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The discovery and development of new synthetic methods
exploiting earth-abundant- element-based catalysts is an
important goal in contemporary synthetic organic chemistry, which
faces increasingly stringent requirements of sustainability. In this
work, we disclose alumina-mediated propargylic C-H activation
inducing a challenging transformation of readily available alkynes
into a valuable 1,3-diene moiety under unprecedentedly mild
conditions. Combining  DFT-investigation and synthetic
observations, we demonstrate that partial hydroxylation of
alumina’s surface might play essential role in this process.

1,3-Diene is an important scaffold widely used and studied in
modern organic chemistry. The interest to this motif is fuelled
by its presence in numerous natural®? and non-natural®
products demonstrating a broad
Moreover, 1,3-dienes also serve as important intermediates

range of functions*5.

showing diverse reactivity®12 and enabling synthesis of various
target molecules!3 or classes of compounds?415,

Although there are several methods enabling synthesis of this
moiety starting from different building blocks'6-20, most of the
approaches require transition metal-catalysts, functional or
Meanwhile,
isomerization of alkynes into 1,3-dienes is a potentially
powerful atom- and step-economic transformation that
requires no functional or directing groups and enables facile
access to this important structural motif.

While transition-metal catalysts based on Au??, Ru??, Ir, ReZ3, or
Pd?* enable isomerization of ynones and ynamides into

directing groups, and multi-step procedures.

dienones and amidodienes, respectively, it remains particularly
challenging to obtain 1,3-dienes from unactivated (i.e. aliphatic
or aryl) alkynes?>. This challenge arises due to weak acidity of
propargylic protons (pK,>30 for propyne in DMS026.27), removal
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of which induces the reaction. For this reason, propargylic
harsh
exploiting either strong bases or excessive heating282°, where
dienes become unfavorable products3°.

To enable “soft” propargylic deprotonation under
conditions, Zhang et al. have suggested an elegant “push-pull”

deprotonation generally occurs under conditions

mild

strategy using gold(l) complexes3l. Here, gold species acts as a
soft m-Lewis acid that interacts with a triple C-C bond and lowers
pK, of the propargyl protons (Fig. 1B). At the same time, the
respective ligand acts as a base removing the propargylic
proton. While being an illustrious example of rational design of
the catalytic system, this approach requires multi-step synthesis
of non-conventional ligands and large mass of expensive
reagents.
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Figure 1. Isomerization of alkynes upon propargylic

deprotonation. (A) Redistribution of m-bonds along an aliphatic
chain. (B) Au-catalyzed alkyne-diene isomerization induced by
“push-pull” activation. (C) Alumina-mediated alkyne-diene
isomerization. Schematic mechanism and the key synthetic
transformations.

Our recent findings demonstrate that thermally pre-treated y-
alumina acts as a soft r-Lewis acid inducing transformations of
alkynes previously assigned primarily or even exclusively to Au-

catalysts32, Provided the presence of numerous potential
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Brgnsted Base O-sites
envisioned that a similar “push-pull” activation of the propargyl-
moiety may take place on y-Al,05 (Fig. 1C). In principle, soft
propargylic deprotonation can induce isomerization of alkynes

located on alumina’s surface, we

leading to a whole set of products, such as isomeric alkynes,
allenes or 1,3-dienes (Fig. 1A). In this work, we report transition-
metal-free soft propargylic deprotonation of unactivated
alkynes, which transform
conditions.

Initially, we found that alkyne 1a transforms into 1 in high yields
upon exposure to activated alumina under vacuum at 40 °C. The

into 1,3-dienes under ambient

AlLO :

trans-isomer was the only product obtained after the extraction
of the reaction mixture. Noteworthy, the reaction can be scaled
up to gram-quantities, whereas the used alumina can be easily
recycled and reused (Table S2). While searching for the optimal
la-alumina ratio, we have noticed that the reduction of the
alumina’s quantity elongates the reaction times needed to fully
convert 1a into 1, which demonstrates catalytic nature of the
reactive centers located on alumina surface. Interestingly,
internal alkyne 1b also isomerizes into 1, although in slightly
lower yields.
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Figure 2. Reaction scope of the alumina-mediated alkyne-diene isomerization. (A) Effect of the aliphatic chain’s length and
tolerance to C-Hal functionalities. (B) Formation of dienes conjugated with aromatic moieties. (C) Isomerization of alkynes bearing

