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ABSTRACT: Isomerization of cyclopropane-containing molecules offers a direct
pathway to access all of their diastereoisomers. Current catalytic methods,
however, are largely confined to isomerization of carbonyl- and vinyl-substituted
cyclopropanes. We report a catalytic isomerization of cyclopropanols, which
converts readily accessible cis-1,2-disubstituted cyclopropanols into their more
stable, yet often less accessible, trans-isomers. This enables a straightforward
access to both diastereoisomers of these small-ring molecules. Mechanistic studies
indicate the catalytic reactivity of silver homoenolates.

■ INTRODUCTION
Isomerization of cyclopropane-containing molecules intrigued
chemists for several decades. While the isomerization of
cyclopropanes under pyrolysis serves as an excellent model
system for studying the homolytic activation of C−C σ−
bonds,1 catalyst-controlled isomerizations of cyclopropanes
under mild conditions are much less developed.2 Recently,
metal catalysis has gained significant momentum in this area.
In 2020, Knowles and Houk demonstrated that the
coordination of a redox-active Lewis acid to cyclopropyl
ketones lowers the barrier of the cyclopropane’s C−C σ−bond
homolytic cleavage, enabling isomerization at 80 °C (Scheme
1a, [M] = Ru).3 A fundamentally different strategy was later
developed by Gilmour and Neugebauer. The photochemical
activation of a chiral Al-salen catalyst in the presence of
cyclopropyl ketones enabled cis-trans interconversion and
importantly deracemization of these compounds.4 The isomer-
ization of vinyl cyclopropanes requires a different approach
(Scheme 1b). In 2017, Echavarren demonstrated a gold(I)-
catalyzed isomerization involving allylic carbocations.5 Sub-
sequently, two reports described suitable gold(III)6 and
rhodium(II) catalysts.7 Very recently, Schoenebeck disclosed
a mechanistically distinct strategy employing Ni(I) metal-
loradicals for the dynamic stereomutation of vinylcyclopro-
panes,8 which represents a rare example of cyclopropanes’
isomerization without racemization. Although a few catalytic
isomerization strategies have been developed, their application
is limited to specific substrates and conditions. These strategies
do not translate to other classes of cyclopropane-containing
molecules due to differences in their electronic and steric
properties. For example, cyclopropanols, which are important
structural motif in biologically active compounds9 and valuable
synthetic building blocks,10 feature distinct reactivity.11 They
undergo facile ring opening under acidic,12 basic13 and
oxidative14 conditions even at low temperatures. With metals,

they form metal homoenolates, which participate in a range of
reactions as nucleophiles15 and electrophiles (Scheme 1c).16

The metal homoenolates are in equilibrium with cyclo-
propoxides, however, catalytic isomerization of cyclopropanols
are scarce. A notable example involves isomerization mediated
by Ti(IV) and a Lewis acid under the Kulinkovich reaction
conditions.17 Although a catalytic example was reported, it is
limited to a single, relatively unstable compound. Moreover,
few reports have demonstrated the isomerization of cyclo-
propoxides during cyclopropanation with organozinc re-
agents,18 and in processes delivering products with decreased
ring strain.19 To date, however, the factors determining
stereochemical (cis−trans interconversion) and structural
(formation of the corresponding carbonyl compounds)
isomerization are not well understood, and a general platform
for the stereochemical isomerization of cyclopropanols remains
not developed. We seek to address these questions employing
the metal homoenolates. Herein, we demonstrate a catalytic
stereochemical isomerization of cyclopropanols employing the
largely undeveloped chemistry of silver homoenolates.

■ RESULTS AND DISCUSSION
To study the stereochemical isomerization we selected cis-1,2-
disubstituted cyclopropanol 1a as a model substrate, which is
readily accessible via the Kulinkovich reaction with excellent
selectivity.20 Notably, stereoselective preparation of the trans-
1,2-disubstituted cyclopropanols requires a different strategy,21

such as addition of Grignard reagents to, generated in situ,
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cyclopropanones21a or reactions involving zinc carbenoids.21b,c

We hypothesized that a thermodynamically driven stereo-
chemical isomerization process would convert 1a to its,
presumably more stable, trans analog 1b. This would enable
accessing both diastereoisomers of 1,2-disubstituted cyclo-
propanols employing a unified strategy for constructing the
cyclopropanol core. We performed density functional theory
(DFT) computations to determine the relative Gibbs energies
of 1a and 1b, which indicated a slight thermochemical bias
favoring the trans-disubstituted isomer 1b. For other cyclo-
propanols, the computed trends in substrate-product stability
indicate a greater thermodynamic preference for the products
(vide infra). Next, we subjected 1a to the reaction with several

metal catalysts with proven ability to form metal homoenolates
including Cu, Fe, Mn, Co and Pd salts. Surprisingly, no
stereochemical isomerization was observed (see Supporting
Information for details). We found, however, that silver(I) salts
act as promising catalysts. Performing reaction in the presence
of silver nitrate, bis(trifluoromethanesulfonyl)imide, trifluor-
oacetate and triflate as catalysts in toluene delivered 1b in low
yields along with the structural isomerization products, ketones
1c and 1d (Table 1, entry 1−4). Switching the solvent to
DCM significantly improved the process, delivering 1b as a
major product in 45% yield (entry 5). In DMF, structural
isomerization was the predominant reaction pathway (entry 6),
however, using methanol as the solvent delivered 1b in 72%

Scheme 1. Metal Catalyzed Isomerization of Cyclopropane-Containing Molecules

Table 1. Optimization Studiesa

entry [Ag] (mol %) solvent 1a (%) 1b (%) 1c (%) 1d (%)

1 AgNO3 (10) PhMe 80 4 12 0
2 AgN(Tf)2 (10) PhMe 34 3 27 18
3 AgOC(O)CF3 (10) PhMe 2 17 45 20
4 AgOTf (10) PhMe 58 13 18 11
5 AgOTf (10) DCM 16 45 23 16
6 AgOTf (10) DMF 32 15 20 23
7 AgOTf (10) MeOH 28 72 0 0
8 AgOTf (10) i-PrOH 23 77 0 0
9 AgOTf (5) i-PrOH 38 62 0 0
10b AgOTf (5) i-PrOH 23 77 0 0
11b i-PrOH 100 0 0 0

aConditions: 0.1 mmol 1a, 5-10 μmol [Ag] in solvent (200 μl) at r.t. for 16 h; yields determined by 1H NMR spectroscopy with trichloroethylene
as a standard. bin i-PrOH (100 μl).
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yield, with the remaining mass balance being the cis-
disubstituted isomer 1a (entry 7). The yield was further
improved using isopropanol as a solvent giving 1b in 77% yield
(entry 8). Moreover, increasing the reaction concentration
enabled reducing the catalyst loading to 5 mol % without
compromising its efficiency (entry 10). No isomerization
occurred in the absence of the catalyst (entry 11).
We next evaluated the scope of silver-catalyzed stereo-

chemical isomerization with respect to diversely substituted
cyclopropanols at the C1 position (Scheme 2). Substrates
bearing alkyl substituents, including cyclohexyl, cyclobutyl, and
3,3-difluorocyclobutyl groups, delivered products 2−4b in
yields ranging from 62 to 80%. Noncyclic alkyl substituents,
such as isopropyl and benzyl groups, were also tolerated,
allowing the formation of products 5b and 7b with yields of 67
and 58%, respectively. Notably, the cis-disubstituted cyclo-
propanol 6a bearing a tert-butyl group converted to its
corresponding trans-disubstituted diastereoisomer 6b with
perfect selectivity. The diminished isolated yield of 60% is a
consequence of its moderate stability. We also investigated
substrates with heteroatom containing substituents. For
instance, cyclopropanol 8b bearing Boc-protected piperidine
was formed in 55% yield, while the thiophene and N-
methylindole containing substrates 10a and 11a converted to
their corresponding trans isomers 10b and 11b in yields of 57
and 45% respectively. These cases required increasing a
catalyst loading to 10 mol %. The cyclopropanol 9b bearing

furane substituent was formed in 59% yield. We also prepared
a cyclopropanol derivative of (S)-ibuprofen 12a as a 70:30
mixture of diastereomers having cis arrangement of the alkyl
substituents and subjected it to the isomerization conditions.
The corresponding 12b was isolated in 66% yield as a 67:33
mixture of trans-disubstituted diastereoisomers.
We then investigated the scope with respect to the

substituents on cyclopropanol’s C2 position. Electron-rich
3,4-dimethoxybenzyl groups and electron-poor 4-fluorobenzyl
groups were well tolerated, delivering the cyclopropanols 13b
and 16b in yields of 71 and 77%, respectively. The
isomerization was also effective when employing cyclopropanol
14a bearing a phenol moiety (69% yield) and a bulky
triisopropylsilyl-protected phenol 15a (58% yield). The
cyclopropanol 17b containing a naphthalen-1-ylmethyl group
was isolated in 68% yield, while substrate 18a bearing an alkyl
chain converted to its trans isomer 18b in 60% yield. Notably,
the reaction tolerates carbazole and sulfone moieties, delivering
the products 19b and 20b in yields of 63 and 69%,
respectively, using 10 mol % of a catalyst. Substrate containing
a thioether group 21a, however, did not engage in a productive
pathway. Notably, probing the stereochemical isomerization at
5.9 mmol scale yielded 1.3 g of 13b, indicated comparable
efficiency at 15-fold scale-up.
After establishing the synthetic potential of the stereo-

chemical isomerization, we turned our attention to mechanistic
investigations, seeking to explain the nature of this process. To

