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ABSTRACT: Reported is an original oxidative ring contraction of easily accessible cyclobutene derivatives for the selective for-
mation of cyclopropylketones (CPKs) under atmospheric conditions. Comprehensive mechanistic studies are proposed to support 
this novel, yet unusual, rearrangement. Insights into the mechanism ultimately led to simplification and generalization of the ring 
contraction of cyclobutenes using mCPBA as an oxidant. This unique and functional group tolerant transformation proceeds under 
mild conditions at room temperature, providing access to a new library of polyfunctionalized motifs. With CPKs being attractive 
and privileged pharmacophores, the elaboration of such a simple and straightforward strategy represents a highly valuable tool for 
drug discovery and medicinal chemistry. Additionally, the described method was employed to generate a pool of bioactive sub-
stances and key precursors in a minimum number of steps.

INTRODUCTION 

Four-membered carbocyclic architectures, especially cyclo-
butenes, have recently become a source of inspiration for 
dependable synthetic methodologies, due to their inherent ring 
strain.1  

Scheme 1. Our access path to cyclobutenes (a) and the first 

observation of oxidative ring contraction (b). 

 

While most documented strategies are based on [2+2]-
cycloadditions and transition metal-catalyzed processes,2 we 

have described an efficient, general and regioselective route to 
cyclobutenes via the intermediate formation of an easily-
accessible cyclobutenylmetal species CB-M (Scheme 1a) from 
bromobutynes 1.3 This one-pot generated CB-M was then 
engaged either in a direct cross-coupling reaction with aryl 
halides, or in a relayed sequence involving intermediate for-
mation of iodocyclobutenes 2. The synthetic approach to func-
tionalized cyclobutenes 3 was studied in depth, leading to a 
unique library of diversified aryl-, heteroaryl-, alkynyl- and 
vinyl-cyclobutenes. While CB-M could be used in one-pot 
sequences to form challenging alkylidenecyclobutanes,4 vinyl-
cyclobutenes were transformed into strained fused ring sys-
tems.5 Interestingly, when vinyl-cyclobutene 3a was left under 
atmospheric conditions (Scheme 1b) a formal oxidative ring 
contraction was observed and cyclopropylketone (CPK) 4a 
was isolated in 46% yield. 

Notably, CPK-based pharmacophores can be found in a num-
ber of bioactive substances (Figure 1, A-F)6 by exalting cru-
cial hydrophobic interactions.7 Efficient strategies that allow 
for a rapid and selective construction of these strained phar-
macophores represent valuable tools for drug discovery and 
high throughput screenings. 

Surprisingly, only few methods are described concerning the 
synthesis of such structures possessing aromatic, heteroaro-
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matic or vinylic substituents, and those require in most cases a 
large number of steps, with low functional group tolerance 

 

Figure 1. CPK-containing bioactive substances.6 

So far, formation of gem-disubstituted cyclopropanes has been 
achieved by employing preformed carbonylated cyclopro-
panes,8 double alkylations with dihaloethanes,9 Corey-
Chaykovsky cyclopropanations,10 α-arylation of cyclopropyl 
nitriles,11 or more recently, via transition metal catalyzed 
oxidative cyclopropanations of alkynes.12 Intrigued by the 
simplicity of our innovative sequence, when compared to 
functional group sensitive reported processes, we took on the 
challenge of generalizing the access to these important mod-
ules. 

RESULTS AND DISCUSSION 

On the mechanism of the oxidative ring contraction 

with O2 

After the first observation of ring contraction of cyclobutenes 
under air, we became interested in the generalization and 
application of such an uncommon reaction.13 We thus started 
investigating the mechanism of the transformation to under-
stand, and ultimately optimize, the synthesis of CPKs from 
cyclobutenes. Here we propose a mechanism for the oxidative 
addition of O2 onto cyclobutenes, inspired by the early find-
ings of Priesnitz et al.13a Fundamental mechanistic assump-
tions were addressed both experimentally and by quantum 
chemical calculations, the details of which can be found at the 
end of the manuscript. We describe and compare hereafter, 
two alternative routes that can be envisioned for the formation 
of CPKs. 

As the reaction readily occurs under air, we propose that cy-
clobutene (E)-3 is first oxidized by the presence of triplet O2, 
giving the biradical species [G] (Scheme 2). Importantly, we 
noticed that starting from either (E)-3 or (Z)-3 derivatives led 
to the same (E)-4 isomer. Firstly, the consideration of this 
allows for explaining the double bond isomerization through 
an intermediate π-allyl radical species, the equilibrium being 
displaced toward the thermodynamic E product [G]. Two 
paths can then be described: in path 1a, a ring contraction 
takes place resulting in [H], which leads to formation of the 
dioxirane [I]. As dioxiranes are very reactive species, we 
assumed that a fast epoxidation occurs, consuming an equimo-
lar amount of the starting material 3. However, a second route 
(path 1b) can be described, where G reacts in a concerted 
radical epoxidation with a molecule of the cyclobutene sub-
strate 3, giving the same intermediate 5 as path 1a. In parallel, 
path 2 can be followed, in which a 1,2-dioxetane [J] is inter-
mediary formed, as the product of a formal [2+2]-
cycloaddition. A subsequent ring-opening reaction undergoes 
the formation of 1,4-diketone 6. 

 

Scheme 2. Proposed mechanism for the oxidative ring contraction of cyclobutenes (path 1) and oxidative ring opening (path 2). 

 
 

Formation of CPKs vs 1,4-Diketones under atmospheric 

conditions 

 

Taking into account that a carbon-shift of substituted epoxides 
can be triggered by addition of a Lewis acid, or under thermal 
conditions (Meinwald rearrangement),13-14 optimizations were 
undertaken to favor the exclusive formation of the oxidative 
ring contraction product 4 (Table 1). Particular observations of 
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such cyclobutene oxide rearrangements have been reported in 
the past, but in most cases with low efficiency and versatili-
ty.15 

Performing the reaction neat on air led to uncomplete conver-
sion while pure oxygen favored the formation of 1,4-diketone 
6a (entries 1, 2), as recently exemplified by Loh and co-
workers.16 Similar ratios were observed when H2O was used as 
a solvent in the presence of O2 (entry 3), and prolonged reac-
tion times were noted when solubilizing substrates in EtOAc 
(entry 4). In the absence of air (nitrogen atmosphere), no oxi-
dation was observed leaving the starting material unreacted 
(entry 5). Addition of TEMPO or BHT to the solution pre-
vented the reaction - supporting the assumption of an initial 
radical addition of O2 to the unsaturated system (entries 6 and 
7) - and the starting material was recovered. Taking the reac-
tion under air up to 100 °C afforded full conversion of the 
starting cyclobutene in 3 h, furnishing exclusively the mono-
oxidized compound 4a, supporting the intermediate formation 
of cyclobutene oxide 5, undergoing a dyotropic rearrangement 
at higher temperatures (entry 8). 

 

 

Table 1. Condition optimizations. 

entry oxidant solvent temp. 

(° C) 

t 
(h) 

conv. 

(%) 

4a:6a[a] 

1 air neat rt 24 50 87:13 

2 O2 neat rt 2 98 30:70 

3 O2 H2O rt 2 92 38:62 

4 air EtOAc rt 48 >99 77:23 

5 -[b] neat rt 20 0 - 

6 air[c] EtOAc rt 20 0 - 

7 air[d] EtOAc rt 20 0 - 

8 air  neat 100 3 89 >99:1 

[a] conversion of the starting material and ratios determined by 
GC. [b] under N2. [c] TEMPO (1 equiv.) was added. [d] BHT (1 
equiv.) was added. 

Through a favored path 1 under thermal conditions (see 
Scheme 2), the exclusive formation of the desired product is 
the result of two converging and complementary reactions: 1) 
the consumption of the dioxirane [I] giving the ketone 4 along 
with the epoxide 5; 2) the Meinwald rearrangement of the 
latter epoxide under thermal conditions. 

With optimized conditions in hand for air-promoted oxidative 
ring contraction, cyclobutene 3a-c led to CPKs 4a-c in good 
yields up to 66%. When chiral cyclobutene 3d was used, 4d 
was isolated with a good diastereoisomeric ratio (dr = 8:1 
determined by 13C NMR, Scheme 3). 

 

Scheme 3. Representative examples of air-promoted oxida-

tive ring contraction  

 

Surprisingly, when aryl-cyclobutene (3e) was subjected to 
similar conditions, none of the corresponding CPK 4e could be 
detected, even in prolonged reaction time (further optimiza-
tions will be disclosed later). 

As depicted in Table 1, the use of pure oxygen favored a for-
mal [2+2]-cycloaddition, giving a majority of 1,4-diketone 6. 
The scope of this transformation was briefly explored, as such 
motifs present synthetic applications in organic chemistry.16 
Vinylcyclobutenes 3 were submitted to an atmosphere of 
dioxygen, furnishing diketones 6a-f in moderate yields 
(Scheme 4). Moreover, 6e was employed in a Paal-Knorr 
condensation to undergo the formation of tri-substituted furan 
7 in 87% yield. 
 

Scheme 4. Synthetic scope of 1,4-diketone formation 

 
 

Selective formation of CPKs with oxidants 

Overcoming the limitation of the ring contraction to styryl 
systems required developing additional optimizations. Diverse 
oxidizing reagents were tested for the transformation of 3a and 
3e into 4a and 4e, respectively (Table 2) 
 

 
Table 2. Condition optimizations. 

Page 3 of 19

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

entry R oxidant temp. 

(° C) 

t conv. 

(%)[a] 

1 

 

DMDO[b] rt 3h >99[c] 

2 mCPBA[d] 0 10min >99 

3 mCPBA
[d]
 rt 10min >99 

4 p-Tol mCPBA
[d]
 rt 10min >99 

5 p-Tol mCPBA[e] rt 18h 75[f] 

6 p-Tol t-BuOOH[d] rt 18h traces 

7 p-Tol AcOOH[d] rt 18h 33 

8 p-Tol H2O2
[g] rt 18h traces 

9 p-Tol NaOCl[h] rt 18h 70[h] 

[a] conversion of the starting material and proportions deter-
mined by GC/NMR. [b] acetone from the in-situ generation of 
DMDO. [c] many side products observed. [d] 1 equiv., in CH2Cl2 
[e] NaHCO3 (2 equiv.) was added to the reaction. [f] 75% conver-
sion of the starting material, but in a 50:50 ratio of epoxidation 
product and desired product 4, see SI [g] 5 equiv., NaOH (0.1 
equiv.), in MeOH. [h] (R,R)-Jacobsen’s catalyst (5 mol%): 70% 
conversion of the starting material, but in a 30:70 ratio of epoxi-
dation product and desired product 4, see SI. 

Even though DMDO afforded full conversion of 3a at room 
temperature (entry 1, Table 2), many overoxidized side prod-
ucts were observed. When mCPBA was used (entries 2, 3), 
complete consumption of the starting material was observed, 
giving the desired ring contracted product independently from 
the temperature.17 Interestingly, only the most activated double 
bond (cyclobutene) reacted during the reaction, leaving both 
allyl and vinyl groups untouched. Moreover, the air-stable 
substrate 3e furnished the rearranged product 4e under these 
optimized and mild conditions. We assumed that the Mein-
wald rearrangement was assisted by the presence of m-
chlorobenzoic acid, released by the epoxidation reaction. To 
test this hypothesis, a similar experiment (entry 5) was con-
ducted in the presence of NaHCO3. If 75% conversion were 
observed, the ring-contraction was partially inhibited by the 
presence of the base, as the cyclobutene oxide was observed in 
a 50:50 ratio with the desired cyclopropylketone, thus support-
ing the intermediary epoxide formation as well as the assis-
tance of the acid in the ring contraction process. Furthermore, 
the scope of oxidants was evaluated. While alkylperoxide or 
hydrogen peroxide did not promote any oxidation, leaving the 
starting material unreacted (entry 6, 8), peracetic acid afforded 
33% of conversion after 18h (entry 7). At last, Jacobsen’s 
catalyst was employed in the presence of sodium hypochlorite 
(entry 9) and could convert 70% of the starting cyclobutene 3e 
in 18h. However, the uncontracted cyclobutene oxide was 
detected in 30:70 ratio with the desired product 4, supporting 
the need for acidic conditions in the Meinwald rearrangement.  

To establish the scope of the transformation, a range of cyclo-
butenes was engaged in the oxidative ring contraction under 
re-optimized conditions. First, 3e – which remained unaffected 
under an atmospheric environment – furnished the desired 
CPK 4e in 86% yield (Scheme 5). Likewise, an electroen-
riched substrate led to the expected ring-contracted product 4f 
in similar yield, and a crystal structure was obtained to con-
firm the presence of the cyclopropylketone scaffold.18 

 

Scheme 5. Representative examples of mCPBA-promoted 

oxidative ring contraction  

 

[a] mCPBA (1 equiv.). [b] BF3·OEt2 (1 equiv.) was added to the 
reaction mixture. [c] The product was obtained from the corre-
sponding 3-NH2C6H4 derivative. [d] The aldehyde was obtained 
after hydrolysis, starting from the corresponding 1,3-dioxolane 
(see supporting information). 

Vinylcyclobutenes, the oxidative ring contraction of which 
was established with air, underwent smooth conversion to 
CPKs 4a-c and 4g-o with peracids in similar to high yields (up 
to 89%). 

Noteworthy, the very simple CPK-containing skeleton 4p was 
found to possess a moderate activity against tumor cells HL60 
(IC50 = 15 µM; see SI). In all cases, only the internal strained 
alkene reacted with the oxidant, leaving additional double 
bonds intact. In a second instance, aryl-substituted cyclo-
butenes were subjected to oxidation, yielding the correspond-
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ing adducts 4q-u and 4w. While electron-donor substituents 
underwent a direct ring-contraction (4q-r, 4w), the addition of 
a Lewis acid (BF3·OEt2) was needed to drive the reaction to 
completion with electron-withdrawing groups (4s-u). Alt-
hough an alkynyl derivative also furnished the desired prod-
uct, a lower yield was obtained (4v, 45%). Finally, we pushed 
the methodology further to test the versatility of the process 
when using heteroarylated cyclobutenes. Dibenzofuryl, fluor-
opyridyl, dimethyloxazolyl and benzylpyrazolyl substituents 
were tolerated, and the corresponding compounds 4w-z were 
isolated in good yields up to 75%. Interestingly, the presence 
of a sulphur atom in the aromatic core (thiophenyl) did not 
affect the course of the transformation, giving the derivative 
4ab in good yield (69%), the aromatic ring remaining unox-
idized. Finally, different approaches were employed to intro-
duce phenyl- and ethylphenyl moieties on the starting cyclobu-
tene.19-20 Their oxidation in the presence of mCPBA led to 
diversely substituted cyclopropylketones 4ac and 4ad, thus 
extending the scope of the oxidative ring contraction to aryl 
and alkyl groups. 

Next, we investigated the oxidative ring contraction of chiral 
cyclobutenes (Scheme 6). 

 

Scheme 6. Representative examples of mCPBA-promoted 

oxidative ring contraction  

 

[a] -40 °C to rt, 3h. 