bulky substituents. (D) Isomerization of terminal alkynes. (E) Isomerization of alkynes into 1,3-diene, alkyne, and allene. (F) Distant

redistribution of m-bonds along the aliphatic chain leading to conjugated dienes. The reactions were run in the solid-state for 6h

using 100 mg of the starting material and 10 g of alumina under vacuum.

We also investigated stereoselectivity of the method for the
formation of the double bond distal to the phenyl moiety. To
study this aspect together with the scope of the isomerization,
we examined a range of internal alkynes with different
substituents (Fig. 2). We found that alkynes 2a-6a transform
into respective mixtures of EE/EZ 1,3-dienes 2-6 with virtually
the same ratio (5:1) in excellent yields (Fig. 2A). This experiment
indicates that the length of aliphatic chain does not affect the
selectivity of the method, whereas thermodynamic control is
likely to dictate the distribution of the products. The
transformations of 7a-10a demonstrate that the reaction
conditions nicely tolerate C-Hal functionalities decorating
phenyl moiety. Noteworthy, if the double bond is adjacent to an
aryl moiety, it isomerizes selectively into the trans-form. Thus,
isomerization of 11a and 12a leads solely to EE-1,3-dienes 11
and 12, respectively (Fig. 2B). Steric hindrance appears to play
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important role, since bulky fluorenyl-substituent did not allow
conversion of 13a at ambient temperatures (Fig. 2C).
Additionally, we investigated whether more than one alkyne
moiety can be isomerized. Thus, 14a transforms into the
anticipated mixture of two isomers (EE-EE:EE-EZ= 4:1) under
elevated temperatures.

Then, we turned our attention to the isomerization of terminal
alkynes such as 1a, transformation of which into 1 was
previously described using the explosive oxidant KO, 33. The
reaction conditions enable transformation of naphthalene
derivative 15a into 15 in good yields (Fig. 2D). Moreover, the
transformation can be exploited to introduce two or even three
1,3-diene moieties within a single molecule as demonstrated on
the examples of 16-18. Moreover, the transformation of 11b
into 11 shows that the reaction works also for internal alkynes
with two sp3-substituents (Fig. 2E). To confirm that the reaction
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occurs via formation of allene species, we studied the
isomerization of alkynes 19a-20a, which cannot transform into
1,3-dienes. While 19a readily undergoes alkyne “zipper”
transformation 19 without possibility to isolate
intermediate allene species, 20a yields the allene 20 in excellent
yields. The transformation of 2b into 2 with the same
stereoselectivity as 2a is particularly interesting because it
represents quite distant redistribution of the m-bonds along the
aliphatic chain, where phenyl moiety serves as an “anchor”
allowing significant thermodynamic stabilization of the
conjugated allene/alkyne/diene moieties (Fig. 2F). Interestingly,
activation of aliphatic alkyne dec-1-yne led to a complex
mixture of isomeric alkynes, allenes, and dienes, thus, once
again underlining the role of the “anchoring” phenyl
substituents.

The transformation of 1a or 1b into 1 occurs via a series of 1,3-
H transfers, which induce reversible alkyne-allene
rearrangements leading to IM1-IM3 (Fig 3). All the mentioned
intermediates were detected upon either quenching the
reaction with dichloromethane prior to full conversion or
monitoring in hexane. Besides IM1-IM3, we also observed cis-
diene IM4, which together with the other intermediates
completely transforms into the product 1. While the formation
of the diene moiety from allenes is expected to be irreversible,
alumina is known to induce cis/trans isomerization of alkenes34.
Therefore, IM4 and 1 should exist in equilibrium, which is
however fully shifted to the trans-isomer 1 due to higher
thermodynamic stability of the latter. These observations
evidence that the reaction occurs under thermodynamic
control.
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Figure 3. Isomerization of alkynes 1a and 1b into 1 via sequence

of 1,3 H shifts. DLPNO-CCSD(T)/cc-pVTZ//PBE/def2-TZVP-
calculated relative energies in kcal/mol are given in
parentheses.

