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Abstract. Donor-acceptor cyclopropanes (DACs) are highly reactive building blocks in organic syn-
thesis due to their combination of electronic bond polarization and ring strain. This work explores
three modes of activation, thermal, photochemical, and catalytic, applied to the same vinologous DAC
precursor, both in solution and in the solid state.

In solution, thermal activation enables the regio- and stereoselective formation of eight-
membered carbocyclic frameworks, without the need for catalysts or reagents, thanks to a rational
precursor design based on electronic and steric considerations. Depending on the nature of the sub-
stituents, either a concerted or a stepwise mechanism is involved. Additionally, and still in solution,
a Lewis-acid-promoted cascade reaction leads to benzocyclobutene scaffolds, with complete transfer
of stereochemistry into the regioselectivity of the final product.

In the solid state, exposure to X-ray radiation induces a rare single-crystal-to-single-crystal pho-
topolymerization, governed by precise molecular preorganization and a degree of crystal lattice flexi-
bility.

Overall, this study highlights how DAC reactivity is modulated by both the mode of activation and
the physical environment, thereby offering new strategies for the construction of complex molecules.

Keywords. Donor-acceptor cyclopropane, Rearrangement, Topochemical polymerization, Benzocy-
clobutene, Medium-sized ring.
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1. Introduction ports on DACs, see [1-5]). These molecules feature

electron-donating and electron-withdrawing groups

Donor-acceptor cyclopropanes (DACs) are highly
versatile reactive intermediates in organic synthe-
sis, thanks to their unique combination of elec-
tronic polarization and ring strain (for seminal re-
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on adjacent carbon atoms, creating a pronounced
push—pull effect that facilitates selective bond cleav-
age and rearrangements. At the same time, the
significant strain inherent to the cyclopropane ring
(~27.5 kcal/mol) contributes a powerful driving force
for a variety of transformations. It is precisely
the synergy between these two features, electronic

https://comptes-rendus.academie-sciences.fr/chimie/


https://doi.org/10.5802/crchim.421
https://orcid.org/0000-0002-4367-1985
https://orcid.org/0000-0003-4719-137X
mailto:michel.giorgi@univ-amu.fr
mailto:gaelle.chouraqui@univ-amu.fr
https://comptes-rendus.academie-sciences.fr/chimie/

832 Michel Giorgi and Gaélle Chouraqui

polarization and ring strain, that underpins the dis-
tinctive reactivity of DACs (for kinetic studies on the
reactivity of DACs, see [6]). Consequently, they have
emerged as valuable synthetic building blocks for
constructing complex carbocyclic and heterocyclic
frameworks, enabling access to diverse molecular ar-
chitectures with high efficiency and selectivity (for
selected reviews on DACs chemistry, see [7-29]; for
an example on total synthesis, see [30]).

While numerous DAC-mediated transformations
have been developed, the influence of the reaction
environment on their reactivity remains an area of in-
vestigation. DAC activation can occur through ther-
mal, catalytic, or photochemical methods, each of-
fering distinct benefits and presenting specific chal-
lenges (for different modes of activation of DACs,
see [31-43]).

In solution-phase reactions, factors such as sol-
vent polarity, thermal input, and catalytic systems
play a central role in governing reactivity and se-
lectivity. In contrast, crystal-state transformations
(for seminal reports on topochemical polymeriza-
tion, see [44-47]; for examples of topochemical
polymerization, see for instance [48-54]) introduce
unique considerations, including crystal-packing ef-
fects, molecular orientation, and topochemical re-
strictions, which can profoundly influence reaction
pathways [55-57]. A deeper understanding of how
these environmental variables impact selectivity and
product distribution is essential to fully harness the
synthetic potential of DAC chemistry.

This account critically examines three distinct ac-
tivation modes, thermal, catalytic, and photochem-
ical, for our in-house synthesized DACs, studied
across two different physical states (solution and
solid). Each pathway reveals unique aspects of DAC
reactivity and selectivity: thermal synthesis of eight-
membered rings (solution phase), rearrangement to
benzocyclobutenes (solution phase), and crystal-to-
crystal photopolymerization (solid state).

By comparing these three pathways, this work
aims to identify key mechanistic differences, evalu-
ate their scope and limitations, and illustrate how
both mode of activation and reaction medium con-
tribute to the outcome. Ultimately, this compara-
tive approach offers insights into the interplay be-
tween molecular design, reaction conditions, and
functional outcomes in DAC chemistry. By bridging
the gap between solution-phase and crystal-state re-

activity, this study provides insights into how reac-
tion environment dictates selectivity and efficiency
in DAC transformations.

2. Solution-phase reactivity of DACs

2.1. Solution-phase synthesis of eight-membered
rings

This section summarizes the results recently re-
ported by our group, in which a thermally driven re-
arrangement of bis-cyclopropyl DACs afforded eight-
membered carbocyclic systems under catalyst-free
conditions [58].

Medium-sized functionalized cycles (eight- to
eleven-membered rings) occupy a unique chemical
space [59-66]. Their intermediate size imparts con-
formational rigidity and distinct three-dimensional
geometry that can sometimes enhance biological
activity by improving binding affinity, oral bioavail-
ability, and/or membrane permeability compared to
both acyclic analogs and rings of other sizes [62,67—
73]. Despite these advantages, medium-sized rings
remain underexplored in drug discovery programs,
largely due to well-known kinetic and thermody-
namic barriers to their synthesis.

From a synthetic standpoint, medium-sized rings
are particularly difficult to access via classical cycliza-
tion of linear precursors, which is often entropically
disfavored. Moreover, their ring size is small enough
to experience destabilizing transannular strain. As
such, innovative synthetic strategies are required to
overcome these inherent limitations [74-78].

One promising approach involves ring-expansion
reactions, particularly starting from small strained
rings like cyclopropanes [79-88]. The substantial re-
lease of ring strain (~27.5 kcal-mol™!) offers a ther-
modynamic driving force, while appropriate substi-
tution can be employed to guide selectivity.

Since divinylcyclopropanes 1 undergo Cope-type
rearrangements to form seven-membered rings
2 [89-93], and given that cyclopropanes can exhibit
C-C double bond character!, we aimed to extend

lIn cyclopropane, the internal bond angles are forced to be
60°, far from the ideal 109° angle, causing severe angle strain.
To relieve strain, the carbon atoms in cyclopropane adjust their
hybridization toward more p-character (closer to sp?). This gives
the C-C bonds some characteristics of 7t-bonds, similar to those in
alkenes.
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Scheme 1. Design of a strategy.

this strategy by replacing one of the alkene units with
a cyclopropyl moiety (see compound 3, Scheme 1).
This modification would provide the additional car-
bon atom needed to access eight-membered carbo-
cyclic frameworks.

It is also worth noting that, for this rearrangement
to occur at room temperature or even below, a cis re-
lationship between the two olefin partners is neces-
sary (see compound 1, Scheme 1) [94]. Therefore,
a cis relationship at the C1 and C2 positions should
be considered a prerequisite in the design of precur-
sor 3.

At the heart of this approach lies the donor-
acceptor cyclopropane (DAC), a class of reactive in-
termediates known for their versatility (see Introduc-
tion). In our design, a gem-ester/vinyl ester mo-
tif was employed as the electron-withdrawing com-
ponent to promote C1-C2 bond cleavage (see com-
pound 5). The donor moiety consisted of a cyclo-
propyl group, whose donor reactivity has been pre-
viously demonstrated [95-101]. To further enhance
donor ability and facilitate rearrangement, an alkoxy
substituent was introduced, inspired by the known
behavior of vinyl cyclopropanols [102-106], (for re-
views, see [107,108]).

This design merges strain-release strategies with
sigmatropic rearrangement logic, as illustrated in
Scheme 1. From a structural perspective, the re-
sulting precursor 5 resembles a modified Cope sys-
tem, in which one 7t-bond is replaced by a bent
reactive cyclopropane [40]. The synthesis of biscyclo-
propane 5a, obtained in only four steps, relies on a

vicinal antagonist
substituents

In-house DAC

classical Rh(II)-mediated cyclopropanation reaction
between a vinylcyclopropane and a di-acceptor diazo
derivative (Scheme 2). Notably, after three days of re-
flux in xylene, the designed DAC 5a successfully de-
livered the expected eight membered ring 6a in 83%
yield.

With this platform in hand, we quickly recog-
nized that the nature of the substituent on the donor
portion of the molecule (R in biscyclopropanes 5,
Scheme 1) significantly influences the reaction out-
come, revealing the existence of two distinct mecha-
nistic pathways.

Aryl-substituted biscyclopropanes 5b-j under-
went thermal cyclization at 100 °C to afford the cor-
responding eight-membered Z-enol ethers 7, which
were subsequently hydrolyzed to ketones 6b-j using
Dowex H* cation-exchange resin (Scheme 3).

Electron-rich, electron-poor, and ortho-, meta-,
or para-substituted aryl groups all participated
successfully in the cyclization (yields ranging
from 54 to 92%), furnishing mixtures of cis-/trans-
diastereomers (50:50 < d.r. < 95:5) but consistently
yielding the same {3-regioisomer of ketones 6b-j.
These results suggest that, in aryl-substituted sys-
tems 5b—j, the C6-C8 bond is cleaved selectively
during the rearrangement.

In contrast, the outcome of the cyclization
for alkyl-substituted biscyclopropanes displayed
a strong dependence on both the size of the R
groups (Scheme 1) and the nature of the starting
diastereomers 5k—p and 5n-p’ (Scheme 4). In these
cases, a temperature of 160 °C was required for the
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Scheme 2. Proof of concept.
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Scheme 3. Exploring the aryl scope of the Cope-type rearrangement.

reaction to proceed. For secondary alkyl groups
5k-m (R = iPr, Cy), the reactions proceeded with
high regio- and diastereoselectivity (yields 70-99%,
d.r. > 95:5), indicating a preferential cleavage of the
C6-C7 bond, now favoring the formation of the o-
regioisomer. In the case of smaller alkyl groups (e.g.,
R = Me, n-Hex), starting from a mixture of diastere-
omers 5n-p and 5n—p’, the reaction afforded mix-
tures of regioisomers 6n-p and 6n-p’, while diastere-
oselectivity remained excellent (yields 54-90%; d.r. >
95:5, 55:45 < a/B-regioisomer < 68:32). We showed
that the diastereomeric identity of the starting ma-
terial is fully retained in the regioisomeric outcome,
i.e., each diastereomer yields a single regioisomer.

These results prompted a theoretical investigation
using density functional theory (DFT) to clarify the
origin of the observed selectivity. For both methyl 6n
and 6n’, and phenyl 6b derivatives, detailed energy
profiles were established.

Computational analysis supported a concerted
but asynchronous mechanism for both diastere-
omers of methyl derivatives 6n and 6n’, initiated by
the opening of the central cyclopropane ring (Fig-
ure 1). In the case of methyl derivative 6n’ (Figure 1,

right), two atropisomers of the enol ether (Al and
A2) were identified. A2 was found to exist in two
conformations that differed by the equatorial or ax-
ial orientation of an ester group (see rota2—;). The
A1/A2 ratio depends on the reaction temperature:
A1 was favored at 160 °C, while A2 predominated at
120 °C. This axial chirality arose from restricted ro-
tation around the C2-C3 bond. Computational data
indicated that A2 corresponds to the kinetic product,
formed more rapidly and preferentially at lower tem-
perature, whereas Al was the thermodynamic one
(Trans-cyclooctenes are known to display atropiso-
merism. The transient trans-enol ether in a 1,5- or
1,3-cyclo-octadiene has been reported before but as
far as our knowledge goes, never in the 1,4 cyclooc-
tadiene case [109-113]), (for detailed computational
studies on (E,Z)-cycloocta-1,4-diene conformers
see [114]).

