 (2 x CH), 48.5 (CH), 34.9 (CH), 34.4 (CH2), 33.9 (CH), 28.52 (CH3), 28.48 (CH), 

21.9 (CH3), 21.6 (CH3); HRMS (ESI-TOF) m/z: (M + Na+) calcd for C24H23ClN2O4Na 461.1244; 

Found 461.1244. 

5-(((1S,2S,3R)-2-(4-bromophenyl)-3-(4-methylbenzoyl)cyclopropyl)methyl)-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (32gs): The compound was prepared following 

the procedure B and purified by column chromatography using 

(1.5:8.5 to 3:7) and isolated as a colorless liquid; Yield: 97% (117.2 

mg); [α]D
25 =  (c = 0.102, CHCl3, >10:1 dr); IR (Neat): 

νmax 2922, 2849, 1670, 1605, 1489, 1441, 1375, 1277, 1226, 1179, 

1072, 1047, 1009, 818, 752, 734, 634 and 599 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.73 (2H, d, J = 8.0 Hz), 7.27 (2H, d, J = 8.0 

Hz), 7.20 (2H, d, J = 8.0 Hz), 6.94 (2H, d, J = 8.0 Hz), 3.64 (1H, t, J 

= 4.5 Hz), 3.18 (3H, s, CH3), 3.14 (3H, s, CH3), 2.90 (1H, dd, J = 

9.5, 5.0 Hz), 2.62 (1H, dd, J = 9.0, 7.0 Hz), 2.56-2.50 (1H, m), 2.45-2.41 (1H, m), 2.37 (3H, s, 

CH3), 2.34-2.29 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.1 (C, C=O), 168.5 (C, 

N-C=O), 168.4 (C, N-C=O), 151.0 (C, N-C=O), 143.9 (C), 135.3 (C), 134.0 (C), 131.2 (2 x CH), 

130.2 (2 x CH), 129.3 (2 x CH), 128.1 (2 x CH), 120.8 (C), 48.5 (CH), 35.0 (CH), 34.3 (CH2), 

33.9 (CH), 28.5 (CH3), 28.4 (CH3), 21.9 (CH3), 21.6 (CH); HRMS (ESI-TOF) m/z: (M + H+) 

calcd for C24H23BrN2O4H 483.0919; Found 483.0919. 

1,3-dimethyl-5-(((1S,2R,3S)-2-(4-methylbenzoyl)-3-(p-tolyl)cyclopropyl)methyl)pyrimidine-

2,4,6(1H,3H,5H)-trione (32gt): The compound was prepared following the procedure B and 

purified by column chromatography using (1.5:8.5 to 3:7) and 

isolated as a colorless liquid; Yield: 98% (102.5);  [α]D
25 = 

167.74 (c = 0.090, CHCl3, >10:1 dr); IR (Neat): νmax 2921, 

2856, 1671, 1605, 1571, 1516, 1443, 1376, 1277, 1226, 1180, 
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1076, 1048, 812, 752 and 600 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.74 (2H, d, J = 8.0 Hz), 

7.19 (2H, d, J = 7.5 Hz), 6.96-6.92 (4H, m), 3.63 (1H, t, J = 5.0 Hz), 3.15 (3H, s, CH3), 3.14 (3H, 

s, CH3), 2.84 (1H, dd, J = 10.0, 5.5 Hz), 2.65 (1H, dd, J = 10.0, 7.0 Hz), 2.53-2.43 (2H, m), 2.36 

(3H, s, CH3), 2.33-2.29 (1H, m), 2.20 (3H, s, CH3); 
13C NMR (CDCl3, DEPT-135, 125 MHz) δ 

194.4 (C, C=O), 168.7 (C, N-C=O), 168.6 (C, N-C=O), 151.1 (C, N-C=O), 143.6 (C), 136.4 (C), 

135.5 (C), 131.7 (C), 129.2 (2 x CH), 128.8 (2 x CH), 128.3 (2 x CH), 128.1 (2 x CH), 48.5 

(CH), 35.6 (CH), 34.8 (CH2), 34.1 (CH), 28.4 (2 x CH3), 21.6 (CH), 21.5 (CH3), 21.0 (CH3); 

HRMS (ESI-TOF) m/z: (M + H+) calcd for C25H26N2O4H 419.1971; Found 419.1970. 

1,3-dimethyl-5-(((1S,2R,3S)-2-(4-methylbenzoyl)-3-(m-

tolyl)cyclopropyl)methyl)pyrimidine-2,4,6(1H,3H,5H)-trione (32gu): The compound was 

prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

colorless liquid; Yield: 98% (102.5 mg); [α]D
25 =  (c = 0.092, 

CHCl3, >20:1 dr); IR (Neat): νmax 2921, 2853, 1669, 1605, 1441, 1376, 

1280, 1227, 1178, 1077, 1048, 792, 753, 734, 699 and 598 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.74 (2H, d, J = 8.0 Hz), 7.19 (2H, t, J = 8.0 

Hz), 7.02 (1H, t, J = 7.5 Hz), 6.90 (1H, d, J = 7.5 Hz), 6.83 (2H, d, J = 

9.0 Hz), 3.63 (1H, t, J = 4.5 Hz), 3.16 (3H, s, CH3), 3.13 (3H, s, CH3), 

2.85 (1H, dd, J = 10.0, 5.5 Hz), 2.63 (1H, dd, J = 9.5, 7.0 Hz), 2.51-2.47 (2H, m), 2.36 (3H, s, 

CH3), 2.33-2.31 (1H, m), 2.22 (3H, s, CH3); 
13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.3 

(C, C=O), 168.66 (C, N-C=O), 168.62 (C, N-C=O), 151.1 (C, N-C=O), 143.5 (C), 137.6 (C), 

135.6 (C), 134.7 (C), 129.20 (CH), 129.17 (2 x CH), 128.1 (2 x CH), 127.9  (CH), 127.7 (CH), 

125.5 (CH), 48.5 (CH), 35.8 (CH), 34.8 (CH2), 34.0 (CH), 28.4 (2 x CH3), 21.6 (CH3), 21.5 

(CH), 21.3 (CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C25H26N2O4H 419.1971; Found 

419.1973. 

5-(((1S,2R,3S)-2-(2-fluorobenzoyl)-3-(p-tolyl)cyclopropyl)methyl)-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (32gv): The compound was prepared following the procedure B and 

purified by column chromatography using EtOAc/hexanes (1.5:8.5 

to 3:7) and isolated as a colorless liquid; Yield: 95% (100.3 mg); 

[α]D
25 = 72.38 (c = 0.105, CHCl3, >5:1 dr); IR (Neat): νmax 2924, 

2859, 2359, 2339, 1674, 1608, 1516, 1451, 1377, 1273, 1211, 
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1153, 1103, 1077, 794, 756  and 637 cm-1;  1H NMR (CDCl3, 500 MHz): δ 7.51 (1H, td, J = 7.5, 

1.5 Hz), 7.46-7.42 (1H, m), 7.12 (2H, t, J = 7.5 Hz), 7.09 (1H, dd, J = 11.0, 8.5 Hz), 6.99 (3H, s), 

3.63 (1H, t, J = 5.0 Hz), 3.21 (3H, s, CH3), 3.13 (3H, s, CH3), 2.91-2.88 (1H, m), 2.74 (1H, dd, J 

= 9.5, 6.5 Hz), 2.53-2.47 (1H, m), 2.46-2.37 (2H, m), 2.23 (3H, s, CH3); 
13C NMR (CDCl3, 

DEPT-135, 125 MHz) δ 193.2 (C, C=O), 168.54 (C, N-C=O), 168.51 (C, N-C=O), 162.6 (C, N-

C=O), 160.6 (C), 151.1 (C), 136.5 (C), 134.1 (CH, d, J = 8.75 Hz), 130.4 (C), 130.4 (CH, d, J = 

1.25 Hz), 128.8 (2 x CH), 128.6 (2 x CH), 124.3 (CH, d, J = 3.75 Hz), 116.5 (CH, d, J = 

23.75.75 Hz), 48.5 (CH), 38.3 (CH, d, J = 6.25 Hz), 36.6 (CH), 34.6 (CH2), 28.4 (2 x CH3), 22.4 

(CH), 21.0 (CH3); 
19F NMR (CDCl3, 400 MHz NMR Machine): δ -111.39; HRMS (ESI-TOF) 

m/z: (M + H+) calcd for C24H23FN2O4H 423.1720; Found 423.1722. 

5-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-2,2-dimethyl-1,3-dioxane-4,6-dione 

(32aa): The compound was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

white solid (MP = 136-138 °C); Yield: 76% (72 mg); [α]D
25 = 114.0 (c 

= 0.100, CHCl3, >50:1 dr); IR (Neat): νmax 3725, 3627, 3593, 3028, 2933, 

2884, 1780, 1742, 1658, 1598, 1448, 1378, 1298, 1220, 1060, 1023, 960, 

713, 688 and 576 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.87 (2H, d, J = 

7.5 Hz), 7.49 (1H, t, J = 7.5 Hz), 7.40 (2H, t, J = 7.5 Hz), 7.19-7.10 (5H, 

m), 3.66 (1H, t, J = 5.0 Hz), 3.08 (1H, dd, J = 9.5, 5.5 Hz), 2.84 (1H, dd, J = 9.0, 7.5 Hz), 2.72 

(1H, quint, J = 6.5 Hz), 2.53-2.48 (1H, m), 2.37-2.31 (1H, m), 1.75 (3H, s), 1.70 (3H, s); 13C 

NMR (CDCl3, DEPT-135, 125 MHz) δ 195.2 (C, C=O), 169.53 (C, O-C=O), 169.52 (C, O-

C=O), 138.3 (C), 135.3 (C), 132.6 (CH), 128.9 (2 x CH), 128.4 (2 x  CH), 128.0 (4 x CH), 126.8 

(CH), 105.3 (C), 46.0 (CH), 36.4 (CH), 34.7 (CH), 30.0 (CH2), 28.3 (CH3), 27.1 (CH3), 23.2 

(CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H22O5H 379.1545; Found 379.1545. 

8-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-6,10-dioxaspiro[4.5]decane-7,9-

dione (32ba): The compound was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

white solid (MP = 128-130 °C); Yield: 98% (99.1 mg); [α]D
25 = 

126.85 (c = 0.108, CHCl3, >50:1 dr); IR (Neat): νmax 3062, 3031, 

2963, 2925, 2870, 2848, 2169, 1787, 1744, 1662, 1597, 1447, 1344, 

1218, 1112, 1045, 1022, 980, 759, 695 and 653 cm-1; 1H NMR (CDCl3, 
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500 MHz): δ 7.89 (2H, dd, J = 8.5, 1.5 Hz), 7.50 (1H, dd, J = 7.5, 1.5 Hz), 7.41 (2H, t, J = 8.0 

Hz), 7.20-2.15 (4H, m), 7.13-7.10 (1H, m), 3.65 (1H, t, J = 5.5 Hz), 3.10 (1H, dd, J = 9.5, 5.5 

Hz), 2.85 (1H, dd, J = 9.5, 7.0 Hz), 2.76 (1H, quint, J = 6.5 Hz), 2.47 (1H, ddd, J = 14.5, 6.5, 5.0 

Hz), 2.29 (1H, ddd, J = 13.5, 7.5, 5.5 Hz), 2.24-2.17 (4H, m), 1.93-1.87 (2H, m), 1.86-1.80 (2H, 

m); 13C NMR (CDCl3, DEPT-135, 100 MHz) δ 195.4 (C, C=O), 165.73 (C, O-C=O), 165.69 (C, 

O-C=O), 138.3 (C), 135.4 (C), 132.7 (CH), 129.0 (2 x CH), 128.5 (2 x CH), 128.1 (4 x CH), 

126.8 (CH), 114.4 (C), 47.4 (CH), 39.1 (CH2), 38.1 (CH2), 36.6 (CH), 34.8 (CH), 28.9 (CH2), 

24.4 (CH2), 23.4 (CH), 22.5 (CH2); HRMS (ESI-TOF) m/z: (M + H+) calcd for C25H24O5H 

405.1702; Found 405.1702. 

3-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-2-hydroxy-6-methyl-4H-pyran-4-

one (32ca): The compound was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

pale yellow liquid; Yield: 95% (85.6 mg); [α]D
25 = 113.21 (c = 0.106, 

CHCl3, >30:1 dr); IR (Neat): νmax 3060, 3028, 2922, 2851, 2679, 2147, 

2030, 1667, 1578, 1497, 1447, 1405, 1374, 1255, 1217, 1177, 1122, 

1041, 1023, 993, 946, 826, 762, 727, 696, 652 and 612 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 10.38 (1H, br s, OH), 7.95 (2H, d, J = 7.5 Hz), 

7.54 (1H, t, J = 7.5 Hz), 7.43 (2H, t, J = 7.5 Hz), 7.16-7.06 (5H, m), 5.69 (1H, s), 3.24 (1H, dd, J 

= 9.0, 4.5 Hz), 3.09 (1H, t, J = 8.5 Hz), 2.90-2.85 (2H, m), 2.70 (1H, q, J = 10.5 Hz), 2.05 (3H, s, 

CH3),; 
13C NMR (CDCl3, DEPT-135, 125 MHz) δ 199.3 (C, C=O), 167.5 (C, O-C=O), 166.9 

(C), 160.4 (C), 138.3 (C), 136.1 (C), 133.2 (CH), 129.3 (2 x CH), 128.6 (2 x CH), 128.3 (2 x 

CH), 128.0 (2 x CH), 126.6 (CH), 101.1 (C), 101.0 (CH), 37.6 (CH), 34.3 (CH), 26.1 (CH), 26.1 

(CH2), 19.7 (CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H20O4H 361.1440; Found 

361.1441. 

3-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-2-hydroxy-4H-chromen-4-one 

(32da): The compound was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

yellow liquid; Yield: 94% (93.2 mg); [α]D
25 = 114.15 (c = 0.106, 

CHCl3, >50:1 dr); IR (Neat): νmax 3303 (OH), 3060, 3031, 2920, 2851, 

2144, 1946, 1716, 1668, 1613, 1577, 1449, 1370, 1269, 1217, 1156, 

1045, 948, 756, 732 and 697 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.84 
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(2H, dd, J = 8.5, 1.0 Hz), 7.77 (1H, dd, J = 8.0, 1.5 Hz), 7.48-7.44 (2H, m), 7.34 (2H, t, J = 8.0 

Hz), 7.25 (1H, d, J = 6.5 Hz), 7.17 (1H, td, J = 8.0, 1.0 Hz), 7.12 (2H, d, J = 7.0 Hz), 7.07 (2H, t, 

J = 7.0 Hz), 7.01 (1H, t, J = 7.0 Hz), 3.18 (1H, dd, J = 9.5, 5.0 Hz), 3.12-3.06 (2H, m), 2.95 (1H, 

dd, J = 14.5, 7.5 Hz), 2.87 (1H, quint, J = 6.5 Hz); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 

198.4 (C, C=O), 165.1 (C, O-C=O), 161.3 (C), 152.4 (C), 138.1 (C), 135.8 (C), 133.0 (CH), 

131.7 (CH), 129.1 (2 x CH), 128.5 (2 x CH), 128.2 (2 x CH), 127.9 (2 x CH), 126.7 (CH), 123.9 

(CH), 123.1 (CH), 116.5 (CH), 116.1 (C), 103.6 (C), 37.2 (CH), 34.0 (CH), 26.2 (CH2), 25.7 

(CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C26H20O4H 397.1440; Found 397.1440. 

