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ABSTRACT  

A method to stereoselectively access tetrasubstituted (E)- and (Z)-ɓ-

oxyacrylonitriles has been developed. The ɓ-keto nitrile and ɓ-keto amide starting 

materials are conveniently accessed from esters and nitriles, making this approach both 

convenient and straightforward. This methodology features moderate to excellent yield of 

products, excellent control of alkene geometry, and complete control of regiochemistry. 

Cross-coupling of ɓ-tosyloxyacrylonitriles demonstrates the ability to access valuable 

stereodefined all-carbon tetrasubstituted acrylonitriles in excellent yield and 

stereocontrol.  
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1.  Introduction  

1.1.  Importance of Tetrasubstituted Alkenes 

Fully substituted olefins are featured in a variety of compounds in both 

pharmaceutical and materials sciences. For example, triaryl ethylene compounds are an 

important class of compounds that target estrogen receptors for the treatment of breast 

cancer1ï3. Examples of this class of pharmaceutical agents include Tamoxifen, 

Toremifene, GDC-0810, and a number of dibenzoxapine derivatives (Figure 1.1.1.). 

 

Figure 1.1.1. Examples of biologically active stereodefined tetrasubstituted alkenes. 

Tetrasubstituted alkenes also serve as important intermediates that can be used to 

establish vicinal chiral centers in a single transformation. Common transformations 

include epoxidation4, hydrogenation5, and cyclopropanation6. Since the stereochemistry 

of the resulting product depends on the geometry of the alkene precursor, accessing these 

alkenes in high geometrical purity is critical for avoiding isomeric product mixtures. 

1.2.  Methods for  Controlling Alke ne Geometry 

The stereochemistry of di- and trisubstituted alkenes have been effectively 

controlled using a variety of established reactions including olefin metathesis7 as well as 
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the Wittig8, Julia9, and Peterson10 olefination protocols. However, the steric demand of 

tetrasubstituted alkenes renders these methods ineffective. The stereoselective synthesis 

of tetrasubstituted alkenes remains challenging and is currently an active field of 

research. 

The synthesis of tetrasubstituted alkenes generally suffers from two main issues. 

First, poor regioselectivity can give mixtures of constitutional isomers. Second, poor 

stereoselectivity gives mixtures of (E)- and (Z)-isomers which are often difficult to 

separate. Several methods have emerged to address these issues, but few have been 

shown to be general11. Several of these approaches will be briefly discussed. 

1.2.1.  Carbometalation of Internal Alkynes 

The ˊ system of alkynes has been exploited for a vast array of transformations 

including the stereoselective preparation of alkenes11b,c. The carbometalation of internal 

alkynes has been explored and shown to furnish tetrasubstituted alkenes with 

stereochemical control. The geometry of the alkenyl metal intermediate is a consequence 

of either a syn- or anti-carbometalation step. Depending on the identity of the metal, this 

intermediate can either be trapped directly with an electrophile or used in a subsequent 

reaction to introduce the fourth alkene substituent. 

Transition metal catalyzed carbometalations are facilitated by the interaction 

between the alkyne ˊ system and a vacant orbital on the transition metal, typically 

leading to a syn-addition12. An elegant multicomponent syn-carbopalladation protocol 

was developed by Larock in 2005 to yield tetrasubstituted alkenes as single geometrical 

isomers (Scheme 1.2.1.1.)13. The reliability of syn-addition often provides alkenes with 



3 
 

high geometrical purity. However, alkynes that fail to undergo regioselective syn-addition 

due to the steric or electronic influence of their substituents exhibit poor regiomeric ratios 

(r.r.). Consequently, a mixture of constitutional alkene isomers are obtained. 

 

Scheme 1.2.1.1. Synthesis of tetrasubstituted alkenes from internal alkynes by syn-

carbopalladation. 

A highly effective strategy utilizes existing Lewis basic functionality in the 

alkyne to direct the metal toward a chelation-stabilized vinyl metallic species to impart 

excellent regio- and stereocontrol11c. Propargyl alcohols are perhaps the most studied and 

reliable family of compounds utilized to direct syn-addition, as illustrated by the work by 

Ma and coworkers (Scheme 1.2.1.2.)14. Copper-mediated carbomagnesiation of 

propargyl alcohols delivers the chelated alkenyl magnesium intermediate with complete 

regio- and stereochemical control. Trapping with an electrophile, either directly or 

through palladium catalysis, yields the tetrasubstituted alkene as a single isomer in 

moderate to excellent yield. 
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Scheme 1.2.1.2. Synthesis of tetrasubstituted alkenes from internal alkynes by chelation-

controlled anti-carbomagnesiation. 

The lack of Lewis basic functionality at the propargylic or homopropargylic 

carbons can result in carbometalation taking place less regioselectively to give 

constitutional mixtures of alkenes. Furthermore, both syn- and anti-carbometalation can 

occur to give geometrical alkene mixtures. These factors thereby limit the scope of 

application for this approach. 

1.2.2.  Tetrasubstituted Alkenes by Elimination Reactions 

In 2017, Tantillo, Zhang, and Gosselin showed that syn-elimination of tertiary 

alcohols provides another avenue towards tetrasubstituted alkenes15. The substrates for 

this approach were obtained from the addition of an aryl Grignard species to an Ŭ-

disubstituted aryl ketone. The addition proceeded through a Felkin-Anh transition state 

where the Grignard reagent approached from the least-hindered face of the carbonyl 

which provided tertiary alcohols with good diastereoselectivity. The resulting tertiary 

alcohols were converted to a phosphonate nucleofuge (Scheme 1.2.2.1.). Upon heating, 

the phosphonate underwent a syn-elimination to provide fully substituted olefins with 

high geometrical purity. 
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Scheme 1.2.2.1. Diastereoselective addition to aryl ketones followed by syn-elimination 

of alkyl phosphonates. 

This approach proved to be less effective in the synthesis of the selective estrogen 

receptor degrader GDC-0810 (Scheme 1.2.2.2.)16. The phosphonate intermediate was 

observed to be too labile and spontaneously eliminated at -30 °C, giving the 

corresponding olefin with a E/Z ratio of 2:1. Instead, the tertiary pivalate was found to be 

significantly more stable but still capable of syn-elimination. Heating the pivalate in ethyl 

benzene at 130 °C delivered the desired alkene with a E/Z ratio of 98:2. After 

deprotection and salt formation, the pyrrolidine salt of GDC-0810 was obtained in 35% 

yield over four steps. 
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Scheme 1.2.2.2. Synthesis of GDC-0810 by syn-elimination of an alkyl pivalate. 

DFT calculations and an observed secondary kinetic isotope effect suggest that 

the syn-elimination of the alkyl phosphonates and pivalates is not concerted. Instead, an 

E1 elimination generates a stabilized benzylic carbocation which undergoes rapid 

deprotonation to provide the tetrasubstituted alkene with minimal geometric scrambling. 

This approach relies on a number of factors for its success. First, it relies on 

accessing the tertiary alcohol diastereoselectively. The undesired diastereomer must be 

separated before elimination as it would produce the undesired alkene geometry by the 

same syn-elimination mechanism. Second, a general nucleofuge has not yet been 

identified noting that the initially optimized phosphonate group was shown to be 

ineffective for the synthesis of GDC-0810. Finally, if multiple elimination pathways 

exist, mixtures of constitutionally isomeric alkenes are produced, thereby limiting this 

approach to diaryl methanol derivatives. 

1.2.3.  Tosylation and Cross-Coupling of ɓ-Keto Esters 

A divergent approach to both alkene geometries was developed by Tanabe in 

2016 using substituted ɓ-keto ester precursors17. The stereoselectivity of this approach is 
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dictated by the dominant intramolecular force exhibited by the base-generated enolate 

before tosylation (Scheme 1.2.3.a). The enolate geometry is strongly influenced by 

electrostatic repulsion between the oxyanion and the ester, favoring the formation of (E)-

tosylates. Incorporating lithium in the reaction medium favors (Z)-tosylation through a 

chelated lithium intermediate. The vinyl tosylates were shown to be viable electrophiles 

for Suzuki-Miyaura cross-coupling to give all-carbon tetrasubstituted alkenes (Scheme 

1.2.3.b)18. 

 

Scheme 1.2.3.1. Preparation of all-carbon tetrasubstituted alkenes by a) stereoselective 

tosylation of ɓ-keto esters and b) Suzuki-Miyaura cross-coupling. 
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Moderate to excellent yields were reported for both protocols. High E/Z ratios 

were reported for all (Z)-tosylates and most of the (E)-tosylates. However, Ŭ,ɓ-diaryl 

substrates were shown to be considerably less suitable, delivering the corresponding (E)-

tosylates in high yield but with reduced stereoselectivity. An E/Z ratio as low as 66:34 

was observed. This was attributed to the favorability of the (E)-cinnamate scaffold which 

compromised the stereoselectivity for these substrates. 

1.3.  Stereodefined ɓ-Oxyacrylonitriles  

1.3.1.  ɓ-Tosylacrylonitriles as Precursors to All-Carbon Tetrasubstituted Alkenes 

Similar to the cross-coupling of ɓ-tosylacrylates18, ɓ-tosylacrylonitriles are 

expected to provide easy access to all-carbon tetrasubstituted alkenes. The resulting 

acrylonitrile products would inherently possess multiple sites of reactivity and would 

offer great potential for derivatization. Since nitriles are considerably more robust than 

esters, acrylonitriles would be less likely to suffer from off-target reactivity than the 

corresponding acrylates. Currently, there are no established protocols to access either 

geometry of Ŭ,ɓ-disubstituted ɓ-tosylacrylonitrile with stereocontrol. 

1.3.2.  ɓ-Siloxyacrylonitriles as Heterocycle Precursors 

Stereodefined ɓ-siloxyacrylonitriles are useful intermediates in the synthesis of 

various heterocycles. In 1986, Pulido et al. accessed (Z)-ɓ-siloxyacrylonitriles with good 

stereoselectivity from substituted isoxazoles. Deprotonation adjacent to the nitrogen atom 

of isoxazoles induced ring opening to give a nitrile enolate intermediate. The alkene 

geometry of the isoxazole nucleus is preserved in this intermediate at low temperatures. 
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Trapping with various chlorosilanes thus provided (Z)-ɓ-siloxyacrylonitriles as single 

isomers (Scheme 1.3.2.1.)19. 

They demonstrated that an Ŭ-unsubstituted ɓ-siloxyacrylonitrile can behave as a 

heterodienophile and as a dipolarophile for the synthesis of various heterocycles19. They 

later expanded the scope of the oxo-Diels-Alder reaction to include fully substituted ɓ-

siloxyacrylonitriles so as to obtain substituted dihydro-2H-pyrans in good yield20. 

 

Scheme 1.3.2.1. Synthesis of (Z)-ɓ-siloxyacrylonitriles from isoxazoles and formation of 

various heterocycles through cycloaddition reactions. 
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The obvious limitation of using isoxazoles as starting materials is that the cyclic 

isoxazole can only reliably offer the (Z)-selective formation of ɓ-siloxyacrylonitriles. 

Another drawback is the limited functional group tolerance due to harsh base used to 

induce isoxazole ring opening. These issues highlight the need for a method that enables 

access to both isomers under milder conditions. 
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2.  Results 

2.1.  Substrate Synthesis 

2.1.1.  Preparation of ɓ-Keto Nitriles 

Similar to the Tanabeôs tosylation of ɓ-keto esters17, ɓ-keto nitriles were expected 

to be promising substrates for the stereoselective synthesis of (E)-oxyacrylonitriles. The 

ɓ-keto nitriles were prepared by addition of the corresponding nitriles to the respective 

methyl or ethyl esters under basic conditions following literature protocols (Table 

2.1.1.1.). For substrates derived from phenyl acetonitrile, sodium hydride was used as the 

base in refluxing toluene to give the ɓ-keto nitriles 1b and 1h in high yield21. For 

substrates derived from butyronitrile, t-BuOK was used to prepare ɓ-keto nitriles 1a,dïg 

in poor to excellent yield22. Treating ethyl cinnamate and butyronitrile with t-BuOK gave 

ɓ-keto nitrile 1f in low yield. The major product was a complex carboxylic acid which 

was not able to be identified. 

Cyclohexaneacetonitrile failed to yield ɓ-keto nitrile 1c using t-BuOK as the base. 

Instead, cyclohexaneacetonitrile was treated with LDA at low temperature and the 

resulting Ŭ-lithio nitrile was quenched with ethyl acetate to access 1c in 67% yield. 

 

 

 



12 
 

 

Product R1 R2 Conditions Yield 

1a Me Et t-BuOK (2.2 equiv.), THF, reflux, 18 h 22% 

1b Me Ph NaH (1.5 equiv.), PhMe, reflux, 1.5 h 87% 

1c Me Cy LDA (1.5 equiv.), THF, -84 °C to r.t., 18 h 67% 

1d Cy Et t-BuOK (2.2 equiv.), THF, r.t., 18 h 72% 

1e t-Bu Et t-BuOK (1.1 equiv.), neat, 70 °C, 18 h 42% 

1f 
 

Et t-BuOK (1.1 equiv.), THF, r.t., 15 min 26% 

1g Ph Et t-BuOK (2.2 equiv.), THF, reflux, 1.5 h 94% 

1h Ph Ph NaH (1.5 equiv.), PhMe, reflux, 1.5 h 79% 

Table 2.1.1.1. Addition of nitriles to methyl esters yielding Ŭ,ɓ-disubstituted ɓ-keto 

nitriles 1. 

2.1.2.  Preparation of ɓ-Keto Amides 

Commercially available acetoacetamide was treated with iodoethane and 

potassium carbonate in refluxing acetone to give 2a in 82% yield (Scheme 2.1.2.1.). 

