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ABSTRACT: A Simmons-Smith stereodefined procedure for the synthesis of cyclopropyl-1,2-bis(boronates) has been 
developed starting from the corresponding alkenes. The resulting compounds were then subjected to regioselective 
Suzuki−Miyaura couplings to produce diversely tri- or tetra-substituted arylcyclopropanes in good yields. Further 
functionalization with 2-lithiothiophene provided 1,2-bis(aryl)cyclopropanes.

INTRODUCTION

Natural products such as (+)-trans-chrysanthemic acid, 
1-aminocyclopropanecarboxylic acid (ACC), or (+)-
curacin A, contain the cyclopropyl ring. This is true also 
for drugs such as Lenvatinib, Saxagliptin or Tasimelteon, 
for example. Cyclopropyl-containing compounds present 
remarkable pharmacological profiles including 
anticancer, antibiotic, anti-inflammatory, anti-HCV, anti-
HIV, insecticides, and so forth (Figure 1).1

Figure 1. Some cyclopropane-based natural and synthetic 
bioactive products.
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Furthermore, cyclopropanes were also used as key 
precursors to access challenging chemical structures and 
significant progress has been recently reported in the 

development of synthetic methods based on such 
privileged intermediates.2 Boronic acids and esters are 
also extensively used in organic synthesis and there are 
nowadays a plethora of methods available for the 
introduction and manipulation of these functional 
groups.3 Within this class of compounds, cyclopropyl 
monoboronates occupy a unique place and their 
chemistry has been amply documented 4 since the 
research of pioneers such as Laurent,5 Woods,6 
Matteson,7 and Bubnov.8 By contrast, despite the 
potential utility of the related bis-boronate derivatives, 
such species have found far fewer applications. 1,1-
Diborylated cyclopropanes were synthesized from 
cyclopropyl lithioate after quenching with 
bis(pinacolato)diboron 9 or by base-catalyzed 
rearrangement and allylation of -cyclopropyl alkyl 
bis(boronates).10 They were be further engaged in 
coupling reactions,11 or stereoselective 
desymmetrization by trifluorination.12 On the other 
hand, 1,2-disubstituted derivatives, can be prepared 
from terminal alkenes and bis(pinacolato)diboron in a 
copper-catalyzed process,13 by photocatalytic 
borylcyclopropanation of α‐boryl styrenes 14 and, in a 
single case, by iridium-catalyzed borylation of 2-
cyclopropylpyridine (Scheme 1, eq 1-3).15
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Scheme 1. Strategies for the Stereoselective Synthesis of 
Cyclopropyl 1,2-bis(boronates). 
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In consideration of the synthetic potential of these 
cyclopropyl-1,2-bis(boronates), we became interested in 
developing an alternative method to the previously 
reported strategies and thus, we describe herein the 
Simmons-Smith cyclopropanation of alkenyl-1,2-
bis(boronates) as a stereoselective access to these doubly 
borylated cyclopropanes (Scheme 1, eq 4). The main 
advantage of this method is to synthesize stereoselectively 
1,2-substituted cyclopropyl bis-boronic esters. Further 
functionalization of these valuable building blocks is also 
reported.

RESULTS AND DISCUSSION

The synthesis of the starting alkenyl 1,2-bis(boronates) 1a-j 
was first easily accomplished from the corresponding 1-
alkynes and bis(pinacolato)diboron in the presence of 
tetrakis(triphenyl-phosphine)platinum as catalyst.16 Our 
investigations to prepare cyclopropyl bis-boronic esters 2 
involved diiodomethane and diethylzinc at 50 °C in toluene, 
using alkene 1a as a model.17 The reaction occurred with 
moderate yield (53 %). Addition of one equivalent of 
trifluoroacetic acid, at room temperature in 
dichloromethane, allowed us to obtain the desired product 
2a with a yield of 67%. Next, the scope of the reaction was 
evaluated under these conditions. The alkenyl 1,2-
bis(boronates) 1 were converted in good yields (64-92%) 
into cyclopropyl bis-boronic esters 2 by treatment with 
diiodomethane and diethylzinc in presence of 
trifluoroacetic acid at room temperature in 
dichloromethane (Table 1).18 This transformation, which 
occurred with retention of configuration, as demonstrated 
by NOESY experiments,19 tolerated different substitution 
patterns such as alkyl, aryl groups, silyl ether or chloride 
and it was equally efficient with tri- or tetra-substituted 
starting alkenes. 

In parallel, we also explored the enantioselective 
cyclopropanation reaction of 1a with a diazoester in the 
presence of a chiral copper(I) bisoxazoline complex 
according to the method developed by Carreras et al..20 
Pinacol 1,2-diboronic ester 1a was treated with ethyl 
diazoacetate (EDA), [Cu(NCMe)4]PF6 and (S,S)-(tert-
butyl)bisoxazoline to afford the expected tetra-substituted 
bis-boranyl cyclopropane 3a with control of the relative 
stereochemistry (X-Ray structure determination)21 in a 
moderate yield (42%) (Scheme 2, Figure 2). Unfortunately, 
only a modest enantiomeric ratio was determined by chiral 
HPLC (e.e. = 34%).

Table 1. Synthesis of Cyclopropyl-1,2-bis(boronates) 2 
from Alkene-1,2-Diboronic Esters 1a

(67%) (64%) (73%)2c (68%)

2i (71%) 2j (92%)

2f 2g (84%)(74%)

2a 2b 2d

2e (76%)

2a-j1a-j

a General conditions: Et2Zn (1M in hexane, 1 mmol), TFA (1 mmol), CH2I2 (1 mmol) and 1
(0.5 mmol),CH2Cl2 (2 mL), rt., 18 h. b Yields of isolated products.
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Scheme 2. Enantioselective Synthesis of Cyclopropane 3a.
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In order to illustrate the synthetic potential of these bis-
boronates 2, we then investigated their Suzuki-Miyaura 
cross-coupling reactions using a broad range of 
arylbromides. These coupling were performed with Ruphos 
as catalyst in presence of palladium acetate and potassium 
carbonate, in THF/H2O at reflux for 15 hours.22 When R2 = 
H, this reaction occurred regioselectively at the terminal C-
B bond. Yields were good to moderate with the formation of 
a single cyclopropane derivative 4 with retention of 
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configuration (Table 2).23 No significant influence was 
noticed on the basis of the nature of the aromatic ring 
substitutents. In the case of the disubstituted cyclopropane-
1,2-diboronic ester 2i, the coupling reaction occurred with 
a high regioselectivity (at the -position of the methyl group 
vs ethyl) and only 4ie was detected by 1H NMR. Its relative 

stereochemistry was further ascertained by X-ray 
diffraction crystallography 24 (Figure 2). It has to be 
noticed that successful Pd-catalyzed couplings of tertiary 
cyclopropylboronates are unusual.25

Table 2. Suzuki-Miyaura Cross-Couplings with Cyclopropyl-1,2-bis(boronates) 2a,b 

ArBr, Pd(OAc)2

THF/H2O, , 15 h

a General conditions: 2 (0.3 mmol), palladium acetate ( 0.03 mmol), potassium carbonate (0.6 mmol), 2-dicyclohexylphosphino-2',6'-diisopropoxybiphenyl (0.075 mmol)
and arylbromide (0.4 mmol), THF (2 mL)/water (0.1 mL), reflux, 15 h. b Yields of isolated products.
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Moreover, the reaction was proven to be scalable with 1,2-
bis(boronate) 1b as model substrate, delivering the desired 
product 4bh in 40% isolated yield over two steps (Scheme 
3).

Scheme 3. Gram Scale Synthesis of Cyclopropane 4bh
(1.0 gram, 2.7 mmol)
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To further illustrate the synthetic utility of the cyclopropyl- 
boronates 4, we then explored the addition of 2-
lithiothiophene to cyclopropanylboronic esters 4 following 
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a methodology developed by Aggarval et al.26 Compounds 
4ah and 4bh, selected as examples, were treated with 2-
lithiothiophene in presence of N-bromosuccinimide at – 78 
°C to afford the expected tri-substituted 1,2-
bis(aryl)cyclopropanes 5a and 5b with retention of 
configuration27 (X-Ray structure determination) (Scheme 4, 
Figure 2). 

Scheme 4. Synthesis of Cyclopropanes 5a and 5b

pinB
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R NH
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5a (R= nBu, 57%)
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Figure 2. X-ray Structures of 3a, 4ie and 5a (50% probability 
ellipsoids)
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CONCLUSION

In this publication, we have demonstrated that 1-alkene-
1,2-diboronic esters are suitable precursors to the 
corresponding substituted cyclopropyl-1,2-bis(boronates). 
These compounds were then engaged in Suzuki-Miyaura 
coupling reactions leading to a large variety of 
arylcyclopropylboronates with retention of configuration. 
Further functionalization with 2-lithiothiophene provided 
also the corresponding 1,2-bis(aryl)cyclopropanes. 

