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Abstract: Selective functionalization of non-activated
C(sp3)� H bonds is a major challenge in chemistry, so
functional groups are often used to enhance reactivity.
Here, we present a gold(I)-catalyzed C(sp3)� H activa-
tion of 1-bromoalkynes without any sort of electronic, or
conformational bias. The reaction proceeds regiospecifi-
cally and stereospecifically to the corresponding bromo-
cyclopentene derivatives. The latter can be readily
modified, comprising an excellent library of diverse 3D
scaffolds for medicinal chemistry. In addition, a mecha-
nistic study has shown that the reaction proceeds via a
so far unknown mechanism: a concerted [1,5]-H shift /
C� C bond formation involving a gold-stabilized vinyl-
cation-like transition state.

Introduction

Arguably, the selective activation of a non-activated C� H
bond is regarded as one of the ultimate reactivities pursued
by organic chemists.[1] Among other reasons, this is due to

the prevalence of C� H bonds in organic molecules and their
similar reactivity, making selectivity a major challenge. In
addition, the C� H bonds in aliphatic chains are intrinsically
quite inert (bond dissociation energy, BDE 96.5–
105 kcalmol� 1). Hence, their functionalization requires en-
ergetic reaction conditions, resulting in a lack of selectivity.
Despite these challenges, several reactions of this kind are
well-known. Most of these C� H activation reactions rely on
the use of a biased substrate, containing either an activated
C� H bond (electronically or conformationally favored) or a
directing group, to achieve selectivity.[2,3] The use of
chemical reactions that show intrinsic selectivity for the
activation of a given C� H bond through an intramolecular
mechanism represents an interesting alternative. Further-
more, such intramolecular processes pose the added value of
generating a cycle and, hence, on the one hand increasing
molecular complexity and, on the other, diminishing the
conformational flexibility. Both features are crucial in
modern drug discovery.[4,5] In recent years, the deeply rooted
preference of certain radicals to undergo [1,5]-hydrogen
abstraction has received renewed interest, and several trans-
formations have been reported.[6] This radical approach
implies the loss of stereochemical information when the
cyclization takes place at a stereocenter (Figure 1A).[7]

Similarly, [1,5]-hydride shift processes on cationic intermedi-
ates afford planar carbocations and, hence, result in racemic
products.[8] Nevertheless, some recent reports have de-
scribed concerted pathways involving cationic species in
which the breaking of the C� H bond occurs concomitantly
with the formation of the C� C bond, thus avoiding
racemization (Figure 1B).[9,10] In addition to radicals and
carbocations, other high-energy intermediates such as
carbenes and vinylidenes show an intrinsic preference to
react with a C� H placed at the δ-position.[11,12] Hence, [1,5]-
C� H insertions of carbene and vinylidene intermediates
have commonly been used in the synthesis of 5-membered
carbocyclic rings.[13,14] In this context, González, and Zhang
have developed gold-catalyzed 5-membered ring formation
reactions,[15,16] with the participation of gold-vinylidene
intermediates.[17] The latter conceptualized a reaction setup
that allowed to access the desired gold-vinylidene intermedi-
ate from the corresponding (trimethylsilyl)ynones by treat-
ing the gold-acetylide intermediate with a suitable source of
electrophilic bromine (Figure 1C).[16] It might seem that the
formation of 5-membered rings through the C� H insertion
of a gold-carbene(vinylidene) intermediate is already an
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achieved goal. In summary, all previously published [Au]-
catalyzed methods require activation of the triple bond (e.g.,
by carbonyl or aromatic groups) or of the C(sp3) center
(e.g., by aromatic or cyclopropyl rings).[15,16,18b, c]

Herein, we describe the intramolecular [1,5]-C� H cycli-
zation of a 1-bromoalkyne precursor using a gold(I)-
catalyzed insertion into a non-activated C(sp3)� H bond
without any electronic, geometric, or conformational bias
(Figure 1D).[19] Some key features of this new transforma-
tion are the following: 1) the C(sp3)� H bond that undergoes
activation is truly non-activated (no need for electronic or
conformational bias or directing groups); 2) the starting
materials are readily available; 3) the reaction conditions are
extremely simple (1-bromoalkyne and a common gold(I)
source in dicholormethane (DCM) at 80 °C, 2 hours); 4) for
the case of the reaction taking place at a stereocenter, the
stereochemistry is preserved; 5) the presence of a C(sp2)� Br
bond in the final products makes them extremely useful
building blocks and, finally 6) an experimental mechanistic
study supported by density functional theory DFT calcu-
lations has shown a gold-stabilized vinylcation-like transition

state (TS), related to those reported by Gaunt and
Nelson.[9,10] It is worth noting that such a reaction pathway
has never been observed in gold catalysis.

Hence, the strategy disclosed herein offers valuable new
features resulting in a differentiated addition to the synthetic
toolbox. The required 1-bromoalkynes (5) are readily
available from abundant and cheap starting materials such
as carboxylic acids (1), alcohols (2), aldehydes (3), or
terminal alkynes (4) (Figure 2A), through short and man-
ageable reaction sequences.

Results and Discussion

Optimization

As a part of our interest in the chemistry of 1-haloalkynes
under gold catalysis and considering that recent reports in
this field have focused on aryl-substituted alkynes,[20] our
study started with a fundamental question. What is the fate
of an aliphatic 1-haloalkyne under gold(I) catalysis in the
absence of a reactive counterpart? To answer this question,
we carried out a series of experiments using several aliphatic
haloalkynes and gold(I) pre-catalysts under several reaction
conditions (see Supporting Information, Table S1 for full
details). To our delight, we observed that treatment of 1-
bromooct-1-yne (5a) with a commonly used gold(I) pre-
catalyst ([IPrAu(NCMe)][SbF6]) in 1,2-dichloroethane
(DCE) at 65 °C afforded, after 1 hour, 1-bromocyclopentene
6a in a modest 26% yield (Table 1). A short optimization of
the reaction conditions allowed us to obtain the desired
product in an improved 64% yield just by raising the
reaction temperature to 80 °C, changing the solvent to
DCM, and increasing the reaction time to 2 hours (Table 1).
Unfortunately, the formation of small amounts of a by-
product 6a’ (Table 1) and traces of the bromomethyl ketone
6a’’ arising from hydration with adventitious water could not
be avoided (Table 1).

Figure 1. State-of-the-art vs this work.

Figure 2. Scaffold accessibility.
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Scope and limitations

With the optimized conditions in our hands, we examined
the new transformation concerning its scope and limitations
(Scheme 1). It readily became apparent that alkyl chains of
several lengths were tolerated affording the desired products
in comparable yields (Scheme 1, linear substrates, 6a–e).
Then, other structural features were considered, mainly the
functional group compatibility and the kind of skeletons that
can be achieved. Hence, 1-bromoalkynes bearing represen-
tative functional groups (protected alcohols, halogens,
unsaturated groups, nitrogenated functionalities) in the side
chain were synthesized and submitted to the optimized gold-
catalyzed reaction conditions. Unfortunately, none of them
worked, achieving unreacted starting material as the only
recognizable species in the crude nuclear magnetic reso-
nance NMR spectra (Scheme 1, unsuccessful substrates). We
hypothesized that the proximity of these polar, non-innocent
functional groups may hamper the search for transformation
through undesired side reaction pathways involving nucleo-
philic additions to the activated alkyne and/or catalyst
deactivation. Next, we synthesized a second set of function-
alized 1-bromoalkynes, this time bearing the functionality at
a distal position. First, we selected some of the most
common protective groups for alcohols: benzyl (Bn), acetate
(Ac), tert-bytyldimethylsilyl (TBS), and methoxymethyl
(MOM). From these four substrates, only the acetyl-
protected one worked (Scheme 1, remote functional group,
6f). We reasoned that the diminished nucleophilicity of the
ester oxygen as compared to the ether, acetal, and silyl ether
functionalities was the key to its success. To challenge this
hypothesis, we selected other functional groups that would
diminish the nucleophilicity of the oxygen atom attached to
the main chain either by conjugation (carbonate and aryl
ether) or by increasing the steric bulk (triisopropylsilyl
(TIPS) (Scheme 1, remote functional group). As expected,
the carbonate group behaved similarly to the acetate,
affording product 6g in good yield. The less efficient
conjugation effect of the aryl ether as compared to the
carbonyl group resulted in a somewhat lower yield
(Scheme 1, remote functional group, 6h). Finally, even if the

chemical yield obtained with the more sterically hindered
OTIPS derivative was only fair, it serves as a proof-of-
concept (Scheme 1, remote functional group, 6 i). We then
used other 1-bromoalkynes bearing poorly nucleophilic
functionalities, such as Br, trifluoromethanesulfonate (OTf),
phtalimide (NPhTh), an olefin, or a CF2H at a remote
position; all of them worked successfully (Scheme 1, remote
functional group, 6j–n).

Perhaps more interesting than the functional group
compatibility was the study of the structural complexity
affordable by using this methodology (Scheme 1, cyclic
substrates, see the structure of the starting materials and
products for the color code). In addition to linear alkynes
(black line), the introduction of a cycle separated from the
bromoalkyne unit by tethers of different lengths allows a
priori access to several kinds of bicyclic structures: directly
attached to the ring!bridged bicycle (blue line), one carbon
tether!fused bicycle (green line); two carbon tether!
spirobicycle (maroon line) (Scheme 1).

According to modern trends in medicinal chemistry, the
generation of molecular diversity and complexity is key to
the discovery of new action modes.[4,21a] Moreover, all these
scaffolds would benefit from a very high C(sp3) fraction
(Fsp3), meaning the fraction of sp3 carbon atoms of the total
number of carbon atoms (number of Csp3 / total number of
C atoms), another advantageous feature in drug
candidates.[21b] This method allowed us to successfully
synthesize most of these bicyclic frameworks, although we
observed certain limitations. Regarding bridged bicycles, the
original cycle in the substrate must be 6- or 7-membered
(Scheme 1, cyclic substrates, 6o,p). Smaller cycles do not
react, while bigger ones give rise to mixtures (Scheme 1,
unsuccessful substrates). Concerning fused bicycles a similar
scenario operates. In this case, 4- and 5-membered rings in
the parent bromoalkyne work successfully (Scheme 1, cyclic
substrates, 6q,r), whereas increased ring sizes afford diaster-
eomeric mixtures (Scheme 1, cyclic substrates, 6s,t). Finally,
the formation of spirocycles seems to be the bicyclic system
this methodology is best suited for, tolerating 4-, 5-, 6- and
7-membered carbocycles in the substrate (Scheme 1, cyclic
substrates, 6u–y).[22] In contrast, the cyclopropane ring does
not participate in the cyclization towards either fused
bicycles or spirocycles (Scheme 1, unsuccessful substrates).

Finally, this methodology was challenged by several
natural products (NP) derived and complex molecular
architectures (Scheme 1, NP-derived and complex sub-
strates). Hence, a 1-bromoalkyne derived from oleic acid in
three trivial steps afforded the corresponding product 6z.
The versatility of our synthetic route (see Supporting
Information) allowed us to prepare two different derivatives
from citronellal. These substrates were used as a probe to
test the stereochemical outcome of our reaction. Most
importantly, the absolute stereochemistry is preserved when
the C� H that participates in the cyclization belongs to a
stereocenter (6aa). On the other hand, when the reactive
CH is adjacent to a stereocenter a mixture of diastereoisom-
ers is formed (6ab). Moreover, the 1-bromoalkyne subunit
may be attached to a biomolecule through esterification
(among other possible ways), and then submitted to

Table 1: Optimization.
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Scheme 1. Scope and limitations. aCharacterized as a Suzuki derivative due to volatility. bNMR yields, characterized from the crude reaction
mixtures. c From two different derivatives (see SM for details). d For a complete list of unsuccessful substrates see Supporting Information
(Figure S1).
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cyclization affording a biomolecule tethered to the bromocy-
clopentene core 6ac. This example would be well-suited for
bioconjugation. Finally, some more sophisticated ring sys-
tems were synthesized by using polycyclic 1-bromoalkynes
as starting material such as the adamantane regioisomeric
products 6ad and 6ae and the bicyclo[2.2.2]octane deriva-
tive 6af. In this regard, we also observed some limitations
when forcing the ring strain. Hence, the bicyclo[2.2.2]octane
and bicyclo[2.2.1]heptane derivatives shown in Scheme 1
(NP-derived and complex substrates, 6ag, ah) only pro-
ceeded in poor conversions; whereas the bicyclo-
[1.1.1]pentane and cubane derivatives did not react at all
(Scheme 1, unsuccessful substrates).[23]

Noteworthy, the reaction could be scaled up to 5 mmol
(1 g approx.) without compromising its efficiency (Scheme 1,
6c (63% vs 62%) and 6p (88% vs 89%)). Furthermore, by
running the reaction at a 5 mmol scale (1 g approx.) the
catalyst loading could be diminished to 1 mol% (Scheme 1,
6p).

As showcased in Scheme 1, the reaction shows great
generality concerning the accessible cyclic framework,
affording several kinds of mono- and bicyclic scaffolds with
well-defined 3D shapes and high sp3 fraction (Fsp3) (Fig-
ure 2A).[4,21] On the other hand, the selective formation of 5-
membered carbocycles is paramount in organic synthesis
due to the ubiquitous prevalence of this motif in natural
products, pharmaceuticals, and molecules of interest in other
industrial fields (Figure 2B). It is worth noting the increasing
importance of spirocyclic compounds in medicinal
chemistry, and the use of the bicyclo[2.2.2]octane scaffolds
as saturated bioisosteres of the phenyl ring.[22a,23b] As shown
in Scheme 1, our methodology afforded a varied library of
spirocyclic compounds 6u–y and also one bicyclo-
[2.2.2]octane derivative 6af, promising structures for medic-
inal chemistry.

Derivatizations

The rich chemistry of the C(sp2)� Br bond in the obtained
products was then demonstrated by performing several
representative transformations (Scheme 2). First, the bro-
mine-lithium exchange reaction allows the introduction of a
series of electrophiles at the position initially occupied by
the bromine atom. In this way, a formally regioselective
deuteration of a double bond (9)[24] and the formation of a
C10 conjugated enal (10) were readily achieved (Scheme 2,
a–b). Then several classic palladium-catalyzed cross-cou-
pling reactions (Suzuki, Sonogashira, and Miyaura) allowed
the introduction of vinyl (11), alkynyl (12), and boryl (13)
appendages, respectively (Scheme 2, c–e). Finally, the
oxidation chemistry of the double bond was also put in
place, affording synthetically valuable epoxide (14) and α-
hydroxy ketone (15) derivatives, respectively (Scheme 2, f–
g).

Principal moments of inertia (PMI) analysis carried out
on the herein described library of compounds (parent
compounds 6 and derived structures 9–15) shows a wide
spreading throughout the chart by families (see Supporting

Information for details);[25] while products derived from
linear substrates show rod-like features (Figure 3, red dots),
the bridged bicycle family covers a significant portion of the
chart (Figure 3, green dots). The rich chemistry shown in
Scheme 2 would allow us to populate the 3D portion of the
chart. Noteworthy, a significant number of compounds (ca.

Scheme 2. Derivatizations. Reagents and conditions: a) tBuLi (2 equiv),
THF, � 78 °C; then D2O, � 78 °C to r.t. b) tBuLi (2 equiv), THF, � 78 °C;
then DMF (1.5 equiv), � 78 °C to r.t. c) 16 (1.2 equiv), Pd(OAc)2
(5 mol%), PPh3 (10 mol%), Cs2CO3 (3 equiv), THF:H2O, 90 °C. d) 17
(1.2 equiv), dppfPdCl2 (2 mol%), CuI (5 mol%), Et2NH, 30 °C; e) B2pin2

(1.1 equiv), (Ph3P)2PdCl2 (3 mol%), PPh3 (6 mol%), PhOK (1.5 equiv);
f) m-CPBA, CH2Cl2:CHCl3 (1 :1); g) OsO4 (5% solution in water,
0,1 mol%), NMO (2,4 equiv), acetone:water:tBuOH (5 :5 :1).

Figure 3. PMI chart.
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40%) deviated from the linear/flat bottom line due to the
high Fsp3 and the intricate molecular skeletons afforded.

Although cyclopentenes are relatively simple skeletons,
their synthesis is not always trivial, and the methodology
described herein competes well with the existing ones.[26]

Even rather simple 3-alkylcyclopentene derivatives are
extremely expensive and their synthesis requires several
steps.[27] Besides, the selective C(sp2)� H functionalization
might be troublesome (Figure 4). However, the method-
ology presented herein affords the target derivative in just
two simple steps with the added value of obtaining the
bromo derivative that renders an immediate entrance to a
platform of derivatives, most of them hardly accessible with
current methodologies (aldehyde, diene, enyne, boronate…)
(Figure 4). Most of the more complex bicyclic derivatives
are not commercially available and their synthesis requires
expensive and specific substrates (Figure 4).[28] Again, our
methodology overwhelms the existing ones allowing the
preparation of several kinds of bicyclic derivatives from
cheap and readily available starting materials with the added
value of easy post-functionalization.

Mechanistic Studies

Based on our results as well as on others, we initially
considered the following preliminary mechanism that ac-
counts for the observed connectivity in the final product
(Figure 6B, pathway A).[15,20b,29,30] Coordination of the 1-
bromoalkyne to the gold center would trigger [1,2]-Br shift,
affording the key gold-vinylidene intermediate. Subsequent
C� H insertion with exquisite 5 selectivity gives rise to the
observed product and regenerates the gold(I) catalyst. A
series of experiments were designed to interrogate several
features of the proposed mechanism that may support or
deny the working hypothesis. To explain the observed
connectivity, a 13C-labeled 1-bromoalkyne 13C-5p was syn-
thesized and subjected to the optimized reaction conditions
(Figure 5A, grey dot). As expected, while the bromine atom
is attached to the labeled carbon of the triple bond in the
starting material, in the final product the bromine ends up in
the non-labeled carbon of the double bond, showcasing the
1,2-[Br] shift (Figure 5A). However, careful monitorization
of the reaction by 13C NMR at several temperatures using
13C-5p did not allow for observing the intermediacy of any

gold vinylidene intermediate. Above, the stereochemical
outcome of the reaction using enantioenriched citronellal
derivative (S)-5aa has already been discussed (see
Scheme 1). The lack of racemization observed in this single
but conclusive experiment supports a one-step insertion
pathway over a two-step [1,5]-H shift/cyclization (Fig-
ure 5B). The determination of primary kinetic isotopic
effects (pKIE) was carried out by both intra- and intermo-
lecular competition experiments using D-5c and D2-5c,
respectively (Figure 5C,D).[31] The results obtained both in
the inter- and intramolecular competition experiments
(KIE=3.6, and KIE=2.0, respectively (Figure 5C,D) sup-
port C� H insertion being both the substrate-committing and
the product-determining step. On the other hand, the
measurement of the absolute rates in parallel reactions
afforded a KIE value kH/kD=1, meaning that the C� H
insertion is not the turnover-limiting step. Obtaining differ-
ent values for KIEs measured using these three experimen-
tal settings is not uncommon since:[31a] “Using isotopically
labeled substrates, site-specific KIEs can be determined
using three different approaches: (i) absolute rates, (ii)
intermolecular competition, and (iii) intramolecular compe-
tition. Crucially, each method entails a different kinetic
regime, and for complex reactions may report different
KIEs. This is because the three approaches can report the
effect that isotopic substitution has on different stages of the
reaction pathway. Indeed, great insight can be obtained by
comparing KIEs obtained under these three different
regimes, and for this reason, they should be considered to be
highly complementary. For the same reason, all KIEs should
be reported alongside a precise experimental methodology.”
Another experiment that holds support for this reaction
pathway was carried out by using a substrate bearing both a
CH and a CH2 at δ and δ’-positions (Figure 5E). This
intramolecular competition experiment showed a preference
for the insertion in the CH over the CH2 as expected for an
insertion reaction. To rule out any sort of intermolecular
process, labeled compound D2-5c was synthesized and
reacted with an equimolecular amount of 5 l. Again, the lack
of scrambling observed in this experiment supports the
proposed intramolecular process (Figure 5F). Finally, the
origin of the reactivity inhibition observed for substrates
bearing polar functionalities at distal positions was interro-
gated. For that aim, a successful non-polar substrate was
reacted in the same flask with an unsuccessful polar
substrate; the presence of the latter completely inhibited the
reactivity of the former, supporting that the origin of such
inhibition might be inter- rather than intramolecular (Fig-
ure 5G).

To gather further mechanistic evidence, we decided to
study the reaction theoretically employing DFT calculations
(Figure 6). All the intermediates proposed in our prelimi-
nary mechanistic proposal (Figure 7, pathway A), and the
corresponding transition states, could be successfully located
in the reaction coordinate. However, the theoretical study
revealed an unexpected feature: the energy barrier for the
C� H insertion step was almost negligible. In agreement with
this small energy barrier for this pathway, the calculated
KIE for both the inter and the intramolecular competitionFigure 4. Synthetic relevance.

Angewandte
ChemieResearch Articles

Angew. Chem. Int. Ed. 2023, 62, e202305296 (6 of 10) © 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2023, 26, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202305296 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [09/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



experiments is 1 (Figure 6, for details see Supporting
Information Figure S7). This unexpected result prompted us
to explore alternative mechanistic scenarios. In addition, TS-
1 would be analogous to that of the α-bromination of a gold-
acetylide complex, already proposed by Zhang (see Fig-
ure 1C and reference 16). Aiming to find either further
support or disagreement with this reaction pathway, the
following stoichiometric experiment was carried out: an
isolated IPrAu-acetylide complex was treated with NBS
(Figure 5H). Either at room temperature or 80 °C the

corresponding bromoalkyne was obtained, meaning that
ipso-bromination is preferred over α-bromination, towards
vinylidene formation. In comparison, Zhang’s intermediate
would contain a more nucleophilic α-carbon due to its
enolate-like nature. Bringing together our experience with
gold-stabilized vinylcarbocations and Gaunt’s observations
on stereo-retentive C� H insertion of such species,[22b,9] we
envisioned an alternative reaction pathway involving con-
certed C� H insertion of a vinylcation rather than a gold
vinylidene key intermediate (Figure 7, pathway B).[32,33] The

Figure 5. Experimental mechanistic study. a Conclusions were drawn from crude NMR spectra and, hence no yields are reported.
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corresponding reaction coordinate was calculated, and the
results were compatible with the experimental observations.

The transition states for both steps (C� H insertion TS-4 and
1,2-Br shift TS-5) were located in the reaction coordinate,

Figure 6. DFT calculations.

Figure 7. Mechanistic proposal.
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and their geometries and energies were optimized showcas-
ing their viability. Moreover, the calculated KIEs for this
reaction pathway match the experimental ones for both the
intra- and the intermolecular competition experiments (Fig-
ure 6, for details, see Supporting Information Figure S7). To
the best of our knowledge, such a reaction pathway has
never been described in gold catalysis.[34] In addition, the
competing 1,2-H shift was found to proceed via a higher
energy transition state, justifying the observed selective 1,2-
Br shift (see Supporting Information for details).[35] On the
other hand, the pKIE value obtained by the absolute rates
of parallel reactions (kH/kD=1) is in disagreement with the
C� H insertion being the turnover limiting step. As judged
by the high energy difference between the substrate-gold
(16) and product-gold (17) complexes, we preliminary
suggest that the ligand exchange from product to substrate
needed for gold to reenter the catalytic cycle might be the
turnover limiting step. Moreover, the simultaneous occur-
rence of both reaction pathways cannot be ruled out as
judged by the similar energy of each pathway‘s highest
energy transition state (for full details, see Supporting
Information). Further mechanistic studies will be required in
order to unambiguously determine the mechanism of this
new transformation.

Conclusion

The reaction of aliphatic 1-bromoalkynes under gold
catalysis affords the corresponding 1-bromocyclopentene
derivatives through a cycloisomerization reaction involving
the functionalization of a non-activated C� H bond. A broad
set of mono- and bicycles has been obtained affording an
assorted library of diverse scaffolds under extremely simple
reaction conditions. The presence of a readily functionaliz-
able C(sp2)� Br bond in the products allowed us to increase
the molecular diversity amenable to our methodology. A
preliminary mechanistic study supports a concerted C� H
bond breaking/C� C bond forming pathway in agreement
with the experimental and computational data. Further
studies aimed at applying this transformation to the syn-
thesis of complex molecules and libraries of compounds as
well as at studying its mechanism in-depth are currently
underway in our laboratories.
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