We have previously reported that activated y-alumina allows
soft m-activation of alkynes inducing their transformation
similarly to transition-metal soft -Lewis acids32. In that work,
we have assigned such mode of reactivity to Frustrated Lewis
Triads (FLTs), reactive centers consisting of one Aly- and two Oy-
sites on the (110) alumina’s termination. According to the key
concepts of Dewar-Chatt-Duncanson (DCD) model33, Aly-sites
coordinate alkynes via o-donation, whereas Oy-sites imitate the
most crucial interaction in the realm of m-soft activation,
namely, mt-back donation. Since FLTs are surrounded with basic
O-sites, the latter could remove propargylic protons, provided
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that FLT-centers coordinate alkyne moiety and increase acidity
of the propargylic C-H bond.

Starting with this chemical concept, we investigated the
interaction of but-2-yne as a model compound with (110)
termination of alumina by means of DFT-calculations. Our
investigation shows that the envisioned mechanism of the C-H
activation may take place with the respective kinetic barrier of
23.8 kcal/mol (Fig. 4A). However, we have also observed an
alternative deprotonation pathway with significantly lower
barrier of 13.7 kcal/mol. In this scenario, the Aly- and Oy-sites,
belonging to the FLT moiety, act as a Lewis pair (Fig. 4B). Since
there is still no conventional description of the alumina’s
surface; it is a challenging task to unambiguously assign the
observed reactivity to a certain center. In the previous work, we
based our assumption on the physical3¢37 and computational38-
41 data, indicating that the (110) facet should be considered as
a predominant termination of y-Al,Os3, where the presence of
metastable Aly-centers is assumed 4243,

However, in the recent report Khivantsev et al.** claims the
reconstruction of the (110) facets with the formation of
thermodynamically favourable (100) termination, where no
Aly-centers can be found. We, therefore, turned our attention
to the corresponding surface, where only one AlV adsorbs the
model compound but-2-yne with considerable energies (Table
S3 and Fig. S69). Interestingly, the surrounding Olll-sites induce
the deprotonation process with 31.5 kcal/mol barrier, which
does not correspond to the experimentally observed mild
conditions of the reaction (Fig. 4C) Meanwhile, it is known that
certain amounts of water preserve even after the exploited
thermal activation of y-Al,0s3. Sautet et al. have previously
reported that neighbouring hydroxyl groups may play essential
role in the activation of some molecules 424345 To investigate
the potential role of the OH-groups, we have investigated how
hydroxylation of the neighbouring Aly-sites would affect the
kinetic barriers.
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Figure 4. Schematic representation of alumina-mediated
propargylic C-H activation in but-2-yne. (A and B) Deprotonation
pathways observed on the (110)-alumina termination. (C and D)
Deprotonation pathways observed on the (100)-alumina
termination. Respective coordinates and energies can be found
in the supplementary materials (Fig. S70-72). Energetic barriers
for the propargylic deprotonation are given in the white section
together with the considered alumina’s termination. (rt-LA: site
serving as nt-Lewis Acid; BB: Brgnsted Base site).
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Thus, we observed that the interaction of the introduced OH-
group with the alkyne moiety drastically lowers the energy
barrier for the deprotonation of but-2-yne (Fig. 4D). Therefore,
the hydroxyl group appears to be a reasonable source of
electron density mimicking the m-back-donation discussed in
the DCD model and enabling activation of the propargylic C-H
bond via soft m-activation of the triple bond. The observed
mode of reactivity contributes to the current understanding of
the y-alumina’s surface providing new insights into the
structure-activity relation of the reactive centers. Moreover,
the discovery demonstrates the potential of y-Al,O; as a
sustainable catalyst inducing valuable organic
transformations.

intricate

Author Contributions

V.A. and M.F. carried out the synthetic part and conceived the idea.
D.I.S. performed the DFT study. V.A. prepared the manuscript with
the feedback from all co-authors. M.F. and D.LS. prepared the
supplementary materials.