EXPERIMENTAL SECTION

General Information. Unless otherwise noted, all solvents 
and all commercially available chemicals were used without 
further purification. Air- and water-sensitive reactions were 
performed in flame-dried glassware under an argon 
atmosphere. Anhydrous tetrahydrofuran was obtained after 
distillation over sodium/benzophenone and anhydrous 
dichloromethane after distillation over calcium hydride. For 
oxygen-sensitive reaction, when specified, the solvent was 
degassed prior to use by slow bubbling of argon. 1H NMR (300, 
400 or 500 MHz), 13C NMR (75, 101 or 126 MHz), 11B (96, 128 
or 160 MHz), and 19F (376 MHz) spectra were recorded on 
Bruker AC 300, AC 400 and AC 500 spectrometers. Chemical 
shifts δ are given in ppm, and coupling constants J in hertz. 
Multiplicities are presented as follows: s = singlet, d = doublet, 
t = triplet, q = quartet, m = multiplet, br = broad. Structural 
assignments were made with additional information from 
gCOSY, gHSQC, and gHMBC experiments. High-resolution mass 
spectra (HRMS) were recorded on a QTOF Bruker MaXis 4G, a 
Q-TOF Agilent 6510, or a Thermo Fisher Orbitrap Q-Exactive 
spectrometer (Centre Régional de Mesures Physiques de 
l’Ouest, Rennes) using positive-ion electron-spray ionization 
techniques (ESI+). Purifications by silica gel chromatography 
were carried out on silica 0.060−0.200 mm, 60 Å. Analytical 
thin-layer chromatography was performed on Merck silica gel 
60 F254 plates. Melting points were measured on a Kofler 
bench Reichert-Jung Heizbank or a melting-point apparatus 
Stuart SMP10 and are uncorrected. Bis-boronates were already 
synthesized in the literature according to reported procedures: 
1a-c,28 1d-e,16 1g,29 1h16 and 1j.28

(Z)-2,2'-(Pent-2-ene-2,3-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (1i). Compound 1i was prepared according to a 
known protocol.16 A 25-mL flask, equipped with a magnetic 
stirring bar, septum inlet, and a reflux condenser, was charged 
with Pt(PPh3)4 (73 mg, 0.06 mmol) and bis(pinacolato)diboron 
(595 mg, 2.35 mmol) and then flushed with nitrogen. DMF (5 
mL) and pent-2-yne (200 mg, 2.94 mmol) were successively 
added. After being stirred for 12 h at 80 °C using an oil bath, the 
reaction mixture was diluted with ethyl acetate (10 mL), 
repeatedly washed with cold water to remove DMF (5 times), 
dried over anhydrous magnesium sulfate and filtered. 
Evaporation and purification by flash column chromatography 
on SiO2 gave the bis(boryl)alkene 1i. 515 mg (68%). Colorless 
oil. Rf = 0.90 (Hexane/AcOEt: 90/10). 1H NMR (400 MHz, CDCl3) 
δ 2.17 (q, J = 7.6 Hz, 2H), 1.70 (s, 3H), 1.24 (s, 12H), 1.23 (s, 
12H), 0.92 (t, J = 7.6 Hz, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 
83.3, 83.2, 24.9, 24.8, 24.0, 15.7, 13.3 (the carbons  to boron 
were not found). 11B{1H} NMR (128 MHz, CDCl3) δ 30.4. HRMS 
(ESI+) calculated for [M+H]+ (C17H33O4

11B2): 323.2564, found 
323.2576.
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Synthesis of cyclopropyl-bis(boronates) 2. To freshly 
distilled dichloromethane (2 mL) was added Et2Zn (1 mL, 1M 
in hexane, 1 mmol) at 0 °C under argon. To this solution was 
added very slowly trifluoroacetic acid (114 mg, 76 L, 1 mmol). 
Once the addition was complete (5 min), the reaction mixture 
was stirred for 30 minutes at 0 °C. Then, diiodomethane (267 
mg, 80 L, 1 mmol) was added in 5 min, and the resulting 
reaction mixture was stirred for an additional 20 minutes at 0 
°C. To this solution was added the bisboronate 1 (0.5 mmol) in 
CH2Cl2 (1 mL). After 18h at rt, the reaction was terminated by 
addition of saturated aqueous NH4Cl (0.5 mL) and diluted with 
EtOAc (10 mL). Extraction of the aqueous phase was carried 
out with EtOAc (3 x10 mL). The combined organic layers were 
dried on magnesium sulfate and filtered. Concentration in 
vacuo gave oil which was purified by column chromatography 
on silica gel to give the corresponding cyclopropane 2. The 
reaction was also carried out on a 2.7 mmol scale for 2b.

2,2'-(1-Butylcyclopropane-1,2-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2a). 117 mg (67%). Colorless oil. Rf = 
0.90 (Cyclohexane/AcOEt: 90/10). 1H NMR (400 MHz, CDCl3) δ 
1.47-1.35 (m, 5H), 1.26 (s, 12H), 1.25 (s, 6H), 1.24 (s, 6H), 1.10-
0.98 (m, 1H), 0.88 (t, J = 7.2 Hz, 3H), 0.82 (dd, J = 6.8, 2.8 Hz, 
1H), 0.55 (dd, J = 9.2, 2.8 Hz, 1H), - 0.22 (dd, J = 9.2, 6.8 Hz, 1H). 
13C{1H} NMR (75 MHz, CDCl3) δ 83.1, 83.1, 39.7, 31.7, 25.2, 25.1, 
25.0, 24.7, 23.1, 15.9, 14.3 (the carbons  to boron were not 
found). 11B{1H} NMR (96 MHz, CDCl3) δ 33.3. HRMS (ESI+) 
calculated for [M+Na]+ (C19H36O4

11B2Na): 373.2697, found 
373.2697.
2,2'-(1-Benzylcyclopropane-1,2-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2b). 123 mg (64%). 0.64 g (62%) on a 2.7 
mmol scale. Colorless oil. Rf = 0.72 (Cyclohexane/AcOEt: 
70/30). 1H NMR (400 MHz, CDCl3) δ 7.30 (d, J = 7.3 Hz, 2H), 7.22 
(app t, J = 7.6 Hz, 2H), 7.14 (app t, J = 7.3 Hz, 1H), 3.06 (d, J = 
14.5 Hz, 1H), 2.28 (d, J = 14.7 Hz, 1H), 1.23 (s, 6H), 1.22 (s, 6H), 
1.09 (s, 12H), 0.96 (dd, J = 7.0, 3.1 Hz, 1H), 0.77 (dd, J = 9.4, 3.1 
Hz, 1H), -0.06 (dd, J = 9.4, 6.7 Hz, 1H). 13C NMR (101 MHz, 
CDCl3) δ 141.3, 129.3, 127.9, 125.9, 83.3, 83.2, 44.1, 25.3, 25.1, 
24.8, 24.6, 15.8 (the carbons  to boron were not found). 
11B{1H} NMR (96 MHz, CDCl3) δ 33.0. HRMS (ESI+) calculated 
for [M+H]+ (C22H35O4

11B2): 385.2721, found 385.2730.
2,2'-(1-(Cyclohexylmethyl)cyclopropane-1,2-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) (2c). 133 mg (68%). Colorless 
oil. Rf = 0.84 (Cyclohexane/AcOEt: 70/30). 1H NMR (400 MHz, 
CDCl3) δ 1.88 (d, J = 13.1 Hz, 1H), 1.76-1.54 (m, 6H), 1.24 (s, 
12H), 1.22 (s, 6H), 1.21 (s, 6H), 1.16-1.08 (m, 2H), 0.97-0.69 (m, 
5H), 0.54 (dd, J = 9.2, 2.9 Hz, 1H), -0.29 (dd, J = 9.2, 6.8 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 83.1, 83.1, 47.9, 38.5, 34.2, 33.4, 
26.9, 26.7, 26.6, 25.3, 25.2, 25.0, 24.6, 16.9 (the carbons  to 
boron were not found). 11B{1H} NMR (96 MHz, CDCl3) δ 33.3. 
HRMS (ESI+) calculated for [M+H] +(C22H41O4

11B2): 391.3191, 
found 391.3192.
2,2'-(1-Cyclohexylcyclopropane-1,2-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2d). 137 mg (73%). Colorless oil. Rf = 
0.60. (hexane/AcOEt: 90/10). 1H NMR (400 MHz, CDCl3) δ 1.80-
1.50 (m, 7H), 1.25 (s, 12H), 1.22 (s, 6H), 1.21 (s, 6H), 1.16-1.02 
(m, 3H), 0.75 (dd, J = 6.6, 2.8 Hz, 1H), 0.53 (dd, J = 9.2, 2.8 Hz, 
1H), 0.36 (app tt, J = 11.9, 3.5 Hz, 1H), -0.26 (dd, J = 9.4, 6.6 Hz, 
1H). 13C{1H} NMR (101 MHz, CDCl3) δ 83.1, 83.0, 49.8, 32.4, 
32.1, 27.2, 27.1, 26.9, 25.5, 25.3, 24.8, 24.6, 15.2, 5.0 (br) (one 
carbon  to boron was not found). 11B{1H} NMR (128 MHz, 
CDCl3) δ 33.4. HRMS (ESI+) calculated for [M+H]+ 

(C21H39O4
11B2): 377.3034, found 377.3035.

2,2'-(1-Phenylcyclopropane-1,2-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2e). 141 mg (76%). Colorless oil. Rf = 0.70 

(Cyclohexane/AcOEt: 90/10). 1H NMR (300 MHz, CDCl3) δ 7.33-
7.30 (m, 2H), 7.21 (app t, J = 7.5 Hz, 2H), 7.13-7.08 (m, 1H), 1.27 
(s, 6H), 1.27 (s, 6H), 1.22 (s, 6H), 1.20-1.17 (m, 1H), 1.19 (s, 6H), 
1.11 (dd, J = 9.5, 2.9 Hz, 1H), 0.41 (dd, J = 9.5, 7.1 Hz, 1H). 13C{1H} 
NMR (75 MHz, CDCl3) δ 145.7, 129.1, 128.0, 125.5, 83.5, 83.4, 
25.2, 24.9, 24.7, 16.3 (the carbons  to boron were not found). 
11B{1H} NMR (96 MHz, CDCl3) δ 32.8. HRMS (ESI+) calculated 
for [M+Na]+(C21H32O4

11B2Na): 393.2384, found 393.2385.
(1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)methyl)trimethylsilane (2f). 142 mg (74%). 
Colorless oil. Rf = 0.80 (Cyclohexane/AcOEt: 90/10). 1H NMR 
(300 MHz, CDCl3) δ 1.23 (s, 12H),1.22 (s, 12H), 0.86 (dd, J = 7.2, 
2.8 Hz, 1H), 0.73 (d, J = 14.7 Hz, 1H), 0.66 (d, J = 14.7 Hz, 1H), 
0.53 (dd, J = 9.1, 2.8 Hz, 1H), 0.02 (s, 9H), -0.26 (dd, J = 9.1, 7.2 
Hz, 1H). 13C{1H} NMR (75 MHz, CDCl3) δ 83.2, 83.0, 27.0, 25.6, 
25.3, 24.8, 18.2, -0.0 (the carbons  to boron were not found). 
11B{1H} NMR (96 MHz, CDCl3) δ 33.1. HRMS (ESI+) calculated 
for [M+Na]+ (C19H38O4

11B2NaSi): 403.2623, found 403.2628.
(2-(1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)ethoxy)(tert-butyl)dimethylsilane (2g). 190 mg 
(84%). Colorless oil. Rf = 0.70 (Cyclohexane/AcOEt: 90/10). 1H 
NMR (300 MHz, CDCl3) δ 3.69 (t, J = 7.7 Hz, 2H), 1.75-1.65 (m, 
1H), 1.37-1.30 (m, 1H), 1.22 (s, 24H), 0.88 (s, 9H), 0.81 (dd, J = 
7.0, 2.8 Hz, 1H), 0.61 (dd, J = 9.3, 2.8 Hz, 1H), 0.05 (s, 6H), -0.17 
(dd, J = 9.2, 7.0 Hz, 1H). 13C{1H} NMR (75 MHz, CDCl3) δ 83.2, 
83.1, 63.4, 42.9, 26.2, 25.1, 25.1, 24.9, 24.8, 18.5, 15.5, 6.4 (br), 
-5.0, -5.1 (one carbon  to boron was not found). 11B{1H} NMR 
(96 MHz CDCl3) δ 33.3. HRMS (ESI+) calculated for [M+Na]+ 
(C23H46O5

11B2NaSi): 475.3198, found 475.3193.
2,2'-(1-(2-Chloropropyl)cyclopropane-1,2-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) (2h).170 mg (92%). Colorless 
oil. Rf = 0.60 (Cyclohexane/AcOEt: 90/10). 1H NMR (300 MHz, 
CDCl3) δ 3.52 (t, J = 6.8 Hz, 2H), 1.96-1.86 (m, 2H), 1.52-1.41 (m, 
1H), 1.29-1.24 (m, 1H), 1.23 (s, 24H), 0.83 (dd, J = 7.0, 2.9 Hz, 
1H), 0.57 (dd, J = 9.3, 2.9 Hz, 1H), -0.20 (dd, J = 9.3, 7.0 Hz, 1H). 
13C{1H} NMR (101 MHz, CDCl3) δ 83.3, 83.2, 45.4, 37.0, 32.7, 
25.2, 25.1, 24.9, 24.8, 16.0 (the carbons  to boron were not 
found). 11B{1H} NMR (128 MHz, CDCl3) δ 32.8. HRMS (ESI+) 
calculated for [M+Na]+ (C18H33O4

35Cl11B2Na): 393.2151, found 
393.2153.
2,2'-(1-Ethyl-2-methylcyclopropane-1,2-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) (2i). 120 mg (71%). Colorless 
oil. Rf = 0.5 (hexane/AcOEt: 90/10). 1H NMR (400 MHz, CDCl3) 
δ 1.48-1.36 (m, 2H), 1.23 (s, 6H), 1.22 (s, 6H), 1.21 (s, 6H), 1.20 
(s, 6H), 1.09 (s, 3H), 0.97 (t, J = 7.4 Hz, 3H), 0.91 (d, J = 2.9 Hz, 
1H), 0.14 (d, J = 2.8 Hz, 1H). 13C{1H} NMR (101 MHz, CDCl3) δ 
83.1, 25.1, 25.1, 25.0, 24.7, 24.3, 23.3, 16.0, 14.0, 8.8 (br) (one 
carbon  to boron was not found). 11B{1H} NMR (128 MHz, 
CDCl3) δ 30.4. HRMS (ESI+) calculated for [M+H]+ 
(C18H35O4

11B2): 337.2721, found 337.2721.
1,2-Diethyl-1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropane (2j). 161 mg (92%). Colorless oil. Rf = 0.90 
(Cyclohexane/AcOEt: 90/10). 1H NMR (300 MHz, CDCl3) δ 1.57-
1.33 (m, 4H), 1.23 (s, 12H), 1.22 (s, 12H), 0.95 (t, J = 7.4 Hz, 6H), 
0.88 (d, J = 2.9 Hz, 1H), 0.16 (d, J = 2.9 Hz, 1H). 13C{1H} NMR (75 
MHz, CDCl3) δ 83.1, 25.2, 24.9, 24.2, 21.3, 16.6 (br), 14.1 (one 
carbon  to boron was not found). 11B{1H} NMR (96 MHz, 
CDCl3) δ 33.0. HRMS (ESI+) calculated for [M+Na]+ 
(C19H36O4

11B2Na): 373.2697, found 373.2694.
Ethyl 2-butyl-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropane-1-carboxylate (3a). (S,S)-Bis oxazoline (0.025 
mmol) and Cu(NCMe)4 PF6 (0.025 mmol) were mixed under 
argon with CH2Cl2 (2 mL) in a Schlenk tube and then stirred for 
20 minutes. To this solution was added the alkenyl bisboronate 
1a (0.50 mmol) in CH2Cl2 (0.5 mL). A solution of ethyl 
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diazoacetate (2 mmol) in CH2Cl2 (2 mL) was then added during 
8 hours via a syringe pump. The solvent was removed in vacuo. 
The residue was maintained in vacuo at 100 °C to eliminate 
volatiles ethyl fumarate and maleate. Purification by flash 
column chromatography afforded 88 mg (42%) of the 
corresponding bisborocyclopropane 3a. Colorless oil. Rf = 0.90 
(Cyclohexane/AcOEt: 90/10). 1H NMR (300 MHz, CDCl3) δ 4.16-
4.05 (m, 2H), 2.00 (d, J = 6.7 Hz, 1H), 1.78-1.68 (m, 1H), 1.50-
1.41 (m, 1H), 1.38-1.13 (m, 7H), 1.25 (s, 12H), 1.22 (s, 6H), 1.21 
(s, 6H), 0.84 (t, J = 6.9 Hz, 3H), 0.67 (d, J = 6.7 Hz, 1H). 13C{1H} 
NMR (101 MHz, CDCl3) δ 172.8, 83.7, 83.5, 60.5, 31.8, 31.1, 27.2, 
25.2, 25.1, 25.0, 24.8, 23.0, 14.5, 14.2 (the carbons  to boron 
were not found). 11B{1H} NMR (96 MHz, CDCl3) δ 32.4. HRMS 
(ESI+) calculated for [M+Na]+ (C22H40O6

11B2Na): 445.2909, 
found 445.2910.

Access to cyclopropanes 4 by Suzuki coupling. In an argon-
filled Schlenk tube were placed the cyclopropyl bisboronate 2 
(0.30 mmol), aryl bromide (0.40 mmol), Pd(OAc)2 (7 mg, 0.03 
mmol), RuPhos (35 mg, 0.075 mmol), K2CO3 (83 mg, 0.60 
mmol), THF (2 mL) and degassed water (0.1 mL) was added. 
The tube was sealed with a cap and the resulting suspension 
was stirred overnight at reflux using an oil bath. After cooling 
to rt, the reaction was terminated by addition of H2O and 
extracted with EtOAc. The combined organic layers were then 
dried with MgSO4 and filtered.  After concentration in vacuo, the 
residue was purified by silica gel flash chromatography to 
afford the corresponding Suzuki products 4. The reaction was 
also carried out on a 1.7 mmol scale for 4bh.

2-(1-Butyl-2-phenylcyclopropyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (4aa). 52 mg (58%). Colorless oil. Rf = 0.85 
(Cyclohexane/AcOEt: 90/10). 1H NMR (300 MHz, CDCl3) δ 7.25-
7.06 (m, 5H), 1.97-1.90 (m, 2H), 1.45-1.22 (m, 6H), 0.97 (s, 6H), 
0.90 (t, J = 7.0 Hz, 3H), 0.83 (s, 6H), 0.80 (dd, J = 8.0, 4.2 Hz, 1H). 
13C{1H} NMR (75 MHz, CDCl3) δ 140.8, 129.0, 127.8, 125.6, 82.6, 
38.2, 31.7, 29.9, 24.8, 24.4, 23.1, 15.9, 14.3 (the carbon  to 
boron was not found). 11B{1H} NMR (96 MHz, CDCl3) δ 32.6. 
HRMS (ESI+) calculated for [M+Na]+ (C19H29O2

11BNa) 
323.2158, found 323.2156.
2-(1-Butyl-2-(4-methylphenyl)cyclopropyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (4ab). 64 mg (67%). Colorless oil. Rf = 0.80 
(Cyclohexane/AcOEt: 90/10). 1H NMR (300 MHz, CDCl3) δ 7.12 
(d, J = 7.8 Hz, 2H), 7.00 (d, J = 7.8 Hz, 2H), 2.27 (s, 3H), 1.96-1.88 
(m, 2H), 1.43-1.21 (m, 6H), 0.98 (s, 6H), 0.90 (t, J = 7.0 Hz, 3H), 
0.84 (s, 6H), 0.75 (dd, J = 8.1, 4.3 Hz, 1H). 13C{1H} NMR (75 MHz, 
CDCl3) δ 137.6, 134.8, 128.7, 128.2, 82.8, 38.0, 31.6, 29.4, 24.7, 
24.3, 22.9, 20.9, 15.8, 14.2 (the carbon  to boron was not 
found). 11B{1H} NMR (96 MHz, CDCl3) δ 32.7. HRMS (ESI+) 
calculated for [M+Na]+ (C20H31O2

11BNa): 337.2315, found 
337.2308.
2-(1-Butyl-2-(4-nitrophenyl)cyclopropyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (4ac). 73 mg (71%). Colorless oil. Rf = 0.60 
(Cyclohexane/AcOEt: 90/10). 1H NMR (300 MHz, CDCl3) δ 8.07 
(d, J = 8.5 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 2.00 (t, J = 7.0 Hz, 1H), 
1.93-1.83 (m, 1H), 1.51 (t, J = 5.4 Hz, 1H), 1.50-1.25 (m, 5H), 
1.07-1.01 (m, 1H), 0.98 (s, 6H), 0.91 (t, J = 7.2 Hz, 3H), 0.86 (s, 
6H). 13C{1H} NMR (75 MHz, CDCl3) δ 149.3, 145.9, 129.4, 122.8, 
83.2, 38.1, 31.4, 30.0, 24.7, 24.3, 22.9, 17.3, 14.1 (the carbon  
to boron was not found). 11B{1H} NMR (96 MHz, CDCl3) δ 32.4. 
HRMS (ESI+) calculated for [M+Na]+ (C19H28NO4

11BNa): 
368.2009, found 368.2007.
4-(2-Butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)benzonitrile (4ad). 68 mg (70%). White solid, 
mp = 115-120 °C. Rf = 0.50 (hexane/AcOEt: 90/10). 1H NMR 

(400 MHz, CDCl3) δ 7.47 (d, J = 6.6 Hz, 2H), 7.30 (d, J = 8.2 Hz, 
2H), ), 1.95 (dd, J = 7.5, 6.4 Hz, 1H), 1.90-1.83 (m, 1H), ), 1.46 
(dd, J = 5.3, 5.0 Hz, 1H), 1.43-1.27 (m, 4H), 1.20 (d, J = 4.1 Hz, 
1H), 0.96 (s, 6H), 0.88 (t, J = 7.1 Hz, 3H), 0.90-0.85 (m, 1H), 0.83 
(s, 6H). 13C{1H} NMR (101 MHz, CDCl3) δ 147.0, 131.5, 129.6, 
119.4, 109.4, 83.2, 38.1, 31.5, 30.2, 24.8, 24.4, 23.0, 16.8, 14.2 
(the carbon  to boron was not found).11B{1H} NMR (128 MHz, 
CDCl3) δ 32.7. HRMS (ESI+) calculated for [M+H]+ 
(C20H29NO2

11B): 326.2291, found 326.2290.
N-(2-(2-Butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)acetamide (4ae). 76 mg (71%). White 
solid, mp = 109-111 °C. Rf = 0.50 (hexane/AcOEt: 70/30). 1H 
NMR (500 MHz, CDCl3) δ 8.03 (d, J = 8.0 Hz, 1H), 7.67 (brs, 1H), 
7.15 (app t, J = 7.2 Hz, 1H), 7.17 (d, J = 7.4 Hz, 1H), 6.99 (app t, J 
= 7.3 Hz, 1H), 2.25 (s, 3H), 2.12 (td, J = 13.1, 4.9 Hz, 1H), ), 1.67 
(dd, J = 7.3, 6.4 Hz, 1H), 1.45-1.41 (m, 2H), 1.35 (dt, J = 14.4, 7.2 
Hz, 2H), 1.26-1.22 (m, 2H), 0.98 (s, 6H), 0.92 (t, J = 7.2 Hz, 3H), 
0.89 (dd, J = 8.4, 4.4 Hz, 1H), 0.73 (s, 6H). 13C{1H} NMR (101 
MHz, CDCl3) δ 168.5, 138.3, 129.8, 129.6, 127.3, 124.0, 120.9, 
83.4, 37.7, 31.8, 25.9, 25.0, 24.9, 24.1, 23.0, 15.9, 14.3 (the 
carbon  to boron was not found). 11B {1H} NMR (128 MHz, 
CDCl3) δ 32.9. HRMS (ESI+) calculated for [M+H]+ 
(C21H33O3N11B): 358.2553, found 358.2548.
N-(2-(2-Butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)-4-methylphenyl)acetamide (4af). 83 mg 
(74.5%). White solid, mp = 104-107 °C. Rf = 0.55 
(hexane/AcOEt: 70/30). 1H NMR (400 MHz, CDCl3) δ 7.84 (d, J 
= 7.9 Hz, 1H), 7.59 (brs, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.96 (s, 1H), 
2.25 (s, 3H), 2.23 (s, 3H), 2.14-2.06 (m, 1H), 1.65 (dd, J = 7.3, 6.4 
Hz, 1H), 1.67-1.64 (m, 1H), 1.41-1.31 (m, 6H), 0.99 (s, 6H), 0.91 
(t, J = 7.1 Hz, 3H), 0.85 (dd, J = 8.0, 4.2 Hz, 1H), 0.73 (s, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 168.3, 135.7, 133.5, 130.1, 
130.1, 127.7, 121.4, 83.3, 37.7, 31.8, 25.8, 25.0, 24.8, 24.0, 23.0, 
21.0, 15.8, 14.2 (the carbon  to boron was not found). 11B {1H} 
NMR (128 MHz, CDCl3) δ 32.4. HRMS (ESI+) calculated for 
[M+H]+ (C22H35O3N11B): 372.2710, found 372.2705.
N-(2-(2-Butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)pivalamide (4ag). 67 mg (56%). White 
solid, mp = 109-112 °C. Rf = 0.60 (hexane/AcOEt: 80/20). 1H 
NMR (500 MHz, CDCl3) δ 8.02 (dd, J = 8.0, 0.9 Hz, 1H), 7.89 (brs, 
1H), 7.17-7.12 (m, 2H), 6.97 (td, J = 7.6, 1.1 Hz, 1H), 2.39-2.33 
(m, 1H), 1.68 (dd, J = 7.6, 5.9 Hz, 1H), 1.44 (t, J = 4.5 Hz, 1H), 
1.37 (s, 9H), 1.37-1.34 (m, 3H), 1.26-1.20 (m, 2H), 0.96 (s, 6H), 
0.90 (t, J = 7.1 Hz, 3H), 0.84 (dd, J = 8.0, 4.2 Hz, 1H), 0.71 (s, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 176.8, 138.4, 130.2, 129.5, 
127.2, 123.8, 121.7, 83.3, 39.8, 37.4, 31.7, 28.0, 26.0, 24.9, 24.1, 
22.9, 14.8, 14.2 (the carbon  to boron was not found). 11B {1H} 
NMR (160 MHz, CDCl3) δ 32.7. HRMS (ESI+) calculated for 
[M+H]+ (C24H39O3N11B): 400.3023, found 400.3018.
N-(2-(2-Butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)benzamide (4ah). 82 mg (65%). White 
solid, mp = 105-110 °C. Rf = 0.60 (hexane/AcOEt: 90/10). 1H 
NMR (500 MHz, CDCl3) δ 8.45 (brs, 1H), 8.16 (d, J = 8.0 Hz, 1H), 
8.13-8.08 (m, 2H), 7.58-7.50 (m, 3H), 7.24 (app t, J = 7.7 Hz, 1H), 
7.20 (d, J = 7.6 Hz, 1H), 7.04 (ddd, J = 7.6, 7.6, 1.0 Hz, 1H), 2.20 
(ddd, J = 13.9, 10.4, 4.7 Hz, 1H), 1.73 (dd, J = 7.4, 6.2 Hz, 1H), 
1.49 (t, J = 4.8 Hz, 1H), 1.45-1.26 (m, 5H), 1.00 (s, 6H), 0.89 (dd, 
J = 8.2, 4.2 Hz, 1H), 0.87 (t, J = 7.2 Hz, 3H), 0.78 (s, 6H). 13C{1H} 
NMR (101 MHz, CDCl3) δ 165.6, 138.3, 135.6, 131.7, 130.4, 
129.6, 128.7, 127.3, 124.2, 121.3, 83.5, 37.5, 31.5, 25.8, 24.9, 
24.1, 22.8, 15.5, 14.1 (the carbon  to boron was not found). 
11B{1H} NMR (128 MHz, CDCl3) δ 32.5. HRMS (ESI+) calculated 
for [M+H]+ (C26H35O3N11B): 420.2706, found 420.2709.
N-(2-(2-Butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)-4-methylbenzamide (4ai). 73 mg (56%). 
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White solid, mp = 112-115 °C. Rf = 0.65 (hexane/AcOEt: 90/10). 
1H NMR (500 MHz, CDCl3) δ 8.44 (brs, 1H), 8.18 (d, J = 7.9 Hz, 
1H), 7.98 (s, 1H), 7.89 (d, J = 7.4 Hz, 1H), 7.42-7.35 (m, 2H), 7.23 
(app t, J = 7.8 Hz, 1H), 7.19 (d, J = 7.6 Hz, 1H), 7.03 (td, J = 7.5, 
1.1 Hz, 1H), 2.46 (s, 3H), 2.22 (ddd, J = 13.9, 10.1, 5.1 Hz, 1H), 
1.72 (dd, J = 7.5, 6.1 Hz, 1H), 1.49 (t, J = 4.7 Hz, 1H), 1.46-1.35 
(m, 2H), 1.32-1.27 (m, 2H), 1.25-1.22 (m, 1H), 1.01 (s, 6H), 0.90 
(dd, J = 7.9, 4.2 Hz, 1H), 0.87 (t, J = 7.2 Hz, 3H), 0.79 (s, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 165.9, 138.6, 138.5, 135.7, 
132.5, 130.3, 129.6, 128.8, 127.9, 127.4, 124.7, 124.1, 121.1, 
83.6, 37.7, 31.7, 26.0, 25.0, 24.2, 23.0, 21.4, 15.6, 14.2 (the 
carbon  to boron was not found). 11B{1H} NMR (128 MHz, 
CDCl3) δ 32.8. HRMS (ESI+) calculated for [M+H]+ 
(C27H37O3N11B): 434.2866, found 434.2851.
N-(2-(2-Butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)-4-chlorobenzamide (4aj). 83 mg (61%). 
Yellow oil. Rf = 0.60 (hexane/AcOEt: 90/10). 1H NMR (500 MHz, 
CDCl3) δ 8.41 (brs, 1H), 8.11 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.5 
Hz, 2H), 7.51-7.49 (d, J = 8.6 Hz, 2H), 7.24 (app t, J = 7.8 Hz, 1H), 
7.20 (d, J = 7.6 Hz, 1H), 7.05 (td, J = 7.6, 1.0 Hz, 1H), 2.15 (ddd, J 
= 14.0, 10.2, 4.6 Hz, 1H), 1.72 (dd, J = 7.4, 6.2 Hz, 1H), 1.48 (t, J 
= 4.9 Hz, 1H), 1.46-1.25 (m, 5H), 1.00 (s, 6H), 0.90 (dd, J = 8.0, 
4.3 Hz, 1H), 0.88 (t, J = 7.1 Hz, 3H), 0.77 (s, 6H). 13C{1H} NMR 
(101 MHz, CDCl3) δ 164.6, 138.1, 138.0, 133.9, 130.5, 129.7, 
129.0, 128.8, 127.4, 124.4, 121.4, 83.5, 37.5, 31.6, 25.8, 24.9, 
24.0, 22.8, 15.5, 14.1 (the carbon  to boron was not found). 11B 
{1H} NMR (128 MHz, CDCl3) δ 32.9. HRMS (ESI+) calculated for 
[M+H]+ (C26H34O3N35Cl11B): 454.2320, found 454.2315.
4-(2-Benzyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)benzonitrile (4bd). 85 mg (79%). White solid, 
mp = 106-110 °C. Rf = 0.60 (hexane/AcOEt: 90/10). 1H NMR 
(400 MHz, CDCl3) δ 7.50 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.2 Hz, 
2H), 7.31-7.24 (m, 4H), 7.21-7.16 (m, 1H), 3.34 (d, J = 14.3 Hz, 
1H), 2.37 (d, J = 14.3 Hz, 1H), 2.12 (dd, J = 7.4, 6.6 Hz, 1H), 1.60 
(t, J = 5.3 Hz, 1H), 1.13 (dd, J = 8.0, 4.7 Hz, 1H), 0.88 (s, 6H), 0.75 
(s, 6H). 13C{1H} NMR (101 MHz, CDCl3) δ 146.5, 141.1, 131.6, 
129.6, 129.1, 128.2, 126.2, 119.4, 109.3, 83.5, 42.8, 29.6, 24.7, 
24.4, 18.1 (br), 16.8. 11B {1H} NMR (128 MHz, CDCl3) δ 32.9. 
HRMS (ESI+) calculated for [M+NH4]+ (C23H30O2N2

11B): 
377.2400, found 377.2395.
N-(2-(2-Benzyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)acetamide (4be). 83 mg (71%). White 
solid, mp = 108-112 °C. Rf = 0.60 (hexane/AcOEt: 70/30). 1H 
NMR (500 MHz, CDCl3) δ 8.01 (d, J = 8.0 Hz, 1H), 7.67 (brs, 1H), 
7.32-7.27 (m, 4H), 7.22-7.16 (m, 3H), 7.01 (app t, J = 7.6 Hz, 1H), 
3.45 (d, J = 14.2 Hz, 1H), 2.38 (d, J = 14.2 Hz, 1H), 2.24 (s, 3H), 
1.87 (dd, J = 7.5, 6.3 Hz, 1H), 1.54 (t, J = 5.0 Hz, 1H), 1.12 (dd, J 
= 8.0, 4.3 Hz, 1H), 0.92 (s, 6H), 0.64 (s, 6H). 13C{1H} NMR (101 
MHz, CDCl3) δ 168.5, 140.7, 138.2, 129.9, 129.7, 129.1, 128.5, 
128.4, 127.5, 126.4, 124.2, 121.4, 83.6, 42.7, 25.6, 25.0, 24.8, 
24.1, 16.0 (the carbon  to boron was not found). 11B {1H} NMR 
(128 MHz, CDCl3) δ 32.8. HRMS (ESI+) calculated for [M+H]+ 
(C24H31O3N11B): 392.2397, found 392.2392.
N-(2-(2-Benzyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)benzamide (4bh). 90 mg (66%). 0.35 g 
mg (65%) on a 1.7 mmol scale. White solid, mp = 115-118 °C. 
Rf = 0.50 (hexane/AcOEt: 90/10). 1H NMR (400 MHz, CDCl3) δ  
8.53 (brs, 1H), 8.25-8.16 (m, 2H), 8.14 (dd, J = 8.1, 1.3 Hz, 1H), 
7.63-7.54 (m, 3H), 7.31-7.17 (m, 7H), 7.07 (td, J = 7.5, 1.3 Hz, 
1H), 3.52 (d, J = 14.1 Hz, 1H), 2.22 (d, J = 14.3 Hz, 1H), 1.90 (dd, 
J = 8.2, 5.7 Hz, 1H), 1.60 (ddd, J = 5.7, 4.5, 1.2 Hz, 1H), 1.14 (dd, 
J = 8.1, 4.4 Hz, 1H), 0.93 (s, 6H), 0.67 (s, 6H). 13C NMR (126 MHz, 
CDCl3) δ 165.7, 140.8, 138.3, 135.7, 131.9, 130.6, 129.8, 128.9, 
128.9, 128.3, 127.6, 127.4, 126.3, 124.5, 121.9, 83.8, 42.7, 25.6, 
24.8, 24.1, 15.8 (the carbon  to boron was not found). 11B{1H} 

NMR (128 MHz, CDCl3) δ 32.3. HRMS (ESI+) calculated for 
[M+H]+ (C29H32O3N11B): 454.2553, found 454.2574.
N-(2-(2-Benzyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)-4-chlorobenzamide (4bj). 79 mg (54%). 
White solid, mp = 128-132 °C. Rf = 0.60 (hexane/AcOEt: 90/10). 
1H NMR (500 MHz, CDCl3) δ 8.49 (brs, 1H), 8.14 (d, J = 8.6 Hz, 
2H), 8.07 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 8.6 Hz, 2H), 7.28-7.15 
(m, 8H), 7.08 (app t J = 8.1 Hz, 1H), 3.47 (d, J = 14.2 Hz, 1H), 2.22 
(d, J = 14.2 Hz, 1H), 1.88 (dd, J = 7.3, 6.5 Hz, 1H), 1.59 (t, J = 4.9 
Hz, 1H), 1.14 (dd, J = 8.0, 4.4 Hz, 1H), 0.93 (s, 6H), 0.66 (s, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 164.7, 140.6, 138.2, 138.1, 
134.0, 130.7, 129.9, 129.2, 128.9, 128.9, 128.4, 127.7, 126.4, 
124.8, 122.0, 83.9, 42.8, 25.6, 24.8, 24.1, 15.9 (the carbon  to 
boron was not found). 11B{1H}NMR (128 MHz, CDCl3) δ 32.9. 
HRMS (ESI+) calculated for [M+H]+ (C29H32O3N35Cl11B): 
488.2164, found 488.2158.

2-(1-Benzyl-2-(4-chlorophenyl)cyclopropyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4bk). 73 mg (66%). Yellow 
oil. Rf = 0.60 (hexane/AcOEt: 90/10). 1H NMR (400 MHz, CDCl3) 
δ 7.29-7.19 (m, 4H), 7.16-7.11 (m, 5H), 3.36 (d, J = 14.3 Hz, 1H), 
2.24 (d, J = 14.1 Hz, 1H), 2.07-1.98 (m, 1H), 1.54-1.45 (m, 1H), 
1.02-0.99 (m, 1H), 0.86 (d, J = 1.6 Hz, 6H), 0.71 (d, J = 1.7 Hz, 
6H). 13C{1H} NMR (101 MHz, CDCl3) δ 141.5, 138.9, 131.5, 
130.3, 129.1, 128.1, 127.8, 126.0, 83.3, 42.9, 28.9, 24.7, 24.4, 
17.1 (br), 16.2. 11B {1H} NMR (128 MHz, CDCl3) δ 33.5. HRMS 
(ESI+) calculated for [M+H]+ (C22H27O2

35Cl11B): 369.1793, 
found 369.1792.
2-(1-Benzyl-2-(4-(tert-butyl)phenyl)cyclopropyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4bl). 68 mg (58%). Colorless 
oil. Rf = 0.50 (hexane/AcOEt: 90/10). 1H NMR (500 MHz, CDCl3) 
δ 7.33 (d, J = 7.6 Hz, 2H), 7.27 (d, J = 7.4 Hz, 2H), 7.26-7.24 (m, 
2H), 7.20 (d, J = 8.5 Hz, 2H), 7.18 (app t, J = 7.3 Hz, 1H),  3.47 (d, 
J = 14.4 Hz, 1H), 2.24 (d, J = 14.4 Hz, 1H), 2.12 (dd, J = 7.1, 7.0 
Hz, 1H), 1.57 (t, J = 5.2 Hz, 1H), 1.28 (d, J = 1.1 Hz, 9H), 1.01 (dd, 
J = 8.1, 4.5 Hz, 1H), 0.87 (s, 6H), 0.70 (s, 6H). 13C{1H} NMR (101 
MHz, CDCl3) δ 148.8, 142.0, 137.2, 129.0, 128.6, 128.1, 125.9, 
124.7, 83.1, 43.1, 34.4, 31.5, 29.0, 24.6, 24.4, 15.7 (the carbon  
to boron was not found). 11B{1H} NMR (128 MHz, CDCl3) δ 33.3. 
HRMS (ESI+) calculated for [M+NH4]+ (C26H39O2N11B): 
408.3074, found 408.3068.
2-(1-Benzyl-2-(4-methoxyphenyl)cyclopropyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4bm). 75 mg (68.5%). White 
solid, mp = 104-107 °C. Rf = 0.60 (hexane/AcOEt: 90/10). 1H 
NMR (500 MHz, CDCl3) δ 7.32 (d, J = 7.1 Hz, 2H), 7.27-7.24 (m, 
2H), 7.16 (app t, J = 7.3 Hz, 1H), 7.12 (app t, J = 7.9 Hz, 1H), 6.87 
(d, J = 7.6 Hz, 1H), 6.81-6.78 (m, 1H), 6.67 (dd, J = 8.1, 2.1 Hz, 
1H), 3.78 (s, 3H), 3.43 (d, J = 14.4 Hz, 1H), 2.26 (d, J = 14.4 Hz, 
1H), 2.10 (dd, J = 7.8, 6.3 Hz, 1H), 1.55 (d, J = 5.2 Hz, 1H), 1.03 
(dd, J = 8.1, 4.5 Hz, 1H), 0.89 (s, 6H), 0.75 (s, 6H). 13C{1H} NMR 
(101 MHz, CDCl3) δ 159.4, 142.0, 141.9, 129.1, 128.8, 128.1, 
125.9, 121.5, 114.2, 111.8, 83.2, 55.3, 43.1, 29.6, 24.7, 24.4, 16.2 
7 (the carbon  to boron was not found). 11B{1H} NMR (128 
MHz, CDCl3) δ 32.9. [M+H]+ (C23H30O3

11B): 365.2288, found 
365.2287.
N-(2-(2-Benzyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)-4-fluorophenyl)acetamide (4bn). 85 mg (69%). 
White solid, mp = 120-125 °C. Rf = 0.60 (hexane/AcOEt: 70/30). 
1H NMR (500 MHz, CDCl3) δ 7.90 (dd, J = 9.7, 5.4 Hz, 1H), 7.55 
(brs, 1H), 7.32-7.26 (m, 4H), 7.21 (dd, J = 10.6, 4.2 Hz, 1H), 6.91-
6.86 (m, 2H), 3.40 (d, J = 14.1 Hz, 1H), 2.41 (d, J = 14.2 Hz, 1H), 
2.21 (s, 3H), 1.86 (dd, J = 7.1, 6.8 Hz, 1H), 1.48 (t, J = 5.1 Hz, 1H), 
1.12 (dd, J = 8.0, 4.5 Hz, 1H), 0.94 (s, 6H), 0.69 (s, 6H). 13C{1H} 
NMR (101 MHz, CDCl3) δ 168.6, 159.4 (d, J = 243.5 Hz), 140.5, 
134.1, 133.1 (d, J = 7.7 Hz), 129.0, 128.4, 126.4, 123.6 (d, J = 8.1 
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Hz), 116.5 (d, J = 22.7 Hz), 113.8 (d, J = 22.0 Hz), 83.7, 42.6, 25.4, 
24.8, 24.6, 24.0, 16.1, 15.4 (br). 11B{1H} NMR (128 MHz, CDCl3) 
δ 32.8. 19F{1H} NMR (377 MHz, CDCl3) δ -118.2. HRMS (ESI+) 
calculated for [M+H]+ (C24H30O3N19F11B): 410.2303, found 
410.2295. 
N-(2-(2-(Cyclohexylmethyl)-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)cyclopropyl)phenyl)acetamide (4ce). 90 mg 
(76%). White solid, mp = 130-135°C. Rf = 0.60 (hexane/AcOEt: 
70/30). 1H NMR (500 MHz, CDCl3) δ 8.01 (d, J = 7.9 Hz, 1H), 7.65 
(brs, 1H), 7.17 (app t, J = 7.7 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 
6.99 (app t, J = 7.2 Hz, 1H), 2.29-2.25 (m, 1H), 2.25 (s, 3H), 1.85 
(d, J = 12.8 Hz, 1H), 1.76-1.64 (m, 4H), 1.60 (d, J = 7.2, 6.5 Hz, 
1H), 1.50 (dd, J = 5.0, 4.8 Hz, 1H), 1.49-1.41 (m, 1H), 1.24-1.12 
(m, 3H), 0.97 (s, 6H), 0.94-0.92 (m, 3H), 0.74-0.70 (m, 1H), 0.71 
(s, 6H). 13C{1H} NMR (101 MHz, CDCl3) δ 168.5, 138.4, 130.0, 
129.4, 127.3, 124.0, 121.2, 83.4, 45.6, 38.5, 34.1, 33.3, 26.7, 
26.5, 26.5, 26.1, 25.0, 24.8, 24.1, 16.2, 12.5 (br).11B{1H} NMR 
(160 MHz, CDCl3) δ 32.4. HRMS (ESI+) calculated for [M+H]+ 
(C24H37O3N11B): 398.2866, found 398.2861.
N-(2-(2-(Cyclohexylmethyl)-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)cyclopropyl)-4-methylphenyl)acetamide 
(4cf). 89 mg (72%). White solid, mp: 132-136°C. Rf = 0.60 
(hexane/AcOEt: 70/30). 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J 
= 8.1 Hz, 1H), 7.57 (brs, 1H 6.97 (d, J = 8.1 Hz, 1H), 6.95 (s, 1H), 
2.28-2.24 (m, 1H), 2.25 (s, 3H), 2.22 (s, 3H), 1.83 (d, J = 13.0 Hz, 
1H), 1.75-1.64 (m, 5H), 1.59 (d, J = 7.3, 6.4 Hz, 1H), 1.47 (dd, J = 
5.4, 4.8 Hz, 1H), 1.44-1.38 (m, 1H), 1.27-1.11 (m, 3H), 0.98 (s, 
6H), 0.94-0.88 (m, 3H), 0.72 (s, 6H), 0.72-0.68 (m, 1H). 13C{1H} 
NMR (101 MHz, CDCl3) δ 168.5, 135.8, 133.7, 130.4, 129.9, 
127.7, 121.7, 83.4, 45.7, 38.5, 34.1, 33.4, 26.7, 26.6, 26.5, 26.1, 
24.9, 24.1, 21.0, 16.0, 12.7 (br). 11B{1H} NMR (128 MHz, CDCl3) 
δ 33.5. HRMS (ESI+) calculated for [M+H]+ (C25H39O3N11B): 
412.3023, found 412.3018.
N-(2-(2-(Cyclohexylmethyl)-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)cyclopropyl)phenyl)-4-methylbenzamide 
(4ci). 85 mg (60%). White solid, mp = 136-139 °C. Rf = 0.60 
(hexane/AcOEt: 90/10). 1H NMR (400 MHz, CDCl3) δ 8.45 (brs, 
1H), 8.18 (d, J = 7.7 Hz, 1H), 8.02 (s, 1H), 7.92 (d, J = 7.3 Hz, 1H), 
7.43.7.37 (m, 2H), 7.24 (app t, J = 7.7 Hz, 1H), 7.18 (d, J = 7.6 Hz, 
1H), 7.03 (td, J = 7.5, 1.1 Hz, 1H), 2.47 (s, 3H), 2.29 (dd, J = 13.4, 
6.4 Hz, 1H), 1.83 (d, J = 12.9 Hz, 1H), 1.74-1.63 (m, 4H), 1.55 
(dd, J = 4.8, 4.7 Hz, 1H), 1.52-1.40 (m, 1H), 1.23-1.11 (m, 3H), 
0.99 (s, 6H), 0.96-0.82 (m, 3H), 0.94 (dd, J = 7.9, 4.3 Hz, 1H), 
0.76 (s, 6H), 0.65 (dd, J = 13.4, 7.9 Hz, 1H). 13C{1H} NMR (101 
MHz, CDCl3) δ 165.8, 138.6, 135.6, 132.5, 130.2, 129.5, 128.8, 
127.9, 127.5, 124.9, 124.1, 121.1, 83.6, 45.9, 38.5, 34.1, 33.4, 
26.7, 26.5, 26.0, 24.9, 24.3, 21.4, 16.1 (the carbon  to boron 
was not found). 11B{1H} NMR (128 MHz, CDCl3) δ 32.9. HRMS 
(ESI+) calculated for [M+H]+ (C30H41O3N11B): 474.3179, found 
474.3174.
N-(2-(2-(Cyclohexylmethyl)-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)cyclopropyl)-4-fluorophenyl)acetamide 
(4cn). 82 mg (66%). Yellow solid, mp = 135-140 °C. Rf = 0.60 
(hexane/AcOEt: 70/30). 1H NMR (400 MHz, CDCl3) δ 7.90 (dd, 
J = 8.7, 5.5 Hz, 1H), 7.54 (brs, 1H), 6.90-6.85 (m, 2H), 2.26 (d, J 
= 12.7, 6.7 Hz, 1H), 2.23 (s, 3H), 1.83 (d, J = 13.1 Hz, 1H), 1.77-
1.64 (m, 4H), 1.61 (dd, J = 7.4, 6.4 Hz, 1H), 1.44 (t, J = 5.2 Hz, 
1H), 1.24-1.12 (m, 3H), 0.98 (s, 6H), 0.95-0.87 (m, 3H), 0.94 (dd, 
J = 7.9, 4.5 Hz, 1H),  0.75 (s, 6H), 0.71 (dd, J = 13.4, 8.1 Hz, 
1H).13C{1H} NMR (101 MHz, CDCl3) δ 168.5, 159.4 (d, J = 243.2 
Hz), 134.4, 133.3 (d, J = 7.6 Hz), 123.3 (d, J = 8.1 Hz), 116.3 (d, J 
= 22.7 Hz), 113.7 (d, J = 22.1 Hz), 83.6, 45.7, 38.5, 34.2, 33.3, 
26.7, 26.5, 26.5, 26.1, 24.9, 24.8, 24.2, 16.3, 12.9 (br).11B{1H} 
NMR (128 MHz, CDCl3) δ 32.9. 19F{1H} NMR (377 MHz, CDCl3) δ 

-118.4. HRMS (ESI+) calculated for [M+H]+ (C24H36O3N19F11B): 
416.2772, found 416.2767.
N-(2-(2-Cyclohexyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)phenyl)acetamide (4de). 86 mg (75%). White 
solid, mp = 124-128 °C. Rf = 0.50 (hexane/AcOEt: 90/10). 1H 
NMR (500 MHz, CDCl3) δ 8.00 (d, J = 8.0 Hz, 1H), 7.86 (brs, 1H), 
7.19 (d, J = 7.6 Hz, 1H), 7.17 (app t, J = 7.9 Hz, 1H), 6.98 (app t, J 
= 7.3 Hz, 1H), 2.22 (s, 3H), 1.95 (d, J = 9.8 Hz, 1H), 1.84-1.69 (m, 
7H), 1.37 (dd, J = 5.5, 4.1 Hz, 1H), 1.24-1.08 (m, 4H), 0.98 (s, 6H), 
0.82 (dd, J = 8.0, 4.0 Hz, 1H), 0.75 (s, 6H). 13C{1H} NMR (126 
MHz, CDCl3) δ 168.5, 138.3, 130.5, 130.1, 127.3, 124.1, 121.6, 
83.2, 47.3, 32.8, 31.9, 26.9, 26.5, 25.0, 24.7, 24.0, 23.4, 19.7 (br), 
16.0. 11B{1H} NMR (128 MHz, CDCl3) δ 32.4. HRMS (ESI+) 
calculated for [M+H]+ (C23H35O3N11B): 384.2710, found 
384.2705.
N-(2-(2-Cyclohexyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)-4-methylphenyl)acetamide (4df). 85 mg (71%). 
White solid, mp = 125-130 °C. Rf = 0.60 (hexane/AcOEt: 70/30). 
1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 8.1 Hz, 2H), 6.96 (d, J = 
9.9 Hz, 2H), 2.25 (s, 3H), 2.20 (s, 3H), 1.94 (brd, J = 9.9 Hz, 1H), 
1.86-1.73 (m, 6H), 1.69 (brd, J = 5.6 Hz, 1H), 1.34 (dd, J = 5.4, 4.1 
Hz, 1H), 1.24-1.09 (m, 4H), 0.98 (s, 6H), 0.79 (dd, J = 8.0, 4.0 Hz, 
1H), 0.74 (s, 6H). 13C{1H} NMR (101 MHz, CDCl3) δ 168.5, 135.6, 
133.7, 130.9, 130.4, 127.7, 122.1, 83.2, 47.3, 32.7, 31.9, 26.9, 
26.5, 25.0, 24.6, 24.0, 23.4, 21.0, 19.5 (br), 15.8. 11B{1H} NMR 
(160 MHz, CDCl3) δ 32.4. HRMS (ESI+) calculated for [M+H]+ 

(C24H37O3N11B): 398.2866, found 398.2861.
N-(2-(2-Cyclohexyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)cyclopropyl)-4-fluorophenyl)acetamide (4dn). 81 mg (67%). 
White solid, mp = 129-134 °C. Rf = 0.60 (hexane/AcOEt: 70/30). 
1H NMR (400 MHz, CDCl3) δ 7.97 (dd, J = 11.3, 2.7 Hz, 1H), 7.93 
(brs, 1H), 7.13 (dd, J = 8.0, 6.7 Hz, 1H), 6.68 (td, J = 8.3, 2.7 Hz, 
1H), 2.23 (s, 3H), 1.96-1.89 (m, 1H), 1.86-1.73 (m, 5H), 1.71-
1.65 (m, 2H), 1.33 (dd, J = 5.4, 4.1 Hz, 1H), 1.23-1.16 (m, 4H), 
1.00 (s, 6H), 0.84 (dd, J = 8.1, 4.0 Hz, 1H), 0.78 (s, 6H). 13C{1H} 
NMR (101 MHz, CDCl3) δ 168.6, 161.9 (d, J = 243.2 Hz), 139.4 
(br), 131.6 (d, J = 9.2 Hz), 124.9, 110.2 (d, J = 21.3 Hz), 108.0 (d, 
J = 27.4 Hz), 83.3, 47.3, 32.8, 31.8, 26.9, 26.4, 25.1, 24.8, 24.1, 
22.8, 16.4 (the carbon  to boron was not found). 11B{1H} NMR 
(128 MHz, CDCl3) δ 32.7. 19F{1H} NMR (377 MHz, CDCl3) δ -
113.9. HRMS (ESI+) calculated for [M+H]+ (C23H34O3N11B19F): 
402.2616, found 402.2610.
N-(2-(2-Ethyl-1-methyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)cyclopropyl)phenyl)acetamide (4ie). 66 mg 
(64%). White solid, mp = 132-136°C. Rf = 0.4 (hexane/AcOEt: 
70/30). 1H NMR (500 MHz, CDCl3) δ 7.98 (dd, J = 8.1, 1.4 Hz, 
1H), 7.82 (brs, 1H), 7.22 (dd, J = 7.6, 1.7 Hz, 1H), 7.16 (td, J = 7.7, 
1.7 Hz, 1H), 7.01 (td, J = 7.5, 1.3 Hz, 1H), 2.23 (s, 3H), 1.91 (dq, J 
= 14.2, 7.2 Hz, 1H), 1.50 (d, J = 4.0 Hz, 1H), 1.38 (dq, J = 13.5, 7.4 
Hz, 1H), 1.32 (s, 3H), 1.12 (t, J = 7.4 Hz, 3H), 1.01 (s, 6H), 0.73 
(s, 6H), 0.54 (d, J = 4.1 Hz, 1H). 13C{1H} NMR (101 MHz, CDCl3) 
δ 168.7, 137.1, 136.5, 129.4, 127.3, 124.7, 122.5, 83.4, 27.9, 
25.0, 24.9, 24.8, 24.1, 23.0, 20.5, 14.0 (the carbon  to boron 
was not found). 11B{1H} NMR (128 MHz, CDCl3) δ 33.1. HRMS 
(ESI+) calculated for [M+H]+ (C20H31O3N11B): 344.2397, found 
344.2392. 

General Procedure for the synthesis of compounds 5. A 
solution of thiophene (23 mg, 0.26 mmol) in THF (1 mL) was 
cooled to -78 °C and treated with n-BuLi (0.2 mL, 1.6 M in 
hexanes). The cooling bath was removed and the mixture was 
stirred at room temperature for 1 h. The mixture was cooled to 
-78 °C and compound 4 (100 mg, 0.22 mmol) was added 
dropwise as a solution in THF (1 mL). The mixture was stirred 
at -78 °C for 1 h. A solution of N-bromosuccinimide (NBS) (47 
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mg, 0.26 mmol) in THF (1 mL), was added dropwise. After 1 h 
at -78 °C, A saturated solution of Na2S2O3 (5 mL) was added and 
the reaction mixture was allowed to warm to room 
temperature. The reaction mixture was diluted with ethyl 
acetate and water. The layers were separated and the aqueous 
layer was extracted with ethyl acetate. The combined organic 
layers were dried over Na2SO4, filtered and concentrated under 
vacuum. The residue was purified by silica gel column 
chromatography to afford the corresponding products 5.

N-(2-(2-Butyl-2-(thiophen-2-yl)cyclopropyl)phenyl)benzamide 
(5a). 47 mg (57%). White solid, mp = 132-136 °C. Rf = 0.4 
(hexane/AcOEt: 90/10). 1H NMR (400 MHz, CDCl3) δ 8.04 (brs, 
1H), 8.00 (d, J = 8.6 Hz, 1H), 7.98-7.91 (m, 2H), 7.62-7.50 (m, 
3H), 7.18 (td, J = 7.5, 1.8 Hz, 1H), 7.04 (dd, J = 7.7, 2.3 Hz, 1H), 
7.00 (ddd, J = 13.0, 8.6, 3.7 Hz, 1H), 6.93 (dd, J = 5.1, 1.1 Hz, 1H), 
6.69 (dd, J = 5.1, 3.6 Hz, 1H), 6.50 (dd, J = 3.6, 1.1 Hz, 1H), 2.33-
2.25 (m, 1H), 2.23 (dd, J = 8.7, 6.4 Hz, 1H), 1.75-1.71 (m, 1H), 
1.42-1.25 (m, 6H), 0.82 (t, J = 7.2 Hz, 3H). 13C NMR (126 MHz, 
CDCl3) δ 165.5, 144.6, 137.5, 135.3, 131.8, 129.9, 128.8, 128.5, 
127.3, 127.0, 126.4, 124.7, 124.3, 123.3, 121.7, 41.1, 29.6, 29.3 
(2C), 22.7, 18.8, 13.9. HRMS (ESI+) calculated for [M+H]+ 
(C24H26NOS): 376.1735, found 376.1733.
N-(2-(2-Benzyl-2-(thiophen-2-yl)cyclopropyl)phenyl)benzamide 
(5b). 53 mg (59%). White solid, mp = 136-139 °C. Rf = 0.4 
(hexane/AcOEt: 90/10).  1H NMR (400 MHz, CDCl3) δ 8.03-7.97 
(m, 3H), 7.89 (d, J = 8.0 Hz, 1H), 7.63-7.53 (m, 3H), 7.21-7.13 
(m, 4H), 7.07-6.98 (m, 4H), 6.94 (dd, J = 5.1, 1.2 Hz, 1H), 6.67 
(dd, J = 5.1, 3.6 Hz, 1H), 6.48 (dd, J = 3.6, 1.2 Hz, 1H), 3.61 (d, J = 
14.2 Hz, 1H), 2.93 (d, J = 14.3 Hz, 1H), 2.31 (dd, J = 8.8, 6.4 Hz, 
1H), 1.76-1.72 (m, 1H), 1.53 (dd, J = 8.9, 5.6 Hz, 1H). 13C NMR 
(126 MHz, CDCl3) δ 165.8, 144.8, 138.1, 137.5, 135.5, 132.1, 
129.5, 129.3, 129.1, 128.3, 127.5, 127.2, 126.7, 126.5, 125.4, 
124.8, 123.8, 122.6, 46.0, 29.7, 28.2, 18.1. HRMS (ESI+) 
calculated for [M+H]+ (C27H24NOS): 410.1579, found 410.1573.
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