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ABSTRACT 
 

 

 

Asymmetric CuH-catalyzed Reductive Coupling of Allenamides with Carbonyl and Imine 

Electrophiles 

 

 

 

A dissertation submitted in partial fulfillment of the requirements for the degree of Doctor 

of Philosophy at Virginia Commonwealth University. 

 

 

 

By Stephen A. Collins 

Virginia Commonwealth University, 2024 

 

Advisor: Dr. Joshua D. Sieber, Assistant Professor, Department of Chemistry 

 

 

The carbon scaffold of many drugs and natural products contain multiple stereogenic 

centers bearing heteroatoms. As a result of this, chemists have long sought methods to efficiently 

install these multi-heteroatom functionalities. Reductive coupling reactions have been extensively 

studied over the past decades, and the allylation of carbonyls via the reductive coupling approach 

has been a key method for generating chiral allylic alcohols. This work utilizes inexpensive Cu for 

the asymmetric reductive coupling of allenamides with carbonyls or imines to simultaneously install 

two heteroatoms (either oxygen and nitrogen or nitrogen and nitrogen, respectively) onto the 
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product. These molecules have a polarity profile that makes them difficult to make using traditional 

methods. Herein, we report a method for the asymmetric reductive coupling reactions. Chapter 1 

describes the development of a regio- and diastereoselective CuH-catalyzed reductive coupling of 

N-based allenes and imines, where stereoselectivity is controlled by a chiral auxiliary. This protocol 

provides access to branched products bearing the 1,2-diamine motif. Chemical transformations 

were performed on one of the branched products to furnish an aminopiperidine derivative that is a 

valuable intermediate to a major fragment of the potent NK-1 inhibitor compounds CP-99,994 and 

CP-122,721. Chapter 2 details the development of an asymmetric enantioselective aminoallylation 

of ketones, which builds on work previously published by our laboratory. This new protocol 

massively increases the enantiocontrol over this transformation by preventing an on-cycle 

carbamate migration that eroded enantioselectivity in the previous work and used allenamide 

protecting groups that were easier to cleave. This protocol provides an atom-economical approach 

for the synthesis of 1,2-aminoalcohols. Chapter 3 describes ongoing attempts to develop an 

asymmetric enantioselective aminoallylation of aldimines. This protocol would provide the same 

branched 1,2-diamine motif, as stated previously, but in a manner that would be more atom 

economical due to the chirality being provided by the catalyst instead of a chiral auxiliary.    
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Chapter 1 Development of Asymmetric CuH-Catalyzed Reductive Coupling of a Chiral 

Allenamide with Aldimine Electrophiles 

 I. Introduction 

Chiral molecules containing multi-heteroatom functional groups are ubiquitous in drugs 

and natural products.1–3  These compounds, such as aminoalcohols4 and diamines5, have 

widespread applications in these areas and thus it has become necessary to develop synthetic 

methodologies to access these motifs in a high yielding and highly sterio- and enantioselective 

manner.  

Depending on the substitution pattern these multi-heteroatom functional groups can 

range from simple to extremely challenging to synthesize. These methodologies are difficult to 

develop when the polar functional groups are arranged in configurations that result in a 

mismatch of the heteroatom induced polarization throughout the carbon framework of the 

molecule.6 These particular substitution patterns need to be prepared through unconventional 

routes such as reversing the polarity of one of the reactants.7 Perhaps one of the simplest ways 

to effect a transformation that would bring together two fragments containing electron-

withdrawing groups would be through the use of reductive coupling.  

This work advances the field of CuH-catalysis for organic synthesis by inverting the 

inherent polarity profiles of allenamide containing fragments to generate dissonant molecules 

that would otherwise be difficult to synthesize. This chapter discusses the development of a 

diastereoselective CuH-catalyzed reductive coupling of a chiral N-substituted allenamide 

derived from Evans’ oxazolidinone and aldimine electrophiles (Scheme 1.1). 
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Scheme 1.1: Method Development for CuH-Catalyzed Reductive Coupling 

of Allenamides and Imine Electrophiles 

 

 

II. Background  

A. Multi-Heteroatom Containing Natural Products and Drugs 

In both nature and the pharmaceutical industry many examples can be found of highly 

functionalized molecules.8–11 These molecules (Fig 1.1) often contain multiple chiral 

heteroatoms, especially amines and alcohols, and can be challenging to synthesize. 

Consequently, unique methodologies must be developed to synthesize them in an 

enantioselective and high yielding manner.  

Figure 1.1: Multi-Heteroatom Containing Natural Products and Drugs 
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B. Methods of Introducing Chiral Amines and Alcohols 

There are many possible methods of synthesizing chiral amines and alcohols. 

Enantioselective hydroamination12 and hydroxylation13 represent one potential method of 

accessing these motifs. Asymmetric transfer hydrogenation of carbonyl and imine containing 

compounds showcases another approach.14 These methods all depict viable ways of accessing 

chiral amines or alcohols, but one potential issue with these reactions is that they are mainly 

only focused on introducing one chiral functional group into the molecule. There exists a 

plethora of examples, like the ones shown before, where molecules contain multiple chiral 

functional groups. Thus, it would be a great addition to the chemist’s toolkit for reactions that 

introduce multiple chiral heteroatomic functional groups into a molecule in a single step.  

C. Consonant/Dissonant Theory 

When considering synthetic pathways to synthesize a compound containing multiple 

heteroatoms the difficulty is dependent on the congruence of the polarities induced by the 

heteroatoms. If the heteroatoms have a substitution pattern that results in a matching of the 

induced polarizations, termed “consonant charge affinity” (Fig 1.2 A), then the disconnection is 

easily achievable through two-electron logic.15,16 However, if the substitution pattern is such that 

there is a mis-match in the induced polarizations, termed “dissonant charge affinity” (Fig 1.2 B), 

then common two-electron logic is not easily applicable. In these cases, either one-electron 

logic (radical chemistry) or polarity inversion (umpolung) is typically applied.6,17,18 
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 Figure 1.2: Consonant and Dissonant Theory in 1,n-substituted 

molecular frameworks with electron-withdrawing heteroatom 

groups19 

 

 

D. Coupling Theory 

The idealized strategy for forming molecules containing multiple functional groups would 

be using cross-coupling, wherein fragment X containing functional group 1 could be coupled to 

fragment Y containing functional group 2 using some catalyst to generate molecule X-Y (Fig 1.3 

A).20 However, reality is far from ideal, and the simplicity of this process is dependent on the 

nature of the functional groups in question. If one fragment has an electron-donating group and 

the other has an electron-withdrawing group, then classical, or redox neutral, cross-coupling can 

be employed (Fig 1.3 B).21 However, if both fragments contain a functional group that is 

electron-donating, then oxidative cross-coupling must be utilized.22 In this case, the catalyst 

must be accompanied by an external oxidant to accept excess electrons from the substrates 

(Fig 1.3 C). Lastly if both fragments contain electron-withdrawing groups, then reductive cross-

coupling must be implemented, wherein the catalyst is accompanied by an external reductant to 

donate electrons to the substrates (Fig 1.3 D).23 



17  

Figure 1.3: Examples of Different Types of Coupling 

 

 

E. Reductive Coupling 

Due to the electron-withdrawing ability of both alcohols and amines, it would be 

necessary for reactions involving coupling fragments containing them to utilize reductive 

coupling. Catalytic reductive coupling processes are known to go through two types of 

mechanistic pathways based on the nature of the reducing agent (Fig 1.4).20,24  One of these 

involves external electron reductants that provide the requisite electrons (Type 1 process) such 

as stoichiometric transition metal reductants (e.g. Zn or Mn)25, photocatalysis26, or 

electrochemically27. The other mechanistic pathway involves utilizing a terminal reductant (e.g. 

HSiR3, ZnR2, B2(OR)4, etc)24 to enable catalyst turnover through incorporation of atoms from the 

reductant into the final product (Type 2 process).  
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Figure 1.4: The Two Mechanistic Classes of Reductive Coupling20 

 

 

F. Catalytic Allylative Reductive Coupling 

One form of reductive coupling that has attracted much interest over the past few 

decades is metal catalyzed allylative reductive coupling (Scheme 1.2). Pioneered by Krische in 

the mid-2000s, these processes typically involve a pronucleophile such as enynes28, 1,2-

dienes29, and 1,3-dienes30 being converted into their nucleophilic forms by a metal hydride. 

These nucleophilic organometallic reagents proceed to react with electrophiles to generate the 

coupled products such as homoallylic alcohols when aldehydes are used as the electrophilic 

partner.29 
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Scheme 1.2: Examples of Catalytic Allylative Reductive Coupling 

 

 

 One disadvantage of the systems pioneered by Krische is that they all require 

expensive precious metals such as Ir31, Rh32, and Ru30. The extreme costs associated 

with these metals necessitated further research to expand the chemistry to more earth 

abundant metals. Research into the field by Buchwald showed that similar reactivities 

could be obtained by using copper as the catalytic system for enyne33, 1,2-diene34, and 

1,3-diene35 pronucleophiles. Pronucleophiles containing heteroatoms are also viable 

coupling partners with a copper catalytic system to furnish coupled products containing 

heteroatoms such as nitrogen.36,37  

  

III. Research Design  

A. Past Work 

 Prior studies in the Sieber lab revealed that chiral auxiliary containing allenamides can 

undergo hydrocupration to furnish an allylcopper intermediate which can then proceed to react 

with electrophiles in either a branched or linear selective manner (Scheme 1.3).37,38 These 

works were able to showcase the utilization of catalytic reductive coupling to efficiently install 

both an alcohol and an amine synthon in a single step. They were also able to showcase 

effective deprotection sequences and functionalization into natural products.  
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Scheme 1.3: Past Work From the Sieber Lab Involving Catalytic Reductive Coupling 

 

 

B. This Work 

While the previous works were focused on using ketone electrophiles to access their 

desired products, it was believed that intermediate l-1.25 could also react with aldimine 

electrophile 1.1 to produce chiral 1,2-diamine 1.27 upon cleavage of the auxiliary (Scheme 1.4). 

Ideally this would occur, similarly to the previous works, in a single step and with high yields and 

selectivity. These 1,2-diamines could then be functionalized into natural products that contain 

the aforementioned motif.  

Scheme 1.4: Proposed Strategy Towards Accessing Chiral 1,2-Diamine Synthons 
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IV. Aldimine Reductive Coupling Protocol Employing a Chiral Auxiliary 

A. Reaction Development 

 

Table 1.1: Ligand Optimization for the Reductive Coupling Using 1.1a.a 

 

Entry Ligand %Yield 1.3ab %Yield 1.29ab  

1 dcpe < 5 58 

2 PCy3 < 5 86 

3 P(adam)3 < 5 28 

4 XPhos < 5 22 

5 P(NMe2)3 < 5 66 

6 P(OEt)3 < 5 60 

7 (PhO)2PNMe2 < 5 66 

8 SIMes < 5 8 

9c PCy3 < 5 51 

10d PCy3 < 5 54 

11e PCy3 < 5 52 

12f PCy3 < 5 31 

13g PCy3 90 < 5 

a129 mg (0.400 mmol) 1.1a, 96.6 mg (0.480 mmol) 1.2, 5 mol % Cu(OAc)2, 6 mol % ligand, and 1.0 mL of toluene. A 
single diastereomer of product was obtained in all cases by analysis of the unpurified reaction mixture by 1HNMR 

spectroscopy.b Yield determined by 1H NMR spectroscopy on the unpurified reaction mixture using dimethylfumarate as 
analytical standard. cReaction performed in MTBE. dReaction performed in dioxane. eReaction performed in CH2Cl2.  

fReaction performed in THF. gPerformed using 2.0 equiv of t-BuOH as additive. DMB = 2,4-dimethoxybenzyl. 

 

Similarly to the Sieber lab’s previously published work, the investigation began by 

using an allenamide derived from the Evans’ Oxazolidinone (1.2, Table 1.1).39 The main 

reasons for selecting this auxiliary were because it is commercially available and 

reasonably priced and allenamide 1.2 can be easily synthesized from it.40 We began the 
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studies by investigating the impact of various ligands on the system with other reaction 

conditions similar to those from previous publications of ours (Table 1.1).38,41 These 

results were obtained in collaboration with Dr. Toolika Agrawal. A variety of mono- and 

bidentate ligands were tested and it was observed that, in all cases, cyclic urea product 

1.29a was produced exclusively with PCy3 providing the highest yield. Changes of the 

solvent were also examined but it was observed that no solvent provided higher yields 

than the starting solvent of toluene. Diamine product 1.3a could also be obtained 

exclusively with the addition of two equivalents of tert-butanol to the reaction mixture.  

 

Table 1.2: Effect of Imine N-Substitution on Reactivitya 

 

Entry Ar2 % yieldb 

1 2,4-dimethoxyphenyl  17  

2 4-methoxyphenyl  58  

3 Phenyl  70  

4 4-fluorophenyl  71  

5 4-trifluoromethylphenyl 79 

aConditons: 1.30 (0.400 mmol), 106 mg (0.480 mmol) of 1.2, 5 mol % Cu(OAc)2, 6 mol % PCy3, 99 μL (0.80 mmol) of 

(MeO)2MeSiH, and 1.0 mL of toluene. A single diastereomer of product was obtained in all cases by analysis of the unpurified 

reaction mixture by 1H NMR spectroscopy. bYield determined by 1H NMR spectroscopy on the unpurified reaction mixture using 

dimethylfumarate as analytical standard. 
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The nature of the aldimine protecting group was next examined (Table 1.2), and 

a clear trend of reactivity was observed. As the electron-withdrawing ability of the 

protecting group increases, the yield of the reductive coupling process increased. 

However, the drawback to using more electron-deficient protecting groups that promote 

higher reactivity is that they are more difficult to cleave, as evidenced by the fact that 

2,4-dimethoxyphenyl is cleavable with acid while phenyl and 4-trifluoromethylphenyl 

require functional group incompatible conditions such as hydrogenation.42,43 Due to the 

fact that the ability for further functionalization of the allyl moiety that is produced in this 

reaction was desired, it was decided that most of the substrates would be run with 

protecting groups with more mild deprotection conditions.   

 

B. Catalytic Cycle 

Similarly to our previous work and the work of Buchwald, the proposed catalytic 

cycle for this process begins with allenamide 1.2 undergoing hydrocupration to furnish 

allylcopper intermediate 1.33.36,37,44 This intermediate can then react with an 

electrophile, such as aldimine 1.1a, to produce copper amide complex 1.34. It is at this 

point that the divergence of products in the presence of an alcohol becomes apparent. 

Due to the high basicity of the nitrogen on complex 1.34, the nitrogen can attack the 

carbonyl in the auxiliary and open up that ring while forming the cyclic urea product 

1.29a after silylation and aqueous fluoridic workup. However, in the presence of an 

alcohol, the copper amide complex 1.34 can be protonated to produce the diamine 

product 1.3a along with a copper alkoxide intermediate that can be transmetalated back 

to the active catalyst with silane.45 Further support for the catalytic cycle given in Fig 1.5 
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was obtained by DFT molecular orbital calculation performed by our collaborator Prof. 

Osvaldo Gutierrez.46   

 

Figure 1.5: Catalytic Cycle For Allenamide-Imine Reductive Coupling 
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C. Substrate Scope 

 

Scheme 1.5: Imine Generality in the Cu-Catalyzed Reductive Coupling to Access 1,2-Diamino 

Synthons.a 

 

aConditions:  1.1a-u (0.400 mmol), 1.2 (96.6 mg, 0.48 mmol), Cu(OAc)2 (5 mol %), PCy3 (6.5 mol %), t-BuOH (76 μL, 0.80 mmol), Me(MeO)2SiH (99 μL, 

0.80 mmol), and 1.0 mL of toluene, rt 24 h followed by treatment with NH4F/MeOH. A single diastereomer of product was obtained in all cases by analysis 

of the unpurified reaction mixture by 1H NMR spectroscopy. Yields represent isolated yield. bReaction performed at 65 oC.  
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With the optimal reaction conditions in hand, the scope of the reaction was investigated 

using a variety of sterically and electronically different aldimines (Scheme 1.5). These results 

were obtained in collaboration with Dr. Toolika Agrawal. Overall, this reaction provided a high 

degree of generality across a wide range of substrates with electron deficient (1.3a, 1.3d-k) and 

electron rich (1.3l-o) aromatic aldimines performing similarly well and providing single 

diastereomers of product. Interestingly, even ortho-substituted aromatic aldimines (1.3m) 

performed quite well. Aliphatic aldimines were unsuccessful in the transformation.  

 

Scheme 1.6: Imine Generality in the Cu-Catalyzed Reductive Coupling to 

Access Chiral Ureas.a 

 

aConditions: 1.29a-l (0.40 mmol), 1.2 (96.6 mg, 0.48 mmol), Cu(OAc)2 (5 mol %), PCy3 (6.5 mol %), Me(MeO)2SiH (99 μL, 0.80 

mmol), and 1.0 mL of toluene, rt 24 h followed by treatment with NH4F/MeOH. See the supporting information for more details. 

A single diastereomer of product was obtained in all cases by analysis of the unpurified reaction mixture by 1H NMR 

spectroscopy. Yields represent isolated yield. bReaction performed at 65 oC. 
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 The synthesis of cyclic ureas under reaction conditions lacking tert-butanol as an 

additive was also investigated (Scheme 1.6). Not surprisingly, similar generality to that 

of the process containing tert-butanol was obtained considering the pathway diverges 

after the stereodetermining step. Both electron rich (1.29i-k) and electron deficient 

(1.29a,c,e,f) aromatic aldimines performed comparably well to provide high yields of 

single diastereomers. Also, sterically demanding meta- (1.29f) and ortho-(1.29j) 

substitution patterns were well tolerated.   

D. Synthetic Applications 

 

Scheme 1.7: Phenethanol Group Cleavage 

 

 

 Cyclic urea product 1.29a contains a phenethanol side chain that occurs due to the 

opening of the cyclic carbamate during the rearrangement process (Scheme 1.7). This 

phenethanol unit can be cleaved in a three-step telescoped process developed by Toolika 

Agrawal. This process involves alcohol activation by mesylation, followed by base mediated 

elimination with potassium tert-butoxide to generate the enamine intermediate, followed by an 

acidic hydrolysis to cleave off the enamine and produce the free urea product 1.37. This urea can 

then undergo further substitution on the nitrogen as is desired for whatever chemistry needs to 

be accomplished. 
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Scheme 1.8: Application of Reductive Coupling Methodology Towards NK-1 

Inhibitor Fragment 

 

 

 The diamine selective reaction employing allenamide 1.2 and aldimine 1.2a was 

successfully scaled up to a 1.0 gram scale without issue to generate branched product 1.3c 

(Scheme 1.8). This product was then allylated with allylbromide and underwent ring closing 

metathesis with the Second Generation Hoveyda-Grubbs catalyst to produce cyclic amine 1.39. 

This aminopiperidine derivative is a valuable intermediate to compound 1.40 which is a major 

fragment of the potent NK-1 inhibitor compounds CP-99,994 and CP-122,721.11 

 

V. Conclusion 
 

This strategy for the stereoselective reductive coupling of aldimines and chiral 

allenamides to selectively generate both cyclic ureas and 1,2-diamine synthons is an effective 

tool for accessing molecules with a dissonant charge affinity. The low costs associated with the 
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catalyst and the starting materials make this a process that lends itself well to applications in the 

industrial sector. This generally high yielding protocol generates branched products with high 

diastereoselectivity owing to the chiral auxiliary. Applications have been shown towards the 

removal of the phenethanol side chain on the urea to allow for further functionalization and 

towards the synthesis of drug fragments from the diamine reductive  

 

VI. Experimental Methods 
  

General. 1H NMR spectra were recorded on Bruker 600 MHz spectrometers. Chemical shifts are 

reported in ppm from tetramethylsilane with the solvent resonance as the internal standard 

(CDCl3: 7.26 ppm). Data are reported as follows: chemical shift, integration, multiplicity (s = 

singlet, d = doublet, t = triplet, q = quartet, p = pentet, h = hextet, hept = heptet, br = broad, m = 

multiplet), and coupling constants (Hz). 13C NMR spectra were recorded on Bruker 600 MHz (151 

MHz) instrument with complete proton decoupling. Chemical shifts are reported in ppm from 

tetramethylsilane with the solvent as the internal standard (CDCl3: 77.0 ppm). Liquid 

chromatography was performed using forced flow (flash chromatography) on silica gel purchased 

from Silicycle. Thin layer chromatography (TLC) was performed on glass-backed 250 μm silica 

gel F254 plates purchased from Silicycle. Visualization was achieved by using UV light, a 10% 

solution of phosphomolybdic acid in EtOH or potassium permanganate in water followed by 

heating. HRMS was collected using a Jeol AccuTOF-DARTTM mass spectrometer using DART 

source ionization. All reactions were conducted in oven or flame dried glassware under an inert 

atmosphere of nitrogen or argon with magnetic stirring unless otherwise noted. Solvents were 

obtained from VWR as HPLC grade and transferred to septa sealed bottles, degassed by argon 

sparge, and analysed by Karl-Fischer titration to ensure water content was ≤ 600 ppm. 

Me(MeO)2SiH was purchased from Alfa Aesar and used as received. Allenamides 15 were 

prepared in one step as described in the literature.26 Aldehydes were purchased from Sigma 
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Aldrich, Combi-Blocks, TCI America, Alfa Aesar or Oakwood Chemicals and used as received. 