2-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-3-hydroxynaphthalene-1,4-dione 

(32la): The compound was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

yellow solid (MP = 142-144 °C); Yield: 91% (92.9 mg); [α]D
25 = 

137.38 (c = 0.107, CHCl3, >50:1 dr); IR (Neat): νmax 3304 (OH), 

2932, 2851, 2200, 2145, 1642, 1593, 1495, 1448, 1365, 1272, 1216, 

1082, 1019, 951, 725, 692 and 567 cm-1; 1H NMR (CDCl3, 500 MHz): δ 

8.11 (1H, d, J = 7.5 Hz), 8.06 (1H, d, J = 7.5 Hz), 7.88 (2H, d, J = 7.0 

Hz), 7.73 (1H, td, J = 7.5, 1.0 Hz), 7.66 (1H, t, J = 7.5 Hz), 7.48 (1H, t, J = 7.5 Hz), 7.39 (2H, t, 

J = 8.0 Hz), 7.15-7.13 (4H, m), 7.10-7.06 (1H, m), 3.15 (1H, dd, J = 9.5, 5.0 Hz), 3.00-2.92 (2H, 

m), 2.83 (1H, dd, J = 13.0, 7.5 Hz), 2.77 (1H, quint, J = 6.5 Hz); 13C NMR (CDCl3, DEPT-135, 

125 MHz) δ 195.8 (C, C=O), 184.6 (C, C=O), 181.4 (C, C=O), 153.6 (C), 138.5 (C), 135.8 (C), 

135.9 (CH), 133.0 (CH), 132.8 (C), 132.5 (CH), 129.4 (C), 129.0 (2 x CH), 128.4 (2 x CH), 

128.0 (2 x CH), 127.9 (2 x CH), 126.9 (CH), 126.6 (CH), 126.2 (CH), 122.2 (C), 36.8 (CH), 34.3 

(CH), 26.2 (CH), 24.5 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C27H20O4H 409.1440; 

Found 409.1440. 

2-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)malononitrile (32ma): The compound 

was prepared following the procedure B and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a pale 

yellow liquid; Yield: 96% (72.1 mg); [α]D
25 =  (c = 0.106, CHCl3, 

>50:1 dr); IR (Neat): νmax 3727, 3701, 3625, 3602, 3061, 3028, 2916, 2360, 

2339, 1721, 1667, 1597, 1442, 1373,  1241, 1221, 1048, 994, 720, 693 and 

653 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.89 (2H, d, J = 7.5 Hz), 7.53 (1H, t, J = 7.5 Hz), 7.43 



  

 

Experimental Section 

Page | 185  

 

(2H, t, J = 7.5 Hz), 7.25-7.14 (5H, m), 3.90 (1H, t, J = 7.0 Hz), 3.11 (1H, dd, J = 9.5, 5.0 Hz), 

2.88 (1H, dd, J = 9.5, 5.0 Hz), 2.69 (1H, quint, J = 7.0 Hz), 2.40-2.24 (2H, m); 13C NMR 

(CDCl3, DEPT-135, 125 MHz) δ 194.2 (C, C=O), 137.9 (C), 134.2 (C), 133.1 (CH), 128.9 (2 x 

CH), 128.6 (2 x CH), 128.3 (2 x CH), 128.0 (2 x CH), 127.3 (CH), 112.3 (2 x C, CN), 35.4 (CH), 

34.1 (CH2), 33.4 (CH), 22.5 (CH), 21.7 (CH); HRMS (ESI-TOF) m/z: (M + Na+) calcd for 

C20H16N2ONa 323.1160; Found 323.1155. 

Ethyl (R)-3-((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)-2-nitropropanoate (32oa): The 

compound was prepared following the procedure B and purified by 

column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and 

isolated as a pale yellow liquid; Yield: 75% (68.9 mg); [α]D
25 = 

111.21 (c = 0.107, CHCl3, 1:1 dr); IR (Neat): νmax 3059, 3027, 2981, 

2925, 2189, 2038, 2009, 1974, 1746, 1668, 1597, 1558, 1497, 1447, 

1367, 1264, 1216, 1022, 943, 858, 760, 728, 694, 596 and 529 cm-1; Major: 1H NMR (CDCl3, 

500 MHz): δ 7.87 (2H, t, J = 8.5 Hz), 7.54-7.50 (1H, m), 7.44-7.40 (2H, m), 7.20-7.16 (2H, m), 

7.14-7.10 (3H, m), 5.32-5.29 (1H, m), 4.29-.15 (2H, m), 3.01-2.96 (1H, m), 2.81-2.75 (1H, m), 

2.64-2.58 (1H, m), 2.56-2.48 (2H, m), 1.26 (3H, m); 13C NMR (CDCl3, DEPT-135, 500 MHz) δ 

194.6 (C, C=O), 164.23 (C, O-C=O), 138.02 (C), 134.7 (C), 132.92 (CH), 128.85 (2 x CH), 

128.6 (2 x CH), 128.13 (2 x CH), 128.0 (2 x CH), 127.1 (CH), 87.3 (CH), 63.3 (CH2, OCH2CH3), 

36.2 (CH), 33.6 (CH), 33.4 (CH2), 21.2 (CH), 13.82 (CH3, OCH2CH3); Minor: 1H NMR 

(CDCl3, 500 MHz): δ 7.87 (2H, t, J = 8.5 Hz), 7.54-7.50 (1H, m), 7.44-7.40 (2H, m), 7.20-7.16 

(2H, m), 7.14-7.10 (3H, m), 5.32-5.29 (1H, m), 4.29-.15 (2H, m), 3.01-2.96 (1H, m), 2.81-2.75 

(1H, m), 2.56-2.48 (2H, m), 2.46-2.39 (1H, m), 1.26 (3H, m); 13C NMR (CDCl3, DEPT-135, 500 

MHz) δ 194.5 (C, C=O), 164.22 (C, O-C=O), 138.0 (C), 134.6 (C), 132.89 (CH), 128.83 (2 x 

CH), 128.5 (2 x CH), 128.12 (2 x CH), 128.0 (2 x CH), 127.0 (CH), 87.2 (CH), 63.3 (CH2, 

OCH2CH3), 35.7 (CH), 33.4 (CH2), 33.3 (CH), 21.1 (CH), 13.79 (CH3, OCH2CH3); HRMS (ESI-

TOF) m/z: (M + H+) calcd for C21H21NO5H 368.1498; Found 368.1498. 

(S)-3-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)benzo[e][1,2]oxathiin-4(3H)-one 

2,2-dioxide (32qa): The compound was prepared following the procedure B and purified by 

column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and 

isolated as a pale yellow liquid; Yield: 98%  (105.9 mg); [α]D
25 = 

130.41 (c = 0.148, CHCl3, 1:1 dr); IR (Neat): νmax 3059, 3030, 2921, 
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2889, 2147, 2003, 1697, 1666, 1606, 1579, 1498, 1454, 1381, 1290, 1218, 1167, 1104, 1045, 

1024, 958, 908, 865, 783, 730, 696, 648, 569 and 529 cm-1; Major: 1H NMR (CDCl3, 500 

MHz): δ 8.05 (1H, d, J = 7.5.0 Hz), 7.85 (2H, d, J = 8.0 Hz), 7.65 (1H, t, J = 8.0 Hz), 7.49 (1H, 

q, J = 7.0 Hz), 7.41-7.35 (2H, m), 7.34-7.28 (1H, m), 7.20 (1H, t, J = 8.5 Hz), 7.18-7.12 (4H, m), 

7.12-7.10 (1H, m), 4.45-4.42 (1H, m), 3.05-2.98 (1H, m), 2.84-2.79 (2H, m), 2.75-2.65 (1H, m), 

2.46-2.39 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.5 (C, C=O), 185.3 (C, C=O), 

153.66 (C), 138.1 (C), 137.4 (CH), 134.8 (C), 132.76 (CH), 129.3 (CH), 128.93 (2 x CH), 128.5 

(2 x CH), 128.0 (4 x CH),  126.95 (CH), 126.5 (CH), 120.5 (C), 119.5 (CH), 69.7 (CH), 36.8 

(CH), 34.8 (CH), 29.8 (CH2), 22.2 (CH); Minor: 1H NMR (CDCl3, 500 MHz): δ 8.01 (1H, d, J = 

7.5.0 Hz), 7.81 (2H, d, J = 7.5 Hz), 7.65 (1H, t, J = 8.0 Hz), 7.49 (1H, q, J = 7.0 Hz), 7.41-7.35 

(2H, m), 7.34-7.28 (1H, m), 7.20 (1H, t, J = 8.5 Hz), 7.18-7.12 (4H, m), 7.12-7.10 (1H, m), 4.45-

4.42 (1H, m), 3.05-2.98 (1H, m), 2.84-2.79 (1H, m), 2.75-2.65 (1H, m), 2.64-2.56 (1H, m), 2.46-

2.39 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 194.3 (C, C=O), 185.3 (C, C=O), 

153.62 (C), 138.0 (C), 137.4 (CH), 134.7 (C), 132.73 (CH), 129.2 (CH), 128.87 (2 x CH), 128.4 

(2 x CH), 128.0 (4 x CH),  126.91 (CH), 126.4 (CH), 120.3 (C), 119.4 (CH), 69.6 (CH), 36.5 

(CH), 34.6 (CH), 29.6 (CH2), 22.0 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for 

C25H20O5SH 433.1110; Found 433.1110. 

5-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-6-methoxy-1,3-dimethylpyrimidine-

2,4(1H,3H)-dione (33ga): The compound was prepared following the procedure C and purified 

by column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and 

isolated as a colorless liquid; Yield: 85% (34.4 mg); [α]D
25 = 92.73 (c = 

0.110, CHCl3, >99.9% ee, >20:1 dr); IR (Neat): νmax 2957, 2923, 2849, 

2360, 2340 1692, 1640, 1449, 1215, 1041, 777 and 699 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.90 (2H, dt, J = 8.5, 2.0 Hz), 7.49 (1H, tt, J = 8.0, 

1.5 Hz), 7.40 (2H, t, J = 7.5 Hz), 7.19-7.13 (4H, m), 7.12-7.07 (1H, m), 

3.96 (3H, s, OCH3), 3.37 (3H, s, CH3), 3.32 (3H, s, CH3), 3.16 (1H, dd, J = 9.5, 5.0 Hz), 2.92 

(1H, dd, J = 10.0, 6.5 Hz), 2.78 (1H, dd, J = 14.0, 6.5 Hz), 2.69-2.58 (2H, m); 13C NMR (CDCl3, 

DEPT-135, 125 MHz) δ 196.0 (C, C=O), 164.4 (C, N-C=O), 159.0 (C), 151.4 (C, N-C=O), 138.5 

(C), 136.0 (C), 132.5 (CH), 129.0 (2 x CH), 128.4 (2 x CH), 128.1 (2 x CH), 127.9 (2 x CH), 

126.6 (CH), 100.0 (C), 62.1 (CH3, OCH3), 36.8 (CH), 34.4 (CH), 29.7 (CH3), 28.5 (CH3), 26.3 
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(CH2), 25.6 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H24N2O4H 405.1814; Found 

405.1813. 

4-((1S,2R,3S)-2-benzoyl-3-((6-methoxy-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-

5-yl)methyl)cyclopropyl)benzonitrile (33ge): The compound was prepared following the 

procedure C and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; 

Yield: 65% (27.9 mg); [α]D
25 = 33.33 (c = 0.126, CHCl3, 

>99.9% ee, >10:1 dr); IR (Neat): νmax 3056, 2957, 2923, 2854, 

2360, 2339, 2225, 1700, 1643, 1449, 1419, 1366, 1263, 1218, 1144, 

1041, 1022, 980, 870, 754, 703, 653 and 559 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.88 (2H, d, J = 7.5 Hz), 7.53 (1H, t, J = 7.5 Hz), 7.49-7.39 (4H, m), 7.25 

(2H, d, J = 8.5 Hz), 3.96 (3H, s, OCH3), 3.39 (3H, s, CH3),  3.32 (3H, s, CH3), 3.28-3.24 (1H, 

m), 2.93 (1H, dd, J = 9.0, 7.0 Hz), 2.77 (1H, dd, J = 14.0, 6.5 Hz), 2.67 (1H, dd, J = 14.5, 7.5 

Hz), 2.59 (1H, quint, J = 6.5 Hz); 13C NMR (CDCl3, DEPT-135, 100 MHz) δ 195.5 (C, C=O), 

164.4 (C, N-C=O), 159.1 (C, N-C=O), 151.3 (C), 141.9 (C), 138.0 (C), 133.0 (CH), 131.7 (2 x 

CH), 129.8 (2 x CH), 128.6 (2 x CH), 128.0 (2 x CH), 119.0 (C, CN), 110.3 (C), 99.6 (C), 62.1 

(CH3, OCH3), 36.3 (CH), 34.4 (CH), 29.8 (CH3), 28.5 (CH3), 26.4 (CH), 26.2 (CH2); HRMS 

(ESI-TOF) m/z: (M + H+) calcd for C25H23N3O4H 430.1767; Found 430.1766. 

5-(((1S,2R,3S)-2-benzoyl-3-(2-nitrophenyl)cyclopropyl)methyl)-6-methoxy-1,3-

dimethylpyrimidine-2,4(1H,3H)-dione (33gf): The compound was prepared following the 

procedure C and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; Yield: 

97% (43.6 mg); [α]D
25 = 90.83 (c = 0.120, CHCl3, 99% ee, 3:1 dr); IR 

(Neat): νmax 3065, 2952, 2360, 2339, 1700, 1636, 1577, 1520, 1447, 

1420, 1345, 1264, 1216, 1144, 1038, 1022, 980, 850, 778, 731, 699 and 

657 cm-1; Major: 1H NMR (CDCl3, 500 MHz): δ 7.92 (2H, d, J = 7.5 

Hz), 7.81 (1H, d, J = 8.0 Hz), 7.53-7.45 (3H, m), 7.44-7.38 (3H, m), 3.94 (3H, s, OCH3), 3.38 

(3H, s, CH3), 3.38-3.36 (1 H, m), 3.33 (3H, s, CH3), 3.19 (1H, quint, J = 8.5 Hz), 2.84 (1H, dd, J 

= 14.5, 6.5 Hz), 2.69 (1H, dd, J = 14.5, 7.5 Hz), 2.56-2.48 (1H, m); 13C NMR (CDCl3, DEPT-

135, 125 MHz) δ 196.4 (C, C=O), 164.2 (C, N-C=O), 159.0 (C, N-C=O), 151.3 (C), 149.9 (C), 

137.9 (C), 132.8 (CH), 132.6 (CH), 132.4 (CH), 131.9 (C), 128.4 (2 x CH), 128.1 (2 x CH), 
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127.7 (CH), 124.3 (CH), 99.7 (C), 62.1 (CH3, OCH3), 34.5 (CH), 33.2 (CH), 29.7 (CH), 28.7 

(CH3), 28.4 (CH3), 26.5 (CH2); Minor: 1H NMR (CDCl3, 500 MHz): δ 8.12 (2H, d, J = 7.5 Hz), 

7.99 (1H, d, J = 8.0 Hz), 7.62-7.56 (3H, m), 7.32 (3H, t, J = 8.0 Hz), 3.89 (3H, s, OCH3), 3.63 

(1H, t, J = 5.0 Hz), 3.44 (1H, dd, J = 9.5, 5.5 Hz), 3.31 (3H, s, CH3), 3.29 (3H, s, CH3), 2.56-2.48 

(1H, m), 2.14-2.08 (1H, m), 1.94 (1H, 1H, dd, J = 14.0, 11.0 Hz); 13C NMR (CDCl3, DEPT-135, 

125 MHz) δ 198.2 (C, C=O), 164.4 (C, N-C=O), 159.2 (C, N-C=O), 151.1 (C), 150.8 (C), 137.5 

(C), 133.1 (CH), 133.0 (CH), 131.9 (C), 131.7 (CH), 126.6 (2 x CH), 128.4 (2 x CH), 127.9 

(CH), 124.7 (CH), 99.3 (C), 62.13 (CH3, OCH3), 33.1 (CH), 31.6 (CH), 30.6 (CH), 29.6 (CH3), 

28.3 (CH3), 22.2 (CH2); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H23N3O6H 450.1665; 

Found 450.1665. 