For phenyl derivative 6b, the mechanism di-
verged. We proposed a stepwise biradical pathway
involving the ring opening of the two cyclopropane
moieties (Figure 2, Intermediate I), and low-barrier
conformational changes (Figure 2, intermedi-
ates II and III) before ring closure. This pathway
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Figure 1. Mechanistic study of the alkyl pathway.

rationalized both the observed regioselectivity and
diastereomeric mixtures.

In both cases, calculations show no feasible route
to the E-configured enol ethers, consistently with
experimental observations.

TS-thermo
112.9

Through the rational design of DAC-based pre-
cursors, we have developed a robust and versa-
tile method for constructing eight-membered carbo-
cyclic systems under simple thermal conditions. This
reaction achieved key transformations in a single
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Figure 2. Mechanistic study of the phenyl pathway:.

operation: ring opening of two cyclopropane moi-
eties, formation of a new C-C bond, and generation
of a medium-sized ring, all achieved in a catalyst-
free, thermally driven process.

The transformation is regio- and stereoselective,
and it accommodates a range of substituents. Two
mechanistic pathways were identified, a concerted
asynchronous route and a biradical stepwise one, de-
pending on the electronic and steric nature of the
donor part of the molecule.

This work demonstrates the powerful synergy be-
tween molecular design, experimental validation,
and computational insight, offering new opportuni-
ties for the efficient and selective synthesis of chal-
lenging medium-sized ring systems.

2.2. Rearrangement
clobutenes

of DACs to benzocy-

As part of our ongoing investigation into the reactiv-
ity of our DAC frameworks, we identified an unantic-
ipated rearrangement pathway leading to the forma-
tion of benzocyclobutene derivatives [115].
Benzocyclobutenes are valuable synthetic species
(for reviews on benzocyclobutenes, see [116-
118]), notably due to their ability to generate o-
quinodimethane (0QDM) intermediates [119] under
thermal or photochemical conditions. They play
a key role in natural product synthesis, medicinal

chemistry [120-128], and polymer/material sci-
ence [129-136]. While numerous synthetic methods
have been reported (for seminal reports, see [137];
for selected examples, see [116-118,138-141]), a gen-
eral and broadly applicable approach remains chal-
lenging. We believed that we could contribute to this
effort by offering a complementary strategy.
Remarkably, this transformation originates from
the same DAC precursors 5 that we previously em-
ployed in our annulation cascade strategy. In the
presence of a fluoride anion, a skeletal reorganization
occurred, but the product outcome differed signifi-
cantly from our initial expectations. Upon refluxing
DAC precursor 5a (R = H) in THF for 16 h in the pres-
ence of a fluoride source (TBAF), benzocyclobutene
product 8a was obtained in 58% yield (Scheme 5).
Mechanistically, the reaction likely begins with
fluoride-mediated deprotection of the tertiary alco-
hol, generating alkoxide intermediate B, which could
undergo a hetero-Michael addition to the neighbor-
ing vinyl ester. Subsequent retro-Michael fragmen-
tation of moiety C could induce ring expansion to a
four-membered ring ketone D, reminiscent of known
rearrangement of 1-silyloxy-1-vinylcyclopropanes.
The resulting ketone D could undergo an intramolec-
ular aldol-type condensation to form bicyclic
intermediate E, followed by elimination and aroma-
tization to yield the final benzocyclobutene scaffold
8a. Crucially, the proposed mechanistic sequence
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Scheme 5. Rearrangement of the DAC precursor in the presence of TBAE

is not purely hypothetical. Each intermediate along
this pathway was successfully isolated and fully
characterized. These experimental findings provide
direct validation for the stepwise mechanism.

However, this fluoride-mediated protocol showed
limitations. When a substituent was present on the
donor portion of DAC 5 (R # H), the reaction either
stalled at the formation of tetrahydrofuran 9k (R =
iPr; 54% yield) (Scheme 6) or led to complete degra-
dation of 5b (R = Ph).

In response, we developed an alternative two-
step route. Initial exposure of the precursor 5a to
Mgl,, used as a mild Lewis acid, rapidly (10 min
only) triggered the formation of bicyclic product
10a by a ring-expansion/ring-opening/ring-closure
domino sequence (Scheme 7). This intermediate
could then undergo a mild base-induced transether-
ification/elimination/aromatization step, ultimately
affording the desired benzocyclobutene 8a in 59%
yield [142].

This sequence tolerated a range of substituents (R
= primary and secondary alkyl, aryl) and could be ap-
plied to a broader set of substrates. As in the previous
approach, regioselectivity was controlled by the rela-
tive configuration of the starting diastereomer.

For alkyl derivatives, each diastereoisomer led ex-
clusively to a distinct regioisomer. For instance,
compound 5n (R = Me) underwent C6-C7 cleavage
to furnish regioisomer 8a (R = Me), while its di-
astereomer 5n’ (R = Me) followed an alternate bond
reorganization route (C6-C8 bond cleavage), yielding
regioisomer 8a’ (R = Me) (Scheme 8). This strict cor-

respondence between initial stereochemistry and fi-
nal regioisomer demonstrates a complete transfer of
diastereoselectivity into regioselectivity, offering rare
predictive control over the product distribution.

The nature of the substituent profoundly im-
pacted the regioselectivity of the DAC ring opening.
Aryl-substituted analogs consistently favored C6-C8
cleavage (Scheme 9).

These divergent behaviors echo isolated reports in
related cyclopropyl ether systems [58,143] and also
other cyclizations [144]. A concerted mechanism
likely governs the alkyl series, minimizing steric re-
pulsion in the transition state, whereas the aryl se-
ries appears to favor a stepwise pathway, enabled
by stabilization of a benzyl carbocation intermedi-
ate. These findings demonstrate how fine-tuning the
electronic profile of DACs can serve as a powerful tool
to control reactivity and regioselectivity across mech-
anistically distinct pathways.

The elegance of this approach lies in its concise-
ness, a two-step sequence encompassing six ele-
mentary transformations, all initiated from a simple
yet functionally rich cyclopropane framework. The
method offers a direct and efficient route to benzo-
cyclobutene scaffolds, with complete regio- and di-
astereocontrol, and compatible with a range of func-
tional groups.

Taken together, these results not only unveil a new
facet of DAC reactivity but also underscore the power
of combining ring strain, stereoelectronic effects, and
tailored reaction conditions to access otherwise chal-
lenging molecular architectures.
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3. Solid-state photopolymerization of donor-
acceptor cyclopropanes

In our recent investigations of DACs, we identi-
fied an unexpected reactivity pathway occurring
in the solid state, distinct from the thermal be-
havior observed in solution. While characterizing
vinyl bis-cyclopropane compound 6a (R' = p-F)
by single-crystal X-ray diffraction (SCXRD), we un-
expectedly found that even a short exposure (10
min) to Cu radiation triggered a notable transfor-
mation of the crystal packing, leading to the emer-
gence of a layered structure composed of both in-
tact monomers and newly generated polymer chains
(Scheme 10, left side) [145]. Structural analysis indi-
cated that polymerization proceeded via ring open-
ing of both cyclopropane units, leading to covalent
linkage between benzylic (C8) and vinyl carbons
(C14) of adjacent monomers. The resulting poly-
meric chain 10 (Scheme 10, right side) displayed two
non-conjugated Z-alkenes and two stereocenters
per repeating unit, features difficult to access via
conventional solution-phase methods.

To gain structural insight into the pre-reactive
state of the crystal, we performed SCXRD analysis at
150 K, a temperature deliberately chosen to lie be-
low the reaction threshold. Under these conditions,
the system remains unreactive, allowing direct ob-
servation of the intact monomer. The structure re-
vealed the presence of two closely related conform-
ers, p-F-m and p-F-p, coexisting in the asymmetric
unit (Scheme 11). These conformers were nearly su-
perimposable, differing primarily by an approximate
65° rotation around the terminal ethyl group of the
vinyl ester (Scheme 11, right side). Notably, only the
p-F-p conformer adopted a spatial arrangement fa-
vorable for topochemical polymerization, with a dis-
tance of 4.324 A between the reactive carbons C8 and
C14i, allowing head-to-tail propagation along a crys-
tallographic axis (Schmidt’s rules say a distance <
4.2 A is needed between reactive site for a topochem-
ical reaction to occur [146] and see reference [46] but
this can be overcome if there is enough void space in
the crystal to allow molecular movement [147,148]).
Due to the centrosymmetric packing of the crystal,
polymer growth proceeds in a racemic fashion. This
structural snapshot illustrates how small conforma-
tional variations and crystal symmetry elements gov-
ern the selectivity and outcome of solid-state trans-
formations.

To explore the generality of the observed solid-
state reactivity, we extended our study to a broader
set of DAC derivatives. Among the compounds
tested, only the para-chlorobenzene p-Cl and meta-
fluorobenzene m-F analogs exhibited molecular ar-
rangements compatible with topochemical reactiv-
ity. Measurements by SCXRD performed at 150 K re-
vealed that each of these derivatives crystallized with
a single conformer per asymmetric unit.

The p-Cl derivative underwent a temperature-
dependent transformation that could be resolved
into a series of well-defined intermediate states, ul-
timately leading to a topochemical polymerization.
Upon warming to 250 K, two partially reacted species
were detected in a 2:1 occupancy ratio. In the dom-
inant species, the inner C-C bond of one cyclo-
propane stretched to 1.713(9) A.In the minor species,
full ring opening of the second cyclopropane was
observed. This transformation progressed further
at 270 K, with the reactive bond reaching 1.87(1) A.
These structural snapshots suggest a possible mani-
festation of push—pull polarization, as evidenced by
progressive bond elongation prior to full cleavage.
While this behavior aligns with expectations for DAC
systems, it must be interpreted cautiously, since crys-
tallographic data alone do not offer direct insight into
electronic structure [149]. By 290 K, the crystals did
not diffract anymore, reflecting the loss of crystalline
integrity. In contrast, the m-F analog, despite its fa-
vorable preorganization, showed no signs of reactiv-
ity at any measurement temperature.

Molecular dynamics (MD) simulations revealed
that favorable alignment of reactive centers must be
coupled with sufficient molecular motion to allow
bond reorganization. For p-F, such motions, espe-
cially perpendicular to the polymerization axis, were
accommodated without compromising lattice co-
herence. In the case of p-Cl, movement was largely
restricted to the direction of polymerization, result-
ing in mechanical stress and crystal collapse during
the polymer growth. Despite its favorable packing
and geometric preorganization, m-F remained unre-
active. This lack of reactivity can be attributed to an
insufficient number of internal degrees of freedom.
There was not enough conformational flexibility
to accommodate the structural rearrangements re-
quired for polymerization. Interestingly, the non-
reactive conformers in p-F played a stabilizing role,
possibly acting as molecular templates [150,151].
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Scheme 11. Initial crystal packing of the monomer.

This divergence underscored the importance of not
only geometric alignment, but also conformational
flexibility and packing plasticity in enabling produc-
tive reactivity.

Collectively, these observations demonstrated
that the crystalline environment acts as a true re-
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action variable, comparable to classical param-
eters such as temperature or pressure. It not
only influences reaction rates, but also deter-
mines mechanistic pathways and enables access
to product architectures that remain elusive in solu-
tion [55,56,152-156]. The topochemical constraints
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observed in DAC systems reveal a distinctive mode of
reactivity, intimately tied to molecular packing and
conformational freedom.

The combined use of SCXRD and molecular dy-
namics simulations [157-159]% provided an atom-
ically resolved view of this rare single-crystal-to-
single-crystal polymerization. This approach al-
lowed us to capture the interplay between molecu-
lar orientation, symmetry, and lattice plasticity with
unprecedented clarity. Although predicting whether
a given reaction will proceed in the solid state re-
mains challenging, the introduction of ring strain
and, more broadly, of built-in structural tension that
seeks release, emerges as a promising strategy to
bias systems toward reactivity under topochemical
constraints.

4. Critical discussion

Beyond their distinct activation conditions, the con-
trasting reactivity profiles of donor-acceptor cyclo-
propanes (DACs) in solution and in the solid state
emphasize the structural versatility and mechanis-
tic richness in this class of compounds. In solution,
DACs undergo cascade transformations such as ring
expansion, rearrangement, and condensation, typi-
cally under mild thermal or basic conditions and of-
ten without the need for additional catalysts. These
processes are largely governed by the intrinsic elec-
tronic polarization of the substrate and, critically,
by the release of ring strain embedded in the cyclo-
propane core. This strain allows complex bond reor-
ganizations to occur efficiently and selectively.

In the solid state, DACs display a fundamentally
different mode of reactivity. The transformation
is constrained by crystal packing, requiring precise
preorganization of reactive units and sufficient lat-
tice flexibility. Under these topochemical condi-
tions, polymerization or bond cleavage occurs only
when the spatial arrangement is favorable. Yet here
too, ring strain plays a central role—facilitating the
reaction by providing a thermodynamic incentive
for bond rupture, even in the absence of molecu-
lar mobility. Although predicting whether a given

2To the best of our knowledge, molecular dynamics (MD) has
rarely been used to study crystal-to-crystal transformations in or-
ganic systems.

transformation will proceed in the solid state re-
mains inherently challenging, the deliberate incor-
poration of strain—and more generally, of structural
tension that seeks release—emerges as a rational
design element to bias systems toward productive
reactivity.

However, a key limitation of this approach lies in
its lack of scalability. To date, the solid-state transfor-
mations that we observe remain confined to single-
crystal-to-single-crystal conversions, which require
highly ordered materials and low-throughput han-
dling. We have not yet identified operationally simple
or bench-stable conditions that would enable these
reactions to be performed in batch or on prepara-
tive scale. As such, while mechanistically instructive
and structurally unique, the synthetic utility of these
transformations is currently constrained by practical
considerations.

Importantly, the reactivity principles traditionally
associated with vinyl-cyclopropanol derivatives—
well-known for undergoing ring opening and
rearrangement—can be effectively transposed to
biscyclopropanol systems. These more complex
frameworks preserve the electronic and conforma-
tional features of their monosubstituted analogs but
introduce new degrees of freedom and stereochem-
ical control. In this context, the complete transfer
of stereochemical information into regioselectivity,
where each diastereomer leads unambiguously to
a specific regioisomer, highlights the importance
of geometric predisposition in steering divergent
mechanistic pathways. This observation under-
scores how subtle differences in molecular orienta-
tion in strained systems can dictate not only product
identity but also reaction trajectory.

Together, these insights consolidate DACs as
uniquely powerful platforms for controlling molec-
ular reorganization across environments. Whether
in solution or in the solid state, they provide rare
access to structurally complex, stereochemically de-
fined products through mechanistically distinct yet
conceptually unified strategies.

5. Conclusion and future directions

Taken together, these studies emphasize the syn-
thetic potential of donor-acceptor cyclopropanes
as highly versatile platforms for molecular con-
struction. Whether activated in solution through
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well-orchestrated domino sequences or engaged in
solid-state transformations dictated by lattice con-
straints, DACs enable access to diverse and otherwise
challenging structural motifs. The capacity to trans-
late reactivity patterns, such as ring expansion or
rearrangement, from simpler vinyl-cyclopropanol
systems to more elaborate bis-cyclopropane deriva-
tives, further highlights the adaptability of this class
of compounds. Beyond their synthetic utility, these
transformations offer rare mechanistic insights into
the interplay between strain release, stereoelectronic
effects, and medium-dependent selectivity. This du-
ality of behavior not only broadens the scope of DAC
chemistry but also opens new avenues for rational
design of reactivity, both in and beyond conventional
solution-phase settings.
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