
ABSTRACT 

JUNG, MYUNGGI. Synthesis and Applications of 1-Sulfonylcyclopropanols as Modular 

Cyclopropanone Equivalents. (Under the direction of Dr. Vincent Lindsay). 

 

Cyclopropanone derivatives have so far remained elusive as useful building blocks in 

synthesis due to their high ring strain and kinetic instability. Unlike with other cyclic ketones, 

their multiple decomposition pathways make a number of elemental organic transformations 

unfeasible. Since the 1960ôs, the use of cyclopropanone (hemi-)ketals has been established as a 

potential strategy to access cyclopropanone in situ via elimination of an alcohol leaving group.  

However, hemi-ketal precursors still require strong acid or base to equilibrate to cyclopropanone 

and are not bench-stable for extended periods of time. Herein, we report the first synthetic route 

to enantioenriched 1-sulfonylcyclopropanols, which are stable though highly reactive in situ 

precursors to the corresponding cyclopropanones. Starting from commercially available methyl 

sulfones, cyclopropanation with an epoxide reagent followed by an unprecedent Ŭ-hydroxylation 

of the resulting sulfonylcyclopropane affords our targeted cyclopropanone precursors. We show 

that common mild bases are competent at generating cyclopropanone in situ, even at low 

temperature. This strategy enables for the first time a general access to enantioenriched 

substituted cyclopropanone derivatives. 

While doing this work, we also discovered an efficient approach for the rapid synthesis of 

óstrain-release reagentsô. An example of such reagents, 1-sulfonylbicyclobutanes serve as 

convenient sources of cyclobutyl groups via the release of strain. Cyclopropanation between 

methyl sulfone and epichlorohydrin affords sulfonylbicyclobutane in one-pot manner. This is the 

most efficient route to access sulfonyl-substituted strain-release reagents, using readily available 

reagents as starting materials. Importantly, using an analogous approach, chiral housanes (1-

sulfonylbicyclo[2.1.0]pentanes) were enantiospecifically synthesized from chiral epoxide source.  



Using our cyclopropanone precursors and strain-release reagents, we deciphered new 

synthetic disconnections towards a variety of strained building blocks. Firstly, we developed the 

formation of alkylidenecyclopropanes and cyclopropane ɓ-amino acids via Wittig olefination of 

cyclopropanone equivalents followed by conjugate addition. Secondly, the reaction between 

cyclopropanone and lithiated 1-sulfonylbicyclobutanes affords a new efficient route to 

spiro[3.3]heptanones via semipinacol rearrangement. Sp3-rich scaffolds including 

spiro[3.3]heptanone are attractive isosteres in medicinal chemistry for improved pharmaceutical 

profile. Lastly, we proposed and developed cyclopropanone hydrazone precursors as a new 

source of chemical reactivity. Hydrazones in general are well-known as practical carbene 

equivalents. The unique character of carbenes enables a lot of modern organic reactions under 

metal-catalyzed or metal-free conditions. Cyclopropanone hydrazone equivalents were 

successfully obtained and evaluated for potential synthetic applications. Herein, we showcase the 

synthesis of spiropentanes via the formation of 1-pyrazoline intermediates followed by light-

mediated nitrogen extrusion.  

Throughout this work, we have developed several applications of enantioenriched 1-

sulfonylcyclopropanols as cyclopropanone precursors, demonstrating that these reagents are 

highly versatile, enabling a novel access to many strained chiral building blocks difficult to make 

by other approaches.  
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CHAPTER 1 

 

Introduction to cyclopropanone equivalents 

 

1.1. Cyclopropanone as a building block 

Small ring compounds are broadly used in organic chemistry due to their high ring strain. 

Many types of small rings have been explored and applied to various synthetic disconnections 

driven by innate strain release.1ï4 Cyclopropane derivatives are part of this class and can expand 

to larger ring systems or work as 3-carbon sources (Figure 1).5,6 While cyclopropenone is 

accessible in synthetic methods due to its aromatic character,7,8 cyclopropanone is not a 

widespread building block, because of its extreme strain and kinetic instability resulting from 

multiple decomposition pathways (Figure 2).9  

 

Figure 1. Selected examples of the use of 3-membered ring systems. 
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Figure 2. Strain energies of various cyclic systems. 

 

A classical method to prepare cyclopropanone consists of reacting ketene with 

diazomethane, followed by distillation at low temperature to get rid of excess ketene, and the 

resulting solution must be used immediately to avoid decomposition.10 Cyclopropanone is 

promptly decomposed or polymerized at warmer temperature or after longer storage time, even 

at low temperatures (Figure 3).  

 

 

Figure 3. Synthesis of cyclopropanone and its polymerization. 

 

1.2. Cyclopropanone precursors 

Due to the extreme instability of cyclopropanone, precursors have been considered to 

access cyclopropanone in situ. For example, cyclopropanone hemiketals are common sources of 

cyclopropanone equivalents (Figure 4a and 4b).11,12 Although cyclopropanone hemiketals have 

been used in organic chemistry, the poor leaving group ability of alkoxides requires harsh 

conditions and strong acid or base to activate the cyclopropanone equilibrium. Additionally, 

these reagents are unstable and often volatile at room temperature, which also limits their 
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practical use as cyclopropanone equivalents. In 2008, the Chen group introduced 1-

(benzenesulfonyl)cyclopropanol (1) as a cyclopropanone equivalent,13 where the increased 

leaving group ability of sulfinates enables milder conditions for activating the precursor. Also, 

the crystalline 1-sulfonylcyclopropanol is more stable than hemiketals, yet it is a highly reactive 

cyclopropanone precursor in specific basic conditions. To the best of our knowledge, all 

precursors including cyclopropanone hemiketals have largely been reported as equivalents of 

achiral unsubstituted derivatives. A methyl-substituted enantioenriched cyclopropanone 

hemiketal was previously reported, but the synthetic methods for its synthesis (same as Figure 4b) 

would not be general to access other derivatives.14ï17  

 

 

Figure 4. Examples of synthetic cyclopropanone precursors. 

 

1.3. Our modified synthesis of 1-sulfonylcyclopropanol derivatives 

In our lab, we developed an optimized synthesis of 1-sulfonylcyclopropanols starting from 

the corresponding ethyl ester (Scheme 1).18 Moreover, it was found in our group by Yujin Jang 

that the equilibrium towards cyclopropanone could be modulated via variation of the sulfonyl 

groupôs steric and electronic properties (Figure 5). In further applications, a variety of 1-
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sulfonylcyclopropanols would be evaluated to find the substrate with the proper equilibrium rate. 

Too fast equilibrium results the accumulation of unstable cyclopropanone leading to loss of 

substrate via polymerization. On the other hand, too slow equilibrium is not efficient enough for 

the desired reactions.    

For the synthesis of substituted chiral derivatives, the cyclopropane ring was introduced 

by Simmons-Smith cyclopropanation of the silylketene acetal, and the 1-sulfonylcyclopropanols 

were synthesized via acid-mediated deprotection followed by nucleophilic attack of sulfinate 

with an excess of formic acid. With this synthetic method, we were able to access various 2-

substituted 1-sulfonylcyclopropanols. However, the enantioselective Simmons-Smith 

cyclopropanation of silylketene acetals is unknown, so this approach could not be applied to 

access enantioenriched derivatives. Also, the yields and substitution on the cyclopropane ring 

were still low to moderate, which demanded an alternative synthetic method to enantioenriched 

1-sulfonylcyclopropanols. In the following chapters, our research towards access to such 

enantioenriched derivatives is described, as well as novel synthetic applications using them as 

substrates. 

 

 

Scheme 1. Modified synthesis of 1-sulfonylcyclopropanols (work of Yujin Jang). 

 



   

5 

 

 

Figure 5. Structure-reactivity relationship in a pyrazole substitution (work of Yujin Jang). 
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CHAPTER 2 

 

Enantioselective synthesis of 1-sulfonylcyclopropanols 

Poteat, C. M.ÿ; Jang, Y.ÿ; Jung, M.ÿ; Johnson, J. D.; Williams, R. G.; Lindsay, V. N. G.  

Angew. Chem. Int. Ed. 2020, 59, 18655-18661.  

 

2.1. Initial studies on the Ŭ-hydroxylation of cyclopropylsulfones 

In order to access substituted and enantioenriched cyclopropanone precursors in a general 

manner, an alternative synthetic method was imagined (Scheme 2). Starting from readily 

accessible enantioenriched 1-sulfonylcyclopropanes,19,20 Ŭ-hydroxylation as a key step would 

afford our desired 1-sulfonylcyclopropanol. Also, the fact that Ŭ-chiral sulfones are not 

enolizable, as opposed to carbonyl compounds, would allow the Ŭ-stereocenter to be retained 

during the process. However, due to the great leaving group ability of sulfinates in basic 

conditions, the Ŭ-hydroxylation of sulfones usually directly leads to corresponding ketones, as 

Hwu previously reported (Scheme 3).21 In our case, this would lead to in situ cyclopropanone 

formation and decomposition. Therefore, desulfonylation toward cyclopropanone should be 

somehow avoided to achieve a high yield of the chiral 1-sulfonylcyclopropanol. 

 

 

Scheme 2. Plan to access enantioenriched 1-sulfonylcyclopropanols. 
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Scheme 3. Ŭ-Hydroxylation of sulfones to prepare ketones reported by Hwu. 

 

We initially evaluated various electrophilic oxygen sources starting from 

sulfonylcyclopropane 2a (Figure 6). Although Davisô oxaziridine and diacylperoxides are 

common for the Ŭ-hydroxylation of enolates, both were found to be inefficient in this case, with 

the acylated product favored in the latter case, even with bulky diacylperoxides (Figure 6a and 

6b). To avoid the acylation product, bis(silyl)peroxides were evaluated instead. Although the 

desired sulfonylcyclopropanol was not observed, a dimeric product was obtained along with 

some recovered starting material (Figure 6c). This dimeric product is likely arising from the 

reaction between the lithiated intermediate and the corresponding cyclopropanone, highlighting 

that the deprotonated 1-sulfonylcyclopropanol was actually formed during the reaction, but 

decomposed via the equilibrium toward cyclopropanone (Figure 7). In order to prevent this side-

reaction, we imagined that an acidic work-up with AcOH dissolved in toluene at ï78 °C would 

enable isolation of the 1-sulfonylcyclopropanol which indeed worked to certain extent (3a, 10%). 
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Figure 6. Evaluation of various electrophilic oxygen sources. 

 

 

Figure 7. Formation of dimer product and desired product (acidic quench). 
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2.2. Preparation of substituted sulfonylcyclopropanes 

The enantioselective cyclopropanation of alkenes leading to enantioenriched 

sulfonylcyclopropanes has previously been reported in various conditions. The Iwasa group 

developed a Ru(II)-Pheox catalyst prepared from phenylglycine, shown to be efficient to access 

enantioenriched substituted benzenesulfonylcyclopropanes (Figure 8).19 Hence, using this 

method allowed us to access a variety of aromatic substrates with different electronic and steric 

properties. 

 

Figure 8. Enantioselective synthesis of aryl-substituted sulfonylcyclopropanes (2a-2e). 

 

In order to access aliphatic derivatives instead, we modified Tanakaôs method  starting 

from enantioenriched epoxides (Figure 9),22 which was previously reported on racemic epoxides. 

To our delight, the transformation proceeded with complete retention of stereochemical 

information, undergoing sequential SN2 reactions in a one-pot manner. Interestingly, this one-pot 

method could also be applied to fused ring systems. Notably, trifluoromethyl-substituted was 

also successfully prepared via this approach, where KOt-Bu was used in the third step instead of 
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n-butyllithium to avoid decomposition (see experimental section). Moreover, gem-dimethyl 

substituted could be accessed from 2,2-dimethylpropan-1,3-diol and thiophenol using a different 

approach involving cyclopropyl thioether formation followed by oxidation with oxone (Scheme 

4).23 

 

 

Figure 9. One-pot cyclopropanation to access alkyl-substituted sulfonylcyclopropanes (2f-2l). 

 

  

Scheme 4. Synthesis of gem-dimethyl substituted sulfonylcyclopropane (2m). 

 

2.3. Optimization of the enantioselective synthesis of 1-sulfonylcyclopropanols 

 After initially isolating some of the desired sulfonylcyclopropanol product 3a using 

(Et3SiO)2 as oxidant and quench with acetic acid at low temperature (see section 2.1), various 
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oxidants were evaluated using 2a as model substrate (Table 1). While oxaziridine reagents were 

found to be only moderately efficient (entries 1-2), bis(triethylsilyl)peroxide (oxidant C) gave 

encouraging results when boron trifluoride etherate was used as additive (entries 3-7). Further 

investigation of analogous peroxides (D and E) showed that bis(triethylsilyl) peroxide C was the 

most efficient (entries 7-10), and can readily be prepared via simple (bis)silylation of hydrogen 

peroxide followed by filtration on silica gel. Both DME and t-BuOMe were found to be efficient 

solvents in this reaction, but DME was chosen as an optimal solvent for solubility reasons, as 2a 

was found to be only poorly soluble in t-BuOMe (entries 13-16).  

 

Table 1. Evaluation of oxidants and additives for the Ŭ-hydroxylation reaction. 

 

Entry Oxidant (equiv.) Additive (equiv.) Solvent 3aa (%) 

1 A (1.2) - THF <5 

2 B (1.2) - THF 23 

3 C (1.2) - THF 10b 

4 C (1.5) LiClO 4 (2.0) THF <10 

5 C (1.5) TiCl 4 (1.0) THF <10 

6 C (1.5) BCl3 (1.2) THF 20 

7 C (1.5) BF3ĀOEt2 (0.5) THF 20 
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Table 1 (continued). 

8 D (1.5) BF3ĀOEt2 (0.5) THF 13 

9 C (2.0) BF3ĀOEt2 (1.2) THF 26 

10 E (2.0) BF3ĀOEt2 (1.2) THF <10 

11 C (2.0) BF3ĀOEt2 (1.2) Et2O 20 

12 C (2.0) BF3ĀOEt2 (1.2) i-Pr2O 13 

13 C (2.0) BF3ĀOEt2 (1.2) t-BuOMe 44b 

14 C (1.2) BF3ĀOEt2 (1.2) t-BuOMe 45b 

15 C (2.0) BF3ĀOEt2 (1.2) DME  45b 

16 C (1.2) BF3ĀOEt2 (1.2) DME  52b 

 aNMR yield using 1,3,5-trimethoxybenzene as a standard. bIsolated yield. 

 

Further optimization showed that a high concentration (up to 5.4 equiv) of boron 

trifluoride, when added prior to the peroxide reagent, improved the efficiency of the reaction 

(Table 2, entries 1-3). Gratifyingly, using an enantioenriched starting material showcased that the 

enantioselectivity is retained during the process (entry 7). A larger excess of boron trifluoride 

(7.0 equiv) gave a lot of starting material back (entry 8). Also, in the case of aliphatic substrates 

such as (R = Me), we found that t-BuOMe was drastically more efficient (entries 9-10). 
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Table 2. Optimization of enantioselective synthesis of 1-sulfonylcyclopropanols (3a,3f). 

 

Entry R BF3ĀOEt2 Solvent Conditions Yielda (%) 

1 Ph 5.4 eq. DME ī78 °C, 2 h 72 

2 Ph 5.4 eq. DME ī78 °C, 1 h 76 

3 Ph 5.4 eq. DME  ī78 °C, 15 min 77 

4 Ph 4.4 eq. DME ī78 °C, 15 min 73 

5 Ph 3.4 eq. DME ī78 °C, 15 min 69 

6 Ph 2.4 eq. DME ī78 °C, 15 min 58 

7 Phb 5.4 eq. DME ī78 °C, 15 min 
77 (73)c 

>99% ee 

8 Ph 7.0 eq. DME ī78 °C, 15 min 12 

9 Me 5.4 eq. DME ī78 °C, 1 h 47 

10 Meb 5.4 eq. t-BuOMe ī78 °C, 1 h 
(84)c 

>99% ee 

11 Me 5.4 eq. t-BuOMe ī78 °C, 15 min 76  

aNMR yield using 1,3,5-trimethoxybenzene as a standard. bStarting material was 

>99% ee. cIsolated yield in the parenthesis. 

 

2.4. Proposed mechanism of Ŭ-hydroxylation 

Based on our optimization experiments, revealing the necessity for boron trifluoride 

added before the peroxide reagent, a mechanism via [1,2]-shift of a peroxyborate intermediate is 

proposed (Scheme 5). In order to support this mechanism, we performed the same reaction but 

using a bis(silyl)pinacol reagent instead of the peroxide, leading to the isolation of the 

corresponding Ŭ-borylated sulfonylcyclopropane (Scheme 6). 
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Scheme 5. Proposed mechanism of Ŭ-hydroxylation. 

 

 

Scheme 6. Synthesis of Ŭ-pinacolborane of 1-sulfonylcyclopropane (2a). 

 

2.5. Scope of accessible 1-sulfonylcyclopropanols 

 Using these optimized conditions, we explored the scope of accessible 1-

sulfonylcyclopropanols as cyclopropanone equivalents (Figure 10). Sulfonylcyclopropanes 

prepared in section 2.2 were thus successfully utilized for the synthesis of the corresponding 1-

sulfonylcyclopropanols. Both electron-rich and poor aromatic derivatives could be accessed via 

this method, with electron-poor substrates generally affording higher yields. Various substitution 

patterns could be present on the cyclopropane ring with comparable efficiency, allowing general 

access to substituted cyclopropanones. Moreover, the absolute and relative configuration of 3a 

was confirmed by X-ray crystallographic analysis, showing that the reaction proceeds with 

retention of configuration at the hydroxylation position (Figure 11).  
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Figure 10. Scope of accessible substituted 1-sulfonylcyclopropanols (3).a,b 

 

Figure 11. X-ray of compound 3a. 
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2.6. Conclusion 

In conclusion, we have developed a general synthetic route for the synthesis of 

enantioenriched 1-sulfonylcyclopropanols via the Ŭ-hydroxylation of sulfonylcyclopropanes. 

While there are a few reports of substituted cyclopropanone precursors such as hemiketals, 

mostly specific racemic examples were previously disclosed.15,16,24,25 To the best of our 

knowledge, this method constitutes the first general enantioselective synthesis of cyclopropanone 

equivalents. Thus, we expect this work to significantly expand the utility of cyclopropanones as 

building blocks in organic synthesis via the development of new cyclopropanone-based 

rearrangements, leading to a variety of optically active scaffolds difficult to access otherwise. 

 

2.7. Experimental 

General Experimental Conditions 

General: Unless stated otherwise, all non-aqueous reactions were performed in oven-dried 

glassware sealed with microwave caps or rubber septa under a nitrogen atmosphere, and were 

stirred with Teflon-coated magnetic stirbars.26 Liquid reagents and solvents were transferred by 

syringe using standard Schlenk techniques. Tetrahydrofuran (THF), diethyl ether (Et2O), 

dichloromethane (CH2Cl2), toluene (PhMe), acetonitrile (MeCN), and methanol (MeOH) were 

dried by passage over a column of activated alumina (JC Meyers Solvent System). Anhydrous 

1,4-dioxane, dimethyl sulfoxide (DMSO), tert-butyl methyl ether (t-BuOMe), and diisopropyl 

ether (i-Pr2O) were obtained in Sure Seal bottles from Sigma Aldrich. Anhydrous ethylene glycol 

dimethyl ether (DME) was obtained in sealed bottles from Acros Organics. All other solvents 

were used as received unless otherwise noted. Thin layer chromatography (TLC) was performed 

using Silicycle silica gel 60 F-254 precoated plates (0.25 mm) and visualized by UV irradiation 
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and anisaldehyde, CAM, potassium permanganate, or iodine stain. Sorbent silica gel (particle 

size 40-63 ɛm) was used for flash chromatography of the indicated solvent system according to 

standard techniques.27 Flash chromatography was performed on a Biotage Isolera One. Nuclear 

magnetic resonance (NMR) spectra (1H, 13C) were recorded on Varian or Bruker spectrometers 

operating at either 500, 600, or 700 MHz for 1H and 150 or 175 MHz for 13C experiments. 