Funding

Funded by the Deutsche Forschungsgemeinschaft
(DFG)-Projektnummer 182849149-SFB 953 A6.

Conflicts of interest

There are no conflicts to declare

Notes and references

(1) Harned, A. M.; Volp, K. A. The Sorbicillinoid Family of
Natural Products: Isolation, Biosynthesis, and Synthetic
Studies. Nat. Prod. Rep. 2011, 28 (11), 1790.
https://doi.org/10.1039/c1np00039;.

(2) Mevers, E.; Sauri, J.; Liu, Y.; Moser, A.; Ramadhar, T. R.;
Varlan, M.; Williamson, R. T.; Martin, G. E.; Clardy, J.
Homodimericin A: A Complex Hexacyclic Fungal
Metabolite. J. Am. Chem. Soc. 2016, 138 (38), 12324—
12327. https://doi.org/10.1021/jacs.6b07588.

(3) Schoffmann, A.; Wimmer, L.; Goldmann, D.; Khom, S;
Hintersteiner, J.; Baburin, I.; Schwarz, T.; Hintersteininger,
M.; Pakfeifer, P.; Oufir, M.; et al. Efficient Modulation of y-
Aminobutyric Acid Type A Receptors by Piperine
Derivatives. J. Med. Chem. 2014, 57 (13), 5602-5619.
https://doi.org/10.1021/jm5002277.

(4) Tancini, F.; Monti, F.; Howes, K.; Belbakra, A.; Listorti, A.;
Schweizer, W. B.; Reutenauer, P.; Alonso-Gomez, J.-L.;
Chiorboli, C.; Urner, L. M.; et al. Cyanobuta-1,3-Dienes as
Novel Electron Acceptors for Photoactive Multicomponent
Systems. Chem. - A Eur. J. 2014, 20 (1), 202-216.
https://doi.org/10.1002/chem.201303284.

4| J. Name., 2012, 00, 1-3

(5)

(6)

(7)

(8)

(11)

(12)

(13)

(16)

(17)

Zhang, Y.-L.; Li, Y.-F.; Yu, B.; Shan, L.-H.; Liu, H.-M. Recent
Progress on the Synthesis and Bioactivity of Marine
Naturally Occurring Dienamides and Related Derivatives.
Synth. Commun. 2015, 45 (19), 2159-2180.
https://doi.org/10.1080/00397911.2015.1038753.
Backvall, J.-E.; Chinchilla, R.; Ndjera, C.; Yus, M. The Use of
Sulfonyl 1,3-Dienes in Organic Synthesis. Chem. Rev. 1998,
98 (6), 2291-2312. https://doi.org/10.1021/cr970326z.
Adamson, N. J.; Hull, E.; Malcolmson, S. J. Enantioselective
Intermolecular Addition of Aliphatic Amines to Acyclic
Dienes with a Pd—PHOX Catalyst. J. Am. Chem. Soc. 2017,
139(21), 7180-7183.
https://doi.org/10.1021/jacs.7b03480.

Gu, L.; Wolf, L. M.; Zielinski, A.; Thiel, W.; Alcarazo, M. a-
Dicationic Chelating Phosphines: Synthesis and Application
to the Hydroarylation of Dienes. J. Am. Chem. Soc. 2017,
139 (13), 4948-4953.
https://doi.org/10.1021/jacs.7b01441.