5-(((1S,2R,3S)-2-benzoyl-3-(o-tolyl)cyclopropyl)methyl)-6-methoxy-1,3-

dimethylpyrimidine-2,4(1H,3H)-dione (33gi): The compound was prepared following the 

procedure C and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; Yield: 

92% (38.5 mg); [α]D
25 = 81.03 (c = 0.116, CHCl3, >99.9% ee, >10:1 

dr); IR (Neat): νmax 3069, 3021, 2953, 2923, 1824, 1748, 1700, 1643, 

1448, 1368, 1262, 1218, 1180, 1144, 1039, 1022, 981, 756, 731, 716  

and 656 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.93 (2H, dd, J = 8.5, 1.0 

Hz), 7.51 (1H, tt, J = 7.5, 1.5 Hz), 7.41 (2H, t, J = 8.0 Hz), 7.17 (1H, d, J = 7.5 Hz), 7.14-7.06 

(2H, m), 7.01 (1H, d, J = 7.0 Hz), 3.98 (3H, s, OCH3), 3.38 (3H, s, CH3), 3.33 (3H, s, CH3), 3.32 

(1H, dd, J = 9.0, 4.5 Hz), 2.89-2.77 (2H, m), 2.71-2.67 (1H, m), 2.62-2.58 (1H, m), 2.17 (3H, s, 

CH3); 
13C NMR (CDCl3, DEPT-135, 125 MHz) δ 195.6 (C, C=O), 164.4 (C, N-C=O), 158.9 (C, 

N-C=O), 151.3 (C), 138.1 (C), 137.6 (C), 134.2 (C), 132.5 (CH), 129.6 (CH), 129.4 (CH), 128.4 

(2 x CH), 128.1 (2 x CH), 126.8 (CH), 125.4 (CH), 100.1 (C), 62.1 (CH3, OCH3), 36.1 (CH), 

32.7 (CH), 29.7 (CH), 28.5 (CH3), 27.5 (CH3), 26.5 (CH2), 19.8 (CH3); HRMS (ESI-TOF) m/z: 

(M + H+) calcd for C25H26N2O4H 419.1971; Found 419.1972. 

5-(((1S,2R,3S)-2-(4-chlorobenzoyl)-3-phenylcyclopropyl)methyl)-6-methoxy-1,3-

dimethylpyrimidine-2,4(1H,3H)-dione (33gl): The compound was prepared following the 

procedure C and purified by column chromatography using 

EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a colorless liquid; Yield: 

84% (36.9 mg); [α]D
25 = 125.81 (c = 0.124, CHCl3, >99.9% ee, >20:1 
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dr); IR (Neat): νmax 3062, 3027, 2952, 2925, 2359, 2342, 1700, 1641, 1587, 1450, 1398, 1361, 

1262, 1215, 1090, 1039, 781, 730 and 698 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.83 (2H, dt, J = 

9.0, 2.0 Hz), 7.36 (2H, dt, J = 9.5, 2.0 Hz), 7.19-7.16 (2H, m), 7.13-7.09 (3H, m), 3.96 (3H, s, 

OCH3), 3.38 (3H, s, CH3), 3.32 (3H, s, CH3), 3.12 (1H, dd, J = 9.5, 5.0 Hz), 2.92 (1H, dd, J = 

9.5, 6.5 Hz), 2.78 (1H, dd, J = 13.5, 6.0 Hz), 2.66-2.57 (2H, m); 13C NMR (CDCl3, DEPT-135, 

100 MHz) δ 194.8 (C, C=O), 164.4 (C, N-C=O), 159.0 (C, N-C=O), 151.3 (C), 138.9 (C), 136.8 

(C), 135.8 (C), 129.5 (2 x CH), 128.9 (2 x CH), 128.7 (2 x CH), 127.9 (2 x CH), 126.7 (CH), 

99.9 (C), 62.1 (CH3, OCH3), 36.9 (CH), 34.3 (CH), 29.7 (CH3), 28.5 (CH3), 26.3 (CH2), 25.8 

(CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H23ClN2O4H 439.1425; Found 439.1422. 

Dimethyl 2-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)malonate (33aa): The 

compound was prepared following the procedure C and purified by column 

chromatography using EtOAc/hexanes (1. 5:8.5 to 3:7) and isolated as a 

white solid (MP = 98-100 °C); Yield: 85% (31.1 mg); [α]D
25 = 132.82 (c 

= 0.131, CHCl3, >30:1 dr); IR (Neat): νmax 3727, 3701, 3625, 3602, 3034, 

3007, 2952, 2926, 2360, 2340, 1730, 1661, 1597, 1499, 1435, 1369, 1337, 

1273, 1240, 1218, 1146, 1091, 1021, 943, 869, 731, 714 and 651 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.87 (2H, d, J = 7.5 Hz), 7.49 (1H, d, J = 7.5 Hz), 7.40 (2H, t, J = 

7.5 Hz), 7.19-7.09 (5H, m), 3.67 (3H, s), 3.64 (3H, s), 3.62 (1H, t, J = 7.5 Hz), 2.94 (1H, dd, J = 

9.5, 5.0 Hz), 2.74 (1H, dd, J = 9.5, 7.5 Hz), 2.46 (1H, quint, J = 6.5 Hz), 2.28-2.13 (2H, m); 13C 

NMR (CDCl3, DEPT-135, 125 MHz) δ 195.2 (C, C=O), 169.53 (C, O-C=O), 169.51 (C, O-

C=O), 138.3 (C), 135.4 (C), 132.7 (CH), 128.9 (2 x CH), 128.5 (2 x  CH), 128.0 (4 x CH), 126.8 

(CH), 52.65 (CH3, COOCH3), 52.63 (CH3, COOCH3), 51.3 (CH), 36.7 (CH), 33.9 (CH), 32.2 

(CH2), 23.4 (CH); HRMS (ESI-TOF) m/z: (M + Na+) calcd for C22H22O5Na 389.1365; Found 

389.1361. 

2-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-3-methoxycyclohex-2-en-1-one 

(33ha): The compound was prepared following the procedure C and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

colorless liquid; Yield: 85% (30.6 mg); [α]D
25 = 149.04 (c = 0.104, CHCl3, 

>20:1 dr); IR (Neat): νmax 3056, 3028, 2947, 2920, 2848,  2228, 1733, 1664, 

1641, 1608, 1449, 1370, 1240, 1216, 1166, 1097, 1025, 921, 762, 697 and 580 

cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.89 (2H, dd, J = 8.5, 1.0 Hz), 7.48 (1H, 
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tt, J = 8.5, 2.0 Hz), 7.39 (2H, t, J = 7.5 Hz), 7.18-7.13 (4H, m), 7.11-7.07 (1H, m), 3.84 (3H, s, 

OCH3), 3.04 (1H, dd, J = 9.5, 5.0 Hz), 2.82 (1H, dd, J = 9.0, 6.0 Hz), 2.63-2.57 (3H, m), 2.55-

2.50 (2H, m), 2.33 (2H, q, J = 7.5 Hz), 1.98 (2H, quint, J = 6.0 Hz); 13C NMR (CDCl3,   DEPT-

135, 125 MHz) δ 198.1 (C, C=O), 196.6 (C, C=O), 172.8 (C), 138.8 (C), 136.7 (C), 132.3 (CH), 

129.1 (2 x CH), 128.3 (2 x CH), 128.0 (2 x CH), 127.8 (2 x CH), 126.3 (CH), 118.1 (C), 55.3 

(CH3, OCH3), 37.3 (CH), 36.2 (CH2), 34.2 (CH), 26.2 (CH), 24.8 (2 x CH2), 20.8 (CH2); HRMS 

(ESI-TOF) m/z: (M + H+) calcd for C24H24O3H 361.1804; Found 361.1804. 

2-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-3-methoxy-5,5-dimethylcyclohex-2-

en-1-one (33ia): The compound was prepared following the procedure C and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

colorless liquid; Yield: 88% (34.2 mg); [α]D
25 = 112.87 (c = 0.101, CHCl3, 

>20:1 dr); IR (Neat): νmax 2955, 2932, 2147, 2008, 1735, 1614, 1449, 1370, 

1276, 1236, 1216, 1155, 1111, 1044, 750, 696, 643, 611, 585 and 548 cm-1; 

1H NMR (CDCl3, 500 MHz): δ 7.87 (2H, dd, J = 8.5, 1.0 Hz), 7.47 (1H, tt, J 

= 8.0, 2.0 Hz), 7.39 (2H, t, J = 7.5 Hz), 7.18-7.13 (4H, m), 7.10-7.06 (1H, m), 

3.82 (3H, s, OCH3), 3.02 (1H, dd, J = 9.0, 4.5 Hz), 2.83 (1H, dd, J = 9.0, 6.0 Hz), 2.62-2.51 (3H, 

m), 2.42 (2H, s), 2.21 (2H, s), 1.05 (3H, s, CH3) 1.03 (3H, s, CH3); 
13C NMR (CDCl3,   DEPT-

135, 125 MHz) δ 197.9 (C, C=O), 196.5 (C, C=O), 170.9 (C), 138.8 (C), 136.7 (C), 132.3 (CH), 

129.1 (2 x CH), 128.3 (2 x CH), 128.0 (2 x CH), 127.7 (2 x CH), 126.3 (CH), 116.9 (C), 55.3 

(CH3, OCH3), 50.1 (CH2), 38.8 (CH2), 37.3 (CH), 34.1 (CH), 32.0 (C), 28.5 (2 x CH3), 26.4 (CH) 

24.6 (CH2); HRMS (ESI-TOF) m/z: (M + H+) calcd for C26H28O3H 389.2117; Found 389.2117. 

2-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-3-methoxycyclopent-2-en-1-one 

(33ja): The compound was prepared following the procedure C and purified by column 

chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as a 

colorless liquid; Yield: 82% (28.4 mg); [α]D
25 = 153.64 (c = 0.110, CHCl3, 

>20:1 dr); IR (Neat): νmax 3062, 3030, 2919, 2861, 2149, 2024, 1666, 1624, 

1497, 1449, 1362, 1257, 1239, 1217, 1177, 1077, 1044, 1022, 938, 868, 761, 

732, 698, 651, 612, 591, 570 and 513 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.89 

(2H, dd, J = 8.5, 1.5 Hz), 7.48 (1H, tt, J = 7.5, 1.5 Hz), 7.40 (2H, t, J = 8.0 Hz), 

7.19-7.14 (4H, m), 7.11-7.08 (1H, m), 3.93 (3H, s), 3.04 (1H, dd, J = 9.5, 5.0 Hz), 2.80 (1H, dd, 

J = 9.5, 7.0 Hz), 2.67 (2H, t, J = 5.0 Hz), 2.60-2.55 (1H, m), 2.50 (1H, dd, J = 14.5, 6.5 Hz) 2.46-
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2.44 (2H, m), 2.33 (1H, dd, J = 14.5, 6.5 Hz); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 204.1 

(C, C=O), 196.2 (C, C=O), 185.5 (C), 138.7 (C), 136.3 (C), 132.3 (CH), 129.1 (2 x CH), 128.4 

(2 x CH), 128.0 (2 x CH), 127.4 (2 x CH), 126.4 (CH), 119.1 (C), 56.5 (CH3, OCH3), 33.1 (CH), 

34.2 (CH), 33.5 (CH2), 25.1 (CH), 24.5 (CH2), 24.4 (CH2); HRMS (ESI-TOF) m/z: (M + H+) 

calcd for C23H22O3H 347.1647; Found 347.1646. 

2-(((1S,2R,3S)-2-benzoyl-3-phenylcyclopropyl)methyl)-3-methoxy-1H-inden-1-one (33ka): 

The compound was prepared following the procedure C and purified by 

column chromatography using EtOAc/hexanes (1. 5:8.5 to 3:7) and isolated 

as a pale yellow liquid; Yield: 78% (30.8 mg); [α]D
25 = 124.37 (c = 0.119, 

CHCl3, >20:1 dr); IR (Neat): νmax 3380, 3063, 3028, 2958, 2922, 2853, 

2358, 1697, 1665, 1620, 1586, 1496, 1446, 1372, 1310, 1251, 1215, 1180, 

1159, 1079, 1044, 1023, 982, 955, 927, 845, 763, 725, 694, 646, 597, and 

552 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.88 (2H, dd, J = 8.5, 3.0 Hz), 7.48 (1H, t, J = 7.5 Hz), 

7.40-7.36 (3H, m), 7.35-7.29 (1H, m), 7.26-7.18 (2H, m,), 7.18-7.11 (4H, m), 7.11-7.06 (1H, m), 

4.34 (3H, s), 3.11 (1H, dd, J = 9.5, 5.0 Hz), 2.90 (1H, td, J = 9.5, 7.0 Hz), 2.86-2.72 (2H, m), 

2.55 (1H, sextet, J = 7.0 Hz); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 196.1 (C, C=O), 195.9 

(C, C=O), 140.6 (C), 138.5 (C), 135.9 (C), 132.5 (CH), 132.4 (CH), 131.8 (C), 129.4 (CH), 

129.0 (2 x CH), 128.4 (2 x CH), 128.1 (2 x CH), 127.9 (2 x CH), 126.6 (CH), 121.0 (CH), 118.8 

(CH), 108.3 (C), 59.0 (CH3, OCH3), 36.6 (CH), 39.9 (CH), 26.8 (CH), 24.4 (CH2); HRMS (ESI-

TOF) m/z: (M + H+) calcd for C27H22O3H 395.1647; Found 395.1647. 

(2S,3R)-3-(2-oxo-2-phenylethyl)-2-phenyl-2,3,4,6,7,8-hexahydro-5H-chromen-5-one (34ha): 

The compound was prepared following the procedure D and purified by 

column chromatography using EtOAc/hexanes (1.5:8.5 to 3:7) and isolated as 

a colorless liquid; Yield: 70% (33.8 mg, 0.14 mmol); [α]D
25 = 145.19 (c = 

0.104, CHCl3, >50:1 dr); IR (Neat): νmax 3059, 2924, 2852, 2358, 2337, 1724, 

1682, 1624, 1448, 1390, 1224, 1186, 1004, 754 and 698 cm-1; 1H NMR (CDCl3, 500 MHz): δ 

7.78 (2H, dt, J = 8.5, 2.0 Hz), 7.52 (1H, tt, J = 7.5, 1.5 Hz), 7.43 (7H, m), 4.92 (1H, d, J = 8.0 

Hz), 2.89-2.78 (2H, m), 2.78-2.72 (1H, m),  2.60 (1H, dd, J = 3.5, 1.5 Hz), 2.54-2.44 (2H, m), 

2.43-2.34 (2H, m), 2.11-2.06 (1H, m), 2.04-1.98 (2H, m); 13C NMR (CDCl3, DEPT-135, 125 

MHz) δ 197.96 (C, C=O), 197.9 (C, C=O), 170.9 (C), 138.5 (C), 136.9 (C), 133.1 (CH), 128.8 (2 

x CH), 128.7 (CH), 128.5 (2 x CH), 127.9 (2 x CH), 126.9 (2 x CH), 111.1 (C), 82.7 (CH), 40.6 
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(CH2), 36.6 (CH2), 33.9 (CH), 28.4 (CH2), 23.8 (CH2), 20.9 (CH2); HRMS (ESI-TOF) m/z: (M + 

H+) calcd for C23H22O3H 347.1647; Found 347.1649. 

Dimethyl 2-(((1S,2R,3S)-2-((S)-hydroxy(phenyl)methyl)-3-

phenylcyclopropyl)methyl)malonate (35aa): The compound was prepared following the 

procedure K and purified by column chromatography using EtOAc/hexanes 

(1.5:8.5 to 3:7) and isolated as a colorless liquid; Yield: 56% (26.6 mg, 0.13 

mmol); [α]D
25 =  (c = 0.108, CHCl3, >30:1 dr); IR (Neat): νmax 3412 

(OH), 3059, 3026, 2952, 2848, 2032, 1729, 1601, 1495, 1436, 1339, 1193, 

1154, 1077, 1027, 963, 914, 844, 823, 759, 699, 649, 612 and 528 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.36-7.29 (8H, m), 7.29-7.22 (2H, m), 3.92 

(1H, d, J = 9.5 Hz), 3.64 (3H, s, CH3), 3.58 (3H, s, CH3), 3.25 (1H, dd, J = 9.0, 6.5 Hz), 2.21 

(1H, dd, J = 8.5, 6.0 Hz), 2.01-1.87 (2H, m), 1.67 (1H, br s, OH), 1.52-1.42 (2H, m);  13C NMR 

(CDCl3,   DEPT-135, 125 MHz) δ 169.6 (C, O-C=O), 169.4 (C, O-C=O), 143.5 (C), 137.4 (C), 

128.7 (2 x CH), 128.6 (2 x CH), 128.5 (2 x CH), 127.5 (CH), 126.6 (CH), 125.8 (2 x CH), 73.2 

(CH), 52.5 (CH3), 52.4 (CH3), 51.2 (CH), 34.8 (CH), 32.5 (CH2), 29.5 (CH), 19.7 (CH); HRMS 

(ESI-TOF) m/z: (M + Na+) calcd for C22H24O5Na 391.1521; Found 391.1524. 