Noting the inefficient access to compound 1a by addition of butyronitrile to ethyl acetate, 

dehydration of compound 2a was found to be a superior route. Simple exposure of 2a to 

triflic anhydride in the presence of pyridine provided compound 1a in nearly quantitative 

yield. 
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Scheme 2.1.2.1. Alkylation of acetoacetamide followed by dehydration to access 

compounds 2a and 1a. 

All other ɓ-keto amides were accessed by hydrolysis of the corresponding ɓ-keto 

nitrile under acidic conditions (Table 2.1.2.1.)23. Heating the ɓ-keto nitriles in neat 

concentrated sulfuric acid at 60 °C for 30 minutes delivered the desired amides in good 

yields. Many mild conditions exist for the hydrolysis of nitriles to amides 24ï27 which 

could be employed for substrates too sensitive for neat sulfuric acid. However, acidic 

hydrolysis is convenient, offers reproducible high yields, and does not rely on any niche 

reagents or precious metals to mediate the transformation. The use of sulfuric acid with 

low water content was found to be important for achieving high yields of 2. 
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Product R1 R2 Yield 

2b Me Ph 78% 

2c Me Cy 86% 

2d Cy Et 88% 

2e t-Bu Et 89% 

2f 
 

Et 79% 

2g Ph Et 94% 

2h Ph Ph 94% 

Table 2.1.2.1. Acidic hydrolysis of ɓ-keto nitriles 1 to access ɓ-keto amides 2. 

2.2.  Preparation of ɓ-Siloxyacrylonitriles 

2.2.1.  Synthesis of (E)-ɓ-Siloxyacrylonitriles 

Exposing ɓ-keto nitriles 1 to TIPSCl in DCM in the presence of DBU gave the 

corresponding (E)-silyl enol ethers with high geometrical purity and in excellent yield for 

several substrates. However, it was found that this reagent failed to afford high 

geometrical purity in all cases. This was apparent with substrate 1b which produced the 

corresponding silyl enol ether in 92% yield but with a E/Z ratio of 4:1. 

Switching the chlorosilane to TBSCl was found to be general and afforded (E)-

silyl enol ethers 3 with high E/Z ratios in all cases (Table 2.2.1.1.). The R1 substituent 
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appears to have a minor influence as the R1 = methyl cases gave slightly reduced E/Z 

ratios (3aïc), likely due to the smaller steric repulsion between R1 and R2 that disfavors 

the (Z)-isomer. 

 

Product R1 R2 Yield E/Z a 

3a Me Et 90% 96:4 

3b Me Ph 95% 98:2 

3c Me Cy 91% 97:3 

3d Cy Et 93% >99:1 

3e t-Bu Et 97% >99:1 

3f 
 

Et 89% 97:3 

3g Ph Et 93% >99:1 

3h Ph Ph 92% >99:1 

a Determined by HPLC UV trace at 254 nm and confirmed by crude 1H NMR. 

Table 2.2.1.1. Silylation of ɓ-keto nitriles 1 to give (E)-ɓ-siloxyacrylonitriles 3. 

2.2.2.  Synthesis of (Z)-ɓ-Siloxyacrylonitriles 

Treating ɓ-keto amides with TBSCl and DBU in DCM at 0 °C for prolonged 

periods failed to offer a single product spot by TLC analysis. Using Et3N-treated TLC 

plates, the desired product was observed as a streak suggesting that desilylation was 
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taking place. This indicated that the TBS enol ether functionality was too sensitive and 

significant amounts of ɓ-keto nitrile were generated following dehydration which 

attenuated the yield of the desired acrylonitrile. Replacing TBSCl with TIPSCl led to a 

more satisfactory TLC profile indicating that the disilylated intermediate 4 was more 

stable. 

Removal of DBU from 4 was found to be important for maintaining high 

reproducible yields of the acrylonitriles after dehydration of the amide. After aqueous 

workup, DBU was easily removed by passing the crude disilylated material through a 

short column of Et3N-treated silica. Dehydration of the disilylated intermediate was 

accomplished by treatment with pyridine and triflic anhydride in DCM at 0 °C. Warming 

to room temperature cleanly provided the (Z)-acrylonitriles in moderate to excellent yield 

(Table 2.2.2.1.). In no case was the (E)-acrylonitrile detected. The main byproduct was 

the ɓ-keto nitrile 2 indicating that disilylation was either incomplete or that some of the 

disilylated intermediate 4 was hydrolyzed to the corresponding ketone before 

dehydration. 

The disilylation of 2c-e was found to be slow and required a longer reaction time 

to convert most of the material to the disilylated intermediate 4c-e. This is certainly a 

consequence of the greater steric requirements of bulky ɓ-keto amides and likely 

contributed to a slightly diminished yield of acrylonitriles 5c-e. 
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Product R1 R2 Yielda E/Z b 

5a Me Et 96% 1:>99 

5b Me Ph 88% 1:>99 

5c Me Cy 82% 1:>99 

5d Cy Et 81% 1:>99 

5e t-Bu Et 79% 1:>99 

5f 
 

Et 90% 1:>99 

5g Ph Et 90% 1:>99 

5h Ph Ph 71% 1:>99 

a Yield over two steps. b Determined by HPLC UV trace at 254 nm and confirmed by 

crude 1H NMR. 

Table 2.2.2.1. Silylation of ɓ-keto amides 2 to selectively yield (Z)-ɓ-siloxyacrylonitriles 

5. 

The disilylation of compound 2h proceeded relatively quickly. However, the 

disilylated intermediate was observed to slowly turn orange upon standing. This color 

change was greatly accelerated by deliberate UV irradiation (254 nm), likely indicating 

that the material is light sensitive. Photodegradation of 4h is a possible cause for the 

lower yield of the corresponding acrylonitrile 5h. 
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2.3.  Preparation of ɓ-Tosyloxyacrylonitriles 

2.3.1.  Synthesis of (E)-ɓ-Tosyloxyacrylonitriles 

The procedure established by Tanabe et al. for the tosylation of ɓ-keto esters was 

applied to ɓ-keto nitriles (Table 2.3.1.1.)18. The yield of tosyloxyacrylonitriles 6aïh was 

moderate to excellent. Interestingly, the (Z)-isomer of 6 was not detected in any of the 

cases and the tosylation exclusively produced (E)-tosyloxyacrylonitriles. 

Tanabeôs tosylation of a Ŭ,ɓ-diphenyl substrate delivered the corresponding ɓ-

tosyloxyacrylate with a E/Z ratio of 74:26. This result was rationalized by (Z)-cinnamate 

scaffold being intrinsically more thermodynamically favorable than the (E)-isomer18. For 

the analogous ɓ-keto nitrile 1h, the favorability of the (E)-cinnamonitrile scaffold was 

completely negated by the stronger repulsive force between the oxyanion and the 

negative charge of the nitrile dipole moment. 

The greater (E)-selectivity for the tosylation of ɓ-keto nitriles compared to ɓ-keto 

esters18 can be explained by the larger dipole moment expressed by nitriles than esters. 

For reference, the dipole moments of methyl acetate and acetonitrile are 1.72 and 3.92 

debyes, respectively28. This leads to a stronger repulsive force between the oxyanion and 

the negative charge of the nitrile dipole moment compared to the analogous ester, thus 

leading to higher (E)-selectivity. 
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Product R1 R2 Yield E/Z a 

6a Me Et 88% >99:1 

6b Me Ph 94% >99:1 

6c Me Cy 79% >99:1 

6d Cy Et 82% >99:1 

6e t-Bu Et 58% >99:1 

6f 
 

Et 86% >99:1 

6g Ph Et 81% >99:1 

6h Ph Ph 95% >99:1 

a Determined by HPLC UV trace at 254 nm and confirmed by crude 1H NMR. 

Table 2.3.1.1. Tosylation of ɓ-keto nitriles 1 to selectively synthesize (E)-ɓ-

tosyloxyacrylonitriles 6. 

2.3.2.  Synthesis of (Z)-ɓ-Tosyloxyacrylonitriles 

The procedure used for the tosylation of ɓ-keto nitriles 1 was adapted for the 

tosylation of ɓ-keto amides 2. Since ɓ-keto amides can engage in intramolecular 

hydrogen bonding to influence the alkene geometry, (Z)-tosyloxyacrylonitriles were 

produced exclusively. 
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The reaction stoichiometry, concentration, temperature, and mode of reagent 

addition were found to be important factors that impacted product yield. Less than three 

equivalents of tosyl chloride, NMI, and base resulted in an incomplete reaction. Starting 

material remained unreacted if the reaction concentration was less than one molar with 

respect to the ɓ-keto amide, likely due to the competitive decomposition of the reactive 

tosyl imidazolium species generated in situ. Decomposition was also more apparent when 

reactions were performed above 0 °C as indicated by a dark orange-brown reaction 

mixture. Finally, optimal results were obtained when the tosyl chloride was added in 

three portions separated by 30 minute intervals. 

After aqueous workup, the crude tosyloxyacrylamide was dehydrated using the 

same procedure for the dehydration of N-silyl ɓ-siloxyacrylamides 4. Using this reaction 

sequence, several ɓ-keto amides 2 were converted to (Z)-ɓ-tosyloxyacrylonitriles 8 in 

excellent yield and geometrical purity (Table 2.3.2.1.). However, substrates 2cïe bearing 

bulky cyclohexyl and tert-butyl groups could not be tosylated. Considering that substrates 

2cïe required longer reaction times for disilylation than other substrates, it is possible 

that tosyl imidazolium decomposition was significantly faster than tosylation for these 

compounds. Noting the similar sizes of phenyl and cyclohexyl moieties, tosylation of ɓ-

keto amides appears to fail when substrates bear bulky aliphatic groups at the Ŭ- or ɓ-

positions. 
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Product R1 R2 Yielda E/Z b 

8a Me Et 88% 1:>99 

8b Me Ph 93% 1:>99 

8c Me Cy No Reaction - 

8d Cy Et No Reaction - 

8e t-Bu Et No Reaction - 

8f 
 

Et 83% 1:>99 

8g Ph Et 94% 1:>99 

8h Ph Ph 92% 1:>99 

a Yield over two steps. b Determined by HPLC UV trace at 254 nm and confirmed by 

crude 1H NMR. 

Table 2.3.2.1. Tosylation and dehydration of ɓ-keto amides 2 to selectively furnish (Z)-ɓ-

tosyloxyacrylonitriles 8. 

2.4.  Geometry of Products 

 The stereochemical assignments of acrylonitriles 3g, 5g, 6g, and 8g were verified 

by nOe measurements (Figure 2.4.1.). Due to their position in the otherwise unoccupied 

region of the proton spectrum, the allylic methylene proton signals were chosen to probe 

the alkene geometry. For compound 3g, a positive nOe correlation to the silyl dimethyl 
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signal was observed. For compounds 5g and 8g, the ortho-aryl proton signal showed a 

positive nOe measurement. Finally, compound 6g showed a positive nOe measurement to 

the ortho-aryl proton signal of the toluene sulfonyl group. This data unambiguously 

confirms the stereochemistry of acrylonitriles. 

 

Figure 2.4.1. Positive nOe correlations, indicated by red arrows, for acrylonitriles 3g, 5g, 

6g, and 8g. 

2.5.  Mechanistic Insights 

2.5.1.  Mechanism for the Production of (E)-ɓ-Oxyacrylonitriles  

The preparation of both (E)-ɓ-siloxyacrylonitriles and (E)-ɓ-

tosyloxyacrylonitriles likely follow the same mechanism described by Tanabe for the 

synthesis of ɓ-tosylacrylates (Scheme 2.5.1.1.)18. Exposing ɓ-keto nitriles to base 

deprotonates the acidic Ŭ-proton to generate the enolate. The geometry of this enolate is 

dictated by electrostatic repulsion between the oxyanion and the nitrile to favor (E)-
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enolates. Trapping the enolate on the oxygen atom with the appropriate electrophile thus 

provides (E)-ɓ-oxyacrylonitriles 3 or 6. 

 

Scheme 2.5.1.1. Pathway for the preparation of (E)-oxyacrylonitriles 3 and 6. 

2.5.2.  Mechanism for the Production of (Z)-ɓ-Siloxyacrylonitriles 

Due to the ability to form intramolecular hydrogen bonds, many ɓ-keto amides 

are known to exist with a significant population adopting the (Z)-enolic tautomeric form 

in solution29. This is the stereodefining force that establishes the (Z)-geometry of the 

alkene (Scheme 2.5.2.1.). 

Silylation of 2 takes place at the oxyanion and the amide to give the disilylated 

acrylamide 4 as the (Z)-isomer. Dehydration of N-trimethylsilyl amides has previously 

been achieved by treatment with acid chlorides to provide the corresponding nitriles31. 

Similarly, treating 4 with triflic anhydride cleanly delivers the corresponding nitriles. 
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Scheme 2.5.2.1. Plausible pathway for the stereoselective synthesis of (Z)-ɓ-

siloxyacrylonitriles 5. 

Initially, it was unclear whether the silylation had occurred at the nitrogen atom or 

the oxygen atom of the amide. To investigate this, compound 4g (R1 = Ph, R2 = Et) was 

purified by flash column chromatography and recrystallized from hexanes to deliver a 

white crystalline solid. This enabled confirmation of the N-silyl amide structure of 4g 

through X-ray analysis (see Appendix 2). This is in agreement with the NMR study 

conducted by Giessler showing that silylation of amides leads to the O-silyl iminate as 

the kinetic product at low temperature. Warming the mixture isomerizes the material to 

the thermodynamically favored N-silyl amide30. 

The importance of hydrogen bonding is illustrated by the silylation of a ɓ-keto 

morpholinamide (Scheme 2.5.2.2). In this case, electrostatic repulsion between the oxy 

anion and the amide dipole is the stereodefining force that favors the (E)-isomer. 
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Scheme 2.5.2.2. Silylation of a ɓ-keto morpholinamide. 