Scheme 2. Substrates Scope of Silver-Catalyzed Stereochemical Isomerization of Cyclopropanolsa

aReactions were performed at 0.4 mmol scale. Isolated yields of isomerized products are provided. Provided within the parentheses are d.r. of the
reaction determined by 1H NMR integration of the unpurified product. a10 mol % of AgOTf was used, breaction performed at 0.15 mmol scale,
ccis-disubstituted 12a had a d.r. of 70:30, d5.9 mmol scale.
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test whether the reaction is reversible, we subjected trans-
disubstituted cyclopropanol 1b to standard reaction con-
ditions. The resulting 1a:1b mixture of 17:83 indicates the
reversibility of the stereochemical isomerization (Scheme 3a).
This ratio is similar to the 77:23 ratio obtained from the pure
isomer 1a. Moreover, DFT calculations of the relative Gibbs
energies (ΔG) for a representative set of diastereomers
indicate a thermochemical preference for the formation of
trans-1,2-disubstituted cyclopropanols (Scheme 3a). Next, we
investigated the role of the silver catalyst. There are only two
reports suggesting the formation of silver homoenolates from
siloxycyclopropanes using stoichiometric amounts of silver
salts.22 Notably, numerous silver catalyzed ring opening
functionalizations of cyclopropanols take place under oxidative
conditions via a radical mechanism.23 To evaluate the
feasibility of the radical pathway, we performed the reaction
in the presence of TEMPO using 20 mol % of the catalyst
(Scheme 3b). The isomerization was suppressed and we
isolated the TEMPO adduct 7c in 18% yield. Interestingly, the
regioselectivity of this process suggests the involvement of
metal homoenolates rather than the opening of the cyclo-
propanol ring via a radical mechanism. Moreover, 7c was
formed without an erosion of the enantiomeric excess (99%
ee) when using enantiomerically pure cyclopropanol 7a. Being
intrigued by this result we hypothesized that TEMPO
undergoes oxidation or disproportionation in the presence of
AgOTf to form TEMPO+,24 which subsequently react with
silver homoenolate or cyclopropanol. We subjected then
oxoammonium triflate 22 to the reaction conditions with
and without AgOTf. Enantiopure 7c formed only in the
presence of AgOTf, which suggests the involvement of silver
homoenolate, however the detailed mechanism remains to be
elucidated. Although TEMPO suppressed the reaction, these
experiment suggests that the radical mechanism is unlikely.
Next, we subjected the enantiopure 7a to the standard reaction
conditions. In this case both 7a and 7b were isolated in
enantiopure forms. The absolute configurations of (+)7a and
(−)7b were determined by comparison of computational and
experimental circular dichroism spectroscopy25 (see Support-
ing Information for details) revealing epimerization at the
stereogenic center bearing the alcohol group. These observa-

tions further supports the formation of silver homoenolates.
We also subjected TBDMS (tert-butyl(dimethyl)silyl) pro-
tected cyclopropanols to the standard reaction conditions
(Scheme 3c). The lack of reactivity demonstrates the
importance of alcohol moiety for the stereochemical isomer-
ization.

■ CONCLUSIONS
In summary, we reported a catalytic stereochemical isomer-
ization of cyclopropanols. This study establishes the catalytic
reactivity of silver homoenolates, enabling the conversion of
readily available cis-1,2-disubstituted cyclopropanols into their
less accessible trans-diastereomers. This provides access to
both diastereomers employing a single strategy to construct the
cyclopropanol core. Mechanistic studies indicate that the
isomerization is enantiospecific and reversible, favoring the
formation of the more stable product. Formation for of the
silver homoenolates is supported by experimental investiga-
tions.

■ EXPERIMENTAL SECTION
General Procedure for the Silver-Catalyzed Stereochemical

Isomerization of Cyclopropanols. A 4 mL vial was charged under
air with substrate (0.4 mmol), i-PrOH (0.4 mL) and AgOTf (20−40
μmol). The mixture was stirred at r.t for 16 h covered by alumina foil.
After that time, the reaction mixture was diluted with DCM and
washed with saturated aqueous solution of NaHCO3. The aqueous
phase was washed with DCM (2 × 15 mL) and the combined organic
phases were washed with brine, dried under Na2SO4 and the solvent
was evaporated. The mixture was purified by flash column
chromatography on silica gel.
(trans)-2-Benzyl-1-(tetrahydro-2H-pyran-4-yl)cyclopropan-

1-ol (1b). Reaction time: 16 h. (cis)-2-benzyl-1-(tetrahydro-2H-
pyran-4-yl)cyclopropan-1-ol 1a (93 mg, 0.4 mmol), AgOTf (5.1 mg,
20 μmol) and i-PrOH (0.4 mL). The crude mixture was purified by
column chromatography (10% EtOAc-pentane) to afford product as
white solid in 73% yield (68 mg, 0.29 mmol). 1H NMR (400 MHz,
CDCl3) δ 7.32−7.24 (m, 4H), 7.22−7.16 (m, 1H), 4.05−3.93 (m,
2H), 3.38−3.25 (m, 2H), 2.89−2.74 (m, 2H), 1.98 (brs, 1H), 1.68−
1.50 (m, 3H), 1.48−1.41 (m, 1H), 1.23−1.13 (m, 1H), 1.04−0.95
(m, 1H), 0.71 (dd, J = 9.4, 5.6 Hz, 1H), 0.50 (t, J = 5.9 Hz, 1H)
ppm.13C NMR (101 MHz, CDCl3) δ 142.4, 128.5, 128.4, 126, 68.1,
68.1, 61.7, 43.3, 33.9, 28.6, 28.5, 24.5, 18 ppm. IR (ATR) 3369, 3058,

Scheme 3. Mechanistic Studies

aLevel of theory: CAM-B3LYP/6-311 + g(2d,p), [SMD = 2-propanol]

Organometallics pubs.acs.org/Organometallics Article

https://doi.org/10.1021/acs.organomet.4c00432
Organometallics 2025, 44, 520−528

523

https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00432/suppl_file/om4c00432_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00432/suppl_file/om4c00432_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00432?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00432?fig=sch3&ref=pdf
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.4c00432?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


3028, 3004, 2956, 2938, 2916, 2866, 2850, 1602, 1496, 1440, 1456,
1383, 1293, 1253, 1237, 1134, 1082, 985, 733, 696 cm−1. HRMS
(ESI): calcd for [C15H20O2 + Na]+, [M + Na]+: 255.1361; found:
255.1358.
(trans)-2-Benzyl-1-cyclohexylcyclopropan-1-ol (2b). Reac-

tion time: 16 h. (cis)-2-benzyl-1-cyclohexylcyclopropan-1-ol 2a
(92.1 mg, 0.4 mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH (0.4
mL). The crude mixture was purified by column chromatography
(10% EtOAc-pentane) to afford product as amorphous white solid in
80% yield (74 mg, 0.32 mmol). 1H NMR (400 MHz, CDCl3) δ 7.34−
7.25 (m, 4H), 7.23−7.15 (m, 1H), 2.87−2.75 (m, 2H), 1.83−1.72
(m, 3H), 1.70−1.55 (m, 3H), 1.31−1.09 (m, 5H), 1.00−0.92 (m,
1H), 0.90−0.80 (m, 1H), 0.68 (dd, J = 9.3, 5.4 Hz, 1H), 0.47 (t, J =
5.8 Hz, 1H) ppm.13C NMR (101 MHz, CDCl3 δ 142.6, 128.4, 125.8,
62.8, 46.3, 34.1, 28.8, 28.6, 26.5, 24.9, 18.4 ppm). IR (ATR) 3393,
3062, 3026, 2924, 2851, 1496, 1449, 1259, 1195, 1103, 1071, 1050,
979, 892, 849, 739, 699 cm−1. HRMS (ESI): calcd for [C16H22O +
Na]+, [M + Na]+: 253.1569; found: 253.1559.
(trans)-2-Benzyl-1-cyclobutylcyclopropan-1-ol (3b). Reaction

time: 16 h. (cis)-2-benzyl-1-cyclobutylcyclopropan-1-ol 3a (82 mg,
0.4 mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH (0.4 mL). The
crude mixture was purified by column chromatography (10% EtOAc-
pentane) to afford product as an oil in 73% yield (60 mg, 0.29 mmol).
1H NMR (400 MHz, CDCl3) δ 7.34−7.26 (m, 4H), 7.23−7.17 (m,
1H), 2.91−2.77 (m, 2H), 2.52−2.43 (m, 1H), 1.99−1.89 (m, 2H),
1.88−1.78 (m, 2H), 1.77−1.69 (m, 2H), 1.07−0.97 (m, 1H), 0.75
(dd, J = 9.3, 5.5 Hz, 1H), 0.49 (t, J = 5.9 Hz, 1H) ppm. 13C NMR
(101 MHz, CDCl3 δ 142.5, 128.4, 128.2, 125.9, 60.5, 42.3, 33.7, 24.1,
24.1, 22.8, 17.8, 16.9 ppm). IR (ATR) 3375, 3063, 3026, 2926, 2853,
1496, 1450, 1246, 1105, 1071, 1030, 990, 893, 739, 698 cm−1. HRMS
(ESI): calcd for [C14H18O + Na]+, [M + Na]+: 225.1256; found:
225.1253.
(trans)-2-Benzyl-1-(3,3-difluorocyclobutyl)cyclopropan-1-ol