Dimethyl 2-(((1S,2S,3R)-2-phenyl-3-(1-phenylvinyl)cyclopropyl)methyl)malonate (36aa) 

and Dimethyl 2-(((1S,2S,3S)-2-phenyl-3-(1-phenylvinyl)cyclopropyl)methyl)malonate 

(36aaʹ): The compound was prepared following the 

procedure N and purified by column chromatography 

using EtOAc/hexanes (1:9 to 2:8) and isolated as a 

colorless liquid; Yield: 69% (50 mg, 0.2 mmol); [α]D
25 

= 69.34 (c = 0.137, CHCl3, 1.5:1 epimer); IR (Neat): 

νmax 2954, 2924, 2853, 2170, 2016, 1732 (C=O), 1626, 

1495, 1436, 1265, 1155, 1028, 896, 777, 734 and 699 cm-1; Major epimer 36aa: 1H NMR 

(CDCl3, 500 MHz): δ 7.32-7.26 (4H, m), 7.23-7.08 (4H, m), 7.01 (2H, br d, J = 7.0 Hz), 5.34 

(1H, s, vinylic CH), 4.90 (1H, s, vinylic CH), 3.71 (3H, s, COOCH3), 3.67 (3H, s, COOCH3), 

3.62 (1H, t, J = 7.5 Hz), 2.31 (1H, dd, J = 9.5, 5.5 Hz), 2.27-2.10 (1H, m), 2.06 (1H, dd, J = 9.5, 

6.0 Hz), 1.81-1.72 (1H, m) 1.63-1.55 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 

169.74 (C, O-C=O), 169.70 (C, O-C=O), 142.9 (C), 141.2 (C), 137.5 (C), 128.4 (2 x CH), 128.2 

(2 x CH), 128.0 (2 x CH), 127.7 (CH), 127.6 (2 x CH), 127.3 (CH), 113.4 (CH2, vinylic), 52.6 
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(CH), 51.5 (2 x CH3, COOCH3), 33.2 (CH2), 33.1 (CH), 31.8 (CH), 21.2 (CH); Minor epimer 

36aaʹ: 1H NMR (CDCl3, 500 MHz): δ 7.58 (2H, d, J = 7.0 Hz), 7.36 (2H, t, J = 7.5 Hz), 7.23-

7.08 (4H, m), 7.08-7.03 (2H, m), 5.62 (1H, s, vinylic CH), 5.19 (1H, s, vinylic CH), 3.635 (3H, s, 

COOCH3), 3.633 (3H, s, COOCH3), 3.42 (1H, t, J = 8.0 Hz), 2.27-2.10 (3H, m), 1.81-1.72 (1H, 

m) 1.63-1.55 (1H, m); 13C NMR (CDCl3, DEPT-135, 125 MHz) δ 169.8 (C, O-C=O), 169.75 (C, 

O-C=O), 143.5 (C), 141.7 (C), 141.0 (C), 126.3 (2 x CH), 126.0 (4 x CH), 125.95 (2 x CH), 

125.91 (CH), 125.8 (CH), 113.4 (CH2, vinylic), 52.55 (2 x CH3, COOCH3), 52.47 (CH), 32.0 

(CH), 27.9 (CH), 27.6 (CH2), 26.7 (CH); HRMS (ESI-TOF) m/z: (M + Na+) calcd for 

C23H24O4Na 387.1572; Found 387.1572. 

 

Chapter 5: 

Materials: The chiral compounds 5a-5k (86-99% ee),9,10 (-)-3a (>99.9% ee)18 were prepared by 

following the reported methods. 

Diethyl (2R,3S)-2-(((4-methoxyphenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39aa): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 98% (38.95 mg); [α]D
25 = 32.4 (c 

= 0.17, CHCl3, >96% ee, >98% de); IR (Neat): νmax 3389 (NH), 2928, 

1718 (O-C=O), 1512, 1464, 1369, 1290, 1232, 1096, 1030, 820, 749, 697, 666 and 521 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.25-7.19 (5H, m), 6.78 (2H, td, J = 10.0, 3.5 Hz), 6.61 (2H, td, J = 

10.0, 3.5 Hz), 4.29-4.17 (2H, m, OCH2CH3), 3.90-3.84 (2H, m, OCH2CH3), 3.74 (3H, s, OCH3), 

3.42 (1H, dd, J = 13.0, 6.5 Hz), 3.24 (1H, d, J = 8.0 Hz), 3.17 (1H, dd, J = 13.0, 8.0 Hz), 2.84 

(1H, td, J = 9.5, 6.5 Hz), 1.25 (3H, t, J = 7.0 Hz, OCH2CH3), 0.89 (3H, t, J = 7.0 Hz, OCH2CH3); 

13C NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.7 (C, O-C=O), 152.5 (C), 142.0 (C), 

134.4 (C), 128.7 (2 x CH), 128.1 (2 x CH), 127.3 (CH), 114.9 (2 x CH), 114.5 (2 x CH), 61.9 

(CH2, OCH2CH3), 61.3 (CH2, OCH2CH3), 55.8 (CH3, OCH3), 43.6 (CH2), 42.3 (C), 35.6 (CH), 

29.9 (CH), 14.2 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) 

calcd for C23H27NO5H 398.1967; Found 398.1967. 
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Diethyl (2S,3R)-2-(4-fluorophenyl)-3-(((4-methoxyphenyl)amino)methyl)cyclopropane-1,1-

dicarboxylate (39ab): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 88% (36.55 mg); [α]D
25 = 

27.4 (c = 0.102, CHCl3, >98% de); IR (Neat): νmax 3390 (NH), 

2981, 2359, 1719 (O-C=O), 1512, 1292, 1219, 1132, 1034, 821, 772 

and 617 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.22-7.09 (2H, m), 6.94 (2H, tt, J = 8.8, 2.0 Hz), 

6.78 (2H, td, J = 10.0, 3.2 Hz), 6.61 (2H, td, J = 10.4, 3.6 Hz), 4.32-4.09 (2H, m, OCH2CH3), 

3.99-3.81 (2H, m, OCH2CH3), 3.74 (3H, s, OCH3), 3.42 (1H, dd, J = 12.8, 6.0 Hz), 3.21-3.13 

(2H, m), 2.79 (1H, td, J = 8.0, 8.0 Hz), 1.25 (3H, t, J = 7.2 Hz, OCH2CH3), 0.94 (3H, t, J = 7.2 

Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.6 (C, O-C=O), 166.6 (C, O-C=O), 162.1 

(C, d, J = 244 Hz), 152.5 (C), 141.9 (C), 130.3 (2 x CH, d, J = 8.0 Hz), 130.1 (C, d, J = 3.0 Hz), 

115.1 (2 x CH, d, J = 22.0 Hz), 114.9 (2 x CH), 114.5 (2 x CH), 62.0 (CH2, OCH2CH3), 61.4 

(CH2, OCH2CH3), 55.7 (CH3, OCH3), 43.5 (CH2), 42.2 (C), 34.8 (CH), 30.1 (CH), 14.2 (CH3, 

OCH2CH3), 13.8 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H26FNO5H 

416.1873; Found 416.1878. 

Diethyl (2S,3R)-2-(4-chlorophenyl)-3-(((4-methoxyphenyl)amino)methyl)cyclopropane-1,1-

dicarboxylate (39ac): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 82% (35.3 mg); [α]D
25 = 

38.0 (c = 0.113, CHCl3, >98% de); IR (Neat): νmax 3386 (NH), 

2929, 1719 (O-C=O), 1512, 1464, 1368, 1290, 1233, 1132, 1090, 

1034, 1015, 819, 765 and 707 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.25 (2H, td, J = 9.2, 2.4 

Hz), 7.15 (2H, td, J = 9.2, 2.0 Hz), 6.80 (2H, td, J = 10.4, 2.4 Hz), 6.63 (2H, td, J = 10.4, 2.4 

Hz), 4.31-4.20 (2H, m, OCH2CH3), 4.01-3.86 (2H, m, OCH2CH3), 3.76 (3H, s, OCH3), 3.44 (1H, 

dd, J = 13.2, 6.4 Hz), 3.24-3.14 (2H, m), 2.81 (1H, td, J = 8.0, 7.6 Hz), 1.28 (3H, t, J = 7.6 Hz, 

OCH2CH3), 0.98 (3H, t, J = 7.2 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.5 (C, O-

C=O), 166.5 (C, O-C=O), 152.5 (C), 141.9 (C), 133.2 (C), 133.0 (C), 130.0 (2 x CH), 128.3 (2 x 

CH), 114.9 (2 x CH), 114.5 (2 x CH), 62.0 (CH2, OCH2CH3), 61.5 (CH2, OCH2CH3), 55.7 (CH3, -

OCH3), 43.5 (CH2), 42.3 (C), 34.9 (CH), 30.0 (CH), 14.2 (CH3, OCH2CH3), 13.8 (CH3, 
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OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H26ClNO5H 432.1578; Found 

432.1578. 

Diethyl (2S,3R)-2-(4-bromophenyl)-3-(((4-methoxyphenyl)amino)methyl)cyclopropane-1,1-

dicarboxylate (39ad): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 85% (40.48 mg); [α]D
25 = 

36.7 (c = 0.090, CHCl3, >98% de); IR (Neat): νmax 3386 (NH), 

2923, 2851, 1718 (O-C=O), 1511, 1291, 1233, 1132, 1034, 1010, 

820, 733 and 703 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.37 (2H, td, J = 9.2, 2.4 Hz), 7.06 (2H, 

td, J = 8.0, 2.8 Hz), 6.78 (2H, td, J = 10.0, 2.4 Hz), 6.61 (2H, td, J = 10.0, 2.4 Hz), 4.31-4.15 

(2H, m, OCH2CH3), 4.00-3.83 (2H, m, OCH2CH3), 3.74 (3H, s, OCH3), 3.41 (1H, dd, J = 13.2, 

6.4 Hz), 3.21-3.10 (2H, m), 2.78 (1H, td, J = 8.0, 7.6 Hz), 1.25 (3H, t, J = 7.2 Hz, OCH2CH3), 

0.95 (3H, t, J = 7.2 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.5 (C, O-C=O), 166.5 

(C, O-C=O), 152.5 (C), 141.8 (C), 133.5 (C), 131.3 (2 x CH), 130.4 (2 x CH), 121.4 (C), 114.9 

(2 x CH), 114.6 (2 x CH), 62.0 (CH2, OCH2CH3), 61.5 (CH2, OCH2CH3), 55.7 (CH3, OCH3), 43.5 

(CH2), 42.2 (C), 34.9 (CH), 29.9 (CH), 14.2 (CH3, OCH2CH3), 13.8 (CH3, OCH2CH3); HRMS 

(ESI-TOF) m/z: (M + H+) calcd for C23H26BrNO5H 476.1073; Found 476.1073. 

Diethyl (2R,3S)-2-(((4-methoxyphenyl)amino)methyl)-3-(4-nitrophenyl)cyclopropane-1,1-

dicarboxylate (39ae): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (1:9 to 3:7) and 

isolated as a pale yellow liquid; Yield: 95% (42 mg); [α]D
25 = 

25.9 (c = 0.091, CHCl3, >98% de); IR (Neat): νmax 3389 (NH), 

2982, 1722 (O-C=O), 1601, 1514, 1465, 1368, 1293, 1234, 1133, 

1033, 855, 822 and 697 cm-1; 1H NMR (CDCl3, 500 MHz): δ 8.12 (2H, d, J = 9.0 Hz), 7.36 (2H, 

d, J = 9.0 Hz), 6.78 (2H, td, J = 9.0, 3.5 Hz), 6.62 (2H, td, J = 9.0, 3.5 Hz), 4.33-4.19 (2H, m, 

OCH2CH3), 4.00-3.84 (2H, m, OCH2CH3), 3.74 (3H, s, OCH3), 3.44 (1H, dd, J = 13.5, 6.5 Hz), 

3.27 (1H, d, J = 8.0 Hz), 3.21 (1H, dd, J = 13.5, 7.5 Hz), 2.86 (1H, td, J = 9.5, 8.0 Hz), 1.27 (3H, 

t, J = 7.0 Hz, OCH2CH3), 0.96 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 

167.1 (C, O-C=O), 166.1 (C, O-C=O), 152.7 (C), 147.2 (C), 142.2 (C), 141.6 (C), 129.6 (2 x 

CH), 123.3 (2 x CH), 115.0 (2 x CH), 114.7 (2 x CH), 62.2 (CH2, OCH2CH3), 61.7 (CH2, 

OCH2CH3), 55.7 (CH3, OCH3), 43.4 (CH2), 42.7 (C), 35.0 (CH), 30.3 (CH), 14.1 (CH3, 
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OCH2CH3), 13.8 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H26N2O7H 

443.1818; Found 443.1818. 

Diethyl (2R,3S)-2-(((4-methoxyphenyl)amino)methyl)-3-(3-nitrophenyl)cyclopropane-1,1-

dicarboxylate (39af): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated 

as a pale yellow liquid; Yield: 96% (42.47 mg); [α]D
25 = 26.2 (c = 

0.107, CHCl3, >98% de); IR (Neat): νmax 3393 (NH), 2983, 2928, 1718 

(O-C=O), 1718, 1529, 1511, 1464, 1348, 1289, 1231, 1097, 1031, 819, 

734 and 687 cm-1; 1H NMR (DMSO-d6, 400 MHz): δ 8.12 (1H, td, J = 7.6, 2.0 Hz), 7.95 (1H, t, J 

= 2.0 Hz), 7.69-7.56 (2H, m), 6.74 (2H, td, J = 10.0, 3.2 Hz), 6.62 (2H, td, J = 10.0, 3.2 Hz), 5.41 

(1H, br s, NH), 4.29-4.14 (2H, m, OCH2CH3), 3.89-3.76 (2H, m, OCH2CH3), 3.64 (3H, s, 

OCH3), 3.30 (1H, d, J = 8.0 Hz), 3.25 (1H, dd, J = 13.2, 6.4 Hz), 3.11 (1H, dd, J = 13.2, 7.2 Hz), 

2.80 (1H, q, J = 6.8 Hz), 1.21 (3H, t, J = 7.2 Hz, OCH2CH3), 0.81 (3H, t, J = 7.2 Hz, OCH2CH3); 

13C NMR (CDCl3, DEPT-135) δ 167.2 (C, O-C=O), 166.4 (C, O-C=O), 151.6 (C), 147.9 (C), 

143.9 (C), 137.5 (C), 136.1 (CH), 130.2 (CH), 123.4 (CH), 122.7 (CH), 115.0 (2 x CH), 114.3 (2 

x CH), 62.1 (CH2, OCH2CH3), 61.6 (CH2, OCH2CH3), 55.7 (CH3, OCH3), 42.4 (CH2), 42.3 (C), 

34.9 (CH), 30.1 (CH), 14.4 (CH3, OCH2CH3), 14.0 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: 

(M + H+) calcd for C23H26N2O7H 443.1818; Found 443.1818. 

Diethyl (2R,3S)-2-(((4-methoxyphenyl)amino)methyl)-3-(2-nitrophenyl)cyclopropane-1,1-

dicarboxylate (39ag): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated 

as a pale yellow liquid; Yield: 95% (42.03 mg); [α]D
25 =  (c = 

0.103, CHCl3, >98% de); IR (Neat): νmax 3393 (NH), 2924, 2360, 1719 

(O-C=O), 1512, 1464, 1368, 1346, 1289, 1234, 1133, 1032 and 822 cm-

1; 1H NMR (CDCl3, 500 MHz): δ 7.97 (1H, dd, J = 8.0, 1.0 Hz), 7.51 (1H, dt, J = 7.5, 1.0 Hz), 

7.41 (1H, t, J = 7.5 Hz), 7.30 (1H, d, J = 7.5 Hz), 6.79 (2H, td, J = 10.5, 3.5 Hz), 6.68 (2H, td, J 

= 10.0, 3.5 Hz), 4.34-4.18 (2H, m, OCH2CH3), 3.96-3.87 (1H, m, OCH2CH3), 3.85-3.78 (1H, m, 

OCH2CH3), 3.74 (3H, s, OCH3), 3.71 (1H, d, J = 8.5 Hz), 3.52 (1H, dd, J = 13.5, 6.5 Hz), 3.29 

(1H, dd, J = 13.5, 8.0 Hz), 2.75 (1H, td, J = 8.0, 8.0 Hz), 1.27 (3H, t, J = 7.0 Hz, OCH2CH3), 

0.96 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.0 (C, O-C=O), 166.7 

(C, O-C=O), 152.8 (C), 150.0 (C), 141.2 (C), 133.0 (CH), 131.5 (CH), 130.4 (C), 128.6 (CH), 
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124.7 (CH), 115.0 (2 x CH), 114.9 (2 x CH), 62.0 (CH2, OCH2CH3), 61.8 (CH2, OCH2CH3), 55.7 

(CH3, OCH3), 43.4 (CH2), 41.1 (C), 34.0 (CH), 30.9 (CH), 14.1 (CH3, OCH2CH3), 13.6 (CH3, 

OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H26N2O7H 443.1818; Found 

443.1819. 

Diethyl (2S,3R)-2-(4-cyanophenyl)-3-(((4-methoxyphenyl)amino)methyl)cyclopropane-1,1-

dicarboxylate (39ah): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and 

isolated as a pale yellow liquid; Yield: 83% (35.04 mg); [α]D
25 = 

34.1 (c = 0.088, CHCl3, >98% de); IR (Neat): νmax 3383 (NH), 

2924, 2852, 2227, 1719 (O-C=O), 1608, 1512, 1464, 1369, 1290, 

1233, 1132, 1033, 821, 733 and 567 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.55 (2H, d, J = 8.5 

Hz), 7.30 (2H, d, J = 8.0 Hz), 6.78 (2H, td, J = 10.5, 2.0 Hz), 6.61 (2H, td, J = 10.5, 3.5 Hz), 

4.32-4.18 (2H, m, OCH2CH3), 3.98-3.84 (2H, m, OCH2CH3), 3.74 (3H, s, OCH3), 3.42 (1H, dd, 

J = 13.5, 6.5 Hz), 3.24 (1H, d, J = 8.0 Hz), 3.19 (1H, dd, J = 13.0, 8.0 Hz), 2.83 (1H, td, J = 9.5, 

8.0 Hz), 1.26 (3H, t, J = 7.5 Hz, OCH2CH3), 0.94 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR 

(CDCl3, DEPT-135) δ 167.2 (C, O-C=O), 166.2 (C, O-C=O), 152.6 (C), 141.7 (C), 140.1 (C), 

131.9 (2 x CH), 129.5 (2 x CH), 118.6 (C, CN), 114.9 (2 x CH), 114.6 (2 x CH), 111.2 (C), 62.2 

(CH2, OCH2CH3), 61.6 (CH2, OCH2CH3), 55.7 (CH3, OCH3), 43.4 (CH2), 42.7 (C), 35.1 (CH), 

30.1 (CH), 14.1 (CH3, OCH2CH3), 13.8 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) 

calcd for C24H26N2O5H 423.1920; Found 423.1921. 

Diethyl (2S,3R)-2-(4-methoxyphenyl)-3-(((4-methoxyphenyl)amino)methyl)cyclopropane-

1,1-dicarboxylate (39ai): The compound was prepared following the procedure O and purified 

by column chromatography using EtOAc/hexanes (0.5:9.5 to 

1:9) and isolated as a pale yellow liquid; Yield: 98% (41.89 mg); 

[α]D
25 = 40.8 (c = 0.103, CHCl3, >98% de); IR (Neat): νmax 

3386 (NH), 2934, 2834, 1718  (O-C=O), 1612, 1512, 1463, 

1368, 1291, 1234, 1176, 1132, 1094, 1032, 820 and 774 cm-1; 1H NMR (CDCl3, 500 MHz): δ 

7.12 (2H, br d, J = 8.5 Hz), 6.78 (4H, dd, J = 8.0, 2.0 Hz), 6.63 (2H, br d, J = 8.5 Hz), 4.28-4.15 

(2H, m, OCH2CH3), 3.95-3.84 (2H, m, OCH2CH3), 3.76 (3H, s, OCH3), 3.74 (3H, s, OCH3), 3.41 

(1H, dd, J = 13.0, 6.0 Hz), 3.19-3.14 (2H, m), 2.84-2.78 (1H, m), 1.24 (3H, t, J = 7.0 Hz, 

OCH2CH3), 0.94 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.8 (C, O-
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C=O), 166.7 (C, O-C=O), 158.9 (C), 152.6 (C), 141.6 (C), 129.8 (2 x CH), 126.3 (C), 114.9 (2 x 

CH), 114.8 (2 x CH), 113.6 (2 x CH), 61.8 (CH2, OCH2CH3), 61.3 (CH2, OCH2CH3), 55.7 (CH3,  

OCH3), 55.2 (CH3,  OCH3), 43.7 (CH2), 42.2 (C), 35.1 (CH), 29.9 (CH), 14.1 (CH3, OCH2CH3), 

13.8 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H29NO6H 428.2073; 

Found 428.2077. 

Diethyl (2R,3S)-2-(((4-methoxyphenyl)amino)methyl)-3-(p-tolyl)cyclopropane-1,1-

dicarboxylate (39aj): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) 

and isolated as a pale yellow liquid; Yield: 82% (33.8 mg); [α]D
25 

= 35.0 (c = 0.100, CHCl3, >98% de); IR (Neat): νmax 3389 

(NH), 2980, 2928, 1721 (O-C=O), 1513, 1464, 1368, 1291, 1234, 

1210, 1181, 1131, 1095, 1035, 820 and 712 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.07 (4H, q, J 

= 8.5 Hz), 6.78 (2H, td, J = 10.5, 3.5 Hz), 6.61 (2H, td, J = 10.5, 3.5 Hz), 4.27-4.18 (2H, m, 

OCH2CH3), 3.96-3.83 (2H, m, OCH2CH3), 3.74 (3H, s, OCH3), 3.41 (1H, dd, J = 13.0, 6.0 Hz), 

3.20 (1H, d, J = 8.0 Hz), 3.15 (1H, dd, J = 13.0, 8.0 Hz), 2.85-2.78 (1H, m), 2.29 (3H, s, Ar-

CH3), 1.25 (3H, t, J = 7.5 Hz, OCH2CH3), 0.93 (3H, t, J = 7.5 Hz, OCH2CH3); 
13C NMR (CDCl3, 

DEPT-135) δ 167.8 (C, O-C=O), 166.7 (C, O-C=O), 152.5 (C), 142.0 (C), 137.0 (C), 131.3 (C), 

128.8 (2 x CH), 128.5 (2 x CH), 114.9 (2 x CH), 114.5 (2 x CH), 61.8 (CH2, OCH2CH3), 61.2 

(CH2, OCH2CH3), 55.8 (CH3, OCH3), 43.6 (CH2), 42.2 (C), 35.4 (CH), 30.0 (CH), 21.0 (CH3, Ar-

CH3), 14.1 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for 

C24H29NO5H 412.2124; Found 412.2124. 

Diethyl (2R,3R)-2-butyl-3-(((4-methoxyphenyl)amino)methyl)cyclopropane-1,1-

dicarboxylate (39ak): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 42% (16 mg); [α]D
25 = 19.0 

(c = 0.079, CHCl3, >98% de); IR (Neat): νmax 3378 (NH), 2928, 2360, 

1721 (O-C=O), 1513, 1464, 1368, 1293, 1219, 820, 772 and 672 cm-1; 

1H NMR (CDCl3, 500 MHz): δ 6.76 (2H, td, J = 10.5, 3.5 Hz), 6.55 (2H, td, J = 10.0, 3.5 Hz), 

4.29-4.09 (4H, m, OCH2CH3), 3.74 (3H, s, OCH3), 3.27 (1H, dd, J = 13.0, 6.0 Hz), 2.93 (1H, dd, 

J = 13.0, 8.5 Hz), 2.11-2.04 (1H, m), 1.89 (1H, q, J = 7.0 Hz), 1.34-1.25 (9H, m), 1.21 (3H, t, J = 

7.0 Hz, OCH2CH3), 0.87 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 168.4 
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(C, O-C=O), 168.3 (C, O-C=O), 152.3 (C), 142.1 (C), 114.8 (2 x CH), 114.4 (2 x CH), 61.6 

(CH2, OCH2CH3), 61.4 (CH2, OCH2CH3), 55.8 (CH3, OCH3), 43.8 (CH2), 39.3 (C), 32.2 (CH), 

31.8 (CH), 31.0 (CH2), 27.1 (CH2), 22.4 (CH2), 14.1 (CH3, OCH2CH3), 14.1 (CH3, OCH2CH3), 

13.9 (CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C21H31NO5H 378.2280; Found 378.2280. 

Diethyl (2S,3R)-2-phenyl-3-((phenylamino)methyl)cyclopropane-1,1-dicarboxylate (39ba): 

The compound was prepared following the procedure O and purified by 

column chromatography using Hexanes/CHCl3 (3:7 to 0:10) and isolated 

as a pale yellow liquid; Yield: 81% (29.74 mg); [α]D
25 = 32.5 (c = 

0.172, CHCl3, >97% ee, >98% de); IR (Neat): νmax 3414 (NH), 3020, 2928, 1718 (O-C=O), 

1602, 1504, 1370, 1293, 1214, 1133, 1026, 745, 694, 666 and 521 cm-1; 1H NMR (CDCl3, 500 

MHz): δ 7.26-7.16 (7H, m), 6.73 (1H, t, J = 7.0 Hz), 6.64 (2H, d, J = 8.0 Hz), 4.28-4.16 (2H, m, 

OCH2CH3), 3.92-3.82 (2H, m, OCH2CH3), 3.48 (1H, dd, J = 13.0, 6.0 Hz), 3.26-3.19 (2H, m), 

2.86 (1H, td, J = 8.0, 6.5 Hz), 1.24 (3H, t, J = 7.5 Hz, OCH2CH3), 0.89 (3H, t, J = 7.5 Hz, 

OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.7 (C, O-C=O), 147.6 (C), 

134.3 (C), 129.3 (2 x CH), 128.6 (2 x CH), 128.1 (2 x CH), 127.3 (CH), 118.0 (CH), 113.1 (2 x 

CH), 61.9 (CH2, OCH2CH3), 61.3 (CH2, OCH2CH3), 42.6 (CH2), 42.3 (C), 35.6 (CH), 29.7 (CH), 

14.1 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for 

C22H25NO4H 368.1862; Found 368.1862. 

Diethyl (2R,3S)-2-(((4-fluorophenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39ca): The compound was prepared following the 

procedure O and purified by column chromatography using 

EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as a pale yellow liquid; 

Yield: 97% (37.38 mg); [α]D
25 = 32.8 (c = 0.061, CHCl3, >98% de); 

IR (Neat): νmax 3395 (NH), 2921, 2851, 2572, 1719 (O-C=O), 1510, 1463, 1369, 1290, 1212, 

1130, 1097, 1025, 820, 742 and 697 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.28-7.23 (3H, m), 

7.21-7.18 (2H, m), 6.93-6.85 (2H, m), 6.64-6.54 (2H, m), 4.29-4.16 (2H, m, OCH2CH3), 3.93-

3.83 (2H, m, OCH2CH3), 3.45 (1H, dd, J = 13.0, 6.0 Hz), 3.24 (1H, d, J = 7.5 Hz), 3.17 (1H, dd, 

J = 13.0, 8.0 Hz), 2.84 (1H, td, J = 9.5, 6.5 Hz), 1.24 (3H, t, J = 7.0 Hz, OCH2CH3), 0.89 (3H, t, 

J = 7.0 Hz, OCH2CH3); 
13C NMR (CDCl3,   DEPT-135) δ 167.7 (C, O-C=O), 166.5 (C, O-C=O), 

156.2 (C, d,  J = 233.7 Hz), 143.9 (C), 134.2 (C), 128.6 (2 x CH), 128.2 (2 x CH), 127.4 (CH), 

115.7 (2 x CH, d,  J = 21.2 Hz), 114.1 (2 x CH, d,  J = 7.5 Hz), 61.9 (CH2, OCH2CH3), 61.3 



  

 

Experimental Section 

Page | 200  

 

(CH2, OCH2CH3), 43.2 (CH2), 42.3 (C), 35.6 (CH), 29.6 (CH), 14.1 (CH3, OCH2CH3), 13.7 

(CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C22H24FNO4H 386.1768; Found 

386.1768. 

Diethyl (2R,3S)-2-(((4-chlorophenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39da): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 85% (34.09 mg); [α]D
25 = 

37.1 (c = 0.097, CHCl3, >98% de); IR (Neat): νmax 3393 (NH), 

2980, 2923, 2852, 2575, 1875, 1717 (O-C=O), 1599, 1499, 1368, 

1289, 1210, 1094, 815, 742 and 697 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.29-7.23 (3H, m), 

7.21-7.18 (2H, m), 7.11 (2H, td, J = 10.0, 3.2 Hz), 6.55 (2H, td, J = 10.0, 3.2 Hz), 4.28-4.17 (2H, 

m, OCH2CH3), 3.92-3.84 (2H, m, OCH2CH3), 3.46 (1H, dd, J = 12.8, 6.0 Hz), 3.25 (1H, d, J = 

8.0 Hz), 3.17 (1H, dd, J = 13.2, 8.4 Hz), 2.83 (1H, td, J = 8.0, 6.0 Hz), 1.24 (3H, t, J = 7.2 Hz, 

OCH2CH3), 0.89 (3H, t, J = 7.2 Hz, OCH2CH3); 
13C NMR (CDCl3,   DEPT-135) δ 167.7 (C, O-

C=O), 166.6 (C, O-C=O), 146.3 (C), 134.1 (C), 129.1 (2 x CH), 128.6 (2 x CH), 128.2 (2 x CH), 

127.4 (CH), 122.4 (C), 114.0 (2 x CH), 62.0 (CH2, OCH2CH3), 61.4 (CH2, OCH2CH3), 42.5 

(CH2), 42.3 (C), 35.6 (CH), 29.5 (CH), 14.2 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS 

(ESI-TOF) m/z: (M + H+) calcd for C22H24ClNO4H 402.1472; Found 402.1472. 

Diethyl (2R,3S)-2-(((4-bromophenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39ea): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 81% (36. 05 mg); [α]D
25 = 

22.9 (c = 0.118, CHCl3, >98% de); IR (Neat): νmax 3414 (NH), 

2853, 1719 (O-C=O), 1596, 1498, 1369, 1264, 1214, 1026, 814, 733 

and 698 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.29-7.21 (5H, m), 7.21-7.17 (2H, m), 6.50 (2H, 

td, J = 8.8, 3.2 Hz), 4.30-4.15 (2H, m, OCH2CH3), 3.95-3.82 (2H, m, OCH2CH3), 3.46 (1H, dd, J 

= 13.2, 6.0 Hz), 3.25 (1H, d, J = 8.0 Hz), 3.16 (1H, dd, J = 13.2, 8.4 Hz), 2.83 (1H, td, J = 10.0, 

8.0 Hz), 1.24 (3H, t, J = 7.2 Hz, OCH2CH3), 0.89 (3H, t, J = 7.2 Hz, OCH2CH3); 
13C NMR 

(CDCl3, DEPT-135) δ 167.6 (C, O-C=O), 166.5 (C, O-C=O), 146.7 (C), 134.1 (C), 132.0 (2 x 

CH), 128.6 (2 x CH), 128.2 (2 x CH), 127.4 (CH), 114.5 (2 x CH), 109.4 (C), 62.0 (CH2, 

OCH2CH3), 61.4 (CH2, OCH2CH3), 42.4 (CH2), 42.3 (C), 35.6 (CH), 29.5 (CH), 14.2 (CH3, 
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OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C22H24BrNO4H 

446.0967; Found 446.0967. 

Diethyl (2R,3S)-2-(((4-iodophenyl)amino)methyl)-3-phenylcyclopropane-1,1-dicarboxylate 

(39fa): The compound was prepared following the procedure O and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as 

a pale yellow liquid; Yield: 83% (41 mg); [α]D
25 = 32.2 (c = 0.174, 

CHCl3, >98% de); IR (Neat): νmax 3414 (NH), 2916, 2848, 2360, 1719 

(O-C=O), 1592, 1497, 1369, 1291, 1264, 1097, 812, 735 and 698 cm-

1; 1H NMR (CDCl3, 500 MHz): δ 7.41 (2H, td, J = 9.5, 3.0 Hz), 7.27-7.21 (3H, m), 7.20-7.17 

(2H, m), 6.41 (2H, td, J = 9.5, 3.0 Hz), 4.29-4.15 (2H, m, OCH2CH3), 3.91-3.84 (2H, m, 

OCH2CH3), 3.45 (1H, dd, J = 13.0, 6.5 Hz), 3.24 (1H, d, J = 8.0 Hz), 3.16 (1H, dd, J = 12.5, 8.0 

Hz), 2.82 (1H, td, J = 10.0, 8.0 Hz), 1.24 (3H, t, J = 7.5 Hz, OCH2CH3), 0.89 (3H, t, J = 7.5 Hz, 

OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.6 (C, O-C=O), 166.5 (C, O-C=O), 147.3 (C), 

137.8 (2 x CH), 134.1 (C), 128.6 (2 x CH), 128.2 (2 x CH), 127.4 (CH), 115.1 (2 x CH), 78.4 

(C), 62.0 (CH2, OCH2CH3), 61.4 (CH2, OCH2CH3), 42.3 (C), 42.2 (CH2), 35.6 (CH), 29.5 (CH), 

14.2 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for 

C22H24INO4H 494.0828; Found 494.0829. 

Diethyl (2R,3S)-2-(((4-nitrophenyl)amino)methyl)-3-phenylcyclopropane-1,1-dicarboxylate 

(39ga): The compound was prepared following the procedure O and purified by column 

chromatography using EtOAc/hexanes (1:9 to 2:8) and isolated as a 

pale yellow liquid; Yield: 90% (37.12 mg); [α]D
25 = 47.8 (c = 

0.180, CHCl3, >98% de); IR (Neat): νmax 3367 (NH), 2922, 2852, 

2365, 2339, 1734 (O-C=O), 1701, 1598, 1502, 1468, 1369, 1300, 

1107, 861 and 699 cm-1; 1H NMR (CDCl3, 500 MHz): δ 8.08 (2H, d, J = 9.0 Hz), 7.28-7.19 (5H, 

m), 6.57 (2H, d, J = 9.0 Hz), 4.74 (1H, br s), 4.29-4.16 (2H, m, OCH2CH3), 3.94-3.83 (2H, m, 

OCH2CH3), 3.67-3.58 (1H, dd, J = 13.0, 3.0 Hz), 3.37-3.25 (2H, m), 2.89-2.82 (1H, td, J = 8.0, 

6.0 Hz), 1.24 (3H, t, J = 7.0 Hz, OCH2CH3), 0.90 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR 

(CDCl3, DEPT-135) δ 167.6 (C, O-C=O), 166.4 (C, O-C=O), 152.8 (C), 138.5 (C), 133.7 (C), 

128.5 (2 x CH), 128.3 (2 x CH), 127.6 (CH), 126.4 (2 x CH), 111.2 (2 x CH), 62.1 (CH2, 

OCH2CH3), 61.6 (CH2, OCH2CH3), 42.3 (C), 41.6 (CH2), 35.7 (CH), 29.1 (CH), 14.1 (CH3, 
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OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + Na+) calcd for C22H24N2O6Na 

435.1532; Found 435.1531. 

Diethyl (2R,3S)-2-(((4-cyanophenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39ha): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and 

isolated as a pale yellow liquid; Yield: 90% (35.32 mg); [α]D
25 = 

46.2 (c = 0.093, CHCl3, >98% de); IR (Neat): νmax 3379 (NH), 

2981, 2212, 1718 (O-C=O), 1606, 1526, 1330, 1293, 1213, 1174, 

1097, 826 and 698 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.42 (2H, td, J = 9.2, 2.4 Hz), 7.31-7.23 

(3H, m), 7.22-7.16 (2H, m), 6.59 (2H, td, J = 9.6, 2.4 Hz), 4.43 (1H, br s, NH), 4.31-4.10 (2H, m, 

OCH2CH3), 3.96-3.81 (2H, m, OCH2CH3), 3.55 (1H, td, J = 13.2, 6.0 Hz), 3.33-3.19 (2H, m), 

2.84 (1H, td, J = 8.4, 8.0 Hz), 1.23 (3H, t, J = 7.2 Hz, OCH2CH3), 0.89 (3H, t, J = 7.2 Hz, 

OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.6 (C, O-C=O), 166.4 (C, O-C=O), 150.8 (C), 

133.8 (C), 133.8 (2 x CH), 128.5 (2 x CH), 128.3 (2 x CH), 127.6 (CH), 120.3 (C, CN), 112.3 (2 

x CH), 99.3 (C), 62.1 (CH2, OCH2CH3), 61.5 (CH2, OCH2CH3), 42.2 (C), 41.4 (CH2), 35.7 (CH), 

29.1 (CH), 14.1 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) 

calcd for C23H24N2O5H 393.1814; Found 393.1815. 

Diethyl (2S,3R)-2-phenyl-3-(((4-(trifluoromethoxy)phenyl)amino)methyl)cyclopropane-1,1-

dicarboxylate (39ia): The compound was prepared following the procedure O and purified by 

column chromatography using Hexanes/CHCl3 (3:7 to 0:10) and 

isolated as a pale yellow liquid; Yield: 98% (44.22 mg); [α]D
25 = 

34.3 (c = 0.105, CHCl3, >98% de); IR (Neat): νmax 3398 (NH), 

2982, 1720 (O-C=O), 1612, 1516,  1370, 1252, 1224, 1203, 1161, 

1027, 830, 744 and 698 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.30-7.16 (5H, m), 7.03 (2H, d, J = 

8.4 Hz), 6.58 (2H, td, J = 10.4, 3.2 Hz), 4.31-4.14 (2H, m, OCH2CH3), 3.98-3.78 (3H, m), 3.48 

(1H, dd, J = 12.8, 6.0 Hz), 3.26 (1H, d, J = 8.0 Hz), 3.18 (1H, dd, J = 12.8, 8.4 Hz), 2.84 (1H, td, 

J = 8.0, 8.0 Hz), 1.23 (3H, t, J = 7.2 Hz, OCH2CH3), 0.89 (3H, t, J = 7.2 Hz, OCH2CH3); 
13C 

NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.6 (C, O-C=O), 146.5 (C), 140.7 (C), 134.1 

(C), 128.6 (2 x CH), 128.2 (2 x CH), 127.5 (CH), 122.4 (2 x CH), 120.7 (C, q, J = 254 Hz), 

113.2 (2 x CH), 62.0 (CH2, OCH2CH3), 61.4 (CH2, OCH2CH3), 42.5 (CH2), 42.3 (C), 35.6 (CH), 
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29.6 (CH), 14.1 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) 

calcd for C23H24F3NO5H 452.1685; Found 452.1665. 

Diethyl (2S,3R)-2-phenyl-3-((p-tolylamino)methyl)cyclopropane-1,1-dicarboxylate (39ja): 

The compound was prepared following the procedure O and 

purified by column chromatography using Hexanes/CHCl3 (3:7 to 

0:10) and isolated as a pale yellow liquid; Yield: 85% (32.5 mg); 

[α]D
25 = 32.3 (c = 0.102, CHCl3, >98% de); IR (Neat): νmax 3396 

(NH), 2980, 2925, 2859, 2360, 1720 (O-C=O), 1616, 1520, 1369, 1290, 1211, 1132, 1098, 808 

and 698 cm-1; 1H NMR (DMSO-d6, 400 MHz): δ 7.32-7.19 (3H, m), 7.15 (2H, d, J = 7.2 Hz), 

6.91 (2H, d, J = 8.0 Hz), 6.56 (2H, d, J = 8.4 Hz), 5.53 (1H, br s, NH), 4.28-4.12 (2H, m, 

OCH2CH3), 3.88-3.72 (2H, m, OCH2CH3), 3.28-3.19 (1H, m), 3.18-3.06 (2H, m), 2.73 (1H, q, J 

= 7.2 Hz), 2.15 (3H, s, Ar-CH3), 1.20 (3H, t, J = 7.2 Hz, OCH2CH3), 0.80 (3H, t, J = 7.2 Hz, 

OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.6 (C, O-C=O), 166.6 (C, O-C=O), 146.7 (C), 

135.0 (C), 129.8 (2 x CH), 129.0 (2 x CH), 128.5 (2 x CH), 127.6 (CH), 125.0 (C), 113.0 (2 x 

CH), 61.9 (CH2, OCH2CH3), 61.2 (CH2, OCH2CH3), 42.3 (C), 41.8 (CH2), 35.8 (CH), 29.7 (CH), 

20.5 (CH3, Ar-CH3), 14.4 (CH3, OCH2CH3), 14.0 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M 

+ H+) calcd for C23H27NO4H 382.2018; Found 382.2011. 

Diethyl (2R,3S)-2-(((3-chlorophenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39ka): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 95%  (38.18 mg); [α]D
25 = 

31.6 (c = 0.095, CHCl3, >98% de); IR (Neat): νmax 3417 (NH), 

3020, 1718 (O-C=O), 1598, 1502, 1370, 1298, 1215, 1134, 1027, 

751, 697 and 668 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.28-7.19 (5H, m), 7.07 (1H, t, J = 8.0 

Hz), 6.67 (1H, dd, J = 8.0, 1.5 Hz), 6.60 (1H, t, J = 2.0 Hz), 6.49 (1H, dd, J = 8.0, 1.5 Hz), 4.29-

4.16 (2H, m, OCH2CH3), 3.95-3.82 (2H, m, OCH2CH3), 3.48 (1H, dd, J = 13.0, 6.0 Hz), 3.25 

(1H, d, J = 8.0 Hz), 3.17 (1H, dd, J = 13.0, 8.5 Hz), 2.83 (1H, td, J = 8.0, 8.0 Hz), 1.24 (3H, t, J 

= 7.0 Hz, OCH2CH3), 0.89 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 

167.6 (C, O-C=O), 166.5 (C, O-C=O), 149.0 (C), 135.0 (C), 134.1 (C), 130.2 (CH), 128.6 (2 x 

CH), 128.2 (2 x CH), 127.5 (CH), 117.6 (CH), 112.6 (CH), 111.2 (CH), 62.0 (CH2, OCH2CH3), 

61.4 (CH2, OCH2CH3), 42.3 (C), 42.2 (CH2), 35.6 (CH), 29.5 (CH), 14.1 (CH3, OCH2CH3), 13.7 
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(CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C22H24ClNO4H 402.1472; Found 

402.1473. 

Diethyl (2R,3S)-2-(((3-ethynylphenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39la): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 97% (37.96 mg); [α]D
25 = 

28.0 (c = 0.100, CHCl3, >98% de); IR (Neat): νmax 3395 (NH), 

3286, 2922, 2852, 2574, 2106, 1717 (O-C=O), 1598, 1579, 1465, 1368, 1292, 1211, 1130, 1098, 

1025, 859, 780, 743, 696 and 646 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.29-7.23 (3H, m), 7.22-

7.19 (2H, m), 7.12 (1H, t, J = 7.6 Hz), 6.86 (1H, d, J = 7.6 Hz), 6.75 (1H, t, J = 2.4 Hz), 6.63 

(1H, dd, J = 8.4, 2.4 Hz), 4.30-4.15 (2H, m, OCH2CH3), 3.94-3.82 (2H, m, OCH2CH3), 3.49 (1H, 

dd, J = 13.2, 6.0 Hz), 3.25 (1H, d, J = 7.6 Hz), 3.19 (1H, dd, J = 13.2, 8.4 Hz), 3.01 (1H, s), 2.84 

(1H, td, J = 10.0, 8.0 Hz), 1.24 (3H, t, J = 7.2 Hz, OCH2CH3), 0.89 (3H, t, J = 7.2 Hz, 

OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.6 (C, O-C=O), 147.4 (C), 

134.1 (C), 129.2 (CH), 128.6 (2 x CH), 128.2 (2 x  CH), 127.4 (CH), 122.8 (C),  121.8 (CH), 

116.0 (CH), 113.9 (CH), 84.1 (CH), 76.4 (C), 62.0 (CH2, OCH2CH3), 61.4 (CH2, OCH2CH3), 

42.3 (C), 42.3 (CH2), 35.6 (CH), 29.5 (CH), 14.2 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); 

HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H25NO4H 392.1862; Found 392.1865. 

Diethyl (2R,3S)-2-(((2-fluorophenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39ma): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.2:9.8 to 0.5:9.5) and 

isolated as a pale yellow liquid; Yield: 75% (28.9 mg); [α]D
25 = 38.3 (c 

= 0.103, CH3OH, >98% de); IR (Neat): νmax 3420 (NH), 2981, 1720 (O-

C=O), 1620, 1515, 1450, 1369, 1331, 1293, 1252, 1212, 1189, 1132, 1111, 1028, 742 and 697 

cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.28-7.24 (2H, m), 7.23-7.19 (3H, m), 7.06-6.91 (2H, m), 

6.74 (1H, dt, J = 9.0, 1.5 Hz), 6.68-6.60 (1H, m), 4.29-4.18 (2H, m, OCH2CH3), 4.07 (1H, br s, 

NH), 3.93-3.83 (2H, m, OCH2CH3), 3.55 (1H, dd, J = 13.0, 6.0 Hz), 3.27 (1H, d, J = 7.9), 3.23 

(1H, dd, J = 13.0, 8.5 Hz), 2.88 (1H, td, J = 8.0, 6.0 Hz), 1.25 (3H, t, J = 7.0 Hz, OCH2CH3), 

0.89 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.5 

(C, O-C=O), 151.6 (C, d,  J = 237.5 Hz), 136.2 (C, d,  J = 11.5 Hz), 134.2 (C), 128.6 (2 x CH), 

128.2 (2 x CH), 127.4 (CH), 124.6 (CH, d,  J = 2.5 Hz), 117.1 (CH, d,  J = 6.2 Hz), 114.5 (CH, 
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d,  J = 18.7 Hz), 112.4 (CH, d,  J = 2.5 Hz), 62.0 (CH2, OCH2CH3), 61.3 (CH2, OCH2CH3), 42.2 

(C), 42.2 (CH2), 35.7 (CH), 29.6 (CH), 14.0 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS 

(ESI-TOF) m/z: (M + H+) calcd for C22H24FNO4H 386.1768; Found 386.1765. 

Diethyl (2R,3S)-2-(((2-chlorophenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate  (39na): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.2:9.8 to 0.5:9.5) and 

isolated as a pale yellow liquid; Yield: 23% (9.24 mg); [α]D
25 = 18.4 (c 

= 0.098, CH3OH, >98% de); IR (Neat): νmax 3411 (NH), 2981, 1721 (O-

C=O) , 1598, 1512, 1461, 1369, 1292, 1214, 1099, 1033, 965, 752 and 696 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.28-7.23 (4H, m), 7.22-7.20 (2H, m), 7.14 (1H, dt, J = 8.5, 1.5 Hz), 6.71 

(1H, dd, J = 8.5, 1.5 Hz), 6.65 (1H, dt, J = 8.0, 1.5 Hz), 4.45 (1H, br s, NH), 4.32-4.17 (2H, m, 

OCH2CH3), 3.94-3.83 (2H, m, OCH2CH3), 3.58 (1H, dd, J = 13.0, 6.0 Hz), 3.32-3.21 (2H, m), 

2.90 (1H, td, J = 8.0, 8.0 Hz), 1.26 (3H, t, J = 7.0 Hz, OCH2CH3), 0.90 (3H, t, J = 7.0 Hz, 

OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.8 (C, O-C=O), 166.5 (C, O-C=O), 143.5 (C), 

134.1 (C), 129.2 (CH), 128.6 (2 x CH), 128.2 (2 x  CH), 127.9 (CH), 127.4 (CH), 119.2 (C), 

117.6 (CH), 111.3 (CH), 62.1 (CH2, OCH2CH3), 61.4 (CH2, OCH2CH3), 42.1 (C), 42.1 (CH2), 

35.7 (CH), 29.5 (CH), 14.1 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: 

(M + H+) calcd for C22H24ClNO4H 402.1472; Found 402.1470. 

Diethyl (2R,3S)-2-(((2,4-difluorophenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39oa): The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.2:9.8 to 0.5:9.5) 

and isolated as a pale yellow liquid; Yield: 80% (32.3 mg); [α]D
25 = 

32.5 (c = 0.117, CHCl3, >98% de); IR (Neat): νmax 3415 (NH), 

2926, 2853, 1722 (O-C=O), 1603, 1522, 1465, 1369, 1292, 1217, 

1207, 1131, 1108, 1027, 959, 846, 797, 743, 720 and 698 cm-1; 1H NMR (CDCl3, 500 MHz): δ 

7.30-7.16 (5H, m), 6.82-6.71 (2H, m), 6.70-6.61 (1H, m), 4.30-4.17 (2H, m, OCH2CH3), 3.93-

3.83 (2H, m, OCH2CH3), 3.52 (1H, dd, J = 13.0, 6.0 Hz), 3.26 (1H, d, J = 7.5 Hz), 3.19 (1H, dd, 

J = 13.0, 8.5 Hz), 2.86 (1H, td, J = 10.0, 8.0 Hz), 1.25 (3H, t, J = 7.0 Hz, OCH2CH3), 0.89 (3H, t, 

J = 7.5 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.5 (C, O-C=O), 

154.5 (C, dd, J = 236.25, 11.25 Hz), 150.9 (C, dd, J = 240.0, 11.25 Hz), 134.1 (C), 132.7 (C, dd, 

J = 11.25, 2.5 Hz), 128.6 (2 x CH), 128.2 (2 x CH), 127.5 (CH), 112.4 (CH, dd, J = 8.75, 3.75 
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Hz), 110.7 (CH, dd, J = 22.5, 3.75 Hz), 103.5 (CH, dd, J = 27.5, 23.75 Hz), 62.0 (CH2, 

OCH2CH3), 61.4 (CH2, OCH2CH3), 42.6 (CH2), 42.2 (C), 35.7 (CH), 29.5 (CH), 14.0 (CH3, 

OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C22H23F2NO4H 

404.1673; Found 404.1673. 

Diethyl (2R,3S)-2-(((3,5-bis(trifluoromethyl)phenyl)amino)methyl)-3-phenylcyclopropane-

1,1-dicarboxylate (39pa): The compound was prepared following the procedure O and purified 

by column chromatography using Hexanes/CHCl3 (3:7 to 0:10) and 

isolated as a pale yellow liquid; Yield: 75% (37.75 mg); [α]D
25 = 

25.5 (c = 0.133, CHCl3, >98% de); IR (Neat): νmax 3387 (NH), 

2984, 2357, 1714  (O-C=O), 1621, 1472, 1438, 1397, 1368, 1274, 

1214, 1170, 1122, 860, 699 and 682 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.30-7.24 (3H, m), 

7.22-7.19 (2H, m), 7.17 (1H, s), 6.95 (2H, s), 4.33 (1H, br s, NH), 4.30-4.17 (2H, m, OCH2CH3), 

3.96-3.84 (2H, m, OCH2CH3), 3.61 (1H, td, J = 13.0, 5.5 Hz), 3.29(1H, d, J = 8.0 Hz), 3.27-3.21 

(1H, m), 2.85 (1H, td, J = 8.5, 8.0 Hz), 1.24 (3H, t, J = 7.0 Hz, OCH2CH3), 0.90 (3H, t, J = 7.0 

Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.6 (C, O-C=O), 166.4 (C, O-C=O), 148.3 

(C), 133.7 (C), 132.5 (2 x C, q,  J = 32.5 Hz), 128.5 (2 x CH), 128.3 (2 x CH), 127.6 (CH), 123.5 

(2 x C, q,  J = 270 Hz), 111.9 (2 x CH), 110.6 (CH), 62.1 (CH2, OCH2CH3), 61.5 (CH2, 

OCH2CH3), 42.3 (C), 42.0 (CH2), 35.6 (CH), 29.1 (CH), 14.1 (CH3, OCH2CH3), 13.7 (CH3, 

OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C24H23NO4F6H 504.1609; Found 

504.1609. 

Diethyl (2R,3S)-2-(((3,5-dimethylphenyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (39qa): The compound was prepared following the procedure O and purified by 

column chromatography using Hexanes/CHCl3 (3:7 to 0:10) and 

isolated as a pale yellow liquid; Yield: 97% (38.3 mg); [α]D
25 = 31.1 

(c = 0.151, CHCl3, >98% de); IR (Neat): νmax 3398 (NH), 2953, 2913, 

2846, 1801, 1714 (O-C=O), 1600, 1463, 1368, 1295, 1207, 1186, 

1096, 1024, 820, 742 and 693 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.28-7.19 (5H, m), 6.39 (1H, 

s), 6.28 (2H, s), 4.31-4.16 (2H, m, OCH2CH3), 3.94-3.81 (2H, m, OCH2CH3), 3.46 (1H, dd, J = 

12.8, 6.0 Hz), 3.24 (1H, d, J = 8.0 Hz), 3.18 (1H, dd, J = 12.8, 8.0 Hz), 2.84 (1H, td, J = 10.0, 8.0 

Hz), 2.23 (6H, s), 1.26 (3H, t, J = 7.2 Hz, OCH2CH3), 0.89 (3H, t, J = 7.2 Hz, OCH2CH3); 
13C 

NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.7 (C, O-C=O), 147.9 (C), 138.9 (2 x C), 
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134.4 (C), 128.7 (2 x CH), 128.2 (2 x CH), 127.4 (CH), 119.9 (CH), 111.0 (2 x CH), 61.9 (CH2, 

OCH2CH3), 61.3 (CH2, OCH2CH3), 42.6 (CH2), 42.3 (C), 35.6 (CH), 29.8 (CH), 21.5 (2xCH3), 

14.2 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for 

C24H29NO4H 396.2174; Found 396.2174. 

((1S,2S,3S)-2-(((4-methoxyphenyl)amino)methyl)-3-phenylcyclopropyl)(phenyl)methanone 

(40aa): The compound was prepared following the procedure O and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated 

as a brown liquid; Yield: 92% (66 mg, 0.2 mmol); [α]D
25 = 93.07 

(c = 0.101, CHCl3, >98% de); IR (Neat): νmax 3384 (NH), 3062, 

2930, 2831, 2359, 2339, 1665 (C=O), 1511, 1448, 1235, 1037, 820 

and 695 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.89 (2H, d, J = 7.0 Hz), 7.49 (1H, t, J = 7.5 Hz), 

7.40 (2H, t, J = 7.5 Hz), 7.23-7.15 (4H, m), 7.15-7.10 (1H, m), 6.78 (2H, dt, J = 10.0, 3.5 Hz), 

6.62 (2H, dt, J = 10.0, 3.5 Hz), 3.73 (3H, s, OCH3), 3.32 (2H, d, J = 6.0 Hz), 3.04 (1H, dd, J = 

10.0, 5.5 Hz), 2.86 (1H, dd, J = 9.5, 7.0 Hz), 2.79 (1H, quint, J = 6.0 Hz); 13C NMR (CDCl3, 125 

MHz, DEPT-135) δ 195.3 (C, C=O), 151.4 (C), 142.3 (C), 138.4 (C), 135.4 (C), 132.7 (CH), 

129.0 (2 x CH), 128.5 (2 x CH), 128.1 (4 x CH), 126.8 (CH), 115.0 (2 x CH), 114.4 (2 x CH), 

55.8 (CH3, OCH3), 47.8 (CH2), 35.2 (CH), 32.8 (CH), 25.3 (CH); HRMS (ESI-TOF) m/z: (M + 

H+) calcd for C24H23NO2H 358.1807; Found 358.1809. 

((1S,2S,3S)-2-(((4-chlorophenyl)amino)methyl)-3-phenylcyclopropyl)(phenyl)methanone 

(40fa): The compound was prepared following the procedure O and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as a 

colorless liquid; Yield: 98% (71 mg, 0.2 mmol); [α]D
25 = 120 (c = 

0.100, CHCl3, >98% de); IR (Neat): νmax 3374 (NH), 3062, 3026, 

2845, 1663 (C=O), 1597, 1497, 1448, 1367, 1177, 1087, 906, 815, 726 

and 694 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.89 (2H, dd, J = 8.5, 1.5 Hz), 7.51 (1H, tt, J = 8.0, 

2.0 Hz), 7.40 (2H, t, J = 8.0 Hz), 7.22-7.16 (4H, m), 7.15-7.09 (3H, m), 6.55 (2H, dt, J = 10.0, 

3.0 Hz), 3.92 (1H, br s, NH), 3.37-3.29 (2H, m), 3.04 (1H, dd, J = 9.5, 5.5 Hz), 2.86 (1H, dd, J = 

9.5, 7.0 Hz), 2.79 (1H, quint, J = 6.5 Hz); 13C NMR (CDCl3, 125 MHz, DEPT-135) δ 195.2 (C, 

C=O), 146.6 (C), 138.2 (C), 135.1 (C), 132.8 (CH), 129.2 (2 x CH), 128.9 (2 x CH), 128.5 (2 x 

CH), 128.1 (2 x CH), 128.0 (2 x CH), 126.9 (CH), 122.4 (C), 114.0 (2 x CH), 46.8 (CH2), 35.1 



  

 

Experimental Section 

Page | 208  

 

(CH), 32.8 (CH), 24.8 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H20ClNOH 

362.1312; Found 362.1311. 

((1S,2S,3S)-2-(((3-nitrophenyl)amino)methyl)-3-phenylcyclopropyl)(phenyl)methanone 

(40ra): The compound was prepared following the procedure O and purified by column 

chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and isolated as 

a yellow liquid; Yield: 94% (70 mg, 0.2 mmol);  [α]D
25 = 95.37 (c 

= 0.108, CHCl3, >98% de); IR (Neat): νmax 3373 (NH), 3062, 2854, 

1664 (C=O), 1525, 1346, 1214, 1044, 733 and 695 cm-1; 1H NMR 

(CDCl3, 500 MHz): δ 7.90 (2H, dt, J = 8.5, 1.5 Hz), 7.54 (1H, dd, J = 

8.0, 1.5 Hz), 7.51 (1H, dt, J = 7.0, 1.5 Hz), 7.42 (3H, tt, J = 8.0, 2.0 Hz), 7.28 (1H, t, J = 8.5 Hz), 

7.23-7.17 (4H, m), 7.17-7.12 (1H, m), 6.90 (1H, dd, J = 8.5, 2.0 Hz), 4.26 (1H, br s, NH), 3.49-

3.35 (2H, m), 3.08 (1H, dd, J = 10.0, 5.5 Hz), 2.90 (1H, dd, J = 9.5, 7.0 Hz), 2.82 (1H, quint, J = 

7.0 Hz); 13C NMR (CDCl3, 125 MHz, DEPT-135) δ 195.1 (C, C=O), 149.4 (C), 148.8 (C), 138.1 

(C), 134.9 (C), 132.9 (CH), 129.8 (CH), 128.9 (2 x CH), 128.6 (2 x CH), 128.2 (2 x CH), 128.1 

(2 x CH), 127.0 (CH), 118.8 (CH), 112.2 (CH), 106.3 (CH), 46.6 (CH2), 35.1 (CH), 32.9 (CH), 

24.5 (CH); HRMS (ESI-TOF) m/z: (M + H+) calcd for C23H20N2O3H 373.1552; Found 373.1552. 

Tetraethyl 3,3'-((1,4-phenylenebis(azanediyl))bis(methylene))(2S,2'S,3R,3'R)-bis(2-

phenylcyclopropane-1,1-dicarboxylate) (42): The compound was prepared following the 

procedure O and purified by column chromatography using 

EtOAc/hexanes (1:9 to 2:8) and isolated as a pale yellow 

liquid; Yield: 95% (62 mg); [α]D
25 = 42.5 (c = 0.094, 

CHCl3, >98% de); IR (Neat): νmax 3384 (NH), 2980, 1720 (O-

C=O), 1603, 1517, 1464, 1369, 1290, 1211, 1132, 1027, 862, 

818, 743 and 698 cm-1; 1H NMR (DMSO-d6, 500 MHz): δ 

7.29-7.19 (6H, m), 7.14 (4H, d, J = 7.5 Hz), 6.53 (4H, s), 4.98 (2H, br s, NH), 4.27-4.10 (4H, m, 

OCH2CH3), 3.87-3.70 (4H, m, OCH2CH3), 3.17 (2H, br s), 3.13 (2H, d, J = 8.0 Hz), 3.03 (2H, br 

s), 2.71 (2H, q, J = 7.0 Hz), 1.19 (6H, t, J = 7.0 Hz), 0.79 (3H, t, J = 7.0 Hz); 13C NMR (CDCl3, 

DEPT-135) δ 167.7 (2 x C, O-C=O), 166.6 (2 x C, O-C=O), 140.7 (2 x C), 135.2 (2 x C), 129.0 

(4 x CH), 128.5 (4 x CH), 127.6 (2 x CH), 114.7 (4 x CH), 61.8 (2 x CH2, OCH2CH3), 61.2 (2 x 

CH2, OCH2CH3), 42.9 (2 x CH2), 42.9 (2 x C), 35.8 (2 x CH), 30.0 (2 x CH), 14.4 (2 x CH3, 
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OCH2CH3), 14.0 (2 x CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for 

C38H44N2O8H 657.3176; Found 657.3176. 

Diethyl (2S,3R)-2-(2-amino-4-((((1S,3R)-2,2-bis(ethoxycarbonyl)-3-

phenylcyclopropyl)methyl)amino)benzyl)-3-phenylcyclopropane-1,1-dicarboxylate (44a): 

The compound was prepared following the procedure O and 

purified by column chromatography using EtOAc/hexanes (1:9 

to 2:8) and isolated as a pale yellow liquid; Yield: 46% (30.21 

mg); [α]D
25 = 50.9 (c = 0.106, CHCl3, >98% de); IR (Neat): 

νmax 3379 (NH), 2925, 2853, 2360, 1720 (O-C=O), 1619, 1519, 

1462, 1369, 1290, 1222, 1190, 1027, 861, 775, 744 and 698 cm-

1; 1H NMR (CDCl3, 500 MHz): δ 7.27-7.15 (10H, m), 7.00 (1H, d, J = 8.5 Hz), 6.08 (1H, dd, J = 

8.0, 2.0 Hz), 6.00 (1H, d, J = 2.5 Hz), 4.29-4.10 (4H, m, OCH2CH3), 3.93-3.82 (4H, m, 

OCH2CH3), 3.66 (2H, br s, NH), 3.42 (1H, dd, J = 13.0, 6.0 Hz), 3.24 (2H, t, J = 7.5 Hz), 3.16 

(1H, dd, J = 13.0, 8.0 Hz), 2.88-2.77 (2H, m), 2.71 (1H, dd, J = 15.5, 6.5 Hz), 2.59 (1H, dd, J = 

15.5, 8.0 Hz), 1.23 (3H, t, J = 7.0 Hz), 1.21 (3H, t, J = 7.0 Hz), 0.91-0.86 (6H, m); 13C NMR 

(CDCl3, DEPT-135) δ 168.1 (C, O-C=O), 167.7 (C, O-C=O), 167.0 (C, O-C=O), 166.7 (C, O-

C=O), 147.5 (C), 145.0 (C), 135.0 (C), 134.3 (C), 129.9 (CH), 128.7 (2 x CH), 128.7 (2 x CH), 

128.2 (2 x CH), 128.1 (2 x CH), 127.3 (CH), 127.1 (CH), 114.1 (C), 104.5 (CH), 100.3 (CH), 

61.9 (CH2, OCH2CH3), 61.6 (CH2, OCH2CH3), 61.3 (CH2, OCH2CH3), 61.1 (CH2, OCH2CH3), 

43.0 (C), 42.6 (CH2), 42.3 (C), 37.0 (CH), 35.6 (CH), 29.8 (CH), 29.6 (CH), 27.9 (CH2), 14.2 

(CH3, OCH2CH3), 14.1 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3), 13.7 (CH3, OCH2CH3); 

HRMS (ESI-TOF) m/z: (M + Na+) calcd for C38H44N2O8Na 679.2995; Found 679.2996. 

