
Journal Pre-proof

Synthetic Applications of Polar Organometallic and Alkali-Metal Reagents Under Air
and Moisture

Filippo Maria Perna, Paola Vitale, Vito Capriati

PII: S2452-2236(21)00043-2

DOI: https://doi.org/10.1016/j.cogsc.2021.100487

Reference: COGSC 100487

To appear in: Current Opinion in Green and Sustainable Chemistry

Received Date: 25 February 2021

Revised Date: 16 March 2021

Accepted Date: 22 March 2021

Please cite this article as: F.M. Perna, P. Vitale, V. Capriati, Synthetic Applications of Polar
Organometallic and Alkali-Metal Reagents Under Air and Moisture, Current Opinion in Green and
Sustainable Chemistry, https://doi.org/10.1016/j.cogsc.2021.100487.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Elsevier B.V. All rights reserved.

https://doi.org/10.1016/j.cogsc.2021.100487
https://doi.org/10.1016/j.cogsc.2021.100487


Jo
urn

al 
Pre-

pro
of



 1

Synthetic Applications of Polar Organometallic and 
Alkali-Metal Reagents Under Air and Moisture 
 
Filippo Maria Pernaa,b, Paola Vitalea,b and Vito Capriatia,* 
 
a Dipartimento di Farmacia–Scienze del Farmaco, Università di Bari “Aldo Moro”, 
Consorzio C.I.N.M.P.I.S., Via E. Orabona 4, I-70125 Bari, Italy 
b Equally contributing authors 
 
 
* Corresponding author: Capriati, V. (vito.capriati@uniba.it) 
 
 
Abstract 

Recently, there has been an upsurge interest in developing chemoselective and fast 

processes when working with polar organometallic of s- and d-block elements and 

alkali-metal reagents under air and moisture, and also in protic bio-based solvents like 

Deep Eutectic Solvents or water. A discussion is offered highlighting cutting-edge 

stoichiometric and catalytic synthetic applications in this evolving field, with an 

accent over the literature published in the last couple of years. 
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1. Introduction 

Since the introduction of the Twelve Principles of Green Chemistry by Anastas and 

Warner in the early 1990s [1], significant research has been directed towards the 

design and the development of novel technologies and processes less negatively 

impacting on human health and the environment, including the adoption of safer and 

less toxic solvents and reagents [2]. In this perspective, the use of water [3,4**] and 

other bio-based solvents [e.g., glycerol, 2-methyltetrahydrofuran (2-MeTHF), 

cyclopentyl methyl ether (CPME), the so-called Deep Eutectic Solvents (DESs)] in 

organic synthesis [5–9] and in the chemistry of polar organometallic compounds 

belonging to the s- and d-block elements (e.g., organolithium, organomagnesium, 

organozinc reagents) [10–12] has been gaining a lot of momentum. The idea of 

forging novel carbon-carbon bonds by means of highly reactive organometallics in 

protic media (e.g., water, DESs) and under aerobic conditions might seem 

counterintuitive, since it goes against the traditional belief that rigorously aprotic and 

dry volatile organic compounds (VOCs) and inert atmospheres are strictly required 

for the successful handling of these reagents owing to their polarized metal-carbon 

bonds, and thus of their high reactivity and air- and moisture-sensitivity. A perusal of 

the literature, however, reveals not only the intrinsic slowness of the reactions 

between organolithium/organomagnesium compounds and water [7,13–15], but also 

that the adventitious or even the deliberate addition of water in the reactions of 

Groups 1/2 metals redirects reactions in interesting and unexpected ways; for 

example, by speeding up the reaction rate, or by favouring a lithium/halogen 

exchange reaction, or by enhancing the enantioselectivity in an asymmetric synthesis 

[15]. By highlighting these phenomena in a review already in 1975 [16], Smith 

concluded with the question: “Shall we await the day when reactions of 

organolithiums are routinely performed in aqueous solution?”. Our group embarked 

on this adventure that would have made this prediction a reality since 2014, by 

publishing the first examples of regioselective THF-directed ortho-

lithiation/electrophilic interception reactions of diphenyl tetrahydrofuran triggered by 

t-BuLi in choline chloride (ChCl)-based protic eutectic mixtures [e.g., ChCl/glycerol 

(Gly), ChCl/urea] at 0 °C or room temperature (RT) in air, which shocked us a lot 

[17]. One of the reviewers of this work remarked that, on the contrary, we should not 

have been so shocked of these results, given the precedents in the literature [15,16]. 

