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ABSTRACT 

 

A method for the preparation of air stable difluoroboryl acrylamides is reported. In contrast to 

the ubiquitous organotrifluoroborate salts, difluoroboryl acrylamides are relatively nonpolar and 

are readily purified by silica gel chromatography. Difluoroboryl acrylamides serve as efficient 

substrates in cross-coupling reactions to afford the corresponding trisubstituted acrylamides in 

good to excellent yields. The utility of the difluoroboryl group in various chemical transformations 

is presented. 
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GENERAL AUDIENCE ABSTRACT 

A new method for the formation of a unique difluorinated boron-based functional group is 

reported. In contrast to the commonly observed trifluoronated boron species, the difluoroboryl 

species is relatively nonpolar, which allows for these compounds to be purified by silica gel 

chromatography, a convenient method for purification of compounds. Similarly to trifluoroborate 

salts, difluoroboryl species are capable of undergoing cross-coupling reactions, which form 

carbon-carbon bonds, in good to excellent yields. Additional examples of chemical reactions using 

difluoroboryl acrylamides are also presented. 
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1. ɓ-Difluoroboryl Acrylamide Discovery and Scope 

The versatility of organoboron reagents as synthetic tools pushes the development of novel 

compounds in this class. Specifically, the discovery of the Suzuki-Miyaura (SM) cross-coupling 

reaction brought about a need for various organoboron substrates.1-3 These coupling reactions are 

widely used. They provide access to intermediates necessary in pharmaceutical synthesis and allow 

for synthetic transformations such as the formation of certain CïC bonds, which were considered 

exceedingly difficult prior to this reactionôs discovery. In recent years, the pharmaceutical industry 

has become increasingly reliant on cross-coupling reactions.4-6 

The use of trifluoroborate salts as SM cross-coupling partners is well-developed and 

understood.7 Molander and co-workers have demonstrated the utility of organotrifluoroborates in 

the synthesis of important commodity materials.2 Typically, the treatment of boronic acids and 

boronic esters with fluoride sources, such as potassium fluoride or potassium bifluoride, produces 

the tetravalent borate salt. The polar nature of these compounds introduces purification challenges 

that, typically, cannot be overcome using common silica-based purification techniques. 

 
Figure 1. Structures of BODIPY, BODIPY 2, and curcumin as difluoroborate salts, as well as 

difluoro boryl salts used to catalyze CïH borylations. 
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Beyond trifluoroborates, difluoroborates have been well studied. Research performed on 

molecules such as BODIPY, BODIPY 2, curcuminBF2, and other ɓ-diketonates (Figure 1a/b) have 

focused primarily on their use as dyes, chelators, and imaging tools.8-12 Additional difluoroborate 

species have been utilized in frustrated Lewis pair chemistry in order to perform CïH borylations 

(Figure 1c).13 In 2010, Florio and co-workers demonstrated the synthesis of aryl tetra-coordinated 

difluoroborates and their cross-coupling reactivity.14 In addition, Harrity and co-workers reported 

the synthesis of difluoroboranes in 2012. Their benzannulation reactions were optimized to 

preferentially form the difluoroborane. (Scheme 1) The intramolecular Lewis acidity of the 

electron poor boron and the amide oxygen increased the electrophilicity of the amide, allowing for 

unique reactivity.15 To the best of our knowledge, this is the only previously synthesized 

tetracoordinate difluoroboron species exhibiting relatively nonpolar properties. These properties 

could make our compounds more ideal for cross-coupling purposes due to their ease of handling 

and purification compared to trifluoroborate salts. 

 
Scheme 1. Harrity and co-workers development of a difluoroborane. 

 

Recently published work from our group demonstrated a method for creating (E)-ɓ-boryl 

acrylates using a metal-free method.16-17 The conversion of these pinacol ester substrates to 

trifluoroborate salts was attempted. However, the resulting product was a less polar difluoroborane 

compound (Scheme 2) as confirmed by HRMS, 11B NMR, and X-ray analysis confirmed the 

unique structure. 
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Scheme 2. Unexpected BF2 product. 

 

This finding motivated us to develop a substrate-scope analysis in order to highlight the variety 

of compounds we could synthesize. Methyl phenylpropiolate was synthesized and hydroborated 

using the method researchers from our group designed in the aforementioned publication. Under 

these conditions, the propiolates were hydroborated using a metal-free method by incorporating 

1.1 equivalents of pinacolborane and catalytic amounts of tri-n-butyl phosphine and allowing the 

mixture to stir at room temperature in THF for 1-12 hours (Table 1). The resulting trans-

hydroborated esters were then converted into amides when treated with corresponding primary and 

secondary amines. Following the amidation reaction, these molecules were fluorinated using 

potassium bifluoride in acetic acid (Table 2). 

 
Scheme 3. Metal-free method of synthesizing (E)-ɓ-boryl acrylates. General procedure: Phenyl 

propiolates (0.3 mmol), pinacolborane (0.33 mmol), and nBu3P (10 mol %) were dissolved in 

THF (3 mL) at room temperature for 1-12 h. The hydroborated ester was then treated with 

pyrrolidine (0.33 mmol) in THF for 15-30 min order to generate 1. 

 

Following our groupôs previously published hydroboration method, we generated a variety of 

compounds featuring various substituents on the phenyl ring (2bï2i). Some previously 
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hydroborated products were acquired from work performed by Russell G. Fritzemeier. Pre-

functionalized methyl phenylpropiolates were hydroborated. Each of these hydroborated esters 

was converted into a tertiary amide using pyrrolidine, due to the tertiary amidesô favorable 

solubility properties as well as their general ease of purification. Reactions featuring alkyl 

substituents at the para and meta positions of the ring (2bï2e), as well as a para-methoxy 

substituent (2f) all exhibited good to excellent yields during the fluorination step. Derivatives 

featuring halogenated rings at the ortho and para positions (2gï2i) were fluorinated in moderate 

to excellent yields. Additional substrates featuring heterocycles (2j), saturated rings (2kï2n), and 

alkyl groups (2o), and in lieu of the phenyl ring, were also fluorinated in moderate to good yields. 

Table 1. Synthesis of difluoroboryl acrylamides with phenyl substitutionsa 

 
aGeneral procedure: 1 (0.3 mmol) and KHF2 (0.9 mmol) were dissolved in acetic acid (3 mL) at 

room temperature for 0.5-1 h. bCompound characterized by Christopher D. Sibley. cCompound 

characterized by Laura Wonilowicz. dCompound characterized by Connor Szwetkowski. Isolated 

yields are shown. 
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Table 2. Synthesis of secondary and tertiary difluoroboryl acrylamidesa 

 
aGeneral procedure: 1 (0.3 mmol) and KHF2 (0.9 mmol) were dissolved in acetic acid (3 mL) at 

room temperature for 0.5-1 h. bCompound characterized by Laura Wonilowicz. cCompound 

characterized by Connor Szwetkowski. dCompound characterized by Christopher D. Sibley. 
eCompound chracterized by Russell G. Fritzemeier. fMethanol was used instead of acetic acid. 

Isolated yields are shown. 

 

The next step in our substrate scope analysis explored tertiary and secondary amides (Table 3). 

The tertiary amides were converted into difluoroboranes in good to excellent yields and the 

secondary difluoroboranes were observed with a slight reduction in yield, comparatively (4aï4e). 

This reduction in yield is attributed to challenges during purification and isolation of the secondary 

amide difluoroboranes. Fluorination of a TBS-protected alcohol was successful at removing the 

protecting group as well as generating the difluorinated product (4f) in moderate yield. We also 

were pleased to confirm our theory that the fluorination reaction was compatible with Boc-

protected amines, as was observed in the formation of 4g. Lastly, silylborated primary and 

secondary amides were fluorinated in moderate yields (4hï4j ). 
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Figure 2. X-ray crystal structure of 2a. 

 

Further analytical data was collected confirming the structure of these organodifluoroboranes. 

A crystal structure of 2a was elucidated, with the help of Dr. Carla Slebodnick (Figure 2), which 

provided us with data confirming a strong dative BïO bond  of 1.535 Å, nearing what would be 

considered a covalent interaction, compared to the BïO interaction that is observed in a similar 

pinacolborane ester compound 3b with a bond length of 1.607 Å (Crystal data provided by Justin 

Grams). This observation is likely due to an increasingly electron deficient difluoryl boryl amide 

which would cause the stronger coordination compared to the boronate ester amide. 

 
Figure 3. 11B NMR for 2a. 

 



7 
 

11B NMR indicates that the difluoroborane is likely a tetracoordinate, sp3 hybridized boron 

species, showing a peak around 7ï8 ppm (Figure 3). The observed triplet provides further support 

to our difluorinated species. 19F with a nuclear spin of ½ would cause the 11B signal to be observed 

as a triplet when two fluorines are attached to the boron atom. This is also supported by bond angle 

data acquired from the crystal structure for 2a (Figure 2). This information provided us further 

evidence that our non-polar compound is an uncharged, tetra-coordinate difluoronated boron 

species. 

 

Figure 4. Sample 2a new sample (right) and after exposure to atmospheric conditions for 4 weeks 

(left). 

A strong shelf-life of these compounds is desirable if they are needed as precursors for future 

syntheses. We sought to demonstrate the shelf-life of these compounds. After leaving a vial of 2a 

open to atmospheric moisture and other conditions for a period of 4 weeks, we observed no 

changes to the compound visually (Figure 4) or via 1H NMR. This supports our hypothesis that we 

can achieve comparable shelf-life to equivalent trifluoroborate salts, due to the tetra-coordinate 

nature of difluorylboryl acrylamides. 

After demonstrating the functional group tolerance of organodifluoroboranes, we investigated 

the reactivity of the boron compounds. The first application studied was the ability of these 

compounds to cross-couple under Suzuki-Miyaura cross-coupling conditions. Initial reaction 
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conditions, which was adopted from Sawamuraôs work performing similar cross-coupling 

reactions with pinacolborane ester compounds17, afforded little to no desired cross-coupling 

product. Similar conditions were also reported by Harrity and co-workers (Table 5).15 However, 

Molander and co-workers reported cross-coupling conditions for a trifluoroborate salt structurally 

very similar to 2a; the only difference being that Molanderôs compound features Ŭ,ɓ-saturated 

amide.18 Upon utilizing their conditions using difluoroboranes, we demonstrated the capability of 

these compounds to act as cross-coupling partners in good to moderate yields (Table 4). 

Table 3. Suzuki-Miyaura cross-coupling products 

 
All yields are isolated. 2a (1 equiv) was reacted with the corresponding aryl bromide (1.1 equiv). 
aCompound characterization by Russell G. Fritzemeier. 

 

We observed that the cross-coupling conditions were tolerable across both electron rich and 

electron deficient aryl bromides (5aï5e). Naphthalene, benzofuran, benzothiophene, 

benzothiazole, quinolone, and pyridine, all of the bicyclic and heteroaromatic substituents, proved 
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to successfully cross-couple generating 5fï5k. Finally, a non-aromatic cross-coupling partner, 

vinyl bromide, was also successful at generating 5l. 

 
Scheme 4. Transformations of difluoroboranes. 

Following our success in demonstrating the reactivity of our difluoroborones, we became 

interested with their stability under certain reaction conditions and structural transformations. The 

boron center in difluoroboryl acrylamides are tetrahedral in nature; therefore, we hypothesized that 

they may be utilized as a protecting group. In our molecules, boronôs empty p-orbital is occupied, 

which reduces some of its reactivity. An observation made is that these difluoroboranes can begin 

protodeboronating when left under basic aqueous conditions for prolonged periods of time. In the 

following application, we wanted to determine if we could methylate a secondary difluoroborane 

amide. We treated methyl amide (4b) in the presence of sodium hydride and methyl iodide in THF 

at 0 °C for 4 h, and successfully reproduced the dimethyl amide (4a) in good yield with no 

protodeboronated material observed (Scheme 3a). Furthermore, the difluoroboryl group remained 
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intact during the hydrogen chloride-mediated Boc-deprotection of 4g affording the HCl salt 6 in 

excellent yield (Scheme 3b). 