Chen, S.-S.; Wu, M.-S.; Han, Z.-Y. Palladium-Catalyzed
Cascade Sp 2 C-H Functionalization/Intramolecular
Asymmetric Allylation: From Aryl Ureas and 1,3-Dienes to
Chiral Indolines. Angew. Chemie Int. Ed. 2017, 56 (23),
6641-6645. https://doi.org/10.1002/anie.201702745.
Adamson, N. J.; Wilbur, K. C. E.; Malcolmson, S. J.
Enantioselective Intermolecular Pd-Catalyzed
Hydroalkylation of Acyclic 1,3-Dienes with Activated
Pronucleophiles. J. Am. Chem. Soc. 2018, 140 (8), 2761-
2764. https://doi.org/10.1021/jacs.7b13300.

Zhang, Q.; Yu, H.; Shen, L.; Tang, T.; Dong, D.; Chai, W.; Zi,
W. Stereodivergent Coupling of 1,3-Dienes with Aldimine
Esters Enabled by Synergistic Pd and Cu Catalysis. J. Am.
Chem. Soc. 2019, 141 (37), 14554-14559.
https://doi.org/10.1021/jacs.9b07600.

Lu, F.-D.; Ly, L.-Q.; He, G.-F.; Bai, J.-C.; Xiao, W.-J.
Enantioselective Radical Carbocyanation of 1,3-Dienes via
Photocatalytic Generation of Allylcopper Complexes. J. Am.
Chem. Soc. 2021, 143 (11), 4168—4173.
https://doi.org/10.1021/jacs.1c01260.
Eschenbrenner-Lux, V.; Kumar, K.; Waldmann, H. The
Asymmetric Hetero-Diels-Alder Reaction in the Syntheses
of Biologically Relevant Compounds. Angew. Chemie Int.
Ed. 2014, 53 (42), 11146-11157.
https://doi.org/10.1002/anie.201404094.

Mackay, E.; Sherburn, M. The Diels—Alder Reaction in
Steroid Synthesis. Synthesis (Stuttg). 2014, 47 (01), 1-21.
https://doi.org/10.1055/s-0034-1378676.

Ricci, G.; Pampaloni, G.; Sommazzi, A.; Masi, F. Dienes
Polymerization: Where We Are and What Lies Ahead.
Macromolecules 2021, 54 (13), 5879-5914.
https://doi.org/10.1021/acs.macromol.1c00004.

De Paolis, M.; Chataigner, |.; Maddaluno, J. Recent
Advances in Stereoselective Synthesis of 1,3-Dienes; 2012;
pp 87-146. https://doi.org/10.1007/128_2012_320.
McAlpine, N. J.; Wang, L.; Carrow, B. P. A Diverted Aerobic
Heck Reaction Enables Selective 1,3-Diene and 1,3,5-Triene
Synthesis through C—C Bond Scission. J. Am. Chem. Soc.
2018, 140 (42), 13634-13639.

This journal is © The Royal Society of Chemistry 20xx



(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

https://doi.org/10.1021/jacs.8b10007.

Nguyen, V. T.; Dang, H. T.; Pham, H. H.; Nguyen, V. D,;
Flores-Hansen, C.; Arman, H. D.; Larionov, O. V. Highly
Regio- and Stereoselective Catalytic Synthesis of
Conjugated Dienes and Polyenes. J. Am. Chem. Soc. 2018,
140 (27), 8434-8438.
https://doi.org/10.1021/jacs.8b05421.

Hubert, P.; Seibel, E.; Beemelmanns, C.; Campagne, J.;
Figueiredo, R. M. Stereoselective Construction of ( E,Z )-
1,3-Dienes and Its Application in Natural Product Synthesis.
Adv. Synth. Catal. 2020, 362 (24), 5532-5575.
https://doi.org/10.1002/adsc.202000730.

Soengas, R. G.; Rodriguez-Solla, H. Modern Synthetic
Methods for the Stereoselective Construction of 1,3-
Dienes. Molecules 2021, 26 (2), 249.
https://doi.org/10.3390/molecules26020249.

Li, X.; Wang, Z.; Ma, X.; Liu, P. N.; Zhang, L. Designed
Bifunctional Phosphine Ligand-Enabled Gold-Catalyzed
Isomerizations of Ynamides and Allenamides:
Stereoselective and Regioselective Formation of 1-Amido-
1,3-Dienes. Org. Lett. 2017, 19 (21), 5744-5747.
https://doi.org/10.1021/acs.orglett.7b02624.