On the other hand, we acknowledged a completely different feeling from another 
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reviewer when we submitted in 2016 [18] the results of an investigation regarding the 

addition of Grignard and organolithium reagents to γ-chloroketones under air, and 

using water as a reaction medium, to afford THF derivatives: “The authors present a 

provocative hypothesis that organometallic reagents (Grignards and organolithiums) 

are suitable for reactions in water”. The possibility of running routinely the reactions 

of highly polarized organometallic compounds in bulk water under air is, indeed, 

quite thought provoking.  

Simultaneously and independently from these studies, the groups of Hevia and 

García-Álvarez reinforced the argument of the feasibility of employment of 

organolithiums in protic, bio-based solvents like ChCl/Gly, ChCl/H2O, and Gly by 

successfully performing the chemoselective addition of these reagents to ketones [19], 

non-activated imines [20] and nitriles [21] under aerobic ambient temperature 

conditions, thereby establishing a novel, fast, and sustainable access to secondary 

alcohols and amines, and ketones, respectively. The reactivity of polar organometallic 

compounds in unconventional reaction media has been recently in-depth discussed in 

two reviews [10,15]. Thus, this brief Opinion showcases in two Sections recent 

synthetic applications of polar organometallic and alkali-metal reagents under aerobic 

conditions and moisture, with a focus over the literature published in the past two 

years. 

 

2. Synthetic applications of polar organometallic reagents under aerobic 

conditions and moisture 

Directed ortho metalation has been traditionally carried out in the presence of bulky 

bases (e.g., sec-BuLi), at low temperature (–78 °C), under inert atmospheres, and in 

anhydrous VOCs (e.g., THF, Et2O). Starting from N,N-diisopropylbenzamide 

derivatives (1), ortho-functionalized amides 2 could be obtained in up to 99% yield 

and within 2 s reaction time, making use of a synergistic combination of a ChCl/Gly-

CPME mixture and of t-BuLi as a base, working at RT in air. Of note, an half-life of 

6.26 s was estimated for 1-Li in the above eutectic mixture. By simply switching t-

BuLi for less sterically encumbered organolithium reagents (e.g., MeLi, n-BuLi), a 

nucleophilic acyl substitution reaction was alternatively privileged to afford ketones 

3, however, in combination with the tertiary alcohols 4 in up to a 7:1 ratio, when 

working at 0 °C in air. (Figure 1a) [22].  
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The notorious over-addition reaction by organolithiums to the resulting ketones was 

found to be effectively suppressed by reacting N-acylpyrrolidines 5 with commercial 

solution of organolithiums, when using CPME as a solvent in open air at RT. Under 

these conditions, a variety of ketones 6 was synthesized. (Figure 1b) [23*].  

The regioselective benzylic lithiation of functionalized toluene derivatives 7 took 

place smoothly and in fast reaction times (2 s) in ChCl/Gly-CPME, at RT under air, to 

provide valuable educts 8 (up to 90% yield) after interception of the putative 7-Li 

with a variety of electrophiles. The estimated half-life for 7-Li in the aforementioned 

protic medium was 6.57 s (Figure 1c) [24]. 

An organo-catalyzed oxidation of secondary alcohols 9 with AZADO (2-

azaadamantane N-oxyl)/NaClO was successfully combined with a chemoselective and 

fast (3s) nucleophilic addition of organolithiums to the transiently formed enolizable 

ketones 10, at RT in water and in the presence of air, to give alcohols 11 in up to 95% 

yield (Figure 1d) [25*].  

Under heterogeneous conditions, the nucleophilic addition of organolithium and 

Grignard reagents to esters 12 occurred smoothly in water, or in the biodegradable 

ChCl/urea eutectic mixture, with a broad substrate scope to deliver tertiary alcohols 

13 in 60–95% yield after 20 s reaction time (Figure 1e). Starting from ester 14, 

telescoped, one-pot nucleophilic addition/thioetherification processes proved also to 

be feasible in water, and allowed the straightforward isolation, through the tertiary 

alcohol 15, of pharmaceutically relevant S-trityl-L-cysteine derivatives 16a,b (Figure 

1f) [26]. 

A novel air- and moisture-compatible methodology that uses organolithium reagents 

as initiators for the anionic polymerization of different olefins 17 in DESs has been 

established by Presa Soto, García-Álvarez and Hevia starting from unpurified 

monomers, and working in ChCl/Gly in air and under sonication at 40 °C. A variety 

of synthetically relevant organic polymers 19 has been synthesized (up to 90% yield) 

with low polydispersities (PDI 1.1–1.3). Remarkably, the in situ formed polystyryl 

lithium 18 (Ar = Ph) exhibited a great resistance to hydrolysis up to 1.5 h (Figure 1g) 

[27**]. 

The addition of organolithium and Grignard reagents to chiral nonracemic (SS)-N-tert-

butanesulfinyl imines 20 proceeded very fast (within 2 min), at RT and under air in D-

sorbitol/ChCl, thereby granting access to a mixture of diastereomeric sulfinamides 21, 

that could be first separated by column chromatography, and then deprotected to give 
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the enantioenriched (up to 98% ee) secondary amines 22 in high yield (98%). This 

method was applied to the asymmetric synthesis of both the chiral amine side-chain of 

(R,R)-Formoterol 23 (96% ee), and the calcimimetic (R)-Cinacalcet 25 (98% ee) from 

amine (SS,R)-24 (Figure 1h) [28*]. 

Highly polar s-block organometallic reagents were found to promote a fast (3 s 

reaction time) and regiodivergent synthesis of tertiary alcohols 27 (organolithium 

reagents) or symmetrical ketones 28 (aryl Grignard reagents) or β-hydroxy esters 29 

(alkyl Grignard reagents) when added to CO2-derived cyclic carbonates 26 in 2-

MeTHF, at RT and under air (Figure 1i). Hybrid, one-pot/two-step protocols through 

in situ formed cyclic carbonates from CO2 and epoxides were successful as well [29]. 
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Figure 1. Nucleophilic acyl substitutions on amides (a,b) and esters (e,f), directed 

ortho (a) and lateral (c) lithiation reactions, nucleophilic additions to in situ formed 

carbonyl compounds (d), chiral imines (h) and cyclic carbonates (i), and anionic 

polymerization of olefins (g) promoted by organolithium and Grignard reagents under 

air and moisture in DESs, CPME, and H2O. DESs, Deep Eutectic Solvents. CPME, 

cyclopentyl methyl ether. DG, directing groups. RT, room temperature. 

 

Scalable highly chemoselective C(sp2)–C(sp2) bond-forming reactions between 

poly(pseudo)halides 30,34 and Grignard 31 (Kumada cross-coupling, Figure 2a) or 

organozinc 35 (Negishi cross-coupling, Figure 2b) reagents have been developed by 

Schoenebeck and co-workers using the air- and moisture-stable Pd(I) dimer catalyst 

32. Under open-flask conditions, these site-selective (C–Br) couplings are completed 

within 5 min at RT, furnishing educts 33,36 in up to 98% yield (Figures 2a,b) [30]. 

The bench stable iodide-bridged catalyst 37 was shown also to trigger fast and site-

selective Negishi C(sp2)–C(sp2) and C(sp2)–C(sp3) couplings in NMP (N-methyl-2-

pyrrolidone) at RT under air between triflate or fluorosulfate substrates 38 and 

organozinc reagents 39 to give educts 40 in up to 95% yield (Figure 2c) [31*].  

Feringa and co-workers reported that direct Pd-catalyzed cross-coupling of organic 

halides 41 with alkyl- or (hetero)aryllithium reagents 42 proceeded fast (10 min) and 

selectively by adding the organolithium compound over a neat mixture of organic 

halide and catalyst [Pd-PEPPSI-IPr or Pd(Pt-Bu3)2] (1.5–3 mol%) under air at RT to 

provide the desired educts 43 in up to 98% yield (Figure 2d) [32]. 

In 2019, Capriati and co-workers presented the discovery of an ultrafast (20 s) Pd-

catalyzed cross-coupling of (hetero)aryl halides 44 with organolithium compounds 45 

using bulk water as the reaction medium. In the presence of NaCl, these reactions 

proceeded selectively at RT and under air giving the expected educts 46 in yields of 

up to 98%, and competitively with protonolysis (Figure 2e) [33]. Under the same 

conditions, Negishi couplings between (hetero)aryl bromides 47 and organozinc 

reagents 48 have also been successfully carried out either “on water” or in ChCl/urea. 

These two media have been alternatively and complementarily used to include the 

reactivity of alcohols, esters, carbonyl compounds, phenols, aniline and cyano 

derivatives. These reactions are scalable, proceed very fast (20 s) at RT or 60 °C, and 

with a recycling of the eutectic mixture or water and the catalyst, to afford educts 49 

in up to 98% yield (Figure 2f) [34*].  
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Organozinc reagents 51 have also been generated in situ from alkyl/aryl halides 50 

and zinc metal under mechanochemical conditions in air, with the subsequent Negishi 

coupling furnishing educts 52 in up to 98% yield (Figure 2g) [35]. Similarly, 

mechanochemical zinc-mediated Reformatsky and Barbier-type allylation reactions of 

carbonyl compounds, under an air atmosphere, delivered β-hydroxycarbonyl and 

homoallylic alcohol products, respectively [36,37]. The direct conjugate addition of 

alkyl and aryl organic halides to α,β-unsaturated esters and phosphonates, as well as 

to acrylonitriles, was also shown to be successfully mediated by zinc dust, and 

catalyzed by copper, when working at RT under air and in water [38]. 
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Figure 2. Various Pd-catalyzed cross-coupling reactions promoted by organozinc, 

organolithium and Grignard reagents, under air and moisture, performed in VOCs, 

DESs, H2O, under neat or mechanochemical conditions (a–g). OTf, triflate. OFs, 

fluorosulfate. NMP, N-methyl-2-pyrrolidone. RT, room temperature. 

 

3. Synthetic applications of polar alkali-metal reagents under aerobic conditions 

and moisture 

Highly polarized phosphides 54 [LiP(R1)2] have been prepared in ChCl/Gly through 

in situ deprotonation with n-BuLi of the corresponding secondary phosphines 53 

[HP(R1)2], at RT in air. Intermediates 54 were found to trigger a chemoselective and 

fast (3 s) nucleophilic addition to aldehydes 55 and epoxides 56 in air to give α- and 

β-hydroxy phosphine oxides 57 and 58, respectively, in very good yields (62–94%). 

After 30 s, lifetime of LiPPh2 was still large enough to allow recovery of educt 57a in 

77% yield (after 3 s: 95% yield) (Figure 3a) [39*].  

Amidation and transamidation reactions of ethyl esters 59 and N-Boc-substituted 

benzamides 62 proceeded fast (20 s) and chemoselectively when using lithium amides 

60 in the biomass-derived 2-MeTHF, in the presence of air and moisture, to give 

carboxamides 61 (up to 89% yield) and 63 (up to 77% yield), respectively. (Figures 

3b,c) [40]. 

Hydroamination of styrene derivatives 64 with lithium amides 65-Li, en route to 

phenethylamines 67, was unexpectedly found to be accelerated in 2-MeTHF by the 

moisture from ambient air, thereby efficiently competing with the polymerization 

process. Moisture is thought to partially quench 65-Li, thus generating the free amine 

65-H that could subsequently favor the protonation of intermediate 66 and the 

regeneration of 65-Li (Figure 3d) [41**]. 
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Figure 3. Nucleophilic additions to carbonyl compounds, epoxides (a), and styrene 

derivatives (d), and nucleophilic acyl substitution on esters (b) and amides (c), 

promoted by polar alkali metal-reagents under air and moisture, and performed in 

DES or 2-MeTHF. 2-MeTHF, 2-methyltetrahydrofuran. RT, room temperature. 

 

4. Conclusions and opportunities 

The successful use of notoriously air- and moisture-sensitive polar organometallic and 

alkali-metal reagents under mild and aerobic conditions, and their ability to promote 

very fast reactions in competition with protonolysis when using DESs or water, has 

opened doors to previously unthinkable perspectives in organometallics. As emerges 

from the studies discussed herein, it is noteworthy the remarkable kinetic stability 

exhibited by the aforementioned reagents/intermediates in such strongly hydrogen-

bonded associated media, whose properties are undoubtedly unique among other 

protic solvents [4,9,10]. Hydrogen bonding may be the key to explaining the 

recalcitrance of these reagents to undergo protonolysis as a first reaction in water or 

DESs [9,10]. Of note, a recent research has demonstrated that the line between a 

hydrogen and a covalent bond is blurrier than that suggested by teaching textbooks 

[42]. To advance this exciting research field further, it is now of great importance to 

implement this technology on an industrial scale, and to carry out theoretical 
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calculations and spectroscopic investigations for a fundamental understanding of the 

molecular basis behind this still unexplored chemical space. 

 

Conflict of interest statement 

Nothing declared. 