(4b). Reaction time: 16 h. (cis)-2-benzyl-1-(3,3-difluorocyclobutyl)-
cyclopropan-1-ol 4a (95.3 mg, 0.4 mmol), AgOTf (10.3 mg, 40
μmol), i-PrOH (0.4 mL). The crude mixture was purified by column
chromatography (10% EtOAc-pentane) to afford product as white
solid in 62% yield (59 mg, 0.25 mmol). 1H NMR (400 MHz, CDCl3)
δ 7.35−7.16 (m, 5H), 2.90 (dd, J = 15.0, 6.4 Hz, 1H), 2.79 (dd, J =
15.1, 8.1 Hz, 1H), 2.62−2.48 (m, 2H), 2.46−2.29 (m, 2H), 2.21−
2.09 (m, 1H), 1.82 (s, 1H), 1.09−1.00 (m, 1H), 0.79 (dd, J = 9.5, 5.9
Hz, 1H), 0.58 (t, J = 6.2 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3)
δ 141.9, 128.6, 128.2, 126, 119.6, 58.9, 4, 33.6, 30.5, 23.8, 17.7 ppm.
19F NMR (376 MHz, CDCl3) δ −82.33, −82.84, −97.46, −97.97
ppm. IR (ATR) 3452, 3065, 3034, 3002, 2955, 2926, 2850, 2367,
2344, 1498, 1454, 1298, 1168, 1084, 1068, 1033, 898, 696 cm−1.
HRMS (ESI): calcd for [C14H16F2O + Na]+, [M + Na]+: 261.1067;
found: 261.1065.
(trans)-Benzyl-1-isopropylcyclopropan-1-ol (5b). Reaction

time: 16 h. (cis)-benzyl-1-isopropylcyclopropan-1-ol 6a (76.1 mg,
0.4 mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH (0.4 mL). The
crude mixture was purified by column chromatography (10% EtOAc-
pentane) to afford product as colorless oil in 67% yield (51 mg, 0.27
mmol). 1H NMR (400 MHz, CDCl3) δ 7.33−7.25 (m, 4H), 7.23−
7.15 (m, 1H), 2.89−2.75 (m, 2H), 1.63 (s, 1H), 1.27−1.16 (m, 1H),
1.01 (d, J = 6.9 Hz, 3H), 0.99−0.93 (m, 1H), 0.92 (d, J = 6.8 Hz,
3H), 0.71−0.64 (m, 1H), 0.49 (t, J = 5.8 Hz, 1H) ppm. 13C NMR
(101 MHz, CDCl3) δ 142.6, 128.4, 128.4, 125.9, 63.3, 36.26, 34.1,
25.4, 18.8, 18.2, 18.1 ppm. IR (ATR) 3396, 3063, 3026, 2959, 2926,
2872, 2852, 1604, 1496, 1451, 1383, 1365, 1261, 1123, 1065, 992,
893, 740, 699 cm−1. HRMS (ESI): calcd for [C13H18O + Na]+, [M +
Na]+: 213.1255; found: 213.1248.
(trans)-2-Benzyl-1-(tert-butyl)cyclopropan-1-ol (6b). Reac-

tion time: 16 h. (cis)-2-benzyl-1-(tert-butyl)cyclopropan-1-ol 7a
(81.7 mg, 0.4 mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH (0.4
mL). The crude mixture was purified by column chromatography (8%
EtOAc-pentane) to afford product as colorless oil in 61% yield (50
mg, 0.24 mmol). 1H NMR (400 MHz, CDCl3) δ 7.32−7.26 (m, 4H),
7.23−7.16 (m, 1H), 2.90−2.76 (m, 2H), 1.74 (s, 1H), 1.24−1.15 (m,
1H), 0.88 (s, 9H), 0.87−0.83 (m, 1H), 0.38 (t, J = 6.0 Hz, 1H) ppm.

13C NMR (101 MHz, CDCl3) δ 142.7, 128.5, 128.4, 125.9, 65.4, 34.2,
34.2, 26.2, 22, 16.2 ppm. IR (ATR) 3567, 3464, 3064, 3026, 2957,
2909, 2869, 1604, 1496, 1471, 1454, 1393, 1364, 1245, 1205, 1153,
1073, 1030, 990, 902, 795, 740, 699 cm−1. HRMS (ESI): calcd for
[C14H20O+Na]+, [M + Na]+: 227.1412; found: 227.1402.
(trans)-1,2-Dibenzylcyclopropan-1-ol (7b). Reaction time: 16

h. (cis)-1,2-dibenzylcyclopropan-1-ol 8a (95.3 mg, 0.4 mmol), AgOTf
(5.1 mg, 20 μmol) and i-PrOH (0.4 mL). The crude mixture was
purified by column chromatography (10% EtOAc-pentane) to afford
product as amorphous white solid in 69% yield (66 mg, 0.28 mmol).
1H NMR (400 MHz, CDCl3) δ 7.33−7.17 (m, 10H), 2.96 (d, J = 14.2
Hz, 1H), 2.88−2.80 (m, 3H), 1.85 (s, 1H), 1.24−1.14 (m, 1H), 0.89
(dd, J = 9.3, 5.6 Hz, 1H), 0.61 (t, J = 6.0 Hz, 1H) ppm. 13C NMR
(101 MHz, CDCl3) δ 142.2, 138.4, 129.5, 128.7, 128.5, 128.4, 126.7,
125.9, 59.3, 45.3, 33.9, 25.2, 18.6 ppm. IR (ATR) 3310, 3084, 3064,
3029, 2930, 2854, 2839, 1603, 1494, 1453, 1404, 1351, 1338, 1295,
1188, 1102, 1085, 1060, 1035, 1001, 893, 863, 750, 699 cm−1. HRMS
(ESI): calcd for [C17H18O+Na]+, [M + Na]+: 261.1256; found:
261.1253.
(trans)-2-Benzyl-1-(N-boc-piperidine)cyclopropan-1-ol (8b).

Reaction time: 16 h. (cis)-2-benzyl-1-(N-boc-piperidine)cyclopropan-
1-ol 8a (133 mg, 0.4 mmol), AgOTf (10.3 mg, 40 μmol) and i-PrOH
(0.4 mL). The crude mixture was purified by column chromatography
(20% EtOAc-pentane) to afford product as colorless oil in 55% yield
(73 mg, 0.22 mmol). 1H NMR (400 MHz, CDCl3) δ 7.31−7.23 (m,
4H), 7.21−7.15 (m, 1H), 4.34−3.90 (m, 2H), 2.87−2.73 (m, 2H),
2.67−2.47 (m, 2H), 2.14 (brs, 1H), 1.70−1.62 (m, 1H), 1.54−1.32
(m, 12H), 1.06−0.91 (m, 2H), 0.69 (dd, J = 9.4, 5.5 Hz, 1H), 0.50 (t,
J = 5.9 Hz, 1H) ppm.13C NMR (101 MHz, CDCl3) δ 154.9, 142.4,
128.5, 125.9, 79.5, 61.6, 44.7, 34, 28.6, 28.5, 27.8, 24.9, 18.4 ppm. IR
(ATR) 3432, 2973, 2922, 2856, 2360, 2342, 1668, 1478, 1436, 1364,
1278, 1241, 1158, 1070, 1021, 892, 864, 765, 739, 699, 642, 610, 548,
499, 453 cm−1. HRMS (ESI): calcd for [C20H29NO3 + Na]+, [M +
Na]+: 354.2045; found: 354.2038.
(trans)-2-Benzyl-1-(2-(furan-2-yl)ethyl)cyclopropan-1-ol

(9b). Reaction time: 16 h. (cis)-2-benzyl-1-(2-(furan-2-yl)ethyl)-
cyclopropan-1-ol 9a (96.9 mg, 0.4 mmol), AgOTf (5.1 mg, 20 μmol)
and i-PrOH (0.4 mL). The crude mixture was purified by column
chromatography (10% EtOAc-pentane) to afford product as a
colorless oil in 59% yield (57 mg, 0.23 mmol). 1H NMR (400
MHz, CDCl3) δ 7.32−7.23 (m, 5H), 7.22−7.16 (m, 1H), 6.29−6.24
(m, 1H), 5.98−5.93 (m, 1H), 2.85−2.76 (m, 4H), 1.95−1.83 (m,
2H), 1.82 (s, 1H), 0.99−0.90 (m, 1H), 0.67 (dd, J = 9.2, 5.5 Hz, 1H),
0.52 (t, J = 6.0 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3) δ 155.9,
142.3, 141, 128.5, 128.3, 125.9, 110.3, 105.1, 58.6, 38.2, 34, 25.4, 24.6,
19.2 ppm. IR (ATR) 3398, 3114, 3063, 3026, 2996, 2917, 2851, 1599,
1507, 1496, 1453, 1259, 1149, 1119, 1071, 1029, 1005, 920, 884, 800,
730, 699 cm−1. HRMS (ESI): calcd for [C16H18O2 + Na]+, [M +
Na]+: 265.1205; found: 265.1201.
(trans)-2-Benzyl-1-(thiophen-2-ylmethyl)cyclopropan-1-ol

(10b). Reaction time: 16 h. (cis)-2-benzyl-1-(thiophen-2-ylmethyl)-
cyclopropan-1-ol 10a (97.7 mg, 0.4 mmol), AgOTf (10.3 mg, 40
μmol) and i-PrOH (0.4 mL). The crude mixture was purified by
column chromatography (10% EtOAc-pentane) to afford product as
colorless oil in 57% yield (56 mg, 0.29 mmol). 1H NMR (400 MHz,
CDCl3) δ 7.31−7.15 (m, 6H), 6.98−6.94 (m, 1H), 6.90−6.86 (m,
1H), 3.13 (dd, J = 15.1, 0.9 Hz, 1H), 3.01 (dd, J = 15.2, 1.0 Hz, 1H),
2.92−2.76 (m, 2H), 2.07 (s, 1H), 1.24−1.15 (m, 1H), 0.91 (dd, J =
9.4, 5.7 Hz, 1H), 0.66 (t, 1H) ppm. 13C NMR (101 MHz, CDCl3) δ
142.1, 140.6, 128.5, 128.4, 127, 126.1, 125.9, 124.3, 59.4, 39.9, 33.8,
25.5, 19 ppm. IR (ATR) 3420, 3063, 3025, 2995, 2916, 2849, 1603,
1495, 1453, 1438, 1271, 1240, 1179, 1127, 1072, 1028, 999, 919, 851,
822, 728, 698 cm−1. HRMS (ESI): calcd for [C15H16OS + Na]+, [M +
Na]+: 267.0820; found: 267.0813.
(trans)-1-(2-(1-Methyl-1H-indol-3-yl)ethyl)cyclopropan-1-ol

(11b). Reaction time: 16 h. (cis)-1-(2-(1-methyl-1H-indol-3-yl)-
ethyl)cyclopropan-1-ol 11a (46 mg, 0.15 mmol), AgOTf (3.8 mg, 15
μmol) and i-PrOH (0.15 mL). The crude mixture was purified by
column chromatography (10% EtOAc-pentane) to afford product as a
yellow amorphous solid in 45% yield (21 mg, 0.068 mmol). 1H NMR
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(400 MHz, CDCl3) δ 7.56 (d, J = 7.9 Hz, 1H), 7.33−7.25 (m, 5H),
7.24−7.17 (m, 2H), 7.12−7.06 (m, 1H), 6.73 (s, 1H), 3.70 (s, 3H),
2.92 (t, J = 7.8 Hz, 2H), 2.87−2.73 (m, 2H), 2.07−1.97 (m, 1H),
1.95−1.86 (m, 1H), 1.79 (s, 1H), 1.04−0.97 (m, 1H), 0.74 (dd, J =
9.2, 5.5 Hz, 1H), 0.54 (t, J = 5.9 Hz, 1H) ppm. 13C NMR (101 MHz,
CDCl3) δ 142.4, 137.1, 128.4, 128.3, 127. 7, 126, 125.8, 121.6, 119,
118.6, 114.7, 109.2, 59.4, 40, 33.9, 32.5, 25.2, 21.6, 19.1 ppm. IR
(ATR) 3335, 3064, 3025, 2993, 2918, 2848, 2361, 2342, 1495, 1472,
1454, 1420, 1325, 1297, 1226, 1007, 739, 700 cm−1. HRMS (ESI):
calcd for [C21H23NO + Na]+, [M + Na]+: 328.1678; found: 328.1671.
(1R ,2S)-2-Benzyl-1-((S)-1-(4-isobutylphenyl)ethyl)-

cyclopropan-1-ol and (1S ,2R)-2-Benzyl-1-((S)-1-(4-
isobutylphenyl)ethyl)cyclopropan-1-ol (12b). Reaction time:
16 h. 12a (123 mg, 0.4 mmol), AgOTf (5.1 mg, 20 μmol), i-PrOH
(0.4 mL). The crude mixture was purified by column chromatography
(5% EtOAc-pentane) to afford product as colorless oil in 66% yield,
67:33 d.r. (82 mg, 0.26 mmol). 1H NMR (600 MHz, DMSO-D6)
(mixture of diastereomers, which could not be fully distinguished;
signals are reported as seen) δ 7.27−7.20 (m, 1.8 H), 7.17−7.10 (m,
3.4H), 7.04 (p, J = 6.5 Hz, 3H), 6.98 (dt, J = 11.4, 8.2 Hz, 5.1H), 5.10
(s, 1H), 4.98 (s, 0.4H), 2.75 (dd, J = 14.6, 7.4 Hz, 0.4H), 2.64 (dd, J =
14.9, 7.7 Hz, 1H), 2.59−2.52 (m, 1.5H), 2.39−2.34 (m, 3H), 2.34−
2.30 (m, 1H), 2.30−2.26 (m, 0.4H), 1.77 (dq, J = 13.7, 6.8 Hz, 1.5H),
1.28 (d, J = 7.1 Hz, 3H), 1.22 (d, J = 7.1 Hz, 1.8H), 0.87−0.93 (m,
1.2H), 0.86−0.80 (m, 9H), 0.65 (dd, J = 9.4, 5.2 Hz, 0.4H), 0.57 (dd,
J = 9.4, 4.9 Hz, 1H), 0.33 (t, J = 5.5 Hz, 1H), 0.27 (t, J = 5.7 Hz,
0.4H) ppm. 13C NMR (151 MHz, DMSO-D6) (mixture of
diastereomers, which could not be fully distinguished; signals are
reported as seen) δ 143.1, 142.8, 142.3, 139.0, 138.9, 128.9, 128.8,
128.8, 128.7, 128.6, 128.3, 128.32, 126.0, 125.8, 61.7, 61.6, 47.0, 46.8,
44.9, 44.9, 34.0, 33.8, 30.2, 30.2, 25.7, 24.6, 22.8, 22.8, 18.9, 18.4,
17.9, 17.8 ppm. IR (ATR) 3566, 3447, 3062, 3025, 2954, 2924, 2868,
1716, 1454, 1247, 736, 699 cm−1. HRMS (ESI): calcd for [C22H28O +
Na]+, [M + Na]+: 331.2038; found: 331.2034.
(trans)-2-(3,4-Dimethoxybenzyl)-1-(tetrahydro-2H-pyran-4-

yl)cyclopropan-1-ol (13b). Reaction time: 16 h. (cis)-2-(3,4-
dimethoxybenzyl)-1-(tetrahydro-2H-pyran-4-yl)cyclopropan-1-ol 13a
(117 mg, 0.4 mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH (0.4
mL). The crude mixture was purified by column chromatography
(20−30% EtOAc-pentane) to afford product as colorless oil in 71%
yield (83 mg, 0.28 mmol). 5.9 mmol scale reaction: Reaction time: 16
h. (cis)-2-(3,4-dimethoxybenzyl)-1-(tetrahydro-2H-pyran-4-yl)-
cyclopropan-1-ol 13a (1.72g, 5.9 mmol), AgOTf (75.8 mg, 0.29
mmol) and i-PrOH (6 mL). The crude mixture was purified by
column chromatography (20−30% EtOAc-pentane) to afford product
as light yellow oil in 75% yield (1.3 g, 4.4 mmol). 1H NMR (400
MHz, CDCl3) δ 6.85−6.75 (m, 3H), 4.05−3.93 (m, 2H), 3.86 (d, J =
5.5 Hz, 6H), 3.36−3.24 (m, 2H), 2.86−2.66 (m, 2H), 1.72 (s, 1H),
1.67−1.50 (m, 3H), 1.48−1.39 (m, 1H), 1.21−1.11 (m, 1H), 1.01−
0.91 (m, 1H), 0.71 (dd, J = 9.4, 5.5 Hz, 1H), 0.48 (t, J = 5.9 Hz, 1H)
ppm.13C NMR (101 MHz, CDCl3) δ 148.9, 147.3, 135, 120, 111.8,
111.2, 68.1, 68.1, 61.7, 56, 55.9, 43.4, 33.6, 28.7, 28.5, 24.9, 18.1 ppm.
IR (ATR) 3394, 3013, 2970, 2949, 2922, 2849, 2361, 2343, 1590,
1516, 1466, 1287, 1264, 1252, 1233, 1223, 1154, 1140, 1085, 1027,
757, 667 cm−1. HRMS (ESI): calcd for [C17H24O4 + Na]+, [M +
Na]+: 315.1572; found: 315.1570.
(trans)-2-((2-Hydroxy-2-(tetrahydro-2H-pyran-4-yl)-

cyclopropyl)methyl)phenol (14b). Reaction time: 16 h. (cis)-2-
((2-hydroxy-2-(tetrahydro-2H-pyran-4-yl)cyclopropyl)methyl)phenol
14a (99 mg, 0.4 mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH (0.4
mL). The crude mixture was purified by column chromatography (3%
MeOH-DCM) to afford product as a yellow amorphous solid in 69%
yield (68 mg, 0.27 mmol). 1H NMR (400 MHz, CDCl3) δ 8.45 (brs,
1H), 7.17−7.07 (m, 2H), 6.88−6.78 (m, 2H), 4.81 (brs, 1H), 4.07−
3.89 (m, 2H), 3.38−3.20 (m, 2H), 2.95−2.88 (m, 1H), 2.65−2.55
(m, 1H), 1.73−1.54 (m, 3H), 1.27−1.19 (m, 1H), 1.08−0.97 (m,
1H), 0.85−0.71 (m, 2H), 0.55 (t, J = 5.6 Hz, 1H) ppm.13C NMR
(101 MHz, CDCl3) δ 154.5, 130.7, 128, 127.9, 120.3, 116.4, 68.1, 61,
46.3, 43, 29.5, 28.3, 25.2, 17.9, 8.7 ppm. IR (ATR) 3266, 2952, 2851,
2692, 2360, 2342, 1705, 1594, 1489, 1457, 1387, 1363, 1240, 1088,

756, 732 cm−1. HRMS (ESI): calcd for [C15H20O3 + Na]+, [M +
Na]+: 271.1310; found: 271.1306.
( t r a n s ) - 1 - ( T e t r a h y d r o - 2H - p y r a n - 4 - y l ) - 2 - ( 2 -

((triisopropylsilyl)oxy)benzyl)cyclopropan-1-ol (15b). Reaction
t ime: 16 h . (c i s) -1-( te t rahydro-2H-pyran-4 -y l ) -2 -(2 -
((triisopropylsilyl)oxy)benzyl)cyclopropan-1-ol 15a (162 mg, 0.4
mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH (0.4 mL). The
crude mixture was purified by column chromatography (30% EtOAc-
pentane) to afford product as an amorphous solid in 58% yield (94
mg, 0.23 mmol). 1H NMR (400 MHz, CDCl3) δ 7.24−7.19 (m, 1H),
7.10−7.03 (m, 1H), 6.93−6.87 (m, 1H), 6.84−6.80 (m, 1H), 4.03−
3.89 (m, 2H), 3.36−3.21 (m, 2H), 2.89 (dd, J = 14.4, 5.7 Hz, 1H),
2.76 (dd, J = 14.4, 8.6 Hz, 1H), 2.37 (brs, 1H), 1.52−1.42 (m, 1H),
1.37−1.27 (m, 5H), 1.11 (dd, J = 11.2, 7.4 Hz, 18H), 1.02−0.96 (m,
1H), 0.91−0.82 (m, 2H), 0.67 (dd, J = 9.4, 5.5 Hz, 1H), 0.52 (dd, J =
6.4, 5.5 Hz, 1H) ppm.13C NMR (101 MHz, CDCl3) δ 153.5, 132.6,
130.1, 127, 121.3, 118.4, 68.2, 68.1, 61.4, 43.4, 28.5, 28.5, 24.6, 18.1,
18, 13.2 ppm. IR (ATR) 3421, 2943, 2866, 2360, 2342, 1599, 1507,
1489, 1452, 1386, 1257, 1237, 1183, 1138, 1089, 996, 921, 882, 754,
680, 644 cm−1. HRMS (ESI): calcd for [C24H40O3Si + Na]+, [M +
Na]+: 427.2645; found: 427.2640.
(trans)-2-(4-Fluorobenzyl)-1-(tetrahydro-2H-pyran-4-yl)-

cyclopropan-1-ol (16b). Reaction time: 16 h. (tcis)-2-(4-
fluorobenzyl)-1-(tetrahydro-2H-pyran-4-yl)cyclopropan-1-ol 16a
(100 mg, 0.4 mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH (0.68
mL), DCM (0.12 mL). The crude mixture was purified by column
chromatography (20% EtOAc-pentane) to afford product as a
colorless oil in 77% yield (77 mg, 0.31 mmol). 1H NMR (400
MHz, CDCl3) δ 7.24−7.18 (m, 2H), 7.00−6.92 (m, 2H), 4.04−3.94
(m, 2H), 3.36−3.25 (m, 2H), 2.85−2.70 (m, 2H), 1.70 (s, 1H),
1.66−1.48 (m, 3H), 1.45−1.37 (m, 1H), 1.21−1.12 (m, 1H), 1.00−
0.89 (m, 1H), 0.72 (dd, J = 9.4, 5.6 Hz, 1H), 0.48 (t, J = 5.9 Hz, 1H)
ppm. 13C NMR (101 MHz, CDCl3) δ 162.6, 160.1, 138, 138, 129.8,
129.7, 115.2, 115, 68.1, 68.1, 61.6, 43.3, 33.1, 28.6, 28.5, 24.7, 18 ppm.
19F NMR (376 MHz, CDCl3) δ −117.64 ppm. IR (ATR) 3364, 2982,
2966, 2940, 2914, 2871, 2851, 2363, 2343, 1602, 1508, 1457, 1390,
1302, 1289, 1250, 1238, 1217, 1135, 1085, 1027, 999, 982, 907, 863,
838, 785, 757, 509 cm−1. HRMS (ESI): calcd for [C15H19FO2 + Na]+,
[M + Na]+: 273.1267; found: 273.1261.
(trans)-2-(Naphthalen-1-ylmethyl)-1-(tetrahydro-2H-pyran-

4-yl)cyclopropan-1-ol (17b). Reaction time: 16 h. (cis)-2-
(naphthalen-1-ylmethyl)-1-(tetrahydro-2H-pyran-4-yl)cyclopropan-1-
ol 17a (114 mg, 0.4 mmol), AgOTf (5.1 mg, 20 μmol) and i-PrOH
(0.4 mL). The crude mixture was purified by column chromatography
(20% EtOAc-pentane) to afford product colorless oil in 68% yield (77
mg, 0.27 mmol). 1H NMR (400 MHz, CDCl3) δ 8.14−8.09 (m, 1H),
7.87−7.83 (m, 1H), 7.75−7.70 (m, 1H), 7.54−7.39 (m, 4H), 4.03−
3.92 (m, 2H), 3.35−3.23 (m, 4H), 1.94 (s, 1H), 1.63−1.48 (m, 3H),
1.44−1.38 (m, 1H), 1.25−1.10 (m, 2H), 0.78−0.72 (m, 1H), 0.56 (t,
J = 5.9 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3) δ 138.44, 133.91,
132.09, 128.83, 126.74, 125.91, 125.73, 125.62, 125.34, 123.94, 68.13,
68.08, 61.96, 43.31, 30.58, 28.61, 28.48, 23.42, 18.14 ppm. IR (ATR)
3397, 2919, 2849, 2360, 2342, 1596, 1508, 1456, 1387, 1289, 1254,
1237, 1136, 1086, 1028, 981, 908, 789, 772, 728, 668, 556 cm−1.
HRMS (ESI): calcd for [C19H22O2 + Na]+, [M + Na]+: 305.1518;
found: 305.1510.
(trans)-2-(3-(Benzyloxy)propyl)-1-(tetrahydro-2H-pyran-4-

yl)cyclopropan-1-ol (18b). Reaction time: 16 h. (cis)-2-(3-
(benzyloxy)propyl)-1-(tetrahydro-2H-pyran-4-yl)cyclopropan-1-ol
18a (62.3 mg, 0.22 mmol), AgOTf (2.8 mg, 10 μmol) and i-PrOH
(0.22 mL). The crude mixture was purified by column chromatog-
raphy (50% EtOAc-pentane) to afford the product as a colorless oil in
60% yield (37 mg, 0.13 mmol). 1H NMR (400 MHz, CDCl3) δ 7.38−
7.27 (m, 5H), 4.51 (s, 2H), 4.05−3.96 (m, 2H), 3.70−3.56 (m, 1H),
3.55−3.48 (m, 1H), 3.38−3.26 (m, 2H), 2.75 (s, 1H), 1.92−1.71 (m,
2H), 1.70−1.40 (m, 7H), 1.19−1.08 (m, 1H), 0.60−0.54 (m, 1H),
0.29 (t, J = 5.2 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3) δ 138.09,
128.58, 128.01, 127.88, 73.02, 69.61, 68.30, 68.18, 61.34, 43.49, 29.67,
28.82, 28.62, 24.08, 22.68, 17.47 ppm. IR (ATR) 3358, 2850, 2138,
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1637, 1454, 1364, 1237, 1135, 1088, 1027, 981 cm−1. HRMS (ESI):
calcd for [C18H26O3 + Na]+, [M + Na]+: 313.1774; found: 313.1776.
(trans)-2-(3-(9H-Carbazol-9-yl)propyl)-1-(tetrahydro-2H-