Ma, D.; Lin, Y.; Lu, X.; Yu, Y. A Novel Stereoselective
Synthesis of Conjugated Dienones. Tetrahedron Lett. 1988,
29 (9), 1045-1048. https://doi.org/10.1016/0040-
4039(88)85331-0.

Ma, D.; Yu, Y.; Lu, X. Highly Stereoselective Isomerization of
Ynones to Conjugated Dienones Catalyzed by Transition-
Metal Complexes. J. Org. Chem. 1989, 54 (5), 1105—-1109.
https://doi.org/10.1021/j000266a021.

Trost, B. M.; Schmidt, T. A Simple Synthesis of Dienones via
Isomerization of Alkynones Effected by Palladium Catalysts.
J. Am. Chem. Soc. 1988, 110 (7), 2301-2303.
https://doi.org/10.1021/ja00215a051.

Shintani, R.; Duan, W.-L.; Park, S.; Hayashi, T. Rhodium-
Catalyzed Isomerization of Unactivated Alkynes to 1,3-
Dienes. Chem. Commun. 2006, No. 34, 3646.
https://doi.org/10.1039/b605368h.

Matthews, W. S.; Bares, J. E.; Bartmess, J. E.; Bordwell, F.
G.; Cornforth, F. J.; Drucker, G. E.; Margolin, Z.; McCallum,
R.J.; McCollum, G. J.; Vanier, N. R. Equilibrium Acidities of
Carbon Acids. VI. Establishment of an Absolute Scale of
Acidities in Dimethyl Sulfoxide Solution. J. Am. Chem. Soc.
1975, 97 (24), 7006-7014.
https://doi.org/10.1021/ja00857a010.

Robinson, M. S.; Polak, M. L.; Bierbaum, V. M.; DePuy, C.
H.; Lineberger, W. C. Experimental Studies of Allene,
Methylacetylene, and the Propargyl Radical: Bond
Dissociation Energies, Gas-Phase Acidities, and lon-
Molecule Chemistry. J. Am. Chem. Soc. 1995, 117 (25),
6766—6778. https://doi.org/10.1021/ja00130a017.
Bushby, R. J. Base-Catalysed Isomerisation of Acetylenes.
Q. Rev. Chem. Soc. 1970, 24 (4), 585.
https://doi.org/10.1039/qr9702400585.

Becker, J. Y. Isomerization of Mono- and Diacetylenic
Hydrocarbons. Tetrahedron 1976, 32 (24), 3041-3043.
https://doi.org/10.1016/0040-4020(76)80163-9.

This journal is © The Royal Society of Chemistry 20xx

(30)

(31)

(32)

(38)

(39)

(42)

(43)

Carr, M. D.; Gan, L. H.; Reid, I. Acetylene—Allene
Isomerisations. Part |. Base Catalysis by Potassium t-
Butoxide in t-Butyl Alcohol. J. Chem. Soc., Perkin Trans. 2
1973, No. 5, 668-672.
https://doi.org/10.1039/P29730000668.

Wang, Z.; Wang, Y.; Zhang, L. Soft Propargylic
Deprotonation: Designed Ligand Enables Au-Catalyzed
Isomerization of Alkynes to 1,3-Dienes. J. Am. Chem. Soc.
2014, 136 (25), 8887—-8890.
https://doi.org/10.1021/ja503909c.

Akhmetov, V.; Feofanov, M.; Sharapa, D. |.; Amsharov, K.
Alumina-Mediated m-Activation of Alkynes. J. Am. Chem.
Soc. 2021, 143 (37), 15420-15426.
https://doi.org/10.1021/jacs.1c07845.

Khan, F. A.; Budanur, B. M. Superoxide Mediated
Isomerization of 4-Aryl-but-1-Ynes to 1-Aryl-1,3-
Butadienes. Tetrahedron 2015, 71 (40), 7600-7607.
https://doi.org/10.1016/j.tet.2015.07.075.