Employing similar oxidative conditions, cyclobutenes 3ae-ai 
underwent rapid ring contraction, providing CPKs 4ae-ai in 
good to excellent yields (up to 92%, 4ae). The diastereoselec-
tivity of the transformation seems to depend on the nature of 
the substrate. Only moderate to low diastereomeric ratios were 
observed (dr up to 2.3:1). We attributed the deficiency in 
stereoselectivity to a fast epoxidation, the shielding effect of 
the R1 chain playing only a minor role in the stereodifferentia-
tion of the double bond. Decreasing the temperature to -40 °C 
slightly improved the diastereoselectivity for the ring contrac-
tion to 2.6:1 dr (4ae). 

 

Synthesis of bioactive targets 

To further explore the synthetic utility of our methodology, we 
set out to access bioactive substances or their related precur-
sors (Scheme 7). A common starting material (4-
bromobutyne) was utilized to begin these syntheses. Cyclobu-
tene iodides were formed in a one-pot process through lithia-
tion/carboalumination/iodolysis and after simple extraction, 
reacted using a palladium-catalyzed Negishi or Suzuki cross-
coupling reaction to afford the corresponding arylated cyclo-
butenes. Further oxidation with mCPBA was performed on 
crude materials, giving CPKs 4r, 4w and 4aj in good yields 
(68 to 86%). At first, post-derivatization was achieved on the 
methylketone moiety of 4r by enolization / electrophilic trap-
ping employing 2-pyridylsulfonylfluoride to provide the dehy-
drogenase inhibitor B in a single step. Second, modification of 
the methylketone was carried out through haloform reaction 
with CCl4, providing cyclopropylcarboxylic acids 8a-b in 
quantitative yields. Importantly, 8b stands as the precursor in 
the Lumacaftor (E) synthesis (potent drug against cystic fibro-
sis in combination with Ivacaftor).6g Pre-derivatization was 
also envisioned and applied to the synthesis of an analog struc-
ture of the herbicide C providing the deoxy-C herbicide in 
43% yield over two steps. Initial Suzuki cross-coupling of 
previously iodinated CB-M (see Scheme 1) with (2-
methoxyphenyl)boronic acid resulted in the corresponding 
cyclobutene 9 in 77%. Upon exposure of 9 to BBr3, followed 
by nucleophilic substitution on dichloropyridazine, 10 was 
obtained and directly employed in the final oxidative ring 
contraction without purification, completing the synthesis of 
deoxy-C 11 in 43% yield over two steps. 

 

 

Scheme 7. Straightforward syntheses and formal synthesis of bioactive substances through oxidative ring contraction. 
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Sequence to access cyclopropyl-aldehydes 
 

To ensure a broader applicability of the method, we finally 
assembled a sequence for the formation of cyclopropylalde-
hydes. To achieve that goal, commercially available cyclobu-
tanone 12 was submitted to nucleophilic addition of an ar-
ylmetal species and the resulting alcoholate was further acety-
lated. β-Elimination on 15 in the presence of lithium bromide 
after exchanging the solvent to dimethylformamide furnished 
arylated cyclobutene 16. With a sufficient purity, 16 was fur-
ther engaged without purification in the oxidative ring contrac-
tion in the presence of mCPBA, giving the desired rearranged 
compounds 13a-f (Scheme 8). Employing diversely substitut-
ed aromatic structures showcases the efficient formation of a 
range of cyclopropylaldehydes in six steps from commercial 
sources and with a sole purification step, in moderate to good 
yields (34 to 69%). 

COMPUTATIONAL ANALYSIS 

The proposed mechanism of the oxidative ring contraction of 
cyclobutene 3 (Scheme 2) was investigated theoretically for a 
better understanding. DFT with the B3LYP functional and the 
6-31G(d) basis set of the program package Gaussian1621 was 
used generally for all geometry optimizations. Only geometry 
point TSDK1 was computed at the CASSCF/6-31G(d) level of 
theory with the program package Molpro201222 for a correct 
description of the state. 

Scheme 8. Direct access to cyclopropyl-aldehydes from 

commercially available cyclobutanone. 

 

 

The energies of the discussed reaction scheme were then ob-
tained by applying the CASPT2 routine of the program pack-
age Molcas 8.223 with the ANO-L-VDZP basis set on the 
optimized structures. It is a common procedure to do geometry 
optimizations on a low level of theory, as e.g. DFT, and then 
correct the calculated energies using single-point calculations 
at a higher level of theory, as e.g. the CASPT2, to include 
nondynamic and dynamic electron correlation.24 Investigating 
the mechanism proposed in Scheme 2 computationally, we 
need to describe diradicalic structures. To do this correctly, we 
use the multi-reference method CASPT2. A more detailed 
description of the computational methods is given in the sup-
porting information. Specific options for the CASPT2 calcula-
tions, as the chosen active space, are discussed there. For 
completeness, we also show the results at the B3LYP level of 
theory.  

Scheme 9. Barrier for the addition of triplet oxygen (
3
O2) 

to cyclobutene 3 at the CASPT2/ANO-L-VDZP level of 

theory. The labels in brackets correspond to the nomencla-

ture used in Scheme 2. The given energies are referenced 
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to the energy of the educts, cyclobutene 3 and 
3
O2, separat-

ed at 10 Angstrom. Additionally, the numbering of im-

portant atoms used in the following discussion is shown. 

 
 

The first step of the mechanism (Scheme 9) is the same for 
both observed products, cyclopropane 4 and diketone 6. Tri-
plet oxygen (3O2) adds to the C-C double bond of the cyclobu-
tene ring forming a C-O bond between C1 and O1 to generate 
the diradical GS1. The barrier for this addition lies with 
24.4 kcal/mol in the possible range for a slow reaction at room 
temperature. At GS1 the occupied T1 state and the S0 state, 
both have the equivalent electronic diradicalic character and 

lie energetically close with Δ� � 0.001 eV. Figure 2 a shows 
the two single occupied orbitals of the S0 and T1 state to con-
firm the diradicalic character. One electron is localized at the 
oxygen atom O2 and the second is delocalized over the allylic 
positions C2 and C6. The S0 and T1 states remain energetically 
close and keep their electronic character along the reaction 
path to the corresponding next transition state of each investi-
gated pathway (Figure 2 b and c). Calculations of the spin 
orbit coupling suggest that intersystem crossing is possible in 
those regions. A detailed discussion and the calculated values 
are given in the supporting information. In the following dis-
cussion, we expect that intersystem crossing took place and all 
points are evaluated in the singlet ground state S0. 

Figure 2. Single occupied orbitals of the S0/T1 state at a) 

GS1, b) TSDK1 and c) TSCPX showing the diradicalic 

character at this geometry points. 

 
Scheme 10 summarizes the results for the reaction pathways 
path 1a, path 1b and path 2 discussed in Scheme 2. In path 1a, 
first proposed by Priesnitz13a, the predicted dioxirane [I] 
(GSCP2) is reached in a stepwise process. First, the cyclobu-
tene ring is rearranged to a cyclopropane ring to form GSCP1 
[H]. The C-C bond between C1 and C4 is broken and a bond 
between C2 and C4 is built in one step via TSCP1. This is 
followed by the formation of the second C-O bond between 
C1 and O2 via TSCP2 to form dioxirane [I]. For the next step, 
Priesnitz proposed that cyclobutene 3 is epoxidized by diox-
irane [I]. This step via TSCP3 leads to the product CPK 4 
(GSCP4) and the intermediate, epoxide 5 (GSCP3). 5 can 
form another CPK 4 molecule via TSCP4 which corresponds 
to a Meinwald rearrangement.13-14 The first step of path 1a has 
a high barrier of 31.5 kcal/mol to TSCP1 accounting for a total 
barrier of 49.3 kcal/mol which makes this pathway highly 
unlikely. Apparently, the rearrangement of the carbon bonds 
forming a cyclopropane ring from a cyclobutene ring is unfea-
sible at this point of the reaction path. 

In Scheme 2 another mechanistic pathway to cyclobutene 3 
was proposed (path 1b). Here, a direct epoxidation takes place 
after the addition of 3O2 without formation of the cyclopropane 
ring. The diradical GS1 can epoxidize cyclobutene 3 via 
TSCPX to form two molecules of intermediate epoxide 5 
(GSCP3). The next step of this pathway is the same as of 
path 1a. CPK 4 (GSCP4) is built via Meinwald rearrangement 
of epoxide 5. The barrier to TSCPX is with a value of 
9.1 kcal/mol a lot of smaller than the barrier to TSCP1 which 
makes path 1b the favored pathway towards cyclobutene 4. 
The second transition state of this path (TSCP4) can be 
reached via a barrier of 32.1 kcal/mol, the largest barrier of 
this pathway. In the following, only the here proposed novel 
path 1b is discussed as reaction pathway leading to the product 
4. 

Scheme 10. Reaction scheme for path 1a, path 1b and path 2 of the oxidative ring contraction of cyclobutene 3 at the 

CASPT2/ANO-L-VDZP level of theory. The labels in brackets correspond to the nomenclature used in Scheme 2. The struc-

tures are shown without the phenyl ring. The energies are referenced to the energy of the educts, cyclobutene 3 and 
3
O2, 

separated at 10 Angstrom. 
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The reaction towards the second product, diketone 6, is de-
scribed with path 2. Here, the first transition state (TSDK1) 
leads to a formation of a four membered ring between the 

oxygen molecule and the two carbon atoms of the C-C double 
bond. This intermediate, dioxetane [G] (GSDK1), corresponds 
to a classical [2+2] cyclo-addition product between 3O2 and an 
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alkene. The barrier for this step accounts for 13.6 kcal/mol. In 
the second step, the bonds of the four-membered dioxetane 
ring are rearranged via a six-membered transition state 
(TSDK2) to form diketone 6 (GSDK2). The corresponding 
barrier (23.4 kcal/mol) is of the same magnitude as the barrier 
for the first addition of 3O2 to 3 (step 1). 

Comparing both pathways (path 1b and path 2) first confirms 
that the formation of both products is possible and secondly 
reveals a difference in 4.3 kcal/mol for the corresponding first 
barriers in favor of reaction path 1b. This also results in a 
difference of the same value in the total barriers of both path-
ways. Thirdly, diketone 6 is the more stable product lying 
14.1 kcal/mol lower than CPK 4. 

In contrast to dioxetane [J], the intermediate epoxide 5 could 
be detected experimentally. This can be explained by the fact, 
that 5 (GSCP3) is around 38.1 kcal/mol more stabilized than 
[J] (GSDK1). Furthermore, comparison of the corresponding 
barriers to each next step reveals that the barrier to TSCP4 is 
around 8.7 kcal/mol larger than the barrier to TSDK2. This 
means, the Meinwald rearrangement via TSCP4 to generate 
CPK 4 happens on a slower time-scale so that intermediate 5 
can be detected under the given experimental conditions. The 
rearrangement towards 6 is expected to happen at the same 
time-scale than the initial attack of 3O2 to 3 since the barriers 
are of the same height. 

All computational results are in good agreement with the 
experimental product distributions under different reaction 
conditions. Using thermodynamical conditions with a low 
reaction temperature and a long reaction time leads preferen-
tially to the more stable product diketone 6. In contrast, using 
kinetic conditions with a high reaction temperature and a short 
reaction time leads to CPK 4 whose pathway has the lower 
over-all barrier. Furthermore, the observation of better yields 
of diketone 6 when the reaction is conducted under pure oxy-
gen atmosphere (in contrast to the normal atmospheric condi-
tions) can be explained by the theoretical results. The decisive 
transition state for the formation of CPK 4 (TSCPX) is a two-
molecule transition state between GS1 and educt cyclobutene 
3. When more oxygen is available for the first reaction step, 
the addition of 3O2 to 3, less reaction partner for GS1 is avail-
able to form epoxide 5 (GSCP2).  

In summary, the proposed as well as observed intermediates 
are verified and the complete proposed reaction mechanism is 
strongly supported by the theoretical study. 

CONCLUSIONS 

We have demonstrated a novel and efficient air-promoted 
oxidative ring contraction of easily-generated vinyl cyclo-
butenes. Combining theoretical studies with experimental 
investigations finally led to proposing a new mechanistic path 
for the formation of α-substituted cyclopropylketones. These 
modules possessing interesting pharmacological properties, a 
general and selective sequence was designed starting from 
readily available substrates, allowing the synthesis of a wide 
variety of functionalized scaffolds. Such a straightforward 
approach undoubtedly opens an entire platform for high 
throughput screening in drug discovery processes. 

 

Experimental Section 

General considerations. Commercially available starting materi-
als were used without further purification unless otherwise stated. 
All reactions were carried out under N2 atmosphere in flame-dried 
glassware. Syringes, which were used to transfer anhydrous sol-
vents or reagents, were purged with nitrogen prior to use. CH2Cl2 
was predried over CaCl2 and distilled from CaH2. THF was re-
fluxed and distilled from sodium benzophenone ketyl under nitro-
gen. Et2O was predried over CaCl2 and passed through activated 
Al2O3 (the solvent purification system SPS-400-2 from Innovative 
Technologies Inc.). Toluene was predried over CaCl2 and distilled 
from, CaH2. Chromatography purifications were performed using 
silica gel (SiO2, 0.040-0.063 mm, 230-400 mesh ASTM) from 
Merck. The spots were visualized under UV (254 nm) or by stain-
ing the TLC with KMnO4 solution (K2CO3, 10 g – KMnO4, 1.5 g 
– H2O, 150 mL – NaOH 10% in H2O, 1.25 mL), PAA: p-
anisaldehyde solution (conc. H2SO4, 10 mL – EtOH, 200 mL – 
AcOH, 3 mL – p-anisaldehyde, 4 mL). Diastereoisomeric ratios 
were determined by 1H NMR and 13C NMR. 13C and 1H NMR 
spectra were recorded on VARIAN Mercury 200, BRUKER ARX 
300, VARIAN VXR 400 S and BRUKER AMX 600 instruments. 
Chemical shifts are reported as δ values in ppm relative to residu-
al solvent peak (1H-NMR) or solvent peak (13C-NMR) in deuter-
ated chloroform (CDCl3: δ 7.26 ppm for 1H-NMR and δ 77.16 
ppm for 13C-NMR). Abbreviations for signal coupling are as 
follows: s (singlet), d (doublet), t (triplet), q (quartet), quint (quin-
tet), m (multiplet) and br (broad). Reaction endpoints were deter-
mined by GC monitoring of the reactions. Gas chromatography 
was performed with machines of Agilent Technologies 7890, 
using a column of type HP 5 (Agilent 5% phenylmethylpolysilox-
ane; length: 15 m; diameter: 0.25 mm; film thickness: 0.25 µm) or 
Hewlett-Packard 6890 or 5890 series II, using a column of type 
HP 5 (HewlettPackard, 5% phenylmethylpolysiloxane; length: 15 
m; diameter: 0,25 mm; film thickness: 0.25 µm). High resolution 
mass spectra (HRMS) and low resolution mass spectra (LRMS) 
were recorded on Finnigan MAT 95Q or Finnigan MAT 90 in-
strument or JEOL JMS-700. Infrared spectra were recorded on a 
Perkin 281 IR spectrometer and samples were measured neat 
(ATR, Smiths Detection DuraSample IR II Diamond ATR). The 
absorption bands were reported in wave numbers (cm-1) and 
abbreviations for intensity are as follows: vs (very strong; maxi-
mum intensity), s (strong; above 75% of max. intensity), m (me-
dium; from 50% to 75% of max. intensity), w (weak; below 50% 
of max. intensity) and br (broad). Melting points were determined 
on a Büchi B-540 apparatus and uncorrected. Single crystals were 
grown in small quench vials with a volume of 5.0 mL from slow 
evaporation of dichloromethane/hexanes mixtures at room tem-
perature. Suitable single crystals were then introduced into per-
fluorinated oil and mounted on top of a thin glass wire. Data 
collection was performed at 100 K with a Bruker D8 Venture 
TXS equipped with a Spellman generator (50 kV, 40 mA) and a 
Kappa CCD detector operating with Mo-Kα radiation (l = 0.71071 
Å). 
s-BuLi and t-BuLi were purchased as solutions in cyclohex-
ane/hexanes mixtures from Rockwood Lithium GmbH. The 
commercially available Grignard reagents MeMgCl, PhMgCl and 
n-BuMgCl were also purchased from Rockwood Lithium GmbH, 
as solutions in THF. 
The concentration of organometallic reagent from commercially 
purchased and synthesized reagents was determined either by 
titration of isopropyl alcohol using the indicator 4-
(phenylazo)diphenylamine in THF for Grignard reagents or using 
the indicator N-benzylbenzamide in THF for organolithium rea-
gents. 
 