2.5.3.  Mechanism for the Production of (Z)-ɓ-Tosyloxyacrylonitriles 

Tosylation and disilylation of ɓ-keto amides 2 likely follow a similar mechanism 

that favors (Z)-selectivity (Scheme 2.5.3.1.). Interestingly, tosylation conditions fail to 

dehydrate the amide to the corresponding nitrile. This suggests that O-tosylation of the 

amide group probably does not occur, as the O-tosyl imidate would be expected to 

readily dehydrate under basic conditions. Instead, tosylation of the enolate gives an 

intermediate that forms a six-membered ring with the amide, preventing further 

tosylation. Hydrolysis of this intermediate provides the ɓ-tosyloxyacrylamide 7 as the 

only product of tosylation. Exposure to triflic anhydride and pyridine dehydrates 7 to 

cleanly provide the desired (Z)-tosyloxyacrylonitrile 8. 
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Scheme 2.5.3.1. Sequential tosylation and dehydration of ɓ-keto amides 2 to furnish (Z)-

ɓ-tosylacrylonitriles 8.  

2.6.  Cross-Coupling of ɓ-Tosyloxyacrylonitriles 

To demonstrate the utility of ɓ-tosyloxyacrylonitriles, 6g and 8g (R1 = Ph, R2 = 

Et) were subjected to three cross-coupling reactions. Suzuki-Miyaura cross-coupling 

using an aryl boronic acid delivered the corresponding ɓ,ɓ-diaryl acrylonitriles 9 in 

excellent yield from both isomers of the tosylate coupling partner (Scheme 2.6.1a). 

Importantly, this reaction was found to be stereoretentive for both geometries. The 

stereoretentive nature of this reaction has also been demonstrated using the analogous ɓ-

bromoacrylonitrile32. 

Next, the tosylates 6g and 8g were each used in a Sonogashira cross-coupling 

reaction to forge a new C(sp2)ïC(sp) bond using trimethylsilyl acetylene as the coupling 

partner (Scheme 2.6.1b). Again, both tosylate isomers delivered the corresponding 

enynes 10 in excellent yield and with complete stereoretention. 
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Finally, the tosylates were subjected to Negishi cross-coupling (Scheme 2.6.1c). 

The aryl zinc coupling partner was freshly prepared by metal-halogen exchange from the 

corresponding aryl bromide and n-BuLi followed by transmetalation with zinc(II) 

chloride. Both reactions proceeded smoothly to furnish the desired ɓ,ɓ-diaryl 

acrylonitriles 11 in high yield and complete stereoretention. 

These few examples of cross-coupling demonstrate that the ɓ-

tosyloxyacrylonitriles accessed using this methodology provide a viable and practical 

avenue for the construction of stereodefined all-carbon tetrasubstituted alkenes. Having 

demonstrated that ɓ-tosyloxyacrylonitriles behave as reactive electrophiles, it is safe to 

assume that other types of cross-coupling are also feasible. Beyond the installation of 

carbon nucleophiles, various heteroatoms might also be installed using a similar 

strategy33ï37. 
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Scheme 2.6.1. Transformations of representative ɓ-tosyloxyacrylonitriles 6g and 8g by a) 

Suzuki-Miyaura, b) Sonogashira and c) Negishi cross-coupling reactions. 
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3.  Conclusion 

A method to stereoselectively access tetrasubstituted (E)- and (Z)-ɓ-

oxyacrylonitriles has been developed. The ɓ-keto nitrile and ɓ-keto amide starting 

materials are accessed from esters and nitriles, making this approach both convenient and 

straightforward. This methodology features moderate to excellent yield of products, 

excellent control of alkene geometry, and complete control of regiochemistry. Cross-

coupling of ɓ-tosyloxyacrylonitriles demonstrates the ability to access valuable 

stereodefined all-carbon tetrasubstituted acrylonitriles in high yield and with excellent 

stereocontrol. 
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4.  Experimental 

General: All moisture sensitive reactions were conducted under an argon atmosphere in 

oven-dried glassware. Tetrahydrofuran (THF), dimethylformamide (DMF), 

dichloromethane (DCM), and toluene (PhMe) were dried with a Glass Contour solvent 

purification system. 1H and 13C NMR spectra were recorded on a Varian Unity INOVA 

600 instrument (1H 600 MHz, 13C 150 MHz) in either deuterochloroform (CDCl3; 
1H 

7.26 ppm, 13C 77.0 ppm) or deuteromethanol (CD3OD; 1H 3.31 and 4.90 ppm, 13C 49.0 

ppm). Chemical shifts are given in d, with multiplicities given as s (singlet), br (broad 

singlet), d (doublet), t (triplet), q (quartet) and m (multiplet). Coupling constants (J) are 

provided in hertz (Hz).  IR spectra were recorded on a Nicolet Summit X FT-IR as a thin 

film on a NaCl plate.  Mass spectral data was collected on an Agilent 1200 Infinity 

Agilent 6545 Series Q-TOF ESI LC/MS. Thin-layer chromatography (TLC) was 

performed using Silicycle silica-gel general-purpose 250 µm, particle size 5ï17 µm, pore 

size 60 Å glass TLC plates with F-254 UV indicator.  Flash chromatography was 

performed using Silicycle SiliaFlash F60 silica gel (230-400 mesh).  Melting points 

(m.p.) were recorded on a DigiMelt MPA160 instrument. 
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 Following a modified published protocol22. Procedure A: To a stirred solution of 

butyronitrile (3.48 mL, 2.763 g, 40.0 mmol) and EtOAc (1.95 mL, 1.759 g, 20.0 mmol) 

in anhydrous THF (20 mL) under an Ar atmosphere precooled to 0 °C was added t-BuOK 

(4.488 g, 40 mmol). The resulting heterogenous mixture was stirred at 0 °C for 30 min 

and subsequently heated to reflux overnight. The reaction was cooled to room 

temperature, poured into water (50 mL) and neutralized to pH 7 with 6 N aqueous H2SO4. 

The product was extracted with EtOAc (3 x) and the combined organic layers were 

washed with saturated aqueous NaHCO3 (1 x), brine (1 x), dried over Na2SO4 and 

concentrated. The crude product was purified by silica gel flash column chromatography 

(10% EtOAc in hexanes) to give 500 mg of ɓ-keto nitrile 1a (22% yield) as a clear 

colorless and volatile oil: Rf = 0.30 (20% EtOAc in hexanes). 1H NMR (600 MHz, 

CDCl3) ŭ 3.37 (dd, J = 8.1, 5.6 Hz, 1H), 2.38 (s, 3H), 1.99 ï 1.87 (m, 2H), 1.11 (t, J = 7.4 

Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 198.7, 117.3, 46.1, 28.3, 22.5, 11.3.; IR (neat, 

cm-1) 2978, 2248, 1727, 1463, 1363, 1169; HRMS (ESI+) m/z calcd for C6H10NO+ 

[M+H] +: 112.0757; found: 112.0755. Characterization data agrees with published 

spectra38.  
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 Procedure B: To a solution of 2a (502 mg, 3.87 mmol) and pyridine (940 µL, 918 

mg, 11.6 mmol) in anhydrous DCM (19.5 mL) cooled to 0 °C was added Tf2O (1.30 mL, 

2.18 g, 7.74 mmol) dropwise over 5 min. The resulting mixture was removed from the 

cooling bath and stirred at ambient temperature until starting material was fully 

consumed as judged through monitoring by TLC. Saturated aqueous NaHCO3 (20 mL) 

was carefully added and the mixture was stirred vigorously for 30 min. The organic layer 

was separated and the aqueous phase was extracted with DCM (3 x). The combined 

organic layers were dried over MgSO4 and concentrated. The crude product was purified 

by silica gel flash column chromatography (10% EtOAc in hexanes) to give 419 mg ɓ-

keto nitrile 1a (97% yield) as a clear colorless oil.   
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 Following a published protocol21. A 2-neck round bottom flask equipped with a 

reflux condenser, rubber septum, stir bar, and three-way gas inlet connected to a bubbler 

and a balloon of argon was charged with phenylacetonitrile (3.46 mL, 3.512 g, 30 mmol) 

and the vessel was flushed with argon. Anhydrous PhMe (30 mL) was added and the 

solution was cooled to 0 °C. NaH (60% in mineral oil, 1.32 g, 33 mmol) was added and 

the resulting slurry was warmed to room temperature, allowing the evolved hydrogen gas 

to flow through the bubbler. After 30 min, a solution of EtOAc (5.86 mL, 5.286 g, 60 

mmol) in PhMe (10 mL) was added via cannula and the reaction was stirred at reflux 

until complete consumption of starting material monitoring by TLC (1.5 h). The reaction 

was cooled to room temperature and carefully poured into water (100 mL) and 

neutralized to pH 7 with 6 N aqueous H2SO4. The product was extracted with EtOAc (3 

x) and the combined organic layers were washed with saturated aqueous NaHCO3 (1 x), 

brine (1 x), dried over Na2SO4 and concentrated. The crude product was purified by silica 

gel flash column chromatography (20% EtOAc in hexanes) to give 4.171 g of ɓ-keto 

nitrile 1b (87% yield) as a white crystalline solid: m.p. 88ï91 °C; Rf = 0.20 (20% EtOAc 

in hexanes). 1H NMR (600 MHz, CDCl3) ŭ 7.46 ï 7.39 (m, 5H), 4.69 (s, 1H), 2.26 (s, 

3H); 13C NMR (150 MHz, CDCl3) ŭ 196.4, 129.7, 129.6, 129.3, 127.9, 116.1, 51.5, 26.9; 

IR (neat, cm-1) 3055, 2217, 1637, 1389, 1365, 760, 689; HRMS (ESI+) m/z calcd for 
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C10H10NO+ [M+H] +: 160.0757; found: 160.0762. Characterization data agrees with 

published spectra38.   
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 To a solution of (bromomethyl)cyclohexane (4.19 mL, 5.317 g, 30 mmol) and 

spatula tip of TBAI in anhydrous DMF (8.4 mL) was added NaCN (4.410 g, 90 mmol) 

and the resulting mixture was stirred at 60 °C under an argon atmosphere. The reaction 

was monitored by 1H NMR analysis of aliquots taken periodically. After all starting 

material was consumed (24 h), the reaction was cooled to room temperature, poured into 

water (50 mL), and extracted with Et2O (4 x). The combined organic layers were washed 

with water (3 x), brined, dried over Na2SO4 and concentrated to give crude 

cyclohexylacetonitrile as a clear colorless oil. The crude material showed minimal 

impurities and matched the published 1H NMR spectrum39. 

 A flame-dried 2-neck round bottom flask equipped with a magnetic stir bar, three-

way gas inlet, and rubber septum was charged with i-Pr2NH (6.82 mL, 4.924 g, 48.7 

mmol), dissolved in anhydrous THF (48.7 mL), and cooled to -84 °C. n-BuLi (2.4 M in 

hexane, 19.35 mL) was added by syringe and the resulting solution was stirred at 0 °C for 

30 min. The mixture was again cooled to -84 °C and a solution of cyclohexylacetonitrile 

(3.696 g, 30 mmol) in THF (30 mL) was added via cannula. The resulting mixture was 

stirred at -84 °C for 1 h before a solution of EtOAc (8.94 mL, 8.064 g, 90 mmol) in THF 

(30 mL) was added via cannula and the reaction was gradually warmed to room 

temperature and stirred for 1 day. The reaction was quenched with saturated aqueous 

NH4Cl and extracted with Et2O (3 x) and the combined organic layers were dried over 
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Na2SO4 and concentrated. The crude product was purified by silica gel flash column 

chromatography (10% EtOAc in hexanes) to give 3.359 g of ɓ-keto nitrile 1c (67% yield 

over 2 steps) as a clear colorless oil: Rf = 0.40 (20% EtOAc in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 3.30 (d, J = 5.6 Hz, 1H), 2.36 (s, 1H), 2.07 ï 2.01 (m, 1H), 1.81 ï 1.78 

(m, 2H), 1.74 ï 1.66 (m, 3H), 1.31 ï 1.17 (m, 5H); 13C NMR (150 MHz, CDCl3) ŭ 199.1, 

116.7, 51.6, 38.1, 31.3, 29.3, 29.1, 25.8, 25.6, 25.4; IR (neat, cm-1) 2931, 2856, 2545, 

1724, 1450, 1362, 1171; HRMS (ESI+) m/z calcd for C10H16NO+ [M+H] +: 166.1226; 

found: 166.1226.   
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 To a solution of cyclohexanoic acid (10.027 g, 78.05 mmol) in methanol (58.5 

mL) was added conc. H2SO4 (3.9 mL, 7.14 g, 72.8 mmol) and the resulting mixture was 

refluxed overnight. The reaction was cooled to room temperature and the solvent was 

removed by rotary evaporation. The resulting oil was taken up in EtOAc, washed with 

saturated aqueous NaHCO3 (3 x), brine, dried over Na2SO4 and concentrated to give 

crude methyl cyclohexanoate as a clear colorless and volatile oil with a sweet aroma 

which was used without further purification. 