An area of interest in boron chemistry is the stability of organoboron molecules under oxidative 

conditions. Boron atoms are readily oxidized to boronic acids. However, maintaining our 

difluoroborane structure under these conditions would add to their use and value. Treating allyl 

amide (4d) with mCPBA in DCM at 0 °C overnight afforded epoxide 7 in excellent yield without 

oxidizing the BïC bond (Scheme 3c). 

The final transformations we performed using these compounds were the synthesis of mono- 

and di-substituted oxaboroles. Benzoxaboroles are interesting heterocycles as they are found in 

Crisaborole (Eucrisa)19 and Tavaborole (Kerydin)20, FDA approved drugs to treat psoriasis and 

atopic dermatitis, as well as fungal infections. We are interested in studying and developing an 

oxaborole library since they have known biological activity. Thus, we show that mono-substituted 

oxaboroles at the 3-position as well as 3,4-disubstituted oxaboroles (8) can be accessed by treating 

our difluoroboranes (2a) with a mild sodium borohydride agent in ethanol at room temperature 

(Scheme 3d). This is a desirable strategy for producing oxaboroles under such mild conditions. 

 
Scheme 5. Alkylation attempts of 2a. 
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Unfortunately, not all of our studies yielded the results desired. Following our success in 

demonstrating the reactivity of our difluoroborane, we became interested in the stability in the 

presence of other reaction conditions. In an attempt to convert the organodifluoroborane amide 

into a ketone, we exposed these compounds to nucleophilic phenyllithium (Scheme 4a) as well as 

phenylmagnesium bromide (Scheme 4b).  Our hope was to take advantage of the increased 

reactivity of the amide, due to its activation from the coordination of the electron deficient boron. 

While neither of these reagents produced the desired ketones, we were able to isolate the unreacted 

starting material. 

In 2018, Sawamura and co-workers synthesized alkenylboronic esters.17 They were able to 

demonstrate a Diels-Alder reaction utilizing the Ŭ,ɓ-unsaturated bond to the ester and an 

intramolecular diene. Substituting the intramolecular diene for furan, we attempted a similar 

reaction (Scheme 4c). Once again, the desired product was not formed and our starting material 

was completely recovered unchanged. 

 

Scheme 6. Attempted oxidation of 4f. 

 

Additionally, we attempted to oxidize N-hydroxypropyl amide (4f) to the corresponding 

aldehyde. While unable to successfully oxidize our alcohol, producing the desired product, we 

were able to determine that our boron remained un-oxidized under these conditions as we 
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recovered all of the starting material (Scheme 5a). Unfortunately, when PCC was used as an 

oxidizing agent, the starting material was reacted, but we were not able to recover the desired 

product (Scheme 5b). 

In conclusion, we have shown that we can synthesize, in good-to-excellent yields, and isolate 

via silica chromatography, difluoroboranes. Additional results show that these compounds are 

viable Suzuki-Miyaura cross-coupling partners using standard conditions. This non-labile boron 

group is suitable for compounds in which exposure to oxidative conditions is required. Paired with 

their durable shelf-life, as well as their air and moisture stability, these difluoroborane species 

would be useful in a variety of synthetic applications. 
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2. Materials and Methods 

NMR spectroscopic experiments were performed using an Agilent 400-MR 400 MHz or a 

Varian Inova 400 MHz spectrometer. Chemical shifts are reported in ŭ ppm and 1H and 13C NMR 

are referenced to an internal standard (CDCl3 or TMS). Chemical shifts for 11B and 19F NMR are 

referenced to an external standard (BF3ÅOEt2 for 11B and trifluoroacetic acid for 19F). ESI mass 

spectra were obtained using an Agilent 6220 TOF LC-MS. 

Reactions were performed using Schlenk technique under nitrogen atmosphere. All glassware 

used was flame-dried or oven-dried overnight. Chemicals were obtained from commercial sources 

unless otherwise noted. THF, toluene, and DCM were dried using the Innovative Technology Pure 

Solv-MD solvent purification system. Column chromatography was performed using SilicaFlash 

P60 40-63 ɛm, 60 ¡. TLC analyses were performed using Silicycle aluminum backed silica gel F-

254 plates. 
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3. General Procedures 

Synthesis of substrates 

All of our hydroborated esters and amides were made in accordance with previous literature 

using commercially available starting materials.16, 21 References for the spectra of previously 

known amides are provided in Table 5. 

 

Table 4. Previously synthesized (E)-ɓ-borylated acrylamides and their references. 

 

Substrate R1 R2 R3 R4 Reference 

1a -CH2CH2CH2CH2- H H J. Org. Chem. 2018, 83, 10436-10444 

1b -CH2CH2CH2CH2- H Me J. Org. Chem. 2018, 83, 10436-10444 

1e -CH2CH2CH2CH2- H OMe J. Org. Chem. 2018, 83, 10436-10444 

1i -CH2CH2CH2CH2- H Cl J. Org. Chem. 2018, 83, 10436-10444 

3a Me Me H H J. Org. Chem. 2018, 83, 10436-10444 

3h H H SiMe2Ph H Chem. Eur. J. 2017, 23, 15534-15537 

3i iPr H SiMe2Ph H Chem. Eur. J. 2017, 23, 15534-15537 

3j Me H SiMe2Ph H Chem. Eur. J. 2017, 23, 15534-15537 
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General procedure for the synthesis of organodifluoroboranes 

 

2 mL of glacial acetic acid was added to ɓ-borylated acrylamide (1 mmol) and stirred at room 

temperature until completely dissolved. KHF2 (3 mmol) was added in one portion and the mixture 

was allowed to continue stirring at room temperature for 1 hour. The reaction was monitored by 

TLC (1:4 ethyl acetate:chloroform). Once all starting material was consumed, the reaction was 

quenched using a saturated sodium carbonate solution and extracted with ethyl acetate (3x20 mL), 

then the organic solution was rinsed with brine (20 mL) and extracted one final time with ethyl 

acetate (20 mL). The ethyl acetate extractions were combined and dried over anhydrous sodium 

sulfate. The solution was filtered and concentrated to a white solid after rotary evaporation. This 

material was purified by flash column chromatography (1:4, ethyl acetate:chloroform) and yielded 

the desired difluoronated species as a white powder. 
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Suzuki-Miyaura cross-coupling optimization 

 

Table 5. Suzuki-Miyaura Reaction Conditions. 

entry base catalyst ligand temp (ÁC) yield (%)a 

1 NaOtBu Pd(OAc)2 DTBPF r.t. 0 

2 NaOtBu Pd(OAc)2 DTBPF 70 44 

3 NaOtBu Pd(dppf)Cl2 ï 70 11 

4b K2CO3
 Pd(OAc)2 XPhos 95 64 

5 K2CO3 Pd(OAc)2 DTBPFc 70 0 

6d K2CO3
 PdCl2(PPh3)2 ï 95 0 

Reaction conditions: 1.1 equivalents of bromotoluene used unless otherwise specified was reacted with 1 equivalent 

of 2a. Reaction times ranged from 4ï16 h. All reactions run in THF for the solvent unless otherwise specified. aAll 

yields shown are isolated. bSolvent used was a CPME/H2O (6.7:1) mixture, 3 equivalents of base were used, and 20 

mol % of ligand was used. c15 mol % of ligand was used. dReaction run in a DME/H2O (1:1) mixture, using 2 

equivalents of bromotoluene, with Ag2O included as an additive, and 1 equivalent of base was used. 

 (Z)-3-phenyl-1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-one (5a). The 

title compound was purified by silica flash-chromatography (35% ethyl acetate in hexanes) and 

isolated in 62% yield (18 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 7.34 ï 7.25 (m, 
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5H), 7.14 (q, J = 8.1 Hz, 4H), 6.31 (s, 1H), 3.40 (t, J = 6.6 Hz, 2H), 3.19 (t, J = 6.3 Hz, 2H), 2.35 

(s, 3H), 1.79 ï 1.65 (m, 4H); 13C NMR (101 MHz, CDCl3) ŭ 166.7, 148.2, 141.8, 138.2, 136.2, 

129.4, 128.9, 128.5, 128.4, 128.3, 121.8, 47.0, 45.3, 25.9, 24.3, 21.4; HRMS: (ESI) [M+H]+ calc. 

for C20H22NO, 292.1696; observed, 292.1696. 

 (Z)-3-(3-methoxyphenyl)-3-phenyl-1-(pyrrol idin -1-yl)prop-2-en-1-one 

(5b). The title compound was purified by silica flash-chromatography (35% ethyl acetate in 

hexanes) and isolated in 76% yield (47 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 

7.35 ï 7.24 (m, 5H), 7.22 (t, J = 7.8 Hz, 1H), 6.90 ï 6.78 (m, 3H), 6.34 (s, 1H), 3.75 (s, 3H), 3.38 

(t, J = 6.6 Hz, 2H), 3.20 (t, J = 6.3 Hz, 2H), 1.77 ï 1.64 (m, 4H); 13C NMR (101 MHz, CDCl3) ŭ 

166.5, 159.2, 147.7, 141.3, 140.4, 129.1, 128.5, 128.3, 128.2, 122.3, 121.9, 114.5, 114.2, 55.3, 

46.9, 45.2, 25.8, 224.2; HRMS: (ESI) [M+H]+ calc. for C20H22NO2, 308.1645; observed, 

308.1643. 

 (Z)-3-(3-(tert -butyl)phenyl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-

one (5c). The title compound was purified by silica flash-chromatography (35% ethyl acetate in 

hexanes) and isolated in 63% yield (53 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 

7.42 ï 7.38 (m, 1H), 7.37 ï 7.27 (m, 6H), 7.26 ï 7.20 (m, 1H), 7.02 ï 6.96 (m, 1H), 6.32 (s, 1H), 

3.36 (t, J = 6.8 Hz, 2H), 3.07 (t, J = 6.5 Hz, 2H), 1.81 ï 1.52 (m, 4H), 1.28 (s, 9H); 13C NMR (101 

MHz, CDCl3) ŭ 167.1, 151.1, 147.9, 141.5, 138.7, 128.5, 128.4, 128.3, 127.8, 126.8, 126.6, 125.3, 
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122.4, 46.9, 45.3, 34.8, 31.4, 25.8, 24.3; HRMS: (ESI) [M+H]+ calc. for C23H28NO, 334.2165; 

observed, 334.2150. 

 (Z)-3-(3-(tert -butyl)phenyl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-

one (5d). Purified using flash chromatography (60% ethyl acetate in hexanes). White solid, 78% 

yield (50 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.60 ï 7.45 (m, 2H), 7.42 ï 7.31 (m, 3H), 7.28 ï 

7.13 (m, 3H), 6.52 (s, 1H), 3.45 (q, J = 6.9 Hz, 4H), 1.99 ï 1.80 (m, 4H). 13C NMR (101 MHz, 

CDCl3) ŭ 164.6, 162.7 (d, J = 260.4 Hz), 147.4, 140.4, 136.5 (d, J = 3.9 Hz), 136.4 (d, J = 8.4 

Hz), 134.2, 129.4, 128.8, 128.1, 122.4, 116.2 (d, J = 19.8 Hz), 113.9, 101.3 (d, J = 15.8 Hz), 

47.1, 45.6, 26.1, 24.29.  HRMS: (ESI) [M+H]+ calc. for C20H18FN2O, 321.1398; observed, 

321.1394. 

 (Z)-3-(3-(difluoromethyl) -4-fluorophenyl)-3-phenyl-1-(pyrrolidin -1-

yl)prop-2-en-1-one (5e). Purified using flash chromatography (60% ethyl acetate in hexanes). 