Chemical shifts (ŭ) for 1H NMR spectra are recorded in parts per million from tetramethylsilane 

with the solvent resonance as the internal standard (chloroform, ŭ 7.26 ppm; DMSO-d6, ŭ 2.50 

ppm; or CD3OD, ŭ 3.31 ppm). Data are reported as follows: chemical shift, multiplicity (s = 

singlet, d = doublet, t = triplet, q = quartet, qn = quintet, m = multiplet and br = broad), coupling 

constant in Hz, and integration. Chemical shifts for 13C NMR spectra are recorded in parts per 

million from tetramethylsilane using the central peak of CDCl3 (ŭ 77.16 ppm), DMSO-d6 (ŭ 

39.52 ppm) or CD3OD (49.00 ppm) as the internal standard. All spectra were obtained with 

complete proton decoupling. Only select 1H and 13C spectra are reported. Infrared (IR) spectra 

were collected on a Thermo Scientific Nicolet iS5 FTIR instrument using attenuated total 

reflectance (ATR) mode and signals are reported in reciprocal centimeters (cm-1). Only selected 

IR frequencies are reported. Melting points were collected on Mettler Toledo MP50 melting 

point system. High-resolution mass spectral data were obtained from the NC State University 

Molecular Education, Technology and Research Innovation Center (METRIC), on a Thermo 

Fisher Scientific Exactive Plus for HESI (Heated Electrospray Ionization). Enantiomeric excess 

was determined by HPLC analysis (Agilent Technologies 1100 series) using a chiral stationary 

phase. Optical rotations were determined with a Jasco P-2000 polarimeter at 589 nm. Data are 

reported as follows: [Ŭ]D
temp, concentration (c in g/100 mL), and solvent. 
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Preparation of sulfonylcyclopropanes 

GENERAL PROCEDURE A: Synthesis of aryl-substituted sulfonylcyclopropanes 

Aryl substituted sulfonylcyclopropanes were prepared according to Iwasaôs Ru-catalyzed 

cyclopropanation:19 

 

An oven-dried 50 mL round-bottomed flask equipped with a magnetic stirbar was charged with 

(S)-Ru(II)-Pheox (19 mg, 0.03 mmol, 0.03 equiv) and capped. Dry CH2Cl2 (10 mL) was added, 

followed by the olefin (5.0 mmol, 5.0 equiv) under inert atmosphere. The resulting mixture was 

cooled to -10 ̄ C and a solution of Ŭ-diazomethyl phenyl sulfone (182 mg, 1.0 mmol, 1.0 equiv) 

in CH2Cl2 (10 mL) was slowly added dropwise. After TLC analysis indicated complete 

consumption of the starting material, the mixture was concentrated under vacuum and the crude 

residue was directly purified by flash chromatography (0-60% EtOAc in hexanes elution gradient) 

to afford the pure sulfonylcyclopropane. 
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Specific procedures and characterization data of aryl -substituted sulfonylcyclopropanes 

(((1R,2S)-2-phenylcyclopropyl)sulfonyl)benzene (2a). General procedure A was 

followed, starting with Ŭ-diazomethyl phenyl sulfone (200 mg, 1.1 mmol, 1.0 

equiv), styrene (573 mg, 5.5 mmol, 5.0 equiv) and (S)-Ru(II)-Pheox (21 mg, 0.033 

mmol, 0.03 equiv) in CH2Cl2 (20 mL) for 5 minutes, affording sulfonylcyclopropane (208 mg, 

73% yield, 95% ee) as a white solid after purification by flash chromatography, eluting with 0-60% 

EtOAc in hexanes elution gradient. Enantiomeric excess was determined by HPLC analysis on 

chiral stationary phase (Chiralcel OJ-H 25 cm, 5% i-PrOH in hexane, 1 mL/min, 23°C, 214 nm, 

tr (major) 48.5 min, tr (minor) 54.0 min). 

HPLC trace: 

 

Recrystallization to obtain enantiopure material: To solution of the product (160 mg) in 

CH2Cl2 (1.5 mL) was added i-PrOH (1.5 mL) and left to slowly concentrate overnight via 

evaporation at room temperature without sealing. Solvent was removed to afford crystals (116 

mg, 72% recrystallization yield, >99% ee). [Ŭ]D
20 = ï41.8 (c 1.01, CHCl3). All other analyses 

were consistent with the previously reported data.  
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1-(((1R,2S)-2-phenylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene 

(2aô). General procedure A was followed, starting with Ŭ-diazomethyl 4-

trifluoromethylphenyl sulfone (540 mg, 2.16 mmol, 1.0 equiv), styrene (1.24 

ml, 10.79 mmol, 5.0 equiv) and (S)-Ru(II)-Pheox (41 mg, 0.07 mmol, 0.03 equiv) in CH2Cl2 (40 

mL) for 10 minutes at -10 °C, affording sulfonylcyclopropane (600 mg, 85% yield, 93% ee) as a 

white solid after purification by flash chromatography, eluting with 0-60% EtOAc in hexanes 

elution gradient (Rf = 0.35, 30% EtOAc in hexanes). Enantiomeric excess was determined by 

HPLC analysis on chiral stationary phase (Chiralcel OJ-H 25 cm, 10% i-PrOH in hexane, 1 

mL/min, 23°C, 214 nm, tr (minor) 17.0 min tr (major) 19.5 min). mp 98-100 °C. 1H NMR  (600 

MHz, CDCl3) ŭ 8.08 (d, J = 8.2 Hz, 2H), 7.85 (d, J = 8.2 Hz, 2H), 7.29-7.26 (m, 2H), 7.25-7.20 

(m, 1H), 7.05-7.00 (m, 2H), 2.94 (ddd, J = 9.9, 6.7, 4.4 Hz, 1H), 2.68 (ddd, J = 8.3, 5.3, 4.4 Hz, 

1H), 1.91 (dt, J = 9.9, 5.5 Hz, 1H), 1.53 (ddd, J = 8.3, 6.6, 5.6 Hz, 1H). 13C NMR  (150 MHz, 

CDCl3) ŭ 144.1, 137.1, 135.4 (q, J = 33.3 Hz), 128.9, 128.4, 127.5, 126.7 (q, J = 3.7 Hz), 126.6, 

123.2 (q, J = 271.7 Hz), 41.7, 24.1, 14.2. IR  (neat) 3034, 1605, 1497, 1459, 1403, 1316, 1307, 

1295, 1147, 1126, 1105, 1060, 853, 842, 757, 705, 692, 609. HRMS (HESI) calcd for 

[C16H13F3O2S+Na]+: m/z 349.0481, found 349.0471. 

HPLC trace: 
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Recrystallization to obtain enantiopure material: To solution of the product (600 mg) in 

CH2Cl2 (5 mL) was added i-PrOH (3 mL) and left to slowly concentrate overnight via 

evaporation at room temperature without sealing. Solvent was removed to afford crystals of 

sulfonylcyclopropane (406 mg, 68% recrystallization yield, >99% ee). [Ŭ]D
20 = ï51.3 (c 0.83, 

CHCl3). 

 

1-methoxy-4-((1S,2R)-2-(phenylsulfonyl)cyclopropyl)benzene (2b). 

General procedure A was followed, starting with Ŭ-diazomethyl phenyl 

sulfone (182 mg, 1.0 mmol, 1.0 equiv), 4-methoxystyrene (671 mg, 5.0 

mmol, 5.0 equiv) and (S)-Ru(II)-Pheox (19 mg, 0.03 mmol, 0.03 equiv) in CH2Cl2 (20 mL) for 5 

minutes, affording sulfonylcyclopropane (271 mg, 94% yield, 94% ee) as a white solid after 

purification by flash chromatography, eluting with 0-60% EtOAc in hexanes elution gradient (Rf 

= 0.34, 30% EtOAc in hexanes). Enantiomeric excess was determined by HPLC analysis on 

chiral stationary phase (Chiralcel OJ-H 25 cm, 20% i-PrOH in hexane, 1 mL/min, 23°C, 214 nm, 

tr (major) 27.7 min, tr (minor) 33.6 min). [Ŭ]D
20 = ï59.5 (c 1.00, CHCl3). mp 111-112 °C. 1H 

NMR  (600 MHz, CDCl3) ŭ 7.98-7.92 (m, 2H), 7.68-7.63 (m, 1H), 7.57 (dd, J = 8.4, 7.2 Hz, 2H), 

6.97-6.91 (m, 2H), 6.80-6.75 (m, 2H), 3.76 (s, 3H), 2.85 (ddd, J = 9.8, 6.6, 4.5 Hz, 1H), 2.62-

2.55 (m, 1H), 1.86 (dt, J = 9.7, 5.5 Hz, 1H), 1.43 (ddd, J = 8.3, 6.6, 5.6 Hz, 1H). 13C NMR  (150 

MHz, CDCl3) ŭ 158.9, 140.8, 133.6, 129.5, 129.4, 127.9, 127.7, 114.2, 55.4, 41.8, 23.4, 13.8. IR  

(neat) 1515, 1301, 1248, 1145, 1086, 821, 730, 701, 688, 590, 552. HRMS (HESI) calcd for 

[C16H16O3S+H]+: m/z 289.0893, found 289.0889. 
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HPLC trace: 

 

1-chloro-4-((1S,2R)-2-(phenylsulfonyl)cyclopropyl)benzene (2c). General 

procedure A was followed, starting with Ŭ-diazomethyl phenyl sulfone (141 

mg, 0.77 mmol, 1 equiv), 4-chlorostyrene (534 mg, 3.85 mmol, 5 equiv) and 

(S)-Ru(II)-Pheox (15 mg, 0.023 mmol, 0.03 equiv) in CH2Cl2 (16 mL) for 10 minutes, affording 

sulfonylcyclopropane (151 mg, 67% yield, 96% ee) as a white solid after purification by flash 

chromatography, eluting with 0-60% EtOAc in hexanes elution gradient (Rf = 0.42, 30% EtOAc 

in hexanes).  Enantiomeric excess was determined by HPLC analysis on chiral stationary phase 

(Chiralcel AD-H 25 cm, 5% i-PrOH in hexane, 1 mL/min, 23°C, 214 nm, tr (major) 31.8 min, tr 

(minor) 34.5 min). [Ŭ]D
20 = ï56.3 (c 1.04, CHCl3). mp 84-86 °C.  1H NMR  (500 MHz, CDCl3) ŭ 

7.97-7.92 (m, 2H), 7.69-7.64 (m, 1H), 7.58 (dd, J = 8.4, 7.1 Hz, 2H), 7.24-7.19 (m, 2H), 6.98-

6.93 (m, 2H), 2.87 (ddd, J = 9.9, 6.6, 4.5 Hz, 1H), 2.63 (ddd, J = 8.3, 5.4, 4.5 Hz, 1H), 1.89 (dt, J 

= 9.8, 5.6 Hz, 1H), 1.45 (ddd, J = 8.3, 6.6, 5.7 Hz, 1H). 13C NMR (150 MHz, CDCl3) ŭ 140.5, 

136.1, 133.8, 133.2, 129.5, 129.0, 128.1, 127.7, 42.0, 23.3, 14.1. IR  (neat) 1496, 1304 1287, 

1144, 1086, 815, 733, 685, 578, 550. HRMS (HESI) calcd for [C15H13ClO2S+H]+: m/z 293.0398, 

found 293.0397. 
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HPLC trace: 

 

 1-((1S,2R)-2-(phenylsulfonyl)cyclopropyl)-4-(trifluoromethyl)benzene 

(2d). General procedure A was followed, starting with Ŭ-diazomethyl phenyl 

sulfone (173 mg, 0.95 mmol, 1 equiv), 4-trifluoromethylstyrene (818 mg, 

4.75 mmol, 5 equiv) and (S)-Ru(II)-Pheox (30 mg, 0.048 mmol, 0.05 equiv) in CH2Cl2 (20 mL) 

for 1.0 hours, affording sulfonylcyclopropane (158 mg, 51% yield, 93% ee) as a white solid after 

purification by flash chromatography, eluting with 0-60% EtOAc in hexanes elution gradient (Rf 

= 0.28, 30% EtOAc in hexanes). Enantiomeric excess was determined by HPLC analysis on 

chiral stationary phase (Chiralcel OD-H 25 cm, 5% i-PrOH in hexane, 1 mL/min, 23°C, 214 nm, 

tr (major) 19.4 min, tr (minor) 22.5 min). [Ŭ]D
20 = ï48.5 (c 1.03, CHCl3).mp 90-92 °C. 1H NMR  

(600 MHz, CDCl3) ŭ 7.98-7.92 (m, 2H), 7.70-7.63 (m, 1H), 7.62-7.56 (m, 2H), 7.51 (d, J = 8.1 

Hz, 2H), 7.13 (d, J = 7.9 Hz, 2H), 2.94 (ddd, J = 10.4, 6.6, 4.5 Hz, 1H), 2.70 (ddd, J = 8.4, 5.5, 

4.5 Hz, 1H), 1.95 (dt, J = 9.8, 5.7 Hz, 1H), 1.51 (ddd, J = 8.4, 6.6, 5.8 Hz, 1H). 13C NMR (150 

MHz, CDCl3) ŭ 141.7, 140.4, 133.9, 129.7 (q, J = 32.5 Hz), 129.6, 127.8, 127.1, 125.8 (q, J = 3.8 

Hz), 124.1 (q, J = 271.8 Hz), 42.2, 23.5, 14.4. IR (neat) 1321, 1300, 1140, 1117, 1067, 1048, 

832, 749, 729, 687, 550. HRMS (HESI) calcd for [C16H13F3O2S+H]+: m/z 327.0661, found 

327.0662. 
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HPLC trace: 

 

 1-methyl-2-((1S,2R)-2-(phenylsulfonyl)cyclopropyl)benzene (2e). General 

procedure A was followed, starting with Ŭ-diazomethyl phenyl sulfone (152 mg, 

0.83 mmol, 1 equiv), 2-methylstyrene (490 mg, 4.15 mmol, 5 equiv) and (S)-

Ru(II)-Pheox (16 mg, 0.025 mmol, 0.03 equiv) in CH2Cl2 (16 mL) for 5 minutes, affording 

sulfonylcyclopropane (181 mg, 80% yield, 96% ee) as a colorless oil after purification by flash 

chromatography, eluting with 0-60% EtOAc in hexanes elution gradient (Rf = 0.41, 30% EtOAc 

in hexanes). Enantiomeric excess was determined by HPLC analysis on chiral stationary phase 

(Chiralcel AD-H 25 cm, 10% i-PrOH in hexane, 1 mL/min, 23°C, 214 nm, tr (minor) 13.9 min, tr 

(major) 17.3 min). [Ŭ]D
20 = ï39.1 (c 1.11, CHCl3). 1H NMR  (500 MHz, CDCl3) ŭ 7.98-7.93 (m, 

2H), 7.68-7.63 (m, 1H), 7.58 (dd, J = 8.4, 7.0 Hz, 2H), 7.17-7.11 (m, 2H), 7.08 (dt, J = 8.5, 4.2 

Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 2.92 (ddd, J = 9.8, 6.7, 4.6 Hz, 1H), 2.63 (dt, J = 8.3, 4.9 Hz, 

1H), 2.34 (s, 3H), 1.85 (dt, J = 9.7, 5.3 Hz, 1H), 1.46 (ddd, J = 8.2, 6.7, 5.4 Hz, 1H). 13C NMR  

(150 MHz, CDCl3) ŭ 140.6, 138.2, 135.3, 133.6, 130.3, 129.4, 127.8, 127.4, 126.1, 126.0, 41.1, 

22.1, 19.7, 13.0. IR  (neat) 1446, 1304, 1145, 1087, 761, 731, 700, 687, 590, 575, 557. HRMS 

(HESI) calcd for [C16H16O2S+H]+: m/z 273.0944, found 273.0940. 
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HPLC trace: 
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GENERAL PROCEDURE B: Synthesis of alkyl-substituted sulfonylcyclopropanes22 

To an oven-dried 50 mL round-bottomed flask containing a solution of methyl phenyl sulfone28 

(500 mg, 3.20 mmol, 1.0 equiv) in dry THF (20 mL) under N2 was added n-BuLi (1.3 mL (2.5M 

solution in hexanes), 3.36 mmol, 1.05 equiv) dropwise at ï78 °C and stirred for 30 min at the 

same temperature. To the reaction mixture was added epoxide reagent (3.20 mmol, 1.0 equiv) 

and the solution was warmed to room temperature. After the starting material was consumed (3 

hours by TLC analysis), the solution was cooled back to ï78 °C and benzenesulfonyl chloride 

(0.41 mL, 3.20 mmol, 1.0 equiv) was added dropwise. After 30 min, the reaction was warmed to 

0 °C and kept at this temperature for 3 hours. The resulting solution was cooled to ï78 °C again 

and n-BuLi (1.3 mL (2.5M solution in hexanes), 3.36 mmol, 1.05 equiv) was added dropwise, 

and the solution was left to slowly warm to room temperature overnight. The resulting mixture 

was quenched with H2O and extracted twice with EtOAc. The combined organic layers were 

washed with brine, dried over MgSO4 and concentrated under vacuum.  
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Specific procedures and characterization data of alkyl -substituted sulfonylcyclopropanes 

 (((1S,2S)-2-methylcyclopropyl)sulfonyl)benzene (2f). General procedure B was 

followed, starting from methyl phenyl sulfone and (R)-(+)-propylene oxide. The 

product was isolated (410 mg, 66% yield, >99% ee) as a colorless oil after purification by flash 

chromatography, eluting with 0-30% EtOAc in hexanes (elution gradient). Enantiomeric excess 

was determined by HPLC analysis on chiral stationary phase (Chiralcel OD-H 25 cm, 2% i-

PrOH in hexane, 1 mL/min, 23 °C, 214 nm, tr (minor) 18.2 min, tr (major) 20.5 min). [Ŭ]D
20 = 

+45.5 (c 1.11, CHCl3). All other analyses were consistent with previously reported data.29,30 

HPLC trace: 

  

(((1S,2S)-2-phenethylcyclopropyl)sulfonyl)benzene (2g). General procedure B 

was followed, starting from methyl phenyl sulfone (453 mg, 2.9 mmol, 1.0 equiv) 

and (R)-2-phenethyloxirane31,32 (474 mg, 3.2 mmol, 1.1 equiv, 96% ee). The product (560 mg, 67% 

yield, 95% ee) was isolated as a pale yellow oil after purification by flash chromatography, 

eluting with 0-20% EtOAc in hexanes (elution gradient). Enantiomeric excess was determined 

by HPLC analysis on chiral stationary phase (Chiralcel AD-H 25 cm, 5% i-PrOH, 1 mL/min, 

23 °C, 43 bar, 214 nm, tr (minor) 21.4 min, tr (major) 23.1 min). [Ŭ]D
20 = +18.8 (c 0.58, CHCl3). 

1H NMR  (600 MHz, CDCl3) ŭ 7.91-7.87 (m, 2H), 7.66-7.61 (m, 1H), 7.56 (t, J = 7.8 Hz, 2H), 
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7.28-7.24 (m, 2H), 7.18 (t, J = 7.4 Hz, 1H), 7.09 (d, J = 6.6 Hz, 2H), 2.64-2.53 (m, 2H), 2.27-

2.21 (m, 1H), 1.81-1.72 (m, 1H), 1.71-1.62 (m, 1H), 1.61-1.53 (m, 1H), 1.52-1.46 (m, 1H), 0.90-

0.84 (m, 1H). 13C NMR (150 MHz, CDCl3) ŭ 141.1, 141.0, 133.4, 129.3, 128.6, 128.4, 127.7, 

126.2, 39.4, 35.2, 33.9, 20.1, 13.2. IR (neat) 2923, 2857, 1446, 1305, 1146, 1088, 733, 588. 

 

HPLC trace: 

 

   

    
 

((cis-2,3-dimethylcyclopropyl)sulfonyl)benzene (2h). General procedure B was 

followed, starting from methyl phenyl sulfone and cis-2,3-dimethyloxirane. The 

product was isolated as a white solid (30% yield). mp 47-50 °C. 1H NMR  (600 MHz, CDCl3) ŭ 

7.90-7.85 (m, 2H), 7.65-7.59 (m, 1H), 7.55 (dd, J = 8.4, 7.1 Hz, 2H), 1.85-1.77 (m, 3H), 1.11-

1.05 (m, 6H). 13C NMR (150 MHz, CDCl3) ŭ 141.4, 133.2, 129.3, 127.4, 46.4, 19.3, 11.0. IR 

(neat) 3059, 3010, 2929, 1450, 1183, 932, 793, 689, 614, 550. HRMS (HESI) calcd for 

[C11H14O2S+H]+: m/z 211.0787, found 211.0787. 

 

 (2-methyl-3-(phenylsulfonyl)cyclopropyl)benzene (2i). General procedure B 

was followed, starting from methyl phenyl sulfone and 2-methyl-3-phenyloxirane. 

The product was isolated as a white solid (31% yield). mp 135-136 °C. 1H NMR  (700 MHz, 

CDCl3) ŭ 7.98-7.94 (m, 2H), 7.68-7.62 (m, 1H), 7.60-7.53 (m, 2H), 7.26-7.20 (m, 3H), 7.06-6.99 



   

29 

 

(m, 2H), 3.05 (dd, J = 10.2, 5.1 Hz, 1H), 2.59 (t, J = 5.0 Hz, 1H), 2.21-2.14 (m, 1H), 0.93 (d, J = 

6.5 Hz, 3H). 13C NMR (175 MHz, CDCl3) 140.9, 134.2, 133.5, 129.5, 129.1, 128.6, 127.5, 127.3, 

45.2, 29.3, 20.7, 12.2. IR (neat) 1724, 1446, 1302, 1146, 1087, 781, 701, 684, 586, 551. HRMS 

(HESI) calcd for [C16H16O2S+H]+: m/z, 273.0944, found 273.0939. 