[s-BuLi] = 1.31 M in cyclohexane (titration with isopropanol / 
1,10-phenanthroline), purchased from Rockwood Lithium GmbH. 
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[i-PrMgCl·LiCl] = 1.1 M in THF (titration with iodine), purchased 
from Rockwood Lithium GmbH. [n-BuLi] = 2.44 M in cyclohex-
ane (titration with isopropanol / 1,10-phenanthroline), purchased 
from Rockwood Lithium GmbH. 

General procedure A for the synthesis of cyclobutenes 3:[3] 
To cyclobutene-iodides 2 in THF (0.2 M) were consecutively 
added Pd(dppf)Cl2·CH2Cl2 (4 mol%), the appropriate organobo-
ronic acid (1.0 – 2.0 eq.) and a 1M solution of NaOH (3.0 eq.). 
The mixture was stirred at ambient temperature until TLC showed 
full consumption of the starting iodide 2 (20 min up to overnight). 
The reaction was quenched by addition of water, extracted with 
Et2O (3 × 20 mL) and dried over MgSO4. The crude product was 
concentrated under reduced pressure and finally filtrated through 
a short silica column to remove palladium salts. Crude materials 
were used without further purification. 
 

General procedure B for the synthesis of cyclopropylketones 
4,11): To cyclobutenes 3 in CH2Cl2 (0.1 M) was added mCPBA in 
CH2Cl2 (0.3 M, 1.0 eq.) at 0 °C. The reaction was checked after 
10 min by TLC and another portion of mCPBA (0.5 eq.) was 
added if the reaction was not complete. This step was repeated 
until full conversion of the substrates. The reaction was the treated 
by addition of NaOH (1 M) and extracted with CH2Cl2 
(3 × 20 mL). Volatiles were removed under reduced pressure and 
the crude product purified by chromatography. Ba) The desired 
products 4,11 were obtained analytically pure. Bb) In the case of 
4s,t,u,y,ac,ad, aj the epoxide intermediate 5 was obtained after 
chromatography, as it did not undergo ring contraction. In such 
cases, intermediates were dissolved in Et2O (0.3 M) and BF3·OEt2 
(1.0 eq.) was added. As completion of the rearrangement was 
observed after 10 min, the final products could be purified by 
chromatography after extraction. 
 
General procedure C for the synthesis of cyclopropylaldehydes 
(13). To aryl-halide (1.05 eq) in THF (0.33 M) was added drop-
wise n-BuLi (1.1 eq., 2.44 M) at -78 °C under inert atmosphere 
and the mixture was stired for 15 min at this temperature. Cyclo-
butanone 12 (1 eq) in THF (1 M) was added at -78 °C, the reaction 
stirred for 30 min before warming to room temperature. Ac2O 
(2 eq.) was added at -78 °C, and the reaction was allowed to warm 
to room temperature and stirred for 2h. Volatiles were removed 
under vacuum and DMF (0.5 M) was added, followed by LiBr 
(10 eq.) and the mixture was heated to 100 °C and let stir for 2 h. 
After completion of the transformation, monitoring by TLC, the 
mixture was allowed to cool down to room temperature, washed 
with water and brine and extracted with EtOAc. The organic 
phase was dried over MgSO4 and the solvent removed under 
reduced pressure. To crude cyclobutenes 16 in CH2Cl2 (0.1 M) 
was added mCPBA in CH2Cl2 (1.0 eq., 0.3 M) at 0 °C. The reac-
tion was checked after 10 mins by TLC and another portion of 
mCPBA (0.5 eq.) was added if the reaction was not complete. 
This was repeated once if need be. The reaction was quenched by 
addition of NaOH (1 M) and extracted with CH2Cl2 (3 × 20 mL). 
The solvent was evaporated under reduced pressure and the crude 
product purified by chromatography. 
 
Experimental Data 

1-Methoxy-4-(2-phenethylcyclobut-1-en-1-yl)benzene (3ad):19 

To a solution of (C5H5)2ZrCl2 (1 eq.) in THF (0.2 M) was added 

EtMgBr (2 eq.) at -78 °C. The reaction mixture was warmed up to  

-40 °C and stirred for 1 h. To the mixture was added (4-chlorobut-

3-yn-1-yl)benzene (1 eq.) in THF (5 M) at -78 °C. The mixture 

was stirred for 1 h at room temperature. After cooling back to -

40 °C the reaction was quenched with iodide (2 eq.) and let warm 

to room temperature. The mixture was poured on ice/1 M HCl 

solution, extracted with hexanes, dried with MgSO4 and filtered. 

The solvent was removed under reduced pressure and the crude 

mixture was purified over silica with hexanes as eluent (Rf = 0.7 

(hexane, UV, KMnO4, PAA). (2-(2-iodocyclobut-1-en-1-

yl)ethyl)benzene was then used in the following cross-coupling 

reaction. Therefore LiCl (1.1 eq.) and Mg (1.6 eq.) were dried 

under inert atmosphere followed by adding THF (0.4 M), and one 

drop of dibromoethane. The mixture was heated once to reflux to 

activate the Grignard. After cooling back to room temperature to 

the mixture was added B(Oi-Pr)3 (1.5 eq.). According to that (2-

(2-iodocyclobut-1-en-1-yl)ethyl)benzene (0.5 M) was added 

dropwise to the reaction. After 2 h a cloudy suspension has been 

formed. To the suspension was then added Pd(dppf)Cl2 dichloro-

methane adduct (4 mol%), 1-iodo-4-methoxybenzene (0.80 eq.) 

and an aqueous solution of sodium hydroxide (1.5 eq. 1.00 M). 

The reaction mixture stirred overnight and then extracted with 

diethyl ether (3 × 20 mL), washed with a saturated aqueous solu-

tion of sodium chloride (20 mL), dried with magnesium sulfate, 

filtered, concentrated and purified via flash column chromatog-

raphy to provide 3ad (0.27 mmol, 72 mg, 55%) as colorless oil. Rf 

= 0.20 (hexane, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 

δ 7.35 – 7.18 (m, 7H), 6.89 – 6.82 (m, 2H), 3.82 (s, 3H), 2.86 (dd, 

J = 9.6, 6.4 Hz, 2H), 2.75 – 2.67 (m, 2H), 2.65 – 2.59 (m, 2H), 

2.51 – 2.42 ppm (m, 2H). 13C NMR (101 MHz, CDCl3) δ 158.4, 

142.2, 139.7, 137.3, 129.3, 128.5, 128.4, 126.9, 126.0, 113.9, 

55.4, 33.7, 32.1, 27.7, 26.1 ppm. LRMS (DEP/EI-Orbitrap): 

m/z (%):264.1 (30), 249.1 (40), 235.0 (5), 221.1 (5), 203.1 (2). 

HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C19H20O
+: 264.1514; 

found: 264.1507. IR (Diamond-ATR, neat) 
��
�: 3059(w), 

3024(w), 1780(w), 1726(w), 1670(s), 1614(vw), 1597(m), 

1578 cm-1 (w). 

(E)-3-Methyl-1-(1-styrylcyclopropyl)but-3-en-1-one (4a): 
Using 1-iodo-2-(2-methylallyl)cyclobut-1-ene (2a) and (E)-
styrylboronic acid according to general procedure A and Ba pro-
vided 4a (0.20 mmol, 45 mg, 79%) as colorless oil.Rf = 0.80 
(hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 7.42 – 7.31 (m, 4H), 7.29 – 7.22 (m, 1H), 6.83 (d, J = 
15.8 Hz, 1H), 6.42 (d, J = 15.8 Hz, 1H), 4.96 – 4.93 (m, 1H), 4.77 
– 4.75 (m, 1H), 3.33 (s, 2H), 1.76 (t, J = 1.1 Hz, 3H), 1.50 (dd, J = 
6.9, 3.7 Hz, 2H), 1.15 ppm (dd, J = 7.1, 3.9 Hz, 2H). 13C NMR 
(101 MHz, CDCl3) δ 207.8, 139.5, 136.9, 131.4, 128.8, 128.2, 
127.8, 126.3, 114.8, 49.9, 33.8, 22.9, 19.8 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 226.2 (3), 211.2 (12), 184.1 (21), 141.1 (31), 
128.1 (100). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C16H18O

+: 226.1358; found: 226.1353. IR (Diamond-ATR, neat) 

��
�: 3080(vw), 3027(w), 2920(w), 2852(w), 1690(s), 1646(w), 
1600 cm-1 (w). 

(E)-1-(1-Styrylcyclopropyl)ethanone (4b): Using 1-iodo-2-
methylcyclobut-1-ene (2b) and (E)-styrylboronic acid according 
to general procedure A and Ba provided 4b (0.35 mmol, 65 mg, 
70%) as colorless oil. 4b was also obtained by following proce-
dure A and subjecting the crosscoupling product  to air at 100 °C 
for three hours (58%). Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, 
PAA). 1H NMR (400 MHz, CDCl3) δ 7.33 – 7.28 (m, 2H), 7.27 – 
7.22 (m, 2H), 7.20 – 7.14 (m, 1H), 6.76 (d, J = 15.9 Hz, 1H), 6.31 
(d, J = 15.9 Hz, 1H), 2.17 (s, 3H), 1.42 (dd, J = 6.6, 4.2 Hz, 1H), 
1.09 ppm (dd, J = 7.3, 3.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) 
δ 208.1, 136.9, 130.6, 128.8, 128.4, 127.8, 126.3, 33.9, 28.4, 
19.6 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 186.1 (40), 171.1 
(10), 157.1 (15), 143.1 (40), 128.1 (100). HRMS (EI-Orbitrap): 

Page 10 of 19

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

m/z: [M]+ Calcd for C13H14O
+: 186.1045; found: 186.1039. IR 

(Diamond-ATR, neat) 
��
�: 3082(vw), 3058(vw), 3026(w), 
3006(w), 2926(vw), 1688(s), 1646(w), 1600 cm-1 (w). 

(E)-1-(1-(4-Methylstyryl)cyclopropyl)ethanone (4c): Using 2b 
and (E)-(4-methylstyryl)boronic acid according to general proce-
dure A and Ba provided 4c (0.17 mmol, 33 mg, 66%) as colorless 
oil. 4c was also obtained by following procedure A and subjecting 
the crosscoupling product  to air at 100 °C for three hours (66%). 
Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 
MHz, CDCl3) 7.30 – 7.26 (m, 2H), 7.18 – 7.10 (m, 2H), 6.77 (d, J 
= 15.8 Hz, 1H), 6.36 (d, J = 15.8 Hz, 1H), 2.34 (s, 3H), 2.25 (s, 
3H), 1.48 (dd, J = 6.7, 4.0 Hz, 2H), 1.15 ppm (dd, J = 7.2, 3.6 Hz, 
2H). 13C NMR (101 MHz, CDCl3) δ 208.4, 137.6, 134.1, 130.6, 
129.5, 127.4, 126.2, 33.9, 28.5, 21.3, 19.5 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 200.1 (42), 185.1 (13), 157.1 (50), 142.1 
(100). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C14H16O

+: 
200.1201; found: 200.1192. IR (Diamond-ATR, neat) 
��
�: 
3088(vw), 3022(w), 2922(w), 2864(vw), 1690(vs), 1650(w), 
1612(w), 1572(vw), 1560(vw), 1540(vw) cm-1. 

1-((1R,2R)-2-Pentyl-1-((E)-styryl)cyclopropyl)ethanone (4d): 
Using 1-iodo-2-methyl-3-pentylcyclobut-1-ene (2c) and (E)-
styrylboronic acid according to general procedure A and Ba pro-
vided 4d (0.35 mmol, 65 mg, 70%) as colorless oil. 4d was also 
obtained by following procedure A and subjecting the 
crosscoupling product  to air at 100 °C for three hours (88%). Rf = 
0.6 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 7.41 – 7.29 (m, 4H), 7.26 – 7.22 (m, 1H), 6.74 (d, J = 
15.8 Hz, 1H), 6.39 (d, J = 15.8 Hz, 1H), 2.33 (s, 3H), 1.59 (dd, J 
= 6.8, 4.1 Hz, 1H), 1.49 – 1.24 (m, 9H), 1.21 (dd, J = 8.3, 4.2 Hz, 
1H), 0.88 ppm (t, J = 6.6 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 
206.3, 137.0, 130.6, 130.2, 128.8, 127.7, 126.3, 39.5, 35.0, 31.7, 
30.6, 29.6, 27.1, 22.8, 21.0, 14.2 ppm. LRMS (DEP/EI-Orbitrap): 
m/z (%): 256.1 (8), 213.2 (15), 160.1 (50). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C18H24O

+: 256.1827; found: 256.1823. IR 
(Diamond-ATR, neat) 
��
�: 3645(m), 1738(w), 1481(w), 
1467(m), 1441(s), 1429(vs) cm-1. 

3-Methyl-1-(1-(p-tolyl)cyclopropyl)but-3-en-1-one (4e): Using 
2a and 4,4,5,5-tetramethyl-2-(p-tolyl)-1,3,2-dioxaborolane ac-
cording to general procedure A and Ba provided 4e (0.22 mmol, 
46 mg, 86%) as colorless oil. Rf = 0.45 (hexane/EtOAc 9:1, UV, 
KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 7.28 – 7.24 (m, 
2H), 7.15 (d, J = 7.8 Hz, 2H), 4.88 – 4.79 (m, 1H), 4.57 – 4.53 
(m, 1H), 3.02 (s, 2H), 2.36 (s, 3H), 1.63 (s, 3H), 1.60 (dd, J = 7.1, 
3.2 Hz, 2H), 1.15 ppm (dd, J = 7.2, 3.2 Hz, 2H). 13C NMR (101 
MHz, CDCl3) δ 208.8, 139.7, 137.9, 137.3, 131.1, 129.4, 114.4, 
50.1, 37.1, 22.8, 21.3, 19.2 ppm. LRMS (DEP/EI-Orbitrap): m/z 
(%): 214.1 (8), 159.1 (26), 131.1 (100). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C15H18O

+: 214.1358; found: 214.1354. IR 
(Diamond-ATR, neat) 
��
�: 3080(vw), 2974(w), 2922(w), 
2252(vw), 1776(w), 1692(s), 1650(w) cm-1. 

3-Methyl-1-(1-(3,4,5-trimethoxyphenyl)cyclopropyl)but-3-en-

1-one (4f): Using 2a and (3,4,5-trimethoxyphenyl)boronic acid 
according to general procedure A and Ba provided 4f (0.22 mmol, 
62 mg, 86%) as colorless solid. Rf = 0.35 (hexane/EtOAc 8:2, 
UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 6.58 (s, 2H), 
4.84 (t, J = 1.6 Hz, 1H), 4.59 (dq, J = 2.0, 1.0 Hz, 1H), 3.86 (s, 
6H), 3.85 (s, 3H), 3.06 (s, 2H), 1.69 – 1.55 (m, 3H), 1.58 (dd, J = 
6.7, 3.5 Hz, 2H), 1.17 ppm (dd, J = 7.0, 3.5 Hz, 2H). 13C NMR 
(101 MHz, CDCl3) δ 208.4, 153.2, 139.8, 137.5, 136.4, 114.4, 
108.0, 61.1, 56.3, 49.7, 38.0, 22.9, 19.3 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 290.1 (67), 275.1 (45), 235.1 (10), 207.1 
(100), 192.1 (29), 176.1 (84), 161.1 (50). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C17H22O4

+: 290.1518; found: 290.1514. IR 

(Diamond-ATR, neat) 
��
�: 2968(w), 2940(w), 2924(w), 
2832(w), 1692(m), 1586(m) cm-1. mp (°C): 81-82. 

(E)-1-(1-(4-(Trifluoromethyl)styryl)cyclopropyl)ethanone (4g): 
Using 2b and (E)-(4-(trifluoromethyl)styryl)boronic acid accord-
ing to general procedure A and Ba provided 4g (0.19 mmol, 
49 mg, 78%) as colorless oil. Rf = 0.4 (hexane/EtOAc 9:1, UV, 
KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.1 
Hz, 1H), 7.47 (d, J = 8.3 Hz, 1H), 6.99 (d, J = 15.9 Hz, 0H), 6.38 
(d, J = 15.9 Hz, 0H), 2.23 (s, 1H), 1.55 (dd, J = 7.0, 4.3 Hz, 1H), 
1.21 ppm (dd, J = 6.6, 3.9 Hz, 1H). 13C NMR (101 MHz, CDCl3) 
δ 207.3, 140.4 (q, J = 1.3 Hz), 131.3, 129.3 (q, J = 32.6 Hz), 
128.7, 126.5, 125.7 (q, J = 3.8 Hz), 122.9 (q, J = 271.7 Hz), 34.0, 
27.9, 19.7 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 254.1 (46), 
225.1 (23), 191.1 (22). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C14H13F3O

+: 254.0918; found: 254.0913. IR (Diamond-ATR, 
neat) 
��
�: 3044(vw), 3012(vw), 2932(vw), 1692(m), 1648(w), 
1616(w) cm-1. 

(E)-1-(1-(4-Chlorostyryl)cyclopropyl)ethanone (4h): Using 2b 
and (E)-(4-chlorostyryl)boronic acid according to general proce-
dure A and Ba provided 4h (0.08 mmol, 17 mg, 31%) as colorless 
oil. Rf = 0.45 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR 
(400 MHz, CDCl3) δ 7.33 – 7.26 (m, 4H), 6.83 (d, J = 15.9 Hz, 
1H), 6.32 (d, J = 15.9 Hz, 1H), 2.22 (s, 3H), 1.51 (dd, J = 7.2, 4.4 
Hz, 2H), 1.17 ppm (dd, J = 7.4, 3.6 Hz, 2H). 13C NMR (101 
MHz, CDCl3) δ 207.7, 135.4, 133.3, 129.2, 129.2, 128.9, 127.5, 
33.9, 28.1, 19.5 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 220.0 
(46), 191.0 (11), 177.0 (30), 162.0 (21), 142.1 (100). HRMS (EI-
Orbitrap): m/z: [M]+ Calcd for C13H13ClO+: 220.0655; found: 
220.0647. IR (Diamond-ATR, neat) 
��
�: 3022(vw), 2926(vw), 
1690(vs), 1646(w) cm-1. 

(E)-1-(1-(4-Methoxystyryl)cyclopropyl)ethanone (4i): Using 2b 
and (E)-(4-methoxystyryl)boronic acid according to general pro-
cedure A and Ba provided 4i (0.22 mmol, 48 mg, 89%) as color-
less oil. Rf = 0.4 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H 
NMR (400 MHz, CDCl3) δ 7.38 – 7.28 (m, 2H), 6.91 – 6.82 (m, 
2H), 6.67 (d, J = 15.9 Hz, 1H), 6.34 (d, J = 15.8 Hz, 1H), 3.81 (s, 
3H), 2.25 (s, 3H), 1.58 (s, 4H), 1.47 (dd, J = 6.9, 4.3 Hz, 3H), 
1.14 ppm (dd, J = 7.5, 3.6 Hz, 3H). 13C NMR (101 MHz, CDCl3) 
δ 208.6, 159.4, 130.3, 129.7, 127.5, 126.2, 114.2, 55.5, 33.9, 28.6, 
19.5 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 216.0 (95), 201.0 
(22), 173.0 (81), 158.0 (100), 141.1 (35). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C14H16O2

+: 216.1150; found: 216.1153. 

(E)-1-(1-(4-Fluorostyryl)cyclopropyl)ethanone (4j): Using 2b 
and (E)-(4-fluorostyryl)boronic acid according to general proce-
dure A and Ba provided 4j (0.13 mmol, 27 mg, 53%) as colorless 
oil. Rf = 0.45 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR 
(400 MHz, CDCl3) δ 7.40 – 7.28 (m, 2H), 7.06 – 6.96 (m, 2H), 
6.75 (d, J = 15.9 Hz, 1H), 6.34 (d, J = 15.9 Hz, 1H), 2.23 (s, 3H), 
1.49 (dd, J = 7.0, 3.6 Hz, 2H), 1.16 ppm (dd, J = 7.2, 3.7 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 208.0, 162.4 (d, J = 246.9 Hz), 
133.1 (d, J = 3.4 Hz), 129.4, 128.2 (d, J = 2.3 Hz), 127.8 (d, J = 
8.0 Hz), 115.7 (d, J = 21.6 Hz), 33.9, 28.2, 19.4 ppm. LRMS 
(DEP/EI-Orbitrap): m/z (%): 204.1 (34), 175.0 (11), 161.1 (39), 
146.0 (100). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C13H13FO+: 204.0950; found: 204.0946. IR (Diamond-ATR, neat) 

��
�: 3040(vw), 3008(vw), 2926(vw), 1690(s), 1652(w), 
1602(m) cm-1. 

(E)-1-(1-(2-([1,1'-Biphenyl]-4-yl)vinyl)cyclopropyl)-3-

methylbut-3-en-1-one (4k): Using 2a and (E)-(2-([1,1'-
biphenyl]-4-yl)vinyl)boronic acid according to general procedure 
A and Ba provided 4k (0.15 mmol, 44 mg, 58%) as colorless oil. 
Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 
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MHz, CDCl3) δ 7.66 – 7.55 (m, 4H), 7.50 – 7.41 (m, 4H), 7.38 – 
7.32 (m, 1H), 6.88 (d, J = 15.8 Hz, 1H), 6.46 (d, J = 15.8 Hz, 1H), 
4.99 – 4.93 (m, 1H), 4.82 – 4.76 (m, 1H), 3.35 (s, 2H), 1.78 (s, 
3H), 1.53 (dd, J = 7.0, 4.0 Hz, 2H), 1.17 ppm (dd, J = 7.0, 3.0 Hz, 
2H). 13C NMR (101 MHz, CDCl3) δ 207.7, 140.7, 140.6, 139.5, 
135.9, 130.9, 128.9, 128.3, 127.5, 127.5, 127.0, 126.8, 114.8, 
49.9, 33.9, 23.0, 19.8 ppm. LRMS (DEP/EI-Orbitrap): m/z 
(%):302.1 (37), 287.1 (45), 260.1 (41), 247.1 (100), 233.1 (11), 
219.1 (61), 204.1 (83), 191.0 (47), 178.1 (53). HRMS (EI-
Orbitrap): m/z: [M]+ Calcd for C22H22O

+: 302.1671; found: 
302.1665. IR (Diamond-ATR, neat) 
��
�: 3078(vw), 3056(vw), 
3028(w), 2972(vw), 2914(vw), 1688(s), 1646(w), 1602(w), 
1582(vw) cm-1. 

(E)-3-Methyl-1-(1-(4-(trifluoromethyl)styryl)cyclopropyl)but-

3-en-1-one (4l): Using 2a and (E)-(4-
(trifluoromethyl)styryl)boronic acid according to general proce-
dure A and Ba provided 4l (0.14 mmol, 40 mg, 54%) as colorless 
oil. Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR 
(400 MHz, CDCl3) δ 7.57 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.1 Hz, 
2H), 6.97 (d, J = 15.9 Hz, 1H), 6.42 (d, J = 15.8 Hz, 1H), 4.97 – 
4.93 (m, 1H), 4.79 – 4.71 (m, 1H), 3.29 (s, 2H), 1.76 (s, 3H), 1.55 
(dd, J = 6.7, 3.4 Hz, 2H), 1.18 ppm (dd, J = 7.3, 3.5 Hz, 2H). 13C 
NMR (101 MHz, CDCl3) δ 207.0, 140.4 (q, J = 1.4 Hz), 139.3, 
131.1, 129.6, 129.5 (q, J = 32.4 Hz), 126.5, 125.8 (q, J = 3.8 Hz), 
124.3 (q, J = 271.5 Hz), 114.9, 49.6, 33.9, 22.9, 19.9 ppm. LRMS 
(DEP/EI-Orbitrap): m/z (%): 294.1 (8), 279.1 (30), 252.2 (35), 
239.2 (11), 211.1 (34), 191.1 (100). HRMS (EI-Orbitrap): m/z: 
[M]+ Calcd for C17H17F3O

+: 294.1231; found: 294.1225. IR 
(Diamond-ATR, neat) 
��
�: 3080(vw), 2976(vw), 2918(vw), 
1692(m), 1648(w) cm-1. 

(E)-1-(1-(4-Chlorostyryl)cyclopropyl)-3-methylbut-3-en-1-one 

(4m): Using 2a and (E)-(4-chlorostyryl)boronic acid according to 
general procedure A and Ba provided 4m (0.11 mmol, 29 mg, 
46%) as colorless oil. Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, 
PAA). 1H NMR (400 MHz, CDCl3) δ 7.29 (app s, 4H), 6.81 (d, J 
= 15.8 Hz, 1H), 6.35 (d, J = 15.9 Hz, 1H), 4.97 – 4.90 (m, 1H), 
4.78 – 4.72 (m, 1H), 3.30 (s, 3H), 1.75 (s, 2H), 1.51 (dd, J = 7.4, 
3.9 Hz, 2H), 1.14 ppm (dd, J = 7.7, 3.2 Hz, 2H). 13C NMR (101 
MHz, CDCl3) δ 207.4, 139.4, 135.4, 133.4, 130.0, 128.9, 128.9, 
127.5, 114.8, 49.7, 33.8, 22.9, 19.8 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 260.1 (5), 245.1 (14), 218.1 (33), 205.0 (12), 
177.0 (22). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C16H17ClO+: 260.0968; found: 260.0966. IR (Diamond-ATR, 
neat) 
��
�: 3080(vw), 3028(vw), 3014(vw), 2974(w), 2942(vw), 
2916(w), 1690(vs), 1646(m), 1592(w) cm-1. 

(E)-1-(1-(4-Methoxystyryl)cyclopropyl)-3-methylbut-3-en-1-

one (4n): Using 2a and (E)-(4-methoxystyryl)boronic acid ac-
cording to general procedure A and Ba provided 4n (0.15 mmol, 
39 mg, 61%) as colorless oil. Rf = 0.5 (hexane/EtOAc 9:1, UV, 
KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 7.34 – 7.29 (m, 
2H), 6.90 – 6.84 (m, 2H), 6.66 (d, J = 15.8 Hz, 1H), 6.37 (d, J = 
15.9 Hz, 1H), 4.97 – 4.91 (m, 1H), 4.77 – 4.72 (m, 1H), 3.82 (s, 
3H), 3.33 (s, 2H), 1.75 (app t, 3H), 1.47 (dd, J = 7.0, 4.0 Hz, 2H), 
1.11 ppm (dd, J = 7.3, 3.4 Hz, 2H). 13C NMR (101 MHz, CDCl3) 
δ 208.2, 159.4, 139.6, 131.1, 129.7, 127.5, 125.9, 114.7, 114.2, 
55.5, 50.0, 33.8, 23.0, 19.7 ppm. LRMS (DEP/EI-Orbitrap): m/z 
(%): 256.1 (31), 241.1 (12), 214.1 (28), 201.1 (87), 173.1 (76), 
158.1 (100), 141.1 (40), 128.1 (58), 115.1 (82), 102.0 (186.1 (40), 
171.1 (10). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C17H20O2

+: 
256.1463; found: 256.1465. IR (Diamond-ATR, neat) 
��
�: 
2967(w), 2944(w), 2934(w), 2916(w), 1723(w), 1690(m), 
1652(w), 1606(m), 1576(w), 1528(w), 1511(vs) cm-1. 

(E)-1-(1-(4-Fluorostyryl)cyclopropyl)-3-methylbut-3-en-1-one 

(4o): Using 2a and (E)-(4-fluorostyryl)boronic acid according to 
general procedure A and Ba provided 4o (0.14 mmol, 34 mg, 
56%) as colorless oil. Rf = 0.6 (hexane/EtOAc 9:1, UV, KMnO4, 
PAA). 1H NMR (400 MHz, CDCl3) δ 7.37 – 7.30 (m, 2H), 7.07 – 
6.97 (m, 2H), 6.74 (d, J = 15.9 Hz, 1H), 6.37 (d, J = 15.8 Hz, 1H), 
4.97 – 4.92 (m, 1H), 4.79 – 4.73 (m, 1H), 3.31 (s, 3H), 1.75 (app 
t, 3H), 1.50 (dd, J = 7.4, 3.8 Hz, 2H), 1.13 ppm (dd, J = 7.4, 3.3 
Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 207.7, 162.5 (d, J = 
247.0 Hz), 139.5, 133.1 (d, J = 3.4 Hz), 130.2, 128.0 (d, J = 2.3 
Hz), 127.8 (d, J = 7.9 Hz), 115.7 (d, J = 21.6 Hz), 114.8, 49.8, 
33.8, 22.9, 19.7 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 
244.1(100). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C16H17FO+: 244.1263; found: 244.1261. IR (Diamond-ATR, neat) 

��
�: 3078(vw), 2992(vw), 2936(vw), 1692(s), 1652(w), 1602(w) 
cm-1. 

(E)-1-(1-(2-([1,1'-Biphenyl]-4-yl)vinyl)cyclopropyl)ethanone 

(4p): Using 2b and (E)-(2-([1,1'-biphenyl]-4-yl)vinyl)boronic acid 
according to general procedure A and Ba provided 4p 
(0.20 mmol, 53 mg, 81%) as white solid. Rf = 0.45 (hex-
ane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 7.68 – 7.54 (m, 4H), 7.50 – 7.39 (m, 4H), 7.38 – 7.32 (m, 1H), 
6.90 (d, J = 15.9 Hz, 1H), 6.42 (d, J = 15.9 Hz, 1H), 2.27 (s, 3H), 
1.52 (dd, J = 7.0, 3.9 Hz, 2H), 1.19 ppm (dd, J = 7.5, 3.7 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 208.1, 140.7, 140.5, 135.9, 130.1, 
128.9, 128.6, 127.5, 127.5, 127.0, 126.8, 34.0, 28.4, 19.6 ppm. 
LRMS (DEP/EI-Orbitrap): m/z (%): 262.2 (100), 247.1 (5), 219.1 
(80). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C19H18O

+: 
262.1358; found: 262.1352. IR (Diamond-ATR, neat) 
��
�: 
3028(w), 2924(w), 2854(vw), 1688(s), 1644(w), 1600(w) cm-1. 

1-(1-(4-Phenoxyphenyl)cyclopropyl)ethanone (4q): Using 2b 
and (4-phenoxyphenyl)boronic acid according to general proce-
dure A and Ba provided 4q (0.10 mmol, 24 mg, 38%) as colorless 
oil. Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR 
(400 MHz, CDCl3) δ 7.39 – 7.33 (m, 2H), 7.33 – 7.30 (m, 2H), 
7.17 – 7.08 (m, 1H), 7.05 – 7.01 (m, 2H), 7.00 – 6.95 (m, 2H), 
2.03 (s, 3H), 1.60 (dd, J = 6.5, 3.5 Hz, 2H), 1.17 ppm (dd, J = 6.9, 
3.5 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 209.3, 157.0, 156.8, 
135.9, 132.2, 130.0, 123.7, 119.3, 118.8, 37.0, 29.6, 19.1 ppm. 
LRMS (DEP/EI-Orbitrap): m/z (%): 252.1 (100), 209.1 (35) 
HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C17H16O2

+: 252.1150; 
found: 252.1145. IR (Diamond-ATR, neat) 
��
�: 3040(w), 
3010(w), 1692(s), 1590(m) cm-1. 

1-(1-(4-Chlorophenyl)cyclopropyl)ethanone (4r): Using 2a and 
(4-chlorophenyl)boronic acid according to general procedure A 
and Ba provided 4r (0.22 mmol, 42 mg, 86%) as colorless oil. Rf 
= 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 
MHz, CDCl3) δ 7.34 – 7.28 (m, 1H), 2.00 (s, 1H), 1.61 (dd, J = 
6.8, 3.9 Hz, 1H), 1.15 ppm (dd, J = 7.0, 3.5 Hz, 1H). 13C NMR 
(101 MHz, CDCl3) δ 208.3, 139.7, 133.5, 132.2, 128.9, 37.1, 29.4, 
18.9 ppm. HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C11H11ClO+: 194.0498; found: 194.0496.  

1-(1-(4-Bromophenyl)cyclopropyl)ethanone (4s): Using 2b and 
(4-bromophenyl)boronic acidaccording to general procedure A 
and Bb provided 4s (0.18 mmol, 42 mg, 70%) as colorless oil. Rf 
= 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 
MHz, CDCl3) δ 7.50 – 7.46 (m, 2H), 7.26 – 7.22 (m, 2H), 2.00 (s, 
3H), 1.61 (dd, J = 6.5, 3.8 Hz, 2H), 1.15 ppm (dd, J = 7.0, 4.0 Hz, 
2H). 13C NMR (101 MHz, CDCl3) δ 208.4, 140.2, 132.6, 131.9, 
121.6, 37.2, 29.4, 18.9 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 
238.0 (38), 195.0 (13), 116.1 (100). HRMS (EI-Orbitrap): m/z: 
[M]+ Calcd for C11H11

79BrO+: 237.9993; found: IR (Diamond-
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ATR, neat) 
��
�: 237.9987. 2958(m), 2918(vs), 2850(s), 
2212(m), 1740(m) cm-1. 

1-Methyl-4-(3-nitrophenyl)-5-oxabicyclo[2.1.0]pentane (5t): 
Using 2b and 4,4,5,5-tetramethyl-2-(3-nitrophenyl)-1,3,2-
dioxaborolane according to general procedure A and B provided 
intermediate 5t (0.17 mmol, 34 mg, 66%) as colorless oil. Rf = 0.8 
(hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 8.17 (t, J = 1.9 Hz, 1H), 8.13 (ddd, J = 8.1, 2.3, 1.2 Hz, 
1H), 7.63 (dt, J = 7.7, 1.4 Hz, 1H), 7.53 (t, J = 7.9 Hz, 1H), 2.71 – 
2.62 (m, 1H), 2.15 – 1.94 (m, 3H), 1.50 ppm (s, 3H). 13C NMR 
(101 MHz, CDCl3) δ 148.5, 137.3, 132.2, 129.4, 122.5, 121.4, 
71.9, 68.5, 30.5, 27.3, 13.9 ppm. LRMS (DEP/EI-Orbitrap): m/z 
(%): 205.1 (40), 190.0 (100), 159.1 (20). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C11H11NO3

+: 205.0739; found: 205.0733. 

1-(1-(3-Nitrophenyl)cyclopropyl)ethanone (4t): Treating 5t 
with BF3·OEt2 (see general procedure Bb) resulted in ring con-
traction, yielding 4t (0.17 mmol, 34 mg, quant.) as slightly yellow 
solid. Using 2b and 3-Aminobenzeneboronic acid hydrochloride 
according to general procedure A and Bb provided directly oxi-
dized 4t (0.19 mmol, 39 mg, 77%). Rf = 0.5 (hexane/EtOAc 9:1, 
UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 8.22 (t, J = 
2.0 Hz, 1H), 8.17 (ddd, J = 8.2, 2.3, 1.1 Hz, 1H), 7.71 (ddd, J = 
7.6, 1.7, 1.1 Hz, 1H), 7.55 (t, J = 7.9 Hz, 1H), 2.01 (s, 3H), 1.71 
(dd, J = 7.2, 3.6 Hz, 2H), 1.25  (dd, J = 7.2, 3.6 Hz, 2H). 13C 
NMR (101 MHz, CDCl3) δ 206.7, 148.5, 143.1, 137.2, 129.8, 
125.7, 122.8, 37.6, 28.8, 18.6 ppm. LRMS (DEP/EI-Orbitrap): 
m/z (%): 205.1 (85), 146.0 (10), 115.1 (100). HRMS (EI-
Orbitrap): m/z: [M]+ Calcd for C11H11NO3

+: 205.0739; found: 
205.0734. IR (Diamond-ATR, neat) 
��
�: 3096(vw), 3008(vw), 
1700(m), 1688(m), 1534(s) cm-1. mp (°C): 106-107. 

3-(1-Acetylcyclopropyl)benzaldehyde (4u): Using 2b and 2-(3-
(1,3-dioxolan-2-yl)phenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane according to general procedure A and Bb directly 
provided deprotected 4u (0.15 mmol, 27 mg, 58%) as colorless 
oil. Rf = 0.2 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR 
(400 MHz, CDCl3) δ 10.03 (s, 1H), 7.89 (t, J = 1.7 Hz, 1H), 7.82 
(dt, J = 7.6, 1.5 Hz, 1H), 7.65 (ddd, J = 7.7, 1.9, 1.2 Hz, 1H), 7.54 
(t, J = 7.6 Hz, 1H), 2.00 (s, 3H), 1.67 (dd, J = 6.8, 4.2 Hz, 2H), 
1.22 ppm (dd, J = 7.1, 3.7 Hz, 2H). 13C NMR (101 MHz, CDCl3) 
δ 207.7, 192.2, 142.4, 137.1, 136.9, 131.5, 129.6, 129.4, 37.5, 
29.2, 18.7 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 188.1 (100). 
HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C12H12O2

+: 188.0837; 
found: 188.0831. IR (Diamond-ATR, neat) 
��
�: 3010(w), 
1758(w), 1720(m), 1692(vs), 1604(w), 1586(w) cm-1. 

1-(1-(Phenylethynyl)cyclopropyl)ethanone (4v): ((2-
Methylcyclobut-1-en-1-yl)ethynyl) according to general proce-
dure Ba provided 4v (0.11 mmol, 21 mg, 45%) as colorless oil. Rf 
= 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 
MHz, CDCl3) δ 7.46 – 7.39 (m, 2H), 7.34 – 7.29 (m, 3H), 2.57 (s, 
3H), 1.62 (dd, J = 8.2, 3.2 Hz, 2H), 1.39 ppm (dd, J = 8.1, 3.1 Hz, 
2H). 13C NMR (101 MHz, CDCl3) δ 206.2, 131.7, 128.5, 128.3, 
123.2, 90.4, 80.7, 29.7, 23.7, 23.4 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 184.1 (84), 141.1 (83). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C13H12O

+: 184.0888; found: 184.0883. IR 
(Diamond-ATR, neat) 
��
�: 2958(w), 2930(w), 1706(vs), 
1598(w) cm-1.  

1-(1-(Benzo[d][1,3]dioxol-5-yl)cyclopropyl)ethanone (4w): 
Using 2b and benzo[d][1,3]dioxol-5-ylboronic acid according to 
general procedure A and Ba provided 4w (0.17 mmol, 35 mg, 
68%) as colorless oil. Rf = 0.4 (hexane/EtOAc 9:1, UV, KMnO4, 
PAA). 1H NMR (400 MHz, CDCl3) δ 6.86 – 6.81 (m, 2H), 6.80 – 
6.75 (m, 1H), 5.97 (s, 2H), 2.03 (s, 3H), 1.56 (dd, J = 7.0, 3.1 Hz, 

2H), 1.13 ppm (dd, J = 6.9, 3.5 Hz, 2H). 13C NMR (101 MHz, 
CDCl3) 209.4, 147.8, 147.0, 135.1, 124.1, 111.2, 108.4, 101.3, 
37.4, 29.5, 19.3 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 204.1 
(70), 161.0 (30). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C12H12O3

+: 204.0786; found: 204.0774.  

1-(1-(Dibenzo[b,d]furan-4-yl)cyclopropyl)ethanone (4x): Using 
2b and dibenzo[b,d]furan-4-ylboronic acid according to general 
procedure A and Ba provided 4x (0.19 mmol, 50 mg, 75%) as 
colorless oil. Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H 
NMR (400 MHz, CDCl3) δ 7.98 (ddd, J = 7.7, 1.4, 0.7 Hz, 1H), 
7.92 (dd, J = 7.6, 1.4 Hz, 1H), 7.62 (dt, J = 8.3, 0.9 Hz, 1H), 7.49 
(ddd, J = 8.3, 7.3, 1.3 Hz, 1H), 7.41 (td, J = 7.2, 1.2 Hz, 1H), 7.36 
(dd, J = 7.5, 1.0 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 2.03 (s, 3H), 
1.80 (dd, J = 6.8, 3.9 Hz, 2H), 1.34 ppm (dd, J = 7.1, 3.7 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 208.5, 156.3, 155.9, 128.9, 127.5, 
125.3, 124.6, 124.3, 123.1, 123.0, 120.9, 120.2, 112.1, 32.6, 29.2, 
19.3 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 250.1 (100), 207.1 
(97). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C17H14O2

+: 
250.0994; found: 250.0995. IR (Diamond-ATR, neat) 
��
�: 
3056(vw), 3010(w), 1692(s), 1630(vw), 1586(w) cm-1.  

1-(1-(2-Fluoropyridin-3-yl)cyclopropyl)ethanone (4y): Using 
2b and 2-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine according to general procedure A and Bb provided 4y 
(0.16 mmol, 29 mg, 65%) as colorless oil. Rf = 0.2 (hex-
ane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 8.18 (ddd, J = 4.9, 2.0, 1.1 Hz, 1H), 7.73 (ddd, J = 9.5, 7.4, 2.0 
Hz, 1H), 7.20 (ddd, J = 7.4, 4.9, 1.7 Hz, 1H), 2.04 (s, 3H), 1.71 
(dd, J = 7.1, 4.1 Hz, 2H), 1.19 ppm (dd, J = 7.4, 3.9 Hz, 2H). 13C 
NMR (101 MHz, CDCl3) δ 206.1, 163.1 (d, J = 240.8 Hz), 147.0 
(d, J = 14.8 Hz), 142.4 (d, J = 4.8 Hz), 123.4 (d, J = 29.3 Hz), 
121.8 (d, J = 4.4 Hz), 31.9 (d, J = 3.2 Hz), 28.2 (d, J = 1.3 Hz), 
18.6 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 179.1 (100), 136.0 
(88). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C10H10FNO+: 
179.0746; found: 179.0741. IR (Diamond-ATR, neat) 
��
�: 
3012(vw), 1696(s), 1636(vw), 1606(m), 1578(w) cm-1. 

1-(1-(3,5-Dimethylisoxazol-4-yl)cyclopropyl)ethanone (4z): 
Using 2b and (3,5-dimethylisoxazol-4-yl)boronic acid according 
to general procedure A and Ba provided 4z (0.13 mmol, 24 mg, 
53%) as colorless oil. Rf = 0.25 (hexane/EtOAc 9:1, UV, KMnO4, 
PAA). 1H NMR (400 MHz, CDCl3) δ 2.37 (s, 3H), 2.24 (s, 3H), 
2.04 (s, 3H), 1.65 (dd, J = 7.0, 3.0 Hz, 2H), 1.02 ppm (dd, J = 6.7, 
3.4 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 207.6, 167.9, 160.6, 
114.1, 28.8, 25.1, 18.8, 11.5, 10.5 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 179.1 (11), 136.1 (61). HRMS (EI-Orbitrap): 
m/z: [M-H]+ Calcd for C10H12NO2

+ : 178.0863; found: 178.0859.  

1-(1-(1-Benzyl-1H-pyrazol-4-yl)cyclopropyl)ethanone (4aa): 
Using 2b and 1-benzyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-1H-pyrazole according to general procedure A and Ba pro-
vided 4aa (0.17 mmol, 41 mg, 69%) as colorless oil. Rf = 0.1 
(hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 7.49 (d, J = 0.8 Hz, 1H), 7.39 – 7.31 (m, 4H), 7.24 – 
7.20 (m, 2H), 5.28 (s, 2H), 2.08 (s, 3H), 1.53 (dd, J = 7.4, 3.7 Hz, 
2H), 1.07 ppm (dd, J = 7.4, 3.7 Hz, 2H). 13C NMR (101 MHz, 
CDCl3) δ 208.9, 140.4, 136.4, 129.8, 129.0, 128.3, 127.8, 122.5, 
56.3, 28.9, 27.5, 19.4 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 
240.1 (38), 197.1 (22), 91.1 (100). HRMS (EI-Orbitrap): m/z: 
[M]+ Calcd for C15H16N2O

+: 240.1263; found: 240.1257. IR 
(Diamond-ATR, neat) 
��
�: 3090(w), 3008(w), 2940(w), 
1718(m), 1690(vs) cm-1. 

1-(1-(5-Methylthiophen-2-yl)cyclopropyl)ethanone (4ab): 
Using 2b and (5-methylthiophen-2-yl)boronic acid according to 
general procedure A and Ba provided 4ab (0.17 mmol, 31 mg, 

Page 13 of 19

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

69%) as colorless oil. Rf = 0.6 (hexane/EtOAc 9:1, UV, KMnO4, 
PAA). 1H NMR (400 MHz, CDCl3) δ 6.77 (d, J = 3.4 Hz, 1H), 
6.60 (dq, J = 3.4, 1.1 Hz, 1H), 2.46 (d, J = 1.1 Hz, 3H), 2.17 (s, 
3H), 1.62 (dd, J = 7.2, 3.7 Hz, 2H), 1.26 ppm (dd, J = 7.2, 3.7 Hz, 
2H). 13C NMR (101 MHz, CDCl3) δ 208.6, 142.7, 140.1, 128.0, 
124.9, 31.8, 29.1, 21.1, 15.6 ppm. LRMS (DEP/EI-Orbitrap): m/z 
(%): 180.1 (90), 165.0 810), 137.0 (100), 122.0 (23). HRMS (EI-
Orbitrap): m/z: [M]+ Calcd for C10H12OS+: 180.0609; found: 
180.0608. IR (Diamond-ATR, neat) 
��
�: 3010(w), 2920(w), 
1698(vs) cm-1. 

Phenyl(1-phenylcyclopropyl)methanone (4ac): 1,2-
diphenylcyclobut-1-ene (3ac) for the following rearrangement 
was synthesized according to the literature.20 Using 3ac according 
to general Bc provided 4ac (0.36 mmol, 80 mg, 72%) as yellow-
ish oil. Rf = 0.5 (hexane/EtOAc 95:5, UV, KMnO4, PAA). 1H 
NMR (400 MHz, CDCl3) δ 7.91 – 7.84 (m, 2H), 7.53 – 7.23 (m, 
8H), 1.79 (dd, J = 7.3, 4.1 Hz, 2H), 1.48 ppm (dd, J = 7.0, 3.9 Hz, 
2H). 13C NMR (101 MHz, CDCl3) δ 200.5, 141.1, 137.1, 132.1, 
129.5, 128.7, 128.1, 128.0, 126.7, 35.2, 16.4 ppm. LRMS 
(DEP/EI-Orbitrap): m/z (%): 222.1 (80), 193.1 (5), 165 (10), 
105.0 (100). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C16H14O

+: 222.1045; found: 222.1039. 

1-(1-(4-Methoxyphenyl)cyclopropyl)-3-phenylpropan-1-one 

(4ad): Using 3ad according to general Bc provided 4ad 
(0.16 mmol, 45 mg, 85%) as colorless oil. Rf = 0.65 (hex-
ane/EtOAc 8:2, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 7.23 (tq, J = 6.7, 6.6, 3.4, 3.2 Hz, 4H), 7.18 – 7.13 (m, 1H), 7.09 
– 7.04 (m, 2H), 6.87 – 6.83 (m, 2H), 3.81 (s, 3H), 2.78 (t, J = 7.6 
Hz, 2H), 2.60 (t, J = 7.6 Hz, 2H), 1.57 (dd, J =7.2,  3.5 Hz, 2H), 
1.11 ppm (dd, J = 7.2, 3.5 Hz, 2H).13C NMR (101 MHz, CDCl3) 
δ 210.5, 159.0, 141.5, 132.8, 132.1, 128.5, 128.5, 126.0, 114.1, 
55.4, 43.5, 36.6, 30.3, 19.2 ppm. LRMS (DEP/EI-Orbitrap): m/z 
(%): 280.0 (60), 189.1 (30), 161.0 (70). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C19H20O2

+: 280.1463; found: 280.1458. IR 
(Diamond-ATR, neat) 
��
�: 3086(vw), 3026(w), 3003(w), 
2955(w), 2952(w), 2934(w), 2931(w), 2923(vw), 2835(vw), 
1716(w), 1689(s), 1651(vw), 1610(m), 1579 cm-1 (w). 

1-((1R*,2R*)-2-Phenethyl-1-(p-tolyl)cyclopropyl)ethanone 

((R*)-4ae): Using (2-(3-iodo-2-methylcyclobut-2-en-1-
yl)ethyl)benzene (2d) and 4,4,5,5-tetramethyl-2-(p-tolyl)-1,3,2-
dioxaborolane according to general procedure A and Ba provided 
(R*)-4ae (0.15 mmol, 42 mg, 60%) as colorless oil. Rf = 0.7 
(hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 7.32 – 7.27 (m, 2H), 7.24 – 7.17 (m, 5H), 7.15 – 7.11 
(m, 2H), 2.80 – 2.71 (m, 1H), 2.69 – 2.61 (m, 1H), 2.35 (s, 3H), 
1.95 (s, 3H), 1.91 – 1.80 (m, 2H), 1.76 – 1.66 (m, 2H), 1.15 – 
1.05 ppm (m, 1H). 13C NMR (101 MHz, CDCl3) δ 207.3, 141.8, 
139.6, 137.2, 130.5, 129.4, 128.6, 128.5, 126.0, 42.6, 36.4, 32.1, 
30.9, 28.5, 21.6, 21.2 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 
278.1 (2), 187.1 (10), 173.1 (15), 148.1 (100). HRMS (EI-
Orbitrap): m/z: [M]+ Calcd for C20H22O

+: 278.1671; found: 
278.1662. IR (Diamond-ATR, neat) 
��
�: 3086(vw), 3062(vw), 
3026(w), 3000(w), 2922(w), 2860(w), 1688(vs), 1654(vw), 
1604(w) cm-1.  

1-((1R*,2S*)-2-Phenethyl-1-(p-tolyl)cyclopropyl)ethanone 

((S*)4ae): Using 2d and 4,4,5,5-tetramethyl-2-(p-tolyl)-1,3,2-
dioxaborolane according to general procedure A and Ba provided 
(S*)-4ae (0.08 mmol, 23 mg, 32%) as colorless oil. Rf = 0.6 (hex-
ane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 7.25 – 7.20 (m, 2H), 7.15 (s, 5H), 7.09 – 7.06 (m, 2H), 2.77 – 
2.58 (m, 2H), 2.35 (s, 3H), 1.99 – 1.92 (m, 1H), 1.97 (s, 3H), 1.79 
– 1.67 (m, 1H), 1.60 (ddd, J = 8.8, 3.6, 0.8 Hz, 1H), 1.00 (dd, J = 
6.8, 3.6 Hz, 1H), 0.91 – 0.79 ppm (m, 1H). 13C NMR (101 MHz, 

CDCl3) δ 209.4, 142.0, 137.2, 135.0, 131.4, 129.4, 128.6, 128.4, 
125.9, 42.2, 35.7, 33.0, 29.9, 29.7, 25.3, 21.3 ppm. LRMS 
(DEP/EI-Orbitrap): m/z (%): 278.1 (100). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C20H22O

+: 278.1671; found: 278.1660. IR 
(Diamond-ATR, neat) 
��
�: 3026(w), 3000(w), 2924(w), 
2858(w), 1690(vs) cm-1.  

1-((1R*,2R*)-2-Phenethyl-1-((E)-styryl)cyclopropyl)ethanone 

((R*)-4af): Using 2d and (E)-styrylboronic acid according to 
general procedure A and Ba provided (R*)-4af (0.11 mmol, 
31 mg, 43%) as colorless oil. Rf = 0.8 (hexane/EtOAc 9:1, UV, 
KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 7.37 – 7.23 (m, 
7H), 7.23 – 7.16 (m, 3H), 6.68 (d, J = 15.8 Hz, 1H), 6.35 (d, J = 
15.8 Hz, 1H), 2.74 – 2.54 (m, 2H), 2.21 (s, 3H), 1.83 – 1.73 (m, 
2H), 1.60 (dd, J = 7.5, 4.1 Hz, 1H), 1.52 – 1.41 (m, 1H), 1.22 ppm 
(dd, J = 8.6, 4.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 206.3, 
141.7, 136.9, 130.9, 129.9, 128.8, 128.8, 128.5, 127.8, 126.2, 
126.1, 39.4, 36.1, 34.2, 30.6, 28.6, 21.1 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 290.1 (5), 199.1 (10). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C21H22O

+: 290.1671; found: 290.1660. IR 
(Diamond-ATR, neat) 
��
�: 3060(w), 3026(m), 3000(w), 
2920(w), 1692(vs), 1644(w), 1602(w) cm-1.  

1-((1S*,2R*)-2-Phenethyl-1-((E)-styryl)cyclopropyl)ethanone 

((S*)-4af): Using 2d and (E)-styrylboronic acid according to 
general procedure A and Ba provided (S*)-4af (0.08 mmol, 
24 mg, 33%) as colorless oil. Rf = 0.7 (hexane/EtOAc 9:1, UV, 
KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.25 (m, 
7H), 7.24 – 7.18 (m, 1H), 7.15 – 7.09 (m, 2H), 6.39 (d, J = 15.8 
Hz, 1H), 6.21 (d, J = 15.8 Hz, 1H), 2.77 – 2.59 (m, 2H), 2.16 (s, 
3H), 1.77 – 1.62 (m, 2H), 1.62 – 1.53 (m, 2H), 1.03 ppm (dd, J = 
6.2, 3.6 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 208.4, 141.8, 
136.8, 134.3, 128.8, 128.8, 128.5, 127.9, 126.4, 126.1, 125.6, 
39.4, 36.1, 32.4, 30.6, 29.3, 21.9 ppm. LRMS (DEP/EI-Orbitrap): 
m/z (%): 290.1 (4), 199.1 (53), 141.1 (10). HRMS (EI-Orbitrap): 
m/z: [M]+ Calcd for C21H22O

+: 290.1671; found: 290.1663.  IR 
(Diamond-ATR, neat) 
��
�: 3060(w), 3025(w), 2998(w), 
2926(w), 2922(w), 2919(w), 2859(w), 1729(w), 1691(vs), 
1655(w), 1643(w), 1602(w) cm-1. 

1-((1R*,2R*)-1-(Furan-3-yl)-2-phenethylcyclopropyl)ethanone 

((R*)-4ag): Using 2d and furan-3-ylboronic acid according to 
general procedure A and Ba provided (R*)-4ag (0.085 mmol, 
21 mg, 33%) as colorless oil. Rf = 0.5 (hexane/EtOAc 9:1, UV, 
KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 7.36 (dd, J = 1.7 
Hz, 1H), 7.32 – 7.24 (m, 3H), 7.23 – 7.16 (m, 3H), 6.30 (dd, J = 
1.8, 0.9 Hz, 1H), 2.74 – 2.56 (m, 2H), 2.06 (s, 3H), 1.92 – 1.72 
(m, 2H), 1.63 (dd, J = 7.3, 3.5 Hz, 1H), 1.61 – 1.53 (m, 1H), 
1.03 ppm (dd, J = 8.2, 3.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) 
δ 206.9, 143.2, 141.6, 141.4, 128.7, 128.5, 127.3, 126.1, 112.1, 
36.2, 33.1, 32.2, 30.5, 28.2, 21.6 ppm. LRMS (DEP/EI-Orbitrap): 
m/z (%): 254.1 (3), 163.0 (29). HRMS (EI-Orbitrap): m/z: [M]+ 
Calcd for C17H18O2

+: 254.1307; found: 254.1299. IR (Diamond-
ATR, neat) 
��
�: 3026(w), 3002(w), 2924(w), 2860(w), 1770(m), 
1690(s), 1602(w) cm-1.  

1-((1R*,2S*)-1-(Furan-3-yl)-2-phenethylcyclopropyl)ethanone 

((S*)-4ag): Using 2d and furan-3-ylboronic acid according to 
general procedure A and Ba provided (S*)-4ag (0.08 mmol, 
19 mg, 30%) as colorless oil. Rf = 0.4 (hexane/EtOAc 9:1, UV, 
KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 7.42 (dd, J = 1.7 
Hz, 1H), 7.30 (dd, J = 1.5, 0.9 Hz, 1H), 7.28 – 7.21 (m, 2H), 7.20 
– 7.13 (m, 1H), 7.12 – 7.07 (m, 2H), 6.33 (dd, J = 1.8, 0.9 Hz, 
1H), 2.75 – 2.59 (m, 2H), 2.11 (s, 3H), 1.94 – 1.81 (m, 1H), 1.68 
– 1.58 (m, 2H), 1.28 – 1.17 (m, 1H), 0.93 ppm (dd, J = 6.9, 3.6 
Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 208.6, 143.3, 142.6, 
141.9, 128.5, 128.5, 126.0, 122.6, 112.9, 35.6, 33.1, 32.2, 29.8, 
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29.4, 25.0 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 254.1 (29), 
117.1 (17). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C17H18O2

+: 
254.1307; found: 254.1299. IR (Diamond-ATR, neat) 
��
�: 
3025(w), 2932(w), 2926(w), 2923(w), 1758(vs), 1688(vs), 
1635(w), 1627(w), 1602(w) cm-1. 

1-((1R*,2R*)-2-Phenethyl-1-(3,4,5-

trimethoxyphenyl)cyclopropyl)ethanone ((R*)-4ah): Using 2d 
and (3,4,5-trimethoxyphenyl)boronic acid according to general 
procedure A and Ba provided (R*)-4ah (0.07 mmol, 26 mg, 43%) 
as colorless oil. Rf = 0.4 (hexane/EtOAc 8:2, UV, KMnO4, PAA). 
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.27 (m, 2H), 7.25 – 7.16 
(m, 3H), 6.46 (s, 2H), 3.83 (s, 3H), 3.82 (s, 6H), 2.70 (t, J = 7.3 
Hz, 2H), 1.98 (s, 3H), 1.93 – 1.80 (m, 2H), 1.77 – 1.67 (m, 2H), 
1.10 ppm (dd, J = 7.8, 2.9 Hz, 1H). 13C NMR (101 MHz, CDCl3) 
δ 207.1, 153.3, 141.6, 138.1, 137.3, 128.6, 128.6, 126.1, 107.4, 
61.0, 56.3, 43.5, 36.2, 31.7, 30.6, 28.1, 21.7 ppm. LRMS 
(DEP/EI-Orbitrap): m/z (%): 354.2 (26), 311.2 (17), 263.1 (10), 
219.1 (919, 181.1 (100), 165.1 (24). HRMS (EI-Orbitrap): m/z: 
[M]+ Calcd for C22H26O4

+: 354.1831; found: 354.1819. IR (Dia-
mond-ATR, neat) 
��
�: 2998(w), 2936(w), 2838(vw), 1688(m) 
cm-1. 

1-((1R*,2S*)-2-Phenethyl-1-(3,4,5-

trimethoxyphenyl)cyclopropyl)ethanone ((S*)-4ah): Using 2d 
and (3,4,5-trimethoxyphenyl)boronic acid according to general 
procedure A and Ba provided (S*)-4ah (0.03 mmol, 12 mg, 20%) 
as colorless oil. Rf = 0.3 (hexane/EtOAc 8:2, UV, KMnO4, PAA). 
1H NMR (400 MHz, CDCl3) δ 7.29 – 7.20 (m, 2H), 7.19 – 7.13 
(m, 1H), 7.12 – 7.07 (m, 2H), 6.47 (s, 2H), 3.86 (s, 3H), 3.85 (s, 
6H), 2.79 – 2.61 (m, 2H), 2.02 (s, 3H), 2.01 – 1.93 (m, 1H), 1.81 
– 1.69 (m, 1H), 1.57 (dd, J = 9.0, 3.7 Hz, 1H), 1.00 (dd, J = 6.8, 
3.7 Hz, 1H), 0.98 – 0.88 ppm (m, 1H). 13C NMR (101 MHz, 
CDCl3) δ 208.9, 153.3, 141.9, 137.4, 133.6, 128.5, 128.5, 126.0, 
108.3, 61.1, 56.3, 43.1, 35.7, 33.0, 29.6, 29.5, 25.4 ppm. LRMS 
(DEP/EI-Orbitrap): m/z (%): 354.2 (100), 339.2 (39), 207.1 (17), 
189.1 (22). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C22H26O4

+: 
354.1831; found: 354.1822. IR (Diamond-ATR, neat) 
��
�: 
3000(w), 2936(w), 1688(m) cm-1.  

1-((1R*,2R*)-2-Pentyl-1-(p-tolyl)cyclopropyl)ethanone ((R*)-

4ai): Using 2c and 4,4,5,5-tetramethyl-2-(p-tolyl)-1,3,2-
dioxaborolane according to general procedure A and Ba provided 
(R*)-4ai (0.18 mmol, 21 mg, 55%) as colorless oil. Rf = 0.6 (hex-
ane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 7.25 – 7.21 (m, 2H), 7.16 – 7.12 (m, 2H), 2.35 (s, 3H), 1.98 (s, 
3H), 1.71 – 1.65 (m, 2H), 1.52 – 1.40 (m, 3H), 1.37 – 1.24 (m, 
5H), 1.11 – 1.03 (m, 1H), 0.93 – 0.84 ppm (m, 3H). 13C NMR 
(101 MHz, CDCl3) δ 207.4, 139.9, 137.1, 130.6, 129.4, 42.6, 32.8, 
31.8, 30.8, 30.0, 26.8, 22.8, 21.6, 21.3, 14.2 ppm. LRMS 
(DEP/EI-Orbitrap): m/z (%): 244.2 (56), 187.1 (10), 160.1 (14). 
HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C17H24O

+: 244.1827; 
found: 244.1820. IR (Diamond-ATR, neat) 
��
�: 3000(w), 
2956(m), 2924(m), 2858(m), 1692(vs) cm-1.  

1-((1R*,2S*)-2-Pentyl-1-(p-tolyl)cyclopropyl)ethanone ((S*)-

4ai): Using 2c and 4,4,5,5-tetramethyl-2-(p-tolyl)-1,3,2-
dioxaborolane according to general procedure A and Ba provided 
(S*)-4ai (0.08 mmol, 9 mg, 24%) as colorless oil. Rf = 0.55 (hex-
ane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 7.16 (s, 4H), 2.36 (s, 3H), 1.96 (s, 3H), 1.93 – 1.84 (m, 1H), 
1.61 (ddd, J = 8.8, 3.5, 0.7 Hz, 1H), 1.49 – 1.31 (m, 3H), 1.27 – 
1.16 (m, 4H), 1.01 (dd, J = 6.9, 3.5 Hz, 1H), 0.87 – 0.78 (m, 3H), 
0.57 – 0.44 ppm (m, 1H). 13C NMR (101 MHz, CDCl3) δ 209.7, 
137.0, 135.3, 131.4, 129.3, 42.2, 31.7, 30.8, 30.3, 29.9, 29.1, 25.6, 
22.7, 21.3, 14.2 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 244.2 
(100), 187.1 (12), 169.1 (12), 160.1 (20), 145.1 (43). HRMS (EI-

Orbitrap): m/z: [M]+ Calcd for C17H24O
+: 244.1827; found: 

244.1821. IR (Diamond-ATR, neat) 
��
�: 3000(w), 2956(m), 
2928(m), 2858(m), 1692(vs) cm-1. 

(E)-8-Methyl-1-(4-(trifluoromethyl)phenyl)nona-1,8-diene-3,6-

dione (6a): Using 2c and (E)-(4-(trifluoromethyl)styryl)boronic 
acid according to general procedure A and C provided 6a  
(0.10 mmol, 31 mg, 40%) as colorless oil. Rf = 0.28 (hex-
ane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 7.64 (s, 4H), 7.58 (d, J = 16.2 Hz, 1H), 6.81 (d, J = 16.2 Hz, 
1H), 4.97 (s, 1H), 4.86 (s, 1H), 3.20 (s, 2H), 2.98 (t, J = 6.1 Hz, 
2H), 2.87 (t, J = 6.1 Hz, 2H), 1.77 ppm (s, 3H). 13C NMR (101 
MHz, CDCl3) δ 207.4, 198.3, 140.8, 139.3, 138.0, 132.0 (q, J = 
32.7 Hz), 128.5, 128.1, 126.0 (q, J = 3.8 Hz), 123.9 (q, J = 272.2 
Hz), 115.4, 52.4, 35.6, 34.7, 22.8 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 310.2 (2), 255.1 (100), 227.1 (30), 199.1 (62). 
HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C17H17F3O2

+: 
310.1181; found: 310.1168. IR (Diamond-ATR, neat) 
��
�: 
2973(vw), 2917(vw), 2854(vw), 1714(m), 1694(m), 1670(m), 
1616(m) cm-1. 

(E)-1-Cyclohexyl-8-methylnona-1,8-diene-3,6-dione (6b): 
Using 2a and (E)-(2-cyclohexylvinyl)boronic acid according to 
general procedure A and C provided 6b (0.12 mmol, 29 mg, 48%) 
as slightly yellow oil. Rf = 0.50 (hexane/EtOAc 9:1, UV, KMnO4, 
PAA). 1H NMR (400 MHz, CDCl3) δ 6.80 (dd, J = 16.1, 6.8 Hz, 
1H), 6.05 (dd, J = 16.1, 1.3 Hz, 1H), 4.95 (s, 1H), 4.84 (s, 1H), 
3.18 (s, 2H), 2.85 (t, J = 6.3 Hz, 2H), 2.77 (t, J = 6.2 Hz, 2H), 
2.23 – 2.07 (m, 1H), 1.76 (s, 3H), 1.83 – 1.60 (m, 4H), 1.34 – 
1.05 ppm (m, 6H). 13C NMR (101 MHz, CDCl3) δ 207.6, 199.1, 
152.7, 139.2, 127.5, 115.1, 52.3, 40.6, 35.3, 33.5, 31.7, 25.9, 25.7, 
22.6 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 248.3 (2), 193.2 
(23). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C16H24O2

+: 
248.1776; found: 248.1772. IR (Diamond-ATR, neat) 
��
�: 
2926(vs), 2853(m), 1717(m), 1698(m), 1674(s), 1650(w), 
1628(m) cm-1. 

(E)-7-Phenylhept-6-ene-2,5-dione (6c): Using 2b and (E)-
styrylboronic acid according to general procedure A and C pro-
vided 6c (0.13 mmol, 25 mg, 50%) as colorless oil. Rf = 0.10 
(hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 7.59 (d, J = 16.2 Hz, 1H), 7.56 – 7.51 (m, 2H), 7.42 – 
7.36 (m, 3H), 6.76 (d, J = 16.2 Hz, 1H), 2.98 (dd, J = 6.6, 5.5 Hz, 
2H), 2.83 (dd, J = 6.9, 5.7 Hz, 2H), 2.24 ppm (s, 3H). 13C NMR 
(101 MHz, CDCl3) δ 207.5, 198.6, 143.0, 134.5, 130.7, 129.1, 
128.4, 126.1, 37.2, 34.3, 30.2 ppm. LRMS (DEP/EI-Orbitrap): 
m/z (%): 202.1 (4), 144.1 (24), 131.1 (100). HRMS (EI-Orbitrap): 
m/z: [M-H]+ Calcd for C13H13O2

+ : 201.0910; found: 201.0912. 
IR (Diamond-ATR, neat) 
��
�: 2908(w), 1714(vs), 1690(s), 
1664(vs), 1614(vs) cm-1. 

(E)-Tridec-6-ene-2,5-dione (6d): Using 2b and (E)-oct-1-en-1-
ylboronic acid according to general procedure A and C provided 
6d (0.12 mmol, 25 mg, 48%) as colorless oil. Rf = 0.13 (hex-
ane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 6.87 (dt, J = 15.9, 6.9 Hz, 1H), 6.10 (d, J = 15.9 Hz, 1H), 2.84 
(t, J = 6.3 Hz, 2H), 2.75 (t, J = 6.3 Hz, 2H), 2.21 (dd, J = 13.6, 7.0 
Hz, 2H), 2.21 (s, 3H), 1.52 – 1.38 (m, 2H), 1.37 – 1.21 (m, 6H), 
0.88 ppm (t, J = 6.6 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 
207.6, 198.8, 148.2, 130.1, 37.1, 33.6, 32.7, 31.7, 30.2, 29.0, 28.2, 
22.7, 14.2 ppm. HRMS (ESI-quadrupole pos): m/z: [M]+ Calcd 
for C13H22O2

+ : 210.1620; found: 210.1622. IR (Diamond-ATR, 
neat) 
��
�: 2956(m), 2926(s), 2871(m), 2857(m), 1718(vs), 
1700(vs), 1675(vs), 1630(s) cm-1.  

(E)-3-Phenethyl-7-(p-tolyl)hept-6-ene-2,5-dione (6e): Using 2d 
and (E)-(4-methylstyryl)boronic acid according to general proce-
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dure A and C provided 6e (0.11 mmol, 34 mg, 43%) as colorless 
oil. Rf = 0.3 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR 
(400 MHz, CDCl3) δ 7.53 (d, J = 16.2 Hz, 1H), 7.47 – 7.41 (m, 
2H), 7.34 – 7.27 (m, 2H), 7.23 – 7.14 (m, 5H), 6.68 (d, J = 16.2 
Hz, 1H), 3.29 – 3.14 (m, 2H), 2.84 – 2.71 (m, 1H), 2.68 – 2.54 
(m, 2H), 2.38 (s, 3H), 2.29 (s, 3H), 2.03 – 1.90 (m, 1H), 1.84 – 
1.69 ppm (m, 1H). 13C NMR (101 MHz, CDCl3) δ 211.4, 198.5, 
143.1, 141.2, 141.1, 131.6, 129.7, 128.6, 128.4, 128.3, 126.2, 
124.9, 46.6, 42.1, 33.4, 33.1, 30.0, 21.6 ppm. LRMS (DEP/EI-
Orbitrap): m/z (%): 320.1 (2), 216.1 (26), 145.1 (100). HRMS 
(EI-Orbitrap): m/z: [M]+ Calcd for C22H24O2

+: 320.1776; found: 
320.1768. IR (Diamond-ATR, neat) 
��
�: 3056(w), 3026(w), 
2924(w), 2860(w), 1710(vs), 1686(s), 1656(s), 1602(vs) cm-1.  

(E)-3-Phenethyl-7-phenylhept-6-ene-2,5-dione (6f): Using 2d 
and (E)-styrylboronic acid according to general procedure A and 
C provided 6f (0.12 mmol, 37 mg, 48%) as colorless oil. Rf = 0.3 
(hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 7.60 – 7.51 (m, 3H), 7.43 – 7.37 (m, 3H), 7.33 – 7.27 
(m, 2H), 7.25 – 7.15 (m, 3H), 6.72 (d, J = 16.3 Hz, 1H), 3.29 – 
3.16 (m, 2H), 2.84 – 2.71 (m, 1H), 2.71 – 2.53 (m, 2H), 2.29 (s, 
3H), 2.06 – 1.92 (m, 1H), 1.84 – 1.71 ppm (m, 1H). 13C NMR 
(101 MHz, CDCl3) δ 211.5, 198.6, 143.1, 141.3, 134.5, 130.7, 
129.1, 128.7, 128.5, 128.4, 126.3, 125.9, 46.7, 42.2, 33.5, 33.2, 
30.1 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 306.0 (2), 202.1 
(40), 159.0 (10), 131.0 (100). HRMS (EI-Orbitrap): m/z: [M]+ 
Calcd for C21H22O2

+: 306.1620; found: 306.1620. IR (Diamond-
ATR, neat) 
��
�: 3060(w), 3026(w), 2928(w), 2860(w), 1708(s), 
1688(m), 1658(s), 1610(s) cm-1.  

1-(1-(4-Chlorophenyl)cyclopropyl)-2-(pyridin-2-

ylsulfonyl)ethanone (B): 4r was transformed to 6a according to a 
literature procedure.[25] Purification by chromatography afforded 
B (0.06 mmol, 20 mg, 40%) as colorless oil. Rf = 0.5 (hex-
ane/EtOAc 5:5, UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) 
δ 8.70 (dt, J = 4.8, 1.2 Hz, 1H), 8.05 (dt, J = 7.9, 1.1 Hz, 1H), 
7.97 (td, J = 7.7, 1.7 Hz, 1H), 7.55 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H), 
7.40 – 7.29 (m, 4H), 4.47 (s, 2H), 1.64 (dd, J = 7.3, 4.1 Hz, 2H), 
1.27 ppm (dd, J = 7.1, 3.5 Hz, 2H). 13C NMR (101 MHz, CDCl3) 
δ 198.5, 157.1, 150.1, 138.3, 137.2, 134.5, 132.5, 129.5, 127.6, 
122.3, 59.5, 38.0, 20.5 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 
335.0 (3), 243.0 (13), 229.1 (11), 193.1 (43), 158.1 (21). HRMS 
(EI-Orbitrap): m/z: [M-H]+ Calcd for C16H13ClNO3S

+ : 334.0299; 
found: 334.0288. IR (Diamond-ATR, neat) 
��
�: 2918(w), 
1696(s), 1580(w) cm-1. 

1-(Benzo[d][1,3]dioxol-5-yl)cyclopropanecarboxylic acid (8a): 
To a solution of 4w (0.1 mmol) in CCl4 (0.2 mL) and CH2Cl2 
(0.1 mL) was added benzyltriethylammonium chloride (6 mg) 
followed by a dropwise addition of a 50% solution of NaOH 
(0.15 ml). The mixture was then stirred for 16h at rt. Water was 
added, and the mixture was extracted with EtOAc, concentrated 
under vacuum and purified on silica gel, providing 8a (0.1 mmol, 
26 mg, quant.) as white solid. Rf = 0.3 (hexane/EtOAc 6:4, UV, 
KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 6.83 (d, J = 1.6 
Hz, 1H), 6.80 (dd, J = 7.9, 1.7 Hz, 1H), 6.73 (dd, J = 6.4, 3.3 Hz, 
1H), 5.94 (s, 2H), 1.62 (dd, J = 7.0, 4.1 Hz, 3H), 1.22 ppm (dd, J 
= 6.9, 3.6 Hz, 2H) (COOH not observed). 13C NMR (101 MHz, 
CDCl3) 181.2, 147.4, 147.0, 132.7, 123.8, 111.3, 108.1, 101.2, 
28.7, 17.8 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 206.1 (100), 
161.0 (61). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C11H10O4

+: 
206.0579; found: 206.0570. IR (Diamond-ATR, neat) 
��
�: 
3014(w), 2894(w), 2594(w), 1684(vs) cm-1. mp (°C): 157-158. 

2,2-Difluoro-5-(2-methylcyclobut-1-en-1-

yl)benzo[d][1,3]dioxole (12): To a solution of 5-bromo-2,2-
difluorobenzo[d][1,3]dioxole in THF (0.5 M) at –10 °C was slow-

ly added iPrMgCl·LiCl (1.1 M in THF) and stirred at aforesaid 
temperature for 60 minutes. The so obtained (2,2-
difluorobenzo[d][1,3]dioxol-5-yl)magnesium bromide was subse-
quently transmetallated to zinc by addition of a zinc chloride 
solution (1.0 M in THF) and stirring for another 60 minutes at -
10 °C. The resulting zinc species was subjected to a Negishi 
cross-coupling[3] with 2b to obtain 12. 

1-(1-(2,2-Difluorobenzo[d][1,3]dioxol-5-

yl)cyclopropyl)ethanone (4aj): Using 12 according to Bb pro-
vided 4aj (0.49 mmol, 118 mg, 49%) as colorless oil. Rf = 0.5 
(hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 7.12 – 7.06 (m, 2H), 7.02 (dd, J = 7.9, 0.7 Hz, 1H), 2.01 
(s, 3H), 1.61 (dd, J = 6.8, 3.9 Hz, 2H), 1.16 ppm (dd, J = 7.1, 3.9 
Hz, 2H). 13C NMR (101 MHz, CDCl3) 208.0, 143.8, 143.1, 137.4, 
131.8 (t, J = 255.5 Hz), 126.2, 112.1, 109.5, 37.6, 29.1, 19.1 ppm. 
LRMS (DEP/EI-Orbitrap): m/z (%): 240.0 (100), 197.0 (32), 
131.0 (40), 103.1 (76). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C12H10F2O3

+: 240.0598; found: 240.0581.  

1-(2,2-Difluorobenzo[d][1,3]dioxol-5-

yl)cyclopropanecarboxylic acid (8b): To a solution of 4aj (0.33 
mmol) in CCl4 (0.66 mL) and CH2Cl2 (0.33 mL) was added ben-
zyltriethylammonium chloride (20 mg) followed by a dropwise 
addition of a 50% solution of NaOH (0.5 ml). The mixture was 
then stirred for 16h at rt. Water was added, and the mixture was 
extracted with EtOAc, concentrated under vacuum and purified on 
silica gel, providing 8b (0.33 mmol, 80 mg, quant.) as white solid. 
Rf = 0.3 (hexane/EtOAc 6:4, UV, KMnO4, PAA). 1H NMR (400 
MHz, CDCl3) δ 7.08 – 7.03 (m, 2H), 6.98 (d, J = 8.2 Hz, 1H), 
1.69 (dd, J = 7.2, 4.3 Hz, 2H), 1.25 ppm (dd, J = 7.2, 3.8 Hz, 2H) 
(COOH not observed). 13C NMR (101 MHz, CDCl3) 180.7, 
143.6, 143.1, 134.9, 131.8 (t, J = 253.2 Hz), 125.8, 112.2, 109.1, 
28.8, 17.9 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 242.0 (68), 
224.0 (16), 196.0 (35). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C11H8F2O4

+: 242.0391; found: 242.0382. IR (Diamond-ATR, 
neat) 
��
�: 2886(w), 2840(w), 1678(vs) cm-1. mp (°C): 179-180. 

3-Chloro-6-(2-(2-methylcyclobut-1-en-1-

yl)phenoxy)pyridazine (10): Using 2b and (2-
methoxyphenyl)boronic acid according to general procedure A 
provided 9. The product was dissolved in CH2Cl2 (1.0 M) and 
treated with a solution of BBr3 in CH2Cl2 (1.0 eq., 1.0 M) at 30 °C. 
After 5 min TLC indicated completion of the reaction. The reac-
tion mixture was slowly poured onto ice cold water and subse-
quently extracted with CH2Cl2 (3 × 20 mL) and dried over mag-
nesium sulfate. After evaporation of solvents and purification by 
chromatography, pure 13 was dissolved in DMF (1.0 M).To the 
solution was added NaH (1.1 eq., 60 % dispersion in mineral oil) 
and 3,6-dichloropyridazine. After stirring for 30 min at ambient 
temperature, TLC indicated full consumption of the starting mate-
rials. The reaction mixture was extracted with Et2O (3 × 20 mL), 
washed with a saturated aqueous solution of LiCl (20 mL) and 
Brine (20 mL). After drying the organic phase over magnesium 
sulfate and evaporation of solvents, chromatography afforded 
pure 10 as colorless oil. Most fractions contained impurities, a 
yield was therefore not determined. Rf = 0.3 (hexane/EtOAc 8:2, 
UV, KMnO4, PAA). 1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 
9.2 Hz, 1H), 7.36 – 7.33 (m, 1H), 7.18 – 7.12 (m, 2H), 7.02 – 6.98 
(m, 1H), 6.96 (d, J = 9.1 Hz, 1H), 2.46 – 2.41 (m, 2H), 2.24 – 
2.20 (m, 2H), 1.80 – 1.77 ppm (m, 3H). 13C NMR (101 MHz, 
CDCl3) δ 165.5, 151.8, 149.6, 142.5, 133.9, 131.4, 129.0, 129.0, 
128.0, 126.0, 122.4, 119.2, 31.0, 28.9, 16.6 ppm. HRMS (EI-
Orbitrap): m/z: [M]+ Calcd for C15H13ClN2O

+: 272.0716; found: 
272.0714. 
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1-(1-(2-((6-Chloropyridazin-3-

yl)oxy)phenyl)cyclopropyl)ethanone (11): Using 10 (also im-
pure fractions) according to general procedure Ba provided 11 
(1.00 mmol, 288 mg, 43% over two steps) as colorless oil. Rf = 
0.1 (hexane/EtOAc 8:2, UV, KMnO4, PAA). 1H NMR (400 MHz, 
CDCl3) δ 7.49 (d, J = 9.1 Hz, 1H), 7.45 – 7.36 (m, 2H), 7.29 (dd, 
J = 7.5, 1.3 Hz, 1H), 7.19 (dd, J = 8.0, 1.3 Hz, 1H), 7.18 (d, J = 
9.1 Hz, 1H), 2.08 (s, 3H), 1.43 (dd, J = 6.9, 3.8 Hz, 2H), 1.08 ppm 
(dd, J = 7.2, 3.9 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 208.2, 
164.8, 153.3, 152.4, 132.9, 131.8, 131.8, 129.3, 126.4, 122.5, 
120.2, 33.5, 28.9, 18.1 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 
272.1 (9), 237.1 (100), 222.1 (30), 209.1 (15), 194.1 (18), 183.0 
(10), 165.0 (12). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C15H12ClN2O

+ ([M-OH]+): 271.0638; found: 271.0635. IR (Dia-
mond-ATR, neat) 
��
�: 3066(w), 2972(w), 1754(w), 1692(m), 
1642(w), 1614(w), 1606(w) cm-1. 

(E)-2-Methyl-5-(4-methylstyryl)-3-phenethylfuran (7): 6e was 
dissolved in toluene (0.1 M) and P4O10 (3.0 eq.) was added. The 
reaction mixture was heated to 100 °C for 24 hours in a pressure 
tube. After cooling to room temperature, the reaction was 
quenched with water, extracted with Et2O (3 × 20 mL), washed 
with Brine (20 mL) and dried over magnesium sulfate. The organ-
ic phase was concentrated under reduced pressure and purified by 
column chromatography. 7 was obtained (0.10 mmol, 29 mg, 
87%) as colorless oil. Rf = 0.2 (hexane, UV, KMnO4, PAA). 1H 
NMR (400 MHz, CDCl3) δ 7.36 – 7.32 (m, 2H), 7.31 – 7.26 (m, 
2H), 7.23 – 7.11 (m, 5H), 6.90 (d, J = 16.2 Hz, 1H), 6.75 (d, J = 
16.2 Hz, 1H), 6.13 (s, 1H), 2.81 (dd, J = 8.7, 6.7 Hz, 2H), 2.62 
(dd, J = 8.7, 6.7 Hz, 2H), 2.34 (s, 3H), 2.10 ppm (s, 3H). 13C 
NMR (101 MHz, CDCl3) 150.8, 147.9, 141.8, 137.2, 134.7, 
129.5, 128.7, 128.4, 126.2, 126.1, 125.2, 120.6, 115.9, 110.9, 
36.8, 27.1, 21.4, 11.6 ppm. LRMS (DEP/EI-Orbitrap): m/z (%): 
302.1 (100), 211.1 (42), 169.1 (35). HRMS (EI-Orbitrap): m/z: 
[M]+ Calcd for C22H22O

+: 302.1671; found: 302.1670.  

1-(p-Tolyl)cyclopropane-1-carbaldehyde (13a): Using 1-bromo-
4-methylbenzene and cyclobutanone according to general proce-
dure C provided 13a (8.4 mmol, 1.346 g, 69%) as colorless oil. Rf 
= 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR (400 
MHz, CDCl3) δ 9.28 (s, 1H), 7.26 – 7.13 (m, 4H), 2.38 (s, 3H), 
1.57 (dd, J = 3.9 Hz, 2H), 1.40 ppm (dd, 2H). 13C NMR (101 
MHz, CDCl3) δ 201.4, 137.5, 134.6, 130.0, 129.4, 37.2, 21.2, 
16.2 ppm. LRMS (DEP/EI-Orbitrap-Orbitrap): m/z (%): 160.1 
(100), 145.1 (20). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C11H12O

+: 160.0888; found: 160.0882. IR (Diamond-ATR, neat) 

��
�: 3010(w), 2923(w), 2919(w), 2822(vw), 2818(vw), 
1705(vs), 1517(m) cm-1. 

1-(4-Methoxyphenyl)cyclopropane-1-carbaldehyde (13b): 
Using 1-bromo-4-methoxybenzene and cyclobutanone according 
to general procedure C provided 13b (0.34 mmol, 60 mg, 34%) as 
colorless oil. Rf = 0.4 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H 
NMR (400 MHz, CDCl3) δ 9.22 (s, 1H), 7.25 – 7.20 (m, 2H), 
6.93 – 6.87 (m, 2H), 3.81 (s, 3H), 1.54 (dd, J = 3.9 Hz, 2H), 
1.37 ppm (dd, J = 3.5 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 
201.5, 159.1, 131.4, 129.6, 114.1, 55.4, 37.0, 16.2 ppm. LRMS 
(DEP/EI-Orbitrap-Orbitrap): m/z (%): 176.1 (100), 161.1 (10), 
147.1 (70), 132.1 (15).  HRMS (EI-Orbitrap): m/z: [M]+ Calcd 
for C11H12O2

+: 176.0837; found: IR (Diamond-ATR, neat) 
��
�:  
176.0831. 3003(vw), 2958(vw), 2836(w), 2708(vw), 1780(vw), 
1703(s), 1611(m), 1579(w), 1514(vs) cm-1. 

1-(Naphthalen-1-yl)cyclopropane-1-carbaldehyde (13c): Using 
1-bromonaphthalene and cyclobutanone according to general 
procedure C provided 13c (0.58 mmol, 114 mg, 58%) as colorless 
oil. Rf = 0.4 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR 

(400 MHz, CDCl3) δ 9.42 (s, 1H), 8.04 – 7.97 (m, 1H), 7.94 – 
7.81 (m, 2H), 7.58 – 7.45 (m, 4H), 1.88 – 1.78 (m, 2H), 1.54 – 
1.47 ppm (m, 2H).13C NMR (101 MHz, CDCl3) δ 201.7, 134.2, 
134.0, 133.3, 129.0, 128.8, 128.5, 126.6, 126.1, 125.5, 124.4, 
35.7, 17.2 ppm. LRMS (DEP/EI-Orbitrap-Orbitrap): m/z (%): 
196.1 (90), 178.1 (10), 165.1 (100), 152.1 (90), 139.1 (20). 
HRMS (EI-Orbitrap): m/z: [M]+ Calcd for C14H12O

+: 196.0888; 
found: 196.0883. IR (Diamond-ATR, neat) 
��
�: 3044(w), 
3007(vw), 2819(vw), 2732(vw), 2702(vw), 1780(vw), 1702(s), 
1595(w) cm-1. 

1-([1,1'-Biphenyl]-4-yl)cyclopropane-1-carbaldehyde (13d): 
Using 4-bromo-1,1'-biphenyl and cyclobutanone according to 
general procedure C provided 13d (0.57 mmol, 133 mg, 57%) as 
colorless oil. Rf = 0.45 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 
1H NMR (400 MHz, CDCl3) δ 9.29 (s, 1H), 7.64 – 7.57 (m, 4H), 
7.51 – 7.35 (m, 5H), 1.63 (dd, J = 4.1 Hz, 2H), 1.47 ppm (dd, J = 
4.3 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 201.0, 140.8, 140.7, 
136.5, 130.6, 128.9, 127.5, 127.2, 37.3, 16.2 ppm. HRMS (EI-
Orbitrap): m/z: [M]+ Calcd for C16H14O

+: 222.1045; found: 
222.1048. IR (Diamond-ATR, neat) 
��
�: 1677(m), 1498(m), 
1440(w), 1427(w) cm-1. 

1-(2,2-Difluorobenzo[d][1,3]dioxol-5-yl)cyclopropane-1-

carbaldehyde (13e): Using 5-bromo-2,2-
difluorobenzo[d][1,3]dioxole and cyclobutanone according to 
general procedure C. provided 13e (0.5 mmol, 105 mg, 50%) as 
colorless oil. Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H 
NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 7.09 – 6.89 (m, 3H), 
1.59 (dd, J = 4.1 Hz, 2H), 1.41 ppm(dd, J = 3.7 Hz, 2H).13C 
NMR (101 MHz, CDCl3) δ 200.0, 143.9, 143.4, 133.5, 131.81 (t, 
J = 255.5 Hz), 125.6, 111.8, 109.5 ppm. LRMS (DEP/EI-
Orbitrap-Orbitrap): m/z (%): 226.1 (80), 207.0 (5), 197.1 (15), 
182.0 (5), 170.9 (5). HRMS (EI-Orbitrap): m/z: [M]+ Calcd for 
C11H8F2O3

+: 226.0442; found: 226.0435. 

1-(4-Bromophenyl)cyclopropane-1-carbaldehyde (13f): Using 
1-bromo-4-iodobenzene and cyclobutanone according to general 
procedure C. provided 13f (0.69 mmol, 155 mg, 69%) as colorless 
oil. Rf = 0.5 (hexane/EtOAc 9:1, UV, KMnO4, PAA). 1H NMR 
(400 MHz, CDCl3) δ 9.14 (s, 1H), 7.51 – 7.47 (m, 2H), 7.20 – 
7.16 (m, 2H), 1.58 (dd, J = 6.9, 5.0 Hz, 2H), 1.39 ppm (dd, J = 
7.8, 4.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 200.3, 136.5, 
131.9, 131.9, 131.8, 37.2, 15.9 ppm. LRMS (DEP/EI-Orbitrap-
Orbitrap): m/z (%): 226.0 (30), 197.0 (5), 181.9 (5). HRMS (EI-
Orbitrap): m/z: [M]+ Calcd for C10H9BrO+: 223.9837; found: 
223.9830. IR (Diamond-ATR, neat) 
��
�: 1682(vs), 1488(m), 
1429(m), 1420(m) cm-1. 
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1H and 13C NMR spectra for all new compounds and X-ray crys-
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details can be found in the Supporting Information. 
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