Colorless oil, 69% yield (44 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.46 ï 7.42 (m, 1H), 7.42 ï 7.36 

(m, 1H), 7.35 ï 7.29 (m, 3H), 7.27 (m, 2H), 7.11 ï 7.06 (m, 1H), 6.84 (t, J = 54.9 Hz, 1H), 6.42 

(s, 1H), 3.36 (dt, J = 29.5, 6.5 Hz, 4H), 1.86 ï 1.73 (m, 4H). 13C NMR (101 MHz, CDCl3) ŭ 

165.7, 160.12 (dt, 253.3, 5.8 Hz), 147.3, 140.9, 135.8 (d, 3.7 Hz), 134.0 (d, J = 8.5 Hz), 129.1, 

128.7, 128.3, 127.8 (td, J = 5.7, 3.1 Hz), 115.9 (d, J = 20.7 Hz), 110.7 (td, J = 237.8, 5.1 Hz), 
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47.1, 45.5, 26.1, 24.3.  HRMS: (ESI) [M+H]+ calc. for C20H19F3NO, 346.1413; observed, 

346.1404 

 (Z)-3-(naphthalen-2-yl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one 

(5f). Purified using flash chromatography (70% ethyl acetate in hexanes). Colorless oil, 73% 

yield (48 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.87 ï 7.73 (m, 4H), 7.51 ï 7.41 (m, 2H), 7.40 ï 

7.27 (m, 6H), 6.45 (s, 1H), 3.43 ï 3.33 (m, 2H), 3.25 ï 3.15 (m, 2H), 1.74 ï 1.58 (m, 4H).  13C 

NMR (101 MHz, CDCl3) ŭ 166.5, 148.2, 141.6, 136.6, 133.2, 129.6, 128.8, 128.6, 128.5, 128.4, 

128.4, 127.7, 127.7, 127.3, 126.5, 126.2, 122.6, 47.1, 45.3, 25.9, 24.2. HRMS: (ESI) [M+H]+ 

calc. for C23H22NO, 328.1696; observed, 328.1691. 

 (Z)-3-(benzofuran-5-yl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one 

(5g). Purified using flash chromatography (60% ethyl acetate in hexanes). Colorless oil, 66% 

yield (42 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.61 (d, J = 2.1 Hz, 1H), 7.54 (d, J = 1.3 Hz, 1H), 

7.44 (d, J = 8.5 Hz, 1H), 7.36 ï 7.27 (m, 5H), 7.21 (dd, J = 8.5, 1.6 Hz, 1H), 6.72 (d, J = 1.4 Hz, 

1H), 6.38 (s, 1H), 3.28 (dt, J = 74.2, 6.6 Hz, 5H), 1.74 ï 1.61 (m, 4H). 13C NMR (101 MHz, 

CDCl3) ŭ 166.8, 154.9, 148.4, 145.5, 142.1, 134.0, 128.6, 128.4, 128.3, 127.4, 126.1, 122.5, 

122.1, 111.1, 107.0, 47.0, 47.0, 45.3, 25.9, 24.3. HRMS: (ESI) [M+H]+ calc. for C21H20NO2, 

318.1489; observed, 318.1479. 
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 (Z)-3-(benzo[b]thiophen-5-yl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-

one (5h). Purified using flash chromatography (70% ethyl acetate in hexanes). Grey solid, 81% 

yield (54 mg). 1H NMR (400 MHz, CDCl3) ŭ 7.82 (d, J = 8.3 Hz, 1H), 7.75 (s, 1H), 7.42 (d, J  = 

5.4 Hz, 1H), 7.37 ï 7.23 (m, 7H), 6.41 (s, 1H), 3.29 (, dt, J = 66.8, 6.8 Hz, 4H), 1.73 ï 1.62 (m, 

4H). 13C NMR (101 MHz, CDCl3) ŭ 166.6, 148.3, 141.9, 139.8, 139.6, 135.4, 128.6, 128.4, 

128.4, 126.9, 125.8, 124.6, 124.2, 122.3, 122.1, 47.0, 45.3, 25.9, 24.2. HRMS: (ESI) [M+H]+ 

calc. for C21H20NOS, 334.1260; observed, 334.1247. 

 (Z)-3-(benzo[d]thiazol-6-yl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-

one (5i). Purified using flash chromatography (100% ethyl acetate isocratic). Brown solid, 71% 

yield (41 mg). 1H NMR (400 MHz, CDCl3) ŭ 8.98 (s, 1H), 8.07 (d, J = 8.5 Hz, 1H), 7.90 (s, 1H), 

7.41 (d, J = 10.2, Hz), 7.37 ï 7.23 (m, 5H), 6.46 (s, 1H), 3.31 (dt, J = 45.3, 6.3 Hz, 4H), 1.81 ï 

1.62 (m, 4H). 13C NMR (101 MHz, CDCl3) ŭ 166.1, 154.8, 153.1, 148.0, 141.5, 136.9, 133.8, 

128.8, 128.5, 128.4, 127.9, 123.1, 122.9, 122.7, 47.1, 45.4, 25.9, 24.2. HRMS: (ESI) [M+H]+ 

calc. for C20H19N2OS, 335.1213; observed, 335.1198. 
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 (Z)-3-phenyl-1-(pyrrolidin -1-yl)-3-(quinolin -6-yl)prop-2-en-1-one (5j). 

Purified using flash chromatography (2-5% methanol in dichloromethane). Brown oil, 73% yield 

(48 mg). 1H NMR (400 MHz, CDCl3) ŭ 8.92 (dd, J = 4.2, 1.7 Hz, 1H), 8.12 (d, J = 7.6 Hz, 1H), 

8.07 (d, J = 8.7 Hz, 1H), 7.80 (d, J = 1.9 Hz, 1H), 7.60 (dd, J = 8.7, 2.0 Hz, 1H), 7.42 ï 7.28 (m, 

6H), 6.51 (s, 1H), 3.33 (dt, J = 37.0, 6.4 Hz, 4H), 1.77 ï 1.64 (m, 4H),  13C NMR (101 MHz, 

CDCl3) ŭ 166.0, 150.8, 148.0, 141.2, 137.5, 136.4, 130.9, 129.1, 128.8, 128.6, 128.5, 128.3, 

128.0, 122.8, 121.4, 47.1, 45.3, 25.9, 24.2. HRMS: (ESI) [M+H]+ calc. for C22H21N2O, 

329.1648; observed, 329.1638. 

 (Z)-3-phenyl-1-(pyrrolidin -1-yl)-3-(6-(trifluoromethyl)pyridin -3-

yl)prop-2-en-1-one (5k). Purified using flash chromatography (60% ethyl acetate in hexanes). 

White solid, 67% yield (41 mg). 1H NMR (400 MHz, CDCl3) ŭ 8.56 ((s, 1H), 7.80 (d, J = 7.2 Hz, 

1H), 7.67 (d, J = 8.1 Hz, 1H), 7.42 ï 7.32 (m, 3H), 7.29 ï 7.20 (m, 2H), 6.63 (s, 1H), 3.47 (dt, J 

= 23.1, 6.7 Hz, 4H), 2.00 ï 1.80 (m, 4H). 13C NMR (101 MHz, CDCl3) ŭ 164.4, 150.0, 147.2 (q, 

J = 34.9 Hz), 146.0, 140.1, 138.2, 129.4, 128.8, 128.0, 123.4, 1216 (q, J = 274.1 Hz), 119.7 (q, J 

= 2.7 Hz), 47.1, 45.6, 26.1, 24.2. HRMS: (ESI) [M+H]+ calc. for C19H18F3N2O, 347.1366; 

observed, 347.1355. 
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  (E)-3-phenyl-1-(pyrrolidin -1-yl)penta-2,4-dien-1-one (5l). Purified 

using flash chromatography (40% ethyl acetate in hexanes). Colorless oil, 66% yield (30 mg). 1H 

NMR (400 MHz, CDCl3) ŭ 7.66 (dd, J = 17.6, 10.8 Hz, 1H), 7.43 ï 7.27 (m, 5H), 5.97 (s, 1H), 

5.47 (d, J = 10.8 Hz, 1H), 5.23 (d, J = 17.6 Hz, 1H), 3.53 (dt, J = 34.8, 6.8 Hz, 4H), 2.01 ï 1.84 

(m, 4H). 13C NMR (101 MHz, CDCl3) ŭ 163.9, 151.0, 140.2, 134.4, 129.1, 128.3, 128.2, 123.0, 

121.8, 47.3, 45.8, 26.3, 24.5. HRMS: (ESI) [M+H]+ calc. for C15H18NO, 228.1383; observed, 

228.1376.  

 

Procedure for the synthesis of (E)-3-(difluoroboraneyl) -N,N-dimethyl-3-phenylacrylamide 

(4a) 

 

0.3 mL of THF dried was used to dissolve 4b (0.1 mmol). This solution was cooled to 0 °C. NaH 

was added in one portion (0.11 mmol) and the solution was let to stir for 30 minutes. CH3I was 

added in a single portion (0.11 mmol). The reaction was left stirring at 0 °C for 4 hours. The 

reaction was monitored by TLC (1:4 ethyl acetate:chloroform). Once all starting material was 

consumed, the reaction was quenched with water (3 mL) and product was extracted with ethyl 

acetate (3x3 mL). The organic solution was dried over anhydrous sodium sulfate, filtered, and 

concentrated to a white solid after rotary evaporation. The title compound was purified by silica 

flash-chromatography (20% ethyl acetate in chloroform) and isolated in 88% yield (137 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 7.80 ï 7.72 (m, 2H), 7.45 ï 7.38 (m, 3H), 6.69 (s, 
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1H), 3.33 (s, 3H), 3.30 (s, 1H); 13C NMR (101 MHz, (CD3)2CO) ŭ 175.4, 136.6, 131.3, 130.0, 

129.5, 115.4, 38.6, 37.9. A signal for the sp2-carbon directly attached to the boron atom was not 

observed. 11B NMR (128 MHz, CDCl3) ŭ 7.85 (t, J = 46.6 Hz); 19F NMR (376 MHz, CDCl3) ŭ -

150.83; HRMS: (ESI) [M+H]+ calc. for C11H13BNOF2, 224.1055; observed, 224.1065. 

 

Procedure for the synthesis of (E)-3-(difluoroboraneyl) -3-phenyl-1-(piperazin-1-yl)prop-2-

en-1-one hydrochloride (6). 

 

To a 6-dram vial containing a magnetic stir bar and 4g (0.25 mmol) was added 3 mL hydrogen 

chloride (4M in dioxane). The resulting solution was monitored for consumption of starting 

material by TLC (complete after 1 hour). A thick white precipitate formed during the course of 

the reaction, which was then vacuum filtered over a filter frit and washed with diethyl ether 3 x 

10 mL to afford product 6. White solid, 92% yield (68 mg). 1H NMR (400 MHz, DMSO-d6) ŭ 

9.67 (s, 2H), 7.77 ï 7.68 (m, 2H), 7.52 ï 7.42 (m, 3H), 7.34 (s, 1H), 4.17 (t, J = 5.2 Hz, 2H), 4.04 

(t, J = 5.4 Hz, 2H), 3.39 (t, J = 5.3 Hz, 2H), 3.31 (t J = 5.3 Hz, 2H). 13C NMR (101 MHz, 

DMSO-d6) ŭ 173.2, 134.8, 130.8, 129.0, 128.9, 115.5, 43.4, 41.9, 41.7. 11B NMR (128 MHz, 

DMSO-d6) ŭ 7.88. 19F NMR (376 MHz, DMSO-d6) ŭ -149.5.  HRMS: (ESI) [M+Na]+ calc. for 

C13H15BF2N2NaO, 287.1140; observed, 287.1117. 
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Procedure for the synthesis of (E)-3-(difluoroboraneyl) -N-(oxiran-2-ylmethyl)-3-

phenylacrylamide (7) 

 

DCM (2 mL) was used to dissolve 4d (0.33 mmol) and the solution was cooled to 0 °C. mCPBA 

(0.66 mmol) was added in one portion and the solution was stirred at 0 °C for 15 minutes. The 

solution was removed from the ice bath and let stir at room temperature overnight. The reaction 

was monitored by TLC (1:4 ethyl acetate:chloroform). Once all starting material was consumed, 

the reaction was quenched with water (3 mL) and product was extracted with ethyl acetate (3x3 

mL). The organic solution was dried over anhydrous sodium sulfate, filtered, and concentrated to 

a white solid after rotary evaporation. The title compound was purified by silica flash-

chromatography (20% ethyl acetate in chloroform) and isolated in 91% yield (75 mg) as a white 

powder. 1H NMR  (400 MHz, (CD3)2CO) ŭ 9.48 (s, 1H), 7.73 (dd, J = 6.7, 3.0 Hz, 2H), 7.46 ï 7.37 

(m, 3H), 6.71 (s, 1H), 4.01 (ddd, J = 14.6, 6.0 3.3 Hz, 1H), 3.60 (dt, J = 14.6, 5.9 Hz, 1H), 3.28 

(dq, J = 6.3, 3.3 Hz, 1H), 2.84 (t, J = 4.4 Hz, 1H), 2.70 (dd, J = 4.8, 2.5 Hz, 1H); 13C NMR (101 

MHz, (CD3)2CO) ŭ 177.1, 136.1, 131.3, 129.9, 129.5, 116.8, 49.9, 45.4, 44.6. A signal for the sp
2-

carbon directly attached to the boron atom was not observed. 11B NMR (128 MHz, (CD3)2CO) ŭ 

8.25 (t, J = 49.8 Hz); 19F NMR  (376 MHz, (CD3)2CO) ŭ -151.68; HRMS: (ESI) [M+NH4]
+ calc. 

for C12H16BN2O2F2, 269.1270; observed, 269.1270. 
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Procedure for the synthesis of 3-phenyl-1,2-oxaborol-2(5H)-ol (8) 

 

2a (2.2 mmol) was dissolved in ethanol (20 mL). NaBH4 (2.2 mmol) was added and the 

solution was let to stir for 30 minutes at room temperature. Water was used to quench the reaction 

and the product was extracted using ethyl acetate. The organic layer was concentrated to a white 

solid. This material is purified by flash chromatography (1:9 ether:toluene) and yielded the phenyl 

oxaborole in 65% yield. 
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4. Characterization Data for New Compounds 

 (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)-3-(m-tolyl)prop -2-en-1-one (1c). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 57% yield (210 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 7.52 ï 7.47 (m, 2H), 7.21 (t, J = 7.5 Hz, 1H), 7.10 

(d, J = 7.5 Hz, 1H), 6.32 (s, 1H), 3.68 (t, J = 6.9 Hz, 2H), 3.59 (t, J = 6.8 Hz, 2H), 2.32 (s, 3H), 

1.97 (p, J = 6.8, 6.3 Hz, 2H), 1.90 (p, J = 6.8, 6.3, 2H), 1.25 (s, 12H); 13C NMR (101 MHz, CDCl3) 

ŭ 171.2, 138.6, 137.5, 129.6, 128.6, 127.9, 124.9, 118.2, 80.4, 47.3, 47.0, 26.1, 25.4, 24.3, 21.4. A 

signal for the sp2-carbon directly attached to the boron atom was not observed. 11B NMR (128 

MHz, CDCl3) ŭ 13.59; HRMS: (ESI) [M+H]+ calc. for C20H29BNO3, 342.2239; observed, 

342.2240. 

 (E)-3-(4-(tert -butyl)phenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-en-1-one (1d). The title compound was purified by 

silica flash-chromatography (20% ethyl acetate in dichloromethane) and isolated in 95% yield (190 

mg) as a white powder. 1H NMR  (400 MHz, (CD3)2CO) ŭ 7.71 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 

8.5 Hz, 2H), 6.55 (s, 1H), 3.80 (t, J = 6.8 Hz, 2H), 3.59 (t, J = 6.8 Hz, 2H), 2.16 ï 1.89 (m, 4H), 

1.32 (s, 6H), 1.21 (s, 12H); 13C NMR (101 MHz, (CD3)2CO) ŭ 171.5, 152.6, 137.1, 128.6, 125.7, 

118.9, 80.5, 47.8, 47.7, 35.2, 31.6, 26.9, 26.0, 24.9. A signal for the sp2-carbon directly attached 
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to the boron atom was not observed. 11B NMR (128 MHz, (CD3)2CO) ŭ 14.31; HRMS: (ESI) 

[M+H] + calc. for C23H35BNO3, 384.2705; observed, 384.2721. 

 (E)-3-(benzo[d][1,3]dioxol-5-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-en-1-one (1f). The title compound was purified by 

silica flash-chromatography (20% ethyl acetate in dichloromethane) and isolated in quantitative 

yield (196 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 7.31 (dd, J = 8.1, 1.6 Hz 1H), 

7.20 (d, J = 1.6 Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 6.26 (s, 1H), 5.92 (s, 2H) 3.67 (t, J = 6.9 Hz, 

2H), 3.59 (t, J = 6.9 Hz, 2H), 1.94 (dp, J = 25.7, 6.6 Hz, 4H), 1.26 (s, 12H); 13C NMR (101 MHz, 

CDCl3) ŭ 171.2, 148.5, 147.5, 132.7, 122.9, 116.8, 108.1, 108.1, 101.1, 80.4, 47.3, 47.0, 26.3, 25.5, 

24.4. A signal for the sp2-carbon directly attached to the boron atom was not observed. 11B NMR 

(128 MHz, CDCl3) ŭ 13.30; HRMS: (ESI) [M+H]+ calc. for C20H29BNO3, 372.1982; observed, 

372.1990. 

 (E)-3-(2-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1g). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 74% yield (90 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 7.61 (dd, J = 7.7, 1.8 Hz, 1H), 7.55 (dd, J = 8.0, 1.3 

Hz, 1H), 7.26 (td, J = 7.5, 1.3 Hz, 1H), 7.06 (td, J = 7.7, 1.8 Hz, 1H), 6.49 (s, 1H), 3.72 (t, J = 6.8 

Hz, 2H), 3.63 (t, J = 6.8 Hz, 2H), 2.07 ï 1.90 (m, 4H), 1.12 (s, 12H); 13C NMR (101 MHz, CDCl3) 
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ŭ 171.3, 140.1, 132.9, 129.4, 128.4, 126.6, 122.0, 120.6, 80.4, 47.6, 47.3, 25.6, 25.5, 24.4. A signal 

for the sp2-carbon directly attached to the boron atom was not observed. 11B NMR  (128 MHz, 

CDCl3) ŭ 13.34; HRMS: (ESI) [M+H]+ calc. for C19H26BNO3Br, 406.1187; observed, 406.1186. 

 (E)-3-(4-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)prop-2-en-1-one (1h). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 84% yield (185 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 7.56 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 

6.34 (s, 1H), 3.71 (t, J = 6.9 Hz, 2H), 3.63 (t, J = 6.8 Hz, 2H), 2.00 (dp, J = 24.6, 6.6 Hz 4H), 1.25 

(s, 12H); 13C NMR (101 MHz, CDCl3) ŭ 171.1, 137.7, 131.4, 129.5, 123.2, 118.8, 80.6, 47.5, 47.2, 

26.2, 25.6, 24.4. A signal for the sp2-carbon directly attached to the boron atom was not observed. 

11B NMR (128 MHz, CDCl3) ŭ 13.39; HRMS: (ESI) [M+H]+ calc. for C19H26BNO3Br, 406.1187; 

observed, 406.1183. 

 (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

3-(thiophen-2-yl)prop-2-en-1-one (1j). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 90% yield (76 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 7.65 (d, J = 3.1, Hz 1H), 7.36 (d, J = 4.5 Hz, 1H), 

7.05 (dd, J = 5.1, 3.6 Hz, 1H), 6.34 (s, 1H), 3.71 (t, J = 6.9 Hz, 2H), 3.62 (t, J = 6.8 Hz, 2H), 1.99 

(dp, J = 25.1, 6.6 Hz, 4H), 1.33 (s, 12H); 13C NMR  (101 MHz, CDCl3) ŭ 171.1, 141.5, 131.1, 
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128.4, 128.2, 115.9, 80.7, 47.4, 47.2, 26.6, 25.6, 24.5. A signal for the sp2-carbon directly attached 

to the boron atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 13.30; HRMS: (ESI) [M+H]+ 

calc. for C17H25BNO3S, 334.1646; observed, 334.1646. 

 (E)-3-(cyclohex-1-en-1-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)prop-2-en-1-one (1k). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 64% yield (180 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 6.82 ï 6.75 (m, 1H), 5.98 (s, 1H), 3.65 (t, J = 6.9 

Hz, 2H), 3.54 (t, J = 6.8 Hz, 2H), 2.26 ï 2.18 (m, 2H), 2.18 ï 2.10 (m, 2H), 2.04 ï 1.84 (m, 2H), 

1.69 ï 1.62 (m, 2H), 1.60 ï 1.52 (m, 2H), 1.28 (s, 12H); 13C NMR (101 MHz, CDCl3) ŭ 171.6, 

138.4, 135.9, 114.1, 80.4, 47.1, 46.9, 26.8, 26.5, 26.1, 25.5, 24.4, 22.5, 22.0. A signal for the sp2-

carbon directly attached to the boron atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 

13.33; HRMS: (ESI) [M+H]+ calc. for C19H31BNO3, 332.2395; observed, 332.2407. 

 (E)-3-cyclohexyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1l). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 77% yield (700 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 5.89 (s, 1H), 3.59 (t, J = 6.9 Hz, 2H), 3.51 (t, J = 

6.9 Hz, 2H), 2.41 ï 2.24 (m, 1H), 2.03 ï 1.79 (m, 6H), 1.75 ï 1.58 (m, 3H), 1.35 ï 1.23 (m, 2H), 

1.18 (s, 12H), 1.11 ï 0.95 (m, 3H); 13C NMR (101 MHz, CDCl3) ŭ 172.1, 115.3, 80.0, 47.1, 46.8, 
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40.9, 31.8, 26.5, 26.5, 25.5, 25.4, 24.3. A signal for the sp2-carbon directly attached to the boron 

atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 13.38; HRMS: (ESI) [M+H]+ calc. for 

C19H33BNO3, 334.2552; observed, 334.2538. 

 (E)-3-cyclopentyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1m). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 73% yield (750 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 5.89 (s, 1H), 3.56 (t, J = 6.9 Hz, 2H), 3.49 (t, J = 

6.9 Hz, 2H), 2.95 ï 2.71 (m, 1H), 1.98 ï 1.73 (m, 6H), 1.60 ï 1.45 (m, 6H), 1.16 (s, 12H), 1.11 ï 

0.95 (m, 3H); 13C NMR (101 MHz, CDCl3) ŭ 172.2, 115.4, 80.3, 47.3, 47.1, 43.0, 31.8, 25.9, 25.7, 

25.5, 24.6. A signal for the sp2-carbon directly attached to the boron atom was not observed. 11B 

NMR  (128 MHz, CDCl3) ŭ 13.38; HRMS: (ESI) [M+NH4]
+ calc. for C18H34BN2O3, 337.2660; 

observed, 337.2674. 

 (E)-3-cyclopropyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1n). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 87% yield (250 mg) as a 

white powder. 1H NMR  (400 MHz, CDCl3) ŭ 5.75 (s, 1H), 3.58 (t, J = 6.9 Hz, 2H), 3.47 (t, J = 

6.8 Hz, 2H), 1.91 (dp, J = 24.8, 6.7 Hz, 4H), 1.79 ï 1.71 (m, 1H), 1.21 (s, 12H), 0.98 ï 0.88 (m, 

3H); 13C NMR (101 MHz, CDCl3) ŭ 171.7, 113.4, 80.1, 47.0, 46.8, 25.8, 25.4, 24.4, 15.0, 12.2. A 

signal for the sp2-carbon directly attached to the boron atom was not observed. 11B NMR (128 
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MHz, CDCl3) ŭ 12.00; HRMS: (ESI) [M+H]+ calc. for C16H27BNO3, 292.2081; observed, 

292.2094. 

 (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)hex-2-en-1-one (1o). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in dichloromethane) and isolated in 46% yield (75 mg) as a white powder. 1H NMR  

(400 MHz, CDCl3) ŭ 5.97 (s, 1H), 3.66 (t, J = 6.9 Hz, 2H), 3.56 (t, J = 6.9 Hz, 2H), 2.39 (t, J = 6.7 

Hz, 2H), 1.94 (dp, J = 26.2, 6.7 Hz, 4H), 1.55 (h, J = 14.9, 7.5 Hz, 2H), 1.23 (s, 12H), 0.94 (t, J = 

7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 172.1, 116.8, 80.1, 47.2, 47.0, 34.5, 25.6, 25.5, 24.4, 

20.6, 14.3. A signal for the sp2-carbon directly attached to the boron atom was not observed. 11B 

NMR  (128 MHz, CDCl3) ŭ 13.00; HRMS: (ESI) [M+H]+ calc. for C16H29BNO3, 294.2235; 

observed, 294.2244. 

 (E)-N-methyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)acrylamide (3b). The title compound was purified by silica flash-chromatography (20% ethyl 

acetate in dichloromethane) and isolated in 88% yield (88 mg) as a white powder. 1H NMR  (400 

MHz, CDCl3) ŭ 10.34 (q, J = 4.8 Hz, 1H), 7.44 (dd, J = 7.6, 1.9 Hz, 2H), 7.31 ï 7.24 (m, 3H), 6.33 

(s, 1H), 2.62 (d, J = 4.7 Hz, 3H), 1.29 (s, 12H); 13C NMR (101 MHz, CDCl3) ŭ 174.3, 137.8, 

129.0, 128.3, 127.9, 120.5, 80.8, 27.1, 26.4. A signal for the sp2-carbon directly attached to the 
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boron atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 13.49; HRMS: (ESI) [M+H]+ calc. 

for C16H23BNO3, 288.1768; observed, 288.1753. 

(E)-N-isopropyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)acrylamide (3c). The title compound was purified by silica flash-chromatography (20% ethyl 

acetate in dichloromethane) and isolated in 53% yield (58 mg) as a white powder. 1H NMR  (400 

MHz, CDCl3) ŭ 8.02 (s, 1H), 7.63 ï 7.52 (m, 2H), 7.32 ï 7.24 (m, 4H), 6.29 (s, 1H), 4.08 ï 3.95 

(m, J = 6.6 Hz, 1H), 1.30 (s, 12H), 1.03 (d, J = 6.6 Hz, 6H); 13C NMR (101 MHz, CDCl3) ŭ 172.7, 

138.2, 128.9, 128.2, 128.0, 120.8, 80.8, 44.4, 26.4, 22.3. A signal for the sp2-carbon directly 

attached to the boron atom was not observed. 11B NMR  (128 MHz, CDCl3) ŭ 14.72; HRMS: (ESI) 

[M+H] + calc. for C18H27BNO3, 316.2082; observed, 316.2073. 

 (E)-N-allyl -3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)acrylamide (3d). The title compound was purified by silica flash-chromatography (20% ethyl 

acetate in dichloromethane) and isolated in 71% yield (85 mg) as a white powder. 1H NMR  (400 

MHz, CDCl3) ŭ 10.24 (t, J = 5.7 Hz, 1H), 7.50 (d, J = 6.2 Hz, 2H), 7.34 ï 7.20 (m, 3H), 6.39 (s, 

1H), 5.61 ï 5.47 (m, 1H), 4.97 (t, J = 1.4 Hz, 1H), 4.93 (dq, J = 7.1, 1.3 Hz, 1H), 3.62 (t, J = 5.9 

Hz, 2H), 1.27 (s, 12H); 13C NMR (101 MHz, CDCl3) ŭ 173.8, 137.8, 132.2, 129.1, 128.3, 128.1, 

120.6, 118.4, 80.9, 44.0, 26.4, 25.0. A signal for the sp2-carbon directly attached to the boron atom 
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was not observed. 11B NMR  (128 MHz, CDCl3) ŭ 13.37; HRMS: (ESI) [M+H]+ calc. for 

C18H25BNO3, 314.1925; observed, 314.1946. 

 (E)-1-morpholino-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)prop-2-en-1-one (3e). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in dichloromethane) and isolated in 89% yield (1.12 g) as a white powder. 1H NMR  

(400 MHz, CDCl3) ŭ 10.24 (t, J = 5.7 Hz, 1H), 7.50 (d, J = 6.2 Hz, 2H), 7.34 ï 7.20 (m, 3H), 6.39 

(s, 1H), 5.61 ï 5.47 (m, 1H), 4.97 (t, J = 1.4 Hz, 1H), 4.93 (dq, J = 7.1, 1.3 Hz, 1H), 3.62 (t, J = 

5.9 Hz, 2H), 1.27 (s, 12H); 13C NMR (101 MHz, CDCl3) ŭ 171.9, 138.4, 129.1, 128.1, 127.7, 

116.2, 80.6, 66.2, 66.2, 45.9, 44.7, 26.0. A signal for the sp2-carbon directly attached to the boron 

atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 14.17; HRMS: (ESI) [M+H]+ calc. for 

C19H27BNO4, 344.2031; observed, 344.2016. 

 (E)-N-(3-((tert -butyldimethylsilyl)oxy)propyl) -3-phenyl-3-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide (3f). The title compound was purified 

by silica flash-chromatography (20% ethyl acetate in dichloromethane) and isolated in 95% yield 

(236 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 9.17 (s, 1H), 7.59 ï 7.47 (m, 2H), 

7.30 ï 7.26 (m, 3H), 6.27 (s, 1H), 5.61 ï 5.47 (m, 1H), 3.50 (t, J = 5.8 Hz, 2H), 3.32 ï 3.20 (m, 

2H), 1.58 (m, 2H), 1.28 (s, 12H), 0.88 (s, 9H), 0.03 (s, 6H); 13C NMR (101 MHz, CDCl3) ŭ 173.6, 

138.0, 128.9, 128.3, 128.0, 120.6, 80.8, 61.1, 39.5, 31.6, 26.4, 26.0, 18.3, 5.3. A signal for the sp2-
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carbon directly attached to the boron atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 

13.62; HRMS: (ESI) [M+H]+ calc. for C24H41BNO4Si, 446.2905; observed, 446.2897. 

tert -butyl (E)-4-(3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)acryloyl)piperazine-1-carboxylate (3g). The title compound was purified 

by flash chromatography (70% ethyl acetate in hexanes). Light yellow solid, 32% yield (498 

mg). 1H NMR (400 MHz, CDCl3) ŭ 7.67 (dd, J = 7.6, 1.8 Hz, 2H), 7.37 ï 7.30 (m, 3H), 6.52 (s, 

1H), 3.82 ï 3.76 (m, 2H), 3.65 ï 3.60 (m, 2H), 3.58 ï 3.50 (m, 4H), 1.48 (s, 9H), 1.27 (s, 12H). 

13C NMR (101 MHz, CDCl3) ŭ 172.2, 154.3, 138.6, 129.3, 127.8, 116.6, 81.0, 80.8, 45.7, 44.5, 

42.8, 28.5, 26.1. 11B NMR (128 MHz, CDCl3) ŭ 13.8. HRMS: (ESI) [M+H]
+ calc. for 

C24H36BN2O5, 443.2716; observed, 443.2709. 

 (E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one 

(2a). The title compound was purified by silica flash-chromatography (20% ethyl acetate in 

chloroform) and isolated in 71% yield (40 mg) as a white powder. 1H NMR  (400 MHz, CD2Cl2) 

ŭ 7.74 ï 7.72 (m, 2H), 7.44 ï 7.40 (m, 3H), 6.61 (s, 1H), 3.74 (t, J = 6.7 Hz, 4H), 2.11 ï 1.98 (m, 

4H); 13C NMR  (101 MHz, CD2Cl2) ŭ 172.7, 135.5, 131.3, 129.7, 129.3, 115.2, 48.7, 48.6, 25.8, 

24.9. A signal for the sp2-carbon directly attached to the boron atom was not observed. 11B NMR 

(128 MHz, CD2Cl2) ŭ 7.77 (t, J = 49.1 Hz); 19F NMR  (376 MHz, CD2Cl2) ŭ -152.71 ï -153.34 

(m); HRMS: (ESI) [M+Na]+ calc. for C13H14BNOF2Na, 272.1034; observed, 272.1040. 
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 (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-

one (2b). The title compound was purified by silica flash-chromatography (20% ethyl acetate in 

chloroform) and isolated in 78% yield (40 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 

7.66 (d, J = 8.1 Hz, 2H), 7.21 (d, J = 7.9 Hz, 2H), 6.51 (s, 1H), 3.67 (dt, J = 13.2, 6.9 Hz, 4H), 

2.38 (s, 3H), 2.17 ï 1.94 (m, 4H); 13C NMR (101 MHz, CDCl3) ŭ 141.7, 132.2, 129.6, 129.6, 

113.1, 48.2, 47.9, 25.5, 24.5, 21.8. The signals for the sp2-carbon directly attached to the boron 

atom and for the amide carbonyl carbon were not observed. 11B NMR (128 MHz, CDCl3) ŭ 7.81; 

19F NMR (376 MHz, CDCl3) ŭ -153.22 (m); HRMS: (ESI) [M+NH4]
+ calc. for C14H20BN2OF2, 

281.1631; observed, 281.1623. 

 (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-

one (2c). The title compound was purified by silica flash-chromatography (20% ethyl acetate in 

chloroform) and isolated in 96% yield (52 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 

7.60 ï 7.51 (m, 2H), 7.28 (t, J = 7.7 Hz, 1H), 7.21 (d, J = 7.5 Hz, 1H), 6.52 (s, 1H), 3.67 (q, J = 

6.3 Hz, 4H), 2.37 (s, 3H), 2.09 ï 1.89 (m, 4H); 13C NMR (101 MHz, CDCl3) ŭ 172.4, 138.5, 134.9, 

131.8, 130.3, 128.7, 126.3, 114.4, 48.1, 47.9, 25.3, 24.4, 21.4. A signal for the sp2-carbon directly 

attached to the boron atom was not observed. 11B NMR  (128 MHz, CDCl3) ŭ 7.81; 19F NMR (376 

MHz, CDCl3) ŭ -153.22; HRMS: (ESI) [M+NH4]
+ calc. for C14H20BN2OF2, 281.1634; observed, 

281.1641. 
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 (E)-3-(4-(tert -butyl)phenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-

yl)prop-2-en-1-one (2d). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in chloroform) and isolated in 92% yield (57 mg) as a white powder. 1H NMR  (400 

MHz, (CD3)2CO) ŭ 7.72 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.5 Hz, 2H), 6.85 (s, 1H), 3.93 (t, J = 6.8 

Hz, 2H), 3.72 (t, J = 6.9 Hz, 2H), 2.21 ï 2.06 (m, 4H), 1.33 (s, 9H); 13C NMR  (101 MHz, 

(CD3)2CO) ŭ 173.1, 154.6, 133.9, 129.9, 126.4, 115.5, 48.8, 48.7, 35.4, 31.5, 25.9, 25.0. The 

signals for the sp2-carbon directly attached to the boron atom and for the amide carbonyl carbon 

were not observed. 11B NMR  (128 MHz, (CD3)2CO) ŭ 7.86; 19F NMR (376 MHz, (CD3)2CO) ŭ -

152.19; HRMS: (ESI) [M+Na]+ calc. for C17H22BNOF2Na, 328.1660; observed, 328.1667. 

 (E)-3-(difluoroboraneyl) -3-(4-methoxyphenyl)-1-(pyrrolidin -1-

yl)prop-2-en-1-one (2e). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in chloroform) and isolated in 86% yield (67 mg) as a white powder. 1H NMR  (400 

MHz, CD2Cl2) ŭ 7.70 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.9 Hz, 2H), 6.47 (s, 1H), 3.84 (s, 3H), 3.74 

(q, J = 7.0 Hz, 4H), 2.15 ï 1.92 (m, 4H); 13C NMR (101 MHz, CD2Cl2) ŭ 162.42, 131.6, 128.1, 

114.5, 112.3, 55.8, 48.5, 48.3, 25.7, 24.8. The signals for the sp2-carbon directly attached to the 

boron atom and for the amide carbonyl carbon were not observed. 11B NMR (128 MHz, CD2Cl2) 

ŭ 7.68 (t, J = 53.0 Hz); 19F NMR  (376 MHz, CD2Cl2) ŭ -152.76 (m); HRMS: (ESI) [M+H]+ calc. 

for C14H17BN2O2F2, 280.1320; observed, 280.1294. 
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 (E)-3-(benzo[d][1,3]dioxol-5-yl)-3-(difluoroboraneyl) -1-

(pyrrolidin -1-yl)prop-2-en-1-one (2f). The title compound was purified by silica flash-

chromatography (20% ethyl acetate in chloroform) and isolated in 89% yield (52 mg) as a white 

powder. 1H NMR  (400 MHz, DMSO-d6) ŭ 7.31 (s, 1H), 7.23 (d, J = 6.4 Hz, 1H), 6.99 (d, J = 8.1 

Hz, 1H), 6.87 (s, 1H), 6.07 (s, 2H), 3.77 (q, J = 6.6 Hz, 2H), 3.62 (t, J = 6.7 Hz, 2H), 2.02 ï 1.86 

(m, 4H); 13C NMR (101 MHz, DMSO-d6) ŭ 171.3, 149.5, 147.9, 129.4, 125.5, 114.7, 108.5, 107.6, 

101.6, 48.0, 47.7, 24.7, 24.0. A signal for the sp2-carbon directly attached to the boron atom was 

not observed. 11B NMR (128 MHz, DMSO-d6) ŭ 7.66; 19F NMR (376 MHz, DMSO-d6) ŭ -150.16; 

HRMS: (ESI) [M+NH4]
+ calc. for C14H20BN2OF2, 281.1634; observed, 281.1641. 

 (E)-3-(2-bromophenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop-2-

en-1-one (2g). The title compound was purified by silica flash-chromatography (20% ethyl acetate 

in chloroform) and isolated in 77% yield (50 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) 

ŭ 7.87 (dd, J = 7.8, 1.7 Hz, 1H), 7.62 (dd, J = 8.0, 1.3 Hz, 1H), 7.36 (td, J = 7.5, 1.3 Hz, 1H), 7.21 

ï 7.10 (m, 2H), 3.80 (q, J = 7.6 Hz, 4H), 2.19 ï 2.00 (m, 4H); 13C NMR (101 MHz, CDCl3) ŭ 

172.1, 135.4, 134.2, 133.4, 130.4, 127.7, 122.9, 119.5, 48.3, 48.0, 25.3, 24.3. A signal for the sp2-

carbon directly attached to the boron atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 7.81 

(t, J = 50.7 Hz); 19F NMR  (376 MHz, CDCl3) ŭ -153.25; HRMS: (ESI) [M]+ calc. for 

C13H13BNOF2Br, 327.0239; observed, 327.0240. 
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 (E)-3-(4-bromophenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-

yl)prop-2-en-1-one (2h). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in chloroform) and isolated in 62% yield (88 mg) as a white powder. 1H NMR  (400 

MHz, CDCl3) ŭ 7.62 (d, J = 8.6 Hz, 2H), 7.54 (d, J = 8.6 Hz, 2H), 6.54 (s, 1H), 3.79 (dt, J = 14.5, 

7.0 Hz, 4H), 2.10 (dp, J = 29.5, 6.5 Hz, 4H); 13C NMR (101 MHz, CDCl3) ŭ 133.8, 132.2, 130.9, 

125.6, 114.6, 48.4, 48.1, 25.5, 24.5. The signals for the sp2-carbon directly attached to the boron 

atom and the amide carbonyl carbon were not observed. 11B NMR (128 MHz, CDCl3) ŭ 7.69; 19F 

NMR  (376 MHz, CDCl3) ŭ -153.72; HRMS: (ESI) [M+H]+ calc. for C13H14BNOF2Br, 328.0317; 

observed, 328.0311. 

 (E)-3-(4-chlorophenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-

yl)prop-2-en-1-one (2i). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in chloroform) and isolated in 62% yield (88 mg) as a white powder. 1H NMR  (400 

MHz, CDCl3) ŭ 7.69 (d, J = 8.5 Hz, 2H), 7.38 (d, J = 8.6 Hz, 2H), 6.52 (s, 1H), 3.78 (dt, J = 14.3, 

7.0 Hz, 4H), 2.18 ï 2.02 (m, 4H), 1.54 (s, 1H); 13C NMR (101 MHz, CDCl3) ŭ 172.5, 137.1, 133.4, 

130.7, 129.2, 114.5, 48.4, 48.0, 25.5, 24.5. A signal for the sp2-carbon directly attached to the 

boron atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 7.82; 19F NMR (376 MHz, CDCl3) 

ŭ -153.65; HRMS: (ESI) [M+H]+ calc. for C13H14BNOF2Cl, 284.0822; observed, 284.0824. 

 (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(thiophen-2-yl)prop-2-

en-1-one (2j ). The title compound was purified by silica flash-chromatography (20% ethyl acetate 
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in chloroform) and isolated in 62% yield (24 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) 

ŭ 7.62 (d, J = 3.6, Hz 1H), 7.52 (dd, J = 5.1, 1.1 Hz, 1H), 7.12 (dd, J = 5.1, 3.7 Hz, 1H), 6.30 (s, 

1H), 3.78 (t, J = 6.9 Hz, 2H), 3.72 (t, J = 6.9 Hz, 2H), 2.07 (dp, J = 22.5, 6.6 Hz, 4H), 1.33 (s, 

12H); 13C NMR (101 MHz, CDCl3) ŭ 172.5, 139.5, 134.6, 131.0, 128.9, 112.0, 48.3, 48.0, 25.5, 

24.5. A signal for the sp2-carbon directly attached to the boron atom was not observed. 11B NMR 

(128 MHz, CDCl3) ŭ 7.36 (t, J = 46.7 Hz); 19F NMR (376 MHz, CDCl3) ŭ -154.04; HRMS: (ESI) 

[M+H] + calc. for C11H13BNOF2S, 256.0773; observed, 256.0759. 

 (E)-3-(cyclohex-1-en-1-yl)-3-(difluoroboraneyl) -1-(pyr rolidin -1-

yl)prop-2-en-1-one (2k). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in chloroform) and isolated in 73% yield (100 mg) as a white powder. 1H NMR  (400 

MHz, CDCl3) ŭ 6.72 (s, 1H), 5.94 (s, 1H), 3.71 (dt, J = 28.7, 7.0 Hz, 4H), 2.34 ï 2.25 (m, 2H), 

2.21 ï 2.14 (m, 2H), 2.06 (dp, J = 20.8, 6.9 Hz, 4H), 1.76 ï 1.51 (m, 24H); 13C NMR  (101 MHz, 

CDCl3) ŭ 173.0, 143.2, 135.0, 111.4, 48.0, 47.8, 27.0, 25.4, 24.5, 22.4, 21.9. A signal for the sp2-

carbon directly attached to the boron atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 7.48; 

19F NMR (376 MHz, CDCl3) ŭ -152.04; HRMS: (ESI) [M+H]+ calc. for C13H19BNOF2, 254.1525; 

observed, 254.1505. 

 (E)-3-cyclohexyl-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop-2-en-1-

one (2l). The title compound was purified by silica flash-chromatography (20% ethyl acetate in 

chloroform) and isolated in 76% yield (35 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 

5.98 (s, 1H), 3.70 (dt, J = 21.4, 7.0 Hz, 4H), 2.52 ï 2.41 (m, 1H), 2.14 ï 1.96 (m, 4H), 1.97 ï 1.88 

(m, 2H), 1.81 ï 1.73 (m, 2H), 1.71 ï 1.64 (m, 1H), 1.42 ï 1.09 (m, 5H); 13C NMR  (101 MHz, 
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CDCl3) ŭ 115.5, 48.0, 47.8, 41.4, 31.3, 26.3, 26.3, 25.5, 24.5. The signals for the sp2-carbon 

directly attached to the boron atom and the amide carbonyl carbon were not observed. 11B NMR 

(128 MHz, CDCl3) ŭ 7.63; 19F NMR (376 MHz, CDCl3) ŭ -155.42; HRMS: (ESI) [M]+ calc. for 

C13H20BNOF2, 255.1603; observed, 255.1605. 

 (E)-3-cyclopentyl-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop-2-en-1-

one (2m). The title compound was purified by silica flash-chromatography (20% ethyl acetate in 

chloroform) and isolated in 88% yield (90 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 

6.00 (s, 1H), 3.69 (dt, J = 21.1, 7.0 Hz, 4H), 2.88 (p, J = 8.1 Hz, 1H), 2.14 ï 1.96 (m, 4H), 1.94 ï 

1.83 (m, 2H), 1.75 ï 1.50 (m, 6H); 13C NMR (101 MHz, CDCl3) ŭ 115.9, 48.0, 47.8, 43.5, 31.5, 

25.5, 25.4, 24.5. The signals for the sp2-carbon directly attached to the boron atom and the amide 

carbonyl carbon were not observed. 11B NMR (128 MHz, CDCl3) ŭ 7.35; 19F NMR  (376 MHz, 

CDCl3) ŭ -155.71; HRMS: (ESI) [M+Na]+ calc. for C12H18BNOF2Na, 264.1344; observed, 

264.1340. 

 (E)-3-cyclopropyl-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop-2-en-1-

one (2n). The title compound was purified by silica flash-chromatography (20% ethyl acetate in 

chloroform) and isolated in 74% yield (100 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) 

ŭ 6.10 (s, 1H), 3.66 (dt, J = 25.4, 7.0 Hz, 4H), 2.12 ï 1.93 (m, 4H), 1.86 ï 1.77 (m, 1H), 1.23 ï 

1.17 (m, 2H), 1.01 (dq, J = 7.4, 4.1 Hz, 2H); 13C NMR (101 MHz, CDCl3) ŭ 173.4, 115.2 (t, J = 

2.6 Hz), 47.8, 47.7, 29.8, 25.4, 24.5, 16.3 (t, J = 2.6 Hz), 10.4. A signal for the sp2-carbon directly 

attached to the boron atom was not observed. 11B NMR  (128 MHz, CDCl3) ŭ 6.99 (t, J = 49.8 Hz); 
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19F NMR  (376 MHz, CDCl3) ŭ -154.51; HRMS: (ESI) [M+Na]+ calc. for C10H14BNOF2Na, 

236.1031; observed, 236.1021. 

 (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)hex-2-en-1-one (2o). The 

title compound was purified by silica flash-chromatography (20% ethyl acetate in chloroform) and 

isolated in 75% yield (110 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 6.03 (s, 1H) 

3.74 (t, J = 6.9 Hz, 2H), 3.67 (t, J = 6.8 Hz, 2H), 2.47 (t, J = 6.8 Hz, 2H), 2.15 ï 1.96 (m, 4H), 

1.62 (h, J = 7.4 Hz, 2H), 0.95 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 117.1, 48.0, 

47.8, 34.5, 25.5, 24.5, 20.6, 14.3. The signals for the sp2-carbon directly attached to the boron atom 

and the amide carbonyl carbon were not observed. 11B NMR  (128 MHz, CDCl3) ŭ 7.52 (t, J = 49.9 

Hz); 19F NMR (376 MHz, CDCl3) ŭ -158.03; HRMS: (ESI) [M+NH4]
+ calc. for C10H20BN2OF2, 

233.1633; observed, 233.1633. 

(E)-3-(difluoroboraneyl )-N-methyl-3-phenylacrylamide (4b). The title 

compound was purified by silica flash-chromatography (20% ethyl acetate in chloroform) and 

isolated in 66% yield (40 mg) as a white powder. 1H NMR  (400 MHz, (CD3)2CO) ŭ 9.26 (s, 1H), 

7.72 (dd, J = 6.6, 3.0 Hz, 2H), 7.46 ï 7.36 (m, 3H), 6.66 (s, 1H), 3.16 (d, J = 5.0 Hz, 3H); 13C 

NMR  (101 MHz, (CD3)2CO) ŭ 176.9, 136.1, 131.1, 129.8, 129.5, 116.9, 28.6. A signal for the sp2-

carbon directly attached to the boron atom was not observed. 11B NMR (128 MHz, (CD3)2CO) ŭ 

7.76 (t, J = 48.1 Hz); 19F NMR  (376 MHz, (CD3)2CO) ŭ -151.08 ï -151.41 (m); HRMS: (ESI) 

[M] + calc. for C10H10BNOF2, 209.0820; observed, 209.0816. 
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 (E)-3-(difluoroboraneyl) -N-isopropyl-3-phenylacrylamide (4c). The 

title compound was purified by silica flash-chromatography (20% ethyl acetate in chloroform) and 

isolated in 60% yield (35 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 7.61 (d, J = 5.3 

Hz, 2H), 7.37 (d, J = 6.9 Hz, 3H), 7.08 (d, J = 8.3 Hz, 1H), 6.37 (s, 1H), 4.36 ï 4.19 (m, 1H), 1.28 

(d, J = 6.6 Hz, 6H); 13C NMR (101 MHz, CDCl3) ŭ 174.8, 134.6, 131.0, 129.3, 129.0, 116.0, 45.7, 

22.2. A signal for the sp2-carbon directly attached to the boron atom was not observed. 11B NMR 

(128 MHz, CDCl3) ŭ 8.3; 19F NMR (376 MHz, CDCl3) ŭ -150.47; HRMS: (ESI) [M]+ calc. for 

C12H14BNOF2, 237.1131; observed, 237.1157. 

(E)-N-allyl -3-(difluor oboraneyl)-3-phenylacrylamide (4d). The title 

compound was purified by silica flash-chromatography (20% ethyl acetate in chloroform) and 

isolated in quantitative yield (76 mg) as a white powder. 1H NMR  (400 MHz, CD2Cl2) ŭ 7.72 ï 

7.63 (m, 2H), 7.48 ï 7.36 (m, 3H), 6.95 (s, 1H), 6.48 (s, 1H), 5.98 ï 5.84 (m, 1H), 5.38 ï 5.27 (m, 

2H), 4.18 (t, J = 6.0 Hz, 2H); 13C NMR (101 MHz, CD2Cl2) ŭ 176.5, 135.0, 131.6, 131.4, 129.7, 

129.4, 119.6, 116.0, 45.3. A signal for the sp2-carbon directly attached to the boron atom was not 

observed. 11B NMR (128 MHz, CD2Cl2) ŭ 8.30; 19F NMR  (376 MHz, CD2Cl2) ŭ -151.63; HRMS: 

(ESI) [M]+ calc. for C10H10BNOF2, 209.0820; observed, 209.0816. 

 (E)-3-(difluoroboraneyl) -1-morpholino-3-phenylprop-2-en-1-one (4e). 

The title compound was purified by silica flash-chromatography (20% ethyl acetate in chloroform) 

and isolated in 88% yield (180 mg) as a white powder. 1H NMR  (400 MHz, CD2Cl2) ŭ 7.76 ï 7.70 
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(m, 2H), 7.46 ï 7.41 (m, 3H), 6.75 (s, 1H), 3.96 ï 3.69 (m, 8H); 13C NMR (101 MHz, CD2Cl2) ŭ 

173.8, 135.3, 131.7, 129.7, 129.4, 113.1, 66.7, 66.6, 47.5, 46.2. A signal for the sp2-carbon directly 

attached to the boron atom was not observed. 11B NMR  (128 MHz, CD2Cl2) ŭ 9.55 (t, J = 52.2 

Hz); 19F NMR (376 MHz, CD2Cl2) ŭ -152.33 (dd, J = 88.6, 38.3 Hz); HRMS: (ESI) [M]+ calc. for 

C13H14BNOF2, 265.1083; observed, 265.1106. 

 (E)-3-(difluoroboraneyl) -N-(3-hydroxypr opyl)-3-

phenylacrylamide (4f). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in chloroform) and isolated in 61% yield (289 mg) as a white powder. 1H NMR  (400 

MHz, (CD3)2CO) ŭ 9.27 (s, 1H), 7.77 ï 7.68 (m, 2H), 7.45 ï 7.38 (m, 3H), 6.66 (s, 1H), 3.89 (t, J 

= 5.0 Hz, 1H), 3.76 ï 3.67 (m, 4H), 1.91 (p, J = 6.5 Hz, 2H); 13C NMR (101 MHz, (CD3)2CO) ŭ 

176.3, 136.2, 131.1, 129.8, 129.5, 117.1, 59.9, 40.5, 32.3. A signal for the sp2-carbon directly 

attached to the boron atom was not observed. 11B NMR  (128 MHz, (CD3)2CO) ŭ 8.25 (t, J = 50.1 

Hz); 19F NMR (376 MHz, (CD3)2CO) ŭ -151.53; HRMS: (ESI) [M+NH4]
+ calc. for 

C12H18BN2O2F2, 271.1426; observed, 271.1419. 

tert -butyl (E)-4-(3-(difluoroboraneyl) -3 

phenylacryloyl)piperazine-1-carboxylate (4g). The title compound was purified by flash 

chromatography (40% ethyl acetate in hexanes). White solid, 57% yield (47 mg). 1H NMR (400 

MHz, CDCl3) ŭ 7.76 ï 7.70 (m, 2H), 7.42 ï 7.36 (m, 3H), 6.69 (brs, 1H), 3.78 ï 3.72 (m, 2H), 

3.70 ï 3.63 (m, 2H), 3.61 ï 3.55 (m, 2H), 3.54 ï 3.49 (m, 2H), 1.48 (s, 9H). 13C NMR (101 

MHz, CDCl3) ŭ 173.8, 154.1, 134.7, 131.4, 129.5, 128.9, 112.5, 81.3, 46.6, 45.3, 43.1, 28.4. 11B 
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NMR (128 MHz, CDCl3) ŭ 6.38 
19F NMR (376 MHz, CDCl3) ŭ -152.9. HRMS: (ESI) [M+Na]+ 

calc. for C18H23BF2N2NaO3, 387.1665; observed, 387.1662. 

 (Z)-3-(difluoroboraneyl) -2-(dimethyl(phenyl)silyl)-3-phenylacrylamide 

(4h). The title compound was purified by silica flash-chromatography (20% ethyl acetate in 

chloroform) and isolated in 53% yield (9 mg) as a white powder. 1H NMR  (400 MHz, CDCl3) ŭ 

7.63 ï 7.56 (m, 2H), 7.52 ï 7.42 (m, 3H), 7.43 ï 7.31 (m, 5H), 6.42 (s, 1H), 5.93 (s, 1H), 0.32 (s, 

6H); 13C NMR (101 MHz, CDCl3) ŭ 181.4, 139.1, 136.6, 134.3, 131.1, 129.4, 128.9, 128.4, 128.2, 

126.6, -1.2. A signal for the sp2-carbon directly attached to the boron atom was not observed. 11B 

NMR  (128 MHz, CDCl3) ŭ 7.50; 19F NMR (376 MHz, CDCl3) ŭ -158.39; HRMS: (ESI) [M+Na]+ 

calc. for C17H18BNOF2NaSi, 352.1116; observed, 352.1120. 

 (Z)-3-(difluoroboraneyl) -2-(dimethyl(phenyl)silyl)-N-isopropyl-3-

phenylacrylamide (4i). The title compound was purified by silica flash-chromatography (20% 

ethyl acetate in chloroform) and isolated in 60% yield (35 mg) as a white powder. 1H NMR  (400 

MHz, (CD3)2CO) ŭ 7.73 ï 7.66 (m, 2H), 7.61 ï 7.49 (m, 3H), 7.43 ï 7.29 (m, 5H), 6.39 (s, 1H), 

4.09 ï 3.96 (m, 1H), 0.94 (d, J = 6.6 Hz, 6H), 0.32 (s, 6H); 13C NMR (101 MHz, (CD3)2CO) ŭ 

176.6, 140.2, 137.0, 134.5, 130.5, 129.1, 129.0 128.0, 127.9, 126.3, 45.2, 20.6, -1.9. A signal for 

the sp2-carbon directly attached to the boron atom was not observed. 11B NMR  (128 MHz, 

(CD3)2CO) ŭ 1.55; 19F NMR  (376 MHz, (CD3)2CO) ŭ -156.25; HRMS: (ESI) [M+Na]+ calc. for 

C20H24BNOF2NaSi, 394.1586; observed, 394.1594. 
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 (Z)-3-(difluoroboraneyl) -2-(dimethyl(phenyl)silyl)-N-methyl-3-

phenylacrylamide (4j). The title compound was purified by silica flash-chromatography (30% 

ethyl acetate in hexanes) and isolated in 77% yield (9 mg) as a white powder. 1H NMR  (400 MHz, 

CDCl3) ŭ 7.62 ï 7.55 (m, 2H), 7.55 ï 7.42 (m, 3H), 7.42 ï 7.26 (m, 5H), 5.96 (s, 1H), 2.79 (d, J = 

4.9 Hz, 3H), 0.29 (s, 6H); 13C NMR (101 MHz, CDCl3) ŭ 179.3, 139.4, 136.7, 134.3, 131.0, 129.3, 

128.8, 128.4, 128.1, 126.5, 29.3, -1.2. A signal for the sp2-carbon directly attached to the boron 

atom was not observed. 11B NMR (128 MHz, CDCl3) ŭ 7.73; 19F NMR (376 MHz, CDCl3) ŭ -

157.82; HRMS: (ESI) [M+H]+ calc. for C18H21BNOF2Si, 344.1452; observed, 344.11458. 
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5. Crystal Data 

Acknowledgements:  This material is based upon work supported by the National Science 

Foundation under 1726077. 

Experimental 

A colorless plate (0.067 x 0.125 x 0.296 mm3) was centered on the goniometer of a Rigaku Oxford 

Diffraction Synergy-S diffractometer equipped with a HyPix6000HE detector and operating with 

CuKa radiation.  The data collection routine, unit cell refinement, and data processing were carried 

out with the program CrysAlisPro.22  The Laue symmetry and systematic absences were consistent 

with the orthorhombic space group P21212.  The structure was solved using SHELXT23] and 

refined using SHELXL24 via Olex2.25  The final refinement model involved anisotropic 

displacement parameters for non-hydrogen atoms and a riding model for all hydrogen atoms.  The 

absolute configuration was established from anomalous dispersion effects [Flack x = 0.04(4);26 

Hooft y = 0.05(3), P2(true) = 1.000, P3(true) = 1.000, P3(rac-twin) = 9.948e-74, P3(false) = 

0.000e+00].25, 27   Olex225 was used for molecular graphics generation. 
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Table 6. Crystal data and structure refinement for cs2479. 

Identification code  EJM-2-2 

Empirical formula  C13H14BF2NO 

Formula weight  249.06 

Temperature  99.99(10) K 

Wavelength  1.54184 Å 

Crystal system  Orthorhombic 

Space group  P21212 

Unit cell dimensions a = 24.1511(2) Å = 90°. 

 b = 7.62640(10) Å = 90°. 

 c = 6.29910(10) Å  = 90°. 

Volume 1160.21(3) Å3 

Z 4 

Density (calculated) 1.426 Mg/m3 

Absorption coefficient 0.928 mm-1 

F(000) 520 

Crystal size 0.296 x 0.125 x 0.067 mm3 

Theta range for data collection 3.660 to 77.372°. 

Index ranges -30<=h<=30, -9<=k<=9, -7<=l<=7 

Reflections collected 35314 

Independent reflections 2464 [R(int) = 0.0482] 

Completeness to theta = 67.684° 100.0 %  

Absorption correction Gaussian 

Max. and min. transmission 1.000 and 0.509 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2464 / 0 / 163 

Goodness-of-fit on F2 1.054 

Final R indices [I>2sigma(I)] R1 = 0.0367, wR2 = 0.0980 

R indices (all data) R1 = 0.0369, wR2 = 0.0982 

Absolute structure parameter 0.04(4) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.519 and -0.244 e.Å-3 



48 
 

Table 7. Bond lengths [Å] and angles [°] for cs2479. 

B(1)-F(1)  1.392(3) 

B(1)-F(2)  1.403(3) 

B(1)-O(1)  1.535(3) 

B(1)-C(3)  1.619(3) 

O(1)-C(1)  1.304(2) 

N(1)-C(1)  1.306(3) 

N(1)-C(4)  1.483(2) 

N(1)-C(7)  1.482(2) 

C(1)-C(2)  1.455(3) 

C(2)-C(3)  1.346(3) 

C(3)-C(8)  1.474(3) 

C(4)-C(5)  1.530(3) 

C(5)-C(6)  1.529(3) 

C(6)-C(7)  1.528(3) 

C(8)-C(9)  1.398(3) 

C(8)-C(13)  1.394(3) 

C(9)-C(10)  1.393(3) 

C(10)-C(11)  1.392(3) 

C(11)-C(12)  1.391(3) 

C(12)-C(13)  1.387(3) 

 

F(1)-B(1)-F(2) 108.58(17) 

F(1)-B(1)-O(1) 107.99(17) 

F(1)-B(1)-C(3) 115.40(18) 

F(2)-B(1)-O(1) 108.27(17) 

F(2)-B(1)-C(3) 115.15(18) 

O(1)-B(1)-C(3) 100.77(16) 

C(1)-O(1)-B(1) 108.59(16) 

C(1)-N(1)-C(4) 122.00(18) 

C(1)-N(1)-C(7) 125.34(17) 

C(7)-N(1)-C(4) 112.43(16) 

O(1)-C(1)-N(1) 119.33(18) 

O(1)-C(1)-C(2) 114.19(18) 

N(1)-C(1)-C(2) 126.47(19) 

C(3)-C(2)-C(1) 109.03(19) 

C(2)-C(3)-B(1) 107.33(17) 

C(2)-C(3)-C(8) 125.55(19) 

C(8)-C(3)-B(1) 127.10(18) 

N(1)-C(4)-C(5) 103.17(17) 

C(6)-C(5)-C(4) 104.28(16) 

C(7)-C(6)-C(5) 103.78(17) 

N(1)-C(7)-C(6) 102.34(16) 

C(9)-C(8)-C(3) 122.05(19) 

C(13)-C(8)-C(3) 119.13(19) 

C(13)-C(8)-C(9) 118.8(2) 

C(10)-C(9)-C(8) 120.3(2) 

C(11)-C(10)-C(9) 120.4(2) 

C(12)-C(11)-C(10) 119.5(2) 

C(13)-C(12)-C(11) 120.1(2) 

C(12)-C(13)-C(8) 120.9(2) 
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Table 8.  Torsion angles [°] for cs2479. 

B(1)-O(1)-C(1)-N(1) -175.92(17) 

B(1)-O(1)-C(1)-C(2) 3.2(2) 

B(1)-C(3)-C(8)-C(9) 163.1(2) 

B(1)-C(3)-C(8)-C(13) -19.1(3) 

F(1)-B(1)-O(1)-C(1) 119.04(19) 

F(1)-B(1)-C(3)-C(2) -115.2(2) 

F(1)-B(1)-C(3)-C(8) 63.5(3) 

F(2)-B(1)-O(1)-C(1) -123.57(19) 

F(2)-B(1)-C(3)-C(2) 117.0(2) 

F(2)-B(1)-C(3)-C(8) -64.3(3) 

O(1)-B(1)-C(3)-C(2) 0.8(2) 

O(1)-B(1)-C(3)-C(8) 179.47(19) 

O(1)-C(1)-C(2)-C(3) -2.7(3) 

N(1)-C(1)-C(2)-C(3) 176.3(2) 

N(1)-C(4)-C(5)-C(6) -26.8(2) 

C(1)-N(1)-C(4)-C(5) -179.06(18) 

C(1)-N(1)-C(7)-C(6) -157.71(19) 

C(1)-C(2)-C(3)-B(1) 0.9(2) 

C(1)-C(2)-C(3)-C(8) -177.83(18) 

C(2)-C(3)-C(8)-C(9) -18.5(3) 

C(2)-C(3)-C(8)-C(13) 159.4(2) 

C(3)-B(1)-O(1)-C(1) -2.3(2) 

C(3)-C(8)-C(9)-C(10) 177.5(2) 

C(3)-C(8)-C(13)-C(12) -176.3(2) 

C(4)-N(1)-C(1)-O(1) 5.0(3) 

C(4)-N(1)-C(1)-C(2) -174.00(19) 

C(4)-N(1)-C(7)-C(6) 16.9(2) 

C(4)-C(5)-C(6)-C(7) 37.8(2) 

C(5)-C(6)-C(7)-N(1) -33.0(2) 

C(7)-N(1)-C(1)-O(1) 179.11(19) 

C(7)-N(1)-C(1)-C(2) 0.1(3) 

C(7)-N(1)-C(4)-C(5) 6.1(2) 

C(8)-C(9)-C(10)-C(11) -1.0(3) 

C(9)-C(8)-C(13)-C(12) 1.6(3) 

C(9)-C(10)-C(11)-C(12) 1.2(4) 

C(10)-C(11)-C(12)-C(13) 0.0(4) 

C(11)-C(12)-C(13)-C(8) -1.4(3) 

C(13)-C(8)-C(9)-C(10) -0.4(3)
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6. NMR Spectra 

 
1H for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(m-

tolyl)prop -2-en-1-one (1c) 
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13C for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(m-

tolyl)prop -2-en-1-one (1c) 
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11B for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(m-

tolyl)prop -2-en-1-one (1c) 
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1H for (E)-3-(4-(tert -butyl)phenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1d) 
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13C for (E)-3-(4-(tert -butyl)phenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1d) 
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11B for (E)-3-(4-(tert -butyl)phenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1d) 
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1H for (E)-3-(benzo[d][1,3]dioxol-5-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1f) 
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13C for (E)-3-(benzo[d][1,3]dioxol-5-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1f) 
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11B for (E)-3-(benzo[d][1,3]dioxol-5-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1f) 
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1H for (E)-3-(2-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)prop-2-en-1-one (1g) 
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13C for (E)-3-(2-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1g) 
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11B for (E)-3-(2-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1g) 
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1H for (E)-3-(4-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)prop-2-en-1-one (1h) 
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13C for (E)-3-(4-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1h) 
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11B for (E)-3-(4-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1h) 
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1H for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(thiophen-2-

yl)prop-2-en-1-one (1j) 
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13C for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(thiophen-

2-yl)prop-2-en-1-one (1j) 
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11B for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(thiophen-

2-yl)prop-2-en-1-one (1j) 
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1H for (E)-3-(cyclohex-1-en-1-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1k) 

 

 
 

 

 

 

 

 

 

 

 



69 
 

 
13C for (E)-3-(cyclohex-1-en-1-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1k) 
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11B for (E)-3-(cyclohex-1-en-1-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)prop-2-en-1-one (1k) 
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1H for (E)-3-cyclohexyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1l) 
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13C for (E)-3-cyclohexyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1l) 
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11B for (E)-3-cyclohexyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1l) 
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1H for (E)-3-cyclopentyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1m) 

 

 
 

 

 

 

 

 

 

 

 



75 
 

 
13C for (E)-3-cyclopentyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1m) 
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11B for (E)-3-cyclopentyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1m) 
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1H for (E)-3-cyclopropyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1n) 
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13C for (E)-3-cyclopropyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1n) 
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11B for (E)-3-cyclopropyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)prop-2-en-1-one (1n) 
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1H for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) (1o)  
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13C for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) (1o)  
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11B for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) (1o)  
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1H for (E)-N-methyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide 

(3b) 
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13C for (E)-N-methyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide 

(3b) 
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11B for (E)-N-methyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide 

(3b) 
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1H for (E)-N-isopropyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide 

(3c) 
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13C for (E)-N-isopropyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide 

(3c) 
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11B for (E)-N-isopropyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide 

(3c) 
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1H for (E)-N-allyl -3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide (3d) 
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13C for (E)-N-allyl -3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide (3d) 
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11B for (E)-N-allyl -3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylamide (3d) 

 

 
 

  



92 
 

 
1H for (E)-1-morpholino-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-

en-1-one (3e) 
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13C for (E)-1-morpholino-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-

en-1-one (3e) 
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11B for (E)-1-morpholino-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-

en-1-one (3e) 
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1H for (E)-N-(3-((tert -butyldimethylsilyl)oxy)propyl) -3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)acrylamide (3f) 
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13C for (E)-N-(3-((tert -butyldimethylsilyl)oxy)propyl) -3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)acrylamide (3f) 
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11B for (E)-N-(3-((tert -butyldimethylsilyl)oxy)propyl) -3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)acrylamide (3f) 

 

 
  



98 
 

 
1H NMR for  tert -butyl (E)-4-(3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)acryloyl)piperazine-1-carboxylate (3g) 
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13C NMR for  tert -butyl (E)-4-(3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)acryloyl)piperazine-1-carboxylate (3g) 
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11B NMR for  tert -butyl (E)-4-(3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)acryloyl)piperazine-1-carboxylate (3g) 

 

 
 
 
 
 
 
 
 
 

 

 

 

 
1H for (E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one (2a) 
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13C for (E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one (2a) 



102 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
11B for (E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one (2a) 
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19F for (E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one (2a) 
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1H for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-one (2b) 

 

 
 

  



106 
 

  
13C for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-one (2b) 

 

 
  



107 
 

  
11B for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop-2-en-1-one (2b) 

 

 
  



108 
 

  
19F for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-one (2b) 
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1H for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-one (2c) 

 

 
  



110 
 

  
13C for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-one (2c) 

 

 
 

  



111 
 

  
11B for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-one (2c) 

 

  



112 
 

  
19F for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-one (2c) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



113 
 

  

1H for (E)-3-(4-(tert -butyl)phenyl)-3-(difluoroboraneyl) -1-(pyr rolidin -1-yl)prop-2-en-1-one 

(2d) 

 

 

  



114 
 

  

13C for (E)-3-(4-(tert -butyl)phenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop-2-en-1-one 

(2d) 
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11B for (E)-3-(4-(tert -butyl)phenyl)-3-(difluoroboraneyl) -1-(pyr rolidin -1-yl)prop-2-en-1-one 

(2d) 

 

  



116 
 

  

19F for (E)-3-(4-(tert -butyl)phenyl)-3-(difluoroboraneyl) -1-(pyr rolidin -1-yl)prop-2-en-1-one 

(2d) 
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1H for (E)-3-(difluoroboraneyl) -3-(4-methoxyphenyl)-1-(pyrrolidin -1-yl)prop-2-en-1-one 

(2e) 
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13C for (E)-3-(difluoroboraneyl) -3-(4-methoxyphenyl)-1-(pyrrolidin -1-yl)prop-2-en-1-one 

(2e) 
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11B for (E)-3-(difluoroboraneyl) -3-(4-methoxyphenyl)-1-(pyrrolidin -1-yl)prop-2-en-1-one 

(2e) 

 

  



120 
 

  
19F for (E)-3-(difluoroboraneyl) -3-(4-methoxyphenyl)-1-(pyrrolidin -1-yl)prop-2-en-1-one 

(2e) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



121 
 

  
1H for (E)-3-(benzo[d][1,3]dioxol-5-yl)-3-(difluoroboraneyl) -1-(pyr rolidin -1-yl)prop-2-en-1-

one (2f) 

 

 
 

  



122 
 

 

  
13C for (E)-3-(benzo[d][1,3]dioxol-5-yl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop-2-en-

1-one (2f) 

 

  
































































































































































































