Tricyclohexylphosphine and Cu(OAc)2 were purchased from the Strem Chemical Company and 

used as received. All other materials were purchased from VWR, Sigma Aldrich, Combi-Blocks, 

or Alfa Aesar and used as received. Imines 1.1a,34 1.1b,47 1.1c,48 1.1h,49 1.1i,50 1.1j,51 1.1l,45 

1.1m,47  1.1u45 were synthesized as described in the literature. Compounds’ whose spectra are 

not shown below were synthesized by Dr. Toolika Agrawal.  

 

General Procedure A for the synthesis of imines. A 25 ml round bottom flask equipped with a 

magnetic stirring bar was charged with aldehyde (6.0 mmol, 1.0 equiv) and dichloromethane (8 

ml). Anhydrous magnesium sulfate was added to this solution while stirring followed by 2,4-

dimethoxy benzylamine (6.0 mmol, 1.0 equiv) dropwise. The reaction mixture was stirred at room 

temperature for 12 h under a nitrogen atmosphere. After the reaction is complete the crude 

reaction mixture was filtered through celite to remove magnesium sulfate. The filtrate was 

concentrated in vacuo to yield the pure imine, which was stored under nitrogen in the fridge. 

 

Characterization Data: 

(E)-1-(4-chlorophenyl)-N-(2,4-dimethoxybenzyl)methanimine (1.3d). Following General 

Procedure A, 4-chloro benzaldehyde (0.84 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 

mmol) magnesium sulfate (2.0 g) and dichloromethane (8 ml) were used. The title compound was 

obtained as a pale-yellow solid (1.54 g, 89%). m.p. – 59.5-60.5 °C. 1H NMR (600 MHz, CDCl3) δ 

8.28 (s, 1H), 7.70 (d, J = 8.5 Hz, 2H), 7.37 (d, J = 8.5 Hz, 2H), 7.21 – 7.15 (m, 1H), 6.51 – 6.43 

(m, 2H), 4.75 (s, 2H), 3.81 (s, 6H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.3, 160.2, 158.3, 136.4, 

134.9, 130.2, 129.4, 128.8, 119.6, 104.1, 98.5, 58.9, 55.4. HRMS (DART) m/z calcd for 

C16H17ClNO2 [M + H]+: 290.0948; Found [M + H]+: 290.0950. 
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(E)-N-(2,4-dimethoxybenzyl)-1-(4-fluorophenyl)methanimine (1.3e). Following General 

Procedure A, 4-fluorobenzaldehyde (0.742 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 

mmol) magnesium sulfate (2.0 g) and dichloromethane (8 ml) were used. The title compound was 

obtained as a yellow solid (1.36 g, 84 %). m.p. – 39.7-41.1 °C. 1H NMR (600 MHz, CDCl3) δ 8.29 

(s, 1H), 7.76 (dd, J = 8.5, 5.7 Hz, 2H), 7.23 – 7.16 (m, 1H), 7.08 (t, J = 8.6 Hz, 2H), 6.52 – 6.45 

(m, 2H), 4.76 (s, 2H), 3.81 (s, 6H). 13C{1H} NMR (151 MHz, CDCl3) δ  165.06 (C-F, 1J C-F = 

250.66 Hz), 163.40 (C-F, 1J C-F = 250.66 Hz), 160.23, 160.21, 158.32, 132.80 (C-F, 3J C-F =3.02 

Hz), 132.78 (C-F, 3J C-F = 3.02 Hz), 132.2, 130.15, 130.11, 130.06, 119.84, 115.66 (C-F, 2J C-

F = 22.65 Hz), 115.51 (C-F, 2J C-F = 22.65 Hz), 104.1, 98.54, 58.85. 19F NMR (565 MHz, CDCl3) 

δ -109.87. HRMS (DART) m/z calcd for C16H17FNO2 [M + H]+: 274.1243; Found [M + H]+: 

274.1269. 

(E)-4-(2,4-dimethoxybenzyl iminomethyl)benzonitrile (1.3f). Following General Procedure A, 4-

formyl benzonitrile (0.784 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 mmol) magnesium 

sulfate (2.0 g) and dichloromethane (8 ml) were used. The title compound was obtained as a 

yellow solid (1.59 g, 95 %). m.p. – 54.0-56.2 °C. 1H NMR (600 MHz, CDCl3) δ 8.32 (s, 1H), 7.84 

(d, J = 8.0 Hz, 2H), 7.67 (d, J = 8.1 Hz, 2H), 7.17 (d, J = 9.0 Hz, 1H), 6.51 – 6.44 (m, 2H), 4.80 

(s, 2H), 3.80 (s, 6H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.4, 159.6, 158.4, 140.3, 132.3, 130.3, 

128.6, 119.0, 118.6, 113.7, 104.2, 98.5, 59.1, 55.4. HRMS (DART) m/z calcd for C17H17N2O2 [M 

+ H]+: 281.1290; Found [M + H]+: 281.1306. 

Methyl (E)-4-(2,4-dimethoxybenzyl iminomethyl)benzoate (1.3g). Following General Procedure 

A, methyl-4-formyl benzoate (0.982 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 mmol) 

magnesium sulfate (2.0 g) and dichloromethane (8 ml) were used. The title compound was 

obtained as a yellow solid (1.87 g, 100 %). m.p. – 54.5-56.3 °C. 1H NMR (600 MHz, CDCl3) δ 8.35 

(s, 1H), 8.06 (d, J = 8.0 Hz, 2H), 7.82 (d, J = 8.1 Hz, 2H), 7.19 (d, J = 9.0 Hz, 1H), 6.48 (m, 2H), 

4.79 (s, 2H), 3.91 (s, 3H), 3.79 (s, 6H). 13C{1H} NMR (151 MHz, CDCl3) δ 166.7, 160.6, 160.2, 
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158.3, 140.3, 131.6, 130.2, 129.7, 128.0, 119.4, 104.1, 98.5, 59.1, 55.3, 55.3, 52.2.  HRMS 

(DART) m/z calcd for C18H20NO4 [M + H]+: 314.1392; Found [M + H]+: 314.1422. 

 (E)-N-(2,4-dimethoxybenzyl)-1-(pyridin-3-yl)methanimine (1.3k). Following General Procedure 

A, 3-pyridinecarboxaldehyde (0.64 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 mmol) 

magnesium sulfate (2.0 g) and dichloromethane (8 ml) were used. The title compound was 

obtained as a pale-yellow oil (1.51 g, 99 %). 1HNMR (600 MHz, CDCl3)δ: 8.85 (s, 1H), 8.63 (d, J 

= 4.8 Hz, 1H), 8.34 (s, 1H), 8.14 (d, J = 7.9 Hz, 1H), 7.33-7.31 (dd, J = 7.9 Hz, 4.8 Hz, 1H), 7.19 

(d, J = 8.9 Hz, 1H), 6.49-6.47 (m, 2H), 4.78 (s, 2H), 3.81 (s, 3H), 3.80 (s, 3H). 13C{1H} NMR (151 

MHz, CDCl3) δ 160.3, 158.7, 158.3, 151.3, 150.2, 134.5, 131.9, 130.3, 123.6, 119.2, 104.1, 98.5, 

59.1, 55.3. HRMS (DART) m/z calcd for C15H17N2O2 [M + H]+: 257.1290; Found [M + H]+:  

257.1297.  

(E)-1-(benzo[d][1,3]dioxol-5-yl)-N-(2,4-dimethoxybenzyl)methanimine (1.3n). Following General 

Procedure A, piperonal (0.89 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 mmol) 

magnesium sulfate (2.0 g) and dichloromethane (8 ml) were used. The title compound was 

obtained as a pale-yellow solid (1.77 g, 99 %). m.p. – 54.3-55.7 °C. 1HNMR (600 MHz, CDCl3)δ: 

8.2 (s, 2H), 7.4 (s, 1H), 7.18 (d, J = 8.9 Hz, 1H), 7.12 (d, J = 7.9 Hz, 1H), 6.8 (d, J = 7.9 Hz, 1H), 

6.47-6.46 (m, 2H), 5.9 (s, 2H), 4.71 (s, 2H), 3.808 (s, 3H), 3.802 (s, 3H). 13C{1H} NMR (151 MHz, 

CDCl3) δ 160.8, 160.0, 158.2, 149.7, 148.2, 131.3, 130.0, 124.3, 120.1, 107.9, 106.7, 104.0, 

101.4, 98.5, 58.6, 55.3. HRMS (DART) m/z calcd for C17H18NO4 [M + H]+: 300.1236; Found [M + 

H]+: 300.1253.   

(E)-1-(2,3-dihydrobenzofuran-5-yl)-N-(2,4-dimethoxybenzyl)methanimine (1.3o). Following 

General Procedure A, 2,3-dihydrobenzofuran-5-carbaldehyde (0.886 g, 6.0 mmol), 2,4-

dimethoxybenzylamine (1.0 g, 6.0 mmol) magnesium sulfate (2.0 g) and dichloromethane (8 ml) 

were used. The title compound was obtained as a pale-yellow oil (1.94 g, 72 % purity, 78 % yield). 

1H NMR (600 MHz, CDCl3) δ 8.24 (s, 1H), 7.73 (s, 1H), 7.44 (d, J = 12 Hz, 1H), 7.19 (d, J = 8.9 
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Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 6.49 – 6.43 (m, 2H), 4.71 (s, 2H), 4.60 (t, J = 8.7 Hz, 2H), 3.80 

(s, 6H), 3.20 (t, J = 8.7 Hz, 2H). 13C{1H} NMR (151 MHz, CDCl3) δ 162.3, 161.3, 160.0, 158.2, 

130.0, 129.8, 129.6, 127.7, 124.2, 120.3, 109.0, 104.0, 98.4, 71.7, 58.7, 55.3, 29.2. HRMS 

(DART) m/z calcd for C18H20NO3 [M + H]+: 298.1443; Found [M + H]+: 298.1466. 

(E)-1-([1,1'-biphenyl]-4-yl)-N-(2,4-dimethoxybenzyl)methanimine (1.3q). Following General 

Procedure A, 4-phenylbenzaldehyde (1.09 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 

mmol) magnesium sulfate (2.0 g) and dichloromethane (8 ml) were used. The title compound was 

obtained as a white solid (1.82 g, 94 % purity, 86 % yield). m.p. – 91.3-93.9 °C. 1H NMR (600 

MHz, CDCl3) δ 8.41 (s, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.70 – 7.63 (m, 4H), 7.49 (t, J = 7.6 Hz, 2H), 

7.40 (t, J = 6 Hz, 1H), 7.29 – 7.23 (m, 1H), 6.55 – 6.50 (m, 2H), 4.83 (s, 2H), 3.86 (s, 3H), 3.84 

(s, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 161.3, 160.1, 158.3, 143.2, 140.5, 135.4, 130.3, 130.1, 

129.0, 128.8, 128.7, 128.5, 127.7, 127.4, 127.2, 127.1, 120.0, 104.1, 98.5, 59.0, 55.4. HRMS 

(DART) m/z calcd for C22H22NO2 [M + H]+: 332.1651; Found [M + H]+: 332.1667. 

(E)-N-(2,4-dimethoxybenzyl)-1-(p-tolyl)methanimine (1.3r). Following General Procedure A, p-

tolualdehyde (0.72 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 mmol) magnesium sulfate 

(2.0 g) and dichloromethane (8 ml) were used. The title compound was obtained as a pale-yellow 

oil (1.28 g, 80%). 1H NMR (600 MHz, CDCl3) δ 8.36 (s, 1H), 7.72 (d, J = 7.8 Hz, 2H), 7.27 (d, J = 

7.4 Hz, 3H), 6.55 – 6.51 (m, 2H), 4.81 (s, 2H), 3.86 (s, 6H), 2.38 s, 3H). 13C{1H} NMR (151 MHz, 

CDCl3) δ 161.7, 160.1, 158.2, 140.7, 133.8, 130.0, 129.8, 129.7, 129.2, 128.2, 120.1, 104.0, 98.5, 

58.9, 55.3, 21.5. HRMS (DART) m/z calcd for C17H20NO2 [M + H]+: 270.1494; Found [M + H]+: 

270.1495. 

(E)-N-(2,4-dimethoxybenzyl)-1-(furan-2-yl)methanimine (1.3s). Following General Procedure A, 

furfural (0.57 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 mmol) magnesium sulfate (2.0 

g) and dichloromethane (8 ml) were used. The title compound was obtained as a brown oil (1.6 

g, 91 % purity, 99 % yield). 1HNMR (600 MHz, CDCl3)δ: 8.08 (s, 1H), 7.49 (s, 1H), 7.18 (d, J = 
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8.1 Hz, 1H), 6.73 (d, J = 3.4 Hz, 1H), 6.47-6.45 (m, 3H), 4.73 (s, 2H), 3.80 (s, 3H), 3.79 (s, 3H). 

13C{1H} NMR (151 MHz, CDCl3)δ: 160.28, 158.46, 151.96, 150.13, 144.51, 130.69, 119.30, 

113.59, 111.53, 104.07, 98.47, 58.89, 55.40, 55.33.  HRMS (DART) m/z calcd for C14H16NO3 [M 

+ H]+: 246.1130; Found [M + H]+: 246.1126. 

 (E)-N-(2,4-dimethoxybenzyl)-1-(thiophen-2-yl)methanimine (1.3t). Following General Procedure 

A, thiophene-2-carboxaldehyde (0.67 g, 6.0 mmol), 2,4-dimethoxybenzylamine (1.0 g, 6.0 mmol) 

magnesium sulfate (2.0 g) and dichloromethane (8 ml) were used. The title compound was 

obtained as a yellow solid (1.15 g, 74 %). m.p. – 47.4-50.2 °C. 1H NMR (600 MHz, CDCl3) δ 8.36 

(s, 1H), 7.37 (d, J = 6 Hz, 1H), 7.29 (d, J = 3.6 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 7.06 (t, J = 6 Hz, 

1H), 6.50 – 6.46 (m, 2H), 4.74 (s, 2H), 3.80 (s, 6H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.2, 

158.3, 154.8, 142.9, 130.3, 130.2, 128.6, 127.2, 119.6, 104.1, 98.4, 58.2, 55.4, 55.3. HRMS 

(DART) m/z calcd for C14H16NO2S [M + H]+: 262.0902; Found [M + H]+: 262.0915. 

 

General Procedure B for the synthesis of 1.3. To a 20 ml crimp cap vial with a stir bar in an Ar 

filled glove-box was charged Cu(OAc)2 (3.6 mg, 20 µmol) and PCy3 (7.3 mg, 26 µmol) followed 

by toluene (1.0 ml) and tert-butanol (76.5 µl, 2 eq). The mixture was stirred for 5 mins. Allenamide 

1.2 (96.6 mg, 480 µmol) followed by imine (400 µmol) was then charged and the vial was sealed 

with a crimp-cap septum and removed from the glove box. Dimethoxymethylsilane (0.099 ml, 2 

eq) was then charged to the reaction mixture (caution: dimethoxymethylsilane should be handled 

in a well-ventilated fume hood because it is known to cause blindness. Syringes were quenched 

with 2M NaOH, gas evolution! prior to disposal). The mixture was then stirred at RT for 24 h. The 

reaction was quenched by addition of 200 mg of NH4F and 2.5 ml of MeOH followed by agitation 

at RT for 30 mins. 10 ml of 5% NaHCO3 was then added to the mixture followed by extraction 

with DCM (2X5 ml). The combined organics were dried with Na2SO4, filtered, and concentrated 
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in vacuo. Crude product was purified by flash chromatography on silica gel to afford the desired 

product. 

Characterization Data: 

 

(S)-3-((1S,2S)-1-((2,4-dimethoxybenzyl)amino)-1-(4-(trifluoromethyl)phenyl)but-3-en-2-yl)-4-

phenyloxazolidin-2-one (1.3a). According to the general procedure B, the product was purified by 

silica gel chromatography (5 % E.A. in DCM) to provide 180 mg (85 %) of 1.3a as a white foam 

as a single diastereomer. Rf = 0.43 (50 % EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.50 (d, 

J = 8.0 Hz, 1H), 7.36 (dd, J = 5.1, 1.8 Hz, 2H), 7.30 (d, J = 8.0 Hz, 1H), 7.21 – 7.17 (m, 1H), 6.99 

(d, J = 6 Hz, 1H), 6.49 (s, 1H), 6.47 (d, J = 8.3 Hz, 1H), 5.15 – 5.09 (dt, J = 18 Hz, 12 Hz, 1H), 

4.73 (d, J = 12 Hz, 1H), 4.70 (d, J = 17.1 Hz, 1H), 4.61 (t, J = 8.2 Hz, 1H), 4.52 (t, J = 12 Hz, 1H), 

4.17 (d, J = 6 Hz, 1H),  4.11 (t, J = 8.0 Hz, 1H), 3.93 (t, J = 9.6 Hz, 1H), 3.83 (s, 6H). 3.66 (d, J = 

12 Hz, 1H), 3.36 (d, J = 18 Hz, 1H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.3, 158.8, 158.3, 145.2, 

138.2, 132.6, 130.5, 129.94 (C-F, 2JC-F = 31.71 Hz), 129.73 (C-F, 2JC-F = 31.71 Hz), 129.51 (C-F, 

2JC-F = 31.71 Hz), 129.29 (C-F, 2JC-F = 31.71 Hz), 129.17, 129.11, 128.8, 127.8, 126.90 (C-F, 1J C-

F = 271.8 Hz), 125.12 (C-F, 3JC-F = 4.53 Hz), 125.09 (C-F, 2JC-F = 4.53 Hz), 123.29 (C-F, 1JC-F = 

271.8 Hz), 121.49 (C-F, 1JC-F = 271.8 Hz), 120.5, 119.6, 103.6, 98.6, 70.2, 63.4, 61.2, 59.3, 55.4, 

55.2, 46.0. 19F NMR (565 MHz, CDCl3) δ -62.36. HRMS (DART) m/z calcd for C29H30F3N2O4 [M + 

H]+: 527.2158; Found [M + H]+: 527.2153. 

 

(S)-3-((1S,2S)-1-((2,4-dimethoxybenzyl)amino)-1-phenylbut-3-en-2-yl)-4-phenyloxazolidin-2-one 

(1.3b). According to the general procedure B, the product was purified by silica gel 

chromatography (10 % E.A. in DCM) to provide 147 mg (80 %) of 1.3b as a colourless foam as a 

single diastereomer. Rf = 0.35 (50 % EtOAc/hexanes).  1H NMR (600 MHz, CDCl3) δ 7.32 (dd, J 

= 4.5, 2.3 Hz, 3H), 7.25 – 7.22 (d,  J = 6 Hz, 2H), 7.22 – 7.19 (d, J = 6 Hz, 1H), 7.18 – 7.16 (d, J 
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= 12 Hz, 2H), 7.15 – 7.14 (m, 2H), 7.03 (d, J = 8.0 Hz, 1H), 6.48 (s, 1H), 6.46 (d, J = 8.3 Hz, 1H), 

5.05 – 4.97 (dt, J = 18 Hz, 12 Hz, 1H), 4.70 (d, J = 17.0 Hz, 1H), 4.64 (d, J = 10.2 Hz, 1H), 4.59 

(t, J = 6 Hz, 1H), 4.46 (t, J = 8.6 Hz, 1H), 4.12 – 4.04 (dt, J = 18 Hz, 6 Hz, 2H), 3.99 (d, J = 10.0 

Hz, 1H), 3.81 (s, 6H), 3.67 (d, J = 13.4 Hz, 1H), 3.34 (d, J = 13.4 Hz, 1H). 13C{1H} NMR (151 

MHz, CDCl3) δ 160.2, 158.8, 158.6, 140.6, 138.9, 133.3, 130.6, 128.98, 128.96, 128.4, 128.2, 

127.8, 127.4, 120.9, 119.0, 103.6, 98.6, 70.2, 63.2, 61.5, 58.9, 55.4, 55.2, 45.8. HRMS (DART) 

m/z calcd for C28H31N2O4 [M + H]+: 459.2284; Found [M + H]+: 459.2300. 

 

(S)-3-((1S,2S)-1-((4-methoxybenzyl)amino)-1-phenylbut-3-en-2-yl)-4-phenyloxazolidin-2-one 

(1.3c). According to the general procedure B, the product was purified by silica gel 

chromatography (10 % E.A. in DCM) to provide 153 mg (89 %) of 1.3c as a white solid as a single 

diastereomer. M.p. 101 – 104oC.  Rf = 0.41 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 

7.37 – 7.33 (m, 3H), 7.31 (m, 2H), 7.27 (m, 3H), 7.20 (d, J = 6 Hz, 2H), 7.18 – 7.14 (m, 2H), 6.96 

(d, J = 12 Hz, 2H), 5.10 (dt, J = 16.5, 9.6 Hz, 1H), 4.76 – 4.69 (m, 2H), 4.66 (t, J = 8.4 Hz, 1H), 

4.60 (t, J = 12 Hz, 1H), 4.18 (t, J = 12 Hz, 1H),  4.12 (t, J = 12 Hz, 1H),  4.02 (d, J = 10.2 Hz, 1H), 

3.86 (s, 3H), 3.64 (d, J = 13.0 Hz, 1H), 3.41 (d, J = 12.9 Hz, 1H), 1.91 (s, 1H). 13C{1H} NMR (151 

MHz, Chloroform-d) δ 159.1, 158.7, 140.5, 138.5, 133.2, 132.5, 129.8, 128.9, 128.9, 128.4, 128.2, 

127.8, 127.5, 119.2, 113.7, 70.3, 63.2, 61.5, 60.4, 59.0, 55.3, 49.9, 21.0, 14.2. HRMS (DART) 

m/z calcd for C27H29N2O3 [M + H]+: 429.2178; Found [M + H]+: 429.2196. 