 

Acknowledgements 

This work was carried out under the framework of the National PRIN Project 

"Unlocking Sustainable Technologies Through Nature-Inspired Solvents" (Code: 

2017A5HXFC_002) and financially supported by the Interuniversity Consortium 

C.I.N.M.P.I.S. and the University of Bari. 

 

References and recommended reading 

* of special interest; ** of outstanding interest 

[1] P.T. Anastas, J.C. Warner, Green Chemistry: Theory and Practice, Oxford 

University Press, New York, 1998. 

[2] F. Jérôme, R. Luque (Eds.), Bio-Based Solvents, Wiley, Hoboken, 2017. 

[3] B.H. Lipshutz, F. Gallou, S. Handa, Evolution of Solvents in Organic Chemistry, 

ACS Sustainable Chem. Eng. 4 (2016) 5838–5849. 

**[4] M. Cortes-Clerget, J. Yu, J.R.A. Kincaid, P. Walde, F. Gallou, B.H. Lipshutz, 

Water as the reaction medium in organic chemistry: from our worst enemy to our best 

friend, Chem. Sci. (2021), https://doi.org/10.1039/d0sc06000c. 

This enlightening review summarizes and critically analyzes ground-breaking 

concepts behind the (unique) role played by water in organic synthesis discussing 

mechanistic aspects, which are typical of both “on water” and “in water” phenomena.  

[5] D.A. Alonso, A. Baeza, R. Chinchilla, G. Guillena, I.M. Pastor, D.J. Ramón, Deep 

eutectic solvents: the organic reaction medium of the century, Eur. J. Org. Chem. 

(2016) 612–632. 

[6] F.M. Perna, P. Vitale, V. Capriati, Organic Synthesis in DESs, in: D.J. Ramòn, G. 

Guillena (Eds.), Deep Eutectic Solvents: Synthesis, Properties, and Applications, 

Wiley-VCH, Weinheim, Germany, 2019.  

[7] F.M. Perna, P. Vitale, V. Capriati, Deep eutectic solvents and their applications as 

green solvents, Curr. Opin. Green Sustain. Chem. 21 (2020) 27–33. 

Jo
urn

al 
Pre-

pro
of



 11

**[8] S.E. Hooshmand, R. Afshari, D.J. Ramón, R.S. Varma, Deep eutectic solvents: 

cutting-edge applications in cross-coupling reactions, Green Chem. 22 (2020) 3668–

3692. 

This critical review provides valuable and comprehensive insights into cross-coupling 

reactions and their applications in DES chemistry for carbon-carbon and carbon-

heteroatom bond formations, highlighting the dual role played by DESs both as 

solvents and catalysts. 

[9] L. Cicco, G. Dilauro, F.M. Perna, P. Vitale, V. Capriati, Advances in Deep 

eutectic solvents and water: applications in metal- and biocatalyzed processes, in the 

synthesis of APIs, and other biologically active compounds, Org. Biom. Chem. 

(2021), https://doi.org/10.1039/d0ob02491k. 

[10] J. García-Álvarez, E. Hevia, V. Capriati, The future of polar organometallic 

chemistry written in bio-based solvents and water, Chem. Eur. J. 24 (2018) 14854–

14863. 

[11] F. Zhou, C.-J. Li, En route to metal-mediated and metal-catalysed reactions in 

water, Chem. Sci. 10 (2019) 34–36. 

[12] M. Dell’Aera, F.M. Perna, P. Vitale, A. Altomare, A. Palmieri, L.C.H. Maddock, 

L.J. Bole, A.R. Kennedy, E. Hevia, V. Capriati, Boosting Conjugate Addition to 

Nitroolefins Using Lithium Tetraorganozincates: Synthetic Strategies and Structural 

Insights, Chem. Eur. J. 26 (2020), 8742–8748. 

[13] G. Osztrovszky, T. Holm, R. Madsen, Ultrafast Grignard addition reactions in 

the presence of water, Org. Biom. Chem. 8 (2010), 3402–3404. 

[14] V. Capriati, F.M. Perna, A. Salomone, “The Great Beauty” of organolithium 

chemistry: a land still worth exploring”, Dalton Trans. 43 (2014), 14204–14210. 

[15] J. García-Álvarez, E. Hevia, V. Capriati, Reactivity of Polar Organometallic 

Compounds in Unconventional Reaction Media: Challenges and Opportunities, Eur. 

J. Org. Chem. 2015, 6779–6799. 

[16] K. Smith, Organometallic Chemistry Part (ii) Main-group Elements, Annu. Rep. 

Prog. Chem., Sect. B: Org. Chem. 72 (1975) 136–149. 

[17] V. Mallardo, R. Rizzi, F.C. Sassone, R. Mansueto, F.M. Perna, A. Salomone, V. 

Capriati, Regioselective desymmetrization of diaryltetrahydrofurans via directed 

ortho-lithiation: an unexpected help from green chemistry, Chem. Commun. 50 

(2014) 8655–8658. 

Jo
urn

al 
Pre-

pro
of



 12

[18] L. Cicco, S. Sblendorio, R. Mansueto, F.M. Perna, A. Salomone, S. Florio, V. 

Capriati, Water opens the door to organolithiums and Grignard reagents: exploring 

and comparing the reactivity of highly polar organometallic compounds in 

unconventional reaction media towards the synthesis of tetrahydrofurans, Chem. Sci. 

7 (2016) 1192–1199. 

[19] C. Vidal, J. García-Álvarez, A. Hernán-Gómez, A.R. Kennedy, E. Hevia, 

Introducing deep eutectic solvents to polar organometallic chemistry: chemoselective 

addition of organolithium and Grignard reagents to ketones in air, Angew. Chem. Int. 

Ed. 53 (2014) 5969–5973. 

[20] C. Vidal, J. García-Álvarez, A. Hernán-Gómez, A.R. Kennedy, E. Hevia, 

Exploiting deep eutectic solvents and organolithium reagent partnerships: 

chemoselective ultrafast addition to imines and quinoline under aerobic ambient 

temperature conditions, Angew. Chem. Int. Ed. 55 (2016) 16145–16148. 

[21] M.J. Rodríguez-Álvarez, J. García-Álvarez, M. Uzelac, M. Fairley, C.T. O’Hara, 

E. Hevia, Introducing glycerol as a sustainable solvent to organolithium chemistry: 

ultrafast chemoselective addition of aryllithium reagents to nitriles under air and at 

room temperature, Chem. Eur. J. 24 (2018) 1720–1725. 

[22] S. Ghinato, G. Dilauro, F.M. Perna, V. Capriati, M. Blangetti, C. Prandi, 

Directed ortho-metalation–nucleophilic acyl substitution strategies in deep eutectic 

solvents: the organolithium base dictates the chemoselectivity, Chem. Commun. 55 

(2019) 7741–7744. 

*[23] S. Ghinato, D. Territo, A. Maranzana, V. Capriati, M. Blangetti, C. Prandi, A 

fast and General Route to Ketones from Amides and Organolithium Compounds 

under Aerobic Conditions: Synthetic and Mechanistic Aspects, Chem. Eur. J. 27 

(2021), 2868–2874. 

Using CPME as a solvent, ketones could be prepared from N-acylpyrrolidines and 

organolithium compounds in up to 93% yield and in the absence of tertiary alcohols, 

with high chemoselectivity and fast reaction times (20 s), with the 

recyclability/reusability of both the solvent and the pyrrolidine leaving group. 

[24] D. Arnodo, S. Ghinato, S. Nejrotti, M. Blangetti, C. Prandi, Lateral Lithiation in 

Deep Eutectic Solvents: Regioselective Functionalization of Substituted Toluene 

Derivatives, Chem. Commun. 56 (2020) 2391–2394. 

*[25] D. Elorriaga, M.J. Rodríguez-Álvarez, N. Ríos-Lombardía, F. Morís, A. Presa 

Soto, J. González-Sabín, E. Hevia, J. García-Álvarez, Combination of organocatalytic 

Jo
urn

al 
Pre-

pro
of



 13

oxidation of alcohols and organolithium chemistry (RLi) in aqueous media, at room 

temperature and under aerobic conditions, Chem. Commun. 56 (2020) 8932–8935. 

Organocatalysis and organolithium chemistry have been first combined in a novel 

one-pot tandem process to prepare highly substituted tertiary alcohols using water as a 

reaction medium, at room temperature, and under aerobic conditions. 

[26] A.F. Quivelli, G.D’Addato, P. Vitale, J. García-Álvarez, F.M. Perna, V. Capriati, 

Expeditious and practical synthesis of tertiary alcohols from esters enabled by highly 

polarized organometallic compounds under aerobic conditions in Deep Eutectic 

Solvents or bulk water, Tetrahedron 81 (2021) 131898.  

**[27] A. Sánchez-Condado, G.A. Carriedo, A. Presa Soto, M.J. Rodríguez-Álvarez, 

J. García-Álvarez, E. Hevia, Organolithium-Initiated Polymerization of Olefins in 

Deep Eutectic Solvents under Aerobic Conditions, ChemSusChem 12 (2019) 3134–

3143. 

Using organolithiums as initiators, the anionic polymerization of different olefins was 

found to proceed smoothly under air in the choline chloride/glycerol eutectic mixture 

with the propagation being faster than termination. Thus, a range of synthetically 

useful polyolefins, including polystyrene derivatives, poly(2-vinylpyridine), and 

poly(4-vinylpyridine), have been prepared in a sustainable way, in high yields and 

mild conditions, with low polydispersities, and in competition with protonolysis. 

*[28] L. Cicco, A. Salomone, P. Vitale, N. Ríos-Lombardía, J. González-Sabín, J. 

García-Álvarez, F. M. Perna, V. Capriati, Addition of Highly Polarized 

Organometallic Compounds to N-tert-Butanesulfinyl Imines in Deep Eutectic 

Solvents under Air: Preparation of Chiral Amines of Pharmaceutical Interest, 

ChemSusChem 13 (2020) 3583–3588. 

In this paper, environmentally responsible solvents like DESs have been utilized for 

the sustainable synthesis of Active Pharmaceutical Ingredients, exploiting as key step 

the nucleophilic addition of Grignard and organolithium reagents to chiral, non-

racemic imines at ambient temperature and under air. 

[29] D. Elorriaga, F. de la Cruz-Martíez, M.J. Rodríguez-Álvarez, A. Lara-Sánchez, 

J.A. Castro-Osma, J. García-Álvarez, Ultrafast Addition of Highly Polar s-Block 

Organometallic Reagents (RMgX/RLi) to CO2-derived Cyclic Carbonates at Room 

Temperature, Under Air and in 2-MeTHF as Sustainable Solvent, ChemSusChem 

(2021), https://doi.org/10.1002/cssc.202100262. 

Jo
urn

al 
Pre-

pro
of



 14

[30] I. Kalvet, G. Magnin, F. Schoenebeck, Rapid Room-Temperature, 

Chemoselective Csp2– Csp2 Coupling of Poly(pseudo)halogenated Arenes Enabled by 

Palladium (I) Catalysis in Air, Angew. Chem. Int. Ed. 56 (2017) 1581–1585. 

*[31] G. Kundu, T. Sperger, K. Rissanen, F. Schoenebeck, A Next-Generation Air-

Stable Palladium(I) Dimer Enables Olefin Migration and Selective C–C Coupling in 

Air, Angew. Chem. Int. Ed. 59 (2020) 21930–21934. 

A novel air�stable Pd (I) dimer, [Pd(μ�I)(PCy2t-Bu)]2 (Cy = cyclohexyl), allowed 

rapid and sequential C–C coupling reactions, at room temperature in air, of aromatic 

C–Br, C–Cl, and C–OTf/OFs bonds. In the case of triflate substrates with ortho 

substituents, the above catalysts showed better performance compared to previous 

halogen-bridged dimer catalysts, and was able to promote a modular functionalization 

of arenes in a triply selective sequence.  

[32] E. B. Pinxterhuis, M. Giannerini, V. Hornillos, B. L. Feringa, Fast, greener and 

scalable direct coupling of organolithium compounds with no additional solvents, 

Nature Commun. 7 (2016) 11698. 

[33] G. Dilauro, A. F. Quivelli, P. Vitale, V. Capriati, F. M. Perna, Water and Sodium 

Chloride: Essential Ingredients for Robust and Fast Pd-Catalysed Cross-Coupling 

Reactions between Organolithium Reagents and (Hetero)aryl Halides, Angew. Chem. 

Int. Ed. 58 (2019) 1799–1802. 

*[34] G. Dilauro, C. S. Azzolini, P. Vitale, A. Salomone, F. M. Perna, V. Capriati, 

Scalable Negishi Coupling between Organozinc Compounds and (Hetero)Aryl 

Bromides under Aerobic Conditions when using Bulk Water or Deep Eutectic 

Solvents with no Additional Ligands, Angew. Chem. Int. Ed. (2021), 

https://doi.org/10.1002/anie.202101571. 

In this study, either an aqueous solution of NaCl or a choline chloride/urea eutectic 

mixture have been used as effective and recyclable reaction media to promote fast (20 

s reaction time), operationally simple, chemoselective and scalable (up to 5 g) Pd-

catalyzed C(sp3)–C(sp2) and C(sp2)–C(sp2) cross-coupling reactions of organozinc 

halides with (hetero)aryl bromides.  

[35] Q. Cao, J.L. Howard, E. Wheatley, D.L. Browne, Mechanochemical Activation 

of Zinc and Application to Negishi Cross-Coupling, Angew. Chem. Int. Ed. 57 (2018) 

11339–11343. 

[36] Q. Cao, R.T. Stark, I.A. Fallis, D.L. Browne, A Ball-Milling-Enabled 

Reformatsky Reaction, ChemSusChem 12 (2019) 2554–2557. 

Jo
urn

al 
Pre-

pro
of



 15

[37] J. Yin, R. T. Stark, I.A. Fallis, D.L. Browne, A Mechanochemical Zinc-Mediated 

Barbier-Type Allylation Reaction under Ball-Milling Conditions, J. Org. Chem. 85 

(2020) 2347–2354. 

[38] F. Zhou, X. Hu, W. Zhang, C.-J. Li, Direct conjugate additions using aryl and 

alkyl organic halides in air and water, Org. Chem. Front. 5 (2018) 3579–3584. 

*[39] L. Cicco, A. Fombona-Pascual, A. Sánchez-Condado, G.A. Carriedo, F.M. 

Perna, V. Capriati, A. Presa Soto, J. García-Álvarez, Fast and Chemoselective 

Addition of Highly Polarized Lithium Phosphides Generated in Deep Eutectic 

Solvents to Aldehydes and Epoxides, ChemSusChem 13 (2020) 4967–4973. 

Lithium phosphides (LiPR2), commonly utilized for the introduction of the P=O 

moiety into organic molecules, have been generated, for the first time, by a direct 

deprotonation of secondary phosphines (HPR2) by n-BuLi, at room temperature and 

in the absence of an inert atmosphere, in a DES composed of choline chloride and 

glycerol. Their subsequent nucleophilic additions proceed fast (3 s reaction time) and 

chemoselectively in air.  

[40] M. Fairley, L.J. Bole, F.F. Mulks, L. Main, A.R. Kennedy, C.T. O’Hara, J. 

García-Álvarez, E. Hevia, Ultrafast amidation of esters using lithium amides under 

aerobic ambient temperature conditions in sustainable solvents, Chem. Sci. 11 (2020) 

6500–6509. 

**[41] F.F. Mulks, L.J. Bole, L. Davin, A. Hernán-Gómez, A. Kennedy, J. García-

Álvarez, E. Hevia, Ambient Moisture Accelerates Hydroamination Reactions of 

Vinylarenes with Alkali-Metal Amides under Air, Angew. Chem. Int. Ed. 59 (2020) 

19021–19026. 

In this work, it is described a simple and practical procedure for intermolecular 

hydroamination of vinylarene derivatives in 2-MeTHF under air, which is remarkably 

accelerated by moisture. Of note, the reported protocol is also compatible with 

sodium amides, the latter exhibiting the best performance as catalysts under an argon 

atmosphere. 

[42] B. Dereka, Q. Yu, N.H.C. Lewis, W.B. Carpenter, J.M. Bowman, A. Tokmakoff, 

Crossover from hydrogen to chemical bonding, Science 371 (2021) 160–164. 

Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



• Main-group-metal-mediated	organic	synthesis	can	be	run	under	air	and	
moisture,	and	often	at	room	temperature.	

• Pd-catalyzed	reactions	promoted	by	organometallic	compounds	of	s-	and	
d-block	elements	can	be	performed	under	air	and	moisture,	and	under	
mild	conditions.	

• DESs	and	water	represent	alternative	and	effective	reaction	media	to	
VOCs	in	the	chemistry	of	s-	and	d-block	elements.	

• Polar	organometallic	and	alkali-metal	reagents	exhibit	a	remarkable	
kinetic	stability	and	a	recalcitrance	to	hydrolysis	when	using	in	water	and	
DESs.	
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• Main-group-metal-mediated organic synthesis can be run under air and 

moisture, and often at room temperature. 

• Pd-catalyzed reactions promoted by organometallic compounds of s- and 

d-block elements can be performed under air and moisture, and under 

mild conditions. 

• DESs and water represent alternative and effective reaction media to 

VOCs in the chemistry of s- and d-block elements. 

• Polar organometallic and alkali-metal reagents exhibit a remarkable 

kinetic stability and a recalcitrance to hydrolysis when using in water and 

DESs. 
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