Diethyl (2S,3R)-2-(2-amino-4-((((1S,3R)-3-(4-cyanophenyl)-2,2-

bis(ethoxycarbonyl)cyclopropyl)methyl)amino)benzyl)-3-(4-cyanophenyl)cyclopropane-1,1-

dicarboxylate (44h): The compound was 

prepared following the procedure O and purified 

by column chromatography using 

EtOAc/hexanes (2:8 to 3:7) and isolated as a pale 

yellow liquid; Yield: 45% (31.8 mg); [α]D
25 = 

43.6 (c = 0.110, CHCl3, >98% de); IR (Neat): 

νmax 3380 (NH), 2981, 2928, 2227, 1720 (O-C=O), 1610, 1519, 1464, 1369, 1293, 1224, 1128, 
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1023, 853 and 564 cm-1; 1H NMR (DMSO-d6, 500 MHz): δ 7.74 (4H, d, J = 8.0 Hz), 7.34 (4H, 

dd, J = 8.0, 6.0 Hz), 6.62 (1H, d, J = 8.5 Hz), 5.97 (1H, d, J = 2.5 Hz), 5.83 (1H, dd, J = 8.0, 2.0 

Hz), 5.33 (1H, t, J = 6.0 Hz), 4.78 (2H, br s, NH), 4.26-4.10 (4H, m, OCH2CH3), 3.87-3.76 (4H, 

m, OCH2CH3), 3.25-3.12 (3H, m), 3.05-2.97 (1H, m), 2.81 (1H, q, J = 7.5 Hz), 2.75 (1H, q, J = 

7.5 Hz), 2.60 (2H, dd, J = 15.5, 6.5 Hz), 1.20 (3H, t, J = 7.0 Hz), 1.12 (3H, t, J = 7.0 Hz), 0.84-

0.77 (6H, m); 13C NMR (CDCl3, DEPT-135) δ 167.4 (C, O-C=O), 167.2 (C, O-C=O), 166.6 (C, 

O-C=O), 166.3 (C, O-C=O), 148.2 (C), 147.1 (C), 141.5 (C), 141.1 (C), 132.4 (4 x CH), 130.1 (2 

x CH), 130.0 (2 x CH), 129.7 (CH), 119.1 (C, CN), 119.1 (C, CN), 112.3 (C), 110.4 (C), 110.3 

(C), 102.3 (CH), 99.5 (CH), 62.1 (CH2, OCH2CH3), 61.9 (CH2, OCH2CH3), 61.5 (CH2, 

OCH2CH3), 61.3 (CH2, OCH2CH3), 43.7 (C), 42.6 (C), 41.7 (CH2), 36.0 (CH), 35.5 (CH), 30.1 

(CH), 30.0 (CH), 28.1 (CH2), 14.4 (CH3, OCH2CH3), 14.3 (CH3, OCH2CH3), 14.0 (2xCH3, 

OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C40H42N4O8H 707.3081; Found 

707.3079. 

Diethyl (2S,3R)-2-(2-amino-4-((((1S,3R)-2,2-bis(ethoxycarbonyl)-3-(4-

methoxyphenyl)cyclopropyl)methyl)amino)benzyl)-3-(4-methoxyphenyl)cyclopropane-1,1-

dicarboxylate (44i): The compound was prepared following the procedure O and purified by 

column chromatography using 

EtOAc/hexanes (2:8 to 3:7) and isolated as a 

pale yellow liquid; Yield: 33% (23.65 mg); 

[α]D
25 = 49.0 (c = 0.100, CHCl3, >98% 

de); IR (Neat): νmax 3381 (NH), 2979, 2932, 

2360, 2339, 1719 (O-C=O), 1614, 1583, 

1515, 1463, 1369, 1294, 1248, 1176, 1121, 1031, 838 and 688 cm-1; 1H NMR (CDCl3, 500 

MHz): δ 7.12 (2H, d, J = 8.5 Hz), 7.09 (2H, d, J = 8.5 Hz), 6.99 (1H, d, J = 8.0 Hz), 6.82-6.74 

(4H, m), 6.08 (1H, dd, J = 8.0, 2.0 Hz), 6.00 (1H, d, J = 2.5 Hz), 4.28-4.15 (4H, m, OCH2CH3), 

3.96-3.83 (4H, m, OCH2CH3), 3.76 (6H, d, J = 6.0 Hz), 3.62 (2H, br s, NH), 3.40 (1H, dd, J = 

13.0, 6.0 Hz), 3.23-3.08 (3H, m), 2.82-2.66 (3H, m), 2.58 (1H, dd, J = 15.5, 8.0 Hz), 1.24 (3H, t, 

J = 7.0 Hz), 1.21 (3H, t, J = 7.0 Hz), 0.99-0.87 (6H, m); 13C NMR (CDCl3, DEPT-135) δ 168.2 

(C, O-C=O), 167.8 (C, O-C=O), 167.1 (C, O-C=O), 166.7 (C, O-C=O), 158.9 (C), 158.7 (C), 

147.5 (C), 145.0 (C), 129.9 (CH), 129.8 (4 x CH), 127.0 (C), 126.3 (C), 114.2 (C), 113.6 (2 x 

CH), 113.5 (2 x CH), 104.5 (CH), 100.3 (CH), 61.8 (CH2, OCH2CH3), 61.5 (CH2, OCH2CH3), 
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61.2 (CH2, OCH2CH3), 61.0 (CH2, OCH2CH3), 55.2 (2xCH3, OCH3), 42.9 (C), 42.7 (CH2), 42.2 

(C), 36.6 (CH), 35.1 (CH), 30.0 (CH), 29.8 (CH), 27.9 (CH2), 14.1 (CH3, OCH2CH3), 14.0 (CH3, 

OCH2CH3), 13.8 (2 x CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for 

C40H48N2O10H 717.3387; Found 717.3387. 

Diethyl (2R,3S)-2-((E)-(((S)-tert-butylsulfinyl)imino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (-)-46: The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (0.5:9.5 to 1:9) and 

isolated as a pale yellow liquid; Yield: 84% (33.05 mg); [α]D
25 = 

185.6 (c = 0.160, CHCl3, >98% de); IR (Neat): νmax 3015, 1726 (O-

C=O), 1615, 1369, 1293, 1215, 1185, 1076, 1022, 747, 696 and 667 cm-1; 1H NMR (CDCl3, 500 

MHz): δ 7.86 (1H, d, J = 7.0 Hz), 7.32-7.23 (5H, m), 4.37-4.28 (1H, m, OCH2CH3), 4.27-4.19 

(1H, m, OCH2CH3), 3.99-3.87 (2H, m, OCH2CH3), 3.73 (1H, d, J = 7.5 Hz), 3.60 (1H, t, J = 7.5 

Hz), 1.29 (3H, t, J = 7.0 Hz, OCH2CH3), 1.22 (9H, s), 0.93 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C 

NMR (CDCl3, DEPT-135) δ 166.2 (C, O-C=O), 165.1 (C, O-C=O), 164.3 (C,CN), 132.9 (C), 

128.5 (2 x CH), 128.4 (2 x CH), 127.8 (CH), 62.3 (CH2, OCH2CH3), 61.8 (CH2, OCH2CH3), 57.1 

(C), 44.8 (C), 36.2 (CH), 34.2 (CH), 22.3 (3 x CH3), 14.0 (CH3, OCH2CH3), 13.7 (CH3, 

OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C20H27NO5SH 394.1688; Found 

394.1688. 

Diethyl (2R,3S)-2-((E)-(((R)-tert-butylsulfinyl)imino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (+)-46: The compound was prepared following the procedure O and purified by 

column chromatography using EtOAc/hexanes (1:9 to 2:8) and 

isolated as a pale yellow liquid; Yield: 84% (33.05 mg); [α]D
25 = 

 (c = 0.108, CHCl3, >98% de); IR (Neat): νmax 2980, 2359, 1730 

(O-C=O), 1616, 1450, 1367, 1289, 1219, 1184, 1086, 1023, 772 and 684 cm-1; 1H NMR (CDCl3, 

500 MHz): δ 7.81 (1H, d, J = 7.0 Hz), 7.32-7.25 (5H, m), 4.35-4.27 (1H, m, OCH2CH3), 4.26-

4.17 (1H, m, OCH2CH3), 4.00-3.89 (2H, m, OCH2CH3), 3.75 (1H, d, J = 7.5 Hz), 3.60 (1H, t, J = 

7.5 Hz), 1.28 (3H, t, J = 7.0 Hz, OCH2CH3), 1.20 (9H, s), 0.94 (3H, t, J = 7.0 Hz, OCH2CH3); 

13C NMR (CDCl3, DEPT-135) δ 166.1 (C, O-C=O), 165.2 (C, O-C=O), 164.4 (C,CN), 132.8 (C), 

128.6 (2 x CH), 128.3 (2 x CH), 127.8 (CH), 62.3 (CH2, OCH2CH3), 61.8 (CH2, OCH2CH3), 57.1 

(C), 44.8 (C), 36.4 (CH), 33.9 (CH), 22.2 (3xCH3), 14.1 (CH3, OCH2CH3), 13.7 (CH3, 
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OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C20H27NO5SH 394.1688; Found 

394.1688. 

Diethyl (2R,3S)-2-((((S)-tert-butylsulfinyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (-)-47: The compound was prepared following the procedure P and purified by 

column chromatography using EtOAc/hexanes (3:7 to 5:5) and 

isolated as a pale yellow liquid; Yield: 90% (35.6 mg); [α]D
25 = 66.6 

(c = 0.110, CHCl3, >98% de); IR (Neat): νmax 3420 (NH), 3212, 2980, 

1720 (O-C=O), 1461, 1368, 1294, 1211, 1132, 1097, 1052, 864, 747, 698 and 597 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 7.29-7.19 (5H, m), 4.38-4.26 (1H, m, OCH2CH3), 4.26-4.14 (1H, m, 

OCH2CH3), 3.90-3.81 (2H, m, OCH2CH3), 3.57-3.47 (2H, m), 3.33-3.23 (1H, m), 3.20 (1H, d, J 

= 8.0 Hz), 2.78 (1H, td, J = 8.0, 8.0 Hz), 1.30 (3H, t, J = 7.2 Hz, OCH2CH3), 1.22 (9H, s), 0.87 

(3H, t, J = 7.2 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.4 (C, O-

C=O), 134.0 (C), 128.6 (2 x CH), 128.2 (2 x CH), 127.4 (CH), 62.0 (CH2, OCH2CH3), 61.3 (CH2, 

OCH2CH3), 55.9 (C), 43.7 (CH2), 42.2 (C), 35.6 (CH), 30.8 (CH), 22.5 (3 x  CH3), 14.1 (CH3, 

OCH2CH3), 13.7 (CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C20H29NO5SH 

396.1845; Found 396.1844. 

Diethyl (2R,3S)-2-((((R)-tert-butylsulfinyl)amino)methyl)-3-phenylcyclopropane-1,1-

dicarboxylate (+)-47: The compound was prepared following the procedure P and purified by 

column chromatography using EtOAc/hexanes (3:7 to 5:5) and 

isolated as a pale yellow liquid; Yield: 93% (36.78 mg); [α]D
25 =  

(c = 0.101, CHCl3, >98% de); IR (Neat): νmax 3420 (NH), 3214, 2979, 

1723 (O-C=O), 1461, 1367, 1294, 1211, 1131, 1098, 1055, 863, 773, 

744 and 698 cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.29-7.20 (5H, m), 4.39-4.19 (2H, m, 

OCH2CH3), 3.93-3.80 (2H, m, OCH2CH3), 3.55-3.42 (2H, m), 3.29-3.16 (2H, m), 2.83 (1H, td, J 

= 10.0, 8.0 Hz), 1.31 (3H, t, J = 7.2 Hz, OCH2CH3), 1.22 (9H, s), 0.88 (3H, t, J = 7.2 Hz, 

OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 167.7 (C, O-C=O), 166.3 (C, O-C=O), 134.0 (C), 

128.7 (2 x CH), 128.2 (2 x CH), 127.4 (CH), 62.0 (CH2, OCH2CH3), 61.3 (CH2, OCH2CH3), 55.8 

(C), 44.0 (CH2), 42.2 (C), 35.7 (CH), 30.6 (CH), 22.5 (3 x CH3), 14.1 (CH3, OCH2CH3), 13.7 

(CH3, OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C20H29NO5SH 396.1845; Found 

396.1845. 
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Ethyl (5R,6S)-2-oxo-6-phenyl-3-azabicyclo[3.1.0]hexane-1-carboxylate (48): The compound 

was prepared following the procedure Q and purified by column 

chromatography using MeOH/CHCl3 (0.2:9.8) and isolated as a pale yellow 

liquid; Yield: 58% (28.43 mg, 0.2 mmol); [α]D
25 = 55.5 (c = 0.099, CHCl3, 

>98% de); IR (Neat): νmax 3250 (NH), 2977, 2359, 1718 (O-C=O), 1685 

(C=O), 1450, 1372, 1336, 1295, 1242, 1215, 1187, 1131, 1095, 1036, 782, 744, 695, 638 and 

573 cm-1; 1H NMR (CDCl3, 500 MHz): δ 7.33-7.21 (5H, m), 6.87 (1H, br s), 4.04-3.87 (2H, m, 

OCH2CH3), 3.69 (1H, dd, J = 10.5, 5.5 Hz), 3.47 (1H, d, J = 10.5 Hz), 3.04 (1H, t, J = 5.5 Hz), 

2.74 (1H, d, J = 5.5 Hz), 0.88 (3H, t, J = 7.0 Hz, OCH2CH3); 
13C NMR (CDCl3, DEPT-135) δ 

172.9 (C, HN-C=O), 165.1 (C, O-C=O), 133.6 (C), 128.6 (2 x CH), 128.2 (2 x CH), 127.6 (CH), 

61.1 (CH2, OCH2CH3), 42.3 (CH2), 39.4 (C), 37.3 (CH), 25.4 (CH), 13.7 (CH3, OCH2CH3); 

HRMS (ESI-TOF) m/z: (M + H+) calcd for C14H15NO3H 246.1130; Found 246.1128.   

Ethyl (5R,6S)-3-benzyl-2-oxo-6-phenyl-3-azabicyclo[3.1.0]hexane-1-carboxylate (50): The 

compound was prepared following the procedure R and purified by 

column chromatography using EtOAc/hexanes (2:8 to 3:7) and isolated 

as a pale yellow liquid; Yield: 57% (38.2 mg, 0.2 mmol); [α]D
25 = 

61.17 (c = 0.103, CHCl3, >98% de); IR (Neat): νmax 3069, 3030, 2979, 

2924, 2359, 2339, 1737 (O-C=O), 1687 (C=O), 1426, 1284, 1183, 1077, 698 and 652 cm-1; 1H 

NMR (CDCl3, 500 MHz): δ 7.27 (2H, tt, J = 8.0, 1.5 Hz), 7.24-7.14 (8H, m), 4.44 (1H, d, J = 

15.0 Hz), 4.28 (1H, d, J = 14.5 Hz), 3.97-3.84 (2H, m), 3.49 (1H, dd, J = 10.5, 6.0 Hz), 3.19 (1H, 

d, J = 10.5 Hz), 2.82 (1H, t, J = 5.5 Hz), 2.50 (1H, d, J = 5.0 Hz), 0.86 (3H, t, J = 7.0 Hz); 13C 

NMR (CDCl3, 125 MHz, DEPT-135) δ 168.9 (C, C=O), 165.4 (C, O-C=O), 136.3 (C), 133.5 

(C), 128.8 (2 x CH), 128.6 (2 x CH), 128.3 (2 x CH), 128.2 (2 x CH), 127.8 (CH), 127.6 (CH), 

61.1 (CH2, OCH2CH3), 46.7 (CH2), 46.6 (CH2), 40.4 (C), 37.4 (CH), 22.6 (CH), 13.7 (CH3, 

OCH2CH3); HRMS (ESI-TOF) m/z: (M + H+) calcd for C21H21NO3H 336.1600; Found 336.1600. 
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