 

(S)-3-((1S,2S)-1-(4-chlorophenyl)-1-((2,4-dimethoxybenzyl)amino)but-3-en-2-yl)-4-

phenyloxazolidin-2-one (1.3d). According to the general procedure B, the product was purified by 

silica gel chromatography (5 % E.A. in DCM) to provide 146 mg (74 %) of 1.3d as a colourless 

foam and a single diastereomer. Rf = 0.33 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 

7.36 – 7.33 (m, 3H), 7.23 (d, J = 8.2 Hz, 2H), 7.20 – 7.16 (m, 2H), 7.12 (d, J = 8.1 Hz, 2H), 6.99 

(d, J = 8.1 Hz, 1H), 6.49 (s, 1H), 6.47 (d, J = 8.2 Hz, 1H), 5.11 – 5.03 (dt, J = 18 Hz, 12 Hz, 1H), 
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4.72 (s, 1H), 4.69 (d, J = 7.9 Hz, 1H), 4.60 (t, J = 8.1 Hz, 1H), 4.49 (t, J = 8.6 Hz, 1H), 4.10 (t, J = 

7.9 Hz, 1H), 4.05 (d, J = 10.1 Hz, 1H), 3.95 (t, J = 9.6 Hz, 1H), 3.83 (s, 6H), 3.66 (d, J = 13.4 Hz, 

1H), 3.33 (d, J = 13.4 Hz, 1H), 2.08 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.3, 158.8, 

158.4, 139.3, 138.4, 133.0, 132.8, 130.6, 129.8, 129.10, 129.07, 128.4, 127.8, 120.6, 119.4, 

103.6, 98.6, 70.2, 63.4, 60.8, 59.2, 55.4, 55.2, 45.9.HRMS (DART) m/z calcd for C28H30ClN2O4 [M 

+ H]+: 493.1894; Found [M + H]+: 493.1929. 

 

(S)-3-((1S,2S)-1-((2,4-dimethoxybenzyl)amino)-1-(4-fluorophenyl)but-3-en-2-yl)-4-

phenyloxazolidin-2-one (1.3e). According to the general procedure B, the product was purified by 

silica gel chromatography (5 % E.A. in DCM) to provide 147 mg (77 %) of 1.3e as a colourless 

foam and a single diastereomer. Rf = 0.35 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 

7.37 – 7.32 (m, 3H), 7.20 – 7.12 (m, 4H), 7.00 (d, J = 8.1 Hz, 1H), 6.94 (t, J = 8.6 Hz, 2H), 6.50 

(s, 1H), 6.48 (d, J = 6 Hz, 1H), 5.06 (dt, J = 18.2, 9.5 Hz, 1H), 4.70 (d, J = 16.6 Hz, 2H), 4.60 (t, J 

= 8.1 Hz, 1H), 4.49 (t, J = 8.6 Hz, 1H), 4.10 (t, J = 7.9 Hz, 1H), 4.05 (d, J = 10.1 Hz, 1H), 3.96 (t, 

J = 9.6 Hz, 1H), 3.83 (s, 6H), 3.66 (d, J = 13.4 Hz, 1H), 3.34 (d, J = 13.5 Hz, 1H), 2.10 (s, 1H). 

13C{1H} NMR (151 MHz, CDCl3) δ 162.93 (C-F, 1J C-F = 244.62 Hz), 161.31 (C-F, 1J C-F = 

244.62 Hz), 160.2 , 158.8, 158.4, 138.5, 136.4, 133.0, 130.5, 129.9, 129.8, 129.07 (C-F, 3J C-F 

= 4.53 Hz), 129.05 (C-F, 3J C-F = 4.53 Hz), 127.8, 120.7, 119.2, 115.13 (C-F, 2J C-F = 21.14 

Hz), 114.99 (C-F, 2J C-F = 21.14 Hz), 103.6, 98.6, 70.2, 63.5, 60.7, 59.1, 55.4, 55.2, 45.9.19F 

NMR (565 MHz, CDCl3) δ -115.14. HRMS (DART) m/z calcd for C28H30FN2O4 [M + H]+: 477.2190; 

Found [M + H]+: 477.2204. 

 

4-((1S,2S)-1-((2,4-dimethoxybenzyl)amino)-2-((S)-2-oxo-4-phenyloxazolidin-3-yl)but-3-en-1-

yl)benzonitrile (1.3f). According to the general procedure B, the product was purified by silica gel 

chromatography (10 % E.A. in DCM) to provide 157 mg (81 %) of 1.3f as a colourless foam and 

a single diastereomer. Rf = 0.36 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.54 (d, J 
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= 7.9 Hz, 2H), 7.39 – 7.34 (m, 3H), 7.30 (d, J = 7.9 Hz, 2H), 7.22 – 7.18 (m, 2H), 6.95 (d, J = 8.1 

Hz, 1H), 6.49 (s, 1H), 6.46 (d, J = 8.1 Hz, 1H), 5.14 (dt, J = 16.9, 9.8 Hz, 1H), 4.73 (d, J = 10.1 

Hz, 1H), 4.66 (d, J = 17.0 Hz, 1H), 4.59 (t, J = 8.2 Hz, 1H), 4.51 (t, J = 8.6 Hz, 1H), 4.20 (d, J = 

10.0 Hz, 1H), 4.12 (t, J = 8.1 Hz, 1H), 3.82 (s, 7H), 3.63 (d, J = 13.5 Hz, 1H), 3.32 (d, J = 13.5 Hz, 

1H), 2.20 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.4, 158.7, 158.2, 146.8, 137.9, 132.0, 

130.5, 129.3, 129.2, 129.1, 127.8, 120.3, 119.9, 118.8, 111.2, 103.7, 98.6, 70.2, 63.4, 61.3, 59.4, 

55.4, 55.2, 46.2. HRMS (DART) m/z calcd for C29H30N3O4 [M + H]+: 484.2236; Found [M + H]+: 

484.2255. 

 

 

(S)-3-((1S,2S)-1-([1,1'-biphenyl]-4-yl)-1-((2,4-dimethoxybenzyl)amino)but-3-en-2-yl)-4-

phenyloxazolidin-2-one (1.3q). According to the general procedure B, the product was purified by 

silica gel chromatography (5 % E.A. in DCM) to provide 144 mg (67 %) of 1.3q as a colourless 

foam and a single diastereomer. Rf = 0.26 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 

7.59 (d, J = 7.9 Hz, 2H), 7.51 (d, J = 7.9 Hz, 2H), 7.42 (t, J = 7.7 Hz, 2H), 7.37 – 7.30 (m, 4H), 

7.26 (d, J = 6.0 Hz, 3H), 7.21 – 7.16 (m, 2H), 7.08 (d, J = 8.0 Hz, 1H), 6.52 – 6.47 (m, 2H), 5.08 

(dt, J = 18.1, 9.6 Hz, 1H), 4.76 (d, J = 17.0 Hz, 1H), 4.70 (d, J = 10.2 Hz, 1H), 4.63 (t, J = 8.0 Hz, 

1H), 4.50 (t, J = 8.6 Hz, 1H), 4.17 – 4.05 (m, 3H), 3.84 (s, 3H), 3.83 (s, 3H), 3.73 (d, J = 13.5 Hz, 

1H), 3.42 (d, J = 13.4 Hz, 1H), 2.07 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.2, 158.8, 

158.6, 140.7, 140.1, 139.8, 138.8, 133.2, 130.6, 129.0, 128.9, 128.8, 128.7, 127.8, 127.2, 126.9, 

126.8, 121.0, 119.2, 103.6, 98.6, 70.3, 63.2, 61.3, 59.0, 55.4, 55.2, 45.9. HRMS (DART) m/z calcd 

for C34H35N2O4 [M + H]+: 535.2597; Found [M + H]+: 535.2631. 

 

(S)-3-((1S,2S)-1-((2,4-dimethoxybenzyl)amino)-1-(p-tolyl)but-3-en-2-yl)-4-phenyloxazolidin-2-

one (1.3r). According to the general procedure B, the product was purified by silica gel 

chromatography (5 % E.A. in DCM) to provide 143 mg (76 %) of 1.3r as a colourless foam and a 
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single diastereomer. Rf = 0.29 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.33 (dd, J 

= 4.6, 2.3 Hz, 3H), 7.18 – 7.14 (m, 2H), 7.08 (s, 4H), 7.05 (d, J = 8.1 Hz, 1H), 6.51 – 6.46 (m, 2H), 

5.00 (dt, J = 18.1, 9.6 Hz, 1H), 4.74 (d, J = 17.0 Hz, 1H), 4.66 (d, J = 10.2 Hz, 1H), 4.61 (t, J = 7.9 

Hz, 1H), 4.47 (t, J = 8.6 Hz, 1H), 4.13 (t, J = 9.6 Hz, 1H), 4.08 (t, J = 6 Hz, 1H), 3.95 (d, J = 9.9 

Hz, 1H), 3.83 (s, 6H), 3.68 (d, J = 13.4 Hz, 1H), 3.35 (d, J = 13.3 Hz, 1H), 2.31 (s, 3H), 2.02 (s, 

1H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.2, 158.8, 158.6, 139.0, 137.5, 137.0, 133.50, 130.6, 

128.96, 128.94, 128.91, 128.3, 127.8, 121.0, 118.9, 103.6, 98.6, 70.3, 63.1, 61.2, 58.8, 55.4, 55.2, 

45.7, 21.1. HRMS (DART) m/z calcd for C29H33N2O4 [M + H]+: 473.2440; Found [M + H]+: 

473.2459. 

 

(S)-3-((1S,2S)-1-((2,4-dimethoxybenzyl)amino)-1-(thiophen-2-yl)but-3-en-2-yl)-4-

phenyloxazolidin-2-one (1.3t). According to the general procedure B, the product was purified by 

silica gel chromatography (5 % E.A. in DCM) to provide 137 mg (74 %) of 1.3t as a pale-yellow 

foam and as a single diastereomer. Rf = 0.33 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) 

δ 7.36 – 7.31 (m, 3H), 7.21 (d, J = 5.1 Hz, 1H), 7.18 – 7.13 (m, 2H), 7.07 (d, J = 8.1 Hz, 1H), 6.90 

(ddd, J = 4.8, 3.5, 1.1 Hz, 1H), 6.85 (d, J = 3.4 Hz, 1H), 6.50 (s, 1H), 6.48 (d, J = 7.9 Hz, 1H), 5.15 

(dt, J = 16.2, 9.6 Hz, 1H), 4.84 (d, J = 17.0 Hz, 1H), 4.77 (d, J = 10.2 Hz, 1H), 4.56 (dd, J = 8.6, 

7.2 Hz, 1H), 4.47 (td, J = 8.6, 1.1 Hz, 1H), 4.39 (d, J = 9.6 Hz, 1H), 4.08 (ddd, J = 11.6, 6.7, 2.8 

Hz, 2H), 3.82 (s, 3H), 3.83 (s, 3H), 3.80 (d, J = 13.4 Hz, 1H), 3.48 (d, J = 13.4 Hz, 1H), 2.11 (s, 

1H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.3, 158.8, 158.3, 145.5, 138.6, 132.8, 130.8, 129.0, 

127.7, 126.2, 126.0, 124.8, 120.6, 119.3, 103.6, 98.6, 70.3, 63.5, 60.4, 59.0, 57.2, 55.4, 55.2, 

46.0. HRMS (DART) m/z calcd for C26H29N2O4S [M + H]+: 465.1848; Found [M + H]+: 465.1852. 

 

(S)-3-((1S,2S)-1-(5-bromothiophen-2-yl)-1-((2,4-dimethoxybenzyl)amino)but-3-en-2-yl)-4-

phenyloxazolidin-2-one (1.3u). According to the general procedure B, the product was purified by 

silica gel chromatography (3 % E.A. in DCM) to provide 172 mg (79 %) of 1.3u as a pale-yellow 
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foam as a single diastereomer and a 95:5 mixture of the branched to rearranged product. Rf = 

0.38 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.35 (dd, J = 4.2, 2.5 Hz, 3H), 7.17 

(dd, J = 6.0, 2.6 Hz, 2H), 7.04 (d, J = 8.1 Hz, 1H), 6.84 (d, J = 6 Hz, 1H), 6.59 (d, J = 6 Hz, 1H), 

6.50 (s, 1H), 6.48 (d, J = 12 Hz, 1H), 5.24 (dt, J = 16.7, 9.5 Hz, 1H), 4.89 – 4.83 (m, 2H), 4.54 (t, 

J = 8.0 Hz, 1H), 4.50 (t, J = 12 Hz, 1H), 4.39 (d, J = 9.6 Hz, 1H), 4.11 (t, J = 12 Hz, 1H), 3.84 (s, 

3H), 3.83 (s, 3H), 3.80 (d, J = 13.5 Hz, 1H), 3.51 (d, J = 13.4 Hz, 1H), 2.24 (s, 1H). 13C{1H} NMR 

(151 MHz, CDCl3) δ 160.3, 158.8, 158.0, 147.7, 138.0, 132.2, 130.7, 129.2, 129.1, 129.1, 127.7, 

126.4, 120.3, 119.8, 111.6, 103.6, 98.6, 70.2, 63.6, 59.4, 57.7, 55.4, 55.2, 46.1. HRMS (DART) 

m/z calcd for C26H28BrN2O4S [M + H]+: 543.0953; Found [M + H]+: 543.0949. 

 

General Procedure C for the synthesis of 1.29. To a 20 ml crimp cap vial with a stir bar in an 

Ar filled glove-box was charged Cu(OAc)2 (3.6 mg, 20 µmol) and PCy3 (7.3 mg, 26 µmol) followed 

by toluene (1.0 ml) and the mixture was stirred for 5 mins. Allenamide 15a (96.6 mg, 480 µmol) 

followed by imine (400 µmol) was then charged and the vial was sealed with a crimp-cap septum 

and removed from the glove box. Dimethoxymethylsilane (0.099 ml, 2 eq) was then charged to 

the reaction mixture (caution: dimethoxymethylsilane should be handled in a well-ventilated fume 

hood because it is known to cause blindness. Syringes were quenched with 2M NaOH, gas 

evolution! prior to disposal). The mixture was then stirred at RT for 24 h. The reaction was 

quenched by addition of 200 mg of NH4F and 2.5 ml of MeOH followed by agitation at RT for 30 

mins. 10 ml of 5% NaHCO3 was then added to the mixture followed by extraction with DCM (2X5 

ml). The combined organics were dried with Na2SO4, filtered, and concentrated in vacuo. Crude 

product was purified by flash chromatography on silica gel to afford the desired product 1.29. 

 

Characterization Data: 
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(4S,5S)-1-(2,4-dimethoxybenzyl)-3-((S)-2-hydroxy-1-phenylethyl)-5-(4-(trifluoromethyl)phenyl)-

4-vinylimidazolidin-2-one (1.29a). According to the general procedure C, the product was purified 

by silica gel chromatography (5 % E.A. in DCM) to provide 198 mg (94 %) of 1.29a as a colourless 

foam as a single diastereomer. Rf = 0.36 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 

7.53 (d, J = 8.0 Hz, 2H), 7.35 – 7.30 (m, 2H), 7.26 (m, 4H), 7.18 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 

8.2 Hz, 1H), 6.41 (d, J = 6.0 Hz, 1H), 6.35 (d, J = 2.4 Hz, 1H), 5.59 (ddd, J = 17.0, 9.3, 8.7, 1.0 

Hz, 1H), 5.20 (d, J = 10.1 Hz, 1H), 4.90 (t, J = 7.0 Hz, 1H), 4.85 (d, J = 17.1 Hz, 1H), 4.78 (d, J = 

14.7 Hz, 1H), 4.32 (m, 1H), 4.25 (dd, J = 7.9, 3.4 Hz, 1H), 4.06 – 4.03 (m, 1H), 4.01 (d, J = 7.9 

Hz, 1H), 3.86 (d, J = 14.7 Hz, 1H), 3.79 (s, 3H), 3.59 (s, 3H), 3.39 (t, J = 8.3 Hz, 1H). 13C{1H} 

NMR (151 MHz, CDCl3) δ 161.1, 160.7, 158.6, 143.0, 137.6, 134.8, 131.7, 130.55 (C-F, 2J C-F = 

31.71 Hz), 130.39 (C-F, 2J C-F = 31.71 Hz), 130.18 (C-F, 2J C-F = 31.71 Hz),129.96 (C-F, 2J C-

F = 31.71 Hz), 128.7, 127.8, 127.6, 127.4, 126.7 (C-F, 1J C-F = 271.8 Hz), 125.51 (C-F, 3J C-F 

= 3.02 Hz), 125.48 (C-F, 3J C-F = 3.02 Hz), 124.89 (C-F, 1J C-F = 271.8 Hz), 123.09 (C-F, 1J C-

F = 271.8 Hz), 121.4, 121.29 (C-F, 2J C-F = 271.8 Hz), 116.2, 104.2, 98.1, 66.2, 64.9, 63.3, 61.9, 

55.3, 54.9, 40.8. 19F NMR (565 MHz, CDCl3) δ -62.54. HRMS (DART) m/z calcd for C29H30F3N2O4 

[M + H]+: 527.2158; Found [M + H]+: 527.2173. 

 

(4S,5S)-1-benzyl-5-(3-bromophenyl)-3-((S)-2-hydroxy-1-phenylethyl)-4-vinylimidazolidin-2-one 

(1.29j). Reaction was set up according to general procedure C and stirred at 65 °C for 24 h. The 

product was purified by silica gel chromatography (5 % E.A. in DCM) to provide 131 mg (69 %) 

of 1.29j as a colourless foam as a single diastereomer. Rf = 0.46 (50 % EtOAc/hexanes). 1H NMR 

(600 MHz, CDCl3) δ 7.42 (d, J = 8.1 Hz, 1H), 7.36 (t, J = 7.5 Hz, 2H), 7.34 – 7.24 (m, 8H), 7.17 (t, 

J = 7.8 Hz, 1H), 7.11 (d, J = 6.6 Hz, 2H), 7.01 (d, J = 7.6 Hz, 1H), 5.59 (ddd, J = 17.0, 10.0, 8.7 

Hz, 1H), 5.21 (d, J = 10.1 Hz, 1H), 4.98 (d, J = 14.9 Hz, 1H), 4.91 (d, J = 17.0 Hz, 1H), 4.82 (t, J 

= 7.0 Hz, 1H), 4.38 – 4.27 (m, 2H), 4.08 – 4.05 (m, 1H), 3.94 (d, J = 7.5 Hz, 1H), 3.64 (d, J = 14.9 

Hz, 1H), 3.48 (t, J = 8.1 Hz, 1H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.6, 140.3, 137.5, 135.9, 
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134.5, 131.6, 130.4, 130.2, 128.8, 128.7, 128.6, 127.9, 127.7, 127.6, 125.9, 123.0, 121.4, 66.2, 

64.8, 62.8, 62.0, 45.7. HRMS (DART) m/z calcd for C26H26BrN2O2 [M + H]+: 477.1178; Found [M 

+ H]+: 477.1207. 

(4S,5S)-1-(2,4-dimethoxybenzyl)-3-((S)-2-hydroxy-1-phenylethyl)-5-(pyridin-3-yl)-4-

vinylimidazolidin-2-one (1.29k). According to the general procedure C, the product was purified 

by silica gel chromatography (50 % E.A. in DCM) to provide 183 mg (99 %) of 1.29k as a pale-

yellow foam as a single diastereomer and as a 86:14 mixture of the rearranged 1.29k to branched 

product 1.3k. Rf = 0.10 (60 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 8.50 (s, 1H), 8.26 

(s, 1H), 7.44 (d, J = 6.0 Hz, 1H), 7.36 – 7.30 (m, 3H), 7.28 – 7.24 (m, 4H), 7.06 (d, J = 8.2 Hz, 

1H), 6.40 (dd, J = 8.3, 2.4 Hz, 1H), 6.35 (d, J = 2.4 Hz, 1H), 5.58 (ddd, J = 17.1, 10.0, 8.7 Hz, 1H), 

5.20 (d, J = 10.1 Hz, 1H), 4.90 (t, J = 6.9 Hz, 1H), 4.85 (d, J = 17.1 Hz, 1H), 4.76 (d, J = 14.6 Hz, 

1H), 4.34 – 4.29 (m, 1H), 4.26 (dd, J = 7.8, 3.3 Hz, 1H), 4.07 – 4.02 (m, 1H), 3.97 (d, J = 8.1 Hz, 

1H), 3.86 (dd, J = 18.0 6.0 Hz 2H), 3.79 (s, 3H), 3.60 (s, 3H), 3.43 (t, J = 8.4 Hz, 1H). 13C{1H} 

NMR (151 MHz, CDCl3) δ 161.1, 160.7, 158.6, 149.6, 149.1, 137.6, 134.5, 131.8, 129.1, 128.7, 

127.85, 127.82, 127.6, 121.6, 116.1, 104.2, 98.1, 66.3, 64.8, 61.8, 61.5, 55.3, 55.0, 40.7. HRMS 

(DART) m/z calcd for C27H30N3O4 [M + H]+: 460.2236; Found [M + H]+: 460.2247. 

(4S,5S)-1-(2,4-dimethoxybenzyl)-3-((S)-2-hydroxy-1-phenylethyl)-5-(4-methoxyphenyl)-4-

vinylimidazolidin-2-one (1.29l). According to the general procedure C, the product was purified by 

silica gel chromatography (10 % E.A. in DCM) to provide 184 mg (94 %) of 1.29l as a colourless 

foam as a single diastereomer. Rf = 0.29 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 

7.35 (t, J = 7.7 Hz, 2H), 7.31 – 7.25 (m, 3H), 7.02 (d, J = 8.0 Hz, 1H), 6.99 (d, J = 8.4 Hz, 2H), 

6.83 (d, J = 6.0 Hz, 2H), 6.42 – 6.40 (m, 2H), 5.64 – 5.56 (ddd, J = 17.0, 9.3, 8.6 Hz, 1H), 5.18 (d, 

J = 10.3 Hz, 1H), 5.15 (t, J = 7.1 Hz, 1H), 4.87 (d, J = 17.0 Hz, 1H), 4.79 (d, J = 14.8 Hz, 1H), 

4.35 – 4.24 (m, 2H), 4.07 – 4.04 (m, 1H), 3.94 (d, J = 7.8 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 3.67 

(s, 3H), 3.46 (t, J = 8.2 Hz, 1H). 13C{1H} NMR (151 MHz, CDCl3) δ 161.0, 160.5, 159.4, 158.7, 
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137.9, 135.3, 131.4, 130.6, 128.6, 128.4, 127.7, 127.6, 120.8, 116.7, 113.9, 104.0, 98.1, 66.6, 

65.1, 63.1, 61.8, 55.3, 55.2, 55.1, 40.5. HRMS (DART) m/z calcd for C29H33N2O5 [M + H]+: 

489.2389; Found [M + H]+: 489.2387. 

 

(4S,5S)-1-benzyl-3-((S)-2-hydroxy-1-phenylethyl)-5-(2-methoxyphenyl)-4-vinylimidazolidin-2-

one (1.29m). Reaction was set up according to general procedure C and stirred at 65 °C for 24 

h. The product was purified by silica gel chromatography (10 % E.A. in DCM) to provide 118 mg 

(69 %) of 1.29m as a colourless foam as a single diastereomer. Rf = 0.37 (50 % EtOAc/hexanes).  

1H NMR (600 MHz, CDCl3) δ 7.26 (tdd, J = 14.3, 11.1, 7.6 Hz, 10H), 7.13 (d, J = 6.9 Hz, 3H), 6.94 

(t, J = 7.5 Hz, 1H), 6.80 (d, J = 8.2 Hz, 1H), 5.68 (ddd, J = 16.8, 10.0, 8.3 Hz, 1H), 5.20 – 5.14 (m, 

2H), 4.94 (dd, J = 16.1, 12.9 Hz, 2H), 4.50 (m, 1H), 4.33 – 4.27 (m, 2H), 4.06 – 4.00 (m, 1H), 3.70 

(d, J = 15.0 Hz, 1H), 3.61 (s, 3H), 3.59 (m, 1H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.7, 157.5, 

138.0, 136.8, 135.6, 129.3, 128.5, 128.4, 127.6, 127.5, 127.3, 120.6, 119.7, 110.9, 65.2, 61.9, 

55.1, 45.6. HRMS (DART) m/z calcd for C27H29N2O3 [M + H]+: 429.2178; Found [M + H]+: 

429.2195. 

(4S,5S)-4-(benzo[d][1,3]dioxol-5-yl)-3-(2,4-dimethoxybenzyl)-1-((S)-2-hydroxy-1-phenylethyl)-5-

vinylimidazolidin-2-one (1.29n). According to the general procedure C, the product was purified 

by silica gel chromatography (10 % E.A. in DCM) to provide 197 mg (98 %) of 1.29n as a 

colourless foam as a single diastereomer. Rf = 0.26 (50 % EtOAc/hexanes). 1H NMR (600 MHz, 

CDCl3) δ 7.36 – 7.32 (m, 2H), 7.29 – 7.25 (m, 4H), 7.03 (d, J = 8.1 Hz, 1H), 6.68 (d, J = 7.9 Hz, 

1H), 6.57 (s, 1H), 6.49 (d, J = 7.9 Hz, 1H), 6.42 – 6.38 (m, 2H), 5.95 – 5.91 (m, 2H), 5.61 – 5.53 

(ddd, J = 17.1, 9.3, 8.5 Hz, 1H), 5.18 (d, J = 10.1 Hz, 1H), 5.06 (d, J = 7.9 Hz, 1H), 4.88 (d, J = 

17.0 Hz, 1H), 4.77 (d, J = 14.8 Hz, 1H), 4.33 – 4.22 (m, 2H), 4.03 (m, 1H), 3.89 (d, J = 7.7 Hz, 

1H), 3.83 (d, J = 14.8 Hz, 1H), 3.80 (s, 3H), 3.68 (s, 3H), 3.42 (t, J = 8.2 Hz, 1H). 13C{1H} NMR 

(151 MHz, CDCl3) δ 160.9, 160.5, 158.7, 147.4, 137.8, 135.2, 132.6, 131.4, 128.6, 127.6, 120.9, 
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120.8, 116.6, 108.0, 107.1, 104.0, 101.1, 98.1, 66.5, 65.1, 63.5, 61.8, 55.3, 55.1, 40.6.  HRMS 

(DART) m/z calcd for C29H31N2O6 [M + H]+: 503.2182; Found [M + H]+: 503.2211. 

(4S,5S)-1-(2,4-dimethoxybenzyl)-5-(furan-2-yl)-3-((S)-2-hydroxy-1-phenylethyl)-4-

vinylimidazolidin-2-one (1.29s). According to the general procedure C, the product was purified 

by silica gel chromatography (5 % E.A. in DCM) to provide 149 mg (83 %) of 1.29s as a colourless 

foam as a single diastereomer. Rf = 0.28 (50 % EtOAc/hexanes). 1H NMR (600 MHz, CDCl3) δ 

7.34 – 7.28 (m, 3H), 7.27 – 7.21 (m, 4H), 7.06 (d, J = 8.0 Hz, 1H), 6.41 – 6.37 (m, 2H), 6.26 – 

6.23 (m, 1H), 6.08 (d, J = 3.2 Hz, 1H), 5.61 (ddd, J = 17.1, 10.1, 8.7 Hz, 1H), 5.16 (d, J = 10.1 Hz, 

1H), 5.08 – 5.05 (m, 1H), 4.98 (d, J = 18.0 Hz, 1H), 4.71 (d, J = 15.0 Hz, 1H), 4.30 – 4.23 (m, 2H), 

4.08 (d, J = 6.7 Hz, 1H), 3.98 – 3.94 (m, 1H), 3.85 (d, J = 15.0 Hz, 1H), 3.77 (s, 3H), 3.74 – 3.69 

(m, 4H). 13C{1H} NMR (151 MHz, CDCl3) δ 160.5, 160.2, 158.6, 151.0, 142.8, 137.7, 135.1, 131.0, 

128.6, 127.6, 127.6, 120.6, 116.8, 110.2, 108.7, 104.0, 98.3, 65.2, 62.7, 62.0, 57.1, 55.3, 55.2, 

40.7. HRMS (DART) m/z calcd for C26H29N2O5 [M + H]+: 449.2076; Found [M + H]+: 449.2066. 
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Chapter 2 Development of Asymmetric CuH-Catalyzed Reductive Coupling of an Achiral 

Allenamide with Ketone Electrophiles with Improved Enantiocontrol 

I. Introduction 
 

While methodologies based around the Evans oxazolidinone may be preferable from a 

cost viewpoint, they are not very atom economical. The atom efficiency could be greatly 

improved if the chiral induction could be carried out by a chiral Cu catalyst reacting with an 

achiral allenamide. A stereoselective protocol for the aminoallylation of ketones using achiral 

allenamides and chiral ligands has been previously developed by our group.52 This protocol was 

innovative, owing to the fact that no previous enantioselective metal catalyzed ketone 

aminoallylation had been previously reported. However, this reaction suffered from low to 

moderate enantiocontrol that varied with the nature of the aryl ketone substrates employed. Our 

efforts towards improving the enantiocontrol of the aminoallylation using ketone electrophiles 

are discussed herein (Scheme 2.1). 

 

Scheme 2.1: Method Development for CuH-Catalyzed Reductive Coupling 

of Achiral Allenamides and Ketone Electrophiles 
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II. Background 

A. Aminoalcohol Containing Natural Products and Drugs 

 

There are countless examples of the 1,2-aminoalcohol motif in both pharmaceuticals 

and natural products (Fig. 2.1).2,53–59  Similarly to the diamine motif, these aminoalcohols are 

also challenging to synthesize due to the dissonant charge affinity that is present across the 

carbon framework. This fact necessitates the design of methodologies that can easily 

synthesize these multi-heteroatom functional groups in a single step, while also being in an 

efficient and stereoselective manner.  

 

 

 

 

Figure 2.1: Aminoalcohol Containing Natural Products and Drugs 
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B. Prior Art for Chiral Aminoalcohol Synthesis 

There exist many possible strategies to access the 1,2-aminoalcohol motif in a chiral 

fashion (Fig 2.2). One common precursor to aminoalcohols are alkenic systems. From this 

precursor, aminohydroxylation60 and enantioselective epoxidation61 followed by ring-opening 

with an amine62 represent attractive methodologies to synthesize this motif. The drawbacks to 

these are that the epoxidation – ring opening method requires two steps and the 

enantioselective aminohydroxylation can require extremely toxic metals such as osmium. The 

cross aza-pinacol reaction is another potential way to access this framework, this time through 

one-electron chemistry, with the coupling of an aldimine and an aldehyde.63 However, as this 

reaction goes through a radical pathway there is the possibility of issues with dimerization. 

Another route to access this framework can come in the form of performing a Henry reaction64 

between a nitroalkane and an aldehyde followed by a reduction65 of the nitro group. Even so, 

the difficulty of reducing nitroalkanes can limit the functional group compatibility of this 

process.66 It would be advantageous if there existed a methodology for the chemist to use that 

would allow the synthesis of the 1,2-aminoalcohol motif in a way that was high yielding, highly 

functional group tolerant, and able to be performed in a minimum number of steps.  

 

Scheme 2.2: Potential Routes to Access 1,2-aminoalcohols 
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C. Prior Art for Enantioselective Allenamide – Ketone Reductive Coupling  

Our group has previously published work describing the enantioselective aminoallylation 

of aryl ketones with achiral allenamide 2.11 using the Walphos-008 ligand as the source of 

chirality (Scheme 2.3).52 This work did induce a moderate degree of enantioselectivity into the 

aminoalcohol synthon product but suffered from a competitive on-cycle carbamate migration. 

This would, in theory, not be an issue due to the fact that the aminoalcohol can be easily 

converted to the carbamate product in a single step.37 This product can then be transformed into 

the free aminoalcohol in four steps. However, the issue with this process is that, when analyzing 

the products of the reaction, carbamate product 2.13a has a vastly different enantiomeric ratio 

than aminoalcohol product 2.12a. 

 

 

 

 

Scheme 2.3: Prior Art for Enantioselective Allenamide – Ketone Reductive Coupling 

 

 

 The difference in enantioselectivities was theorized to be due to a reversable 

allylcupration between allylcopper intermediate 2.14 and copper alkoxide 2.15 (Scheme 2.4). 

Reversible allylation at ambient conditions in metal catalyzed reductive coupling reactions had 

not been identified prior to this work. If the allylcupration step is reversible, then the 

enantiopurity of the product would be dependent on the rate of silylation (k1) vs carbamate 

migration (k2) of copper alkoxide 2.15. 
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Scheme 2.4: Ketone Aminoallylation With Migration Mechanism 

 

 

Further evidence to support the idea of a reversible allylcupration was found by 

subjecting aminoalcohol synthon 2.12a to catalytic amounts of copper and walphos-8 under 

basic conditions (Scheme 2.5).52 The results of this experiment show that protonated forms of 

the potential isomers of allylcopper intermediate 2.14 in Scheme 2.4, ketone, and the 

allenamide  in different enantiopurity, can be recovered from the reaction.  

 

Scheme 2.5: Evidence For Reversible Allylcupration 
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III. Research Design 
 

Due to issues with enantiopurity loss from the on-cycle carbamate migration and a 

laborious deprotection sequence, further improvements to this methodology had to be 

developed.52 The easiest way to accomplish both of these improvements was thought to be 

through changing the protecting groups on the nitrogen of the allenamide. If suitable protecting 

groups could be found that were both resistant to the rearrangement and offered facile 

deprotection then the methodology could be greatly improved. Initially the protecting groups that 

were chosen were the Boc and PMB protecting groups (Scheme 2.6). 

 

 

 

Scheme 2.6: Initial Design of the Aminoallylation Reaction 
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IV. Ketone Reductive Coupling Protocol Employing Chiral Ligands 

A. Reaction Development 

Table 2.1: Ligand Optimization in the Cu-Catalyzed Reductive Couplinga 

 

Entry Ligand % yield 2.20ab Dr 2.20ac Er 2.20ad 

1 (R,R)-Ph-BPE 73 53:47 71:27 

2 (R)-BINAP 84 52:48 78:22 

3 (R)-SegPhos 82 56:44 78:22 

4 (R)-DuanPhos 82 45:52 73:27 

5 W8 10 100:0 63:37 

6 (R)-DBTM-SegPhos 78 69:31 77:23 

7 (R)-Xyl-BINAP 69 63:37 73:27 

8 A-120 100 55:45 39:61 

9 A-131 68 75:25 29:71 

10 (R)-iPr-DuPhos 83 53:47 79:21 

11 (R)-QuinoxP* 98 55:45 82:18 

12 M3 12 100:0 60:40 

13 J9 72 61:39 92:8 

14 J7 100 50:50 88:12 

15 J15 70 53:47 79:21 

16 J2 76 51:49 97:3 

17 J8 95 51:49 88:12 

18 J11 62 52:48 82:18 

19 J3 42 54:46 97:3 

20 J5 49 39:61 89:11 

aReaction performed according to the general procedure employing 0.200 mmol of ketone, 0.240 mmol of 2.19, 0.40 mmol of Me(OMe)2SiH in 0.50 mL 

of toluene at rt for 24 h. bYield of 2.20a determined by quantitative  1HNMR spectroscopy on the unpurified reaction mixture using dimethyl fumarate as 

the analytical standard. cThe ratio was determined by 1HNMR spectroscopic analysis on the unpurified reaction mixture. dEnantiomeric ratio for the major 

diastereomer was determined by HPLC analysis using a chiral stationary phase.  
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 This investigation began by analyzing the applicability of various chiral ligands towards 

the reductive coupling of achiral allenamide 2.19 and aryl ketone 2.1a (Table 2.1). Moderate to 

excellent yields and enantioselectivities were obtained for the majority of ligands tested albeit 

with extremely poor diastereoselectivity for most cases. Since Josiphos-002 (J2, entry 16) 

offered the best combination of the yield and enantioselectivity it was used as the model ligand 

to test various other changes to the reaction conditions.  
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Table 2.2: Solvent, Temperature, and Allenamide Survey in the Cu-Catalyzed Reductive 

Couplinga 

 

Entry R1, R2 Solvent Temperature % yield 2.22b Dr 2.22c Er 2.22d 

1 Boc, Bn Toluene 22 oC 76 53:47 97:3 

2 Boc, Bn THF 22 oC 81 54:46 96:4 

3 Boc, Bn MTBE 22 oC 78 50:50 98:2 

4 Boc, Bn 1,4-Dioxane 22 oC 81 58:42 95:5 

5 Boc, Bn Me-THF 22 oC 85 52:48 95:5 

6 Boc, Bn CF3-Toluene 0 oC 87 53:47 96:4 

7 Boc, Bn Toluene 0 oC 76 58:42 98:2 

8 Boc, Bn Dioxane 0 oC 61 59:41 98:2 

9 Boc, Bn Toluene 50 oC 86 56:44 94:6 

10 Boc, Bn Toluene/1,4-Dioxane 0 oC 81 58:42 98:2 

11 Ac, PMB Toluene/1,4-Dioxane 0 oC 87 90:10 97:3 

12 COi-Pr, PMB Toluene/1,4-Dioxane 0 oC 68 79:21 87:13 

aReaction performed according to the general procedure employing 0.200 mmol of ketone, 0.240 mmol of 2.21, 0.40 mmol of 

Me(Ome)2SiH in 0.50 mL of solvent at the specified temperature for 24 h. bYield of 2.22 determined by quantitative 1HNMR 

spectroscopy on the unpurified reaction mixture using dimethyl fumarate as the analytical standard. cThe ratio was determined by 

1HNMR spectroscopic analysis on the unpurified reaction mixture. dEnantiomeric ratios for the major diastereomer were determined 

by HPLC analysis using a chiral stationary phase.  

A survey of solvent, temperature, and allenamide protecting group was then conducted 

(Table 2.2). It was observed that a 50/50 mixture of toluene and 1,4-dioxane run at 0 oC 

provided the optimal combination of yield and enantioselectivity, albeit still with poor 

diastereoselectivity (Entry 10). The only factors that seemed to impact the diastereoselectivity in 

a major way were the protecting groups on the allenamide (entries 10 – 12). When the acetyl 
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and para-methoxybenzyl protecting groups were used, an acceptable diastereoselectivity was 

finally obtained (Entry 11).  

B. Substrate Scope 

Scheme 2.7: Scope of the Ketone – Allenamide Reductive Coupling Reaction 

 

 

With the optimal reaction conditions in hand, the scope of the reaction was investigated 

using a variety of sterically and electronically different ketones (Scheme 2.7).67 High yields, as 

well as diastereo- and enantioselectivities were observed for a number of electron deficient 

(2.24b, 2.24m, and 2.24p) and electron rich (2.24f-i, 2.24k, 2.24n, and 2.24r) aryl ketones. Of 
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exceptional note were certain hetereocyclic products such as those derived from 3-

acetylpyridine (2.24d) and 1-tosyl-3-acetylpyrrole (2.24o) that had near perfect yield and 

enantiopurity respectively. Alkyl ketones (2.24s-t)) functioned poorly, with low yields and 

enantioselectivities. 

C. Deprotection  

 

The acetyl protecting group on aminoallylation product 2.24a could be efficiently cleaved 

using LAB to furnish free secondary amine 2.25 (Scheme 2.8).68 The stereocenter of the carbon 

bearing the alcohol substituent can be inverted through a process involving re-protection of the 

amine with Boc anhydride, activation of the alcohol with SOCl2, and neighboring group 

participation of the Boc group to attack the activated alcohol.69 This afforded inverted carbamate 

2.27, which was compared to the same compound prepared from authentic material to confirm 

the absolute and relative stereochemistry.67 Conversion of deprotected amine 2.25 to 

carbamate 2.27 was also performed, expected to proceed through retention of stereochemistry, 

as a control. Notably, this divergent pathway allows for either diastereomer of the aminoalcohol 

synthon to be obtained, depending on what is desired by the chemist.   

Scheme 2.8: Deprotection and Stereocenter Inversion 
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D. Stereochemical Rationalization 

 

One realization of particular interest is that the major diastereomer that is produced from 

the reaction with acyclic allenamides is inverted compared to that of cyclic allenamides. To 

understand this result, one must examine the Newman projections of each transition state 

structure leading to each diastereomeric product. For the case involving cyclic carbamate (CC) 

derived allenamides, the major diastereomer is the one that is predicted by the Newman 

analysis (Fig 2.2). The transition state leading to the major syn-diastereomer (Z-TS-N) has one 

gauche interaction, while the transition state leading to the minor anti-diastereomer (E-TS-N) 

has two gauche interactions. The reduced strain from the number of gauche interactions 

observed correctly rationalizes the syn-product selectivity of the reaction.  

Figure 2.2: Newman Analysis for Cyclic Carbamate (CC) 

Derived Allenamides 
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Counterintuitively, the major diastereomer produced by the reaction employing acyclic 

amide derived allenamides is the opposite of the one predicted by an analogous Newman 

analysis (Fig 2.3). The transition state leading to the now major anti-diastereomer (E-TS-N) has 

two gauche interactions, while the transition state leading to the minor syn-diastereomer (Z-TS-

N) only has one gauche interaction. 

Figure 2.3: Newman Analysis for the Acyclic Carbamate/Amide 

 

 

This oddity can be rationalized by the fact that Newman analysis assumes a degree of planarity 

throughout the molecule being studied, which in many cases is not true. Previous studies of (Z)-

substituted enamides have demonstrated that these structures are not planar and exist as 
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“twisted” amides due to the presence of A1,3 strain.70 This “twisting” serves to reduce the A1,3 

strain that is present, but also heavily shields the ketone approach vector that results in the syn 

diastereomer in the case of the acyclic amide derived allenamides (Fig 2.4, A). The amide twist 

phenomenon is also present in the case of the cyclic carbamate (CC) derived allenamides, but 

the reduced steric bulk of the oxazolidinone moiety compared to the R3 substituent of the acyclic 

amide derived allenamide results in a much lower ability to shield allylcopper intermediate (Z)-T 

from the ketone approach vector (Fig 2.4, B).  

 

Figure 2.4: Amide Twist Depiction 

 

 

V. Conclusion 
 

This strategy for the stereoselective reductive coupling of ketones and achiral 

allenamides to selectively generate 1,2-aminoalcohol synthons is an effective tool for accessing 

molecules with a dissonant charge affinity.  This improves upon work previously published by 

our group by increasing enantiocontrol over the process through the modification of the 
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allenamide substituents to remove the carbamate migration step that was deleterious to the 

enantioselectivity of the products. This generally high yielding protocol generates branched 

products with high diastereo- and enantioselectivities, owing to the chiral ligand. The acetyl 

protecting group can be easily removed and the resulting anti-aminoalcohol can undergo boc-

protection followed by anchimerically assisted cyclocarbamation with SOCl2 to furnish the syn-

aminoalcohol carbamate product.  

 

VI. Experimental Methods 
 
General. 1H NMR spectra were recorded on Bruker 600 MHz spectrometers. Chemical shifts are 
reported in ppm from tetramethylsilane with the solvent resonance as an internal standard (CDCl3: 
7.26 ppm). Data are reported as follows: chemical shift, integration, multiplicity (s = singlet, d = 
doublet, t = triplet, q = quartet, p = pentet, h = hextet, hept = heptet, br = broad, m = multiplet), 
and coupling constants (Hz). 13C NMR was recorded on a Bruker 600 MHz (151 MHz) instrument 
with complete proton decoupling. Chemical shifts are reported in ppm from tetramethylsilane with 
the solvent as the internal standard (CDCl3: 77.0 ppm). Chiral Column HPLC analyses were 
performed on a Shimadzu Prominence i-series LC-2030C using chiral Daicel columns purchased 
from Chiral Technologies, Inc. Liquid chromatography was performed using forced flow (flash 
chromatography) on silica gel purchased from Silicycle. Thin layer chromatography (TLC) was 
performed on glass-backed 250 μm silica gel F254 plates purchased from Silicycle. Visualization 
was achieved using UV light, a 10% solution of phosphomolybdic acid in EtOH, or potassium 
permanganate in water followed by heating. HRMS was collected using a Jeol AccuTOF-DARTTM 
mass spectrometer using DART source ionization. All reactions were conducted in oven or flame 
dried glassware under an inert atmosphere of nitrogen or argon with magnetic stirring unless 
otherwise noted. Solvents were obtained from VWR as HPLC grade and transferred to septa 
sealed bottles, degassed by Ar sparge, and analyzed by Karl-Fischer titration to ensure water 
content was < 600 ppm. Me(MeO)2SiH was purchased from Gelest and used as received. 
Ketones were purchased from Sigma Aldrich, TCI America, Alfa Aesar, or Oakwood Chemicals 
and used as received. All other materials were purchased from VWR, Sigma Aldrich, Combi-
Blocks, Alfa-Aesar, or Strem Chemical Company and used as received. 
 
Method A: General procedure for Cu(J2) catalyzed reductive coupling with ketones. 

To a 20 mL crimp-cap vial with stir-bar in an Ar-filled glove-box was charged 1.8 mg 

(0.0100 mmol, 0.05 equiv) of Cu(OAc)2 and 7.1 mg (0.0130 mmol, 0.065 equiv) of J-2. Toluene 

(0.25 mL) and 1,4-dioxane (0.25 mL) was then added, and the mixture was allowed to stir for 30 

min. Alleneamide 2.23 (0.240 mmol, 1.2 equiv) was then charged along with the ketone (0.200 

mmol, 1 equiv, 0.4 M in solvent), and reaction vessel sealed with a crimp-cap septum and 

removed from the glove-box. The reaction was then cooled in an ice bath, and 

dimethoxymethylsilane (49 μL, 0.4 mmol, 2 equiv) was then charged by syringe (caution: 

dimethoxymethylsilane should be handled in a well-ventilated fume hood because it is known to 

cause blindness. Syringes were quenched with 2M NaOH, gas evolution!, prior to disposal) After 

24 h at 0 oC, the reaction was then quenched by the addition of 95 mg of NH4F and 3.0 mL of 
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MeOH followed by agitation at rt for 30 min – 1 h. To the mixture was then charged 5 mL of 5% 

NaHCO3 followed by extraction with CH2Cl2 (2x5mL). The combined organics were dried with 

Na2SO4 and concentrated in vacuo. An aliquot of the crude mixture was analyzed by 1HNMR 

spectroscopy to determine dr. The crude residue was then purified by flash chromatography on 

silica gel to afford the desired product. Enantioselectivity was determined by chiral column HPLC 

analysis relative to authentic racemate prepared by the above procedure employing rac-BINAP 

as the ligand. 

Characterization Data 
tert-butyl benzyl((3S,4R)-4-hydroxy-4-phenylpent-1-en-3-yl)carbamate 

(2.19): According to the general procedure A using allenamide 2.23a, the product 

was purified by silica gel chromatography (2.5 % EtOAc in Hexanes) to provide 

60 mg (81 %) of 2.19 as a white foam with a diastereomeric ratio of 58:42 with 

the major diastereomer having an enantiomeric ratio of 98:2. Rf =0.67 (50 % 

EtOAc/hexanes). The stereochemistry was assigned by analogy to 2.24a.  
1HNMR (CDCl3, 600 MHz) δ: 7.39 (d, J = 7.10 Hz, 2H, minor), 7.33 (d, J = 7.93 Hz, 2H, major), 

7.29 (t, J = 7.57 Hz, 2H, minor), 7.28 (d, J = 7.74 Hz, 2H, major), 7.23 (d, J = 8.68 Hz, 2H, major), 

7.22 (m, 4H, minor), 7.18 (t, J = 7.36 Hz, 1H, major), 6.96 – 7.00 (m, 2H), 6.90 (d, J = 8.49 Hz, 

2H, major), 6.74 (br s, 1H, minor), 6.42 (ddd, J = 17.51 Hz, 9.77 Hz, 8.05 Hz, 1H, minor), 5.88 

(ddd, J = 17.37 Hz, 8.68 Hz, 8.31 Hz, 1H, major), 5.18 (d, J = 10.36 Hz, 1H, minor), 4.95 (d, J = 

10.82 Hz, 1H, major), 4.85 (d, J = 18.00 Hz, 1H, minor), 4.64 (t, J = 17.88 Hz, 2H, major), 4.18 

(d, J = 17.00 Hz, 1H, major), 4.17 (d, J = 15.82 Hz, 1H, minor), 3.98 (br s, 1H, major), 3.67 (d, J 

= 8.18 Hz, 1H, minor), 3.51 (d, J = 15.27 Hz, 1H, minor), 1.48 – 1.57 (m, 12H, major), 1.32 (s, 

12H). 13C NMR (151 MHz, CDCl3): δ 157.2, 146.8, 138.1, 137.7, 132.5, 131.5, 128.5, 128.2, 128.0, 

127.9, 127.8, 127.2, 126.5, 126.4, 125.5, 125.2, 119.1, 81.4, 81.0, 76.9, 73.5, 54.7, 28.5, 28.4, 

28.3. HRMS (DART) m/z calcd for C23H28NO2 [M - OH]+: 350.2115; Found [M - OH]+: 350.2145. 

 

N-benzyl-N-((3R,4S)-4-hydroxy-4-phenylpent-1-en-3-yl)acetamide (2.2b): 

According to the general procedure A using allenamide 2.23b, the product was 

purified by silica gel chromatography (10 - 20 % EtOAc in Hexanes) to provide 

54 mg (87 %) of 13b as a white foam with a diastereomeric ratio of 88:12 with 

the major diastereomer having an enantiomeric ratio of 96:4. Rf =0.37 (50 % 

EtOAc/hexanes). The stereochemistry was assigned by analogy to 2.24a.  
1HNMR (CDCl3, 600 MHz) δ: 7.22 – 7.40 (m, 9H), 7.19 (t, J = 7.38 Hz, 1H), 5.95 (ddd, J = 16.94 

Hz, 9.12 Hz, 8.69 Hz, 1H), 4.99 (d, J = 10.86 Hz, 1H), 4.65 (d, J = 16.07 Hz, 1H), 4.58 (d, J = 

16.51 Hz, 1H), 4.28 (d, J = 16.51 Hz, 1H), 2.27 (s, 3H), 1.38 (s, 3H). 13C NMR (151 MHz, CDCl3): 

δ 173.5, 146.2, 136.2, 131.0, 128.8, 128.1, 127.9, 127.8, 127.78, 127.71, 126.6, 125.6, 76.2, 29.7, 

29.6, 28.4, 23.2. HRMS (DART) m/z calcd for C20H22NO [M - OH]+: 292.1696; Found [M - OH]+: 

292.1672. 

 

 N-((3R,4S)-4-hydroxy-4-phenylpent-1-en-3-yl)-N-methylisobutyramide (2.21c). 

According to the general procedure A using allenamide 2.23c and 0.250 mmol of 

acetophenone, a crude mixture of 2.21c of 79:21 dr (1HNMR spectroscopy) was 

obtained and purified by silica gel chromatography (eluent: 0 – 20% EtOAc in 

Hexanes) to provide 46 mg (68%) of 2.21c as a diasteromeric mixture in 87:13 er. 
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The stereochemistry was assigned by analogy to 2.24a. Rf = 0.10 (20 % EtOAc/hexanes). 1HNMR 

(CDCl3, 600 MHz) δ: 7.08 – 7.31 (m, 10H), 5.85 (m, 1H), 4.89 (d, J = 10.31 Hz, 1H), 4.43 – 4.74 

(m, 2H), 4.14 – 4.31 (m, 2H), 2.70 – 2.84 (m, 1H), 1.33 (s, 3H), 1.13 (d, J = 6.66 Hz, 6H). 13C 

NMR (151 MHz, CDCl3): δ 180.0, 146.6, 132.5, 131.2, 128.7, 127.8, 127.1, 126.6, 125.7, 125.4, 

120.1, 76.9, 31.9, 28.3, 19.8, 19.6, 18.4. HRMS (DART) m/z calcd for C22H26NO [M - OH]+: 

320.2009; Found [M - OH]+: 320.1997. 

 

N-((3S,4R)-4-hydroxy-4-phenylpent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24a): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % to 20 % EtOAc in Hexanes) to provide 59 mg (87 %) of 2.24a as a white 

foam with a diastereomeric ratio of 90:10 with the major diastereomer having 

an enantiomeric ratio of 97:3. Relative and absolute stereochemistry was 

assigned by conversion to authentic material, see pages S27-S29 Rf =0.30 (50 % 

EtOAc/hexanes).  1H NMR (600 MHz, CDCl3) δ 7.15-7.22 (m, 6H), 6.92 (d, J = 8.80 Hz, 2H), 5.95 

(ddd, J =  17.41 Hz, 8.97 Hz, 8.96 Hz, 1H), 4.98 (d, J = 10.61 Hz, 1H), 4.54-4.61 (m, 2H), 4.23 (d, 

J = 15.98 Hz, 1H), 3.83 (s, 3H), 2.30 (s, 3H), 1.29 (s, 3H) 13C NMR (151 MHz, CDCl3) δ 173.2, 

159.5, 146.4, 131.0, 129.2, 128.0, 127.8, 126.5, 125.6, 118.2, 114.2, 75.9, 55.4, 53.5, 28.5, 23.3. 

HRMS (DART) m/z calcd for C21H24NO2 [M - OH]+: 322.1802; Found [M - OH]+: 322.1825.  

 

N-((3S,4R)-4-hydroxy-4-(4-(trifluoromethyl)phenyl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24b):  According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 30 % EtOAc in Hexane) to provide 69 mg (85 %) of 2.24b as a glass 

with a diastereomeric ratio of 84:16 with the major diastereomer having an 

enantiomeric ratio of 96:4. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.47 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.50 (d, J = 8.35 Hz, 2H), 7.37 (d, J = 8.14 

Hz,2H), 7.19 (d, J =  8.47 Hz, 2H), 6.93 (d, J = 8.63 Hz, 2H), 5.96 (ddd, J = 17.45 Hz, 8.95 Hz, 

8.63 Hz, 1H), 4.97 (d, J = 10.54 Hz, 2H), 4.61 (d, J = 16.22 Hz, 1H), 4.54 (d, J = 17.35 Hz, 1H), 

4.24 (d, J = 15.84 Hz, 1H), 3.84 (s, 3H), 2.33 (s, 3H), 1.30 (s, 3H) 13C NMR (151 MHz, CDCl3) δ 

173.2, 159.7, 150.7, 130.4, 129.5, 128.8 (q, J = 32.7 Hz), 127.6, 126.0, 124.8 (q, J = 4.3 Hz), 

124.2 (J = 271.9 Hz), 118.6, 114.3, 75.6, 55.4, 54.7, 28.3, 23.3. 19F NMR (565 MHz, CDCl3) δ -

62.33. HRMS (DART) m/z calcd for C22H23F3NO2 [M - OH]+: 390.1675; Found [M - OH]+: 390.1700. 

 

N-((3S,4R)-4-(4-chlorophenyl)-4-hydroxypent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24c): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 30 % EtOAc in Hexane) to provide 67 mg (90 %) of 2.24c as a glass 

with a diastereomeric ratio of 76:24 with the major diastereomer having an 

enantiomeric ratio of 98:2. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.40 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.15-7.22 (m, 6H), 6.92 (d, J= 8.80 Hz, 2H), 

5.95 (ddd, J = 17.41 Hz, 8.97 Hz, 8.96 Hz, 1H), 4.98 (d, J = 10.61 Hz, 1H), 4.54-4.61 (m, 2H), 

4.23 (d, J = 15.98 Hz, 1H), 3.83 (s, 3H), 2.30 (s, 3H), 1.29 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 
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173.2, 150.6, 145.1, 132.3, 130.6, 129.4, 128.8, 127.9, 127.2, 118.6, 114.2, 75.6, 55.4, 55.3, 28.4, 

23.3. HRMS (DART) m/z calcd for C21H23ClNO2 [M - OH]+: 356.1412; Found [M - OH]+: 356.1433. 

 

 

N-((3S,4R)-4-hydroxy-4-(pyridin-3-yl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24d): According to the general procedure A using 

allenamide 2.23d, the product was purified by silica gel chromatography (50 % - 

100 % EtOAc in Hexane) to provide 71 mg (99 %) of 2.24d as a glass with a 

diastereomeric ratio of 80:20 with the major diastereomer having an enantiomeric ratio of 95:5. 

The stereochemistry was assigned by analogy to 2.24a. Rf = 0.08 (50 % EtOAC/hexanes). 1H 

NMR (600 MHz, CDCl3) δ 8.41 (s, 2H), 7.71 (d, 7.74 Hz, 1H), 7.16 (d, 8.64 Hz, 3H), 6.90 (d, J = 

8.64 Hz, 2H), 5.97 (ddd, J = 17.21 Hz, 8.99 Hz, 8.48 Hz, 1H), 4.96 (d, J = 10.8 Hz, 1H), 4.59 (d, 

J = 16.57, 1H), 4.52 (d, J = 17.21 Hz, 1H), 4.23 (d, J = 17.21 Hz, 1H), 3.80 (s, 3H), 2.30 (s, 3H), 

1.30 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.1, 159.7, 147.8, 147.4, 133.8, 130.3, 129.4, 129.2, 

128.7, 127.5, 119.1, 114.3, 74.7, 55.4, 43.3, 28.1, 23.3. HRMS (DART) m/z calcd for C20H23N2O2 

[M - OH]+: 323.1754; Found [M - OH]+: 323.1782. 

 

 

N-((3S,4S)-4-hydroxy-4-(5-methylthiophen-2-yl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24e): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 40 % EtOAc in Hexane) to provide 40 mg (56 %) of 2.24e as a glass 

with a diastereomeric ratio of 80:20 with the major diastereomer having an enantiomeric ratio of 

94:6. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.39 (50 % EtOAC/hexanes). 
1H NMR (600 MHz, CDCl3) δ 7.12 (d, J = 8.53 Hz, 2H), 6.88 (d, 8.53 Hz, 2H), 6.55 (d, 3.59 Hz, 

1H), 6.48 (d, 3.59 Hz, 1H), 6.03 (ddd, J = 17.29 Hz, 9.17 Hz, 8.65 Hz, 1H), 5.08 (d, 10.35 Hz, 1H), 

4.86 (d, J = 17.16 Hz, 1H), 4.49 (d, 16.46 Hz, 1H), 4.16 (d, 16.46 Hz, 1H), 3.81 (s, 3H), 2.41 (s, 

3H), 2.24 (s, 3H), 1.35 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.5, 159.4, 149.1, 138.3, 131.1, 

130.1, 129.0, 128.1, 124.8, 122.2, 114.1, 76.0, 55.3, 53.8, 29.7, 23.1, 15.2. HRMS (DART) m/z 

calcd for C20H24NO2S  [M - OH]+: 342.1522; Found [M - OH]+: 342.1548. 

 

 

 

 
N-((3S,4R)-4-hydroxy-4-(4-methoxyphenyl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24f): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 30 % EtOAc in Hexane) to provide 39 mg (53 %) of 2.24f as a glass 

with a diastereomeric ratio of 83:17 with the major diastereomer having an 

enantiomeric ratio of 95:5. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.28 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.21 (d, J = 8.67 Hz, 2H) 7.15 (d, J = 8.17 Hz, 

2H), 6.90 (d, J = 8.46 Hz, 2H), 6.79 (d, J = 8.88 Hz, 2H), 5.94 (ddd, J = 16.58 Hz, 8.39 Hz, 8.85 

Hz, 1H), 4.99 (d, J = 10.41 Hz, 1H), 4.48-4.70 (m, 2H), 4.20 (d, J = 16.26 Hz, 1H), 3.82 (s, 3H), 

3.77 (s, 3H), 2.27 (s, 3H), 1.32 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.2, 159.5, 158.2, 138.5, 

132.4, 131.1, 129.7, 129.2, 126.8, 126.3, 114.2, 113.1, 76.6, 75.7, 55.4, 55.2, 28.6, 23.2. HRMS 

(DART) m/z calcd for C22H26NO3 [M - OH]+: 352.1907; Found [M - OH]+: 352.1920 . 
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N-((3S,4R)-4-(4-(dimethylamino)phenyl)-4-hydroxypent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24g): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel 

chromatography (20 % - 60 % EtOAc in Hexane) to provide 27 mg (35 %) of 

2.24g as a glass with a diastereomeric ratio of 74:26 with the major diastereomer having an 

enantiomeric ratio of 96:4. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.21 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.11-7.19 (m, 4H), 6.89 (d, J = 8.44 Hz, 2H), 

6.65 (d, J = 8.74 Hz, 2H), 5.93 (ddd, J = 17.03 Hz, 8.36 Hz, 8.25 Hz, 1H), 5.00 (d, J = 10.27 Hz, 

2H), 4.71 (d, J = 12.31 Hz, 1H), 4.52 (d, J = 16.34 Hz, 1H), 4.20 (d, J = 16.23 Hz, 1H), 3.82 (s, 

3H), 2.91 (s, 6H), 2.26 (s, 3H), 1.32 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.5, 170.9, 159.4, 

149.2, 132.6, 131.4, 129.7, 126.3, 116.7, 114.1, 112.0, 76.6, 55.4, 49.7, 47.5, 40.7, 28.6, 23.3. 

HRMS (DART) m/z calcd for C23H29N2O2 [M - OH]+: 365.2224; Found [M - OH]+: 365.2226. 

 
N-((3S,4R)-4-hydroxy-4-(p-tolyl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24h):  According to the general 

procedure A using allenamide 2.23d, the product was purified by silica 

gel chromatography (20 % - 40 % EtOAc in Hexane) to provide 49 mg 

(69 %) of 2.24h as a glass with a diastereomeric ratio of 76:24 with the 

major diastereomer having an enantiomeric ratio of 94:6. Rf = 0.33 (50 

% EtOAC/hexanes). The stereochemistry was assigned by analogy to 2.24a. 1H NMR (600 MHz, 

CDCl3) δ 7.14-7.7.19 (m, 4H), 7.07 (d, J = 8.01 Hz, 2H), 6.90 (d, J = 8.56 Hz, 2H), 5.94 (ddd, J = 

16.54 Hz, 8.83 Hz, 7.98 Hz, 1H), 4.98 (d, J = 10.35 Hz, 1H), 4.51-4.69 (m, 2H), 4.23 (d, J = 16.09 

Hz, 1H), 3.82 (s, 3H), 2.30 (s, 3H), 2.28 (s, 3H), 1.32 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.2, 

159.4, 143.5, 136.0, 131.1, 130.1, 129.2, 128.6, 128.1, 125.5, 114.2, 75.9, 55.4, 29.8, 28.6, 23.3, 

21.0. HRMS (DART) m/z calcd for C22H26NO2 [M - OH]+: 336.1958; Found [M - OH]+: 336.1982. 

 

N-((3S,4R)-4-hydroxy-4-(3-hydroxyphenyl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24i): According to the general procedure A 

using allenamide 2.23d and 3 equiv. of (Meo)2MeSiH, the product was purified 

by silica gel chromatography (30 % - 60 % EtOAc in Hexane) to provide 49 mg 

(69 %) of 2.24i as a glass with a diastereomeric ratio of 78:22 with the major 

diastereomer having an enantiomeric ratio of 95:5. The stereochemistry was assigned by analogy 

to 2.24a. Rf = 0.24 (50 % EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.05 – 7.19 (m, 4H), 

6.88 (d, J = 7.69 Hz, 2H), 6.60 – 6.71 (m, 2H), 5.89 – 6.03 (m, 1H), 4.99 (d, J = 11.53 Hz, 1H), 

4.70 (br s, 1H), 4.51 (d, J = 15.38 Hz, 1H), 4.26 (d, J = 16.92 Hz, 1H), 3.80 (s, 3H), 2.26 (s, 3H), 

1.37 (s, 3H).13C NMR (151 MHz, CDCl3) δ 173.8, 159.3, 159.2, 156.2, 147.5, 130.8, 129.0, 128.0, 

116.9, 114.3, 114.0, 113.8, 113.5, 70.2, 55.3, 28.2, 23.2, 22.7.  HRMS (DART) m/z calcd for 

C21H24NO3 [M - OH]+: 338.1751; Found [M - OH]+: 338.1769. 

 

N-((3S,4S)-4-(furan-2-yl)-4-hydroxypent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24j): According to the general procedure A using 

allenamide 2.23d, the product was purified by silica gel chromatography (20 % - 

60 % EtOAc in Hexane) to provide 53 mg (81 %) of 2.24j as a glass with a 

diastereomeric ratio of 74:26 with the major diastereomer having an enantiomeric ratio of 97:3. 

The stereochemistry was assigned by analogy to 2.24a. Rf = 0.44 (50 % EtOAC/hexanes). 1H 
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NMR (600 MHz, CDCl3) δ 7.19 (s, 1H), 7.04 (d, J = 8.58 Hz, 2H), 6.77 (d, J = 8.70 Hz, 2H), 6.17 

– 6.20 (m, 2H), 5.95 (ddd, J = 17.28 Hz, 9.22 Hz, 8.35 Hz), 4.94 (d, J = 10.44 Hz, 1H), 4.66 (d, 

17.13 Hz, 1H), 4.35 (d, J = 16.45 Hz, 1H), 4.16-4.26 (m, 2H), 3.70 (s, 3H), 2.12 (s, 3H), 1.28 (s, 

3H). 13C NMR (151 MHz, CDCl3) δ 173.6, 159.3, 158.1, 141.1, 131.3, 130.1, 128.6, 128.0, 119.0, 

114.1, 110.4, 106.1, 74.8, 55.3, 54.1, 26.6, 23.0. HRMS (DART) m/z calcd for C19H22NO3 [M - 

OH]+: 312.1594; Found [M - OH]+: 312.1610.  

 

 

N-((3S,4R)-4-(benzo[d][1,3]dioxol-5-yl)-4-hydroxypent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24k):  According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 30 % EtOAc in Hexane) to provide 62 mg (81 %) of 2.24k as a glass 

with a diastereomeric ratio of 78:22 with the major diastereomer having an 

enantiomeric ratio of 94:6. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.31 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.16 (d, J = 8.63 Hz, 2H), 6.91 ( d, J = 9.11 Hz, 

2H), 6.80 (s, 1H), 6.75 (d, J = 8.07 Hz, 1H), 6.69 (d, J = 8.07 Hz, 1H), 5.92 - 6.00 (m, 1H), 5.91 

(s, 2H), 5.00 (d, J = 10.44, 1H), 4.52 - 4.72 (m, 2H), 4.23 (d, J = 16.30, 1H), 3.82 (s, 3H), 2.28 (s, 

3H), 1.29 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.2, 159.7, 147.3, 146.0, 140.6, 131.1, 129.7, 

129.3, 128.0, 118.9, 114.2, 107.6, 106.7, 100.9, 75.8, 55.5, 28.8, 23.3, 14.2. HRMS (DART) m/z 

calcd for C22H24NO4 [M - OH]+: 366.1700; Found [M - OH]+: 366.1725. 

 

 

N-((3S,4R)-4-hydroxy-4-(naphthalen-2-yl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24l):According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 30 % EtOAc in Hexane) to provide 74 mg (95 %) of 2.24l as a glass 

with a diastereomeric ratio of 82:18 with the major diastereomer having an 

enantiomeric ratio of 94:6. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.33 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.88 (s, 1H), 7.79 (dt, J = 8.49 Hz, 1.84 Hz, 

2H), 7.73 (d, J = 8.95 Hz, 1H), 7.44 (m, 2H), 7.19 - 7.28 (m, 3H), 6.95 (d, J = 8.49 Hz, 2H), 6.00 

(ddd, J = 16.99 Hz, 8.72 Hz, 8.70 Hz, 1H), 4.95 (d, J = 9.79 Hz, 1H), 4.52 - 4.67 (m, 2H), 4.27 (d, 

J = 15.77 Hz, 1H), 3.85 (s, 3H), 2.33 (s, 3H), 1.41 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.2, 

159.7, 143.9, 133.1, 132.2, 130.8, 129.5, 128.4, 127.5, 127.4, 125.9, 125.7, 124.7, 123.8, 114.2, 

76.0, 55.4, 29.9, 25.6, 23.3. HRMS (DART) m/z calcd for C25H26NO2 [M - OH]+: 372.1958; Found 

[M - OH]+: 372.1965. 

 

 

 

N-((3S,4R)-4-hydroxy-4-(3-(trifluoromethyl)phenyl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24m): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 40 % EtOAc in Hexane) to provide 60 mg (74 %) of 2.24m as a glass 

with a diastereomeric ratio of 80:20 with the major diastereomer having an enantiomeric ratio of 

95:5. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.44 (50 % EtOAC/hexanes). 
1H NMR (600 MHz, CDCl3) δ  7.50 (d, J = 7.85 Hz, 1H), 7.43 (d, J = 7.83 Hz, 1H), 7.40 (s, 1H), 

7.36 (t, J = 7.83 Hz, 1H), 7.20 (d, J= 8.47 Hz, 2H), 6.94 (d, J = 8.59 Hz, 2H), 5.94 (ddd, J = 17.16 

Hz, 8.90 Hz, 8.23 Hz, 1H), 4.99 (d, J = 10.17 Hz, 1H), 4.64 (d, J = 15.85 Hz, 1H), 4.55 (d, J = 
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17.16 Hz, 1H), 4.17 (d, J = 15.57 Hz, 1H), 3.84 (s, 3H), 2.34 (s, 3H), 1.25 (s, 3H). 13C NMR (151 

MHz, CDCl3) δ 173.2, 160.0, 147.8, 130.3, 130.0, 129.8, 129.1, 128.2, 127.6, 124.4 (q, J = 274.8 

Hz), 123.4 (q, J = 3.2 Hz), 122.5 (q, J = 4.5 Hz), 114.3, 75.5, 55.3, 54.6, 28.3, 23.4. 19F NMR (565 

MHz, CDCl3) δ -62.37. HRMS (DART) m/z calcd for C22H23F3NO2 [M - OH]+: 390.1675; Found [M 

- OH]+: 390.1701. 

 

N-((3S,4R)-4-(3-(dimethylamino)phenyl)-4-hydroxypent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24n): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel 

chromatography (20 % - 40 % EtOAc in Hexane) to provide 47 mg (61 %) of 

2.24n as a glass with a diastereomeric ratio of 80:20 with the major diastereomer having an 

enantiomeric ratio of 96:4. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.29 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.19 (d, J = 8.06 Hz, 2H), 7.12 (t, J = 8.06 Hz, 

1H), 6.88 – 6.93 (m, 2H), 6.77 (s, 1H), 6.57 (s, 2H), 5.93 (ddd, J = 15.36 Hz, 8.89 Hz, 8.24 Hz, 

1H), 4.99 (d, J = 10.49 Hz, 1H), 4.52 – 4.75 (m, 2H), 4.20 (d, J = 15.73 Hz, 1H), 3.81 (s, 3H), 2.90 

(s, 6H), 2.30 (s, 3H), 1.30 (s, 3H).  13C NMR (151 MHz, CDCl3) δ 173.0, 159.5, 150.4, 150.3, 

147.6, 147.4, 132.5, 131.1, 128.6, 128.5, 127.7, 119.9, 114.2, 77.2, 55.3, 40.8, 28.7, 23.4, 23.0. 

HRMS (DART) m/z calcd for C23H29N2O2 [M - OH]+: 365.2244; Found [M - OH]+: 365.2226. 

 

N-((3S,4R)-4-hydroxy-4-(1-tosyl-1H-pyrrol-3-yl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24o): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(30 % - 70 % EtOAc in Hexane) to provide 72 mg (75 %) of 2.24o as a glass 

with a diastereomeric ratio of 81:19 with the major diastereomer having an enantiomeric ratio of 

>99:1. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.19 (50 % EtOAC/hexanes). 
1H NMR (600 MHz, CDCl3) δ 7.68 (d, J = 8.55 Hz, 2H), 7.24 (d, J = 8.55 Hz, 2H), 7.08 (d, J = 8.19 

Hz, 2H), 7.03 (d, J = 11.75 Hz, 2H), 6.87 (d, J = 8.90 Hz, 2H), 5.87 – 5.96 (m, 2H), 4.96 (d, J = 

10.33 Hz, 1H), 4.65 (d, J = 17.45 Hz, 1H), 4.44 (d, J = 15.67 Hz, 1H), 4.12 (d, J = 16.03 Hz, 1H), 

3.80 (s, 3H), 2.37 (s, 3H), 2.22 (s, 3H), 1.18 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.2, 159.4, 

144.8, 136.2, 135.5, 130.9, 130.0, 129.9, 129.0, 127.9, 126.8, 120.9, 117.9, 114.1, 111.8, 73.6, 

55.3, 53.9, 28.0, 23.1, 21.6. HRMS (DART) m/z calcd for C26H29N2O4S [M - OH]+: 465.1843; 

Found [M - OH]+: 465.1864. 

 

 

methyl-3-((2R,3S)-2-hydroxy-3-(N-(4-

methoxybenzyl)acetamido)pent-4-en-2-yl)benzoate (2.24p): According 

to the general procedure A using allenamide 2.23d, the product was 

purified by silica gel chromatography (20 % - 40 % EtOAc in Hexane) to 

provide 76 mg (96 %) of 2.24p as a glass with a diastereomeric ratio of 80:20 with the major 

diastereomer having an enantiomeric ratio of 98:2. The stereochemistry was assigned by analogy 

to 2.24a. Rf = 0.37 (50 % EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.85 - 7.90 (m, 2H),  

7.58 (d, J = 8.01, 1H), 7.33 (t, J = 7.69 Hz, 1H), 7.19 (d, J = 8.09, 2H), 6.94 (d, J = 8.50 Hz, 2H), 

5.97 (ddd, J = 16.19 Hz, 9.31 Hz, 8.50 Hz, 1H), 4.96 (d, J =  10.12 Hz, 1H), 4.51 - 4.63 (m, 2H), 

4.24 (d, J = 16.19 Hz, 1H), 3.90 (s, 3H), 3.84 (s, 3H), 2.31 (s, 3H), 1.31 (s, 3H). 13C NMR (151 

MHz, CDCl3) δ 173.2, 167.2, 159.6, 147.1, 131.8, 130.6, 130.5, 129.8, 129.4, 128.7, 128.0, 127.9, 
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126.7, 114.3, 76.7, 75.8, 55.4, 52.1, 28.4, 23.4. HRMS (DART) m/z calcd for C23H26NO4 [M - OH]+: 

380.1856; Found [M - OH]+: 380.1870. 

  

 

 

N-((3S,4R)-4-(3-bromophenyl)-4-hydroxypent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24q):  According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 40 % EtOAc in Hexane) to provide 75 mg (90 %) of 2.24q as a glass 

with a diastereomeric ratio of 75:25 with the major diastereomer having an 

enantiomeric ratio of 94:6. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.22 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.37 (s, 1H), 7.30 (d, J = 7.98 Hz, 1H), 7.19 (d, 

J = 7.45 Hz, 3H), 7.11 (t, J = 7.98 Hz, 1H), 6.94 (d, J = 7.98 Hz, 2H), 5.94 (ddd, J = 16.50 Hz, 

9.33 Hz, 9.05 Hz, 1H), 5.00 (d, J = 10.31 Hz, 1H), 4.61 (d, J = 15.23 Hz, 2H), 4.21 (d, J = 15.72 

Hz, 1H), 3.84 (s, 3H), 2.31 (s, 3H), 1.25 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.1, 159.7, 149.2, 

130.5, 130.1, 129.6, 129.5, 129.4, 129.0, 127.7, 124.3, 122.2, 114.3, 75.4, 60.5, 55.4, 28.4, 23.3. 

HRMS (DART) m/z calcd for C21H23BrNO2 [M - OH]+: 400.0907; Found [M - OH]+: 400.0915. 

 

N-((3S,4R)-4-hydroxy-4-(3-methoxyphenyl)pent-1-en-3-yl)-N-(4-

methoxybenzyl)acetamide (2.24r): According to the general procedure A 

using allenamide 2.23d, the product was purified by silica gel chromatography 

(10 % - 30 % EtOAc in Hexane) to provide 69 mg (93 %) of 2.24r as a glass 

with a diastereomeric ratio of 80:20 with the major diastereomer having an 

enantiomeric ratio of 95:5. The stereochemistry was assigned by analogy to 2.24a. Rf = 0.37 (50 

% EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.14 – 7.20 (m, 2H), 6.89 (m, 3H), 6.77 – 6.82 

(m, 2H), 6.72 (dd, J = 8.09 Hz, 2.38 Hz, 1H), 5.95 (ddd, J = 17.33 Hz, 8.84 Hz, 8.50 Hz, 1H), 4.98 

(d, J = 10.54 Hz, 1H), 4.53 – 4.68 (m, 2H), 4.23 (d, J = 15.63 Hz, 1H),  3.82 (s, 3H), 3.76 (s, 3H), 

2.29 (s, 3H), 1.31 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 173.1, 159.5, 159.3, 148.3, 132.2, 130.9, 

129.3, 129.0, 128.8, 128.6, 128.0, 127.4, 120.1, 117.9, 114.2, 112.2, 111.4, 76.9, 75.9, 55.4, 55.2, 

28.6, 23.3. HRMS (DART) m/z calcd for C22H26NO3 [M - OH]+: 352.1907; Found [M - OH]+: 

352.1930. 

 

N-((S)-1-((S)-1-hydroxy-1,2,3,4-tetrahydronaphthalen-1-yl)allyl)-N-(4-

methoxybenzyl)acetamide (2.24s): According to the general procedure A using 

allenamide 2.23d, the product was purified by silica gel chromatography (10 % - 

30 % EtOAc in Hexane) to provide 45 mg (61 %) of 2.24s as a glass with a 

diastereomeric ratio of 62:38 with the major diastereomer having an enantiomeric ratio of 90:10. 

The stereochemistry was assigned by analogy to 2.24a. Rf = 0.39 (50 % EtOAC/hexanes). 1H 

NMR (600 MHz, CDCl3) δ 7.58 (d, J = 7.55 Hz, 1H), 7.20 (t, J = 7.85 Hz, 1H), 7.04 – 7.14 (m, 3H), 

6.80 – 6.86 (m, 3H), 6.32 – 6.45 (m, 1H), 5.20 (d, J = 10.24 Hz, 1H), 5.09 (d, J = 10.84 Hz, 1H), 

4.49 – 4.69 (m, 3H), 3.79 (s, 3H), 2.58 – 2.87 (m, 3H), 2.22 (s, 3H), 1.69 – 1.88 (m, 3H). 13C NMR 

(151 MHz, CDCl3) δ 173.5, 159.2, 140.5, 136.0, 132.3, 130.1, 128.7, 128.6, 128.2, 127.0, 124.8, 

120.2, 114.0, 74.8, 55.3, 35.4, 33.4, 29.1, 23.5, 19.6. HRMS (DART) m/z calcd for C23H26NO2 [M 

- OH]+: 348.1958; Found [M - OH]+: 348.1980. 
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 (S)-N-(4-hydroxy-4-methylpent-1-en-3-yl)-N-(4-methoxybenzyl)acetamide 

(2.24t): According to the general procedure A using allenamide 2.23d, the product 

was purified by silica gel chromatography (40 % - 80 % EtOAc in Hexane) to provide 

33 mg (59 %) of 2.24t as a glass with an enantiomeric ratio of 65:35. The 

stereochemistry was assigned by analogy to 2.24a. Rf = 0.13 (50 % 

EtOAC/hexanes). 1H NMR (600 MHz, CDCl3) δ 7.14 (d, J = 8.37 Hz, 2H), 6.87 (d, J = 8.79 Hz, 

2H), 6.25 (ddd, J = 16.95 Hz, 9.42 Hz, 8.58 Hz, 1H), 5.53 (br s, 1H), 5.20 (dd, J = 10.16 Hz, 1.39 

Hz, 1H), 4.97 (d, J = 17.26 Hz, 1H), 4.46 (s, 2H), 3.80 (s, 3H), 3.57 (d, J = 9.11 Hz, 1H), 2.20 (s, 

3H), 1.11 (s, 3H), 1.09 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 172.8, 159.4, 132.3, 128.8, 128.0, 

119.4, 114.1, 73.0, 71.7, 55.3, 54.4, 28.3, 28.0, 23.2. HRMS (DART) m/z calcd for C16H22NO2 [M 

- OH]+: 260.1645; Found [M - OH]+: 260.1661. 

 

 

Reaction Performed on 1.0 mmol scale: 

 
To a 20 mL crimp-cap vial with stir-bar in an Ar-filled glove-box was charged 9.1 mg (0.05 

mmol) of Cu(OAc)2 and 35.3 mg (0.0625 mmol) of J2. Toluene (1.25 mL) and 1,4-dioxane (1.25 

mL) was then added, and the mixture was allowed to stir for 30 min. Alleneamide 2.23d (261 mg, 

1.2 mmol) was then charged along with the 120 mg (1 mmol) of acetophenone, sealed with a 

crimp-cap septum and removed from the glove-box. The reaction was then cooled in an ice bath, 

and dimethoxymethylsilane (247 μL, 2.0 mmol) was then charged by syringe (caution: 

dimethoxymethylsilane should be handled in a well-ventilated fume hood because it is known to 

cause blindness. Syringes were quenched with 2M NaOH, gas evolution!, prior to disposal) After 

24 h at 0 oC, the reaction was quenched by the addition of 475 mg of NH4F and 5.0 mL of MeOH 

followed by agitation at rt for 30 min – 1 h. To the mixture was then charged 20 mL of 5% NaHCO3 

followed by extraction with CH2Cl2 (3x10mL). The combined organics were dried with Na2SO4, 

filtered, and concentrated in vacuo. The crude residue was then purified by flash chromatography 

on silica gel (gradient, 10 – 20% EtOAc in Hexane). The product spot (Rf  = 0.20, 20% EtOAc in 

Hexane) was then collected and concentrated in vacuo to afford 295 mg (85%) of 2.24a in a 

diastereomeric ratio of 88:12. Enantioselectivity was determined by chiral column HPLC analysis 

to be 97:3 er. 
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Allene Synthesis: 

 

To a flame dried round bottom flask with 50 mL of THF was charged N-(4-methoxybenzyl)-

N-(prop-2-yn-1-yl)acetamide (2.1 g, 9.7 mmol, 0.2 M in solvent) and then KOt-Bu (271 mg, 2.4 

mmol, 0.25 equiv). The mixture was then stirred for 30 minutes and quenched with 50 mL of H2O. 

The mixture was extracted with EtOAc (3 x 50 mL), dried with MgSO4, decolorized with activated 

charcoal, filtered and concentrated in vacuo. The product was purified by silica gel 

chromatography (eluent: 10 – 20% EtOAc in Hexane) to provide 1.3 g (60%) of the desired 

product as a yellow oil in a 54:46 mixture of rotamers. Rf = 0.39 (50% EtOAc in Hexane). 1HNMR 

(CDCl3, 600 MHz) δ: 7.64 (t, J = 6.91 Hz, 1H, minor), 7.21 (d, J = 8.45 Hz, 1H), 7.09 (d, J = 8.33 

Hz, 1H), 6.86 (d, J = 8.53 Hz, 1H), 6.81 (d, J = 8.72 Hz, 1H), 6.68 (t, J = 6.39 Hz, 1H, major), 5.31 

(dd, J = 33.72 Hz, 6.66 Hz, 2H), 4.60 (d, J = 33.30 Hz, 2H), 3.79 (s, 3H, minor), 3.77 (s, 3H, 

major), 2.23 (s, 3H, major), 2.13 (s, 3H, minor). 13C NMR (151 MHz, CDCl3): δ 202.3 (minor), 

201.4 (major), 169.3 (minor), 168.5 (major), 158.9 (minor), 158.7 (major), 129.8 (major), 128.8 

(minor), 129.5 (major), 127.3 (minor), 114.2 (minor), 113.7 (major), 100.8 (major), 99.4 (minor), 

87.4 (minor), 87.0 (major), 55.3 (minor), 55.2 (major), HRMS (DART) m/z calcd for 

C13H16NO2 [M]+:  218.1181; Found [M + H]+:  218.1168. 

N-benzyl-N-(propa-1,2-dien-1-yl)isobutyramide (2.21): According to the general 

procedure for allene synthesis, the product was purified by silica gel 

chromatography (0 % - 10 % EtOAc in Hexane) to provide 400 mg (39 %) of 2.21 

as a yellow oil in a 57:43 mixture of rotamers. Rf = 0.35 (20 % EtOAC/hexanes). 
1H NMR (600 MHz, CDCl3) δ 7.69 (t, J = 6.90 Hz, 1H, minor), 7.33 (t, J = 7.76 Hz, 1H), 7.20 – 

7.30 (m, 3H), 7.15 (d, J = 7.76 Hz, 1H), 6.84 (t, J = 6.34 Hz, 1H, major), 5.30 (d, J = 6.11 Hz, 2H, 

major), 5.25 (d, J = 6.60, 2H, minor), 4.71 (d, J = 10.99 Hz, 2H), 2.92 – 3.00 (m, 1H,  major), 2.71 

– 2.79 (m, 1H, minor), 1.22 (d, J = 7.08 Hz, 6H, major), 1.09 (d, J = 6.84 Hz, 6H, minor). 13C NMR 

(151 MHz, CDCl3): δ  

202.5 (minor), 201.6 (major), 176.1 (minor), 175.2 (major), 138.0 (major), 137.3 (minor), 128.8 

(minor), 128.3 (major), 127.8 (major), 127.3 (minor), 126.9 (major), 125.8 (major), 100.2 (major), 

99.6 (minor), 87.3 (minor), 86.8 (major), 49.0 (minor), 47.4 (major), 31.4 (minor), 30.8 (major), 

19.7 (minor), 19.3 (major). HRMS (DART) m/z calcd for C14H18NO [M]+:  216.1388; Found [M + 

H]+:  216.1369. 

 

Absolute and relative stereochemistry determination for reaction products: 
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Diastereo- and enantioenriched 2.24a was obtained from careful chromatographic separation on 

silica gel and was converted to 2.27 by the given 3 step procedure.  

To a solution of borane ammonia complex (17 mg, 0.47 mmol, 85%) in 0.3 mL THF at 0 
oC in a flame dried 2-dram vial was charged n-BuLi (0.27 mL, 0.47 mmol, 1.75 M in hexanes). 

The resulting solution was stirred at 0 oC for 5 minutes and then 22 oC for 5 minutes. The solution 

was then cooled to 0 oC and a solution of aminoalcohol 2.24a (41 mg, 0.12 mmol) in 0.2 mL THF 

was added dropwise and the resulting solution was allowed to stir overnight. The reaction mixture 

was then quenched with 2 M HCl (1 mL) and volatiles were removed in-vacuo. The aqueous layer 

was then washed with Et2O (2 x 2 mL) and then basified with 2 M NaOH. The solution was then 

extracted with CH2Cl2 (3 x 5 mL), dried with Na2SO4, and concentrated in vacuo to afford 23 mg 

(66 %) of pure 2.27. 1HNMR (CDCl3, 600 MHz) δ: 7.37 (dd, J = 8.52 Hz, 1.05 Hz, 2H), 7.31 (t, J 

= 7.92 Hz, 2H), 7.24 (dt, J = 7.32 Hz, 1.20 Hz, 1H), 7.21 (d, J = 8.67 Hz, 2H), 6.86 (d, J = 8.82 

Hz, 2H), 5.27 – 5.37 (m, 2H), 5.18 (dd, J = 16.41 Hz, 2.54 Hz, 1H), 3.80 (s, 3H), 3.72 (d, J = 13.15 

Hz, 1H), 3.48 (d, J = 12.57 Hz, 1H), 3.04 (d, J = 8.57 Hz, 1H), 1.57 (s, 3H). 13C NMR (151 MHz, 

CDCl3): δ 158.9, 144.3, 136.5, 131.8, 129.5, 127.8, 126.7, 126.4, 125.5, 119.1, 113.9, 73.9, 70.4, 

55.3, 50.2, 26.2. HRMS (DART) m/z calcd for C19H22NO [M-OH]+:  280.1696; Found [M - OH]+:  

280.1671 

To a solution of the aminoalcohol 2.25 (22 mg, 0.074 mmol) in 0.10 mL of H2O at 40 oC in 

a 2-dram vial was charged Boc2O (0.02 mL, 0.081 mmol) and stirred for 4 h. The reaction mixture 

was then diluted with 2 mL H2O, extracted with 2 x 5 mL CH2Cl2, dried with Na2SO4, and 

concentrated in vacuo. The crude material was used without further purification. The crude 

material was then dissolved in THF (0.30 mL) and SOCl2 (0.051 mL, 0.69 mmol) was added. This 

was allowed to stir overnight before being quenched into NH4OH (2 mL, 30%). This was extracted 

with 2 x 5 mL EtOAc, dried with Na2SO4, and concentrated in vacuo. The crude material was 

purified by silica gel chromatography (eluent: 30% EtOAc in Hexane) to afford 17 mg (71%) of 

2.27 as an oil in 97:3 er. Rf = 0.57 (50% EtOAc/hexane).  1HNMR (CDCl3, 600 MHz) δ: 7.27 – 7.34 

(m, 5H), 7.02 (d, J = 8.72, 2H), 6.73 (d, J = 8.72 Hz, 2H), 5.85 (ddd, J = 17.01 Hz, 9.78 H, 8.51 

Hz, 1H), 5.49 (d, J = 9.99 Hz, 1H), 5.27 (d, J = 17.01 Hz, 1H), 4.73 (d, J = 15.10 Hz, 1H), 3.91 (d, 

J = 12.42 Hz, 1H), 3.89 (d, J = 6.75, 1H), 3.75 (s, 3H), 1.60 (s, 3H). 13C NMR (151 MHz, CDCl3): 

δ 159.1, 157.2, 144.3, 132.3, 129.5, 128.6, 127.8, 123.9, 122.9, 113.9, 82.9, 68.6, 55.2, 45.5, 

24.0. HRMS (DART) m/z calcd for C19H20NO3 [M+H]+:  310.1443; Found [M + H]+:  310.1449. 

 

Preparation of authentic 2.27: 

 
 To SI-1 of known stereochemical configuration (11.0 mg, 0.0541 mmol) in 0.20 mL of N-

methylpyrrolidone was charged 2.8 mg (0.074 mmol) of NaH (60 wt% in oil) and the resultant 

mixture was allowed to stir at rt for 20 min. PMBCl (11 mg, 0.070 mmol) was then added and the 

mixture allowed to stir overnight. Water (1 mL) was then added, and the mixture was extracted 

with Et2O (3x1mL). The combined organic layers were dried with anhydrous Na2SO4 and 

conentrated in vacuo. The crude residue was the purified on flash silica gel column 

chromatography (gradient, 0 – 20% EtOAc in hexanes) to afford 15.0 mg (86%) of ent-2.27 with 
1HNMR spectral data that matched the material prepared above starting from 2.24a. 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 15.2 min (S,S-isomer), 18.4 min (R,R-isomer): 

Racemic 2.27: 

 

 

Enantioenriched 2.27 prepared from 2.24a: 

 

 

Authentic 2.27: 
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Enantioenriched 2.27 from 2.24a + authentic spike: 

 

 

 

Carbamate formation by retention:   

 

To a solution of 2.25 (10 mg, 0.034 mmol) and Pyridine (5.3 mg, 0.067 mmol) in CH2Cl2 

(0.5 mL) was charged a solution of triphosgene (6.2 µL, 0.034 mmol) in CH2Cl2 (0.5 mL) at 0 oC. 

The mixture was stirred for 24 h at room temperature and quenched with brine (5 mL) and 

extracted with CH2Cl2 (2 x 5 mL). The combined organics were dried with Na2SO4, filtered, and 

concentrated in vacuo. The product was purified by silica gel chromatography (eluent: 10 – 30% 

EtOAc in Hexane) to afford 9 mg (82%) of 2.26 as an oil. Rf = 0.52 (50% EtOAc/hexane). 1HNMR 

(CDCl3, 600 MHz) δ: 7.31 – 7.35 (m, 2H), 7.28 (d, J = 7.25 Hz, 1H), 7.24 (d, J = 7.81 Hz, 2H), 

7.21 (d, J = 8.65 Hz, 2H), 6.88 (d, J = 8.93 Hz, 2H), 5.12 (d, J = 14.23 Hz, 1H), 5.09 (d, J = 21.20 

Hz, 1H), 4.95 (dt, J = 17.02 Hz, 9.49 Hz, 1H), 4.82 (d, J = 14.79 Hz, 1H), 3.82 (s, 3H), 3.76 (d, J 

= 19.18 Hz, 1H), 1.69 (s, 3H). 13C NMR (151 MHz, CDCl3): δ 159.3, 157.2, 139.7, 133.4, 129.8, 

128.6, 128.2, 127.8, 125.7, 123.9, 121.0, 114.2, 83.4, 68.6, 55.3, 45.4, 29.7, 28.0. HRMS (DART) 

m/z calcd for C19H20NO3 [M+H]+:  310.1443; Found [M + H]+:  310.1428. 

 

 

 

 



72  

HPLC Chromatograms: 

 

 

 

 

Racemic syn-2.19: 
Chiral column HPLC analysis (Chiralcel OD-3 x 250 mm, 0.25 mL/min, 99:01 

heptane:isopropanol, λ = 190 nm) tR = 18.0 min (major), 19.6 min (minor): 

 

 

Racemic anti-2.19: 
Chiral column HPLC analysis (Chiralcel OD-3 x 250 mm, 0.25 mL/min, 99:01heptane:isopropanol, 

λ = 190 nm) tR = 20.9 min (minor), 23.0 min (major): 
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syn-2.19 from Cu(OAc)2/J2 reaction: 

 

 

 

anti-2.19 from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel IC-3 x 250 mm, 1.0 mL/min, 90:10 

heptane:isopropanol, λ = 190 nm) tR = 54.0 min (minor), 59.3 min (major): 

 

Racemic 2.23b: 

 

 

2.23b from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel OD-3 x 250 mm, 1.0 mL/min, 

95:05 heptane:isopropanol, λ = 190 nm) tR = 8.2 min (minor), 10.4 min 

(major): 

 

Racemic 2.21c: 

 

 

2.21c from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 15.3 min (minor), 17.4 min (major): 

 

Racemic 2.24a:   

 

 
 

 
 
2.24a from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 10.8 min (minor), 12.0 min (major): 

 

Racemic 2.24b:   

 

 
 

 
  
2.24b from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 15.4 min (major), 16.7 min (minor): 

 

Racemic 2.24c:   

 

 
 

 
 
 
 

 
 
 
 
2.24c from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 21.0 min (minor), 23.9 min (major): 

 
Racemic 2.24d:   

 

 
 

 
 
 
 
 
 
 
 

 

2.24d from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 20.9 min (minor), 31.6 min (major): 

 
Racemic 2.24g:   

 

 
 

 
 

2.24g from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 17.9 min (major), 21.0 min (minor): 

 

Racemic 2.24h:   

 

 
 

 
 
2.24h from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 23.7 min (minor), 27.6 min (major):  

 
Racemic 2.24k:   

 
 

 
 

2.24k from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 22.3 min (minor), 26.1 min (major):  

 
Racemic 2.24l:   

 

 
 

 
 

2.24l from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 7.6 min (minor), 9.4 min (major):  

 
Racemic 2.24m:   

 

 
 

 
 
2.24m from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 17.2 min (minor), 26.9 min (major):  

 
Racemic 2.24p:   

 

 
 

 
 

2.24p from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 12.1 min (minor), 14.3 min (major):  

 

Racemic 2.24q:   

 

 

 

2.24q from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 20.8 min (minor), 31.9 min (major):  

 

Racemic 2.24r:   

 

 

 
 

2.24r from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 19.2 min (minor), 26.0 min (major):  

 

Racemic 2.24n:   

 

 

 

2.24n from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 25.4 min (major), 30.9 min (minor):  

 

Racemic 2.24i:   

 

 

 

2.24i from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 220 nm) tR = 18.0 min (minor), 25.6 min (major):  

Racemic 2.24d:   

 

 

 
2.24d from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 16.0 min (minor), 17.5 min (major): 

 

Racemic 2.24j:   

 

 
 

 
 

2.24j from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 17.6 min (major), 22.5 min (minor):  

Racemic 2.24e:   

 

 
 

 
 

2.24e from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 13.5 min (major), 24.9 min (minor):  

Racemic 2.24o:   

 

 

 

 

2.24o from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 17.3 min (minor), 39.3 min (major):  

 

Racemic 2.24s:   

 

 

 

2.24s from Cu(OAc)2/J2 reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 heptane:isopropanol, 

λ = 190 nm) tR = 25.4 min (minor), 27.4 min (major):  

Racemic 2.24t:   

 

 

2.24t from Cu(OAc)2/J2 reaction: 

 

 



96  

NMR Data 

 

 

1H NMR (CDCl3), 600 MHz 

2.19 



97  

 

 

2.19 

13C NMR (CDCl3), 151 MHz 

 

1H NMR (CDCl3), 600 MHz 

2.23b 
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2.23b 

13C NMR (CDCl3), 151 MHz 

 

1HNMR (600 MHz, CDCl3): 

13CNMR (151 MHz, CDCl3): 

2.21c 

1HNMR (600 MHz, CDCl3): 
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13CNMR (151 MHz, CDCl3): 

2.21c 
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1H NMR (CDCl3), 600 MHz 

2.24a 
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2.24a 

13C NMR (CDCl3), 151 MHz 

 

1H NMR (CDCl3), 600 MHz 

2.24b 
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2.24b 

19F NMR (CDCl3), 565 MHz 

 

13C NMR (CDCl3), 151 MHz 

 

2.24b 
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1H NMR (CDCl3), 600 MHz 

2.24c 
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2.24c 

2.24f 

 

13C NMR (CDCl3), 151 MHz 
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2.24f 

13C NMR (CDCl3), 151 MHz 

 

1H NMR (CDCl3), 600 MHz 

2.24g 
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13C NMR (CDCl3), 151 MHz 

 

2.24g 
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2.24h 

2.24h 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.24k 

1H NMR (CDCl3), 600 MHz 
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2.24l 

2.24k 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.24l 

13C NMR (CDCl3), 151 MHz 
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2.24m 

1H NMR (CDCl3), 600 MHz 
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2.24m 

2.24m 

13C NMR (CDCl3), 151 MHz 

 

19F NMR (CDCl3), 151 MHz 
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2.24p 

1H NMR (CDCl3), 600 MHz 
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2.24p 

13C NMR (CDCl3), 151 MHz 
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2.24q 

1H NMR (CDCl3), 600 MHz 
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2.24q 

13C NMR (CDCl3), 151 MHz 
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2.24r 

1H NMR (CDCl3), 600 MHz 
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2.24r 

13C NMR (CDCl3), 151 MHz 
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2.24n 

2.24n 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.24i 

1H NMR (CDCl3), 600 MHz 
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2.24i 

2.24d 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.24d 

2.24j 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.24j 

13C NMR (CDCl3), 151 MHz 
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2.24e 

1H NMR (CDCl3), 600 MHz 
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2.24e 

2.24o 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.24o 

13C NMR (CDCl3), 151 MHz 
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2.24s 

2.24s 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.24t 

1H NMR (CDCl3), 600 MHz 
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2.24t 

13C NMR (CDCl3), 151 MHz 
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2.23 

2.23 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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1H NMR (CDCl3), 600 MHz 

2.21c 
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13C NMR (CDCl3), 151 MHz 

 

2.21c 



133  

 

 

2.25 

2.25 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.26 

1H NMR (CDCl3), 600 MHz 
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2.26 

2.27 

1H NMR (CDCl3), 600 MHz 

13C NMR (CDCl3), 151 MHz 
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2.27 

13C NMR (CDCl3), 151 MHz 
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Chapter 3 Development of Asymmetric CuH-Catalyzed Reductive Coupling of an Achiral 

Allenamide with Aldimine Electrophiles  

I. Introduction 
 

A stereoselective protocol for the aminoallylation of aldimines using chiral allenamides 

has been previously developed by our group (see Chapter 1).46 This reaction provided high 

selectivity towards the desired product but suffered from low atom economy and a 3-step 

deprotection sequence due to the use of a chiral auxiliary. Our efforts towards developing a 

methodology for the enantioselective aminoallylation of aldimine electrophiles are discussed 

herein (Scheme 3.1). 

 

Scheme 3.1: Model System for CuH-Catalyzed Reductive Coupling of Achiral 

Allenamides and Aldimine Electrophiles 

 

 

 

II. Background 

A. Chiral Auxiliary 

Chiral auxiliaries are enantiopure molecules that are temporarily incorporated into 

organic compounds to bias the stereochemical outcomes of further reactions.71 These 

compounds have been used in a variety of asymmetric syntheses targeting complex biologically 
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active compounds.72 They also allow for the, otherwise impossible, separation of enantiomers 

by making the two compounds diastereomeric due to the incorporation of a new stereocenter 

from the auxiliary.73 The benefits of chiral auxiliaries are counterbalanced by the fact that 

additional steps must be added to the synthetic process to both install and remove the auxiliary, 

which can be a laborious task that reduces the atom economy of the overall process.74 

B. Chiral Catalysis 

The other major method of imparting absolute stereochemistry in a reaction is through 

the utilization of chiral catalysis, and this can be either in the form of organocatalysis75 or metal 

catalysis76. Catalytic amounts of chiral information are used in these methodologies to bias the 

stereochemical outcome of the reaction in question, often by complexation with achiral starting 

materials. Chiral catalysis offers benefits such as greatly improved atom economy compared to 

approaches using chiral auxiliaries.77 However, this is counterbalanced by the large degree of 

optimization needed for many chiral catalytic reactions and the costs associated with some of 

the catalytic sources of chiral information.78  

III. Research Design 
 

Prior publications in the Sieber lab have demonstrated the enantioselective 

aminoallylation of ketones utilizing chiral ligands can be performed in a high yielding and 

stereoselective manner.52,67 It was desired to extend this methodology to utilize aldimines 

instead of ketones in order to access chiral 1,2-diamine synthons instead of the 1,2-

aminoalcohol variant. A similar system to that of the previous publication about 1,2-diamines 

was utilized wherein an aldimine and an achiral allenamide would be coupled together using 

asymmetric Cu catalyzed reductive coupling with tert-butanol being used as an additive  

(Scheme 3.2).  
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Scheme 3.2: Method Development for CuH-Catalyzed Reductive 

Coupling of Achiral Allenamides and Aldimine Electrophiles 

 

 

IV. Development of the Asymmetric Reductive Coupling of Allenamides and 
Aldimines 

A. Initial Studies 

 

Initial studies towards developing an enantioselective copper catalyzed aldimine 

aminoallylation protocol began by reacting acyclic allenamide 3.5 with a variety of protected 

aldimines in a protocol similar to the one previously developed for chiral auxiliaries (Scheme 

3.3).46 None of the aldimines that were examined gave any appreciable amounts of the desired 

product. Based on previously published work, we knew that the Cu-H can efficiently add into the 

allenamide being studied.52 This implied that all the aldimines that were tested were too 

unreactive towards the allylcopper nucleophile. Thus, further ideas had to be explored to 

increase the reactivity of the aldimine.   
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Scheme 3.3: Initial Studies Towards Reductive Coupling Development 

 

 

B. Transition Towards Silyl Protected Aldimines  

 

The nature of the N-substituent on an aldimine has a large impact on the electrophilicity 

of the molecule, with more electron-donating substituents resulting in lower electrophilicity (Fig 

3.1).46 From this fact, one would presume that the optimal substituent would be something with 

an electron-withdrawing nature such as 4-fluorobenzyl. However, the benefit of increased 

reactivity in this case is offset by the difficult nature of removing substituted benzyl protecting 

groups that are not electron-donating.43 

Fig. 3.1: Relative Electrophilicities of Aldimines 
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 One theoretical strategy to address the reactivity issues that were being faced is to use a 

“unmasked” aldimine, in which the protecting group on the nitrogen is replaced with a hydrogen 

atom. This formal ammonia derived aldimine would serve to increase the reactivity of the 

electrophile by reducing the steric congestion around the aldimine. However, the issue with this 

approach is that free ammonia-derived aldimines are incredibly unstable and cannot be isolated, 

thus making it necessary for them to be created in-situ. One of the major precursors that can be 

used to create these in-situ are trimethylsilyl protected aldimines. This class of compound was 

first discovered in 196379 and has found a number of uses in reactions including cycloadditions 

to access β-lactams80 and addition from chiral allylboranes to access chiral allylic amines81.  

 It was not until the work by Brown in 1999 that the reactivity of the trimethylsilyl protected 

aldimines was well understood.82 In this work, Brown attempted to repeat the Itsuno allylboration 

and, upon 11B- and 1H-NMR analysis, discovered that no reaction had taken place even after 

much longer reaction times than were reported by Itsuno.81 However, it was discovered that 

upon aqueous workup an exothermic reaction took place that resulted in the desired product 

being obtained. Further studies were performed in which one equivalent of water was added to 

the reaction between the trimethylsilyl aldimine and chiral allylborane, which was theorized to 

cleave the extremely weak N-Si bond, and the desired chiral amine was obtained without an 

aqueous workup. This led Brown to believe that it was the free aldimine that was the active 

species in the reaction.  

 With this information in mind, we next set out to synthesize the trimethylsilyl protected 

derivative of benzaldehyde, in a procedure adapted from Colvin, (Scheme 3.4) to test in our 

reaction.83 
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Gratifyingly, the desired product was obtained in moderate yield with racemic Binap as the 

ligand using conditions slightly modified from those used in testing the other aldimines (Scheme 

3.5). An additional equivalent of tert-butanol was added to the reaction as the requisite proton 

source for the cleavage of the N-Si bond in the protected aldimine to release the free aldimine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3.4: Synthesis of Trimethylsilyl Protected Aldimine 

 

Scheme 3.5: Initial Results for Trimethylsilyl Protected Aldimine 

 



143  

C. Ligand Survey 

 

Table 3.1: Ligand Survey in the Cu-Catalyzed Reductive Coupling of Allenamide 3.5 and 

Aldimine  3.13a 

 

Entry Ligand % yield 3.14b Er 3.14c 

1 (R,R)-Ph-BPE 70 57:43 

2 (R)-BINAP 57 53:47 

3 (R)-SegPhos 45 55:45 

4 (R)-DuanPhos 41 52:48 

5 W3 72 50:50 

6 W12 67 51:49 

7 (R)-DBTM-SegPhos 34 56:44 

8 (R)-Xyl-BINAP 17 61:39 

9 (R)-QuinoxP* 53 51:49 

10 A120 22 53:47 

11 A121 20 55:45 

12 M3 0 N/A 

13 M9 85 68:32 

14 NMDPP 0 N/A 

15 MOP 0 N/A 

16 DTBM-Garphos 41 52:48 

17 J1 21 59:41 

18 J2 59 54:46 

19 J3 0 N/A 

20 J7 56 53:47 

21 J8 65 51:49 

22 J9 0 N/A 

23 J11 0 N/A 

24 J15 17 51:49 

25 PhanePhos 68 79:21 

aReaction performed according to the general procedure employing 0.200 mmol of aldimine, 0.240 mmol of 3.5, 0.40 mmol of Me(OMe)2SiH, and 0.6 mmol of tBuOH in 0.50 mL of toluene at rt for 

24 h. A single diastereomer was observed in all cases. bYield of 3.14 determined by quantitative 1HNMR spectroscopy on the unpurified reaction mixture using trimethoxybenzene as the analytical 

standard. cEnantiomeric ratios were determined by HPLC analysis using a chiral stationary phase. 
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This investigation began by testing aldimine 3.13 and allenamide 3.5 against a variety of 

mono- and bidentate ligands (Table 3.1). None of the monodentate ligands resulting in any 

appreciable amounts of product being obtained (entries 14 and 15). A wide range of yields were 

obtained when examining bidentate ligands, with Ph-BPE (entry 1), Walphos-003 (entry 5), and 

Mandyphos-009 (entry 13) providing the highest yields. However, in all these cases the 

enantioselectivity was exceptionally poor. It was not until the PhanePhos ligand was tested (entry 

25) that any appreciable degree of enantioinduction was observed. Due to this result, this ligand 

was the one chosen for further examination in an attempt to increase the yield and 

enantioselectivity.  
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D. Additive Survey 

 

Next, different alcohols were surveyed to ascertain if less hindered ones would be 

beneficial to the yield (Scheme 3.6). It was found that any alcohol less hindered than tert-

butanol was used then no amount of product would be obtained and starting materials would be 

recovered. Mixtures of alcohols were also tested and if any quantity of a less hindered alcohol 

was used then the reaction completely stopped.  

 

 

A kinetics study was then conducted to see if an explanation for this phenomenon could 

be observed, wherein the aldimine would be placed in a vial along with two equivalents of tert-

butanol in toluene-d8 and 1H-NMR spectra were obtained at various time points over a 

eighteen-hour period (Fig 3.2). It was observed that, even after eighteen hours, greater than 

ninety percent of the aldimine remained upon 1H-NMR analysis. This would then imply that the 

cleavage of the N-Si bond by tert-butanol is in an equilibrium that is heavily biased towards the 

aldimine.  

 

Scheme 3.6: Alcohol Additive Survey 
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Figure 3.2: NMR Study of Trimethylsilyl Group Cleavage 

 

 

Since prior literature has shown that reactions involving these aldimines can be 

extremely quick in the presence of a proton source82, the logical explanation is that the step in 

the mechanism that consumes the free aldimine to generate the copper-amido complex (Fig 

3.3) is slow enough that any less-hindered alcohol present has enough time to protonate either 

copper hydride 3.16 or allylcopper intermediate 3.18 and thus remove the active species from 

the system.  
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Figure 3.3: Catalytic Cycle for Allenamide – Aldimine Reductive Coupling 

 

 

E. Allenamide Survey 

 

Next, a variety of allenamides were examined to determine if an improvement in the 

enantioselectivity of the reaction could be achieved (Scheme 3.7). Initial studies began with 

allenamide 3.17a, with the N-Boc and para-methoxyphenyl protecting groups, that was supplied 

by Dr. Sieber, which provided a large increase in yield and a small increase in enantioselectivity. 

Allenamides that followed (3.17b-3.17e) either resulted in a large decrease in yield or 

enantioselectivity, with 3.17f showing no reactivity at all.  
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Scheme 3.7: Allenamide Survey 
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F. Solvent Survey  

 

Table 3.2: Solvent Survey in the Cu-Catalyzed Reductive Coupling of Allenamide 3.17a and 

Aldimine  3.13a 

 

 

Entry Solvent % yield 3.20ab Er 3.20ac 

1 Dioxane 90 82:18 

2 CF3-Toluene 0 N/A 

3 Fluorobenzene 87 80:20 

4 DCM 51 83:17 

5 EtOAc 72 81:19 

6 DME 0 N/A 

7 Diglyme 68 81:19 

8 THF 55 82:18 

9 Toluene 94 82:18 

10d Toluene 43 88:12 

aReaction performed according to the general procedure employing 0.200 mmol of ketone, 0.240 mmol of 11a, 0.40 mmol of Me(OMe)2SiH 

in 0.50 mL of toluene at rt for 24 h. bYield of 3.20a determined by quantitative  1HNMR spectroscopy on the unpurified reaction mixture using 

trimethoxybenzene as the analytical standard. cEnantiomeric ratios were determined by chiral column HPLC analysis. dReaction was 

performed at 0 °C 

 

The effect of the solvent on the reaction was then surveyed (Table 3.2). No effect on the 

enantioselectivity could be observed with all solvents tested providing similar selectivity. The 

only exception to this was when the reaction was run in toluene at 0 °C, which resulted in a 
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minor increase in enantioselectivity but a major decrease in the yield (entry 10).   A negative 

effect on the yield was observed for most coordinating solvents (entries 6-8). CF3-Toluene and 

DME (entries 2 and 6) resulted in no reaction being observed. It was noted that these two 

reactions remained heterogeneous for the entire reaction time, and it is likely that sufficient 

amount of catalyst needed to effect the transformation never dissolved. 

 

V.  Future Work 
 

Further research needs to be performed to increase the enantiocontrol of this reaction. 

One avenue of research that is currently in progress is computational calculations to determine 

if ligands with substituents on the PhanePhos core can be discovered. Initial experimental 

studies have shown that substitution on the PhanePhos core can influence the enantioselectivity 

of the reaction, and ideally computational calculations can determine what substituents will have 

an optimal effect (Scheme 3.8).  

Scheme 3.8: Initial Studies on the PhanePhos Class of 

Ligands 
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Other carbamate protecting groups will also be examined due to the fact that an increase in 

enantioselectivity can be observed between the reactions employing Cbz protected and Boc 

protected allenamides (Scheme 3.7).  

 Also, initial studies have shown that certain cyclic allenamides can also be employed in 

this methodology (Scheme 3.9). Adequate deprotection strategies for aminoallylation product 

3.21 need to be ascertained before significant effort is put forth to find a ligand that provides 

optimal enantioselectivity. One potential deprotection strategy involves performing a visible-

light-driven α-oxidation of the amide to produce the phthalimide moiety.84 The new phthalimide 

unit should be easily cleavable based off of previous work from the Sieber lab.85 Alternatively, 

hydride reduction of the lactam 3.21 to the cyclic dibenzylamine offers another strategy for 

deprotection.  

Scheme 3.9: Initial Studies with Cyclic Allenamides 

 

 

VI. Conclusion 

This strategy for the stereoselective reductive coupling of aldimines and achiral 

allenamides to selectively generate 1,2-diamine synthons is yet to be completed but will be an 

effective tool for accessing molecules with a dissonant charge affinity when finished. This work 

will improve upon previously published work by our group by increasing the atom economy of 
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the process for synthesizing these synthons by removing the need for a chiral auxiliary. Current 

work is ongoing regarding changing the protecting groups on both the allenamide and aldimine 

to increase enantioselectivity.  

 

VII. Experimental Methods 

General. 1H NMR spectra were recorded on Bruker 600 MHz spectrometers. Chemical 
shifts are reported in ppm from tetramethylsilane with the solvent resonance as an internal 
standard (CDCl3: 7.26 ppm). Data are reported as follows: chemical shift, integration, 
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, h = hextet, hept = 
heptet, br = broad, m = multiplet), and coupling constants (Hz). 13C NMR was recorded 
on a Bruker 600 MHz (151 MHz) instrument with complete proton decoupling. Chemical 
shifts are reported in ppm from tetramethylsilane with the solvent as the internal standard 
(CDCl3: 77.0 ppm). Chiral Column HPLC analyses were performed on a Shimadzu 
Prominence i-series LC-2030C using chiral Daicel columns purchased from Chiral 
Technologies, Inc. Liquid chromatography was performed using forced flow (flash 
chromatography) on silica gel purchased from Silicycle. Thin layer chromatography (TLC) 
was performed on glass-backed 250 μm silica gel F254 plates purchased from Silicycle. 
Visualization was achieved using UV light, a 10% solution of phosphomolybdic acid in 
EtOH, or potassium permanganate in water followed by heating. HRMS was collected 
using a Jeol AccuTOF-DARTTM mass spectrometer using DART source ionization. All 
reactions were conducted in oven or flame dried glassware under an inert atmosphere of 
nitrogen or argon with magnetic stirring unless otherwise noted. Solvents were obtained 
from VWR as HPLC grade and transferred to septa sealed bottles, degassed by Ar 
sparge, and analyzed by Karl-Fischer titration to ensure water content was < 600 ppm. 
Me(MeO)2SiH was purchased from Gelest and used as received. All other materials were 
purchased from VWR, Sigma Aldrich, Combi-Blocks, Alfa-Aesar, or Strem Chemical 
Company and used as received. 
 
Method A: General procedure for Cu catalyzed reductive coupling with aldimines. 
To a 20 mL crimp-cap vial with stir-bar in an Ar-filled glove-box was charged 1.8 mg 

(0.0100 mmol, 0.05 equiv) of Cu(OAc)2 and 0.0120 mmol (0.06 equiv) of PhanePhos. 

Solvent (0.5 mL) was then added, and the mixture was allowed to stir for 15 min. 

Allenamide  (0.240 mmol, 1.2 equiv) was then charged along with the aldimine (0.200 

mmol, 1 equiv, 0.4 M in solvent). This was followed by the addition of tert-butanol (0.600 

mmol, 3 equiv) and dimethoxymethylsilane (49 μL, 0.4 mmol, 2 equiv) by syringe (caution: 

dimethoxymethylsilane should be handled in a well-ventilated fume hood because it is 

known to cause blindness. Syringes were quenched with 2M NaOH, gas evolution!, prior 

to disposal). The reaction vessel was then sealed with a crimp-cap septum and removed 

from the glove-box. After 24 h the reaction was then quenched by the addition of 95 mg 

of NH4F and 3.0 mL of MeOH followed by agitation at rt for 30 min – 1 h. To the mixture 

was then charged 5 mL of 5% NaHCO3 followed by extraction with CH2Cl2 (2x5mL). The 

combined organics were dried with Na2SO4 and concentrated in vacuo. An aliquot of the 

crude mixture was analyzed by 1HNMR spectroscopy to determine dr. The crude residue 

was then purified by flash chromatography on silica gel to afford the desired product. 
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Enantioselectivity was determined by HPLC analysis using a chiral stationary phase 

relative to authentic racemate prepared by the above procedure employing dppf as the 

ligand. 

 

Characterization Data: 

 

 tert-butyl (1-amino-1-phenylbut-3-en-2-yl)(4-methoxybenzyl)carbamate 

(3.14): According to the general procedure A using allenamide 3.17, the 

product was purified by silica gel chromatography (40 - 70 % EtOAc in 

Hexanes) to provide 52 mg (68 %) of 3.14 as a white foam with an 

enantiomeric ratio of 79:21. Rf =0.21 (50 % EtOAc/hexanes). 1HNMR 

(CDCl3, 55 °C, 600 MHz) δ: 7.06 – 7.17 (m, 5H), 6.89 (d, J = 7.55 Hz, 2H), 

6.65 (d, J = 8.83 Hz, 2H), 5.56 (ddd, J = 16.76 Hz, 8.63 Hz, 8.53 Hz, 1H), 

5.44 (br s, 1H), 5.07 (d, J = 10.44 Hz, 2H), 4.58 (br s, 1H), 3.63 (s, 3H), 3.52 (d, J = 13.07 Hz, 

1H), 3.26 (d, J = 13.32 Hz, 1H), 3.19 (br s, 1H), 1.27 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 

158.6, 155.7, 137.6, 132.2, 129.1, 128.5, 127.3, 126.7, 118.2, 114.8, 79.4, 64.5, 55.3, 50.3, 

29.7, 28.4.  

 

 tert-butyl (1-amino-1-phenylbut-3-en-2-yl)(4-methoxyphenyl)carbamate 

(3.20a): According to the general procedure A using allenamide 3.17a, the 

product was purified by silica gel chromatography (40 - 70 % EtOAc in 

Hexanes) to provide 69 mg (94 %) of 3.20a as a white foam with an 

enantiomeric ratio of 82:18. Rf =0.18 (50 % EtOAc/hexanes). 1HNMR (CDCl3, 

55 °C, 600 MHz) δ: 7.13 – 7.28 (m, 8H), 6.84 (d, J = 8.47 Hz, 2H), 5.60 (ddd, 

J = 17.52 Hz, 10.22 Hz, 8.25 Hz, 1H), 4.91 (d, J = 10.47 Hz, 1H), 4.87 (d, J = 

17.32 Hz, 1H), 4.55 (br s, 1H), 4.18 (br s, 1H), 3.80 (s, 3H), 3.78 (br s, 1H), 1.42 (s, 9H).  

 N-(1-amino-1-phenylbut-3-en-2-yl)-N-(4-methoxybenzyl)acetamide 

(3.20b): According to the general procedure A using allenamide 3.17b, the 

product was purified by silica gel chromatography (40 - 70 % EtOAc in 

Hexanes) to provide 25 mg (38 %) of 3.20b as a white foam with an 

enantiomeric ratio of 79:21. Rf =0.30 (50 % EtOAc/hexanes). 1HNMR (CDCl3, 

55 °C, 600 MHz) δ: 7.71 (d, J =  6.74 Hz, 2H), 7.48 (d, J = 7.32 Hz, 2H), 7.35 

(t, J = 4.53 Hz, 1H), 6.76 (d, J = 8.48 Hz, 2H), 6.64 (d, J = 8.60 Hz, 2H), 5.65 

(ddd, J = 17.09 Hz, 8.60 Hz, 6.04 Hz, 1H), 5.03 (d, J = 10.33 Hz, 1H), 4.96 (d, J = 17.16 Hz, 1H), 

4.26 (d, J = 9.54 Hz, 1H), 4.22 (d, J = 15.44 Hz, 1H), 3.67 (s, 3H), 2.33 (s, 3H). 

 tert-butyl (1-amino-1-phenylbut-3-en-2-yl)(4-methoxyphenyl)carbamate 

(3.20c): According to the general procedure A using allenamide 3.17c, the 

product was purified by silica gel chromatography (30 - 60 % EtOAc in 

Hexanes) to provide 26 mg (30 %) of 3.20c as a white foam with an 

enantiomeric ratio of 79:21. Rf =0.36 (50 % EtOAc/hexanes). 1HNMR (CDCl3, 

55 °C, 600 MHz) δ: 7.19 – 7.28 (m, 8H), 7.12 - 7.17 (m, 5H), 6.72 (d, J = 8.45 

Hz, 2H), 6.65 (d, J = 8.90 Hz, 2H), 5.45 (ddd, J = 17.50 Hz, 9.34 Hz, 7.88 Hz, 
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1H), 5.03 (d, J = 8.85 Hz, 1H), 5.01 (br s, 1H), 4.86 (d, J = 5.55 Hz, 1H), 4.71 – 4.79 (m, 3H) 3.63 

(s, 3H). 

 tert-butyl (1-amino-1-phenylbut-3-en-2-yl)(4-methoxyphenyl)carbamate 

(3.20d): According to the general procedure A using allenamide 3.17d, the 

product was purified by silica gel chromatography (40 - 70 % EtOAc in 

Hexanes) to provide 41 mg (56 %) of 3.20d as a white foam with an 

enantiomeric ratio of 79:21. Rf =0.16 (50 % EtOAc/hexanes). 1HNMR (CDCl3, 

55 °C, 600 MHz) δ: 7.36 (d, J = 7.75 Hz, 1H), 7.07 - 7.17 (m, 4H), 6.83 – 6.90 

(m, 1H), 6.61 (t, J = 9.4 Hz, 1H), 6.00 (ddd, J = 13.19 Hz, 9.07 Hz, 8.90 Hz, 

1H), 5.03 (d, J = 17.15 Hz, 1H), 4.83 – 4.93 (m, 2H), 3.39 (s, 3H), 1.45 (s, 9H). 

 tert-butyl (1-amino-1-phenylbut-3-en-2-yl)(4-methoxyphenyl)carbamate 

(3.20e): According to the general procedure A using allenamide 3.17e, the 

product was purified by silica gel chromatography (30 - 60 % EtOAc in 

Hexanes) to provide 48 mg (62 %) of 3.20e as a white foam with an 

enantiomeric ratio of 79:21. Rf =0.25 (50 % EtOAc/hexanes). 1HNMR (CDCl3, 

55 °C, 600 MHz) δ: 7.77 (d, J = 7.57 Hz, 1H), 7.46 (t, J = 7.30, 1H), 7.39 (t, J 

= 7.57 Hz, 1H), 7.31 (br s, 1H), 7.22 – 7.27 (m, 5H), 6.98 (d, J = 8.74 Hz, 2H), 

6.74 (d, J = 8.74 Hz, 2H), 5.73 (ddd, J = 18.28 Hz, 9.28 Hz, 8.30 Hz, 1H), 

5.10 – 5.23 (m, 3H), 3.73 (s, 3H). 

 tert-butyl (1-amino-1-phenylbut-3-en-2-yl)(4-methoxyphenyl)carbamate 

(3.21): According to the general procedure A using allenamide 3.17f, the 

product was purified by silica gel chromatography (10 - 30 % EtOAc in 

Hexanes) to provide 50 mg (68 %) of 3.21 as a white foam with an 

enantiomeric ratio of 79:21. Rf =0.17 (20 % EtOAc/hexanes). 1HNMR (CDCl3, 

55 °C, 600 MHz) δ: 7.82 (d, J = 6.97 Hz, 1H), 7.47 (t, J = 7.34 Hz, 1H), 7.40 

Hz (t, J = 7.22 Hz, 1H), 7.27 – 7.32 (m, 4H), 7.21 (m, 1H), 7.11 (t, J = 3.67 

Hz, 3H), 7.00 – 7.03 (m, 2H), 5.55 (ddd, J = 17.97 Hz, 8.79 Hz, 5.77 Hz, 1H), 

5.06 (t, J = 8.00 Hz, 1H), 4.95 (d, J = 10.62 Hz, 1H), 4.89 (d, J = 17.58 Hz, 

1H), 4.16 (d, J = 16.79 Hz, 1H), 3.91 (d, J = 16.40 Hz, 1H), 3.77 (d, J = 9.97 Hz, 1H), 3.58 (d, J = 

13.64 Hz, 1H), 3.30 (d, J = 13.90 Hz, 1H). 
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HPLC Chromatograms: 

 

 

 

 

 

Chiral column HPLC analysis (Chiralcel OD-3 x 250 mm, 1.0 mL/min, 98:02 hexane:isopropanol, 

λ = 190 nm) tR = 17.3 min (major), 24.6 min (minor):  

 

Racemic 3.14:   

 

 

3.14 from Cu(OAc)2/PhanePhos reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 97:03 

hexane:isopropanol, λ = 190 nm) tR = 39.4 min (major), 20.5 min (minor):  

 

Racemic 3.20a:   

 

 

3.20a from Cu(OAc)2/PhanePhos reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 

hexane:isopropanol, λ = 190 nm) tR = 13.2 min (major), 10.3 min (minor):  

 

Racemic 3.20b:   

 

 

3.20b from Cu(OAc)2/PhanePhos reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 

hexane:isopropanol, λ = 190 nm) tR = 18.3 min (major), 23.9 min (minor):  

 

Racemic 3.20c:   

 

 

3.20c from Cu(OAc)2/PhanePhos reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 95:05 

hexane:isopropanol, λ = 190 nm) tR = 15.1 min (major), 9.6 min (minor):  

 

Racemic 3.20d:   

 

 

3.20d from Cu(OAc)2/PhanePhos reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 95:05 

hexane:isopropanol, λ = 190 nm) tR = 14.9 min (major), 42.0 min (minor):  

 

 

 

Racemic 3.20e:   

 

 

3.20e from Cu(OAc)2/PhanePhos reaction: 
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Chiral column HPLC analysis (Chiralcel AD-3 x 250 mm, 1.0 mL/min, 90:10 

hexane:isopropanol, λ = 190 nm) tR = 22.5 min (major), 11.0 min (minor):  

 

 

 

Racemic 3.21:   

 

 

3.21 from Cu(OAc)2/PhanePhos reaction: 
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