 See procedure A (page 30) for 1a: Methyl cyclohexanoate (4.085 g, 30 mmol); 

butyronitrile (5.22 mL, 4.144 g, 60 mmol); t-BuOK (7.406 g, 66 mmol); THF (30 mL); 

purification by silica gel flash column chromatography (10% EtOAc in hexanes) gave 

3.873 g of ɓ-keto nitrile 1d (72% yield) as a clear colorless oil: Rf = 0.60 (20% EtOAc in 

hexanes); 1H NMR (600 MHz, CDCl3) ŭ 3.46 (dd, J = 8.1, 5.3 Hz, 1H), 2.72 (tt, J = 11.2, 

3.4 Hz, 1H), 1.96 ï 1.84 (m, 4H), 1.81 ï 1.77 (m, 2H), 1.70 ï 1.66 (m, 1H), 1.40 ï 1.17 

(m, 5H), 1.07 (t, J = 7.4 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 203.8, 117.5, 49.2, 

43.7, 28.5, 28.3, 25.5, 25.3, 25.2, 22.5, 11.4; IR (neat, cm-1) 2934, 2857, 2244, 1721, 

1451; HRMS (ESI+) m/z calcd for C11H18NO+ [M+H] +: 180.1383; found: 180.1376.   
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 See procedure A (page 30) for 1a: Methyl pivalate (2.323 g, 20 mmol); 

butyronitrile (3.48 mL, 2.763 g, 40 mmol); t-BuOK (2.469 g, 22 mmol); performed neat 

at 70 °C for 1 day; purification by silica gel flash column chromatography (5% EtOAc in 

hexanes) gave 1.274 g of ɓ-keto nitrile 1e as a clear colorless oil: Rf = 0.50 (20% EtOAc 

in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 3.74 (dd, J = 8.1, 6.5 Hz, 1H), 1.96 ï 1.84 (m, 

2H), 1.24 (s, 9H), 1.07 (t, J = 7.4 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 205.5, 117.4, 

45.4, 38.5, 26.0, 23.6, 11.7; IR (neat, cm-1) 2975, 2242, 1720, 1480, 1463, 1370, 1053, 

995; HRMS (ESI+) m/z calcd for C9H16NO+ [M+H] +: 154.1226; found: 154.1226.   
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See procedure A (page 30) for 1a: Methyl cinnamate (3.524 g, 20.0 mmol); butyronitrile 

(2.61 mL, 2.072 g, 30.0 mmol), t-BuOK (2.468 g, 22.0 mmol); THF (20 mL); 15 min at 

room temperature; purification by silica gel flash column chromatography (10% EtOAc 

in hexanes) gave 1.041 g of ɓ-keto nitrile 1f (26% yield) as a clear colorless oil: Rf = 0.50 

(20% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.75 (d, J = 15.8 Hz, 1H), 7.59 

(d, J = 7.0 Hz, 2H), 7.46 ï 7.36 (m, 3H) 7.00 (d, J = 15.8 Hz, 1H), 3.67 (dd, J = 7.8, 5.8 

Hz, 1H), 2.07 ï 1.95 (m, 2H), 1.14 (t, J = 7.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 

189.7, 146.4, 133.5, 131.4, 129.0, 128.8, 121.1, 117.5, 44.6, 23.0, 11.3; IR (neat, cm-1) 

3062, 3030, 2976, 2247, 1732, 1610, 1451, 1179, 1075, 758, 702; HRMS (ESI+) m/z 

calcd for C13H14NO+ [M+H] +: 200.1070; found: 200.1072.   
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 See procedure A (page 30) for 1a: Methyl benzoate (5.441 g, 40.0 mmol); 

butyronitrile (7.0 mL, 5.558 g, 80 mmol); t-BuOK (8.977 g, 80 mmol); THF (80 mL); 1.5 

h at 70 °C; purification by silica gel flash column chromatography (10% EtOAc in 

hexanes) gave 6.481 g of a mixture of keto and enol forms of ɓ-keto nitrile 1g (94% 

yield) as a clear colorless oil: Rf = 0.30 (20% EtOAc in hexanes); 1H NMR (600 MHz, 

CDCl3, keto tautomer) ŭ 7.97 (d, J = 7.0 Hz, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.53 (t, J = 7.9 

Hz, 2H), 4.30 (dd, J = 8.2, 5.6 Hz, 1H), 2.13 ï 2.00 (m, 2H), 1.17 (t, J = 7.4 Hz, 3H); 13C 

NMR (150 MHz, CDCl3, keto tautomer) ŭ 190.7, 134.4, 130.2, 129.1, 128.7, 117.2, 41.5, 

23.5, 11.5; IR (neat, cm-1) 3064, 2976, 2249, 1693, 1597, 1449, 1232, 695; HRMS (ESI+) 

m/z calcd for C11H12NO+ [M+H] +: 174.0913; found: 174.0907.   
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 See procedure (page 32) for 1b: Methyl benzoate (6.44 mL, 6.762 g, 45.0 mmol); 

phenylacetonitrile (3.46 mL, 3.512 g, 30.0 mmol); NaH (60% in mineral oil, 1.320 g, 33 

mmol); PhMe (30 mL; 10 mL); purification by silica gel flash column chromatography 

(15% EtOAc in hexanes) gave 5.218 g of a mixture of keto and enol forms of ɓ-keto 

nitrile 1h as a white crystalline solid: m.p. 93ï96 °C; Rf = 0.30 (20% EtOAc in hexanes); 

1H NMR (600 MHz, CD3OD, enol tautomer) ŭ 7.99 (d, J = 7.7 Hz, 1H), 7.79 (d, J = 7.7 

Hz, 2H), 7.65 (d, J = 7.7 Hz, 2H), 7.52 ï 7.49 (m, 2H), 7.39 ï 7.36 (m, 3H); 13C NMR 

(150 MHz, CD3OD, enol tautomer) ŭ 169.3, 131.6, 130.6, 130.4, 130.0, 129.6, 129.5, 

129.4, 128.9, 128.0, 90.1; IR (neat, cm-1) 3063, 2251, 1694, 1596, 1495, 1449, 1229, 940, 

752, 695; HRMS (ESI+) m/z calcd for C15H12NO+ [M+H] +: 222.0913; found: 222.0919.  

Characterization data agrees with the literature40.   
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 To a vigorously stirred solution of acetoacetamide (20.016 g, 197.8 mmol) and 

iodoethane (23.86 mL, 46.29 g, 296.8 mmol) in dry acetone (198 mL) under an argon 

atmosphere was added anhydrous K2CO3 (54.682 g, 395.6 mmol) and the resulting slurry 

was refluxed for 1 day. The reaction was cooled to room temperature, filtered, washed 

with DCM, and the filtrate was concentrated by rotary evaporation. The crude product 

was purified by silica gel flash column chromatography (50% EtOAc in hexanes) to give 

20.973 g of ɓ-keto amide 2a (82% yield) as a fluffy white solid: m.p. 98ï99 °C; Rf = 0.50 

(EtOAc); 1H NMR (600 MHz, CDCl3) ŭ 6.33 (br, 1H), 5.67 (br, 1H), 3.33 (t, J = 7.3 Hz, 

1H), 2.26 (s, 3H), 1.97 ï 1.83 (m, 2H), 0.96 (t, J = 7.5 Hz, 3H); 13C NMR (150 MHz, 

CDCl3) ŭ 207.4, 170.8, 62.3, 29.7, 24.1, 11.8; IR (neat, cm-1) 3383, 3185, 2965, 1714, 

1651, 1404, 1171, 1110; HRMS (ESI+) m/z calcd for C6H12NO2
+ [M+H] +: 130.0863; 

found: 130.0857.   
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 To a round bottom flask equipped with a stir bar charged with ɓ-keto nitrile 1b 

(502 mg, 3.15 mmol) was added conc. H2SO4 (1.58 mL, 0.5 mL/mmol) and the resulting 

biphasic mixture was heated to 60 °C and stirred vigorously. The reaction was monitored 

by TLC and 1b was completely consumed after 30 min. The homogeneous amber-

colored mixture was cooled to room temperature, poured into water (30 mL), and the 

solution was basified by careful addition of solid Na2CO3. The mixture was extracted 

with EtOAc (4 x) and the combined organic layers were dried over Na2SO4 and 

concentrated. The crude product was purified by silica gel flash column chromatography 

(5% MeOH in DCM) to give 439 mg of a mixture of keto and enol forms of ɓ-keto amide 

2b (78% yield) as a white crystalline solid: m.p. 130ï132 °C; Rf = 0.50 (5% MeOH in 

DCM); 1H NMR (600 MHz, CDCl3, enol tautomer) ŭ 7.44 ï 7.30 (m, 5H), 5.19 (br, 1H), 

5.04 (br, 1H), 2.24 (s, 1H), 1.78 (s, 3H); 13C NMR (150 MHz, CDCl3, enol tautomer) ŭ 

174.3, 172.9, 131.4, 129.4, 129.2, 128.5, 104.0, 19.9; IR (neat, cm-1) 3425, 3164, 3061, 

1718, 1651, 1638, 1384, 1290, 1156, 695; HRMS (ESI+) m/z calcd for C10H12NO2
+ 

[M+H] +: 178.0863; found: 178.0858.  Characterization data agrees with literature 

reports41.   
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 See procedure (page 42) for 2b: ɓ-Keto nitrile 1c (1.003 g, 6.071 mmol); conc. 

H2SO4 (3.04 mL, 0.5 mL/mmol); purification by silica gel flash column chromatography 

(50% EtOAc in hexanes) gave 957 mg of ɓ-keto amide 2c (86% yield) as a white 

crystalline solid: m.p. 196ï198 °C; Rf = 0.30 (50% EtOAc in hexanes); 1H NMR (600 

MHz, CD3OD) ŭ 3.19 (d, J = 10.3 Hz, 1H), 2.19 (s, 3H), 2.06 (qt, J = 11.1, 3.4 Hz, 1H), 

1.74 ï 1.64 (m, 4H), 1.60 (d, J = 13.0 Hz, 1H), 1.34 ï 1.25 (m, 2H), 1.18 (qt, J = 13.0, 

3.4 Hz, 1H), 1.03 ï 0.90 (m, 2H); 13C NMR (150 MHz, CD3OD) ŭ 206.7, 173.2, 68.9, 

39.0, 32.2, 31.6, 29.5, 27.3, 27.1, 27.0; IR (neat, cm-1) 3368, 3185, 2916, 2849, 1715, 

1652, 1404; HRMS (ESI+) m/z calcd for C10H18NO2
+ [M+H] +: 184.1332; found: 

184.1335.   
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 See procedure (page 42) for 2b: ɓ-Keto nitrile 1d (1.548 g, 8.634 mmol); conc. 

H2SO4 (4.32 mL, 0.5 mL/mmol); purification by silica gel flash column chromatography 

(40% EtOAc in hexanes) gave 1.494 g of ɓ-keto amide 2d (88% yield) as a white 

crystalline solid: m.p. 135ï137 °C; Rf = 0.40 (50% EtOAc in hexanes); 1H NMR (600 

MHz, CD3OD) ŭ 3.51 (dd, J = 8.1, 6.6 Hz, 1H), 2.60 (tt, J = 11.3, 3.3 Hz, 1H), 1.97 ï 

1.55 (m, 7H), 1.41 ï 1.15 (m, 5H), 0.89 (t, J = 7.4 Hz, 3H); 13C NMR (150 MHz, 

CD3OD) ŭ 211.1, 174.4, 61.2, 51.3, 30.1, 29.4, 26.9, 26.8, 26.5, 23.3, 12.3; IR (neat, cm-

1) 3391, 3191, 2931, 2854, 1705, 1652, 1448, 1397, 647; HRMS (ESI+) m/z calcd for 

C11H20NO2
+ [M+H] +: 198.1489; found: 198.1485.   
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See procedure (page 42) for 2b: ɓ-Keto nitrile 1e (1.217 g, 7.94 mmol); conc. 

H2SO4 (3.97 mL, 0.5 mL/mmol); purification by silica gel flash column chromatography 

(30% EtOAc in hexanes) gave 1.210 g of ɓ-keto amide 2e (89% yield) as a white 

crystalline solid: m.p. 145ï147 °C; Rf = 0.20 (20% acetone in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 6.31 (br, 1H), 5.26 (br, 1H), 3.80 (dd, J = 7.5, 3.7 Hz, 1H), 1.91ï1.79 (m, 

2H), 1.17 (s, 9H), 0.96 (t, J = 7.4 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 215.5, 171.1, 

56.9, 45.7, 27.0, 25.5, 12.3; IR (neat, cm-1) 3405, 3189, 2966, 1703, 1656, 1386, 1123; 

HRMS (ESI+) m/z calcd for C9H18NO2
+ [M+H] +: 172.1332; found: 172.1327. 

.   
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 See procedure (page 42) for 2b: ɓ-Keto nitrile 1f (337 mg, 1.69 mmol); conc. 

H2SO4 (850 µL, 0.5 mL/mmol); purification by silica gel flash column chromatography 

(40% EtOAc in hexanes) gave 292 mg of ɓ-keto amide 2f (79% yield) as a white 

crystalline solid: m.p. 151ï154 °C; Rf = 0.35 (50% EtOAc in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 7.70 (d, J = 16.1 Hz, 1H), 7.58 ï 7.55 (m, 2H), 7.41 ï 7.38 (m, 3H), 6.91 

ï 6.82 (d, J = 16.1 Hz, 1H), 6.54 (br, 1H), 5.64 (br, 1H), 3.69 (dd, J = 7.3, 3.7 Hz, 1H), 

2.05 ï 1.93 (m, 2H), 1.00 (t, J = 7.4 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 198.4, 

171.4, 145.1, 134.1, 131.0, 129.0, 128.7, 124.9, 60.0, 25.1, 11.8; IR (neat, cm-1) 3401, 

3195, 2960, 1684, 1645, 1611; HRMS (ESI+) m/z calcd for C13H16NO2
+ [M+H] +: 

218.1176; found: 218.1170.   
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 See procedure (page 42) for 2b: ɓ-Keto nitrile 1g (1.732 g, 10.0 mmol); conc. 

H2SO4 (5.0 mL, 0.5 mL/mmol); purification by silica gel flash column chromatography 

(30% acetone in hexanes) gave 1.800 g of ɓ-keto amide 2g (94% yield) as a white 

crystalline solid: m.p. 156ï157 °C; Rf = 0.30 (50% EtOAc in hexanes); 1H NMR (600 

MHz, CD3OD) ŭ 8.02 (d, J = 7.3 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.7 Hz, 

2H), 4.28 (dd, J = 7.9, 6.5 Hz, 1H), 2.05 ï 1.87 (m, 2H), 1.00 (t, J = 7.4 Hz, 3H); 13C 

NMR (150 MHz, CD3OD) ŭ 198.0, 174.7, 138.0, 134.6, 129.8, 129.5, 57.8, 24.2, 12.4; IR 

(neat, cm-1) 3397, 3172, 2966, 1683, 1650, 1398, 1215, 688; HRMS (ESI+) m/z calcd for 

C11H14NO2
+ [M+H] +: 192.1019; found: 192.1011. Characterization data agrees with the 

literature42.   
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 See procedure (page 42) for 2b: ɓ-Keto nitrile 1h (1.503 g, 6.793 mmol); conc. 

H2SO4 (3.4 mL, 0.5 mL/mmol); purification by silica gel flash column chromatography 

(30% acetone in hexanes) gave 1.518 g of ɓ-keto amide 2h (94% yield) as a white 

crystalline solid: m.p. 179ï181 °C; Rf = 0.20 (50% EtOAc in hexanes); 1H NMR (600 

MHz, CD3OD) ŭ 8.01 (d, J = 7.7 Hz, 1H), 7.57 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.7 Hz, 

1H), 7.40 (d, J = 7.6 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.29 (d, J = 7.4 Hz, 1H), 5.73 (s, 

1H); 13C NMR (150 MHz, CD3OD) ŭ 196.4, 173.5, 135.9, 134.6, 133.3, 130.5, 129.8, 

129.8, 128.9, 128.5, 61.7; IR (neat, cm-1) 3401, 3174, 3090, 1687, 1651, 1392, 1206, 709, 

684; HRMS (ESI+) m/z calcd for C15H14NO2
+ [M+H] +: 240.1019; found: 240.1016.   
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 To a stirred solution of ɓ-keto nitrile 1a (111 mg, 1.0 mmol) and TBSCl (226 mg, 

1.5 mmol) in anhydrous DCM (5.0 mL) cooled to 0 °C was added DBU (220 µL, 224 

mg, 1.5 mmol) dropwise over 5 minutes and the reaction was stirred at 0 °C and 

monitored by TLC. After 30 minutes when all starting material was consumed, saturated 

aqueous NaHCO3 (5 mL) was added and the mixture was stirred for 5 minutes. The 

organic layer was separated and the aqueous phase was extracted with DCM (3 x). The 

combined organic layers were dried over Na2SO4 and concentrated. A sample of the 

crude material was analyzed by 1H NMR and HPLC to determine the E/Z ratio of 3a 

which was found to be 96:4. Purification by silica gel flash column chromatography (1% 

Et2O in hexanes) gave 203 mg of 3a (90% yield) as a volatile clear colorless oil: Rf = 

0.40 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 2.16 (q, J = 7.5 Hz, 2H), 

2.11 (s, 3H), 1.04 (t, J = 7.5 Hz, 3H), 0.92 (s, 9H), 0.19 (s, 6H); 13C NMR (150 MHz, 

CDCl3) ŭ 162.8, 120.7, 96.1, 25.4, 21.7, 19.8, 18.1, 12.6, -3.7; IR (neat, cm-1) 2958, 2932, 

2860, 2203, 1632, 1472, 1385, 1330, 1292, 1209, 1004, 829, 784; HRMS (ESI+) m/z 

calcd for C12H24NOSi+ [M+H] +: 226.1622; found: 226.1614.   
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 See procedure (page 49) for 3a: ɓ-Keto nitrile 1b (161 mg, 1.0 mmol); TBSCl 

(233 mg, 1.5 mmol); DBU (220 µL, 224 mg, 1.5 mmol); DCM (5.0 mL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 263 mg of ɓ-

siloxyacrylonitrile 3b (95% yield) as a clear colorless oil with a E/Z ratio of 98:2: Rf = 

0.60 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.50 (d, J = 7.1 Hz, 2H), 

7.32 (t, J = 7.8 Hz, 2H), 7.24 (t, J = 7.4 Hz, 1H), 2.35 (s, 3H), 0.81 (s, 9H), 0.12 (s, 6H); 

13C NMR (150 MHz, CDCl3) ŭ 164.8, 132.1, 128.6, 128.1, 127.3, 120.4, 96.1, 25.3, 23.1, 

18.1, -3.7; IR (neat, cm-1) 3059, 2956, 2931, 2860, 2208, 1605, 1473, 1383, 1324, 1257, 

1027, 932, 826, 697; HRMS (ESI+) m/z calcd for C16H24NOSi+ [M+H] +: 274.1622; 

found: 274.1622.   
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 See procedure (page 49) for 3a: ɓ-Keto nitrile 1c (167 mg, 1.0 mmol); TBSCl 

(234 mg, 1.5 mmol); DBU (220 µL, 224 mg, 1.5 mmol); DCM (5.0 mL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 258 mg of ɓ-

siloxyacrylonitrile 3c (91% yield) as a clear colorless oil with a E/Z ratio of 97:3: Rf = 

0.50 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 2.50 (tt, J = 11.9, 3.5 Hz, 

1H), 2.10 (s, 3H), 1.75 ï 173 (m, 2H), 1.64 ï 1.58 (m, 3H), 1.33 ï 1.12 (m, 5H), 0.94 (s, 

9H), 0.19 (s, 6H); 13C NMR (150 MHz, CDCl3) ŭ 162.0, 119.8, 101.0, 34.7, 31.4, 26.2, 

25.5, 25.4, 21.8, 18.1, -3.7; IR (neat, cm-1) 2930, 2856, 2203, 1713, 1626, 1383, 1016, 

828, 784; HRMS (ESI+) m/z calcd for C16H30NOSi+ [M+H] +: 280.2091; found: 280.2087.   
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 See procedure (page 49) for 3a: ɓ-Keto nitrile 1d (184 mg, 1.0 mmol); TBSCl 

(237 mg, 1.5 mmol); DBU (220 µL, 224 mg, 1.5 mmol); DCM (2.0 mL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 281 mg of ɓ-

siloxyacrylonitrile 3d (94% yield) as a clear colorless oil with a E/Z ratio of >99:1: Rf = 

0.40 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 2.55 (tt, J = 12.2, 3.5 Hz, 

1H), 2.09 (q, J = 7.5 Hz, 2H), 1.73 (dt, J = 13.4, 3.3 Hz, 2H), 1.68 ï 1.60 (m, 3H), 1.51 

(qd, J = 12.8, 3.6 Hz, 2H), 1.23 (qt, J = 12.8, 3.3 Hz, 2H), 1.11 (qt, J = 13.4, 3.5 Hz, 1H), 

1.01 (t, J = 7.5 Hz, 3H), 0.92 (s, 9H), 0.16 (s, 6H); 13C NMR (150 MHz, CDCl3) ŭ 170.6, 

120.1, 94.4, 45.1, 29.5, 25.9, 25.7, 25.4, 20.4, 18.5, 12.6, -3.3; IR (neat, cm-1) 2933, 2859, 

2204, 1629, 1388, 1010, 829; HRMS (ESI+) m/z calcd for C17H32NOSi+ [M+H] +: 

294.2248; found: 294.2245.   
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 See procedure (page 49) for 3a: ɓ-Keto nitrile 1e (154 mg, 1.0 mmol); TBSCl 

(230 mg, 1.5 mmol); DBU (220 µL, 224 mg, 1.5 mmol); DCM (5.0 mL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 261 mg of ɓ-

siloxyacrylonitrile 3e (97% yield) as a clear colorless oil with a E/Z ratio of >99:1: Rf = 

0.40 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 2.09 (q, J = 7.5 Hz, 2H), 

1.22 (s, 9H), 0.98 (t, J = 7.5 Hz, 3H), 0.89 (s, 9H), 0.14 (s, 6H); 13C NMR (150 MHz, 

CDCl3) ŭ 173.0, 119.9, 94.0, 38.3, 29.0, 25.9, 22.4, 18.7, 12.5, -2.8; IR (neat, cm-1) 2961, 

2861, 2205, 1592, 1473, 1267. 1178, 834, 781; HRMS (ESI+) m/z calcd for C15H30NOSi+ 

[M+H] +: 268.2091; found: 268.2087.   
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 See procedure (page 49) for 3a: ɓ-Keto nitrile 1f (197 mg, 1.0 mmol); TBSCl 

(240 mg, 1.5 mmol); DBU (220 µL, 224 mg, 1.5 mmol); DCM (10.0 mL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 275 mg of ɓ-

siloxyacrylonitrile 3f (89% yield) as a clear colorless oil with a E/Z ratio of 97:3: Rf = 

0.60 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.48 (d, J = 7.2 Hz, 2H), 

7.37 (t, J = 7.6 Hz, 2H), 7.32 (t, J = 7.4 Hz, 1H), 7.18 (d, J = 15.8 Hz, 1H), 6.98 (d, J = 

15.8 Hz, 1H), 2.32 (q, J = 7.5 Hz, 2H), 1.16 (t, J = 7.5 Hz, 3H), 1.06 (s, 9H), 0.20 (s, 6H); 

13C NMR (150 MHz, CDCl3) ŭ 160.8, 135.2, 135.2, 129.1, 128.8, 127.2, 122.2, 119.8, 

100.1, 25.7, 20.8, 18.5, 12.5, -3.5; IR (neat, cm-1) 3027, 2957, 2859, 2202, 1627, 1567, 

1331, 1199, 1016, 826; HRMS (ESI+) m/z calcd for C19H28NOSi+ [M+H] +: 314.1935; 

found: 314.1946.   
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 See procedure (page 49) for 3a: ɓ-Keto nitrile 1g (171 mg, 1.0 mmol); TBSCl 

(238 mg, 1.5 mmol); DBU (220 µL, 224 mg, 1.5 mmol); DCM (5.0 mL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 265 mg of ɓ-

siloxyacrylonitrile 3g (93% yield) as a clear colorless oil with a E/Z ratio of >99:1: Rf = 

0.50 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.49 (m, 2H), 7.42 ï 7.35 

(m, 3H), 2.38 (q, J = 7.6 Hz, 2H), 1.18 (t, J = 7.6 Hz, 3H), 0.94 (s, 9H), -0.14 (s, 6H); 13C 

NMR (150 MHz, CDCl3) ŭ 163.9, 136.0, 130.0, 128.4, 128.2, 120.4, 97.8, 25.4, 21.0, 

18.2, 12.5, -4.2; IR (neat, cm-1) 3061, 2958, 2860, 2208, 1644, 1329, 1265, 1153, 834; 

HRMS (ESI+) m/z calcd for C17H26NOSi+ [M+H] +: 288.1778; found: 288.1769.   
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 See procedure (page 49) for 3a: ɓ-Keto nitrile 1h (220 mg, 1.0 mmol); TBSCl 

(240 mg, 1.5 mmol); DBU (220 µL, 224 mg, 1.5 mmol); DCM (5.0 mL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 307 mg of ɓ-

siloxyacrylonitrile 3h (92% yield) as a clear colorless oil with a E/Z ratio of >99:1: Rf = 

0.30 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.72 ï 7.64 (m, 4H), 7.48 ï 

7.45 (m, 3H), 7.39 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 0.77 (s, 9H), -0.26 (s, 

6H); 13C NMR (150 MHz, CDCl3) ŭ 165.0, 136.3, 132.4, 130.4, 129.1, 128.6, 128.3, 

128.2, 127.8, 120.3, 97.0, 25.4, 18.2, -4.2; IR (neat, cm-1) 3061, 2954, 2859, 2203, 1591, 

1446, 1255, 832, 784, 698; HRMS (ESI+) m/z calcd for C21H26NOSi+ [M+H] +: 336.1778; 

found: 336.1767.   
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 To a stirred suspension of ɓ-keto amide 2a (111 mg, 1.0 mmol) and TIPSCl (640 

µL, 578 mg, 3.0 mmol) in anhydrous DCM (5.0 mL) cooled to 0 °C was added DBU 

(370 µL, 381 mg, 2.5 mmol) dropwise over 5 min and the reaction was monitored using 

Et3N-treated TLC plates. The mixture was stirred at 0 °C until all material converged to 

4a (Rf = 0.80 using 5% EtOAc in hexanes). After 2 h, saturated aqueous NaHCO3 (5 mL) 

was added and the biphasic mixture was stirred for 5 minutes at room temperature. The 

organic phase was separated and the aqueous layer was extracted with DCM (3 x). The 

combined organic layers were dried over Na2SO4 and concentrated. The resulting residue 

was taken up in 5% EtOAc in hexanes and passed through a short pad of Et3N-treated 

silica gel. The filtrate was concentrated by rotary evaporation and placed on high vacuum 

for 5 min providing crude 4a as a clear colorless oil which was used without further 

purification. 

 Crude 4a was dissolved in anhydrous DCM (10.0 mL) and stirred at 0 °C before 

addition of pyridine (240 µL, 237 mg, 3.0 mmol) followed by Tf2O (340 µL, 564 mg, 2.0 

mmol) dropwise. The reaction was removed from the cooling bath and stirred at room 

temperature for 30 min when 4a was fully consumed, judged by TLC. Saturated aqueous 

NaHCO3 (5 mL) was carefully added and the biphasic mixture was stirred at room 

temperature for 30 min. The organic layer was removed, the aqueous phase was extracted 

with DCM (3 x), the combined organic layers were dried over Na2SO4 and concentrated. 
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A sample of the crude material was analyzed by 1H NMR and HPLC to determine the E/Z 

ratio of 5a which was found to be 1:>99. The crude product was purified by silica gel 

flash column chromatography (0.5% Et2O in hexanes) to give 256 mg of ɓ-

siloxyacrylonitrile 5a (96% yield) as a clear colorless oil: Rf = 0.40 (5% Et2O in 

hexanes); 1H NMR (600 MHz, CDCl3) ŭ 2.12 (q, J = 7.5 Hz, 1H), 1.95 (s, 3H), 1.27 ï 

1.19 (hept, J = 7.5 Hz, 3H), 1.13 ï 1.09 (m, 21 H); 13C NMR (150 MHz, CDCl3) ŭ 162.7, 

119.0, 94.3, 22.1, 19.1, 17.8, 13.4, 13.0; IR (neat, cm-1) 2946, 2869, 2209, 1628, 1463, 

1383, 1304, 1200, 984, 883, 747; HRMS (ESI+) m/z calcd for C15H30NOSi+ [M+H] +: 

268.2091; found: 268.2084.   
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 See procedure (page 57) for 5a: ɓ-Keto amide 2b (181 mg, 1.0 mmol); TIPSCl 

(640 µL, 578 mg, 3.0 mmol); DBU (370 µL, 381 mg, 2.5 mmol); Pyridine (240 µL, 237 

mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (5.0 mL; 10 mL); purification 

by silica gel flash column chromatography (1% Et2O in hexanes) gave 285 mg of ɓ-

siloxyacrylonitrile 5b (88% yield) as a clear colorless oil with a E/Z ratio of 1:>99: Rf = 

0.50 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.38 ï 7.34 (m, 2H), 7.30 ï 

7.27 (m, 3H), 2.06 (s, 3H), 1.35 ï 1.29 (hept, J = 7.6 Hz, 3H), 1.19 (d, J = 7.6 Hz, 18H); 

13C NMR (150 MHz, CDCl3) ŭ 165.6, 133.2, 129.3, 128.5, 127.6, 118.5, 95.8, 20.5, 17.8, 

13.0; IR (neat, cm-1) 3058, 2947, 2860, 2212, 1614, 1379, 1277, 1005, 882; HRMS 

(ESI+) m/z calcd for C19H30NOSi+ [M+H] +: 316.2091; found: 316.2087.   
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 See procedure (page 57) for 5a: ɓ-Keto amide 2c (183 mg, 1.0 mmol); TIPSCl 

(640 µL, 578 mg, 3.0 mmol); DBU (370 µL, 381 mg, 2.5 mmol); Pyridine (240 µL, 237 

mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (1.0 mL; 10 mL); purification 

by silica gel flash column chromatography (1% Et2O in hexanes) gave 262 mg of ɓ-

siloxyacrylonitrile 5c (82% yield) as a clear colorless oil with a E/Z ratio of 1:>99: Rf = 

0.70 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 2.08 (tt, J = 11.9, 3.6 Hz, 

1H), 1.96 (s, 3H), 1.78 ï 1.73 (m, 2H), 1.67 ï 1.58 (m, 3H), 1.38 (qd, J = 12.6, 3.1 Hz, 

2H), 1.28 ï 1.15 (m, 6H), 1.09 (d, J = 7.7 Hz, 18H); 13C NMR (150 MHz, CDCl3) ŭ 

161.9, 117.8, 99.6, 37.1, 31.9, 26.1, 25.3, 19.3, 17.8, 13.0; IR (neat, cm-1) 2929, 2867, 

2207, 1626, 1293, 1202, 1003, 883, 683; HRMS (ESI+) m/z calcd for C19H36NOSi+ 

[M+H] +: 322.2561; found: 322.2554.   
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 See procedure (page 57) for 5a: ɓ-Keto amide 2d (199 mg, 1.0 mmol); TIPSCl 

(640 µL, 578 mg, 3.0 mmol); DBU (370 µL, 381 mg, 2.5 mmol); Pyridine (240 µL, 237 

mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (2.0 mL; 10 mL); purification 

by silica gel flash column chromatography (1% Et2O in hexanes) gave 276 mg of ɓ-

siloxyacrylonitrile 5d (81% yield) as a clear colorless oil with a E/Z ratio of 1:>99: Rf = 

0.70 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 2.36 ï 2.30 (m, 1H), 2.10 (q, 

J = 7.5 Hz, 2H), 1.77 ï 1.61 (m, 7H), 1.24 ï 1.11 (m, 6H), 1.08 ï 0.94 (m, 21H); 13C 

NMR (150 MHz, CDCl3) ŭ 171.0, 120.4, 92.4, 46.2, 30.0, 26.2, 25.3, 20.7, 17.7, 13.6, 

12.4; IR (neat, cm-1) 2933, 2868, 2204, 1614, 1334, 1222, 883, 684; HRMS (ESI+) m/z 

calcd for C20H38NOSi+ [M+H] +: 336.2717; found: 336.2714.   
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 See procedure (page 57) for 5a: ɓ-Keto amide 2e (173 mg, 1.0 mmol); TIPSCl 

(640 µL, 578 mg, 3.0 mmol); DBU (370 µL, 381 mg, 2.5 mmol); Pyridine (240 µL, 237 

mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (neat; 10 mL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 247 mg of ɓ-

siloxyacrylonitrile 5e (79% yield) as a clear colorless oil with a E/Z ratio of 1:>99: Rf = 

0.80 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 1H NMR (600 MHz, cdcl3) 

ŭ 2.15 (q, J = 7.4 Hz, 2H), 1.34 (s, 9H), 1.27 ï 1.22 (hept, J = 7.6 Hz, 3H), 1.15 ï 1.07 

(m, 21H); 13C NMR (150 MHz, CDCl3) ŭ 174.2, 120.8, 92.3, 39.2, 29.6, 22.4, 18.0, 14.4, 

12.8; IR (neat, cm-1) 2965, 2870, 2204, 1588, 1285, 1198, 1017, 882, 785, 683; HRMS 

(ESI+) m/z calcd for C18H36NOSi+ [M+H] +: 310.2561; found: 310.2565.   
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 See procedure (page 57) for 5a: ɓ-Keto amide 2f (220 mg, 1.0 mmol); TIPSCl 

(640 µL, 578 mg, 3.0 mmol); DBU (370 µL, 381 mg, 2.5 mmol); Pyridine (240 µL, 237 

mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (5.0 mL; 10 mL); purification 

by silica gel flash column chromatography (1% Et2O in hexanes) gave 323 mg of ɓ-

siloxyacrylonitrile 5f (90% yield) as a clear colorless oil with a E/Z ratio of 1:>99: Rf = 

0.70 (10% Et2O in hexanes); 1H NMR (600 MHz, CDCl3)  7.46 (d, J = 7.3 Hz, 2H), 7.39 

(t, J = 7.3 Hz, 2H), 7.35 (d, J = 7.3 Hz, 1H), 7.11 (d, J = 15.7 Hz, 1H), 6.88 (d, J = 15.7 

Hz, 1H), 2.37 (q, J = 7.4 Hz, 2H), 1.43 (hept, J = 7.5 Hz, 3H), 1.23 ï 1.16 (m, 21H); 13C 

NMR (150 MHz, CDCl3) ŭ 160.2, 135.5, 134.8, 129.2, 128.9, 127.2, 122.7, 119.9, 97.3, 

22.2, 20.8, 17.9, 13.9; IR (neat, cm-1) 3060, 2946, 2868, 2203, 1625, 1579, 1495, 1463, 

1336, 1189, 1005, 883, 755, 687; HRMS (ESI+) m/z calcd for C22H34NOSi+ [M+H] +: 

356.2404; found: 356.2404.   
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 See procedure (page 57) for 5a: ɓ-Keto amide 2g (188 mg, 1.0 mmol); TIPSCl 

(640 µL, 578 mg, 3.0 mmol); DBU (370 µL, 381 mg, 2.5 mmol); Pyridine (240 µL, 237 

mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (5.0 mL; 10 mL); purification 

by silica gel flash column chromatography (1% Et2O in hexanes) gave 292 mg of ɓ-

siloxyacrylonitrile 5g (90% yield) as a clear colorless oil with a E/Z ratio of 1:>99: Rf = 

0.40 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.41 ï 7.36 (m, 3H), 7.33 ï 

7.28 (m, 2H), 2.06 (q, J = 7.4 Hz, 2H), 1.08 (t, J = 7.4 Hz, 3H), 1.05 ï 0.96 (m, 21H); 13C 

NMR (150 MHz, CDCl3) ŭ 163.4, 135.5, 129.7, 128.2, 128.0, 118.8, 96.6, 22.4, 17.6, 

13.6, 13.0; IR (neat, cm-1) 3061, 2946, 2868, 2210, 1615, 1597, 1463, 1319, 1161, 884, 

805, 703; HRMS (ESI+) m/z calcd for C20H32NOSi+ [M+H] +: 330.2248; found: 330.2245.   
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 See procedure (page 57) for 5a: ɓ-Keto amide 2h (238 mg, 1.0 mmol); TIPSCl 

(640 µL, 578 mg, 3.0 mmol); DBU (370 µL, 381 mg, 2.5 mmol); Pyridine (240 µL, 237 

mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (5.0 mL; 10 mL); purification 

by silica gel flash column chromatography (1% Et2O in hexanes) gave 264 mg of ɓ-

siloxyacrylonitrile 5h (71% yield) as a clear colorless oil with a E/Z ratio of 1:>99: Rf = 

0.40 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.34 ï 7.30 (m, 1H), 7.25 ï 

7.21 (m, 4H), 7.17 ï 7.12 (m, 3H), 7.09 ï 7.03 (m, 2H), 1.18 ï 1.12 (hept, J = 7.3 Hz, 

3H), 1.07 (d, J = 7.3 Hz, 18H); 13C NMR (150 MHz, CDCl3) ŭ 165.6, 135.5, 132.9, 

130.0, 129.5, 129.1, 128.3, 128.2, 127.2, 118.9, 97.0, 17.7, 13.3; IR (neat, cm-1) 3059, 

2946, 2868, 2212, 1590, 1446, 1329, 1265, 1159, 1012, 884, 784, 696; HRMS (ESI+) m/z 

calcd for C24H32NOSi+ [M+H] +: 378.2248; found: 378.2244.  
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 To a round bottom flask equipped with a stir bar charged with ɓ-keto nitrile 1a 

(113 mg, 1.0 mmol) was added anhydrous DCM (5.0 mL) followed by Et3N (210 µL, 152 

mg, 1.5 mmol) and NMI (120 µL, 123 mg, 1.5 mmol) and the resulting mixture was 

cooled to 0 °C. TsCl (286 mg, 1.5 mmol) was added in one portion and the reaction was 

stirred at 0 °C and monitored by TLC. After 30 min, 1a was fully consumed and the 

reaction was quenched with 1N aqueous H2SO4 (5 mL) and stirred for 5 min. The organic 

layer was removed and the aqueous phase was extracted with DCM (3 x). The combined 

organic layers were dried over Na2SO4 and concentrated. A sample of the crude material 

was analyzed by HPLC and 1H NMR to determine the E/Z ratio of 6a which was found to 

be >99:1. The product was identified in the HPLC UV-trace by correlation with the 

extracted ion count (EIC) of the product ion observed as [M+Na]+ (see page 159 for an 

example of the EIC for 6a). The crude product was purified by silica gel flash column 

chromatography (5% EtOAc in hexanes) to give 239 mg of ɓ-tosyloxyacrylonitrile 6a 

(88% yield) as a clear colorless oil: Rf = 0.20 (5% EtOAc in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 7.79 (d, J = 8.1 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 2.44 (s, 3H), 2.22 (d, J 

= 1.2 Hz, 3H), 2.06 (qt, J = 7.5, 1.2 Hz, 2H), 0.95 (t, J = 7.5 Hz, 3H); 13C NMR (150 

MHz, CDCl3) ŭ 157.4, 146.1, 132.7, 130.0, 127.8, 116.8, 109.0, 21.5, 20.9, 19.8, 11.9; IR 

(neat, cm-1) 3067, 2978, 2938, 2880, 2219, 1651, 1377, 1193, 1180, 1147, 1091, 976, 

925, 815, 745; HRMS (ESI+) m/z calcd for C13H16NO3S
+ [M+H] +: 266.0845; found: 

266.0838.   
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 See procedure (page 66) for 6a: ɓ-Keto nitrile 1b (157 mg, 1.0 mmol); Et3N (210 

µL, 152 mg, 1.5 mmol); NMI (120 µL, 123 mg, 1.5 mmol); TsCl (293 mg, 1.5 mmol); 

DCM (5.0 mL); purification by silica gel flash column chromatography (5% EtOAc in 

hexanes) gave 292 mg of ɓ-tosyloxyacrylonitrile 6b (94% yield) as a clear colorless oil 

with a E/Z ratio of >99:1: Rf = 0.30 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) 

ŭ 7.42 (d, J = 8.0 Hz, 2H), 7.24 ï 7.18 (m, 5H), 7.07 (d, J = 8.0 Hz, 2H), 2.57 (s, 3H), 

2.35 (s, 3H); 13C NMR (150 MHz, CDCl3) ŭ 158.4, 145.7, 131.7 129.5, 129.5, 128.7, 

128.5, 128.2, 127.7, 117.0, 107.3, 21.5, 21.0; IR (neat, cm-1) 3059, 2925, 2223, 1629, 

1597, 1494, 1446, 1375, 1202, 1172, 1089, 1014, 907, 814, 662; HRMS (ESI+) m/z calcd 

for C17H16NO3S
+ [M+H] +: 314.0845; found: 314.0841.   
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 See procedure (page 66) for 6a: ɓ-Keto nitrile 1c (166 mg, 1.0 mmol); Et3N (210 

µL, 152 mg, 1.5 mmol); NMI (120 µL, 123 mg, 1.5 mmol); TsCl (291 mg, 1.5 mmol); 

DCM (5.0 mL); purification by silica gel flash column chromatography (5% EtOAc in 

hexanes) gave 255 mg of ɓ-tosyloxyacrylonitrile 6c (79% yield) as a clear colorless oil 

with a E/Z ratio of >99:1: Rf = 0.30 (5% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) 

ŭ 7.78 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 2.42 (s, 3H), 2.25 ï 2.19 (m, 4H), 

1.66 ï 1.59 (m, 2H), 1.57 ï 1.52 (m, 1H), 1.31 ï 1.28 (m, 2H), 1.20 ï 1.14 (m, 2H), 1.07 

ï 0.99 (m, 3H); 13C NMR (150 MHz, CDCl3) ŭ 156.4, 146.0, 132.7, 130.0, 127.8, 116.1, 

113.4, 36.0, 30.6, 25.40, 25.0, 21.5, 20.0; IR (neat, cm-1) 3067, 2932, 2855, 2217, 1770, 

1644, 1597, 1450, 1378, 1378, 1091, 948, 815, 749; HRMS (ESI+) m/z calcd for 

C17H22NO3S
+ [M+H] +: 320.1315; found: 320.1303.   
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 See procedure (page 66) for 6a: ɓ-Keto nitrile 1d (182 mg, 1.0 mmol); Et3N (210 

µL, 152 mg, 1.5 mmol); NMI (120 µL, 123 mg, 1.5 mmol); TsCl (296 mg, 1.5 mmol); 

DCM (5.0 mL); purification by silica gel flash column chromatography (5% EtOAc in 

hexanes) gave 276 mg of ɓ-tosyloxyacrylonitrile 6d (82% yield) as a white crystalline 

solid with a E/Z ratio of >99:1: m.p. 50ï52 °C; Rf = 0.40 (5% EtOAc in hexanes); 1H 

NMR (600 MHz, CDCl3) ŭ 7.80 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 2.68 (tt, J = 

12.2, 3.1 Hz, 1H), 2.44 (s, 3H), 2.18 (q, J = 7.5 Hz, 2H), 1.77 ï 1.66 (m, 4H), 1.61 ï 1.54 

(m, 1H), 1.39 (qd, J = 13.4, 3.9 Hz, 2H), 1.19 (qt, J = 13.4, 3.9 Hz, 2H), 1.06 (t, J = 7.5 

Hz, 3H), 0.98 (qt, J = 13.1, 3.6 Hz, 1H); 13C NMR (150 MHz, CDCl3) ŭ 165.2, 145.6, 

133.5, 129.8, 127.5, 116.8, 108.4, 43.7, 29.4, 25.6, 25.1, 22.1, 21.5, 11.8; IR (neat, cm-1) 

3067, 2933, 2856, 2217, 1633, 1596, 1451, 1372, 1192, 1178, 996, 815, 765, 692; HRMS 

(ESI+) m/z calcd for C18H23NNaO3S
+ [M+Na]+: 356.1291; found: 356.1288.   
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 See procedure (page 66) for 6a: ɓ-Keto nitrile 1e (151 mg, 1.0 mmol); Et3N (210 

µL, 152 mg, 1.5 mmol); NMI (120 µL, 123 mg, 1.5 mmol); TsCl (290 mg, 1.5 mmol); 

DCM (5.0 mL); purification by silica gel flash column chromatography (5% EtOAc in 

hexanes) gave 177 mg of ɓ-tosyloxyacrylonitrile 6e (58% yield) as a white crystalline 

solid with a E/Z ratio of >99:1: m.p. 52ï55 °C; Rf = 0.30 (5% EtOAc in hexanes); 1H 

NMR (600 MHz, CDCl3) ŭ 7.82 (d, J = 8.1 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 2.46 (s, 

3H), 2.28 (q, J = 7.5 Hz, 2H), 1.29 (s, 9H), 1.11 (t, J = 7.5 Hz, 3H); 13C NMR (150 MHz, 

CDCl3) ŭ 168.3, 145.6, 133.7, 129.9, 127.6, 116.9, 108.7, 38.3, 28.9, 24.5, 21.6, 12.0; IR 

(neat, cm-1) 2974, 2879, 2216, 1597, 1366, 1066, 759, 665; HRMS (ESI+) m/z calcd for 

C16H22NO3S
+ [M+H] +: 308.1315; found: 308.1304.   
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 See procedure (page 66) for 6a: ɓ-Keto nitrile 1f (197 mg, 1.0 mmol); Et3N (210 

µL, 152 mg, 1.5 mmol); NMI (120 µL, 123 mg, 1.5 mmol); TsCl (298 mg, 1.5 mmol); 

DCM (5.0 mL); purification by silica gel flash column chromatography (5% EtOAc in 

hexanes) gave 311 mg of ɓ-tosyloxyacrylonitrile 6f (89% yield) as a white crystalline 

solid with a E/Z ratio of >99:1: m.p. 108ï110 °C; Rf = 0.30 (5% EtOAc in hexanes); 1H 

NMR (600 MHz, CDCl3) ŭ 7.87 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 7.31 ï 7.29 

(m, 3H), 7.22 ï 7.15 (m, 2H), 7.01 (d, J = 15.8 Hz, 1H), 6.45 (d, J = 15.8 Hz, 1H), 2.45 ï 

2.38 (m, 5H), 1.19 (t, J = 7.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 156.1, 146.2, 

137.4, 134.5, 133.1, 130.1, 129.6, 128.7, 128.4, 127.4, 118.5, 117.1, 110.0, 22.4, 21.6, 

12.1; IR (neat, cm-1) 3056, 2979, 2879, 2211, 1625, 1449, 1381, 1192, 1179, 986, 760, 

691; HRMS (ESI+) m/z calcd for C20H20NO3S
+ [M+H] +: 354.1158; found: 354.1154.   
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 See procedure (page 66) for 6a: ɓ-Keto nitrile 1g (175 mg, 1.0 mmol); Et3N (210 

µL, 152 mg, 1.5 mmol); NMI (120 µL, 123 mg, 1.5 mmol); TsCl (298 mg, 1.5 mmol); 

DCM (10.0 mL); purification by silica gel flash column chromatography (5% EtOAc in 

hexanes) gave 267 mg of ɓ-tosyloxyacrylonitrile 6g (81% yield) as a white crystalline 

solid with a E/Z ratio of >99:1: m.p. 78ï80 °C; Rf = 0.20 (5% EtOAc in hexanes); 1H 

NMR (600 MHz, CDCl3) ŭ 7.43 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 7.30 ï 7.24 

(m, 1H), 7.18 ï 7.15 (m, 2H), 7.11 ï 7.06 (m, 2H), 2.46 (q, J = 7.5 Hz, 2H), 2.31 (s, 3H), 

1.18 (t, J = 7.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 157.2, 145.5, 132.5, 130.9, 

130.4, 129.4, 128.3, 127.9, 127.8, 117.2, 109.4, 22.5, 21.3, 11.9; IR (neat, cm-1) 3065, 

2979, 2879, 2216, 1627, 1597, 1446, 1384, 1192, 1178, 1022, 815, 778, 753, 694; HRMS 

(ESI+) m/z calcd for C18H18NO3S
+ [M+H] +: 328.1002; found: 328.1001.   
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 See procedure (page 66) for 6a: ɓ-Keto nitrile 1h (223 mg, 1.0 mmol); Et3N (210 

µL, 152 mg, 1.5 mmol); NMI (120 µL, 123 mg, 1.5 mmol); TsCl (291 mg, 1.5 mmol); 

DCM (5.0 mL); purification by silica gel flash column chromatography (5% EtOAc in 

hexanes) gave 360 mg of ɓ-tosyloxyacrylonitrile 6h (95% yield) as a white crystalline 

solid with a E/Z ratio of >99:1: m.p. 139ï141 °C; Rf = 0.10 (5% EtOAc in hexanes); 1H 

NMR (600 MHz, CDCl3) ŭ 7.66 (d, J = 7.7 Hz, 2H), 7.56 (dd, J = 6.7, 3.0 Hz, 2H), 7.45 

(t, J = 7.2 Hz, 1H), 7.39 ï 7.33 (m, 5H), 7.29 (d, J = 8.1 Hz, 2H), 7.03 (d, J = 8.1 Hz, 

2H), 2.35 (s, 3H); 13C NMR (150 MHz, CDCl3) ŭ 157.6, 145.5, 132.4, 131.6, 131.2, 

130.4, 129.4, 129.2, 129.1, 129.0, 128.5, 128.3, 127.9, 117.7, 107.1, 21.6; IR (neat, cm-1) 

3059, 2218, 1597, 1446, 1383, 1192, 1178, 1054, 766; HRMS (ESI+) m/z calcd for 

C22H18NO3S
+ [M+H] +: 376.1002; found: 376.0998.   
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 To a stirred slurry of 2a (128 mg, 1.0 mmol), Et3N (420 µL, 304 mg, 3.0 mmol), 

and NMI (240 µL, 246 mg, 3.0 mmol) in anhydrous DCM (500 µL) cooled to 0 °C was 

added TsCl (572 mg, 3.0 mmol) in three portions separated by 20 minute intervals and 

the reaction was monitored by TLC. After 30 minutes, 2a was fully consumed and the 

reaction was quenched by addition of 10% w/v aqueous CuSO4 and the resulting mixture 

was stirred at room temperature for 5 minutes. The mixture was extracted with DCM (3 

x) and the combined organic layers were dried over Na2SO4 and concentrated to give 

crude 7a as a white crystalline solid which was used without further purification. 

 The crude ɓ-tosylacrylamide 7a was taken up in anhydrous DCM (10.0 mL) and 

stirred at 0 °C before addition of pyridine (240 µL, 237 mg, 3.0 mmol) followed by Tf2O 

(340 µL, 564 mg, 2.0 mmol) dropwise. The reaction mixture was removed from the 

cooling bath and stirred at room temperature for 30 min when 7a was fully consumed, 

judged by TLC. Saturated aqueous NaHCO3 (5 mL) was carefully added and the biphasic 

mixture was stirred at room temperature for 30 min. The organic layer was removed, the 

aqueous phase was extracted with DCM (3 x), the combined organic layers were dried 

over Na2SO4 and concentrated. A sample of the crude material was analyzed by HPLC 

1H NMR to determine the E/Z ratio of 8a which was found to be 1:>99. The product was 

identified in the HPLC UV-trace by correlation with the EIC of the product ion observed 

as [M+Na]+ (see page 159 for an example of the EIC for 6a). The crude product was 
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purified by silica gel flash column chromatography (10% EtOAc in hexanes) to give 232 

mg of ɓ-tosyloxyacrylonitrile 8a (88% yield) as a clear colorless oil: Rf = 0.40 (10% 

EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.83 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 

8.1 Hz, 2H), 2.39 (s, 3H), 2.14 ï 2.10 (m, 5H), 1.02 (t, J = 7.6 Hz, 3H); 13C NMR (150 

MHz, CDCl3) ŭ 156.3, 145.9, 131.8, 129.7, 128.2, 115.1, 107.4, 22.1, 21.4, 17.3, 12.1; IR 

(neat, cm-1) 3068, 2978, 2879, 2222, 1652, 1598, 1373, 1192, 1179, 928, 742, 666; 

HRMS (ESI+) m/z calcd for C13H16NO3S
+ [M+H] +: 266.0845; found: 266.0842.   
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 See procedure (page 74) for 8a: ɓ-Keto amide 2b (179 mg, 1.0 mmol); Et3N (420 

µL, 304 mg, 3.0 mmol); NMI (240 µL, 246 mg, 3.0 mmol); TsCl (582 mg, 3.0 mmol); 

Pyridine (240 µL, 237 mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (500 µL; 

10 mL); purification by silica gel flash column chromatography (10% EtOAc in hexanes) 

gave 296 mg of ɓ-tosyloxyacrylonitrile 8b (93% yield) as a white crystalline solid with a 

E/Z ratio of 1:>99: m.p. 58ï60 °C; Rf = 0.40 (20% EtOAc in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 7.97 (d, J = 8.2 Hz, 2H), 7.44 ï 7.35 (m, 5H), 7.28 (d, J = 8.2 Hz, 2H), 

2.43 (s, 3H), 2.29 (s, 3H); 13C NMR (150 MHz, CDCl3) ŭ 158.8, 146.2, 131.9, 130.1, 

129.9, 129.2, 128.8, 128.7, 128.3, 115.1, 107.3, 21.5, 18.9; IR (neat, cm-1) 3061, 2925, 

2224, 1634, 1597, 1446, 1373, 1200, 1166, 1091, 934, 733, 552; HRMS (ESI+) m/z calcd 

for C17H16NO3S
+ [M+H] +: 314.0845; found: 314.0844.   
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 See procedure (page 74) for 8a: ɓ-Keto amide 2f (218 mg, 1.0 mmol); Et3N (420 

µL, 304 mg, 3.0 mmol); NMI (240 µL, 246 mg, 3.0 mmol); TsCl (580 mg, 3.0 mmol); 

Pyridine (240 µL, 237 mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (500 µL; 

10 mL); purification by silica gel flash column chromatography (5% EtOAc in hexanes) 

gave 296 mg of ɓ-tosyloxyacrylonitrile 8f (83% yield) as a white crystalline solid with a 

E/Z ratio of 1:>99: m.p. 108ï110 °C; Rf = 0.10 (10% Et2O in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 7.99 (d, J = 8.2 Hz, 2H), 7.43 ï 7.31 (m, 7H), 7.13 (d, J = 15.7 Hz, 1H), 

6.84 (d, J = 15.7 Hz, 1H), 2.46 ï 2.42 (m, 5H), 1.23 (t, J = 7.5 Hz, 3H); 13C NMR (150 

MHz, CDCl3) ŭ 154.1, 146.0, 139.2, 134.8, 132.7, 129.9, 129.9, 128.8, 128.7, 127.7, 

116.6, 116.3, 108.0, 22.6, 21.7, 12.9; IR (neat, cm-1) 3060, 2976, 2877, 2211, 1621, 1596, 

1383, 1182, 1179, 945, 760, 962; HRMS (ESI+) m/z calcd for C20H20NO3S
+ [M+H] +: 

354.1158; found: 354.1157.   
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 See procedure (page 74) for 8a: ɓ-Keto amide 2g (192 mg, 1.0 mmol); Et3N (420 

µL, 304 mg, 3.0 mmol); NMI (240 µL, 246 mg, 3.0 mmol); TsCl (584 mg, 3.0 mmol); 

Pyridine (240 µL, 237 mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (500 µL; 

10 mL); purification by silica gel flash column chromatography (10% EtOAc in hexanes) 

gave 309 mg of ɓ-tosyloxyacrylonitrile 8g (94% yield) as a white crystalline solid with a 

E/Z ratio of 1:>99: m.p. 61ï63 °C; Rf = 0.40 (20% EtOAc in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 7.64 (d, J = 8.3 Hz, 2H), 7.39 (t, J = 6.5 Hz, 1H), 7.35 ï 7.24 (m, 4H), 

7.21 (d, J = 8.3 Hz, 2H), 2.39 (s, 3H), 2.27 (q, J = 7.5 Hz, 2H), 1.14 (t, J = 7.5 Hz, 3H); 

13C NMR (150 MHz, CDCl3) ŭ 156.0, 145.6, 132.4, 130.6, 130.4, 129.5, 128.7, 128.2, 

128.2, 115.6, 109.0, 22.7, 21.5, 12.8; IR (neat, cm-1) 3064, 2979, 2878, 2221, 1633, 1597, 

1446, 1382, 1192, 1179, 757; HRMS (ESI+) m/z calcd for C18H18NO3S
+ [M+H] +: 

328.1002; found: 328.0988.   
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 See procedure (page 74) for 8a: ɓ-Keto amide 2h (239 mg, 1.0 mmol); Et3N (420 

µL, 304 mg, 3.0 mmol); NMI (240 µL, 246 mg, 3.0 mmol); TsCl (588 mg, 3.0 mmol); 

Pyridine (240 µL, 237 mg, 3.0 mmol); Tf2O (340 µL, 564 mg, 2.0 mmol); DCM (500 µL; 

10 mL); purification by silica gel flash column chromatography (10% EtOAc in hexanes) 

gave 343 mg of ɓ-tosyloxyacrylonitrile 8h (92% yield) as a white crystalline solid with a 

E/Z ratio of 1:>99: m.p. 116ï118 °C; Rf = 0.50 (20% EtOAc in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 7.77 (d, J = 8.1 Hz, 2H), 7.39 ï 7.14 (m, 12H), 2.44 (s, 3H); 13C NMR 

(150 MHz, CDCl3) ŭ 157.4, 145.9, 132.6, 131.0, 130.8, 130.5, 129.7, 129.7, 129.2, 129.2, 

128.8, 128.5, 128.3, 116.1, 107.7, 21.7; IR (neat, cm-1) 3060, 2924, 2222, 1614, 1597, 

1446, 1385, 1192, 1178, 1086, 983, 767, 694; HRMS (ESI+) m/z calcd for C22H18NO3S
+ 

[M+H] +: 376.1002; found: 376.0996.   
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 To a two-neck round bottom flask equipped with a stir bar, rubber septum, and 

three-way gas inlet was added ɓ-tosyloxyacrylonitrile 6g (326 mg, 1.0 mmol), p-

tolylboronic acid (211 mg, 1.5 mmol), K3PO4 (637 mg, 3.0 mmol), and Pd(PPh3)2Cl2 (35 

mg, 50 µmol) and the vessel was cycled through vacuum/argon thrice. Anhydrous PhMe 

(3.0 mL) was added and the reaction was allowed to stir at ambient temperature until all 

starting material was consumed, monitoring by TLC. After 36 h, water (10 mL) was 

added and the mixture was extracted with Et2O (3 x). The combined organic layers were 

washed with brine, dried over Na2SO4 and concentrated. A portion of the crude material 

was analyzed by 1H NMR to determine the E/Z ratio of 9 which was determined to be 

>99:1. A mixture of (E)-9 and (Z)-9 were unable to be separated by HPLC. The crude 

product was purified by silica gel flash column chromatography (1% Et2O in hexanes) to 

give 227 mg of ɓ,ɓ-diarylacrylonitrile (E)-9 (92% yield) as a white crystalline solid: m.p. 

88ï90 °C; Rf = 0.50 (5% Et2O in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.39 ï 7.33 

(m, 5H), 7.19 (d, J = 7.9 Hz, 2H), 7.03 (d, J = 7.9 Hz, 2H), 2.44 ï 2.33 (m, 5H), 1.25 (t, J 

= 7.4 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 156.5, 140.0, 138.7, 135.9, 129.3, 129.0, 

129.0, 129.0, 128.2, 119.7, 113.0, 25.8, 21.2, 13.3; IR (neat, cm-1) 3054, 2975, 2875, 

2208, 1609, 1509, 1443, 814, 701; HRMS (ESI+) m/z calcd for C18H18N
+ [M+H] +: 

248.1434; found: 248.1431.   
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 See procedure (page 80) for (E)-9: ɓ-Tosyloxyacrylonitrile 8g (329 mg, 1.0 

mmol); p-tolylboronic acid (214 mg, 1.5 mmol); K3PO4 (655 mg, 3.0 mmol); 

Pd(PPh3)2Cl2 (34 mg, 50 µmol); purification by silica gel flash column chromatography 

(1% Et2O in hexanes) gave 234 mg of ɓ,ɓ-diarylacrylonitrile (Z)-9 (94% yield) as a clear 

colorless oil with a E/Z ratio of 1:>99: Rf = 0.50 (5% Et2O in hexanes); 1H NMR (600 

MHz, CDCl3) ŭ 7.44 ï 7.35 (m, 3H), 7.29 (d, J = 8.0 Hz, 2H), 7.21 ï 7.14 (m, 4H), 2.44 ï 

2.36 (m, 5H), 1.26 (t, J = 7.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 156.3, 139.1, 

138.8, 136.9, 129.2, 128.9, 128.8, 128.5, 128.2, 119.7, 112.6, 25.7, 21.2, 13.2; IR (neat, 

cm-1) 3054, 2972, 2875, 2207, 1610, 1510, 1443, 1021, 816, 702; HRMS (ESI+) m/z 

calcd for C18H18N
+ [M+H] +: 248.1434; found: 248.1427.  
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 To a two-neck round bottom flask equipped with a stir bar, rubber septum, and 

three-way gas inlet was added ɓ-tosyloxyacrylonitrile 6g (326 mg, 1.0 mmol), CuI (29 

mg, 150 µmol), and Pd(PPh3)2Cl2 (36 mg, 50 µmol) and the vessel was cycled through 

vacuum/argon thrice. Anhydrous THF (1.0 mL) was added followed by the addition of 

trimethylsilylacetylene (210 µL, 147 mg, 1.5 mmol) in i-Pr2NH (1.0 mL) and THF (500 

µL) via syringe. The resulting mixture was stirred under argon at 40 °C for 14 h. The 

reaction was cooled to room temperature, water (10 mL) was added and the mixture was 

extracted with Et2O (3 x). The combined organic layers were washed with brine, dried 

over Na2SO4 and concentrated. A portion of the crude material was analyzed by HPLC 

and 1H NMR to determine the E/Z ratio of 10 which was determined to be >99:1. The 

crude product was purified by silica gel flash column chromatography (1% Et2O in 

hexanes) to give 222 mg of acrylonitrile (E)-10 (88% yield) as a clear light yellow oil: Rf 

= 0.80 (20% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.67 (d, J = 7.4 Hz, 2H), 

7.46 ï 7.37 (m, 3H), 2.70 (q, J = 7.5 Hz, 2H), 1.28 (t, J = 7.5 Hz, 3H), 0.26 (s, 9H); 13C 

NMR (150 MHz, CDCl3) ŭ 137.0, 135.8, 129.6, 128.4, 128.2, 120.8, 118.7, 110.3, 101.0, 

27.6, 12.2, -0.4; IR (neat, cm-1) 3060, 2972, 2890, 2207, 2137, 1445, 1251, 847, 768, 696; 

HRMS (ESI+) m/z calcd for C16H20NOSi+ [M+H] +: 254.1360; found: 254.1354.   
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 See procedure (page 82) for (E)-10: ɓ-tosyloxyacrylonitrile 6g (326 mg, 1.0 

mmol); CuI (30 mg, 150 µmol); Pd(PPh3)2Cl2 (36 mg, 50 µmol); trimethylsilylacetylene 

(210 µL, 147 mg, 1.5 mmol); iPr2NH (1.0 mL); THF (1.0 mL; 500 µL); purification by 

silica gel flash column chromatography (1% Et2O in hexanes) gave 232 mg of 

acrylonitrile (Z)-10 (92% yield) as a clear light yellow oil with a E/Z ratio of 1:>99: Rf = 

0.80 (20% EtOAc in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.42 ï 7.37 (m, 3H), 7.33 

(d, J = 7.4 Hz, 2H), 2.36 (q, J = 7.5 Hz, 2H), 1.18 (t, J = 7.5 Hz, 3H), 0.25 (s, 9H); 13C 

NMR (150 MHz, CDCl3) ŭ 136.8, 135.0, 129.1, 128.5, 128.3, 122.5, 118.4, 104.4, 102.8, 

24.3, 12.9, -0.5; IR (neat, cm-1) 3059, 2963, 2878, 2212, 2141, 1561, 1444, 1250, 846, 

768, 698; HRMS (ESI+) m/z calcd for C16H20NOSi+ [M+H] +: 254.1360; found: 254.1357.   
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 A two-neck round bottom flask equipped with a stir bar, rubber septum, and 

three-way gas inlet was charged with p-bromobiphenyl (583 mg, 2.5 mmol) and the 

vessel was purged with argon. Anhydrous THF (3.6 mL) was added and the mixture was 

cooled to -84 °C. n-BuLi (2.2 M in hexanes, 910 µL) was dispensed to the stirring 

mixture by syringe and the reaction was allowed to stir at -84 °C for 1 h. The resulting 

mixture was transferred to second vessel containing flame-dried ZnCl2 (341 mg, 2.5 

mmol) via cannula and was stirred at room temperature for 1 h. The resulting solution 

was transferred via cannula to a third vessel containing a stirred solution of ɓ-

tosyloxyacrylonitrile 6g (327 mg, 1.0 mmol), Pd(OAc)2 (23 mg, 100 µmol), and SPhos 

(82 mg, 200 µmol) in THF (1.0 mL) under an argon atmosphere. The resulting mixture 

was allowed to stir at ambient temperature for 14 h at which time the starting material 

was fully consumed, as judged by TLC. The reaction was quenched by addition of 

saturated aqueous NH4Cl (10 mL) and was extracted with Et2O (3 x). The combined 

organic layers were dried over Na2SO4 and concentrated. A portion of the crude material 

was analyzed by 1H NMR to determine the E/Z ratio of 11 which was determined to be 

>99:1. A mixture of (E)-11 and (Z)-11 were unable to be separated by HPLC. The crude 

product was purified by silica gel flash column chromatography (5% Et2O in hexanes) to 

give 295 mg of ɓ,ɓ-diarylacrylonitrile (E)-11 (96% yield) as a white crystalline solid: 

m.p. 68ï70 °C; Rf = 0.20 (5% Et2O in hexanes); 1H NMR (600 MHz, CDCl3) ŭ 7.67 ï 
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7.62 (m, 4H), 7.52 ï 7.39 (m, 8H), 7.27 ï 7.23 (m, 2H), 2.49 (q, J = 7.5 Hz, 2H), 1.32 (t, 

J = 7.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) ŭ 156.0, 141.4, 140.0, 139.8, 137.6, 129.5, 

129.3, 129.1, 128.8, 128.2, 127.7, 126.9, 126.9, 119.5, 113.5, 25.8, 13.3; IR (neat, cm-1) 

3056, 2975, 2875, 2208, 1599, 1485, 1007, 832, 765, 697; HRMS (ESI+) m/z calcd for 

C23H20N
+ [M+H] +: 310.1590; found: 310.1583.   
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 See procedure (page 84) for (E)-11: p-bromobiphenyl (588 mg, 2.5 mmol); n-

BuLi (2.2 M in hexanes, 910 µL); ZnCl2 (341 mg, 2.5 mmol); ɓ-tosyloxyacrylonitrile 6g 

(328 mg, 1.0 mmol); Pd(OAc)2 (22 mg, 100 µmol); SPhos (82 mg, 200 µmol); THF (3.6 

mL; 1.0 mL); purification by silica gel flash column chromatography (5% Et2O in 

hexanes) gave 288 mg of ɓ,ɓ-diarylacrylonitrile (Z)-11 (93% yield) as a white crystalline 

solid with a E/Z ratio of 1:>99: m.p. 128ï129 °C; Rf = 0.20 (5% Et2O in hexanes); 1H 

NMR (600 MHz, CDCl3) ŭ 7.60 (t, J = 8.0 Hz, 4H), 7.48 ï 7.34 (m, 8H), 7.18 (d, J = 6.1 

Hz, 2H), 2.40 (q, J = 7.5 Hz, 2H), 1.26 (t, J = 7.5 Hz, 3H); 13C NMR (150 MHz, CDCl3) 

ŭ 156.0, 141.9, 140.2, 138.8, 138.6, 129.8, 129.1, 128.8, 128.7, 128.4, 127.6, 127.1, 

126.9, 119.7, 113.3, 25.9, 13.3; IR (neat, cm-1) 3059, 2978, 2877, 2208, 1485, 838, 763, 

740, 703; HRMS (ESI+) m/z calcd for C23H20N
+ [M+H] +: 310.1590; found: 310.1588.   
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