 

cis-6-(phenylsulfonyl)bicyclo[3.1.0]hexane (2j). General procedure B was followed, 

starting from methyl phenyl sulfone and cis-6-oxabicyclo[3.1.0]hexane. The product 

was isolated as a white solid (39% yield). mp 65-67 °C. 1H NMR  (700 MHz, CDCl3) 

ŭ 7.91-7.87 (m, 2H), 7.65-7.61 (m, 1H), 7.57-7.53 (m, 2H), 2.22-2.18 (m, 2H), 2.16 (t, J = 3.1 

Hz, 1H), 1.85-1.77 (m, 4H), 1.67-1.60 (m, 1H), 1.07-0.97 (m, 1H). 13C NMR (175 MHz, CDCl3) 

ŭ 141.4, 133.3, 129.3, 127.5, 39.8, 27.0, 26.0, 20.4. IR (neat) 3026, 2965, 2918, 2858, 1449, 

1286, 1144, 845, 719, 625, 547. HRMS (HESI) calcd for [C12H14O2S+H]+: m/z 223.0787, found 

223.0788. 

 

cis-7-(phenylsulfonyl)bicyclo[4.1.0]heptane (2k). General procedure B was 

followed, starting from methyl phenyl sulfone and cis-7-oxabicyclo[4.1.0]heptane. 

The product was isolated as a light brown oil (50% yield). 1H NMR  (700 MHz, 

CDCl3) ŭ 7.90-7.86 (m, 2H), 7.64-7.59 (m, 1H), 7.55 (dd, J = 8.4, 7.1 Hz, 2H), 2.18 (t, J = 3.8 

Hz, 1H), 1.95-1.85 (m, 4H), 1.66-1.57 (m, 2H), 1.34-1.23 (m, 2H), 1.17-1.10 (m, 2H). 13C NMR 

(175 MHz, CDCl3) ŭ 141.5, 133.2, 129.3, 127.4, 43.4, 21.8, 20.7, 19.1. IR (neat) 2930, 2682, 

1446, 1302, 1179, 1087, 968, 794, 690, 593, 550.  HRMS (HESI) calcd for [C13H16O2S+H]+: 

m/z 237.0944, found 237.0944. 
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 ((2-(trifluoromethyl)cyclopropyl)sulfonyl)benzene (2l). To an oven-dried flask 

containing a solution of methyl phenyl sulfone (760 mg, 4.87 mmol, 1.0 equiv) in 

THF (25 mL) under N2 was added n-BuLi (2.14 mL (2.5M solution in hexanes), 5.36 mmol, 1.1 

equiv) at ï78 °C and stirred for 30 min at the same temperature. To the resulting solution was 

added 1,2-epoxy-3,3,3-trifluoropropane (601 mg, 5.36 mmol, 1.1 equiv) at ï78 °C and the 

resulting solution was allowed to warm to room temperature and stirred for 24 hours. The 

reaction was then cooled to 0 °C, benzenesulfonyl chloride (623 ɛL, 4.87 mmol, 1.0 equiv) was 

added and the mixture was stirred for 8 hours at 0 °C. The reaction intermediate (957 mg, 2.34 

mmol, 48%) was isolated by flash chromatography using 0-60% EtOAc/hexanes elution gradient 

(Rf = 0.35, 30% EtOAc in hexanes) and was added into an oven-dried 50 mL round-bottomed 

flask and dissolved in toluene (20 mL). To the reaction mixture was added t-BuOK (394 mg, 

3.51 mmol, 1.5 equiv) and stirred for 3 hours at room temperature. Solvent was removed under 

vacuum and the resulting crude mixture was purified by flash chromatography, eluting with 0-70% 

EtOAc in hexanes elution gradient (Rf = 0.45, 30% EtOAc in hexanes) to afford the product (342 

mg, 58%) as a white solid. mp 62-63 °C. 1H NMR  (600 MHz, CDCl3) ŭ 7.95-7.89 (m, 2H), 7.70 

(ddt, J = 8.7, 7.1, 1.2 Hz, 1H), 7.64-7.58 (m, 2H), 2.82 (ddd, J = 9.6, 5.6, 4.5 Hz, 1H), 2.49-2.40 

(m, 1H), 1.79-1.72 (m, 1H), 1.47 (dt, J = 9.0, 6.2 Hz, 1H). 13C NMR (150 MHz, CDCl3) ŭ 139.4, 

134.3, 129.7, 127.9, 124.1 (q, J = 272.2 Hz), 35.9 (q, J = 2.5 Hz), 21.1 (q, J = 38.7 Hz), 8.7 (q, J 

= 2.6 Hz). IR  (neat) 1412, 1306, 1266, 1131, 1087, 735, 685, 580, 544, 528. 
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((2,2-dimethylcyclopropyl)sulfonyl)benzene (2m).23,33 To an oven-dried 50 mL round-

bottomed flask containing PPh3 (5.0 g, 19.2 mmol, 2.0 equiv) under N2 was added dry MeCN 

(20 mL), Br2 (1.0 mL, 19.2 mmol, 2.0 equiv) and 2,2-dimethyl-1,3-propanediol (1.0 g, 9.6 mmol, 

1.0 equiv) successively at 0 °C, and the resulting mixture was then refluxed to 90 °C for 16 hours. 

After this time, the reaction was cooled to room temperature, concentrated under vacuum and 

filtered through a SiO2 pad using 5% EtOAc in hexanes as eluent, affording the crude 2,2-

dimethyl-1,3-dibromopropane (1.7 g, 77% yield) that was used directly in the next step. 

An oven-dried 50 mL round-bottomed flask was charged with PhSH (0.2 mL, 2.09 mmol, 1.2 

equiv) and DMSO (5 mL) under N2, KOt-Bu (0.6 g, 5.22 mmol, 3.0 equiv) was added and the 

resulting mixture was stirred at room temperature for 5 minutes. A solution of the crude 2,2-

dimethyl-1,3-dibromopropane (400 mg, 1.74 mmol, 1.0 equiv) obtained in the previous step in 

DMSO (1 mL) was added, and the resulting solution was stirred at room temperature for 20 

hours. After this time, the reaction was diluted with H2O (20 mL) and extracted with CH2Cl2. 

The combined organic layers were dried on Na2SO4 and filtered through a silica plug, using 

CH2Cl2 as eluent. The filtrate was concentrated the resulting crude product was used directly in 

the next step. To an oven-dried 50 mL round-bottomed flask containing the crude thioether 

intermediate (250 mg, 1.40 mmol, 1.0 equiv) from the previous step was added MeOH (10 mL), 

H2O (3 mL) and Oxone® (1.3 g, 4.21 mmol, 3.0 equiv) successively, and the reaction was stirred 

at room temperature for 20 hours. After this time, the reaction was diluted with H2O (20 mL) and 

extracted twice with CH2Cl2. The combined organic layers were dried on Na2SO4, concentrated 
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and the crude residue was purified by flash chromatography (5-20% EtOAc in hexanes, elution 

gradient) to afford the product (180 mg, 50% yield over 2 steps). mp 50-54 °C. 1H NMR  (600 

MHz, CDCl3) ŭ 7.93-7.88 (m, 2H), 7.65-7.59 (m, 1H), 7.58-7.52 (m, 2H), 2.23 (dd, J = 8.6, 5.3 

Hz, 1H), 1.48 (t, J = 5.3 Hz, 1H), 1.46 (s, 3H), 1.11 (s, 3H), 1.09 (dd, J = 8.6, 5.3 Hz, 1H). 13C 

NMR (150 MHz, CDCl3) ŭ 142.3, 133.2, 129.3, 127.3, 45.1, 27.0, 23.6, 20.8, 18.8. IR (neat) 

2959, 2948, 2875, 1446, 1302, 1141, 1071, 897, 709, 537. HRMS (HESI) calcd for 

[C11H14O2S+H]+: m/z 211.0787, found 211.0789. 
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Peroxybis(triethylsilane). To an oven-dried 250 mL round-bottomed flask containing urea 

hydrogen peroxide (2.82 g, 30.00 mmol, 1.0 equiv) and DABCO (3.37 g, 30.00 mmol, 1.0 equiv) 

under N2 was added CH2Cl2 (50 mL). The resulting solution was cooled to 0 °C, and 

chlorotriethylsilane (5.04 mL, 30.00 mmol, 1.0 equiv) was added dropwise over 30 minutes 

using a syringe pump aparatus. The resulting solution was stirred for 1 additional hour at room 

temperature, then diluted with hexanes and filtered to remove insoluble salts. The filtrate was 

concentrated, filtered through a silica plug eluting with pentane (500 mL) and concentrated under 

reduced pressure (60 mbar), affording peroxybis(triethylsilane) (3.10 g, 79% yield) as a colorless 

oil. 1H NMR  (500 MHz, CDCl3) ŭ 0.98 (t, J = 8.0 Hz, 18H), 0.68 (q, J = 8.0 Hz, 12H). All other 

analyses were consistent with the previously reported data.34 
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GENERAL PROCEDURE C: Synthesis of substituted 1-sulfonylcyclopropanols 

 

 

 

An oven-dried 5 mL microwave vial equipped with a magnetic stirbar was charged with the 

sulfonylcyclopropane (0.23 mmol, 1.0 equiv), capped and flushed with N2. Anhydrous 1,2-

dimethoxyethane (DME) or t-BuOMe (0.6 mL, see specific procedures) was added and the 

solution was cooled to ï78 °C. To the resulting solution was added n-BuLi (0.09 mL (2.5M in 

hexanes), 0.23 mmol, 1.0 equiv) and the mixture was stirred at ï78 °C for 45 minutes. BF3ÅOEt2 

(0.33 mL, 1.25 mmol, 5.4 equiv) was added dropwise at ï78 °C, followed by a solution of 

peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in DME or t-BuOMe (0.10 mL, see 

specific procedures). The reaction mixture was stirred for the specified time at ï78 °C and then 

quenched by addition of a solution of acetic acid in toluene (0.25 mL, PhMe:AcOH = 5:1), 

warmed and stirred for 1 h at room temperature or 0 °C. To the resulting solution was added 

saturated aq. NH4Cl and the mixture was extracted three times with EtOAc. The combined 

organic fractions were dried on MgSO4 and concentrated under vacuum to afford the crude 1-

sulfonylcyclopropanol, which was purified by flash chromatography (EtOAc in hexanes 

containing 0.5% AcOH) to afford the pure product.  
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(1R,2S)-2-phenyl-1-(phenylsulfonyl)cyclopropan-1-ol (3a). General 

procedure C was followed, starting with (((1R,2S)-2-

phenylcyclopropyl)sulfonyl)benzene (60 mg, 0.23 mmol, 1.0 equiv), n-BuLi (92 

µL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 5.4 equiv) 

and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in DME for 15 min at ï78 °C, 

affording the product (46 mg, 73% yield, >99% ee) as a white solid after purification by flash 

chromatography, eluting with 10% EtOAc in hexanes containing 0.5% AcOH. Enantiomeric 

excess was determined by HPLC analysis on chiral stationary phase (Chiralcel AD-H 25 cm, 20% 

i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm, tr (minor) 7.6 min, tr (major) 8.4 

min). [Ŭ]D
20 = ï5.3 (c 0.96, MeOH). mp 155-157 °C. 1H NMR  (700 MHz, CDCl3) ŭ 8.00-7.95 

(m, 2H), 7.72-7.67 (m, 1H), 7.63-7.58 (m, 2H), 7.33-7.29 (m, 2H), 7.29-7.26 (m, 1H), 7.17-7.13 

(m, 2H), 3.28 (dd, J = 10.8, 8.0 Hz, 1H), 3.00 (s, 1H), 2.04 (dd, J = 10.8, 6.8 Hz, 1H), 1.62 (t, J = 

7.4 Hz, 1H). 13C NMR (175 MHz, CDCl3) ŭ 137.1, 134.1, 132.9, 129.3, 129.2, 128.8, 128.7, 

127.7, 73.9, 28.4, 18.0. IR (neat) 3380, 3032, 2921, 1582, 1474, 1289, 1135, 840, 761, 580. 

HRMS (HESI) calcd for [C15H14O3S+Na]+: m/z, 297.0556 found 297.0555.  

HPLC trace: 
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(1R,2S)-2-phenyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan 

-1-ol (3aô). General procedure C was followed, starting with 1-(((1R,2S)-

2-phenylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene (394 mg, 1.21 mmol, 1.0 equiv), n-

BuLi (482 µL (2.5M solution in hexanes), 1.21 mmol, 1.0 equiv), BF3ÅOEt2 (1.73 mL, 6.52 

mmol, 5.4 equiv) and peroxybis(triethylsilane) (0.46 mL, 1.45 mmol, 1.2 equiv) in DME for 15 

min at ï78 °C, affording the product (300 mg, 73% yield, 99% ee) as a white solid after 

purification by flash chromatography, eluting with 12.5% EtOAc in hexanes containing 0.5% 

AcOH. Enantiomeric excess was determined by HPLC analysis on chiral stationary phase 

(Chiralcel OD-H 25 cm, 5% i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm, tr 

(minor) 14.8 min, tr (major) 20.5 min). [Ŭ]D
20 = +10.4 (c 1.01, CHCl3). mp 148 °C 

(decomposition). 1H NMR  (500 MHz, CDCl3) ŭ 8.10 (d, J = 8.2 Hz, 2H), 7.86 (m, J = 8.2 Hz, 

2H), 7.36-7.27 (m, 3H), 7.19-7.13 (m, 2H), 3.31 (dd, J = 10.9, 8.0 Hz, 1H), 2.77 (s (br), 1H), 

2.03 (dd, J = 10.9, 6.8 Hz, 1H), 1.64 (dd, J = 8.0, 6.8 Hz, 1H). 13C NMR (125 MHz, CDCl3) ŭ 

140.8, 135.7 (q, J = 32.9 Hz), 132.5, 129.8, 128.8, 128.8, 127.9, 126.4 (q, J = 3.6 Hz), 123.3 (q, J 

= 271.3 Hz), 73.9, 28.5, 18.2. IR (neat) 3415, 3054, 1605, 1501, 1456, 1403, 1315, 1306, 1170, 

1143, 1126, 1108, 1061, 820, 712, 698, 610, 594, 541, 425. HRMS (HESI) calcd for 

[C16H13F3O3S+Na]+: m/z, 365.0430 found 365.0423. 

HPLC trace: 
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(1R,2S)-2-(4-methoxyphenyl)-1-(phenylsulfonyl)cyclopropan-1-ol (3b). 

General procedure C was followed, starting with 1-methoxy-4-((1S,2R)-2-

(phenylsulfonyl)cyclopropyl)benzene (66 mg, 0.23 mmol, 1.0 equiv), n-

BuLi (92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 

5.4 equiv) and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in DME for 15 min at ï

78 °C, affording the product (25 mg, 35% yield, 94% ee) as a white solid after purification by 

flash chromatography, eluting with 12.5% EtOAc in hexanes containing 0.5% AcOH. 

Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel 

AD-H 25 cm, 20% i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm, tr (minor) 10.9 

min, tr (major) 13.3 min). [Ŭ]D
20 = ï5.6 (c 0.94, MeOH). mp 85-88 °C. 1H NMR  (600 MHz, 

MeOD) ŭ 8.03-7.92 (m, 2H), 7.75-7.70 (m, 1H), 7.67-7.58 (m, 2H), 7.10-7.01 (m, 2H), 6.86-6.76 

(m, 2H), 3.74 (s, 3H), 3.06 (dd, J = 10.9, 7.9 Hz, 1H), 1.97 (dd, J = 10.9, 6.5 Hz, 1H), 1.47 (dd, J 

= 7.9, 6.5 Hz, 1H). 13C NMR (175 MHz, MeOD) ŭ 160.2, 139.1, 134.9, 130.8, 130.3, 130.2, 

127.1, 114.5, 74.9, 55.6, 28.6, 18.2. IR (neat) 3397, 2934, 2838, 1611, 1513, 1481, 1303, 1171, 

1055, 838, 722. HRMS (HESI) calcd for [C16H16O4S+H]+: m/z, 305.0842 found 305.0841. 

HPLC trace: 
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 (1R,2S)-2-(4-chlorophenyl)-1-(phenylsulfonyl)cyclopropan-1-ol (3c). 

General procedure C was followed, starting with 1-chloro-4-((1S,2R)-2-

(phenylsulfonyl)cyclopropyl)benzene (67 mg, 0.23 mmol, 1.0 equiv), n-

BuLi (92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 

5.4 equiv) and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in DME for 15 min at ï

78 °C, affording the product (60 mg, 84% yield, 97% ee) as a white solid after purification by 

flash chromatography, eluting with 10% EtOAc in hexanes containing 0.5% AcOH. 

Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel 

AD-H 25 cm, 19.25% i-PrOH in hexane + 0.085% AcOH, 1 mL/min, 23 °C, 254 nm, tr (minor) 

10.0 min, tr (major) 10.9 min). [Ŭ]D
20 = ï5.9 (c 1.03, MeOH). mp 153-156 °C. 1H NMR  (600 

MHz, MeOD) ŭ 8.00-7.94 (m, 2H), 7.75-7.22 (m, 1H), 7.64 (t, J = 7.8 Hz, 2H), 7.25 (d, J = 8.5 

Hz, 2H), 7.14 (d, J = 7.8 Hz, 2H), 3.11 (dd, J = 10.9, 7.8 Hz, 1H), 2.03 (dd, J = 10.9, 6.7 Hz, 1H), 

1.53 (dd, J = 7.8, 6.7 Hz, 1H). 13C NMR (175 MHz, MeOD) ŭ 138.9, 135.0, 134.5, 133.7, 131.3, 

130.3, 130.2, 129.1, 75.1, 28.6, 18.5. IR (neat) 3370, 3099, 2923, 1494, 1291, 1137, 835, 719, 

629. HRMS (HESI) calcd for [C15H13ClO3S-H]-: m/z, 307.0201 found 307.0205. 

HPLC trace: 
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 (1R,2S)-1-(phenylsulfonyl)-2-(4-(trifluoromethyl)phenyl)cyclopropan -

1-ol (3d). General procedure C was followed, starting with 1-((1S,2R)-2-

(phenylsulfonyl)cyclopropyl)-4-(trifluoromethyl)benzene (75 mg, 0.23 

mmol, 1.0 equiv), n-BuLi (92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 

(0.33 mL, 1.25 mmol, 5.4 equiv) and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in 

DME for 15 min at ï78 °C, affording the product (76 mg, 91% yield, 90% ee) as a white solid 

after purification by flash chromatography, eluting with 10% EtOAc in hexanes containing 0.5% 

AcOH. Enantiomeric excess was determined by HPLC analysis on chiral stationary phase 

(Chiralcel AD-H 25 cm, 5% i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm, tr 

(minor) 19.9 min, tr (major) 24.7 min). [Ŭ]D
20 = ï2.5 (c 0.90, MeOH). mp 118-122 °C. 1H NMR  

(600 MHz, MeOD) ŭ 8.01-7.96 (m, 2H), 7.76-7.72 (m, 1H), 7.67-7.62 (m, 2H), 7.55 (d, J = 8.3 

Hz, 2H), 7.35 (d, J = 7.8 Hz, 2H), 3.21 (dd, J = 10.7, 7.8 Hz, 1H), 2.09 (dd, J = 10.7, 6.7 Hz, 1H), 

1.63 (dd, J = 7.8, 6.7 Hz, 1H). 13C NMR (175 MHz, MeOD) ŭ 140.5, 138.9, 135.0, 130.4, 130.3, 

130.2, 129.9 (q, J = 32.1 Hz), 125.8 (q, J = 3.8 Hz), 125.8 (q, J = 271.0 Hz), 75.4, 28.9, 18.7. IR 

(neat) 3378, 1619, 1195, 1132, 1115, 1066, 849, 719, 533. HRMS (HESI) calcd for 

[C16H13F3O3S+H]+: m/z, 343.0610 found 343.0611. 

HPLC trace: 
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 (1R,2S)-1-(phenylsulfonyl)-2-(o-tolyl)cyclopropan-1-ol (3e). General 

procedure C was followed, starting with 1-methyl-2-((1S,2R)-2-

(phenylsulfonyl)cyclopropyl)benzene (63 mg, 0.23 mmol, 1.0 equiv), n-BuLi 

(92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 5.4 

equiv) and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in DME for 15 min at ï78 °C, 

affording the product (38 mg, 56% yield, 96% ee) as a white solid after purification by flash 

chromatography, eluting with 10% EtOAc in hexanes containing 0.5% AcOH. Enantiomeric 

excess was determined by HPLC analysis on chiral stationary phase (Chiralcel AD-H 25 cm, 20% 

i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm, tr (major) 7.7 min, tr (minor) 8.6 

min). [Ŭ]D
20 = +61.7 (c 1.00, MeOH). mp 148-150 °C. 1H NMR  (600 MHz, MeOD) ŭ 8.03-7.95 

(m, 2H), 7.76-7.71 (m, 1H), 7.64 (t, J = 7.9 Hz, 2H), 7.15-7.04 (m, 4H), 3.13 (dd, J = 10.7, 8.0 

Hz, 1H), 2.26 (s, 3H), 1.96 (dd, J = 10.7, 6.4 Hz, 1H), 1.59 (dd, J = 8.0, 6.5 Hz, 1H). 13C NMR 

(175 MHz, MeOD) ŭ 140.1, 139.0, 135.0, 133.4, 130.7, 130.4, 130.2, 129.1, 128.1, 126.6, 75.4, 

27.4, 20.2, 17.3. IR (neat) 3380, 2922, 1447, 1480, 1244, 1139, 846, 610, 566. HRMS (HESI) 

calcd for [C16H16O3S+Na]+: m/z, 311.0712 found 311.0712. 

HPLC trace: 

 



   

41 

 

 (1S,2S)-2-methyl-1-(phenylsulfonyl)cyclopropan-1-ol (3f). General procedure 

C was followed, starting with (((1S,2S)-2-methylcyclopropyl)sulfonyl)benzene 

(45 mg, 0.23 mmol, 1.0 equiv), n-BuLi (92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 

equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 5.4 equiv) and peroxybis(triethylsilane) (74 mg, 0.28 

mmol, 1.2 equiv) in t-BuOMe for 1 h at ï78 °C, affording the product (41 mg, 84% yield, 

>99%ee) as a white solid after purification by flash chromatography, eluting with 10% EtOAc in 

hexanes containing 0.5% AcOH. 

On gram scale: Starting with (((1S,2S)-2-methylcyclopropyl)sulfonyl)benzene (2.0 g, 10.19 

mmol, 1.0 equiv), n-BuLi (4.89 mL (2.5M solution in hexanes), 12.23 mmol, 1.2 equiv), 

BF3ÅOEt2 solution (14.76 mL, 55.03 mmol, 5.4 equiv) and peroxybis(triethylsilane) (3.21 g, 

12.23 mmol, 1.2 equiv) in t-BuOMe (50 mL) for 1 h at ï78 °C, affording the product (1.74 g, 80% 

yield, >99% ee) as a white solid after column. Enantiomeric excess was determined by HPLC 

analysis on chiral stationary phase (Chiralcel OJ-H 25 cm, 5% i-PrOH in hexane w/ 0.1% AcOH, 

1 mL/min, 23 °C, 254 nm, tr (major) 18.7 min, tr (minor) 25.8 min). [Ŭ]D
20 = +29.0 (c 0.95, 

MeOH). mp 102-104 °C. 1H NMR (700 MHz, CDCl3) ŭ 7.93 (d, J = 7.4 Hz, 2H), 7.67 (t, J = 7.2 

Hz, 1H), 7.57 (t, J = 7.7 Hz, 2H), 3.80 (s, 1H), 2.04-1.93 (m, 1H), 1.69 (dd, J = 10.6, 6.1 Hz, 1H), 

1.18 (d, J = 6.3 Hz, 3H), 0.79 (t, J = 6.9 Hz, 1H). 13C NMR (175 MHz, CDCl3) ŭ 137.6, 133.8, 

129.2, 129.0, 73.9, 19.5, 18.6, 11.4. IR (neat) 3389, 2964, 2933, 1447, 1163, 1131, 848, 733, 571, 

547.  

HPLC trace: 
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(1S,2S)-2-phenethyl-1-(phenylsulfonyl)cyclopropan-1-ol (3g). General 

procedure C was followed, starting with (((1S,2S)-2-

Phenethylcyclopropyl)sulfonyl)benzene (550 mg, 1.92 mmol, 1.0 equiv), n-BuLi (1.09 mL 

(2.1M solution in hexanes), 2.30 mmol, 1.2 equiv), BF3ÅOEt2 (2.78 mL, 10.37 mmol, 5.4 equiv) 

and peroxybis(triethylsilane) (604 mg, 2.30 mmol, 1.2 equiv) in t-BuOMe (9.5 mL) for 30 

minutes at ï78 °C, affording the product (382 mg, 66% yield, 96% ee) as a white solid after 

purification by flash chromatography, eluting with 10% EtOAc in hexanes containing 0.5% 

AcOH. Enantiomeric excess was determined by HPLC analysis on chiral stationary phase 

(Chiralcel OJ-H 25 cm, 19.25% i-PrOH + 0.085% AcOH, 1 mL/min, 23 °C, 43 bar, 214 nm, tr 

(major) 11.2 min, tr (minor) 14.3 min). [Ŭ]D
20 = +9.1 (c 1.42, CHCl3). mp 97-100 °C. 1H NMR  

(600 MHz, CDCl3) ŭ 7.92-7.86 (m, 2H), 7.70-7.63 (m, 1H), 7.55 (t, J = 7.8 Hz, 2H), 7.28 (t, J = 

7.6 Hz, 2H), 7.23-7.16 (m, 1H), 7.16-7.10 (m, 2H), 3.26 (s, 1H), 2.65-2.50 (m, 2H), 1.98-1.86 (m, 

2H), 1.77-1.64 (m, 2H) 0.83-0.78 (m, 1H). 13C NMR (150 MHz, CDCl3) ŭ 141.3, 137.5, 133.9, 

129.2, 129.0, 128.7, 128.6, 126.3, 74.0, 35.4, 28.8, 23.9, 18.7. IR (neat) 3395, 3026, 2926, 1447, 

1290, 1136, 1085, 723, 687, 555. 

 

HPLC trace: 
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(cis-2,3-dimethyl)-1-(phenylsulfonyl)cyclopropan-1-ol (3h). General 

procedure C was followed, starting with ((cis-2,3-

dimethylcyclopropyl)sulfonyl)benzene (48 mg, 0.23 mmol, 1.0 equiv), n-BuLi (92 µL (2.5M 

solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 5.4 equiv) and 

peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in t-BuOMe for 15 min at ï78 °C, 

affording the product (42 mg, 80% yield) as a white solid after purification by flash 

chromatography, eluting with 10% EtOAc in hexanes containing 0.5% AcOH. mp 113-116 °C. 

1H NMR  (600 MHz, CDCl3) ŭ 7.95-7.84 (m, 2H), 7.67-7.61 (m, 1H), 7.58-7.53 (m, 2H), 4.06 (s, 

1H), 1.98-1.82 (m, 2H), 1.04-0.93 (m, 6H). 13C NMR (150 MHz, CDCl3) ŭ 138.0, 133.6, 129.2, 

128.7, 74.3, 20.0, 5.5. IR (neat) 3362, 2938, 2503, 1444, 1287, 1137, 769, 684, 562. HRMS 

(HESI) calcd for [C11H14O3S+H]+: m/z, 227.0736 found 227.0736. 

 

2-methyl-3-phenyl-1-(phenylsulfonyl)cyclopropan-1-ol (3i). General 

procedure C was followed, starting with (2-methyl-3-

(phenylsulfonyl)cyclopropyl)benzene (63 mg, 0.23 mmol, 1.0 equiv), n-BuLi 

(92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 5.4 

equiv) and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in DME for 2 h at ï78 °C, 
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affording the product (36 mg, 54% yield) as a white solid after purification by flash 

chromatography, eluting with 10% EtOAc in hexanes containing 0.5% AcOH. mp 101-103 °C. 

1H NMR  (600 MHz, CDCl3 with a drop of TFA) ŭ 8.01-7.94 (m, 2H), 7.74-7.67 (m, 1H), 7.60 (t, 

J = 7.9 Hz, 2H), 7.26-7.18 (m, 3H), 7.00 (d, J = 7.4 Hz, 2H), 5.53 (s, 1H), 3.08 (d, J = 11.2 Hz, 

1H), 2.46-2.36 (m, 1H), 1.09 (d, J = 6.6 Hz, 3H).13C NMR (150 MHz, CDCl3 with a drop of 

TFA) ŭ 137.1, 134.1, 131.8, 130.3, 129.3, 129.0, 128.6, 127.2, 75.4, 29.5, 22.1, 7.6. IR (neat) 

3402, 2977 1285, 1139, 739, 685, 581.  

 

cis-6-(phenylsulfonyl)bicyclo[3.1.0]hexan-6-ol (3j). General procedure C was 

followed, starting with cis-6-(phenylsulfonyl)bicyclo[3.1.0]hexane (51 mg, 0.23 

mmol, 1.0 equiv), n-BuLi (92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 

equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 5.4 equiv) and peroxybis(triethylsilane) (74 mg, 0.28 

mmol, 1.2 equiv) in t-BuOMe for 4 h at ï78 °C, affording the product (47 mg, 80% yield) as a 

white solid after purification by flash chromatography, eluting with 10% EtOAc in hexanes 

containing 0.5% AcOH. mp 122-125 °C. 1H NMR  (700 MHz, CDCl3) ŭ 7.93 (d, J = 7.3 Hz, 2H), 

7.65 (t, J = 7.5 Hz, 1H), 7.56 (t, J = 7.7 Hz, 2H), 4.15 (s, 1H), 2.32 (d, J = 4.2 Hz, 2H), 2.08-1.96 

(m, 2H), 1.92-1.83 (m, 2H), 1.75-1.64 (m, 1H), 1.64-1.50 (m, 1H). 13C NMR (175 MHz, CDCl3) 

ŭ 137.8, 133.7, 129.2, 129.0, 76.7, 29.7, 25.8, 25.0. IR (neat) 3368, 2963, 2929, 2866, 1286, 

1175, 1078, 682, 568, 546. HRMS (HESI) calcd for [C12H14O3S+H]+: m/z, 239.0736 found 

239.0735.  

 

cis-7-(phenylsulfonyl)bicyclo[4.1.0]heptan-7-ol (3k). General procedure C was 

followed, starting with cis-7-(phenylsulfonyl)bicyclo[4.1.0]heptane (54 mg, 0.23 
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mmol, 1.0 equiv), n-BuLi (92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 

(0.33 mL, 1.25 mmol, 5.4 equiv) and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in 

t-BuOMe for 15 min at ï78 °C, affording the product (42 mg, 72% yield) as a white solid after 

purification by flash chromatography, eluting with 10% EtOAc in hexanes containing 0.5% 

AcOH. mp 139-140 °C. 1H NMR  (700 MHz, CDCl3) ŭ 7.93-7.89 (m, 2H), 7.67-7.63 (m, 1H), 

7.59-7.54 (m, 2H), 3.57 (s, 1H), 1.97-1.93 (m, 2H), 1.89-1.84 (m, 2H), 1.53-1.45 (m, 2H), 1.33-

1.27 (m, 2H), 1.28-1.19 (m, 2H). 13C NMR (175 MHz, CDCl3) ŭ 137.9, 133.7, 129.2, 128.8, 

74.7, 21.1, 18.4, 17.2. IR (neat) 3387, 2942, 2855, 1446, 1285, 1141, 1086, 719, 557. HRMS 

(HESI) calcd for [C13H16O3S+H]+: m/z, 253.0893 found 253.0892. 

 

1-(phenylsulfonyl)-2-(trifluoromethyl)cyclopropan -1-ol (3l). General 

procedure C was followed, starting with ((2-

(trifluoromethyl)cyclopropyl)sulfonyl)benzene (58 mg, 0.23 mmol, 1.0 equiv), n-BuLi (92 µL 

(2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), BF3ÅOEt2 (0.33 mL, 1.25 mmol, 5.4 equiv) 

and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in t-BuOMe for 2 hours at ï78 °C, 

affording the product (42 mg, 68% yield) as a white solid after purification by flash 

chromatography, eluting with 10% EtOAc in hexanes containing 0.5% AcOH. mp 96-100 °C. 1H 

NMR  (600 MHz, CDCl3) ŭ 7.94 (d, J = 7.5 Hz, 2H), 7.76-7.69 (m, 1H), 7.61 (t, J = 7.9 Hz, 2H), 

4.59 (s, 1H), 2.70-2.60 (m, 1H), 1.97 (dd, J = 10.9, 7.2 Hz, 1H), 1.71 (t, J = 7.3 Hz, 1H). 13C 

NMR (150 MHz, CDCl3) ŭ 135.8, 134.7, 129.5, 129.3, 123.8 (q, J = 273.0 Hz), 72.0, 25.0 (q, J = 

37.4 Hz), 15.1. IR (neat) 3329, 3055, 2922, 1278, 1131, 1057, 731, 489. 
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2,2-dimethyl-1-(phenylsulfonyl)cyclopropan-1-ol (3m). General procedure C 

was followed, starting with ((2,2-dimethylcyclopropyl)sulfonyl)benzene (48 mg, 

0.23 mmol, 1.0 equiv), n-BuLi (92 µL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv), 

BF3ÅOEt2 (0.33 mL, 1.25 mmol, 5.4 equiv) and peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 

equiv) in t-BuOMe for 15 min at ï78 °C, affording the product (34 mg, 65% yield) as a white 

solid after purification by flash chromatography, eluting with 10% EtOAc in hexanes containing 

0.5% AcOH.  mp 92-94 °C. 1H NMR  (700 MHz, CDCl3) ŭ 7.96 (d, J = 8.3 Hz, 2H), 7.67-7.63 

(m, 1H), 7.56 (t, J = 7.8 Hz, 2H), 3.68 (s, 1H), 1.70 (d, J = 6.1 Hz, 1H), 1.45 (s, 3H), 1.23 (s, 3H), 

0.96 (d, J = 6.1 Hz, 1H). 13C NMR (175 MHz, CDCl3) ŭ 139.0, 133.7, 129.1, 128.7, 77.6, 27.1, 

25.6, 21.4, 20.1. IR (neat) 3436, 1275, 1118, 1069, 687, 673, 628. HRMS (HESI) calcd for 

[C11H14O3S+H]+: m/z 227.0736, found 227.0736. 
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CHAPTER 3 

 

Synthesis of alkylidenecyclopropanes and amino acid derivatives from 1-

sulfonylcyclopropanols as cyclopropanone precursors 

 

3.1. Utility  of alkylidenecyclopropanes 

 Alkylidenecyclopropanes (ACPs) are fascinating cyclopropane building blocks, also 

possessing an important ring strain energy (40 kcal/mol).35 The strained alkene present in these 

building blocks are thus highly reactive and useful in various transformations such as ring 

expansions, cycloadditions and ring opening processes.35ï38 As selected examples, gold-

catalyzed hydroamination efficiently leads to pyrrolidines,39 Ni-catalyzed arylation affords ring-

opened products,40 ring expansion with MCPBA affords cyclobutanones,41,42 and various types 

of cyclizations are also possible (Figure 12).43 

Figure 12. Selected synthetic applications of alkylidenecyclopropanes (ACPs). 
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3.2. Previous approaches to alkylidenecyclopropanes 

Over the past few decades, a number of approaches to the synthesis of ACPs have been 

explored.37,44,45 ACPs can be prepared from the cyclopropanation of allenes with carbene 

equivalents, by elimination or ring-contraction reactions, as well as by metal-catalyzed 

transposition reactions and olefinations (Figure 13).17,46ï49 Most cases reported focus on the 

synthesis of unsubstituted ACPs, and are not amenable to the formation of enantioenriched 

derivatives. Indeed, only a few methods to chiral ACPs have been reported.50ï56 However, those 

enantioenriched examples are still limited in terms of the possible substituents around the ring.  

 

Figure 13. Several known approaches to alkylidenecyclopropanes. 
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Figure 14. Wittig reaction of cyclopropanone hemiketals. 

 

Although cyclopropanone hemiketals have already been studied for Wittig reactions, 

these precursors were not generally substituted examples and thus cannot be used for the 

production of enantioenriched ACPs and afford only moderate yields of products (<50%, Figure 

14).17,57ï60 The fact that 1-sulfonylcyclopropanols are highly reactive would produce ACPs in 

milder conditions. Since we now have access for the first time to a wide variety of 

enantioenriched cyclopropanone equivalents (see Chapter 2), we envisioned that a simple Wittig-

type olefination methodology would provide a more general access to these useful chiral 

building blocks in optically active form. Additionally, it would fundamentally help to further 

understand the reactivity of 1-sulfonylcyclopropanols as cyclopropanone precursors in general.  

 

3.3. Wittig reactions of phenyl-substituted cyclopropanone equivalent (3a). 

Using 3a as model substrate, various conditions were initially evaluated using a stabilized 

Wittig reagent (Table 3). While the Wittig reaction of 3a in presence of triethylamine afforded 

the desired product (4a), an undesired side-product (5a) was also formed due to the important 

nucleophilicity of the sulfinate from the starting material (entry 1).61 Optimizations in two 

different ways were planned to improve the reaction yield. First, side product 5a could be tested 

as intermediate toward 4a, where we eventually found one-pot conditions with good yield using 

potassium hydroxide as additive (Scheme 7, Method A).62 Besides, a second approach was 

focused on suppressing the side reaction via sulfinate scavenging (Table 3). Evaluation of 
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different variations of our modular cyclopropanone precursor, we found that precursor with 

electron-poor sulfinate (p-CF3C6H4, 3aô) was more efficient likely due to faster equilibrium 

toward cyclopropanone and a less important nucleophilicity of the sulfinate leaving group 

(entries 3-4). Decreasing the temperature increased the yield significantly with this substrate 

(entry 5), and THF was found to be optimal as solvent for 3a (entries 6-8). After further 

optimization, the optimal conditions were found to be entry 10, with a very short reaction time of 

10 minutes. However, some undesired sulfinate adduct 5 was still observed (9%), and these 

conditions were found later to be not general for other substrates. As we thought it was essential 

to find robust and scalable conditions without the presence of side product, we decided to 

evaluate various additives that could serve to scavenge the sulfinate leaving group liberated from 

the substrate (entries 11-18). Methylation of the sulfinate with methyl iodide did not fully 

suppress the sulfinate addition, and an undesired methylated ACP was also observed, presumably 

via initial methylation of the Wittig reagent. Finally, several electrophilic iodine sources gave 

encouraging results, with NIS (N-iodosuccinimide) affording complete suppression of the 

undesired side-product 5a when the reaction was started at low temperature, furnishing 71% 

yield of the desired alkylidenecyclopropane 4a (entry 16, Method B). 

 

Scheme 7. One-pot synthesis of alkylidenecyclopropanes via sulfinate adduct (method A).  
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Table 3. Optimization of method B: direct approach to alkylidenecyclopropanes. 

 

Entry Ar Base (equiv) 
Additive 

(equiv) 
Solvent Conditions 4a (%) 5a (%) 

1 Ph Et3N (0.95) - THF rt, 2 h 31 19 

2 Ph Et3N (0.95) - THF rt, 30 min 33 5 

3 p-CF3 Et3N (0.95) - THF rt, 30 min 39 10  

4 p-CF3 Et3N (0.95) - THF rt, 10 min 34 <5 

5 p-CF3 Et3N (0.95) - THF ī78 °C-rt, 30 min 79 15 

6 p-CF3 Et3N (0.95) - THF ī78 °C-0°C, 1 h 77 8 

7 p-CF3 Et3N (0.95) - Toluene ī78 °C-rt, 30 min 65 11 

8 p-CF3 Et3N (0.95) - Et2O ī78 °C-rt, 30 min 52 24 

9 p-CF3 DIPEA (0.95) - THF ī78 °C-rt, 30 min 47 52 

10 p-CF3 Et3N (0.95) - THF  ī78 °C-rt, 10 min 80 9 

11 Ph Et3N (0.95) MeI (3.0) THF rt, 14 h 44 10 

12 p-CF3 Et3N (0.95) NIS (1.0) THF rt, 2 h 51 <1  

13 p-CF3 None NIS (1.0) THF rt, 2 h 52 <1 

14 p-CF3 None I 2 (1.0) THF rt, 2 h 30 <1 

15b p-CF3 None NIS (1.0) THF rt, 2 h 63 <1 

16b p-CF3 None NIS (1.0) THF ī78 °C-rt, 30 min 71 <1 

17b p-CF3 Et3N (0.95) I2 (1.0) THF ī78 °C-rt, 30 min 72 7 

18b p-CF3 None DIH c (1.0) THF ī78 °C-rt, 30 min 60 <1 

aNMR yield using 1,3,5-trimethoxybenzene as a standard. b3.0 equiv of Wittig reagent was used. 
cDIH: 1,3-Diiodo-5,5-dimethylhydantoin. 
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A number of enantioenriched cyclopropanone precursors that we prepared in Chapter 2 

were evaluated in the optimized conditions (Method A from Scheme 7, Method B from Table 3, 

entry 16) affording enantioenriched ACPs. Unfortunately, aromatic substitution on cyclopropane 

ring led to significant racemization in both methods (Figure 15). Presumably, this occurs via 

reversible base-mediated enolate formation from the corresponding enantioenriched 

cyclopropanone, as this benzylic proton was quite acidic and prone to deprotonation. Meanwhile, 

alkyl-substituted enantioenriched p-CF3C6H4 cyclopropanone precursor (3bô) can be accessed 

from enantioenriched sulfonylcyclopropane (2bô) via a modified synthetic route minimizing loss 

of enantiomeric excess (Scheme 8, see experimental section). In the evaluation of Wittig reaction 

with 3bô, a brief optimization revealed that the reaction at room temperature for 2 hours in 

CH2Cl2 as solvent showed improved the yield without loss of enantiomeric excess (Table 4, 

entry 6). This is likely due to the absence of such an acidic benzylic proton in contrast of the 

reaction with 3aô. The best conditions of Wittig reaction were applied to different 

cyclopropanone precursors with distinct substitution patterns, and an Ŭ-methyl substituted 

example was possible using a different Wittig reagent, to afford a limited scope of 

alkylidenecyclopropanes for both method A and B (Figure 16). 

 

 

Figure 15. Wittig reaction of enantioenriched aryl-substituted 1-sulfonylcyclopropanols. 
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Scheme 8. Optimal synthetic route to phenethyl substrate (2bô). 

 

Table 4. Optimization of the Wittig reaction of sulfonylcyclopropanol (3bô). 

Entry Ar 
Additive 

(equiv) 
Solvent Condition 4ba (%) 

1 p-CF3 NIS (1.0) THF ī78°C to rt, 30 min (53)b 

2 p-CF3 Et3N (0.95) THF ī78°C to rt, 2 h 34 

3 p-CF3 NIS (1.0) THF ī78°C to rt, 2 h 50 

4 p-CF3 NIS (1.0) THF rt, 2 h 59 

5 p-CF3 
Et3N (1.0) 

I 2 (1.0) 
THF rt, 2 h 58 

6 p-CF3
c NIS (1.0) CH2Cl2 rt, 2 h 65 (99%ee) 

7d p-CF3 NIS (1.0) CH2Cl2 rt, 2 h 40 

aNMR yield using 1,3,5-trimethoxybenzene as a standard. bIsolated yield. 
cStarting material is 99% ee. dNIS was first added, followed by Wittig reagent. 
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Figure 16. Short scope of alkylidenecyclopropanes (4). 

 

3.4.  Synthesis of ɓ-amino acid derivatives via 1,4-addition to alkylidenecyclopropanes  

Structural diversity of amino acid derivatives contributes to understanding peptide 

structure, exploring pharmaceutically active moieties and the access to unnatural amino acid 

analogues. Cyclopropane amino acids, especially, induce structural rigidity in the side-chain, 

sometimes leading to conformational change63 and block vulnerable metabolic degradation sites 

to improve stability.64 The general synthesis of cyclopropane Ŭ-amino acids is already well 

known via diastereoselective65 or enantioselective66ï68 cyclopropanation or via a Strecker 

reaction of cyclopropanone ketal.15 In addition to Ŭ-amino acids, the exploration of cyclopropane 

ɓ-amino acids should be of high interest due to the distinct structure of the resulting peptide. 

Figure 17. Three possible structures of cyclopropyl ɓ-amino acids. 
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There are three possibilities of structures that can be defined as cyclopropane ɓ-amino 

acids. The cyclopropyl group could be at the Ŭ- or ɓ-position for the amino group, or be 

incorporated in the main chain at the Ŭ,ɓ-positions to form cis/trans cyclopropyl ɓ-amino acids 

(Figure 17). The asymmetric synthesis of Ŭ-cyclopropyl ɓ-amino acid and trans-cyclopropyl ɓ-

amino acid are already reported in several research groups.69ï71 However, the synthesis of ɓ-

cyclopropyl ɓ-amino acid is not generally developed yet. Also, synthetic methods to access 

cyclopropane ɓ-amino acids have so far only afforded unsubstituted cyclopropanes or a limited 

number of enantioenriched ɓ-amino acids. We envisioned that the products obtained from our 

Wittig reaction could be useful electrophiles to access ɓ-cyclopropane ɓ-amino acids via 

conjugate addition of amino nucleophiles. Using this approach which also eliminates the 

diastereoselectivity problem of the Wittig reaction, telescopic 1,4-addition of amines to the crude 

alkylidenecyclopropane afforded good overall yields in a stereospecific manner (Figure 18). 

Diverse substitutions on cyclopropanone precursors prepared in chapter 2 were accessed, and 

several nucleophiles such as amine, phthalimide, amino acid esters and a benzyl alcohol were 

successfully added. We showcased an example of synthesis of a pseudo-tripeptide via 

deprotection followed by HBTU amide coupling (Scheme 9a). Furthermore, Rh-catalyzed CīH 

functionalization / cycloaddition43 using the crude alkylidenecyclopropane was also achieved 

without loss of enantiomeric excess (Scheme 9b). 
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Figure 18. Telescopic synthesis of cyclopropane ɓ-amino acids (6). 

Scheme 9. Further applications (a) amide coupling (b) CīH functionalization and cycloaddition. 
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3.5. Conclusion 

 In conclusion, we have developed new synthetic method of alkylidenecyclopropanes via 

Wittig reaction of cyclopropanone precursors. Furthermore, alkylidenecyclopropanes are used 

for conjugate addition of amines in telescopic manner, which afford ɓ-cyclopropyl ɓ-amino acid 

derivatives. Chirality of enantioenriched alkyl-substituted cyclopropanone precursors is retained 

over this sequential method, which enabled the access of a variety of enantioenriched ɓ-

cyclopropyl ɓ-amino acid derivatives. We expect that this work enables access to 

enantioenriched alkylidenecyclopropanes as chiral building block, and contributes to expand the 

library of cyclopropyl amino acids. 

 

3.6. Experimental 

General Experimental Conditions 

General: Unless stated otherwise, all non-aqueous reactions were performed in oven-dried 

glassware sealed with microwave caps or rubber septa under a nitrogen atmosphere, and were 

stirred with Teflon-coated magnetic stirbars.26 Liquid reagents and solvents were transferred by 

syringe using standard Schlenk techniques. Tetrahydrofuran (THF), diethyl ether (Et2O), 

dichloromethane (CH2Cl2), toluene (PhMe), acetonitrile (MeCN), and methanol (MeOH) were 

dried by passage over a column of activated alumina (JC Meyers Solvent System). Anhydrous 

1,4-dioxane, dimethyl sulfoxide (DMSO), tert-butyl methyl ether (t-BuOMe), and diisopropyl 

ether (i-Pr2O) were obtained in Sure Seal bottles from Sigma Aldrich. Anhydrous ethylene glycol 

dimethyl ether (DME) was obtained in sealed bottles from Acros Organics. All other solvents 

were used as received unless otherwise noted. Thin layer chromatography (TLC) was performed 

using Silicycle silica gel 60 F-254 precoated plates (0.25 mm) and visualized by UV irradiation 
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and anisaldehyde, CAM, potassium permanganate, or iodine stain. Sorbent silica gel (particle 

size 40-63 ɛm) was used for flash chromatography of the indicated solvent system according to 

standard techniques.27 Flash chromatography was performed on a Biotage Isolera One. Nuclear 

magnetic resonance (NMR) spectra (1H, 13C) were recorded on Varian or Bruker spectrometers 

operating at either 500, 600, or 700 MHz for 1H and 150 or 175 MHz for 13C experiments. 

Chemical shifts (ŭ) for 1H NMR spectra are recorded in parts per million from tetramethylsilane 

with the solvent resonance as the internal standard (chloroform, ŭ 7.26 ppm; DMSO-d6, ŭ 2.50 

ppm; or CD3OD, ŭ 3.31 ppm). Data are reported as follows: chemical shift, multiplicity (s = 

singlet, d = doublet, t = triplet, q = quartet, qn = quintet, m = multiplet and br = broad), coupling 

constant in Hz, and integration. Chemical shifts for 13C NMR spectra are recorded in parts per 

million from tetramethylsilane using the central peak of CDCl3 (ŭ 77.16 ppm), DMSO-d6 (ŭ 

39.52 ppm) or CD3OD (49.00 ppm) as the internal standard. All spectra were obtained with 

complete proton decoupling. Only select 1H and 13C spectra are reported. Infrared (IR) spectra 

were collected on a Thermo Scientific Nicolet iS5 FTIR instrument using attenuated total 

reflectance (ATR) mode and signals are reported in reciprocal centimeters (cm-1). Only selected 

IR frequencies are reported. Melting points were collected on Mettler Toledo MP50 melting 

point system. High-resolution mass spectral data were obtained from the NC State University 

Molecular Education, Technology and Research Innovation Center (METRIC), on a Thermo 

Fisher Scientific Exactive Plus for HESI (Heated Electrospray Ionization). Enantiomeric excess 

was determined by HPLC analysis (Agilent Technologies 1100 series) using a chiral stationary 

phase. Optical rotations were determined with a Jasco P-2000 polarimeter at 589 nm. Data are 

reported as follows: [Ŭ]D
temp, concentration (c in g/100 mL), and solvent. 
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GENERAL PROCEDURE C: Synthesis of substituted 1-sulfonylcyclopropanols 

 

 

 

An oven-dried 5 mL microwave vial equipped with a magnetic stirbar was charged with the 

sulfonylcyclopropane (0.23 mmol, 1.0 equiv), capped and flushed with N2. Anhydrous 1,2-

dimethoxyethane (DME) or t-BuOMe (0.6 mL, see specific procedures) was added and the 

solution was cooled to ï78 °C. To the resulting solution was added n-BuLi (0.09 mL (2.5M in 

hexanes), 0.23 mmol, 1.0 equiv) and the mixture was stirred at ï78 °C for 45 minutes. BF3ÅOEt2 

(0.33 mL, 1.25 mmol, 5.4 equiv) was added dropwise at ï78 °C, followed by a solution of 

peroxybis(triethylsilane) (74 mg, 0.28 mmol, 1.2 equiv) in DME or t-BuOMe (0.10 mL, see 

specific procedures). The reaction mixture was stirred for the specified time at ï78 °C and then 

quenched by addition of a solution of acetic acid in toluene (0.25 mL, PhMe:AcOH = 5:1), 

warmed and stirred for 1 h at room temperature or 0 °C. To the resulting solution was added 

saturated aq. NH4Cl and the mixture was extracted three times with EtOAc. The combined 

organic fractions were dried on MgSO4 and concentrated under vacuum to afford the crude 1-

sulfonylcyclopropanol, which was purified by flash chromatography (EtOAc in hexanes 

containing 0.5% AcOH) to afford the pure product.  
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(1R,2S)-2-phenyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan 

-1-ol (3aô). General procedure C was followed, starting with 1-(((1R,2S)-

2-phenylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene (394 mg, 1.21 mmol, 1.0 equiv), n-

BuLi (482 µL (2.5M solution in hexanes), 1.21 mmol, 1.0 equiv), BF3ÅOEt2 (1.73 mL, 6.52 

mmol, 5.4 equiv) and peroxybis(triethylsilane) (0.46 mL, 1.45 mmol, 1.2 equiv) in DME for 15 

min at ï78 °C, affording the product (300 mg, 73% yield, 99% ee) as a white solid after 

purification by flash chromatography, eluting with 12.5% EtOAc in hexanes containing 0.5% 

AcOH. Enantiomeric excess was determined by HPLC analysis on chiral stationary phase 

(Chiralcel OD-H 25 cm, 5% i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm, tr 

(minor) 14.8 min, tr (major) 20.5 min). [Ŭ]D
20 = +10.4 (c 1.01, CHCl3). mp 148 °C 

(decomposition). 1H NMR  (500 MHz, CDCl3) ŭ 8.10 (d, J = 8.2 Hz, 2H), 7.86 (m, J = 8.2 Hz, 

2H), 7.36-7.27 (m, 3H), 7.19-7.13 (m, 2H), 3.31 (dd, J = 10.9, 8.0 Hz, 1H), 2.77 (s (br), 1H), 

2.03 (dd, J = 10.9, 6.8 Hz, 1H), 1.64 (dd, J = 8.0, 6.8 Hz, 1H). 13C NMR (125 MHz, CDCl3) ŭ 

140.8, 135.7 (q, J = 32.9 Hz), 132.5, 129.8, 128.8, 128.8, 127.9, 126.4 (q, J = 3.6 Hz), 123.3 (q, J 

= 271.3 Hz), 73.9, 28.5, 18.2. IR (neat) 3415, 3054, 1605, 1501, 1456, 1403, 1315, 1306, 1170, 

1143, 1126, 1108, 1061, 820, 712, 698, 610, 594, 541, 425. HRMS (HESI) calcd for 

[C16H13F3O3S+Na]+: m/z, 365.0430 found 365.0423. 

HPLC trace: 
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2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan -1-ol (3bô). 

General procedure C was followed, starting with 1-((2-

phenethylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene (1.73 g, 4.88 mmol, 1.0 equiv) in 

anhydrous t-BuOMe (24 mL), n-BuLi (2.25 mL (2.2 M solution in hexanes), 4.88 mmol, 1.0 

equiv), BF3·OEt2 (7.00 mL, 26.36 mmol, 5.4 equip), and peroxybis(triethylsilane) (1.88 mL, 5.86 

mmol, 1.2 equiv), affording the product (0.83 g, 46% yield, >99:1 dr) as a white solid after 

purification by flash chromatography (5-15% EtOAc in hexanes containing 0.5% AcOH). mp 

68-75 °C 1H NMR  (600 MHz, Chloroform-d) ŭ 7.93-7.84 (m, 2H), 7.31-7.27 (m, 2H), 7.25-7.19 

(m, 3H), 7.17-7.11 (m, 2H), 2.98 (s, 1H), 2.67-2.62 (m, 1H), 2.62-2.54 (m, 1H), 1.99-1.88 (m, 

2H), 1.74-1.61 (m, 2H), 0.80 (dd, J = 7.2, 6.3 Hz, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 

141.0, 135.5 (q, J = 33.0 Hz), 129.5, 128.7, 128.5, 126.3, 126.3 (q, J = 3.8 Hz), 123.3 (q, J = 

273.3 Hz), 74.0, 35.2, 28.5, 24.0, 18.8. 19F NMR (564 MHz, Chloroform-d) ŭ -63.16. IR  (neat) 

3335, 2923, 1405, 1319, 1292, 1131, 1292, 1131, 1062, 1033, 1013, 839, 698, 667, 602. HRMS 

(HESI) m/z: [M+Na]+ Calcd for C18H17F3O3SNa: 393.07427, found 393.07358. 

 

Enantioenriched compound (99% ee) was obtained by the same procedure, using 1-(((1S,2S)-2-

phenethylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene (1.0 equiv, 99% ee). Enantiomeric 

excess was determined by HPLC analysis on chiral stationary phase (Chiralcel OD-H 25 cm, 5% 

i-PrOH and 0.1% AcOH in hexane, 1 mL/min, 23 °C, 214 nm, tr (major) 12.0 min, tr (minor) 

15.3 min). 

HPLC trace: 
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2-methyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan -1-ol 

(3cô). General procedure C was followed, starting with 1-((2-

methylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene (0.21 g, 0.78 

mmol, 1.0 equiv) in anhydrous t-BuOMe (2.5 mL), n-BuLi (0.40 mL (2.1 M solution in 

hexanes), 0.83 mmol, 1.1 equiv), BF3·OEt2 (1.10 mL, 4.29 mmol, 5.4 equiv), and 

peroxybis(triethylsilane) (0.32 mL, 0.95 mmol, 1.2 equiv), affording the product (0.12 g, 52% 

yield, >99:1 dr) as a white solid after purification by flash chromatography (5-15% EtOAc in 

hexanes containing 0.5% AcOH). mp 73-79 °C 1H NMR  (600 MHz, Chloroform-d) ŭ 8.06 (d, J 

= 8.2 Hz, 2H), 7.83 (d, J = 8.3 Hz, 2H), 4.54 (s, 1H), 2.06-1.94 (m, 1H), 1.70 (dd, J = 10.6, 6.2 

Hz, 1H), 1.18 (d, J = 6.3 Hz, 3H), 0.84 (dd, J = 7.7, 6.1 Hz, 1H). 13C NMR (150 MHz, 

Chloroform-d) ŭ 141.0, 135.4 (q, J = 33.0 Hz), 129.4, 126.2 (q, J = 3.8 Hz), 123.2 (q, J = 273.1 

Hz), 73.8, 19.5, 18.8, 11.2. 19F NMR (564 MHz, Chloroform-d) ŭ -63.24. IR  (neat) 3367, 2981, 

1405, 1316, 1290, 1124, 1005, 841, 714, 662, 541. HRMS (HESI) m/z: [M+Na]+ Calcd for 

C11H11F3O3SNa: 303.02732, found 303.02689. 

Enantioenriched compound (99% ee) was obtained by the same procedure, using 1-(((1R,2R)-2-

methylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene (1.0 equiv, 99% ee). Enantiomeric 

excess was determined by HPLC analysis on chiral stationary phase (Chiralcel AD-H 25 cm, 5% 
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MeOH and 0.1% AcOH in hexane, 1 mL/min, 23 °C, 214 nm, tr (major) 12.2 min, tr (minor) 11.7 

min). 

HPLC trace: 

 

2,3-dimethyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan -1-

ol (3dô). General procedure C was followed, starting with 1-((2,3-

dimethylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene (0.71 g, 2.55 

mmol, 1.0 equiv) in anhydrous t-BuOMe (12 mL), n-BuLi (1.10 mL (2.3 M solution in hexanes), 

2.55 mmol, 1.0 equiv), BF3·OEt2 (3.6 mL, 13.78 mmol, 5.4 equiv), and peroxybis(triethylsilane) 

(0.98 mL, 3.06 mmol, 1.2 equiv), affording the product (0.32 g, 43% yield, >99:1 dr) as a white 

solid after purification by flash chromatography (5-15% EtOAc in hexanes containing 0.5% 

AcOH). mp 141-144°C 1H NMR  (600 MHz, Chloroform-d) ŭ 8.05 (d, J = 8.3 Hz, 2H), 7.83 (d, 

J = 8.4 Hz, 2H), 4.26 (br, 1H), 1.95-1.90 (m, 2H), 1.14-0.89 (m, 6H). 13C NMR (150 MHz, 

Chloroform-d) ŭ 141.6, 135.3 (q, J = 33.2 Hz), 129.3, 126.3 (q, J = 3.8 Hz), 123.4 (q, J = 273.1 

Hz), 74.4, 20.3, 5.4. 19F NMR  (564 MHz, Chloroform-d) ŭ -63.21. IR  (neat) 3330, 2940, 1322, 

1281, 1128, 1060, 1033, 840, 735, 596, 550. HRMS (HESI) m/z: [M+Na]+ Calcd for 

C12H13F3O3SNa: 317.04297, found 317.04260. 
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6-((4-(trifluoromethyl)phenyl)sulfonyl)bicyclo[3.1.0]hexan-6-ol (3eô). 

General procedure C was followed, starting with 7-((4-

(trifluoromethyl)phenyl)sulfonyl)bicyclo[4.1.0]heptane (0.58, 2.00 mmol, 

1.0 equiv) in anhydrous t-BuOMe (10 mL), n-BuLi (0.87 mL (2.3 M solution in hexanes), 2.00 

mmol, 1.0 equiv), BF3·OEt2 (2.80 mL, 10.79 mmol, 5.4 equiv), and peroxybis(triethylsilane) 

(0.76 mL, 2.40 mmol, 1.2 equiv), affording the product (0.22 g, 35% yield, >99:1 dr) as a white 

solid after purification by flash chromatography (5-15% EtOAc in hexanes containing 0.5% 

AcOH). mp 112-119 °C 1H NMR  (600 MHz, Chloroform-d) ŭ 8.06 (d, J = 8.2 Hz, 2H), 7.83 (d, 

J = 8.2 Hz, 2H), 3.70 (s, 1H), 2.36-2.31 (m, 2H), 2.11-1.99 (m, 2H), 1.89-1.82 (m, 2H), 1.77-

1.68 (m, 1H), 1.61-1.51 (m, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 141.3, 135.4 (q, J = 

33.2 Hz), 129.5, 126.3 (q, J = 3.8 Hz), 123.3 (q, J = 273.2 Hz), 76.6, 29.9, 25.7, 24.9. 19F NMR 

(564 MHz, Chloroform-d) ŭ -63.22. IR  (neat) 3347, 2957, 1402, 1320, 1280, 1128, 1060, 828, 

712, 643, 586, 540. HRMS (HESI) m/z: [M+Na]+ Calcd for C13H13F3O3SNa: 329.04297, found 

329.04254. 

2-(trifluoromethyl) -1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan -1-ol (3fô). General 

procedure C was followed, starting with 1-(trifluoromethyl)-4-((2-

(trifluoromethyl)cyclopropyl)sulfonyl)benzene (0.53 g, 1.66 mmol, 1.0 equiv) in anhydrous t-

BuOMe (6 mL), n-BuLi (0.73 mL (2.3 M solution in hexanes), 1.66 mmol, 1.0 equiv), BF3·OEt2 

(2.38 mL, 8.96 mmol, 5.4 equiv), and peroxybis(triethylsilane) (0.64 mL, 1.99 mmol, 1.2 equiv), 

affording the product (0.14 g, 27% yield, brsm 29%, >99:1 dr) was isolated as a white solid after 

purification by flash chromatography (5-15% EtOAc in hexanes containing 0.5% AcOH). mp 

126-130 °C 1H NMR  (600 MHz, Chloroform-d) ŭ 8.08 (d, J = 8.2 Hz, 2H), 7.89 (d, J = 8.3 Hz, 
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2H), 4.13 (s, 1H), 2.73-2.65 (m, 1H), 1.96 (dd, J = 11.1, 7.4, 1H), 1.74 (t, J = 7.4 Hz, 1H). 13C 

NMR (150 MHz, Chloroform-d) ŭ 139.5, 136.3 (q, J = 33.3 Hz), 129.9, 126.6 (q, J = 3.7 Hz), 

123.6 (q, J = 273.1 Hz) 123.2 (q, J = 273.3 Hz), 71.9 (q, J = 2.2 Hz), 25.1 (q, J = 37.5 Hz), 15.3 

(q, J = 2.2 Hz). 19F NMR  (564 MHz, Chloroform-d) ŭ -61.30, -63.32. IR  (neat) 3391, 2973, 

1405, 1317, 1287, 1106, 1057, 1015, 839, 506, 581, 537. HRMS (HESI) m/z: [M+Na]+ Calcd for 

C11H8F6O3SNa: 356.99906, found 356.99842. 
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Preparation of alkylidenecyclopropanes and cyclopropane ɓ-amino acid derivatives 

 

 

 

GENERAL PROCEDURE D: Synthesis of Alkylidenecyclopropanes 

To an oven-dried flask containing the solution of cyclopropanone precursor (1.0 equiv) in 

CH2Cl2 (10 mL / mmol of cyclopropanone precursor) was added Wittig reagent (3.0 equiv), 

followed by N-iodosuccinimide (1.0 equiv). The reaction flask was covered with aluminum foil 

and stirred at room temperature for 2 hours. The reaction was quenched by the addition of water 

and aq. sat. Na2SO3 (1:1), and vigoursly stirred for 1 min. The resulting solution was extracted 

with CH2Cl2, dried over MgSO4, filtered though SiO2 plug and concentrated under vacuum. 

Alkylidenecyclopropane was isolated by the flash chromatography (2-10% EtOAc in hexanes). 

Each diastereomer can be separated by the flash chromatography. 

 

GENERAL PROCEDURE E: Synthesis of ɓ-Cyclopropane ɓ-Amimo acid derivatives 

[First stage] To an oven-dried flask containing the solution of cyclopropanone precursor (1.0 

equiv) and Wittig reagent (3.0 equiv) were added CH2Cl2 (10 mL / mmol of cyclopropanone 

precursor), followed by N-iodosuccinimide (1.0 equiv). The reaction flask was covered with 

aluminum foil and stirred at room temperature for 2 hours. The reaction was quenched by the 
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addition of water and aq. sat. Na2SO3 (1:1), and vigoursly stirred for 1 min. The resulting 

solution was extracted with CH2Cl2, dried over MgSO4, and concentrated under vacuum.  

[Second stage] To the concentrated crude was added in MeOH (10 mL / mmol of 

cyclopropanone precursor), followed by dibenzylamine (2.0 equiv). The solution was stirred at 

room temperature (0  for enantioenriched substrates) for 18 hours. The reaction was quenched 

by water, extracted with CH2Cl2, dried over MgSO4, filtered though SiO2 plug and concentrated 

under vacuum. Cyclopropane ɓ-amimo acid derivative was isolated by the flash chromatography 

(2-10% EtOAc in hexanes). 
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Specific procedures and characterization data for alkylidenecyclopropanes 

 

methyl 2-(2-phenylcyclopropylidene)acetate (4a). To an oven-dried flask containing the 

solution of 2-phenyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3aô (34 mg, 0.1 

mmol, 1.0 equiv) in THF (1 mL) was cooled to ī78  and added methyl 

(triphenylphosphoranylidene)acetate (0.10 g, 0.3 mmol, 3.0 equiv) and N-iodosuccinimide (22.5 

mg, 0.1 mmol, 1.0 equiv). The reaction was warmed to room temperature and stirred for 30 

minutes with aluminum foil cover. The reaction was quenched by the addition of water and aq. 

sat. Na2SO3 (1:1), and vigorously stirred for 1 min. The resulting solution was extracted with 

Et2O, dried over MgSO4, filtered through SiO2 plug, and concentrated under vacuum. The 

diastereomeric mixture (13 mg, 70% yield, cis/trans = 1.2/1.0) was isolated as colorless oil after 

purification by the flash chromatography, eluting 2-10% EtOAc in hexanes (elution gradient). 1H 

NMR  (600 MHz, Chloroform-d) ŭ 7.30-7.26 (m, 2H), 7.23-7.19 (m, 1H), 7.19-7.15 (m, 1H), 

7.14-7.11 (m, 1H), 6.38 (q, J = 1.9 Hz, 1H), 3.80 or 3.66 (s, 3H), 3.66 (s, 2H), 2.98-2.95 (m, 1H), 

2.79-2.76 (m, 1H), 2.13-2.09 (m, 1H), 1.88-1.84 (m, 1H), 1.65-1.62 (m, 1H), 1.46-1.43 (m, 1H). 

13C NMR (150 MHz, Chloroform-d) ŭ (166.6, 166.0), (148.6, 148.2), (140.0, 139.6), (128.6, 

128.5), (126.8, 126.6), (126.6, 126.4), (111.8, 111.6), (51.6, 51.5), 21.6, 19.4, 15.6, 12.5. IR  

(neat) 2949, 2920, 1759, 1716, 1436, 1272, 1196, 1174, 843, 746, 697. HRMS (HESI) m/z: 

[M+H] + Calcd for C12H13O2: 189.09101, found 189.09064. 
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methyl 2-(2-phenethylcyclopropylidene)acetate (4b). General procedure D was followed, 

using 2-phenethyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (370 mg, 1.0 

mmol, 1.0 equiv) in CH2Cl2 (10 mL), methyl (triphenylphosphoranylidene)acetate (1.0 g, 3.0 

mmol, 3.0 equiv) and N-iodosuccinimide (225 mg, 1.0 mmol, 1.0 equiv), affording cis product 

(76 mg) and trans product (64 mg) (total 65% yield, cis/trans = 1.2/1.0) as colorless oil after 

purification by the flash chromatography, eluting with 2-10% EtOAc in hexanes (elution 

gradient). Diastereomers are determined by NOE. 

 

[cis product] 1H NMR  (600 MHz, Chloroform-d) ŭ 7.30-7.26 (m, 2H), 7.24-7.16 (m, 3H), 6.18 

(q, J = 1.9 Hz, 1H), 3.75 (s, 3H), 2.79 (t, J = 7.8 Hz, 2H), 2.25-2.18 (m, 1H), 1.83-1.75 (m, 1H), 

1.44-1.40 (m, 1H), 1.40-1.36 (m, 1H), 0.94-0.90 (m, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 

166.6, 150.9, 142.0, 128.6, 128.5, 126.0, 110.8, 51.5, 35.0, 33.7, 17.3, 8.7. IR  (neat) 2922, 1756, 

1713, 1436, 1339, 1265, 1194, 1172, 1040, 834, 745, 700. HRMS (HESI) m/z: [M+H]+ Calcd 

for C14H17O2: 217.12231, found 217.12215. 

[trans product] 1H NMR  (600 MHz, Chloroform-d) ŭ 7.31-7.27 (m, 2H), 7.23-7.14 (m, 3H), 

6.08 (q, J = 2.1 Hz, 1H), 3.74 (s, 3H), 2.79-2.70 (m, 2H), 1.82-1.74 (m, 1H), 1.70-1.63 (m, 1H), 

1.60-1.57 (m, 2H), 1.17-1.13 (m, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 160.6, 150.7, 

141.6, 128.6, 128.6, 126.1, 110.3, 51.5, 35.6, 34.3, 14.7, 11.2.  

Enantioenriched compound (98% ee) was obtained by the same procedure, using enantioenriched 

starting material (1.0 equiv, 99% ee). Enantiomeric excess was determined by HPLC analysis on 
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chiral stationary phase (Chiralcel OD-H 25 cm, 1% i-PrOH in hexane, 1 mL/min, 40 °C, 214 nm, 

cis product tr (major) 9.6 min, tr (minor) 8.0 min, trans product tr (major) 13.1 min, tr (minor) 

16.1 min). 

HPLC trace: 
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NOESY: 



   

72 

 

 

tert -butyl 2-(2-phenethylcyclopropylidene)acetate (4c). General procedure D was followed, 2-

phenethyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (37 mg, 0.1 mmol, 1.0 

equiv) in CH2Cl2 (1 mL), tert-butyl (triphenylphosphoranylidene)acetate (0.11 g, 0.3 mmol, 3.0 

equiv) and N-iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), affording the diastereomeric 

mixture (20 mg, 77% yield, cis/trans = 1.2/1.0) as colorless oil after purification by the flash 

chromatography, eluting with 2-10% EtOAc in hexanes (elution gradient). 1H NMR  (600 MHz, 

Chloroform-d) ŭ 7.33-7.28 (m, 2H), 7.24-7.19 (m, 3H), 6.08 (q, J = 1.9 Hz, 1H), 2.84-2.72 (m, 

2H), 2.35-2.25 (m, 1H), 1.82-1.73 (m, 1H), 1.72-1.55 (m, 1H), 1.52 (s, J = 1.8 Hz, 9H), 1.40-

1.31 (m, 1H), 1.17-1.14 or 0.92-0.88 (m, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ (165.7, 

165.4), (148.8, 148.4), (141.9, 141.6), 128.5, (128.4, 128.3), (125.9, 125.8), (112.8, 112.0), 79.9, 

(35.5, 34.9), (34.2, 33.6), (28.3, 28.2), 17.0, 14.2, 10.9, 8.3. IR  (neat) 2976, 1698, 1454, 1366, 

1293, 1149, 750, 698. HRMS (HESI) m/z: [M+Na]+ Calcd for C17H22O2Na: 281.15120, found 

281.15062. 

Enantioenriched compound (99% ee) was obtained by the same procedure, using enantioenriched 

starting material (1.0 equiv, 99% ee). Enantiomeric excess was determined by HPLC analysis on 

chiral stationary phase (Chiralcel OJ-H 25 cm, 1% MeOH in hexane, 0.5 mL/min, 23 °C, 214 nm,  

cis product tr (major) 8.9 min, tr (minor) 9.8 min, trans product tr (major) 14.2 min, tr (minor) 

12.9 min). 

HPLC trace: 
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methyl 2-(2-phenethylcyclopropylidene)propanoate (4d). General procedure D was followed, 

using cyclopropanone precursor 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (74 mg, 0.2 mmol, 1.0 equiv) in CH2Cl2 

(2 mL), methyl 2-(triphenylphosphoranylidene)propanoate (0.21 g, 0.6 mmol, 3.0 equiv) and N-

iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv), affording the diastereomeric mixture (38 mg, 82% 

yield, cis/trans = 1.5/1.0) were isolated as colorless oil after purification by the flash 

chromatography, eluting with 2-10% EtOAc in hexanes (elution gradient). 1H NMR  (600 MHz, 

Chloroform-d) ŭ 7.23-7.18 (m, 2H), 7.17-7.06 (m, 3H), 3.67 (s, J = 1.8 Hz, 3H), 2.69-2.67 (m, 

2H), 2.14-2.09 (m, 1H), 1.95 or 1.93 (s, 3H), 1.87-1.83 or 1.73-1.68 (m, 1H), 1.26-1.23 (m, 1H), 
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1.23-1.17 (m, 1H), 1.06-1.04 or 0.78-0.71 (m, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 

(168.3, 168.0), (143.3, 143.0), (142.2, 141.9), (128.6, 128.5), (128.5, 128.4), (126.0, 125.9), 

(117.8, 117.8), (51.7, 51.6), (35.7, 35.0), (33.9, 33.8), (18.5, 15.2), (17.1, 17.0), (12.2, 8.3). IR  

(neat) 2923, 2359, 2341, 1712, 1435, 1297, 1273, 1134, 749, 700. HRMS (HESI) m/z: [M+Na]+ 

Calcd for C15H18O2Na: 253.11990, found 253.11957. 

Enantioenriched compound (99% ee) was obtained by the same procedure, using enantioenriched 

starting material (1.0 equiv, 99% ee). Enantiomeric excess was determined by HPLC analysis on 

chiral stationary phase (Chiralcel OJ-H 25 cm, 2% i-PrOH in hexane, 1 mL/min, 40 °C, 214 nm, 

cis product tr (major) 7.7 min, tr (minor) 7.1 min, Chiralcel OJ-H 25 cm, 1% MeOH in hexane, 

0.5 mL/min, 23 °C, 214 nm, trans product tr (major) 17.0 min, tr (minor) 15.3 min). 

HPLC trace: 
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tert -butyl 2-cyclopropylideneacetate (4e). General procedure D was followed, 1-

((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol (53 mg, 0.2 mmol, 1.0 equiv) 

in CH2Cl2 (2 mL), tert-butyl (triphenylphosphoranylidene)acetate (0.22 g, 0.6 mmol, 3.0 equiv) 

and N-iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv), affording the product (18 mg, 59% yield) 

as colorless oil after purification by the flash chromatography, eluting with 2-10% EtOAc in 

hexanes (elution gradient). 1H NMR  (600 MHz, Chloroform-d) ŭ 6.14 (m, 1H), 1.50 (s, 9H), 

1.46-1.38 (m, 2H), 1.22-1.14 (m, 2H). 13C NMR  (150 MHz, Chloroform-d) ŭ 165.8, 143.7, 

112.7, 80.1, 28.4, 4.5, 1.9. IR  (neat) 2977, 2931, 2360, 1760, 1700, 1367, 1345, 1284, 1153, 

1070, 955, 920, 821, 733. 

 

Specific procedures and characterization data for ɓ-cyclopropane ɓ-amino acid derivatives 

Methyl 2-(-1-(dibenzylamino)-2-phenethylcyclopropyl)acetate (6a). 

General procedure E was followed, using 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (37 mg, 0.1 mmol, 1.0 equiv) in CH2Cl2 

(1 mL), methyl (triphenylphosphoranylidene)acetate (0.1 g, 0.3 mmol, 3.0 equiv), N-

iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), dibenzylamine (38 ɛl, 0.2 mmol, 2.0 equiv) and 

MeOH (1 mL), affording the product (24 mg, 58% yield) as colorless oil after purification by the 

flash chromatography, eluting with 1-10% EtOAc in hexanes (elution gradient). 1H NMR  (600 

MHz, Chloroform-d) ŭ 7.30-7.25 (m, 10H), 7.23-7.16 (m, 3H), 7.12-7.02 (m, 2H), 3.85 (d, J = 

14.0 Hz, 2H), 3.76 (s, 3H), 3.69 (d, J = 13.6 Hz, 2H), 2.93 (d, J = 14.7 Hz, 1H), 2.45-2.34 (m, 

2H), 2.27 (d, J = 14.7 Hz, 1H), 1.51-1.45 (m, 1H), 1.28-1.21 (m, 1H), 0.91-0.79 (m, 2H), 0.32 (t, 

J = 4.9 Hz, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 174.0, 142.4, 140.3, 129.1, 128.4, 128.4, 

128.1, 126.9, 125.8, 56.4, 51.8, 45.2, 35.6, 32.9, 31.90, 28.8, 20.4. IR  (neat) 3026, 2360, 2341, 
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1734, 1495, 1454, 1028, 748, 700. HRMS (HESI) m/z: [M+H] + Calcd for C28H32NO2: 414.24276, 

found 414.24243. 

Enantioenriched compound (98% ee) was obtained by the same procedure, using enantioenriched 

starting material (99% ee). 2nd Stage ran at 0  for 18 hours to minimize the loss of chirality. 

Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel 

OD-H 25 cm, 2% i-PrOH in hexane, 1 mL/min, 23 °C, 214 nm, tr (major) 6.2 min, tr (minor) 8.3 

min). 

HPLC trace: 

 

tert -Butyl 2-(1-(dibenzylamino)-2-phenethylcyclopropyl)acetate 

(6b). General procedure E was followed, using 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (37 mg, 0.1 mmol, 1.0 equiv) in CH2Cl2 

(1 mL), tert-butyl (triphenylphosphoranylidene)acetate (0.11 g, 0.3 mmol, 3.0 equiv), N-

iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), dibenzylamine (38 ɛl, 0.2 mmol, 2.0 equiv) and 

MeOH (1 mL), affording the product (30 mg, 66% yield) as colorless oil after purification by the 

flash chromatography, eluting with 1-10% EtOAc in hexanes (elution gradient). 1H NMR  (600 

MHz, Chloroform-d) ŭ 7.25-7.21 (m, 10H), 7.20-7.17 (m, 2H), 7.16-7.12 (m, 1H), 7.07-7.03 (m, 

2H), 3.87 (d, J = 13.5 Hz, 2H), 3.68 (d, J = 13.5 Hz, 2H), 2.86 (d, J = 14.5 Hz, 1H), 2.38-2.28 (m, 
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2H), 2.13 (d, J = 14.5 Hz, 1H), 1.50 (s, 9H), 1.44-1.39 (m, 1H), 1.26-1.16 (m, 1H), 0.81-0.71 (m, 

2H), 0.33-0.30 (m, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 172.9, 142.5, 140.4, 129.1, 128.4, 

128.3, 128.1, 126.8, 125.7, 80.6, 56.6, 45.3, 35.6, 34.0, 31.8, 29.1, 28.4, 28.4, 28.3, 20.0. IR  

(neat) 2974, 1720, 1453, 1366, 1142, 953, 745, 697. HRMS (HESI) m/z: [M+H] + Calcd for 

C31H38NO2: 456.28971, found 456.28882.  

Enantioenriched compound (98% ee) was obtained by the same procedure, using enantioenriched 

starting material (99% ee). 2nd stage ran at 0  for 18 hours to minimize the loss of chilrality. 

Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel 

OD-H 25 cm, 1% i-PrOH in hexane, 1 mL/min, 23 °C, 214 nm, tr (major) 6.9 min, tr (minor) 6.1 

min). 

HPLC trace:  

 

Benzyl 2-(1-(dibenzylamino)-2-phenethylcyclopropyl)acetate (6c). 

General procedure E was followed, using 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (37 mg, 0.1 mmol, 1.0 equiv) in CH2Cl2 

(1 mL), benzyl (triphenylphosphoranylidene)acetate (0.12 g, 0.3 mmol, 3.0 equiv), N-

iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), dibenzylamine (38 ɛl, 0.2 mmol, 2.0 equiv) and 

MeOH (1 mL), affording the product (22 mg, 45% yield) as colorless oil after purification by the 
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flash chromatography, eluting with 1-10% EtOAc in hexanes (elution gradient). 1H NMR  (600 

MHz, Chloroform-d) ŭ 7.43-7.34 (m, 5H), 7.26-7.23 (m, 6H), 7.22-7.15 (m, 7H), 7.07-7.00 (m, 

2H), 5.19 (d, J = 2.2 Hz, 2H), 3.80 (d, J = 13.6 Hz, 2H), 3.64 (d, J = 13.6 Hz, 2H), 2.96 (d, J = 

14.7 Hz, 1H), 2.39-2.32 (m, 2H), 2.30 (d, J = 14.8 Hz, 1H), 1.49-1.43 (m, 1H), 1.24-1.20 (m, 

1H), 0.85-0.72 (m, 2H), 0.32 (dd, J = 6.0, 4.6 Hz, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 

173.4, 142.4 140.3, 135.9, 129.1, 128.7, 128.7, 128.5, 128.4, 128.4, 128.1, 126.8, 125.8, 66.6, 

56.4, 45.3, 35.6, 33.1, 31.9, 28.8, 20.3. IR  (neat) 3027, 2360, 2341, 1729, 1494, 1453, 1147, 

1028, 744, 696. HRMS (HESI) m/z: [M+H]+ Calcd for C34H36NO2: 490.27406, found 490.27325. 

Enantioenriched compound (99% ee) was obtained by the same procedure, using enantioenriched 

starting material (99% ee). Second stage ran at 0  for 18 hours to minimize the loss of chirality. 

Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel OJ-

H 25 cm, 2% i-PrOH in hexane, 1 mL/min, 40 °C, 214 nm, tr (major) 13.1 min, tr (minor) 18.9 

min). 

HPLC trace:  

 

2-(1-(Dibenzylamino)-2-phenethylcyclopropyl)acetonitrile (6d). General 

procedure E was followed, using 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (74 mg, 0.2 mmol, 1.0 equiv) in CH2Cl2 



   

79 

 

(2 mL), (triphenylphosphoranylidene)acetonitrile (0.18 g, 0.6 mmol, 3.0 equiv), N-

iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv) ), dibenzylamine (77 ɛl, 0.4 mmol, 2.0 equiv) and 

MeOH (2 mL), affording the product (33 mg, 43% yield) as colorless oil after purification by the 

flash chromatography, eluting with 1-10% EtOAc in hexanes (elution gradient). 1H NMR  (600 

MHz, Chloroform-d) ŭ 7.30-7.22 (m, 12H), 7.18-7.15 (m, 1H), 7.09-7.04 (m, 2H), 3.88 (d, J = 

13.6 Hz, 2H), 3.77 (d, J = 13.6 Hz, 2H), 2.59 (d, J = 17.7 Hz, 1H), 2.51 (d, J = 17.8 Hz, 1H), 

2.50-2.45 (m, 2H), 1.57-1.52 (m, 1H), 1.29-1.24 (m, 1H), 0.97-0.93 (m, 1H), 0.84 (dd, J = 9.7, 

5.3 Hz, 1H), 0.24 (dd, J = 6.5, 5.3 Hz, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 141.8, 139.4, 

129.1, 128.5, 128.4, 128.3, 127.2, 126.0, 119.7, 56.3, 44.1, 35.7, 31.5, 28.7, 21.3, 16.5. IR  (neat) 

3026, 2360, 2341, 1495, 1454, 750, 700. HRMS (HESI) m/z: [M+Na]+ Calcd for C27H28N2Na: 

403.21447, found 403.21380.  

Enantioenriched compound (99% ee) was obtained by the same procedure, using enantioenriched 

starting material (99% ee). 2nd stage ran at 0  for 18 hours to minimize the loss of chirality. 

Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel 

AD-H 25 cm, 2% i-PrOH in hexane, 0.5 mL/min, 23 °C, 214 nm, tr (major) 16.8 min, tr (minor) 

22.5 min). 

HPLC trace:  
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tert -Butyl 2-(1-(dibenzylamino)-2-methylcyclopropyl)acetate (6e). 

General procedure E was followed, using 2-methyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3cô (28 mg, 0.1 mmol, 1.0 equiv) in CH2Cl2 

(1 mL), tert-butyl (triphenylphosphoranylidene)acetate (0.11 g, 0.3 mmol, 3.0 equiv), N-

iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), dibenzylamine (38 ɛl, 0.2 mmol, 2.0 equiv) and 

MeOH (1 mL), affording the product (22 mg, 60% yield) as colorless oil after purification by the 

flash chromatography, eluting with 1-10% EtOAc in hexanes (elution gradient). 1H NMR  (600 

MHz, Chloroform-d) ŭ 7.29-7.24 (m, 8H), 7.22-7.19 (m, 2H), 3.88 (d, J = 13.6 Hz, 2H), 3.70 (d, 

J = 13.5 Hz, 2H), 2.81 (d, J = 14.6 Hz, 1H), 2.19 (d, J = 14.6 Hz, 1H), 1.53 (s, 9H), 0.77 (d, J = 

5.5 Hz, 3H), 0.74-0.69 (m, 2H), 0.26-0.22 (m, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 173.1, 

140.5, 129.1, 128.0, 126.8, 80.5, 56.6, 45.0, 33.7, 28.3, 23.1, 20.9, 14.3. IR  (neat) 2929, 2360, 

2342, 1719, 1454, 1366, 1144, 747, 699, 669. HRMS (HESI) m/z: [M+H] + Calcd for C24H32NO2: 

366.24276, found 366.24225.  

Enantioenriched compound (99% ee) was obtained by the same procedure, using enantioenriched 

starting material (99% ee). Second stage ran at 0  for 18 hours to minimize the loss of chirality. 

Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel 

OD-H 25 cm, 0.05% i-PrOH in hexane, 0.5 mL/min, 40 °C, 214 nm, tr (major) 19.9 min, tr 

(minor) 27.9 min). 

HPLC trace:  



   

81 

 

 

tert -Butyl 2-(1-(dibenzylamino)cyclopropyl)acetate (6f). General 

procedure E was followed, using 1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropanol (53 mg, 0.2 mmol, 1.0 equiv) in CH2Cl2 (2 mL), 

tert-butyl (triphenylphosphoranylidene)acetate (0.23 g, 0.6 mmol, 3.0 equiv), N-iodosuccinimide 

(45 mg, 0.2 mmol, 1.0 equiv), dibenzylamine (77 ɛl, 0.4 mmol, 2.0 equiv) and MeOH (2 mL), 

affording the product (17 mg, 24% yield) as colorless oil after purification by the flash 

chromatography, eluting with 1-10% EtOAc in hexanes (elution gradient). Intermediate crude 

was carefully concentrated due to volatile alkylidenecyclopropane.  1H NMR  (600 MHz, 

Chloroform-d) ŭ 7.25-7.22 (m, 8H), 7.20-7.16 (m, 2H), 3.79 (s, 4H), 2.54 (s, 2H), 1.48 (s, 9H), 

0.54-0.49 (m, 4H). 13C NMR (150 MHz, Chloroform-d) ŭ 172.2, 140.3, 129.1, 128.1, 126.8, 

80.6, 56.7, 41.3, 37.5, 28.2, 15.1. IR  (neat) 2976, 2360, 2342, 1720, 1454, 1367, 1147, 747, 699. 

HRMS (HESI) m/z: [M+H] + Calcd for C23H30NO2: 352.22711, found 352.22649.  

 

Benzyl 2-(1-(dibenzylamino)cyclopropyl)acetate (6g). General procedure 

E was followed, using 1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropanol 

(53 mg, 0.2 mmol, 1.0 equiv) in CH2Cl2 (2 mL), benzyl (triphenylphosphoranylidene)acetate 

(0.24 g, 0.6 mmol, 3.0 equiv), N-iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv), dibenzylamine 

(77 ɛl, 0.4 mmol, 2.0 equiv) and MeOH (2 mL), affording the product (32 mg, 42% yield) as 

colorless oil after purification by the flash chromatography, eluting with 1-10% EtOAc in 

hexanes (elution gradient). 1H NMR  (600 MHz, Chloroform-d) ŭ 7.35-7.23 (m, 5H), 7.17-7.06 

(m, 10H), 5.06 (s, 2H), 3.64 (s, 4H), 2.57 (s, 2H), 0.49-0.40 (m, 4H). 13C NMR (150 MHz, 
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Chloroform-d) ŭ 172.7, 140.2, 135.9, 129.1, 128.7, 128.6, 128.4, 128.1, 126.8, 66.5, 56.5, 41.4, 

36.7, 15.2. IR  (neat) 3028, 2360, 2342, 1729, 1494, 1454, 1213, 1149, 1023, 745, 696. HRMS 

(HESI) m/z: [M+Na]+ Calcd for C26H27NO2Na: 408.19340, found 408.19306. 

 

tert -Butyl 2-(1-(dibenzylamino)-2,3-dimethylcyclopropyl)acetate (6h). 

General procedure E was followed, using 2,3-dimethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3dô (29 mg, 0.1 mmol, 1.0 equiv) in CH2Cl2 

(1 mL), tert-butyl (triphenylphosphoranylidene)acetate (0.11 g, 0.3 mmol, 3.0 equiv), N-

iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), dibenzylamine (38 ɛl, 0.2 mmol, 2.0 equiv) and 

MeOH (1 mL), affording the product (29 mg, 76% yield as white solid after purification by the 

flash chromatography, eluting with 1-10% EtOAc in hexanes (elution gradient). mp 70-73 . 

1H NMR  (600 MHz, Chloroform-d) ŭ 7.27-7.23 (m, 8H), 7.20-7.17 (m, 2H), 3.84 (s, 4H), 2.43 (s, 

2H), 1.55 (s, 9H), 0.85-0.83 (m, 2H), 0.77-0.73 (m, 6H). 13C NMR (150 MHz, Chloroform-d) ŭ 

173.2, 140.9, 129.0, 128.0, 126.7, 80.5, 56.6, 46.6, 32.2, 28.3, 24.0, 8.9. IR  (neat) 2974, 2360, 

2342, 1728, 1455, 1365, 1323, 1210, 1135, 751, 740, 697. HRMS (HESI) m/z: [M+H]+ Calcd 

for C25H34NO2: 380.25841, found 380.25785.  

 

tert -Butyl 2-(6-(dibenzylamino)bicyclo[3.1.0]hexan-6-yl)acetate (6i).  

General procedure E was followed, using 6-((4-

(trifluoromethyl)phenyl)sulfonyl)bicyclo[3.1.0]hexan-6-ol 3eô (61 mg, 0.2 

mmol, 1.0 equiv) in CH2Cl2 (2 mL), tert-butyl (triphenylphosphoranylidene)acetate (0.22 g, 0.6 

mmol, 3.0 equiv), N-iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv), dibenzylamine (77 ɛl, 0.4 

mmol, 2.0 equiv) and MeOH (2 mL), affording the product (26 mg, 33% yield) as white solid 
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after purification by the flash chromatography, eluting with 1-10% EtOAc in hexanes (elution 

gradient). mp 83-86 . 1H NMR  (600 MHz, Chloroform-d) ŭ 7.19 (d, J = 3.1 Hz, 8H), 7.14 (ddd, 

J = 7.6, 4.5, 2.2 Hz, 2H), 3.78 (s, 4H), 2.50 (s, 2H), 1.79-1.67 (m, 3H), 1.63-1.53 (m, 3H), 1.52 

(s, 9H), 1.39-1.35 (m, 2H). 13C NMR (150 MHz, Chloroform-d) ŭ 173.1, 140.8, 129.1, 127.9, 

126.6, 80.4, 56.8, 49.4, 35.1, 31.0, 28.4, 28.2, 26.4, 25.9. IR  (neat) 2972, 2911, 2360, 2342, 1728, 

1455, 1365, 1322, 1154, 1117, 1029, 911, 751, 740, 696. HRMS (HESI) m/z: [M+H] + Calcd for 

C26H34NO2: 392.25841, found 392.25790. 

 

tert -Butyl 2-(-1-(dibenzylamino)-2-

(trifluoromethyl)cyclopropyl)acetate (6j). General procedure E was 

followed, using 2-(trifluoromethyl)-1-((4-(trifluoromethyl)phenyl)sulfonyl) cyclopropan-1-ol 3fô 

(33 mg, 0.1 mmol, 1.0 equiv) in CH2Cl2 (1 mL), tert-butyl (triphenylphosphoranylidene)acetate 

(0.11 g, 0.3 mmol, 3.0 equiv), N-iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), dibenzylamine 

(38 ɛl, 0.2 mmol, 2.0 equiv) and MeOH (1 mL), affording the product (12 mg, 29% yield) as 

colorless oil after purification by the flash chromatography, eluting with 1-10% EtOAc in 

hexanes (elution gradient). 1H NMR  (600 MHz, Chloroform-d) ŭ 7.32-7.28 (m, 5H), 7.25 (d, J = 

7.3 Hz, 5H), 3.93 (d, J = 13.8 Hz, 2H), 3.78 (d, J = 13.8 Hz, 2H), 3.04 (dd, J = 15.5, 1.4 Hz, 1H), 

2.38 (d, J = 15.6 Hz, 1H), 1.57 (s, 9H), 1.57-1.56 (m, 1H), 1.29 (t, J = 6.4 Hz, 1H), 1.23-1.18 (m, 

1H). 13C NMR (150 MHz, Chloroform-d) ŭ 171.3, 139.3, 129.0, 128.3, 127.2, 81.2 56.3, 44.8 (q, 

J = 2.5 Hz), 33.4 (q, J = 2.4 Hz), 29.3 (q, J = 35.6 Hz), 28.4 (d, J = 17.8 Hz), 28.2, 17.8 (q, J = 

2.7 Hz). 19F NMR (564 MHz, Chloroform-d) ŭ -60.62. IR  (neat) 2981, 2360, 2341, 1728, 1369, 

1265, 1132, 1055, 1033, 1014, 742, 700. HRMS (HESI) m/z: [M+H]+ Calcd for C24H29F3NO2: 

420.21449, found 420.21376. 
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Methyl 2-(1-(dibenzylamino)-2-phenylcyclopropyl)acetate (6k). To an 

oven-dried flask containing the solution of 2-phenyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3aô (68 mg, 0.2 mmol, 1.0 equiv) in THF (2 

mL) was cooled to ī78, and added methyl (triphenylphosphoranylidene)acetate (0.20 g, 0.6 

mmol, 3.0 equiv) and N-iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv). The reaction was 

warmed to room temperature and stirred for 30 minutes with aluminum foil cover. The reaction 

was quenched by the addition of water and aq. sat. Na2SO3 (1:1), and vigoursly stirred for 1 min. 

The resulting solution was extracted with Et2O, dried over MgSO4 and concentrated under 

vacuum. To the resulting crude was added in MeOH (2 mL), followed by dibenzylamine (78 ɛl, 

0.4 mmol, 2.0 equiv). The reaction was stirred at room temperature for 18 hours. The resulting 

solution was quenched by water, extracted with CH2Cl2, dried over MgSO4, filtered though SiO2 

plug and concentrated under vacuum. The product (30 mg, 39% yield) was isolated as white 

solid after purification by the flash chromatography, eluting 1-10% EtOAc in hexanes (elution 

gradient). mp 91-94 . 1H NMR  (600 MHz, Chloroform-d) 7.28-7.14 (m, 13H), 7.11-7.00 (m, 

2H), 3.83 (d, J = 14.0 Hz, 2H), 3.74 (s, 3H), 3.67 (d, J = 13.6 Hz, 2H), 2.91 (d, J = 14.7 Hz, 1H), 

2.44-2.33 (m, 2H), 2.25 (d, J = 14.7 Hz, 1H), 1.49-1.43 (m, 1H), 1.27-1.20 (m, 1H), 0.90-0.77 

(m, 2H), 0.30 (t, J = 4.9 Hz, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 174.0, 142.4, 140.3, 

129.1, 128.4, 128.4, 128.1, 126.9, 125.8, 56.4, 51.8, 45.2, 35.6, 32.9, 31.9, 28.8, 20.4. IR  (neat) 

2941, 2360, 2341, 1720, 1453, 1321, 1224, 1130, 1028, 744, 736, 697. HRMS (HESI) m/z: 

[M+H] + Calcd for C26H28NO2: 386.21146, found 386.21100. 
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Methyl 2-(1-(1,3-dioxoisoindolin-2-yl)-2-

phenethylcyclopropyl)acetate (6l). To the reaction crude prepared by 

general procedure D using 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol (37 mg, 0.1 mmol, 

1.0 equiv) was added DMF (1 mL), potassium phthalimide (37 mg, 0.2 mmol, 2.0 equiv) and 18-

crown-6 (53 mg, 0.2 mmol, 2.0 equiv). The reaction was stirred at room temperature for 18 hours. 

The resulting solution was diluted with CH2Cl2, washed with 1N NaOH, washed again with 1N 

HCl, dried over MgSO4 and concentrated under vacuum. The product (20 mg, 55% yield) was 

isolated as white solid after purification by the flash chromatography, eluting 10-20% EtOAc in 

hexanes (elution gradient). mp 71-74 . 1H NMR  (600 MHz, Chloroform-d) ŭ 7.82 (dd, J = 5.4, 

3.1 Hz, 2H), 7.70 (dd, J = 5.4, 3.0 Hz, 2H), 7.29-7.24 (d, J = 7.4 Hz, 3H), 7.22-7.12 (m, 2H), 

3.61 (s, 3H), 2.97-2.83 (m, 2H), 2.71 (d, J = 14.1 Hz, 1H), 2.58 (d, J = 14.2 Hz, 1H), 2.07-2.02 

(m, 1H), 1.73-1.67 (m, 1H), 1.41-1.31 (m, 2H), 0.84-0.79 (m, 1H). 13C NMR (150 MHz, 

Chloroform-d) ŭ 171.5, 168.3, 142.1, 134.1, 131.9, 128.6, 128.5, 126.0, 123.3, 52.1, 36.8, 35.5, 

33.0, 31.7, 24.6, 17.9. IR  (neat) 2923, 2360, 2341, 1737, 1704, 1376, 1276, 1148, 1047, 998, 718, 

698. HRMS (HESI) m/z: [M+Na]+ Calcd for C22H21NO4Na: 386.13628, found 386.13571. 

Enantioenriched compound (94% ee) was obtained by the same procedure, using enantioenriched 

starting material (99% ee). Enantiomeric excess was determined by HPLC analysis on chiral 

stationary phase (Chiralcel AD-H 25 cm, 10% i-PrOH in hexane, 1 mL/min, 40 °C, 214 nm, tr 

(major) 12.0 min, tr (minor) 13.7 min). 

HPLC trace:  
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Ethyl 3-((1-(2-(tert -butoxy)-2-oxoethyl)-2-

phenethylcyclopropyl)amino)propanoate (6m). To the reaction 

crude prepared by general procedure D using 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol (37 mg, 0.1 mmol, 1.0 equiv) was added 

MeOH (1 mL), ɓ-alanine ethyl ester hydrochloride (30 mg, 0.2 mmol, 2.0 equiv) and 

triethylamine (28 ɛl, 0.2 mmol, 2.0 equiv). The reaction was stirred at room temperature for 18 

hours. The reaction was quenched by water, extracted with CH2Cl2, dried over MgSO4 and 

concentrated under vacuum. The product (22 mg, 59% yield) was isolated as colorless oil after 

purification by the flash chromatography, eluting 10-20% EtOAc in hexanes (elution gradient). 

1H NMR  (600 MHz, Chloroform-d) ŭ 7.36-7.31 (m, 2H), 7.30-7.22 (m, 3H), 4.19 (q, J = 7.1 Hz, 

2H), 3.01-2.89 (m, 2H), 2.82-2.70 (m, 2H), 2.55-2.42 (m, 4H), 2.30 (br, 1H), 1.83-1.76 (m, 1H), 

1.54 (s, 9H), 1.54-1.52 (m, 1H), 1.32 (t, J = 7.1 Hz, 3H), 1.04-0.99 (m, 1H), 0.86 (dd, J = 9.3, 4.7 

Hz, 1H), 0.19 (dd, J = 6.2, 4.7 Hz, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 172.7, 172.0, 

142.3, 128.5, 128.4, 125.9, 80.7, 60.4, 41.1, 40.2, 36.1, 36.0, 35.7, 32.0, 28.3, 25.9, 19.8, 14.7. 

IR  (neat) 3706, 2981, 2360, 2341, 1725, 1368, 1144, 1055, 1033, 1016, 748, 698. HRMS (HESI) 

m/z: [M+H]+ Calcd for C22H34NO4: 376.24824, found 376.24761. 

Enantioenriched compound (98% ee) was obtained by the same procedure, using enantioenriched 



   

87 

 

starting material (99% ee). Enantiomeric excess was determined by HPLC analysis on chiral 

stationary phase (Chiralcel AD-H 25 cm, 2% i-PrOH, 0.05% butylamine in hexane, 1 mL/min, 

40 °C, 214 nm, tr (major) 6.5 min, tr (minor) 8.8 min). 

HPLC trace:  

 

tert -Butyl 2-(1-(benzyloxy)-2-phenethylcyclopropyl)acetate (6n). 

The reaction crude was prepared by general procedure D using 2-

phenethyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (37 mg, 0.1 mmol, 1.0 

equiv). To another vial containing BnOH (0.2 mmol, 2.0 equiv) in anhydrous THF (1 mL) under 

N2 was added NaH (0.2 mmol, 2.0 equiv) at 0  and kept the same temperature for 30 minutes. 

The resulting suspension was transferred to alkylidenecyclopropane crude at 0  and stirred for 

6 hours. The reaction was quenched by water, extracted with CH2Cl2, dried over MgSO4 and 

concentrated under vacuum. The product (22 mg, 30% yield) was isolated as colorless oil after 

purification by the flash chromatography, eluting 1-10% EtOAc in hexanes (elution gradient). 1H 

NMR  (600 MHz, Chloroform-d) ŭ 7.31-7.20 (m, 7H), 7.20-7.14 (m, 3H), 4.49 (q, J = 11.1 Hz, 

2H), 2.72 (t, J = 7.8 Hz, 2H), 2.68-2.63 (m, 1H), 2.48 (d, J = 15.0 Hz, 1H), 1.87-1.75 (m, 1H), 

1.44 (s, 9H), 1.41 (dd, J = 14.8, 7.0 Hz, 1H), 1.22-1.17 (m, 1H), 1.11-1.02 (m, 1H), 0.38-0.30 (m, 

1H). 13C NMR (150 MHz, Chloroform-d) ŭ 170.9, 142.1, 138.7, 128.6, 128.5, 128.4, 127.8, 
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127.5, 126.0, 80.7, 69.2, 63.3, 37.6, 35.8, 32.2, 28.3, 24.6, 18.6. IR  (neat) 3707, 2973, 2360, 

2341, 1733, 1054, 1033, 1013, 669. HRMS (HESI) m/z: [M+Na]+ Calcd for C24H30O3Na: 

389.20872, found 389.20787. 

Enantioenriched compound (99% ee) was obtained by the same procedure, using enantioenriched 

starting material (99% ee). Enantiomeric excess was determined by HPLC analysis on chiral 

stationary phase (Chiralcel OJ-H 25 cm, 2% i-PrOH in hexane, 0.5 mL/min, 23 °C, 214 nm, tr 

(major) 17.4 min, tr (minor) 19.1 min). 

HPLC trace:  

 

 

tert -Butyl 2-(1-((2-ethoxy-2-oxoethyl)amino)-2-phenethylcyclopropyl)acetate (6o). 

To the reaction crude prepared by general procedure D using 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (37 mg, 0.1 mmol, 1.0 equiv) was added 

MeOH (1 mL), glycine ethyl ester hydrochloride (28 mg, 0.2 mmol, 2.0 equiv) and triethylamine 

(28 ɛl, 0.2 mmol, 2.0 equiv). The reaction was stirred at 40  for 18 hours. The reaction was 
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quenched by water, extracted with CH2Cl2, dried over MgSO4 and concentrated under vacuum. 

The product 6o (23 mg, 64% yield) was isolated as colorless oil after purification by the flash 

chromatography, eluting 10-20% EtOAc in hexanes (elution gradient). 1H NMR  (600 MHz, 

Chloroform-d) ŭ 7.28-7.25 (m, 2H), 7.18-7.16 (m, 3H), 4.16 (q, J = 7.1 Hz, 2H), 3.45-3.36 (m, 

2H), 2.74-2.66 (m, 2H), 2.61 (br, 1H), 2.36 (q, J = 16.1 Hz, 2H), 1.75-1.69 (m, 1H), 1.51-1.47 

(m, 1H) 1.47 (s, 9H), 1.26 (t, J = 7.1 Hz, 4H), 1.04-0.99 (m, 1H), 0.86 (dd, J = 9.2, 4.8 Hz, 1H), 

0.14 (t, J = 5.4 Hz, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 172.5, 171.6, 142.1, 128.5, 128.4, 

128.4, 125.9, 80.9, 60.8, 47.6, 39.8, 36.4, 36.1, 31.9, 28.3, 26.0, 19.8, 14.3. IR  (neat) 3705, 2973, 

2360, 2341, 1732, 1152, 1055, 1033, 1013, 669. HRMS (HESI) m/z: [M+Na]+ Calcd for 

C21H31NO4Na: 384.21453, found 384.21432. 

 

Methyl (2-(1-((2-ethoxy-2-oxoethyl)amino)-2-phenethylcyclopropyl)acetyl)-L-

phenylalaninate (6p). 

The solution of compound 6o (23 mg, 0.06 mmol, 1.0 equiv) in CH2Cl2 (0.48 mL) was added 

trifluoroacetic acid (0.12 mL), and the reaction was stirred at room temperature for 3 hours and 

monitored by TLC (20% EtOAc in hexanes containing a drop of Et3N). The reaction mixture was 

concentrated, diluted with toluene (1 mL) and concentrated under vacuum. To the resulting crude 

in anhydrous THF (0.6 mL) was added HBTU (24 mg, 0.06 mmol, 1.0 equiv), L-phenylalanine 

methyl ester hydrochloride (14 mg, 0.06 mmol, 1.0 equiv) and diisopropylethylamine (0.05 mL, 

0.3 mmol, 5.0 equiv). The resulting solution was stirred at room temperature for 18 ours. The 

reaction was quenched by the addition of water, extracted with EtOAc, dried over MgSO4, and 

concentrated under vacuum. The product 6q (22 mg, 74% yield) was isolated as colorless oil 

after purification by the flash chromatography, eluting 30-50% EtOAc in hexanes (elution 
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gradient). 1H NMR  (600 MHz, Methanol-d4) ŭ 7.29-7.12 (m, 10H), 4.71 (dd, J = 9.4, 5.2 Hz, 

1H), 4.16 (q, J = 7.1 Hz, 2H), 3.68 (s, 3H), 3.36 (d, J = 17.0 Hz, 1H), 3.29 (d, J = 17.0 Hz, 1H), 

3.19 (dd, J = 13.9, 5.2 Hz, 1H), 2.95 (dd, J = 13.9, 9.4 Hz, 1H), 2.66-2.54 (m, 2H), 2.29 (d, J = 

2.7 Hz, 2H), 1.58-1.53 (m, 1H), 1.50-1.41 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H), 0.88-0.85 (m, 1H), 

0.70 (dd, J = 9.5, 5.1 Hz, 1H), 0.13-0.05 (m, 1H). 13C NMR (150 MHz, Methanol-d4) ŭ 174.6, 

173.6, 173.5, 143.3, 138.2, 130.2, 129.5, 129.5, 129.3, 127.9, 126.8, 61.9, 55.0, 52.7, 47.6, 41.5, 

38.4, 36.8, 36.4, 32.6, 26.3, 19.5, 14.5. IR  (neat) 3706, 2981, 2360, 2341, 1737, 1652, 1197, 

1055, 1033, 1016, 745, 698. HRMS (HESI) m/z: [M+Na]+ Calcd for C27H34N2O5Na: 489.23599, 

found 489.23486. 

Enantioenriched compound (99% ee) was obtained by the same procedure, using enantioenriched 

starting material (99% ee). Enantiomeric excess was determined by HPLC analysis on chiral 

stationary phase (Chiralcel OD-H 25 cm, 5% i-PrOH in hexane, 1 mL/min, 40 °C, 214 nm, tr 

(major) 31.5 min, tr (minor) 41.6 min). 

HPLC trace:  
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tert -Butyl 1' -oxo-2-phenethyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinoline]-3'-

carboxylate (6q)43 

To the reaction crude prepared by general procedure D using 2-phenethyl-1-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol 3bô (37 mg, 0.1 mmol, 1.0 equiv) was added 

MeOH (1 mL), [Cp*RhCl2]2 (1.2 mg, 0.002 mmol, 0.02 equiv), N-(pivaloyloxy)benzamide (22 

mg, 0.1 mmol, 1.0 equiv) and CsOAc (19 mg, 0.1 mmol, 1.0 equiv). The resulting mixture was 

stirred at 30  for 2 hours. To the reaction was added silica gel, concentrated, and loaded as 

sample for the flash chromatography to afford the diastereomeric products (major 15 mg/minor 

10 mg, 66% yield, dr 1.5/1) as colorless oil, eluting 30-70% EtOAc in hexanes (elution gradient). 

Rf for major = 0.5, minor = 0.45 (Hx : EtOAc = 1:1 on silica TLC).  

[major] 1H NMR  (600 MHz, Chloroform-d) ŭ 8.18-8.09 (m, 1H), 7.44-7.41 (m, 1H), 7.32-7.24 

(m, 3H), 7.18-7.14 (m, 3H), 6.78 (t, J = 7.4 Hz, 1H), 6.47-6.45 (m, 1H), 3.72-3.61 (m, 1H), 2.81-

2.76 (m, 2H), 2.07-1.95 (m, 1H), 1.86-1.78 (m, 1H), 1.78-1.70 (m, 1H), 1.27 (s, 9H), 1.08-1.04 

(m, 1H), 0.95-0.92 (m, 1H). 13C NMR (150 MHz, Chloroform-d) ŭ 170.2, 166.56 141.6, 141.4, 

132.9, 128.8, 128.5, 128.4, 128.0, 126.4, 126.1, 121.0, 82.5, 57.2, 35.8, 33.0, 32.2, 27.9, 25.7, 

16.4. IR  3705, 2973, 2865, 2360, 2341, 1674, 1055, 1033, 1013, 669. HRMS (HESI) m/z: 

[M+Na]+ Calcd for C24H27NO3Na: 400.18831, found 400.18716. 

[minor ] 1H NMR  (600 MHz, Chloroform-d) ŭ 8.06 (d, J = 7.6 Hz, 1H), 7.43-7.40 (m, 1H), 

7.33-7.27 (m, 3H), 7.25-7.20 (m, 3H), 6.92 (d, J = 7.4 Hz, 1H), 6.40 (d, J = 4.4 Hz, 1H), 3.65 (d, 
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J = 4.9 Hz, 1H), 2.86 (t, J = 7.4 Hz, 2H), 2.36-2.31 (m, 1H), 2.02-1.98 (m, 1H), 1.53-1.49 (m, 

1H), 1.23 (s, 9H), 0.93-0.88 (m, 1H), 0.83 (dd, J = 8.8, 5.0 Hz, 1H). 13C NMR (150 MHz, 

Chloroform-d) ŭ 169.6, 166.2, 141.8, 141.7, 132.8, 128.6, 128.6, 128.2, 126.5, 126.1, 121.3, 82.5, 

59.6, 36.0, 31.6, 27.8, 26.2, 24.5, 21.7. 

Enantioenriched compounds (99% ee) were obtained by the same procedure, using 

enantioenriched starting material (99% ee). Enantiomeric excess was determined by HPLC 

analysis on chiral stationary phase (Chiralcel AD-H 25 cm, 10% i-PrOH in hexane, 1 mL/min, 

23 °C, 214 nm, Major  tr (major) 30.2 min, tr (minor) 39.5 min, Minor  tr (major) 24.7 min, tr 

(minor) 27.7 min). 

HPLC trace: 
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CHAPTER 4 

 

Preparation of strain -release reagents and their application with cyclopropanone 

precursors 

Jung, M.; Lindsay, V. N. G. J. Am. Chem. Soc. 2022, 144, 4764-4769. 

Jung, M.; Muir, J. E.; Lindsay, V. N. G. Tetrahedron 2023, 134, 133296. 

 

4.1. Introduction to strain -release reagents 

 Strain-release constitutes a powerful driving force leading to important compounds via 

atom-economic reactions. Strain-release reagents are highly strained structures (>50 kcal/mol) 

including bicyclo[1.1.0]butanes,72,73 bicyclo[2.1.0]pentanes74 (housanes), 

tricyclo[1.1.1.0]pentanes75 (TCP or propellanes) and 1-azabicyclo[1.1.0]butanes76 (ABB). In 

2016, the Baran group in collaboration with Pfizer popularized the use of sulfonyl-substituted 

strain-release reagents, possessing an appropriate balance of bench-stability and reactivity.3 

Since then, a large number of methods were applied with these reagents such as the addition of 

nucleophiles,5 radicals77,78 as well as cycloaddition reactions,79 where the sulfonyl group served 

as a key moiety for further functionalization (Scheme 10).80 While 1-

sulfonylbicyclo[1.1.0]butanes are useful building blocks, their general synthesis is still 

challenging, typically requiring six steps from sulfonyl chlorides.81,82 While performing the 

synthesis of sulfonylcyclopropanes in Chapter 2, we found that 1-sulfonylbicyclo[1.1.0]butane (7, 

sulfonyl-BCB) can be accessed from methyl sulfone in one-pot from epichlorohydrin (Scheme 

11). 
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Scheme 10. Use of 1-sulfonylbicyclobutanes as a strain-release reagents. 

Scheme 11. One-pot cyclopropanation procedure with epichlorohydrin. 

 

4.2. One-pot synthesis of sulfonyl-BCBs and housanes 

 Our serendipitous discovery assumed that the one-pot cyclopropanation used in chapter 2 

could be extended to the one-pot synthesis of bicyclobutanes. Specifically and after more careful 

analysis, the reaction between the methyl sulfone and epichlorohydrin affording 7 went through a 

cyclobutanol intermediate, which indicated that 2 equivalents of the base were needed for the 

first addition stage. Commercially available di-n-butylmagnesium base was found as optimal 

base (Table 5, entry 2) and benzenesulfonyl chloride was the most efficient activating agent 

(entries 3-4). Further optimization led to 77% yield, in one-pot manner, without any intermediate 

left (entry 7). These conditions could be applied to gram-scale with similar efficiency and to a 

number of different methyl sulfones. Methyl sulfones were purchased from commercial sources 

and used as received, or were synthesized via oxidation of the corresponding thioether28, via 

copper-catalyzed cross-coupling83, via iodine-mediated CïH sulfonylation84 or via mesylation of 

piperidine85. The fact that inexpensive epichlorohydrin and easy-access methyl sulfones are the 

key starting materials makes our one-pot procedure very efficient and accessible. Also, the 

widespread generality of the sulfonyl part including electrodonating, electrowithdrawing, 

heterocycles, alkyls and sulfonamide enhances the value of this one-pot procedure (Figure 19). 
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Table 5. Optimization of the one-pot synthesis of 1-sulfonylbicyclo[1.1.0]butane (7). 

Entry Base 1 (x) RSO
2
Cl (y) Base 2 (z) 7 (%)

a,b
 Int. (%)

a
 

1 n-BuLi (2.0) MsCl (1.0) KOt-Bu (3.0) 42 22 

2 (n-Bu)2Mg (1.0) MsCl (1.0) KOt-Bu (3.0) 51 24 

3 n-Bu2Mg (1.0) MsCl (1.0) n-BuLi (1.0) 32 24 

4 n-Bu2Mg (1.0) PhSO2Cl (1.0) n-BuLi (1.0) 62 (63) 5 

5 n-Bu2Mg (1.0) PhSO2Cl (1.0) KO t-Bu (3.0) 45 34 

6 n-Bu2Mg (1.0) PhSO2Cl (1.0) KO t-Bu (1.5)
c
 64 (63) 5 

7 n-Bu2Mg (1.0) PhSO2Cl (1.3) n-BuLi (1.2) 77 (77) <5 

aNMR yields in CDCl3 with an internal standard. bIsolated yields in the parenthesis. cUse 

aqueous work-up crude for KOt-Bu step. 
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All yields correspond to yields of isolated product on a 0.5 mmol scale of methyl sulfones. 
aIsolated yield of gram scale (6.4 mmol) in parentheses. bt-BuLi (1.2 equiv) was used in the third 

stage. cFirst and third stages were performed at ī78 ÁC to ī20 ÁC or 0 ÁC. d1.0 equiv n-BuLi was 

used in the third stage. eKOt-Bu (1.5-2.5 equiv) was used in the third stage after aqueous workup. 
fTHF/HMPA (9:1) was used as solvent instead of pure THF. 

 

Figure 19. Scope of the one-pot synthesis of 1-sulfonylbicyclo[1.1.0]butanes (7). 
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In addition, we envisioned that the same procedure applied to substituted 

epichlorohydrins would lead to substituted 1-sulfonylBCBs (Scheme 12). 1-Substituted 

epichlorohydrin afforded the bridge-substituted BCB, but however proved less efficient due to its 

reduced electrophilicity. Furthermore, 1-sulfonylbicyclo[2.1.0]pentanes (1-sulfonylhousanes, 8), 

another fascinating strain-release reagent, could be accessed from an extended epichlorohydrin-

like reagent. Using 1-chloro-3,4-epoxybutane as electrophile, a similar protocol led to a scope of 

1-sulfonylhousanes with commercially available (n-Bu)(s-Bu)Mg used as base, HMPA additive 

and t-BuLi for the last annulation step. (Figure 20). Notably, two examples of chiral housane are 

synthesized enantiospecifically, starting with chiral 1-chloro-3,4-epoxybutane (Scheme 13). 

 

Scheme 12. One-pot synthesis of 1-sulfonylbicyclo[1.1.0]butanes with substituted 

epichlorohydrins. 
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All yields correspond to yields of isolated product on a 0.5 mmol scale of methyl sulfones. 
aIsolated yield of gram scale (6.4 mmol) in parentheses. bFirst stage was performed at ī20 ÁC 

(then 0 °C, 1 h) and third stage at ī78 ÁC to ī20 ÁC. cn-Bu2Mg (1 equiv) was used at ī20 ôC in 

the first stage instead of (n-Bu)(s-Bu)Mg (without HMPA). 

 

Figure 20. Scope of the one-pot synthesis of 1-sulfonylhousanes (8). 

 

Scheme 13. Synthesis of chiral housanes. 
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4.3. Synthesis of spiro[3.3]heptanones 

 In the development of new drug candidates, the structural design is aimed to improve a 

lead compoundôs profile of not only its affinity but pharmacokinetics for better bioavailability. 

Aromatic rings are often attached for stronger affinity of hit compound by utilizing strong ́ -  ́

interaction and occupying space with flat structure. However, too many benzene rings can lead 

the compound to be too hydrophobic and sometimes metabolically unstable, causing problematic 

pharmacokinetic profiles such as low water solubility, undesired side interaction and fast 

metabolism via ring oxidation. Sp3-rich cyclic moieties are often found as improved bioisosteres 

of aromatic rings with better chemical and pharmacokinetic profiles.86,87 For example, the 

spiro[3.3]heptane motif is a key element for a number of pharmaceutical compounds in recent 

applications (Figure 21).88  

 Key synthetic methods in previous synthesis of spiro[3.3]heptanes are via Meinwald 

rearrangement after epoxidation of cyclopropylidenes,89,90 (semi)pinacol rearrangement of 1-

cyclopropylcyclobutanols91 or the [2+2]cycloaddition of ketenes with 

methylenecyclobutane.92,93,94 These approaches are well developed for the synthesis of 

spiro[3.3]heptane itself (parent compound), but the access to substituted, enantioenriched 

derivatives is still limited. 

The Wipf group recently reported the synthesis of spiro[3.4]octanones via the addition of 

lithiated sulfonyl-BCB to cyclobutanones, followed by semipinacol rearrangement (Scheme 

14a).95 The Aggarwal group have shown the synthesis of analogous spiro compounds using 

azabicyclo[1.1.0]butanes via a similar addition/semipinacol approach.96 Inspired from their work, 

we thought our cyclopropanone precursor could be applied to the same synthetic disconnection 

with sulfonyl-BCBs, accessible via the method described above (Scheme 14b). 
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Figure 21. Selected pharmaceutical compounds containing the spiro[3.3]heptane moiety. 

Scheme 14. Synthetic plan to access spiro[3.3]heptanones (9) inspired from Wipfôs work. 

 

Table 6. Optimization for the addition of lithiated BCBs to cyclopropanone. 

Entry Ar nBuLi  Conditions NMR yield (%) 

1 Ph 2.0 equiv ī78 , 2 h then rt 57 

2 Ph 2.3 equiv ī78 , 2 h <5 

3 Ph 2.3 equiv ī20 , 1 h <10 

4 Ph 2.3 equiv ī78  then rt, 30 min 67 

5 Ph 2.3 equiv ī78  then ī20 , 1 h 68 

6 Ph 2.3 equiv ī78  then ī40 , 2 h 57 
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Table 6 (continued). 

7 Ph 2.3 equiv ī78  then ī40 , 20 h 60 

8 Ph 2.5 equiv ī78  then rt, 30 min 65 

9 p-CF3 2.3 equiv ī78  then rt, 30 min 53 

10 p-OMe 2.3 equiv ī78  then rt, 30 min 56 

 

 Based on our previous work, 1-sulfonylcyclopropanols (3) and 1-sulfonylbicyclobutane 

(7) were prepared and used for optimization of the addition step (Table 6). We evaluated 

different reaction conditions and equivalents of n-BuLi (entries 1-8), as well as various electronic 

environments on the 1-sulfonylcyclopropanol to identify the ideal cyclopropanone source (entry 

9-10). The semipinacol rearrangement was efficient with catalytic amounts of MsOH, similar to 

Wipfôs conditions. Furthermore, it was found that a telescopic protocol in two steps was more 

practical and similarly efficient than sequential reactions with a purified intermediate, while a 

one-pot protocol was not optimal and needed excess amount of MsOH for full conversion 

(Scheme 15). 

 

Scheme 15. Evaluation of more practical protocols. 
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 Various 1-sulfonyl-BCBs were successfully applied to the telescopic method, including 

aromatic, aliphatic, and saturated sulfonamide (Figure 22). Enantioenriched cyclopropanone 

precursors afforded semipinacol rearrangement product with complete regiocontrol, but some 

loss of enantiomeric excess was observed (85% ee). Evaluation of other Brønsted and Lewis 

acids identified AlCl 3 as a viable alternative for stereospecific results (Table 7). 

 

Table 7. Screening of acids for the semipinacol rearrangement. 

Entry 2nd step [H+] Condition Product (%) drb (% ee) 

1 MsOH (5 mol%) rt, 1 h (75) 1.2 (88) : 1.0 (98) 

2 1M HCl (telescoped) rt, 2 h 62 1.2 : 1.0 

3 1M HCl (one-pot) rt, 3 h 55 1.5 (85) : 1.0 (97) 

4 MsOH (5 mol%) ī20 , 2 h 65 1.2 (85) : 1.0 (93) 

5 TFA (5 mol%)  0 , 18 h 65 1.4 (89) : 1.0 (99) 

6 Al(OTf) 3 (5 mol%) rt, 2 h 71 1.0 (84) : 1.0 (97) 

7 Sc(OTf)3 (5 mol%) rt, 2 h 68 1.0 (87) : 1.0 (95) 

8 Mg(OTf) 2 (5 mol%) rt, 2 h <50 1.1 (94) : 1.0 (97) 

9 AlCl 3 (5 mol%) rt, 2 h (63) 1.1 (96) : 1.0 (97) 

10 TiCl 4 (5 mol%) rt, 2 h (55) 1.3 (93) : 1.0 (97) 

11 ZnCl 2 (5 mol%) rt, 2 h (65) 1.2 (84) : 1.0 (98) 

12 ZnF2 (5 mol%) rt, o/n 69 (62) 1.5 (90) : 1.0 (97) 

13 Zn(OAc)2 (5 mol%) rt, 3 days <5 n/a 

14 AlCl 3 (5 mol%) rt, 1 h 77 1.3 (90) : 1.0 (98) 

15 AlCl 3 (5 mol%) rt, 3 h 60 1.0 (96) : 1.0 (97) 
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a2 mmol scale. bAlCl 3 (5 mol%) was used instead of MsOH. 

Figure 22. Scope of the telescopic synthesis of spiro[3.3]heptanones (9). 

 

An interesting fact was that this reaction usually gave 1.2:1.0 ratio of diasteromers of the 

spiro[3.3]heptanone products. This is a quite important since the analogous reaction with 

cyclobutanone was fully diastereoselective in Wipfôs work.95 A key factor in our case which 

could explain such a disparity is the formation of a cyclopropylcarbinyl cation in the mechanism 

of semipinacol rearrangement, which is known to be a relatively stable and long-lived 
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carbocation, presumably allowing time for bond rotation where both diastereomers of 

spiro[3.3]heptanone can be formed (Figure 23).  

 

Figure 23. Cyclopropylcarbinyl cation rotamers leading to diastereomeric mixtures. 

 

4.4. Conclusion 

In conclusion, we have developed the synthesis of 1-sulfonylbicyclobutanes and 1-

sulfonyl housanes in one pot manner. Scopes of both products contain a variety of sulfonyl 

substitutions. Furthermore, selection of substituted epichlorohydrin affords substituted 

sulfonylbicyclobutanes in one pot as well as chiral 1-chloro-3,4-epoxybutane affords chiral 

housanes in same manner. To our best knowledge, this method is the most practical method for 

sulfonyl strain-release reagents. In addition, we have developed the synthesis of spiroheptanones 

starting with 1-sulfonylbicyclobutanes and cyclopropanone precursors. We expect this work to 

be applied in the synthesis of a variety of pharmaceutical scaffolds. 

 

4.5. Experimental 

General Experimental Conditions 

General: Unless stated otherwise, all non-aqueous reactions were performed in oven-dried 