MEDEMA, J. Isomerization of Butene over Alumina*1. J.
Catal. 1975, 37 (1), 91-100. https://doi.org/10.1016/0021-
9517(75)90136-0.

Chatt, J.; Duncanson, L. A. 586. Olefin Co-Ordination
Compounds. Part lll. Infra-Red Spectra and Structure:
Attempted Preparation of Acetylene Complexes. J. Chem.
Soc. 1953, 2939. https://doi.org/10.1039/jr9530002939.
Beaufils, J.-P.; Barbaux, Y. Détermination, Par Diffraction
Différentielle de Neutrons, Des Faces Cristallines Exposées
Par Des Supports de Catalyseurs En Poudre. J. Chim. Phys.
1981, 78, 347-352.
https://doi.org/10.1051/jcp/1981780347.

Nortier, P.; Fourre, P.; Saad, A. B. M.; Saur, O.; Lavalley, J.
C. Effects of Crystallinity and Morphology on the Surface
Properties Ofalumina. Appl. Catal. 1990, 61 (1), 141-160.
https://doi.org/10.1016/50166-9834(00)82140-5.

Krokidis, X.; Raybaud, P.; Gobichon, A. E.; Rebours, B.;
Euzen, P.; Toulhoat, H. Theoretical Study of the
Dehydration Process of Boehmite to y-Alumina. J. Phys.
Chem. B 2001, 105 (22), 5121-5130.
https://doi.org/10.1021/jp0038310.

DIGNE, M.; SAUTET, P.; RAYBAUD, P.; EUZEN, P.;
TOULHOAT, H. Hydroxyl Groups on y-Alumina Surfaces: A
DFT Study. J. Catal. 2002, 211 (1), 1-5.
https://doi.org/10.1006/jcat.2002.3741.

Pinto, H. P.; Nieminen, R. M.; Elliott, S. D. Ab Initio Study of
vy — Al 2 O 3 Surfaces. Phys. Rev. B 2004, 70 (12), 125402.
https://doi.org/10.1103/PhysRevB.70.125402.

DIGNE, M. Use of DFT to Achieve a Rational Understanding
of Acid?Basic Properties of ?-Alumina Surfaces. J. Catal.
2004, 226 (1), 54-68.
https://doi.org/10.1016/].jcat.2004.04.020.

Joubert, J.; Salameh, A.; Krakoviack, V.; Delbecq, F.; Sautet,
P.; Copéret, C.; Basset, J. M. Heterolytic Splitting of H 2 and
CH 4 on y-Alumina as a Structural Probe for Defect Sites. J.
Phys. Chem. B 2006, 110 (47), 23944-23950.
https://doi.org/10.1021/jp0641841.

Wischert, R.; Copéret, C.; Delbecq, F.; Sautet, P. Optimal
Water Coverage on Alumina: A Key to Generate Lewis Acid-

J. Name., 2013, 00, 1-3 | 5



Please do not adjust margins

COMMUNICATION Journal Name

Base Pairs That Are Reactive Towards the CEH Bond
Activation of Methane. Angew. Chemie Int. Ed. 2011, 50
(14), 3202—-3205. https://doi.org/10.1002/anie.201006794.

(44) Khivantsev, K.; Jaegers, N. R.; Kwak, J.; Szanyi, J.; Kovarik, L.
Precise Identification and Characterization of Catalytically
Active Sites on the Surface of M-Alumina**. Angew. Chemie
Int. Ed. 2021, 60 (32), 17522-17530.
https://doi.org/10.1002/anie.202102106.

(45) Comas-Vives, A.; Valla, M.; Copéret, C.; Sautet, P.
Cooperativity between Al Sites Promotes Hydrogen
Transfer and Carbon—Carbon Bond Formation upon
Dimethyl Ether Activation on Alumina. ACS Cent. Sci. 2015,
1(6), 313-319.
https://doi.org/10.1021/acscentsci.5b00226.

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins




