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A diastereodivergent approach to highly substituted bicyclo[3.1.0]hexanes has been developed through 

a transannular alkylation reaction that builds up the bicyclic core employing asymmetric organocatalysis 

as the tool for the installation of all stereocenters. On one hand, a Michael/Michael cascade process 

between enals and 4-alkenyl sulfamidate imines under the iminium/enamine activation manifold provides 

a oxathiazole-2,2-dioxide-fused cyclohexane adduct that, after isolation, is subsequently engaged in a 

transannular alkylation/hydrolysis through enamine activation by the use of a primary amine. On the other 

hand, the corresponding C-2 epimers are directly obtained from the same starting materials in a single 

operation through cascade Michael/Michael/transannular alkylation/hydrolysis sequence through 

sequential iminium/enamine/enamine combination of aminocatalytic activation manifolds.  

The bicyclo[3.1.0]hexane architecture is found as the main structural feature of the thujane family 

of monoterpenes1 that display a variety of interesting biological activities.2 Moreover, this scaffold 

possesses unique conformational features and therefore it has been used as a convenient platform for the 

survey of new types of lead structures in drug discovery programs.3 Consequently, a major effort has been 

dedicated to the development of effective synthetic protocols for the construction of this scaffold, with a 

particular emphasis on the possibility of the stereocontrolled formation of derivatives incorporating 

different substitution patterns. In general, the enantioselective synthetic routes described up to date 

typically involve the formation of the cyclopropane ring from a conveniently functionalized cyclopentane 

substrate, either through a ring-closure event4 or through a [2+1] cycloaddition process (See Scheme 1).5,6 

However, the possibility of constructing the bicyclo[3.1.0]hexane scaffold in a stereoselective manner by 

transannular C-C bond formation starting from a conveniently functionalized cyclohexane derivative has 

received very little attention up to date, despite the fact that some very early reports exist in which 

functionalized 4-chlorocyclohexanones,7 3-bromocyclohexyl esters8 or 3-sulfonylcyclohexyl esters9 are 

used as substrates undergoing ring contraction via transannular alkylation through enolate formation. 
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SCHEME 1. Different approaches to the bicyclo[3.1.0]hexane scaffold 

 

  In this sense, we recently reported the catalytic and enantioselective synthesis of highly 

functionalized oxathiazole-2,2-dioxide-fused cyclohexane scaffolds (3) through Michael/Michael cascade 

reaction between enals (2) and 4-alkenyl sulfamidate imines (1) in the presence of a chiral secondary amine 

catalyst (See Scheme 2).10 These highly functionalized cyclohexanes incorporate a potentially nucleophilic 

site at the formyl-containing carbon atom, together with an electrophilic site by means of the good leaving-

group ability of the sulfonate group, and both reactive points are located at an strategic 1,3-relative 

position. This made us to envision the potential of these substrates as starting materials for the construction 

of highly functionalized bicyclo[3.1.0]hexanes (4) via transannular reaction, also being able to obtain these 

adducts as single stereoisomers provided that the key transannular reaction proceeds in a diastereoselective 

manner under efficient substrate control. Moreover, and in view of the very simple and mild conditions 

required for the construction of these oxathiazole-2,2-dioxide-fused cyclohexane adducts, we also decided 

to target the one-pot or cascade approach that would eventually lead to the direct formation of 

bicyclo[3.1.0]hexanes from enals and 4-alkenyl sulfamidate imines through the combination of the initial 

catalytic and enantioselective cascade Michael/Michael reaction followed by the transannular process.  
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SCHEME 2. Stereodefined oxathiazole-2,2-dioxide-fused cyclohexanes (3) previously synthesized in our 

group as potential substrates for the transannular construction of bicyclo[3.1.0]hexanes 

 

 We initially tested the possibility of carrying out the transannular process through enolate 

intermediates using substrate 3a and different bases for the deprotonation of the formyl α-proton but 

without any success. When the reaction was performed in the presence of mild amine bases (Et3N, DABCO 

or DBU) the starting material was recovered unchanged and the use of stronger bases (LHMDS, NaH) led 

to extensive decomposition. At this point, we decided to use a primary amine such as benzhydrylamine in 

order to generate a nucleophilic enamine species upon condensation with the formyl group, observing the 

formation of a bicyclic imine product when the reaction was carried out using one equivalent of 

benzhydrylamine, which could be cleanly converted into bicyclo[3.1.0]hexane adduct 4a after aqueous 

workup (See Scheme in Table 1).11 After a set of different experiments directed towards the optimization 

of the reaction, it was found that the best conditions involved heating substrate 3a with 1 equiv. of 

benzhydrylamine12 in dichloroethane at 75 ºC for 17 hours, leading to the formation of bicyclic compound 

4a in 80% yield (combined yield for both diastereoisomers). It should also be noted that the reaction 

furnished adduct 4a as a 86:14 mixture of epimers at the C3-position of the 4-oxobicyclo[3.1.0]hexane 

scaffold, which indicates that the transannular process had proceeded with complete stereochemical 

control on the configuration of the two stereocentres generated across the newly formed C-C bond and the 
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observation of two diastereomers 4/4’ was happening through isomerization of the enolizable α-H of the 

cyclopentanone moiety, being the major diastereoisomer the thermodynamic product. This epimerization 

process can take place either at the final product or at the corresponding oxathiazole precursor during the 

hydrolysis. With the best conditions in hands, we proceeded to extend the reaction to other substrates 3 

(Table 1), which were synthesized in an enantioenriched fashion through our previously reported 

methodology.10 As shown in Table 1, when a variety of starting products incorporating a methyl group at 

R1 and aryl groups with different substitution pattern at the R2 position were tested, the reaction proceeded 

with high yield and diastereoselectivity (entries 1-8), only observing that the reaction provided inferior 

yields and a somewhat lower degree of diastereoselectivity when a phenyl substituent were placed at R1 

(entry 9). On the other hand, the reaction did not take place when substrates incorporating other bulkier 

groups at this position like ethyl or iso-propyl were tested (entries 10-11). Reactions with substrates 

incorporating alkyl substitutents at R2 of the starting materials (e.g. Me) were also tested, only detecting 

the formation of the imine intermediate arising from the initial condensation with the primary amine but 

without observing any evolution towards the transannular product.13 Compound 4e was isolated as a 

yellow solid that could be recrystallized and its stereostructure could also be determined by single crystal 

X-ray analysis. 

TABLE 1.  Transannular reaction for the conversion of cyclohexanes 3a-i into bicyclo[3.1.0]hexane 

adducts 4a-i 

 

Entry  R1  R2 4 Yield (%)a 4/4’ ratiob 

1 Me Ph 4a 80 86:14 

2 Me 4-MeC6H4 4b 77 87:13 

3 Me 4-AcO-3-MeOC6H3 4c 71 87:13 

4 Me 4-ClC6H4 4d 71 86:14 
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5 Me 4-BrC6H4 4e 72 85:15 

6 Me 4-NO2C6H4 4f 51 86:14 

7 Me 4-CNC6H4 4g 58 86:14 

8 Me 4-CF3C6H4 4h 75 86:14 

9 Ph 4-NO2C6H4 4i 57 75:25 

10 Et Ph - <5 - 

11 iPr Ph - <5 - 

a Yield of pure product after flash column chromatography 

purification. b Determined by NMR analysis of crude reaction 

mixture. 

  Having demonstrated the ability of compounds 3 to undergo transannular alkylation under the 

intermediacy of a nucleophilic enamine, we next decided to evaluate the possibility of accessing to 

bicyclo[3.1.0]hexane adducts 4 directly from 4-alkenyl sulfamidate imines 1 and enals 2 in a cascade 

Michael/Michael reaction that generates compounds 3, followed by the transannular alkylation process 

(See Table 2). It should be highlighted that the inherent mechanistic profile of the Michael/Michael 

cascade reaction that leads to compounds 3 involves the participation of an α,β-unsaturated iminium ion 

species that, after the double Michael reaction cascade, still generates an iminium ion that, upon tautomeric 

equilibrium, has also the potential to form the same type of enamine intermediates than those required for 

the transannular process to occur (See scheme 3 for a full mechanistic picture). In this sense, when 

alkenylsulfamidate imine 1a and cinnamaldehyde (2a) were reacted under the conditions previously 

optimized for the formation of compound 3a (20 mol% of (S)-α,α-diphenylprolinol trimethylsilyl ether 

and 20 mol% of DABCO in 1,2-dichloroethane), but increasing the temperature to reflux, 

bicyclo[3.1.0]hexane derivative 5a was obtained in 39% yield and as a single diastereoisomer, as 

determined by 1H-NMR analysis of the non-purified reaction mixture. Remarkably, the reaction also 

proceeded with an outstanding level of enantiocontrol, isolating 5a with a 95% e.e. Fine tuning of the 

reaction conditions led to an optimized protocol for the formation of the target bicyclo[3.1.0]hexane adduct 

5a that involved carrying out the reaction at 75ºC and using an excess of DABCO. Under these conditions, 

the reaction was found to be remarkably efficient, considering that it involves the formation of three new 
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C-C bonds through the combination of a two consecutive Michael reaction followed by transannular 

nucleophilic displacement and a final imine hydrolysis sequence. Moreover, five new stereogenic centres 

are formed with complete stereocontrol. It should be pointed out that, under these conditions, there was 

no epimerization observed at the enolizable α-H of the cyclopentanone moiety. With optimal conditions 

in hands, we next proceeded to evaluate the scope of the reaction, using enals (2) and alkenylsulfamidate 

imines (1) with different substitution patterns (Table 2).  

TABLE 2. Cascade Michael/Michael/Transannular alkylation/Hydrolysis for the synthesis of 

bicyclo[3.1.0]hexane adducts 5a-u.a 

 
Entry  R1  R2 R3 5 Yield (%) b e.e. (%)c 

1 Me Me Ph 5a 53 94 

2 Me Me 4-MeC6H4  5b 55 93 

3 Me Me 2-MeOC6H4 5c 39 90 

4 Me Me 4-MeOC6H4 5d 43 94 

5 Me Me 4-AcO-3-MeOC6H3 5e 51 94 

6 Me Me 3,5-(MeO)2C6H3 5f 42 92 

7 Me Me 4-ClC6H4 5g 52 92 

8 Me Me 4-BrC6H4 5h 46 90 

9 Me Me 2-NO2C6H4 5i 47 92 

10 Me Me 4-NO2C6H4 5j 32 86 

11 Me Me 4-CNC6H4 5k 41 89 

12 Me Me 4-CF3C6H4 5l 54 90 

13 Me Me Me - <5 - 

14 Me Et Ph 5m 43 91 

15 Me Et 4-MeOC6H4 5n 41 90 

16 Me Et 4-BrC6H4 5o 30 86 

17 Me Ph  Ph 5p 49 93 

18 Me Ph 4-AcO-3-MeOC6H3 5q 51 90 
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19 (CH2)4 Ph 5r 46 98 

20 (CH2)4 4-MeOC6H4 5s 34 96 

21 (CH2)4 4-BrC6H4 5t 38 96 

22d H Ph 2-MeOC6H4 5u 46 98 

23d H Ph 4-MeOC6H4 5v 41 98 

a The reaction was carried out on a 0.15 mmol scale of 1, using 1.5 equiv. of 

2 in 0.30 mL of solvent. b Yield of pure product 5 after flash column 

chromatography purification. c Determined by HPLC analysis on chiral 

stationary phase (See Supporting Information for details). d The reaction was 

carried out on a 0.15 mmol scale of 1, using 1.5 equiv. of 2 and 20 mol% of 

DABCO at r.t. in 0.30 mL of solvent. 

 

As it can be observed in Table 2, the reaction performed well with a variety of enals incorporating 

β-aryl substituents of different electronic features, including both electron-donating (entries 2-6) and 

electron-withdrawing groups (entries 7-12). Unfortunately, when crotonaldehyde (entry 13) was tested in 

the reaction, only products arising from the decomposition of the starting materials were observed.14 In 

addition, the reaction using sulfamidate imines 1 with different β-substituents also proceeded efficiently, 

providing the corresponding adducts 5 with excellent diastereo- and enantiocontrol, albeit in somewhat 

lower overall yields (entries 14-18). Cyclohexenyl-substituted sulfamidate imine 1d was also surveyed, 

providing cyclopropane-fused octahydroindenones 5r-t  as single diastereoisomers of very high 

enantiomeric purity in comparable yields as those obtained in the previous cases. Finally, alkenyl 

sulfamidate imine 1e was also surveyed, leading to the formation of bicyclo[3.1.0]hexane adducts 5u and 

5v that do not incorporate any α-substituent at the cyclopentanone core, also with good results in terms of 

yield and stereocontrol, although it has to be pointed out that in these cases the reaction provided directly 

the bicyclic adduct 5 when it was carried out at r.t. and using a substoichiometric amount of DABCO (20 

mol%), without observing the presence of any cyclohexane intermediate of type 3 in the analysis of the 

crude reaction mixture. The absolute configuration of compound 5e was determined by single crystal X-
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ray analysis (See supporting information for details) and the stereostructure of all other compounds 5 was 

stablished based on mechanistic analogy. 

It should be noted that adducts 5 resulted to be the C-2 epimers of compounds 4 obtained in the 

transannular reaction from functionalized cyclohexanes 3. This issue behavior is explained by assuming a 

mechanistic picture such as the one depicted in Scheme 3. This would involve the initial activation of the 

enal through iminium ion followed by the subsequent Michael/Michael cascade reaction that follows the 

well established combination of iminium and enamine activation manifolds.15,16 In this case, it is proposed 

that diastereomeric cyclohexane intermediates I and II  would be in equilibrium by means of the potential 

reversible nature of the second intramolecular Michael reaction, being the transannular reaction a favoured 

process on intermediate II  operating at high temperatures, while hydrolysis and catalyst turnover on 

intermediate I  would be the preferred pathway when the reaction is carried out at lower temperatures and 

in the presence of substoichiometric amounts of DABCO. The more favoured arrangement of substituents 

on the cyclohexane moiety of the enamine intermediate derived from the intermediate II (R1, R2 and R3 

can take pseudoequatorial positions during the reaction) compared to the corresponding enamine formed 

from intermediate I  might account for the kinetic preference for the former to undergo the transannular 

alkylation step. 
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SCHEME 3. Proposed mechanistic pathway for the cascade Michael/Michael/Transannular 

alkylation/Hydrolysis process 

 

 In conclusion, the diastereodivergent access to the two C-2 epimers of densely substituted 

bicyclo[3.1.0]hexanes in highly enantiopure form can be achieved by direct reaction between enals and 4-

alkenyl sulfamidate imines through two different protocols that provide the final adducts in good yields 

and excellent enantioselectivities. In both processes, a Michael/Michael cascade reaction under the well-

known combination of aminocatalytic iminium/enamine activation mechanisms is responsible of the 

installation of all stereocenters in the presence of a diarylprolinol derivative as catalyst, forming a 

oxathiazole-2,2-dioxide-fused cyclohexane adduct intermediate. This intermediate can continue the 

cascade process by undergoing a subsequent transannular alkylation reaction through an enamine 

intermediate. Alternatively, isolation of this cyclohexane intermediate followed by addition of 



 11

benzhydrylamine promotes the transannular alkylation process through activation via an enamine 

intermediate and gives rise to the other C-2 epimer of the target bicyclic adduct.  

Experimental Section 

General methods: Monodimensional and/or bidimensional nuclear magnetic resonance proton and 

carbon spectra (1H-NMR and 13C-NMR) were acquired at 25ºC on a 300MHzor 500MHz spectrometer 

(300 MHz for 1H and 75.5 MHz for 13C or 500 MHz for 1H and 125.7 MHz for 13C respectively). Chemical 

shifts (δ) are reported in ppm relative to residual solvent signals (CHCl3, 7.26 ppm for 1H NMR, CDCl3, 

77.0 ppm for 13C NMR) and coupling constants (J) in hertz (Hz). The following abbreviations are used to 

indicate the multiplicity in 1H NMR spectra: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; bs, 

broad signal. 13C NMR spectra were acquired on a broad band decoupled mode using DEPT experiments 

for assigning different types of carbon environment. Selective n.O.e. NOESY, COSY and HSQC 

experiments were acquired to confirm precise molecular conformation and to assist in deconvoluting 

complex multiplet signals. Infrared spectra were measured in the interval between 4000 and 400 cm-1 with 

a 4 cm-1 resolution. Only characteristic bands are given in each case. High-resolution mass spectra were 

recorded using chemical ionization (CI) or using electrospray ionization (ESI). Analytical grade solvents 

and commercially available reagents were used without further purification. Reactions were monitored 

using analytical thin layer chromatography (TLC), in pre-coated aluminium-backed plates. These were 

visualized by ultraviolet irradiation or KMnO4-H2SO4 ethanolic solution dip. For flash chromatography 

Merck 60, 230-400 mesh silica gel was used. High performance liquid chromatography on chiral stationary 

phase was performed in a chromatograph coupled to a photodiode array detector, using Daicel Chiralpak 

AD-H and AS-H columns. Melting points were measured in open capillary tubes and are uncorrected.  

General Procedure for the Synthesis of bicyclo[3.1.0]hexanes 4a-i. To a solution of the corresponding 

cyclohexane 3a-i (1.00 mmol) in (CH2Cl)2 (2 mL), benzhydrylamine (1.00 mmol) was added. The reaction 

was stirred at 75 ºC until it was completed. A solution of HCl 1 M (5.00 mmol) was added at 75 ºC, and 

the reaction was stirred for 20 minutes. Then, the reaction mixture was extracted with CH2Cl2 (3 × 10 mL). 
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The combined organic layers were dried over anhydrous Na2SO4, filtered and concentrated under reduced 

pressure. The obtained crude product was isolated by flash column chromatography with the indicated 

eluent, obtaining the desired bicyclo[3.1.0]hexanes 4a-i. The racemic compounds for HPLC separation 

conditions were prepared under the same reaction conditions, using in these cases the racemic cyclohexane 

(±)-3. 

(1S,2R,3S,5S,6R)-2,3-Dimethyl-4-oxo-6-phenylbicyclo[3.1.0]hexane-1-carbaldehyde (4a). Following 

the general procedure, 4a was isolated by flash column chromatography (hexanes/EtOAc gradient from 

9:1 to 7:3) as a yellow oil after 17 hours, starting from cyclohexane 3a (46 mg, 0.150 mmol) and 

benzhydrylamine (28 mg, 0.150 mmol) using (CH2Cl)2 (0.3 mL) as solvent. Yield: 80% (27 mg, 0.120 

mmol). dr: 86:14. 1H NMR (300 MHz, CDCl3) δ 9.04 (s, 1H), 7.35-7.23 (m, 5H), 3.38 (d, J = 4.2 Hz, 1H), 

3.13 (d, J = 4.2 Hz, 1H), 3.10-2.97 (m, 1H), 2.74-2.60 (m, 1H), 1.09 (d, J = 7.0 Hz, 3H), 1.01 (d, J = 7.0 

Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 210.3, 197.9, 132.6, 128.8, 128.8, 127.8, 49.3, 41.1, 37.8, 36.5, 

34.6, 13.2, 8.5. IR (ATR): 1731, 1703 cm-1. HRMS: Calculated for [C15H17O2]+: 229.1229 [M+H]+; found: 

229.1231. The enantiomeric excess was determined by HPLC using a Chiralpak AS-H column [n-

hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 14.73 min, τminor = 21.14 min (99% ee). [α]D
20: 

+76.7 (c = 0.56, CH2Cl2). 

(1S,2R,3S,5S,6R)-2,3-Dimethyl-4-oxo-6-(p-tolyl)bicyclo[3.1.0]hexane-1-carbaldehyde (4b). 

Following the general procedure, 4b was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 17 hours, starting from cyclohexane 3b (27 mg, 0.083 mmol) 

and benzhydrylamine (16 mg, 0.083 mmol) using (CH2Cl)2 (0.16 mL) as solvent. Yield: 77% (15 mg, 

0.064 mmol). dr: 87:13. 1H NMR (300 MHz, CDCl3) δ 9.03 (s, 1H), 7.15-7.08 (m, 4H), 3.34 (d, J = 4.2 

Hz, 1H), 3.10 (d, J = 4.2 Hz, 1H), 3.08-2.96 (m, 1H), 2.71-2.59 (m, 1H), 2.31 (s, 3H), 1.08 (d, J = 7.0 Hz, 

3H), 1.00 (d, J = 7.0 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 210.4, 198.1, 137.6, 129.5, 129.4, 128.7, 

49.3, 41.1, 37.6, 36.7, 34.6, 21.0, 13.2, 8.5. IR (ATR): 1731, 1703 cm-1. HRMS: Calculated for 

[C16H19O2]+: 243.1385 [M+H]+; found: 243.1381. [α]D
20: +75.7 (c = 0.44, CH2Cl2). 
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(1S,2R,3S,5S,6R)-6-(4-Acetoxy-3-methoxyphenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-

carbaldehyde (4c). Following the general procedure, 4c was isolated by flash column chromatography 

(hexanes/EtOAc gradient from 8:2 to 6:4) as a yellow oil after 17 hours, starting from cyclohexane 3c (18 

mg, 0.047 mmol) and benzhydrylamine (9 mg, 0.047 mmol) using (CH2Cl)2 (0.1 mL) as solvent. Yield: 

71% (10 mg, 0.033 mmol). dr: 87:13. 1H NMR (300 MHz, CDCl3) δ 9.05 (s, 1H), 6.99-6.94 (m, 1H), 6.85-

6.80 (m, 2H), 3.81 (s, 3H), 3.35 (d, J = 4.1 Hz, 1H), 3.10-2.97 (m, 2H), 2.71-2.56 (m, 1H), 2.29 (s, 3H), 

1.09 (d, J = 7.0 Hz, 3H), 1.00 (d, J = 7.0 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 210.1, 197.7, 168.8, 

151.3, 139.3, 131.4, 123.1, 121.0, 113.0, 56.0, 49.2, 41.1, 37.4, 36.8, 34.5, 20.6, 13.2, 8.5. IR (ATR): 1764, 

1731, 1703 cm-1. HRMS: Calculated for [C18H21O5]+: 317.1389 [M+H]+; found: 317.1397. [α]D
20: +48.1 

(c = 1.00, CH2Cl2). 

(1S,2R,3S,5S,6R)-6-(4-Chlorophenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (4d). 

Following the general procedure, 4d was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 17 hours, starting from cyclohexane 3d (36 mg, 0.108 mmol) 

and benzhydrylamine (20 mg, 0.108 mmol) using (CH2Cl)2 (0.22 mL) as solvent. Yield: 71% (20 mg, 

0.077 mmol). dr: 86:14. 1H NMR (300 MHz, CDCl3) δ 9.12 (s, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 

8.4 Hz, 2H), 3.31 (d, J = 4.2 Hz, 1H), 3.12-2.99 (m, 2H), 2.71-2.59 (m, 1H), 1.09 (d, J = 7.0 Hz, 3H), 1.01 

(d, J = 7.0 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 210.0, 197.3, 133.8, 131.1, 130.2, 129.0, 49.4, 41.1, 

37.2, 36.5, 34.6, 13.4, 8.5. IR (ATR): 1731, 1700 cm-1. HRMS: Calculated for [C15H14O2Cl]¯: 261.0682 

[M-H] ¯; found: 261.0679. [α]D
20: +75.4 (c = 0.66, CH2Cl2). 

(1S,2R,3S,5S,6R)-6-(4-Bromophenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (4e). 

Following the general procedure, 4e was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow solid after 17 hours, starting from cyclohexane 3e (29 mg, 0.076 

mmol) and benzhydrylamine (14 mg, 0.076 mmol) using (CH2Cl)2 (0.16 mL) as solvent. Yield: 72% (17 

mg, 0.055 mmol). dr: 85:15. 1H NMR (300 MHz, CDCl3) δ 9.13 (s, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.11 (d, 

J = 8.4 Hz, 2H), 3.28 (d, J = 4.1 Hz, 1H), 3.13-2.99 (m, 2H), 2.73-2.59 (m, 1H), 1.09 (d, J = 7.0 Hz, 3H), 

1.01 (d, J = 7.0 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.9, 197.2, 131.9, 131.6, 130.5, 121.8, 49.4, 
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41.1, 37.2, 36.4, 34.6, 13.4, 8.5. IR (ATR): 1732, 1704 cm-1. HRMS: Calculated for [C15H14O2Br]¯: 

305.0177 [M-H]̄; found: 305.0171. [α]D
20: +68.0 (c = 0.49, CH2Cl2). M.p.: 102-104 ºC (hexanes/EtOAc). 

(1S,2R,3S,5S,6R)-2,3-Dimethyl-6-(4-nitrophenyl)-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (4f). 

Following the general procedure, 4f was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 8:2 to 6:4) as a yellow oil after 36 hours, starting from cyclohexane 3f (35 mg, 0.100 mmol) 

and benzhydrylamine (19 mg, 0.100 mmol) using (CH2Cl)2 (0.20 mL) as solvent. Yield: 51% (14 mg, 

0.051 mmol). dr: 86:14. 1H NMR (300 MHz, CDCl3) δ 9.30 (s, 1H), 8.18 (d, J = 8.7 Hz, 2H), 7.40 (d, J = 

8.7 Hz, 2H), 3.36 (d, J = 4.4 Hz, 1H), 3.20-3.07 (m, 2H), 2.76-2.64 (m, 1H), 1.12 (d, J = 7.0 Hz, 3H), 1.04 

(d, J = 7.0 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.3, 196.2, 147.3, 140.2, 129.8, 123.9, 50.1, 41.1, 

37.3, 36.5, 34.6, 13.6, 8.5. IR (ATR): 1733, 1703, 1519, 1345 cm-1. HRMS: Calculated for [C15H14NO4]¯: 

272.0923 [M-H]̄; found: 272.0923. [α]D
20: +55.4 (c = 0.40, CH2Cl2). 

(1S,2R,3S,5S,6R)-6-(4-Cyanophenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (4g). 

Following the general procedure, 4g was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 36 hours, starting from cyclohexane 3g (33 mg, 0.100 mmol) 

and benzhydrylamine (19 mg, 0.100 mmol) using (CH2Cl)2 (0.20 mL) as solvent. Yield: 58% (15 mg, 

0.058 mmol). dr: 86:14. 1H NMR (300 MHz, CDCl3) δ 9.25 (s, 1H), 7.61 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 

8.4 Hz, 2H), 3.33 (d, J = 4.4 Hz, 1H), 3.17-3.04 (m, 2H), 2.75-2.61 (m, 1H), 1.10 (d, J = 7.0 Hz, 3H), 1.02 

(d, J = 7.0 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.4, 196.4, 138.2, 132.4, 129.6, 118.2, 111.7, 50.0, 

41.1, 37.5, 36.3, 34.6, 13.5, 8.5. IR (ATR): 2227, 1732, 1704 cm-1. HRMS: Calculated for [C16H16NO2]+: 

254.1181 [M+H]+; found: 254.1197. [α]D
20: +92.8 (c = 0.64, CH2Cl2). 

(1S,2R,3S,5S,6R)-2,3-Dimethyl-4-oxo-6-(4-(trifluoromethyl)phenyl)bicyclo[3.1.0]hexane-1-

carbaldehyde (4h). Following the general procedure, 4h was isolated by flash column chromatography 

(hexanes/EtOAc gradient from 9:1 to 7:3) as a yellow oil after 17 hours, starting from cyclohexane 3h (38 

mg, 0.100 mmol) and benzhydrylamine (19 mg, 0.100 mmol) using (CH2Cl)2 (0.20 mL) as solvent. Yield: 

75% (22 mg, 0.075 mmol). dr: 86:14. 1H NMR (300 MHz, CDCl3) δ 9.17 (s, 1H), 7.58 (d, J = 8.2 Hz, 2H), 

7.36 (d, J = 8.2 Hz, 2H), 3.36 (d, J = 4.2 Hz, 1H), 3.16-3.04 (m, 2H), 2.75-2.61 (m, 1H), 1.10 (d, J = 7.0 
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Hz, 3H), 1.02 (d, J = 7.0 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.7, 196.8, 136.8, 130.0 (q, 2JCF = 

32.8 Hz), 129.3, 125.7 (q, 3JCF = 3.7 Hz), 123.8 (q, 1JCF = 272.3 Hz), 49.6, 41.1, 37.3, 36.4, 34.6, 13.4, 

8.5. IR (ATR): 1733, 1705 cm-1. HRMS: Calculated for [C16H14O2F3]¯: 295.0946 [M-H]̄; found: 

295.0935. [α]D
20: +54.1 (c = 0.58, CH2Cl2). 

(1R,2S,3S,5S,6R)-3-Methyl-6-(4-nitrophenyl)-4-oxo-2-phenylbicyclo[3.1.0]hexane-1-carbaldehyde 

(4i). Following the general procedure, 4i was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 8:2 to 6:4) as a yellow oil after 36 hours, starting from cyclohexane 3i (55 mg, 0.133 mmol) 

and benzhydrylamine (25 mg, 0.133 mmol) using (CH2Cl)2 (0.26 mL) as solvent. Yield: 57% (25 mg, 

0.076 mmol). dr: 75:25. 1H NMR (300 MHz, CDCl3) δ 9.23 (s, 1H), 8.18 (d, J = 8.7 Hz, 2H), 7.43 (d, J = 

8.7 Hz, 2H), 7.36-7.25 (m, 3H), 7.18-6.90 (m, 2H), 4.22 (d, J = 8.4 Hz, 1H), 3.44 (d, J = 4.7 Hz, 1H), 3.37 

(d, J = 4.7 Hz, 1H), 3.04-2.91 (m, 1H), 0.69 (d, J = 7.0 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.8, 

195.6, 147.3, 140.0, 137.9, 130.0, 130.0, 129.3, 127.9, 123.7, 49.8, 46.9, 42.3, 38.4, 37.8, 9.8. IR (ATR): 

1733, 1708, 1519, 1345 cm-1. HRMS: Calculated for [C20H16NO4]¯: 334.1079 [M-H]̄; found: 334.1077. 

[α]D
20: +121.5 (c = 0.82, CH2Cl2). 

General Procedure for the Synthesis of bicyclo[3.1.0]hexanes 5a-q. The corresponding α,β-unsaturated 

aldehyde 2a-l (1.50 mmol) was added to a solution of (S)-α,α-diphenylprolinol trimethylsilyl ether (0.20 

mmol), DABCO (3.00 mmol) and the corresponding 4-alkenyl-5H-1,2,3-oxathiazole-2,2-dioxide 1a-c 

(1.00 mmol) in (CH2Cl)2 (2 mL). The reaction was stirred at 75 ºC until it was completed. A saturated 

solution of NH4Cl (10 mL) was added and the aqueous phase was extracted with CH2Cl2 (3 x 10 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered and concentrated under reduced 

pressure. The obtained crude product was charged onto silica gel and subjected to flash chromatography 

(FC) with the indicated eluent, obtaining the desired bicyclo[3.1.0]hexanes 5a-q. The racemic compounds 

for HPLC separation conditions were prepared under the same reaction conditions, using in these cases a 

1:1 ratio of (R)- and (S)-α,α-diphenylprolinol trimethylsilyl ether (0.20 mmol) as catalyst. 

(1S,2S,3S,5S,6R)-2,3-Dimethyl-4-oxo-6-phenylbicyclo[3.1.0]hexane-1-carbaldehyde (5a). Following 

the general procedure, 5a was isolated by flash column chromatography (hexanes/EtOAc gradient from 
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9:1 to 8:2) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-1,2,3-

oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-cinnamaldehyde 2a (28 µL, 0.225 mmol) in the 

presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 mg, 0.030 

mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 53% (18 mg, 0.079 mmol). dr: >20:1. 1H NMR 

(300 MHz, CDCl3) δ 8.85 (s, 1H), 7.40-7.27 (m, 5H), 3.29 (d, J = 4.4 Hz, 1H), 3.11 (d, J = 4.4 Hz, 1H), 

2.59 (dq, J = 9.7, 6.5 Hz, 1H), 1.89 (dq, J = 9.7, 6.9 Hz, 1H), 1.33 (d, J = 6.5 Hz, 3H), 1.10 (d, J = 6.9 Hz, 

3H). 13C NMR (75.5 MHz, CDCl3) δ 209.7, 197.4, 132.2, 129.0, 128.9, 128.0, 49.1, 45.1, 39.6, 36.5, 35.2, 

16.2, 12.2. IR (ATR): 1731, 1697 cm-1. HRMS: Calculated for [C15H15O2]¯: 227.1072 [M-H]̄; found: 

227.1080. The enantiomeric excess was determined by HPLC using a Chiralpak AS-H column [n-

hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 13.43 min, τminor = 25.74 min (94% ee). [α]D
20: 

+34.4 (c = 1.00, CH2Cl2). 

(1S,2S,3S,5S,6R)-2,3-Dimethyl-4-oxo-6-(p-tolyl)bicyclo[3.1.0]hexane-1-carbaldehyde (5b). 

Following the general procedure, 5b was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-4-methylcinnamaldehyde 2b (33 mg, 0.225 

mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 55% (20 mg, 0.082 mmol). dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.85 (s, 1H), 7.24-7.13 (m, 4H), 3.25 (d, J = 4.3 Hz, 1H), 3.08 (d, J = 4.3 

Hz, 1H), 2.57 (dq, J = 9.7, 6.5 Hz, 1H), 2.34 (s, 3H), 1.87 (dq, J = 9.7, 6.9 Hz, 1H), 1.31 (d, J = 6.5 Hz, 

3H), 1.09 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.9, 197.7, 137.8, 129.7, 129.1, 128.8, 

49.1, 45.1, 39.7, 36.5, 35.0, 21.1, 16.2, 12.2. IR (ATR): 1732, 1698 cm-1. HRMS: Calculated for 

[C16H17O2]¯: 241.1229 [M-H]̄; found: 241.1226. The enantiomeric excess was determined by HPLC using 

a Chiralpak AS-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 12.13 min, τminor = 

20.12 min (93% ee). [α]D
20: +27.7 (c = 0.50, CH2Cl2). 

(1S,2S,3S,5S,6R)-6-(2-Methoxyphenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde 

(5c). Following the general procedure, 5c was isolated by flash column chromatography (hexanes/EtOAc 
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gradient from 8:2 to 7:3) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-2-methoxycinnamaldehyde 2c (37 mg, 

0.225 mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl 

ether (10 mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 39% (15 mg, 0.058 mmol). 

dr: >20:1. 1H NMR (300 MHz, CDCl3) δ 8.64 (s, 1H), 7.34-7.27 (m, 2H), 6.99-6.91 (m, 1H), 6.88-6.83 

(m, 1H), 3.82 (s, 3H), 3.13 (d, J = 4.5 Hz, 1H), 2.99 (d, J = 4.5 Hz, 1H), 2.60 (dq, J = 9.7, 6.5 Hz, 1H), 

1.91 (dq, J = 9.7, 6.9 Hz, 1H), 1.33 (d, J = 6.5 Hz, 3H), 1.10 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, 

CDCl3) δ 210.4, 197.7, 158.2, 129.5, 129.4, 121.1, 120.7, 110.2, 55.3, 48.1, 45.1, 39.7, 36.6, 31.2, 15.5, 

12.2. IR (ATR): 1719, 1694 cm-1. HRMS: Calculated for [C16H17O3]¯: 257.1178 [M-H]̄; found: 257.1190. 

The enantiomeric excess was determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH 

(90:10)]; flow rate 1.0 mL/min; τmajor = 18.10 min, τminor = 40.71 min (90% ee). [α]D
20: -24.7 (c = 0.49, 

CH2Cl2). 

(1S,2S,3S,5S,6R)-6-(4-Methoxyphenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde 

(5d). Following the general procedure, 5d was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 8:2 to 7:3) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-4-methoxycinnamaldehyde 2d (37 mg, 

0.225 mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl 

ether (10 mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 43% (17 mg, 0.065 mmol). 

dr: >20:1. 1H NMR (300 MHz, CDCl3) δ 8.86 (s, 1H), 7.21 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 

3.80 (s, 3H), 3.23 (d, J = 4.4 Hz, 1H), 3.05 (d, J = 4.4 Hz, 1H), 2.56 (dq, J = 9.7, 6.5 Hz, 1H), 1.86 (dq, J 

= 9.7, 6.9 Hz, 1H), 1.31 (d, J = 6.5 Hz, 3H), 1.09 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 

209.9, 197.8, 159.2, 130.0, 124.0, 114.4, 55.3, 49.2, 45.2, 40.0, 36.5, 34.7, 16.2, 12.2. IR (ATR): 1732, 

1698 cm-1. HRMS: Calculated for [C16H17O3]¯: 257.1178 [M-H]̄; found: 257.1188. The enantiomeric 

excess was determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH (90:10)]; flow rate 

1.0 mL/min; τmajor = 22.05 min, τminor = 37.60 min (94% ee). [α]D
20: +30.8 (c = 0.50, CH2Cl2). 
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(1S,2S,3S,5S,6R)-6-(4-Acetoxy-3-methoxyphenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-

carbaldehyde (5e). Following the general procedure, 5e was isolated by flash column chromatography 

(hexanes/EtOAc gradient from 8:2 to 6:4) as a yellow solid after 12 hours, starting from (E)-4-(1-

methylprop-1-en-1-yl)-5H-1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-4-acetoxy-3-

methoxycinnamaldehyde 2e (52 mg, 0.225 mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-

α,α-diphenylprolinol trimethylsilyl ether (10 mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. 

Yield: 51% (24 mg, 0.076 mmol). dr: >20:1. 1H NMR (300 MHz, CDCl3) δ 8.90 (s, 1H), 7.03-6.98 (m, 

1H), 6.90-6.83 (m, 2H), 3.83 (s, 3H), 3.25 (d, J = 4.4 Hz, 1H), 3.05 (d, J = 4.4 Hz, 1H), 2.58 (dq, J = 9.7, 

6.5 Hz, 1H), 2.30 (s, 3H), 1.87 (dq, J = 9.7, 6.9 Hz, 1H), 1.32 (d, J = 6.5 Hz, 3H), 1.09 (d, J = 6.9 Hz, 3H). 

13C NMR (75.5 MHz, CDCl3) δ 209.6, 197.2, 168.8, 151.5, 139.5, 131.1, 123.3, 121.2, 113.0, 56.0, 49.1, 

45.1, 39.8, 36.5, 35.0, 20.6, 16.2, 12.2. IR (ATR): 1763, 1731, 1697 cm-1. HRMS: Calculated for 

[C18H19O5]¯: 315.1233 [M-H]̄; found: 315.1259. The enantiomeric excess was determined by HPLC using 

a Chiralpak AS-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 27.99 min, τminor = 

47.73 min (94% ee). [α]D
20: +18.3 (c = 0.89, CH2Cl2). M.p.: 99-101 ºC (hexanes/EtOAc). 

(1S,2S,3S,5S,6R)-6-(3,5-Dimethoxyphenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde 

(5f). Following the general procedure, 5f was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 8:2 to 6:4) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-3,5-dimethoxycinnamaldehyde 2f (43 mg, 

0.225 mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl 

ether (10 mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 42% (18 mg, 0.063 mmol). 

dr: >20:1. 1H NMR (300 MHz, CDCl3) δ 8.86 (s, 1H), 6.43 (d, J = 2.1 Hz, 2H), 6.38 (t, J = 2.1 Hz, 1H), 

3.78 (s, 6H), 3.22 (d, J = 4.4 Hz, 1H), 3.06 (d, J = 4.4 Hz, 1H), 2.57 (dq, J = 9.6, 6.5 Hz, 1H), 1.85 (dq, J 

= 9.6, 6.9 Hz, 1H), 1.31 (d, J = 6.5 Hz, 3H), 1.09 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 

209.7, 197.4, 161.3, 134.4, 107.1, 99.6, 55.4, 49.0, 45.1, 39.6, 36.4, 35.2, 16.2, 12.2. IR (ATR): 1731, 

1697 cm-1. HRMS: Calculated for [C17H19O4]¯: 287.1283 [M-H]̄; found: 287.1275. The enantiomeric 
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excess was determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH (90:10)]; flow rate 

1.0 mL/min; τmajor = 25.08 min, τminor = 30.14 min (92% ee). [α]D
20: +6.7 (c = 0.74, CH2Cl2). 

(1S,2S,3S,5S,6R)-6-(4-Chlorophenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (5g). 

Following the general procedure, 5g was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-4-chlorocinnamaldehyde 2g (39 mg, 0.225 

mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 52% (21 mg, 0.078 mmol). dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.85 (s, 1H), 7.37-7.30 (m, 2H), 7.27-7.21 (m, 2H), 3.22 (d, J = 4.4 Hz, 

1H), 3.06 (d, J = 4.4 Hz, 1H), 2.58 (dq, J = 9.6, 6.5 Hz, 1H), 1.87 (dq, J = 9.6, 6.9 Hz, 1H), 1.32 (d, J = 

6.5 Hz, 3H), 1.09 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.4, 196.9, 134.0, 130.8, 130.3, 

129.3, 49.1, 45.1, 39.6, 36.5, 34.4, 16.3, 12.2. IR (ATR): 1732, 1698 cm-1. HRMS: Calculated for 

[C15H14O2Cl]¯: 261.0682 [M-H]̄; found: 261.0686. The enantiomeric excess was determined by HPLC 

using a Chiralpak AS-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 15.47 min, 

τminor = 25.23 min (92% ee). [α]D
20: +29.7 (c = 0.85, CH2Cl2). 

(1S,2S,3S,5S,6R)-6-(4-Bromophenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (5h). 

Following the general procedure, 5h was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-4-bromocinnamaldehyde 2h (49 mg, 0.225 

mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 46% (21 mg, 0.069 mmol). dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.86 (s, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 3.20 (d, J 

= 4.5 Hz, 1H), 3.06 (d, J = 4.5 Hz, 1H), 2.58 (dq, J = 9.6, 6.5 Hz, 1H), 1.87 (dq, J = 9.6, 6.9 Hz, 1H), 1.32 

(d, J = 6.5 Hz, 3H), 1.10 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.3, 196.8, 132.2, 131.4, 

130.6, 122.0, 49.0, 45.1, 39.5, 36.5, 34.5, 16.2, 12.2. IR (ATR): 1732, 1698 cm-1. HRMS: Calculated for 

[C15H14O2Br]¯: 305.0177 [M-H]̄; found: 305.0172. The enantiomeric excess was determined by HPLC 
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using a Chiralpak AS-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 17.41 min, 

τminor = 26.38 min (90% ee). [α]D
20: +28.3 (c = 0.65, CH2Cl2). 

(1S,2S,3S,5S,6R)-2,3-Dimethyl-6-(2-nitrophenyl)-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (5i). 

Following the general procedure, 5i was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 8:2 to 6:4) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-2-nitrocinnamaldehyde 2i (41 mg, 0.225 

mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 47% (19 mg, 0.070 mmol). dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.91 (s, 1H), 8.00 (dd, J = 8.0, 1.0 Hz, 1H), 7.70-7.61 (m, 1H), 7.60-7.48 

(m, 2H), 3.57 (d, J = 4.6 Hz, 1H), 3.04 (d, J = 4.6 Hz, 1H), 2.61 (dq, J = 9.9, 6.6 Hz, 1H), 1.97 (dq, J = 

9.9, 6.9 Hz, 1H), 1.39 (d, J = 6.6 Hz, 3H), 1.12 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 209.2, 

195.6, 150.1, 133.5, 131.5, 129.3, 127.8, 125.1, 48.9, 45.2, 39.7, 37.4, 32.8, 15.7, 12.1. IR (ATR): 1733, 

1703, 1525, 1348 cm-1. HRMS: Calculated for [C15H16NO4]+: 274.1079 [M+H]+; found: 274.1077. The 

enantiomeric excess was determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH 

(80:20)]; flow rate 1.0 mL/min; τmajor = 25.73 min, τminor = 68.40 min (92% ee). [α]D
20: -66.8 (c = 0.54, 

CH2Cl2). 

(1S,2S,3S,5S,6R)-2,3-Dimethyl-6-(4-nitrophenyl)-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (5j). 

Following the general procedure, 5j was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 8:2 to 6:4) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-4-nitrocinnamaldehyde 2j (41 mg, 0.225 

mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 32% (13 mg, 0.048 mmol). dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.90 (s, 1H), 8.24 (d, J = 8.7 Hz, 2H), 7.49 (d, J = 8.7 Hz, 2H), 3.28 (d, J 

= 4.6 Hz, 1H), 3.15 (d, J = 4.6 Hz, 1H), 2.62 (dq, J = 9.6, 6.5 Hz, 1H), 1.91 (dq, J = 9.6, 6.9 Hz, 1H), 1.36 

(d, J = 6.5 Hz, 3H), 1.12 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 208.6, 195.8, 147.6, 139.9, 

129.9, 124.2, 49.4, 45.1, 39.5, 36.7, 34.4, 16.3, 12.2. IR (ATR): 1733, 1699, 1519, 1344 cm-1. HRMS: 
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Calculated for [C15H14NO4]¯: 272.0923 [M-H]̄; found: 272.0927. The enantiomeric excess was 

determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; 

τmajor = 24.55 min, τminor = 28.64 min (86% ee). [α]D
20: +32.9 (c = 0.57, CH2Cl2). 

(1S,2S,3S,5S,6R)-6-(4-Cyanophenyl)-2,3-dimethyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde (5k). 

Following the general procedure, 5k was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 8:2 to 6:4) as a yellow oil after 12 hours, starting from (E)-4-(1-methylprop-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-4-cyanocinnamaldehyde 2k (35 mg, 0.225 

mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 41% (16 mg, 0.062 mmol). dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.87 (s, 1H), 7.67 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 3.25 (d, J 

= 4.5 Hz, 1H), 3.11 (d, J = 4.5 Hz, 1H), 2.61 (dq, J = 9.5, 6.5 Hz, 1H), 1.89 (dq, J = 9.5, 6.9 Hz, 1H), 1.34 

(d, J = 6.5 Hz, 3H), 1.11 (d, J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 208.8, 196.0, 137.9, 132.8, 

129.7, 118.1, 112.1, 49.3, 45.1, 39.3, 36.7, 34.6, 16.3, 12.2. IR (ATR): 2228, 1732, 1701 cm-1. HRMS: 

Calculated for [C16H14NO2]¯: 252.1025 [M-H]̄; found: 252.1030. The enantiomeric excess was 

determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH (80:20)]; flow rate 1.0 mL/min; 

τmajor = 28.72 min, τminor = 64.64 min (89% ee). [α]D
20: +43.0 (c = 0.53, CH2Cl2). 

(1S,2S,3S,5S,6R)-2,3-Dimethyl-4-oxo-6-(4-(trifluoromethyl)phenyl)bicyclo[3.1.0]hexane-1-

carbaldehyde (5l). Following the general procedure, 5l was isolated by flash column chromatography 

(hexanes/EtOAc gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from (E)-4-(1-

methylprop-1-en-1-yl)-5H-1,2,3-oxathiazole-2,2-dioxide 1a (26 mg, 0.150 mmol) and (E)-4-

(trifluoromethyl)cinnamaldehyde 2l (45 mg, 0.225 mmol) in the presence of DABCO (50 mg, 0.450 

mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) 

as solvent. Yield: 54% (24 mg, 0.081 mmol). dr: >20:1. 1H NMR (300 MHz, CDCl3) δ 8.85 (s, 1H), 7.63 

(d, J = 8.2 Hz, 2H), 7.44 (d, J = 8.2 Hz, 2H), 3.28 (d, J = 4.5 Hz, 1H), 3.13 (d, J = 4.5 Hz, 1H), 2.61 (dq, 

J = 9.5, 6.5 Hz, 1H), 1.90 (dq, J = 9.5, 6.9 Hz, 1H), 1.34 (d, J = 6.5 Hz, 3H), 1.11 (d, J = 6.9 Hz, 3H). 13C 

NMR (75.5 MHz, CDCl3) δ 209.1, 196.4, 136.5, 130.4 (q, 2JCF = 32.8 Hz), 129.4, 126.0 (q, 3JCF = 3.7 Hz), 
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123.8 (q, 1JCF = 272.3 Hz), 49.1, 45.1, 39.3, 36.6, 34.5, 16.3, 12.2. IR (ATR): 1734, 1699 cm-1. HRMS: 

Calculated for [C16H14O2F3]¯: 295.0946 [M-H]̄; found: 295.0942. The enantiomeric excess was 

determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; 

τmajor = 10.32 min, τminor = 17.87 min (90% ee). [α]D
20: +16.2 (c = 1.00, CH2Cl2). 

(1S,2S,3S,5S,6R)-2-Ethyl-3-methyl-4-oxo-6-phenylbicyclo[3.1.0]hexane-1-carbaldehyde (5m). 

Following the general procedure, 5m was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from (E)-4-(1-methylbut-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1b (28 mg, 0.150 mmol) and (E)-cinnamaldehyde 2a (28 µL, 0.225 mmol) 

in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 mg, 

0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 43% (16 mg, 0.065 mmol). dr: >20:1. 1H 

NMR (300 MHz, CDCl3) δ 8.85 (s, 1H), 7.40-7.28 (m, 5H), 3.30 (d, J = 4.5 Hz, 1H), 3.06 (d, J = 4.5 Hz, 

1H), 2.65-2.53 (m, 1H), 2.04-1.90 (m, 1H), 1.81-1.69 (m, 2H), 1.19-1.08 (m, 6H). 13C NMR (75.5 MHz, 

CDCl3) δ 210.0, 197.0, 132.3, 129.0, 128.9, 128.0, 48.5, 44.6, 42.4, 39.7, 35.1, 26.0, 14.1, 12.5. IR (ATR): 

1732, 1698 cm-1. HRMS: Calculated for [C16H17O2]¯: 241.1229 [M-H]̄; found: 241.1225. The 

enantiomeric excess was determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH 

(90:10)]; flow rate 1.0 mL/min; τmajor = 13.74 min, τminor = 27.37 min (91% ee). [α]D
20: -10.0 (c = 0.92, 

CH2Cl2). 

(1S,2S,3S,5S,6R)-2-Ethyl-6-(4-methoxyphenyl)-3-methyl-4-oxobicyclo[3.1.0]hexane-1-

carbaldehyde (5n). Following the general procedure, 5n was isolated by flash column chromatography 

(hexanes/EtOAc gradient from 8:2 to 6:4) as a yellow oil after 12 hours, starting from (E)-4-(1-methylbut-

1-en-1-yl)-5H-1,2,3-oxathiazole-2,2-dioxide 1b (28 mg, 0.150 mmol) and (E)-4-methoxycinnamaldehyde 

2d (37 mg, 0.225 mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol 

trimethylsilyl ether (10 mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 41% (17 mg, 

0.062 mmol). dr: >20:1. 1H NMR (300 MHz, CDCl3) δ 8.87 (s, 1H), 7.21 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 

8.6 Hz, 2H), 3.80 (s, 3H), 3.24 (d, J = 4.5 Hz, 1H), 3.00 (d, J = 4.5 Hz, 1H), 2.62-2.50 (m, 1H), 2.01-1.88 

(m, 1H), 1.80-1.67 (m, 2H), 1.16-1.06 (m, 6H). 13C NMR (75.5 MHz, CDCl3) δ 210.2, 197.3, 159.2, 130.0, 



 23

124.0, 114.4, 55.3, 48.6, 44.6, 42.4, 40.0, 34.6, 26.0, 14.2, 12.5. IR (ATR): 1731, 1699 cm-1. HRMS: 

Calculated for [C17H19O3]¯: 271.1334 [M-H]̄; found: 271.1328. The enantiomeric excess was determined 

by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH (97:3)]; flow rate 1.0 mL/min; τmajor = 23.13 

min, τminor = 21.83 min (90% ee). [α]D
20: +10.7 (c = 0.96, CH2Cl2). 

(1S,2S,3S,5S,6R)-6-(4-Bromophenyl)-2-ethyl-3-methyl-4-oxobicyclo[3.1.0]hexane-1-carbaldehyde 

(5o). Following the general procedure, 5o was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from (E)-4-(1-methylbut-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1b (28 mg, 0.150 mmol) and (E)-4-bromocinnamaldehyde 2h (49 mg, 0.225 

mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 30% (14 mg, 0.045 mmol)  dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.87 (s, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 3.20 (d, J 

= 4.6 Hz, 1H), 3.01 (d, J = 4.6 Hz, 1H), 2.63-2.41 (m, 1H), 2.02-1.89 (m, 1H), 1.80-1.67 (m, 2H), 1.17-

1.07 (m, 6H). 13C NMR (75.5 MHz, CDCl3) δ 209.6, 196.5, 132.2, 131.4, 130.5, 122.0, 48.4, 44.6, 42.5, 

39.6, 34.4, 26.0, 14.2, 12.5. IR (ATR): 1731, 1701 cm-1. HRMS: Calculated for [C16H16O2Br]¯: 319.0334 

[M-H] ¯; found: 319.0335. The enantiomeric excess was determined by HPLC using a Chiralpak AS-H 

column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 18.25 min, τminor = 26.86 min (86% ee). 

[α]D
20: +15.8 (c = 1.00, CH2Cl2). 

(1R,2R,3S,5S,6R)-3-Methyl-4-oxo-2,6-diphenylbicyclo[3.1.0]hexane-1-carbaldehyde (5p). Following 

the general procedure, 5p was isolated by flash column chromatography (hexanes/EtOAc gradient from 

9:1 to 8:2) as a yellow oil after 12 hours, starting from (E)-4-(1-phenylprop-1-en-2-yl)-5H-1,2,3-

oxathiazole-2,2-dioxide 1c (36 mg, 0.150 mmol) and (E)-cinnamaldehyde 2a (28 µL, 0.225 mmol) in the 

presence of DABCO (50 mg, 0.450 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 mg, 0.030 

mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 49% (21 mg, 0.073 mmol). dr: >20:1. 1H NMR 

(300 MHz, CDCl3) δ 8.89 (s, 1H), 7.55-7.50 (m, 2H), 7.46-7.39 (m, 2H), 7.37-7.23 (m, 6H), 3.81 (d, J = 

10.1 Hz, 1H), 3.68 (d, J = 4.5 Hz, 1H), 3.16 (d, J = 4.5 Hz, 1H), 2.58 (dq, J = 10.1, 6.9 Hz, 1H), 1.20 (d, 

J = 6.9 Hz, 3H). 13C NMR (75.5 MHz, CDCl3) δ 208.4, 196.4, 139.7, 131.9, 129.0, 128.9, 128.8, 128.1, 
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127.5, 127.5, 48.7, 46.4, 44.2, 38.7, 36.0, 13.0. IR (ATR): 1732, 1699 cm-1. HRMS: Calculated for 

[C20H17O2]¯: 289.1229 [M-H]̄; found: 289.1236. The enantiomeric excess was determined by HPLC using 

a Chiralpak AS-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 14.61 min, τminor = 

29.31 min (93% ee). [α]D
20: +25.7 (c = 0.83, CH2Cl2). 

(1R,2R,3S,5S,6R)-6-(4-Acetoxy-3-methoxyphenyl)-3-methyl-4-oxo-2-phenylbicyclo[3.1.0]hexane-1-

carbaldehyde (5q). Following the general procedure, 5q was isolated by flash column chromatography 

(hexanes/EtOAc gradient from 7:3 to 1:1) as a yellow oil after 12 hours, starting from (E)-4-(1-

phenylprop-1-en-2-yl)-5H-1,2,3-oxathiazole-2,2-dioxide 1c (36 mg, 0.150 mmol) and (E)-4-acetoxy-3-

methoxycinnamaldehyde 2e (52 mg, 0.225 mmol) in the presence of DABCO (50 mg, 0.450 mmol), (S)-

α,α-diphenylprolinol trimethylsilyl ether (10 mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. 

Yield: 51% (29 mg, 0.077 mmol). dr: >20:1. 1H NMR (300 MHz, CDCl3) δ 8.95 (s, 1H), 7.53-7.46 (m, 

2H), 7.45-7.29 (m, 3H), 7.01-6.95 (m, 1H), 6.84-6.78 (m, 2H), 3.86-3.76 (m, 4H), 3.63 (d, J = 4.5 Hz, 

1H), 3.10 (d, J = 4.5 Hz, 1H), 2.57 (dq, J = 10.0, 6.9 Hz, 1H), 2.30 (s, 3H), 1.20 (d, J = 6.9 Hz, 3H). 13C 

NMR (75.5 MHz, CDCl3) δ 208.3, 196.2, 168.8, 151.5, 139.6, 139.6, 130.7, 128.9, 127.5, 127.5, 123.3, 

121.0, 112.8, 55.9, 48.8, 46.3, 44.2, 38.9, 35.8, 20.6, 13.0. IR (ATR): 1764, 1732, 1699 cm-1. HRMS: 

Calculated for [C23H21O5]¯: 377.1389 [M-H]̄; found: 377.1392. The enantiomeric excess was determined 

by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH (85:15)]; flow rate 1.0 mL/min; τmajor = 26.85 

min, τminor = 38.87 min (90% ee). [α]D
20: +19.1 (c = 0.81, CH2Cl2). 

General Procedure for the Synthesis of cyclopropane-fused octahydroindenones 5r-t. The 

corresponding α,β-unsaturated aldehyde 2a, 2d or 2h (1.00 mmol) was added to a solution of (S)-α,α-

diphenylprolinol trimethylsilyl ether (0.20 mmol), DABCO (5.00 mmol) and 4-(cyclohex-1-en-1-yl)-5H-

1,2,3-oxathiazole-2,2-dioxide 1d (1.50 mmol) in (CH2Cl)2 (2 mL). The reaction was stirred at 75 ºC until 

it was completed. A saturated solution of NH4Cl (10 mL) was added and the aqueous phase was extracted 

with CH2Cl2 (3 x 10 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered and 

concentrated under reduced pressure. The obtained crude product was charged onto silica gel and subjected 

to flash chromatography (FC) with the indicated eluent, obtaining the desired cyclopropane-fused 
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octahydroindenones 5r-t . The racemic compounds for HPLC separation conditions were prepared under 

the same reaction conditions, using in these cases a 1:1 ratio of (R)- and (S)-α,α-diphenylprolinol 

trimethylsilyl ether (0.20 mmol) as catalyst. 

(1R,1aS,1bS,5aS,6aS)-6-oxo-1-phenyldecahydrocyclopropa[a]indene-1a-carbaldehyde (5r). 

Following the general procedure, 5r was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from 4-(cyclohex-1-en-1-yl)-5H-1,2,3-

oxathiazole-2,2-dioxide 1d (45 mg, 0.225 mmol) and (E)-cinnamaldehyde 2a (19 µL, 0.150 mmol) in the 

presence of DABCO (84 mg, 0.750 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 mg, 0.030 

mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 46% (18 mg, 0.069 mmol). dr: >20:1. 1H NMR 

(300 MHz, CDCl3) δ 8.87 (s, 1H), 7.42-7.23 (m, 5H), 3.60 (d, J = 4.3 Hz, 1H), 2.91 (d, J = 4.3 Hz, 1H), 

2.43-2.30 (m, 1H), 2.29-2.21 (m, 1H), 2.09-2.01 (m, 1H), 1.93-1.80 (m, 3H), 1.45-1.33 (m, 2H), 1.27-1.18 

(m, 2H). 13C NMR (75.5 MHz, CDCl3) δ 207.5, 197.8, 132.5, 129.0, 128.9, 128.0, 47.5, 47.0, 41.5, 37.6, 

36.8, 29.2, 25.9, 25.8, 24.7. IR (ATR): 1731, 1698 cm-1. HRMS: Calculated for [C17H19O2]+: 255.1385 

[M+H] +; found: 255.1387. The enantiomeric excess was determined by HPLC using a Chiralpak AS-H 

column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; τmajor = 19.87 min, τminor = 41.63 min (98% ee). 

[α]D
20: +49.7 (c = 0.69, CH2Cl2). 

(1R,1aS,1bS,5aS,6aS)-1-(4-Methoxyphenyl)-6-oxodecahydrocyclopropa[a]indene-1a-carbaldehyde 

(5s). Following the general procedure, 5s was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from 4-(cyclohex-1-en-1-yl)-5H-1,2,3-

oxathiazole-2,2-dioxide 1d (45 mg, 0.225 mmol) and (E)-4-methoxycinnamaldehyde 2d (25 mg, 0.150 

mmol) in the presence of DABCO (84 mg, 0.750 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 34% (14 mg, 0.051 mmol). dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.88 (s, 1H), 7.20 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 3.80 (s, 

3H), 3.55 (d, J = 4.2 Hz, 1H), 2.85 (d, J = 4.2 Hz, 1H), 2.41-2.29 (m, 1H), 2.29-2.19 (m, 1H), 2.08-2.00 

(m, 1H), 1.93-1.77 (m, 3H), 1.45-1.32 (m, 2H), 1.27-1.17 (m, 2H). 13C NMR (75.5 MHz, CDCl3) δ 207.7, 

198.1, 159.2, 130.0, 124.4, 114.4, 55.3, 47.6, 47.1, 41.5, 38.0, 36.4, 29.2, 25.9, 25.8, 24.8. IR (ATR): 1728, 
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1695 cm-1. HRMS: Calculated for [C18H21O3]+: 285.1491 [M+H]+; found: 285.1494. The enantiomeric 

excess was determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH (80:20)]; flow rate 

1.0 mL/min; τmajor = 18.36 min, τminor = 42.20 min (96% ee). [α]D
20: +74.0 (c = 0.75, CH2Cl2). 

(1R,1aS,1bS,5aS,6aS)-1-(4-Bromophenyl)-6-oxodecahydrocyclopropa[a]indene-1a-carbaldehyde 

(5t). Following the general procedure, 5t was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 9:1 to 7:3) as a yellow oil after 12 hours, starting from 4-(cyclohex-1-en-1-yl)-5H-1,2,3-

oxathiazole-2,2-dioxide 1d (45 mg, 0.225 mmol) and (E)-4-bromocinnamaldehyde 2h (32 mg, 0.150 

mmol) in the presence of DABCO (84 mg, 0.750 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 

mg, 0.030 mmol) and using (CH2Cl)2 (0.30 mL) as solvent. Yield: 38% (19 mg, 0.057 mmol). dr: >20:1. 

1H NMR (300 MHz, CDCl3) δ 8.87 (s, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 3.52 (d, J 

= 4.3 Hz, 1H), 2.85 (d, J = 4.3 Hz, 1H), 2.42-2.29 (m, 1H), 2.29-2.21 (m, 1H), 2.11-2.01 (m, 1H), 1.95-

1.79 (m, 3H), 1.44-1.31 (m, 2H), 1.27-1.17 (m, 2H). 13C NMR (75.5 MHz, CDCl3) δ 207.0, 197.2, 132.2, 

131.7, 130.6, 122.0, 47.5, 46.9, 41.5, 37.4, 36.0, 29.2, 25.8, 25.8, 24.7. IR (ATR): 1732, 1697 cm-1. HRMS: 

Calculated for [C17H16O2Br]¯: 331.0334 [M-H]̄; found: 331.0321. The enantiomeric excess was 

determined by HPLC using a Chiralpak AS-H column [n-hexane/i-PrOH (85:15)]; flow rate 1.0 mL/min; 

τmajor = 17.70 min, τminor = 47.53 min (96% ee). [α]D
20: +54.8 (c = 0.66, CH2Cl2). 

General Procedure for the Synthesis of bicyclo[3.1.0]hexanes 5u-v. The corresponding α,β-unsaturated 

aldehyde 2c-d (1.50 mmol) was added to a solution of (S)-α,α-diphenylprolinol trimethylsilyl ether (0.20 

mmol), DABCO (0.20 mmol) and (E)-4-styryl-5H-1,2,3-oxathiazole-2,2-dioxide 1e (1.00 mmol) in dry 

CHCl3 (2 mL) under inert atmosphere. The reaction was stirred at room temperature until it was completed. 

The obtained crude product was charged onto silica gel and subjected to flash chromatography (FC) with 

the indicated eluent, obtaining the desired bicyclo[3.1.0]hexanes 5u-v. The racemic compounds for HPLC 

separation conditions were prepared under the same reaction conditions, using in these cases a 1:1 ratio of 

(R)- and (S)-α,α-diphenylprolinol trimethylsilyl ether (0.20 mmol) as catalyst. 

(1S,2R,5S,6R)-6-(2-Methoxyphenyl)-4-oxo-2-phenylbicyclo[3.1.0]hexane-1-carbaldehyde (5u). 

Following the general procedure, 5u was isolated by flash column chromatography (hexanes/EtOAc 
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gradient from 8:2 to 6:4) as a yellow oil after 24 hours, starting from (E)-4-styryl-5H-1,2,3-oxathiazole-

2,2-dioxide 1e (33 mg, 0.150 mmol) and (E)-2-methoxycinnamaldehyde 2c (37 mg, 0.225 mmol) in the 

presence of DABCO (3 mg, 0.030 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 mg, 0.030 

mmol) and using dry CHCl3 (0.30 mL) as solvent. Yield: 46% (21 mg, 0.069 mmol). dr: >20:1. 1H NMR 

(300 MHz, CDCl3) δ 8.74 (s, 1H), 7.59-7.48 (m, 2H), 7.42-7.33 (m, 2H), 7.32-7.26 (m, 3H), 7.01-6.90 (m, 

1H), 6.83-6.74 (m, 1H), 4.44 (app t, J = 10.0 Hz, 1H), 3.52 (s, 3H), 3.43 (d, J = 4.6 Hz, 1H), 3.04 (d, J = 

4.6 Hz, 1H), 2.78 (dd, J = 18.5, 9.8 Hz, 1H), 2.65 (dd, J = 18.5, 10.3 Hz, 1H). 13C NMR (75.5 MHz, 

CDCl3) δ 207.3, 196.7, 158.2, 139.6, 129.7, 129.5, 128.2, 128.0, 127.0, 120.6, 120.4, 110.3, 54.7, 49.2, 

40.2, 40.1, 37.9, 31.0. IR (ATR): 1732, 1702 cm-1. HRMS: Calculated for [C20H17O3]¯: 305.1178 [M-H]̄; 

found: 305.1175. The enantiomeric excess was determined by HPLC using a Chiralpak AD-H column [n-

hexane/i-PrOH (85:15)]; flow rate 1.0 mL/min; τmajor = 10.73 min, τminor = 12.04 min (98% ee). [α]D
20: 

+40.7 (c = 0.66, CH2Cl2). 

(1S,2R,5S,6R)-6-(4-Methoxyphenyl)-4-oxo-2-phenylbicyclo[3.1.0]hexane-1-carbaldehyde (5v). 

Following the general procedure, 5v was isolated by flash column chromatography (hexanes/EtOAc 

gradient from 8:2 to 6:4) as a yellow oil after 24 hours, starting from (E)-4-styryl-5H-1,2,3-oxathiazole-

2,2-dioxide 1e (33 mg, 0.150 mmol) and (E)-4-methoxycinnamaldehyde 2d (37 mg, 0.225 mmol) in the 

presence of DABCO (3 mg, 0.030 mmol), (S)-α,α-diphenylprolinol trimethylsilyl ether (10 mg, 0.030 

mmol) and using dry CHCl3 (0.30 mL) as solvent. Yield: 41% (19 mg, 0.062 mmol). dr: >20:1. 1H NMR 

(300 MHz, CDCl3) δ 9.00 (s, 1H), 7.41-7.28 (m, 5H), 7.18 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 

4.42 (app t, J = 10.0 Hz, 1H), 3.80 (s, 3H), 3.39 (d, J = 4.6 Hz, 1H), 3.15 (d, J = 4.6 Hz, 1H), 2.86 (dd, J 

= 18.6, 9.9 Hz, 1H), 2.56 (dd, J = 18.6, 10.1 Hz, 1H). 13C NMR (75.5 MHz, CDCl3) δ 206.9, 196.8, 159.3, 

140.2, 129.7, 128.8, 127.3, 127.1, 123.4, 114.5, 55.3, 50.2, 40.5, 40.5, 37.3, 34.7. IR (ATR): 1737, 1699 

cm-1. HRMS: Calculated for [C20H17O3]¯: 305.1178 [M-H]̄; found: 305.1176. The enantiomeric excess 

was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH (85:15)]; flow rate 1.0 

mL/min; τmajor = 13.40 min, τminor = 11.95 min (98% ee). [α]D
20: +45.5 (c = 0.27, CH2Cl2). 
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