pyran-4-yl)cyclopropan-1-ol (19b). Reaction time: 16 h. (cis)-2-
(3-(9H-carbazol-9-yl)propyl)-1-(tetrahydro-2H-pyran-4-yl)-
cyclopropan-1-ol 20a (140 mg, 0.4 mmol), AgOTf (10.3 mg, 40
μmol) and i-PrOH (0.4 mL). The crude mixture was purified by
column chromatography (10% EtOAc-pentane) to afford product as
an amorphous solid in 63% yield (88 mg, 0.25 mmol). 1H NMR (400
MHz, CDCl3) δ 8.12−8.05 (m, 2H), 7.49−7.36 (m, 4H), 7.24−7.18
(m, 2H), 4.31 (t, J = 7.2 Hz, 2H), 4.01−3.91 (m, 2H), 3.32−3.22 (m,
2H), 2.00−1.88 (m, 2H), 1.71 (brs, 1H), 1.62−1.45 (m, 5H), 1.45−
1.36 (m, 1H), 1.10−1.00 (m, 1H), 0.61−0.52 (m, 2H), 0.28−0.21
(m, 1H) ppm.13C NMR (101 MHz, CDCl3) δ 140.5, 125.7, 122.9,
120.5, 118.9, 118.8, 108.8, 108.8, 68.1, 68.1, 61.5, 43.3, 43.1, 43.1,
29.5, 28.6, 28.5, 25.6, 23, 17.8 ppm. IR (ATR) 3404, 3051, 2935,
2849, 2362, 2343, 1596, 1484, 1464, 1452, 1385, 1347, 1326, 1291,
1236, 1153, 1134, 1120, 1087, 1014, 981, 750, 723 cm−1. HRMS
(ESI): calcd for [C23H27NO2 + Na]+, [M + Na]+: 272.1940; found:
272.1935.
(trans)-2-(3-(Phenylsulfonyl)propyl)-1-(tetrahydro-2H-

pyran-4-yl)cyclopropan-1-ol (20b). Reaction time: 16 h. (cis)-2-
(3-(phenylsulfonyl)propyl)-1-(tetrahydro-2H-pyran-4-yl)-
cyclopropan-1-ol 19a (130 mg, 0.4 mmol), AgOTf (10.3 mg, 40
μmol) and i-PrOH (0.4 mL). The crude mixture was purified by
column chromatography (30% EtOAc-pentane) to afford product as a
colorless oil in 69% yield (89 mg, 0.27 mmol). 1H NMR (400 MHz,
CDCl3) δ 7.96−7.87 (m, 2H), 7.71−7.62 (m, 1H), 7.62−7.54 (m,
2H), 4.06−3.95 (m, 2H), 3.37−3.27 (m, 2H), 3.19−3.11 (m, 2H),
2.02 (brs, 1H), 1.88−1.75 (m, 2H), 1.66−1.49 (m, 5H), 1.47−1.39
(m, 1H), 1.18−1.08 (m, 1H), 0.66−0.53 (m, 2H), 0.27 (t, J = 4.9 Hz,
1H) ppm. 13C NMR (101 MHz, CDCl3) δ 139.2, 133.8, 129.4, 128.1,
128.1, 68.1, 68, 61.2, 56, 43.2, 28.6, 28.5, 26.3, 23.1, 22.5, 17.7 ppm.
IR (ATR) 3503, 2922, 2851m 2360, 2342, 1447, 1305, 1146, 1087,
733 cm−1. HRMS (ESI): calcd for [C17H24O4S + Na]+, [M + Na]+:
347.1293; found: 347.1292.
Computational Studies. The geometry optimization of the

transition states and local minima was performed using the Gaussian
0926 suite of programs and the Cartesian coordinates preparation was
made using the GaussView 627 visualization software. For
thermodynamic stability computations and determination of ΔH
and ΔG relationship between substrates and products the CAM-
B3LYP/6-311 + g(2d,p) level of theory was used. The implicit
solvation model based on electron density (SMD)28 was used in all
computations to reflect the molecular properties in 2-propanol
environment (dielectric constant for 2-propanol: ε= 19.264). The
ωB97XD/6-311 + g(2d,p) level of theory with SMD solvent model
for acetonitrile (dielectric constant for acetonitrile: ε= 35.688) was
used to compute ECD and ultraviolet−visible (UV−vis) spectra. The
thermal and zero-point vibrational energy (ZPE) corrections have
been used in the calculations and no geometry restrictions have been
applied. Harmonic frequency analysis has been performed to localize
the proper position of the ground state structures. For more details,
please see SI.
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Sylwia Górczyńska − Faculty of Chemistry, Jagiellonian
University, Kraków 30-387, Poland

Kacper Błaziak − Faculty of Chemistry, University of Warsaw,
Warsaw 02-093, Poland; Biological and Chemical Research
Center, University of Warsaw, Warsaw 02-089, Poland;
orcid.org/0000-0003-4852-1254

Léonie Blanchard − Faculty of Chemistry, Jagiellonian
University, Kraków 30-387, Poland

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.organomet.4c00432

Author Contributions
⊥R.S. and S.G. contributed equally to this work. R.S., S.G, L.B.,
and Ł.W.: Investigation. K.B.: DFT studies. Ł.W.: Conceptu-
alization, project administration, resources, supervision and
writing�original draft.
Funding
The project is cofinanced by the Polish National Agency for
Academic Exchange within Polish Returns Program (BPN/
PPO/2021/1/00042/U/00001) and National Science Center,
Poland (2022/01/1/ST4/00018).
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
The study was carried out using research infrastructure funded
by the European Union in the framework of the Smart Growth
Operational Program, Measure 4.2; grant no. POIR.04.02.00-
00-D001/20, “ATOMIN 2.0 − Center for materials research
on ATOMic scale for the INnovative economy. We express our
thanks to the Wroclaw Center for Networking and Super-
computing (WCSS) and Interdisciplinary Center for Mathe-
matical and Computational Modeling (ICM) in Warsaw (grant
no. G50-2) for providing computer time and facilities. We
gratefully acknowledge Polish high-performance computing
infrastructure PLGrid (HPC Centers: ACK Cyfronet AGH)
for providing computer facilities and support within computa-
tional grant no. PLG/2024/017834. We thank Katarzyna Pajor
for help with ECD measurements.

■ REFERENCES
(1) (a) Baldwin, J. E. Thermal Stereomutations of Cyclopropanes and
Vinylcyclopropanes in PATAI’s Chemistry of Functional Groups; John
Wiley & Sons, Ltd, 2009. (b) Carter, W. L.; Bergman, R. G. Optical
Isomerization During the Pyrolysis of Alkylcyclopropanes. Evidence
for Diradical Intermediates and an Estimate of Their Telative Rates of
Bond Rotation and Ring Closure. J. Am. Chem. Soc. 1968, 90, 7344−
7346. (c) Berson, J. A.; Balquist, J. M. The mechanism of pyrolysis of
cyclopropanes. Racemization and geometrical isomerization of
tetramethylcyclopropane-d6. J. Am. Chem. Soc. 1968, 90, 7343−
7344. (d) Rabinovitch, B. S.; Schlag, E. W.; Wiberg, K. B. Geometrical
and Structural Unimolecular Isomerization of Sym-Cyclopropane-d2.
J. Chem. Phys. 1958, 28, 504−505.
(2) Mizuno, K.; Ichinose, N.; Yoshimi, Y. Photochemistry of
Cyclopropanes, Methylenecyclopropanes, and Vinylidenecyclopro-
panes. J. Photochem. Photobiol., C 2000, 1, 167−193.
(3) Kim, S.; Chen, P.-P.; Houk, K. N.; Knowles, R. R. Reversible
Homolysis of a Carbon−Carbon σ-Bond Enabled by Complexation-

Organometallics pubs.acs.org/Organometallics Article

https://doi.org/10.1021/acs.organomet.4c00432
Organometallics 2025, 44, 520−528

526

https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00432/suppl_file/om4c00432_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00432?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00432/suppl_file/om4c00432_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00432/suppl_file/om4c00432_si_002.xyz
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="%C5%81ukasz+Woz%CC%81niak"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-7105-1567
https://orcid.org/0000-0001-7105-1567
mailto:lukasz5.wozniak@uj.edu.pl
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rajat+Shankhdhar"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sylwia+Go%CC%81rczyn%CC%81ska"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kacper+B%C5%82aziak"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-4852-1254
https://orcid.org/0000-0003-4852-1254
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Le%CC%81onie+Blanchard"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00432?ref=pdf
https://doi.org/10.1021/ja01028a029?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01028a029?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01028a029?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01028a029?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01028a028?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01028a028?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01028a028?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1063/1.1744165
https://doi.org/10.1063/1.1744165
https://doi.org/10.1016/S1389-5567(00)00011-3
https://doi.org/10.1016/S1389-5567(00)00011-3
https://doi.org/10.1016/S1389-5567(00)00011-3
https://doi.org/10.1021/jacs.2c01229?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c01229?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.4c00432?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Induced Bond-Weakening. J. Am. Chem. Soc. 2022, 144, 15488−
15496.
(4) Onneken, C.; Morack, T.; Soika, J.; Sokolova, O.; Niemeyer, N.;
Mück-Lichtenfeld, C.; Daniliuc, C. G.; Neugebauer, J.; Gilmour, R.
Light-enabled deracemization of cyclopropanes by Al-salen photo-
catalysis. Nature 2023, 621, 753−759.
(5) Herlé, B.; Holstein, P. M.; Echavarren, A. M. Stereoselective cis-
Vinylcyclopropanation via A Gold(I)-Catalyzed Retro-Buchner
Reaction under Mild Conditions. ACS Catal. 2017, 7, 3668−3675.
(6) Reiersølmoen, A. C.; Østrem, E.; Fiksdahl, A. Gold(III)-
Catalysed Cis-to-Trans Cyclopropyl Isomerization. Eur. J. Org. Chem.
2018, 2018, 3317−3325.
(7) Mato, M.; García-Morales, C.; Echavarren, A. M. Synthesis of
Trienes by Rhodium-Catalyzed Assembly and Disassembly of Non-
Acceptor Cyclopropanes. ACS Catal. 2020, 10, 3564−3570.
(8) Mendel, M.; Karl, T. M.; Hamm, J.; Kaldas, S. J.; Sperger, T.;
Mondal, B.; Schoenebeck, F. Dynamic stereomutation of vinyl-
cyclopropanes with metalloradicals. Nature 2024, 631, 80−86.
(9) (a) Wang, H.-B.; Wang, X.-Y.; Liu, L.-P.; Qin, G.-W.; Kang, T.-
G. Tigliane Diterpenoids from the Euphorbiaceae and Thymelaeaceae
Families. Chem. Rev. 2015, 115, 2975−3011. (b) Ohyoshi, T.;
Funakubo, S.; Miyazawa, Y.; Niida, K.; Hayakawa, I.; Kigoshi, H.
Total synthesis of (−)-13-oxyingenol and its natural derivative. Angew.
Chem., Int. Ed. 2012, 51, 4972−4975. (c) Greiner, E.; Folk, J. E.;
Jacobson, A. E.; Rice, K. C. A novel and facile preparation of
bremazocine enantiomers through optically pure N-norbremazocines.
Bioorg. Med. Chem. 2004, 12, 233−238. (d) Xu, F.; Zhong, Y. L.; Li,
H. M.; Qi, J.; Desmond, R.; Song, Z. G. J.; Park, J.; Wang, T.; Truppo,
M.; Humphrey, G. R.; Ruck, R. T. Asymmetric Synthesis of
Functionalized Trans-Cyclopropoxy Building Block for Grazoprevir.
Org. Lett. 2017, 19, 5880−5883.
(10) McDonald, T. R.; Mills, L. R.; West, M. S.; Rousseaux, S. A. L.
Selective Carbon−Carbon Bond Cleavage of Cyclopropanols. Chem.
Rev. 2021, 121, 3−79.
(11) Kulinkovich, O. G. The Chemistry of Cyclopropanols. Chem.
Rev. 2003, 103, 2597−2632.
(12) Toratsu, C.; Fujii, T.; Suzuki, T.; Takai, K. Cross-Coupling
Reactions Between α,β-Unsaturated Ketones and Aldehydes with
CrCl2: Aldol Condensation and Cyclopropanol Formation. Angew.
Chem., Int. Ed. 2000, 39, 2725−2727. For selected examples: (b) De
Puy, C. H.; Klein, R. A.; Clark, J. P. Cyclopropanols. XI. Acid-
catalyzed ring opening of arylcyclopropanols. J. Org. Chem. 1974, 39,
483−486.
(13) (a) Epstein, O. L.; Kulinkovich, O. G. Two-step Synthesis of
(±)-Stigmolone, the Pheromone of Stigmatella Aurantiaca. Tetrahe-
dron Lett. 2001, 42, 3757−3758. (b) Barnier, J. P.; Blanco, L.;
Rousseau, G.; Guibe-Jampel, E.; Fresse, I. Enzymic resolution of
cyclopropanols. An Easy Access to Optically Active Cyclohexanones
Possessing an.alpha.-Quaternary Chiral Carbon. J. Org. Chem. 1993,
58, 1570−1574.
(14) (a) Wang, J.; Li, X. Asymmetric β-arylation of Cyclopropanols
Enabled by Photoredoxand Nickel Dual Catalysis. Chem. Sci. 2022,
13, 3020−3026. (b) Laktsevich-Iskryk, M. V.; Varabyeva, N. A.;
Kazlova, V. V.; Zhabinskii, V. N.; Khripach, V. A.; Hurski, A. L.
Visible-Light-Promoted Catalytic Ring-Opening Isomerization of 1,2-
Disubstituted Cyclopropanols to Linear Ketones. Eur. J. Org. Chem.
2020, 2020, 2431−2434. (c) Woźniak, Ł.; Magagnano, G.;
Melchiorre, P. Enantioselective Photochemical Organo-Cascade
Catalysis. Angew. Chem., Int. Ed. 2018, 57, 1068−1072.
(15) (a) Sekiguchi, Y.; Yoshikai, N. Metal-Catalyzed Trans-
formations of Cyclopropanols via Homoenolates. Bull. Chem. Soc.
Jpn. 2021, 94, 265−280. (b) Mills, L. R.; Rousseaux, S. A. L. Modern
Developments in the Chemistry of Homoenolates. Eur. J. Org. Chem.
2019, 2019, 8−26.
(16) Mills, L. R.; Rousseaux, S. A. L. Electrophilic Metal
Homoenolates and Their Application in the Synthesis of Cyclo-
propylamines. Synlett 2018, 29, 683−688.

(17) Casey, C. P.; Strotman, N. A. Mechanism of cyclopropanol to
cyclopropanol isomerization mediated by Ti(IV) and a Lewis acid.
Can. J. Chem. 2006, 84, 1208−1217.
(18) (a) Cheng, K.; Carroll, P. J.; Walsh, P. J. Diasteroselective
Preparation of Cyclopropanols Using Methylene Bis(iodozinc). Org.
Lett. 2011, 13, 2346−2349. (b) Nomura, K.; Matsubara, S.
Stereospecific Construction of Chiral Tertiary and Quaternary
Carbon by Nucleophilic Cyclopropanation with Bis(iodozincio)-
methane. Chem. - Asian J. 2010, 5, 147−152.
(19) Takeda, K.; Nakajima, A.; Takeda, M.; Okamoto, Y.; Sato, T.;
Yoshii, E.; Koizumi, T.; Shiro, M. [3 + 4] Annulation of α,β-
Unsaturated Acylsilanes with Enolates of α,β-Unsaturated Methyl
Ketones: Scope and Mechanism. J. Am. Chem. Soc. 1998, 120, 4947−
4959.
(20) (a) Ni, J.; Xia, X.; Zheng, W.-F.; Wang, Z. Ti-
CatalyzedDiastereoselective Cyclopropanation of Carboxylic Deriva-
tives with Terminal Olefins. J. Am. Chem. Soc. 2022, 144, 7889−7900.
(b) Kananovich, D. G.; Kulinkovich, O. G. Studies on the origin of
cis-diastereoselectivity of the titanium-mediated cyclopropanation of
carboxylic esters with Grignard reagents. Stereochemistry of the
intramolecular cyclization of β-metalloketones. Tetrahedron 2008, 64,
1536−1547. (c) Lee, J.; Kim, H.; Cha, J. K. A New Variant of the
Kulinkovich Hydroxycyclopropanation. Reductive Coupling of
Carboxylic Esters with Terminal Olefins. J. Am. Chem. Soc. 1996,
118, 4198−4199. (d) Kulinkovich, O. G.; Sviridov, S. V.; Vasilevskii,
D. A.; Pritytskaya, T. S. Reaction of ethylmagnesium bromide with
carboxylic esters in the presence of tetraisopropoxytitanium. Zh. Org.
Khim. 1989, 25, 2244−2245.
(21) For selected processes leading to trans-1,2-disubstituted
cyclopropanols see: (a) Rivera, R. M.; Jang, Y.; Poteat, C. M.;
Lindsay, V. N. G. General Synthesis of Cyclopropanols via
Organometallic Addition to 1-Sulfonylcyclopro-panols as Cyclo-
propanone Precursors. Org. Lett. 2020, 22, 6510−6515. (b) Xue, S.;
Li, L. Z.; Liu, Y. K.; Guo, Q. X. Zinc-mediated chainextension
reaction of 1,3-diketones to 1,4-diketones and diaster-eoselective
synthesis of trans-1,2-disubstituted cyclopropanols. J. Org. Chem.
2006, 71, 215−218. (c) Nomura, K.; Oshima, K.; Matsubara, S.
Stereo-specific and Stereoselective Preparation of 2-(1-Hydroxylakyl)-
1-alkylcyclopropanols from α,β-Epoxy Ketones and Bis(iodozincio)-
methane. Angew. Chem. 2005, 117, 6010−6013. (d) Quan, L. G.;
Kim, S.-H.; Lee, J. C.; Cha, J. K. Diastereoselective Synthesis of trans-
1,2- Dialkylcyclopropanols by the Kulinkovich Hydroxycyclopropa-
nation of Homoallylic Alcohols. Angew. Chem., Int. Ed. 2002, 41,
2160−2162.
(22) (a) Ryu, I.; Suzuki, H.; Ogawa, A.; Kambe, N.; Sonoda, N.
Allylative ring opening of siloxycyclopropanes by silver fluoride and
allylic chlorides affording δ, ε-unsaturated ketones. Tetrahedron Lett.
1988, 29, 6137−6140. (b) Ryu, I.; Ando, M.; Ogawa, A.; Murai, S.;
Sonoda, N. A β-Metal Ketone Strategy. Reactions of Siloxycyclopro-
panes with Silver(I) Tetrafluoroborate and Copper (II) Tetrafluor-
oborate Leading to 1,6-Diketones. J. Am. Chem. Soc. 1983, 105,
7192−7194.
(23) For selected examples on Ag-catalyzed radical ring-opening
functionalization of cyclopropanols: (a) Lu, S.-C.; Li, H.-S.; Xua, S.;
Duan, G.-Y. Silver-Catalyzed C2-Selective Direct Alkylation of
Heteroarenes with Tertiary Cycloalkanols. Org. Biomol. Chem. 2017,
15, 324−327. (b) Huang, F.-Q.; Xie, J.; Sun, J.-G.; Wang, Y.-W.;
Dong, X.; Qi, L.-W.; Zhang, B. Regioselective Synthesis of Carbonyl-
Containing Alkyl Chlorides via Silver-Catalyzed Ring-Opening
Chlorination of Cycloalkanols. Org. Lett. 2016, 18, 684−687.
(c) Ren, S.; Feng, C.; Loh, T.-P. Iron- or Silver-Catalyzed Oxidative
Fluorination of Cyclopropanols for the Synthesis of β-Fluoroketones.
Org. Biomol. Chem. 2015, 13, 5105−5109. (d) Zhao, H.; Fan, X.; Yu,
J.; Zhu, C. Silver-Catalyzed Ring-Opening Strategy for the Synthesis
of β- and γ-Fluorinated Ketones. J. Am. Chem. Soc. 2015, 137, 3490.
(e) Ilangovan, A.; Saravanakumar, S.; Malayappasamy, S. γ-Carbonyl
Quinones: Radical Strategy for the Synthesis of Evelynin and Its
Analogues by C−H Activation of Quinones Using Cyclopropanols.
Org. Lett. 2013, 15, 4968−4971. (f) Chiba, S.; Cao, Z.; El Bialy, S. A.

Organometallics pubs.acs.org/Organometallics Article

https://doi.org/10.1021/acs.organomet.4c00432
Organometallics 2025, 44, 520−528

527

https://doi.org/10.1021/jacs.2c01229?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41586-023-06407-8
https://doi.org/10.1038/s41586-023-06407-8
https://doi.org/10.1021/acscatal.7b00737?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b00737?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b00737?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ejoc.201800419
https://doi.org/10.1002/ejoc.201800419
https://doi.org/10.1021/acscatal.0c00006?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.0c00006?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.0c00006?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41586-024-07555-1
https://doi.org/10.1038/s41586-024-07555-1
https://doi.org/10.1021/cr200397n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr200397n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201201383
https://doi.org/10.1016/j.bmc.2003.10.029
https://doi.org/10.1016/j.bmc.2003.10.029
https://doi.org/10.1021/acs.orglett.7b02867?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.7b02867?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.0c00346?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr010012i?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/1521-3773(20000804)39:15<2725::AID-ANIE2725>3.0.CO;2-U
https://doi.org/10.1002/1521-3773(20000804)39:15<2725::AID-ANIE2725>3.0.CO;2-U
https://doi.org/10.1002/1521-3773(20000804)39:15<2725::AID-ANIE2725>3.0.CO;2-U
https://doi.org/10.1021/jo00918a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00918a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0040-4039(01)00564-0
https://doi.org/10.1016/S0040-4039(01)00564-0
https://doi.org/10.1021/jo00058a046?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00058a046?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00058a046?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1SC07237D
https://doi.org/10.1039/D1SC07237D
https://doi.org/10.1002/ejoc.202000094
https://doi.org/10.1002/ejoc.202000094
https://doi.org/10.1002/anie.201711397
https://doi.org/10.1002/anie.201711397
https://doi.org/10.1246/bcsj.20200270
https://doi.org/10.1246/bcsj.20200270
https://doi.org/10.1002/ejoc.201801312
https://doi.org/10.1002/ejoc.201801312
https://doi.org/10.1055/s-0036-1591536
https://doi.org/10.1055/s-0036-1591536
https://doi.org/10.1055/s-0036-1591536
https://doi.org/10.1139/v06-069
https://doi.org/10.1139/v06-069
https://doi.org/10.1021/ol200597h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol200597h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/asia.200900289
https://doi.org/10.1002/asia.200900289
https://doi.org/10.1002/asia.200900289
https://doi.org/10.1021/ja980022+?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja980022+?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja980022+?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c02360?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c02360?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c02360?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tet.2007.10.075
https://doi.org/10.1016/j.tet.2007.10.075
https://doi.org/10.1016/j.tet.2007.10.075
https://doi.org/10.1016/j.tet.2007.10.075
https://doi.org/10.1021/ja954147f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja954147f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja954147f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c02303?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c02303?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c02303?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo051950b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo051950b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo051950b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ange.200501644
https://doi.org/10.1002/ange.200501644
https://doi.org/10.1002/ange.200501644
https://doi.org/10.1002/1521-3773(20020617)41:12<2160::AID-ANIE2160>3.0.CO;2-Y
https://doi.org/10.1002/1521-3773(20020617)41:12<2160::AID-ANIE2160>3.0.CO;2-Y
https://doi.org/10.1002/1521-3773(20020617)41:12<2160::AID-ANIE2160>3.0.CO;2-Y
https://doi.org/10.1016/S0040-4039(00)82287-X
https://doi.org/10.1016/S0040-4039(00)82287-X
https://doi.org/10.1021/ja00362a041?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00362a041?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00362a041?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C6OB02330D
https://doi.org/10.1039/C6OB02330D
https://doi.org/10.1021/acs.orglett.5b03649?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b03649?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b03649?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C5OB00632E
https://doi.org/10.1039/C5OB00632E
https://doi.org/10.1021/jacs.5b00939?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b00939?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol402229m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol402229m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol402229m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.4c00432?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


A.; Narasaka, K. Generation of β-Keto Radicals from Cyclopropanols
Catalyzed by AgNO3. Chem. Lett. 2006, 35, 18−19.
(24) Jiang, S.; Xie, Y.; Xie, Y.; Yu, L.-J.; Yan, X.; Zhao, F.-G.;
Mudugamuwa, C. J.; Coote, M. L.; Jia, Z.; Zhang, K. Lewis Acid-
Induced Reversible Disproportionation of TEMPO Enables Aqueous
Aluminum Radical Batteries. J. Am. Chem. Soc. 2023, 145, 14519−
14528.
(25) Due to its significant conformational flexibility, we did not
succeed in reliably calculating the ECD spectra of 7c.
(26) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; Petersson,
G. A.; Nakatsuji, H.; Li, X.; Caricato, M.; Marenich, A. V.; Bloino, J.;
Janesko, B. G.; Gomperts, R.; Mennucci, B.; Hratchian, H. P.; Ortiz, J.
V.; Izmaylov, A. F.; Sonnenberg, J. L.; Williams-Young, D.; Ding, F.;
Lipparini, F.; Egidi, F.; Goings, J.; Peng, B.; Petrone, A.; Henderson,
T.; Ranasinghe, D.; Zakrzewski, V. G.; Gao, J.; Rega, N.; Zheng, G.;
Liang, W.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.;
Throssell, K.; Montgomery, J. A., Jr.; Peralta, J. E.; Ogliaro, F.;
Bearpark, M. J.; Heyd, J. J.; Brothers, E. N.; Kudin, K. N.; Staroverov,
V. N.; Keith, T. A.; Kobayashi, R.; Normand, J.; Raghavachari, K.;
Rendell, A. P.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.;
Millam, J. M.; Klene, M.; Adamo, C.; Cammi, R.; Ochterski, J. W.;
Martin, R. L.; Morokuma, K.; Farkas, O.; Foresman, J. B.; Fox, D. J.
Gaussian 16; Revision B.01; Gaussian, Inc.: Wallingford CT, 2016.
(27) Dennington, R.; Keith, T.; Millam, J. Gauss View; Version 5;
Semichem Inc.: Shawnee Mission, KS, 2009.
(28) Marenich, A. V.; Cramer, C. J.; Truhlar, D. G. J. Universal
Solvation Model Based on Solute Electron Density and on a
Continuum Model of the Solvent Defined by the Bulk Dielectric
Constant and Atomic Surface Tensions. Phys. Chem. B 2009, 113,
6378−6396.

Organometallics pubs.acs.org/Organometallics Article

https://doi.org/10.1021/acs.organomet.4c00432
Organometallics 2025, 44, 520−528

528

https://doi.org/10.1246/cl.2006.18
https://doi.org/10.1246/cl.2006.18
https://doi.org/10.1021/jacs.3c04203?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c04203?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c04203?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp810292n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp810292n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp810292n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp810292n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.4c00432?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

