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Abstract

Novel non-pyrophoric, bench-stable formulations of tert-Butyllithium (t-BuLi) and n-Butyllithium (n-BuLi) have
been developed to solve longstanding pyrophoricity concerns. This was achieved by replacing the small-chain
hydrocarbon solvents in the traditional reagents with formulated oligomeric hydrocarbon solvents like poly-a-olefin
(PAO). The non-pyrophoric nature of these formulations was demonstrated using EPA’s SW-846 Test Method 1050.
Through extensive scope exploration, their effectiveness was demonstrated in the context of humerous reactions,
including C-H lithiations, nucleophilic substitutions, S,Ar, addition reactions, and halogen exchanges. Based on
these evaluations, their reactivity is well-preserved or marginally enhanced compared to their pyrophoric variants.

Notably, these formulations are compatible with traditional lithiation additives like KOtBu or TMEDA.

Introduction

Organolithiums play a pivotal role in modern
chemical synthesis by facilitating a wide array of
transformations as bases,! * nucleophiles,! coupling
partners,*% or polymerization initiators.!” Owing to their
versatile reactivity, they are extensively used across
various industries® ° including pharmaceuticals,* © !
chemicals,® ' polymers,! ! 2 and agrochemicals.t ! In
the context of organic synthesis, t-butyl and n-butyl
lithium stand as the most used organolithiums.

Despite their extensive applications, these reagents
pose significant safety risks due to their inherent
pyrophoricity and extreme sensitivity towards air
and moisture.® > Commercially, these reagents are
available as solutions in respective hydrocarbon solvents
with fixed molarity, facilitating their easier handling.
However, the hydrocarbon solvents typically used, such
as hexane or pentane, have relatively low flash points,
heightening safety concerns due to the combined risks of
the reagent’s pyrophoricity and the high combustibility
of these solvents.

Over the past two decades, numerous incidents involving
organolithium reagents have resulted in irreversible
damage to research facilities and, tragically, the
loss of researchers’ lives.!® 7 As a result, strict safety
protocols are in place for the safe handling of these
compounds, including, but not limited to, the use of
fume hoods, appropriate personal protective equipment,

The Life Science business of Merck
operates as MilliporeSigma in the
U.S. and Canada.

a)

traditional t-BulLi @ pyrophoric @ safety concemns
organolithiums ) i
n-Buli @ accidents @ operational difficulty
b)
Gelation e Deep eutectic ‘ Long-chain :
: approach solvent approach +hydrocarbon approach ;

@ limited reagent scope
@ reagent stability

@ viscosity
@ operational difficulty

@ reagent stability
@ only reaction medium

c

t-BuLi
n-Buli

® non-pyrophoric © long shelf-life

O easy-to-handle

PAO formulated
@ similiar reactivity

organolithium

Figure 1. Comparison of organolithium reagents:

a) Traditional reagents (t-BuLi, n-BuLi) pose safety, handling, and
pyrophoric risks.

b) New methods (gelation, eutectic solvents, long-chain hydrocarbons) improve
scope and stability but add challenges.

c) PAO-formulated organolithiums are non-pyrophoric, easy to handle, shelf-stable
(under refrigerated conditions), and similarly reactive.

and extensive trainings to mitigate risks of accidental
exposure.!3 18 19 Additionally, traditional organolithium
solutions are inherently unstable and degrade over time,®
20 21 requiring chemists to manually titrate each batch
to determine its exact molarity before use or disposal,
in accordance with standard operating procedures
(Figure 1a).2°
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In recent years, extensive efforts have been made
to mitigate the pyrophoric hazards of conventional
organolithium reagents.® 23 27 These efforts focus on
developing alternative delivery methods that avoid
the use of problematic organic solvents. Broadly, the
approaches fall into three categories: organogels,?
deep eutectic solvents,® 2> and oligomeric hydrocarbon
solvents (Figure 1b).?* 2 The organogel strategy,
for example, uses organogelators—self-assembling
materials that form gels in organic solvents. These
vesicle-like structures allow the encapsulation of small
soluble molecules and serve as promising media for
conducting reactions.?*

Evaluating Delivery Systems:
Gels, Deep Eutectic Solvents, and
Oligomeric Hydrocarbons

Incorporating organolithium reagents into gels can offer
solid-like handling, potentially improving stability against
air and moisture while simplifying reagent use.?* Smith
and co-workers demonstrated this concept with phenyl-
and n-butyllithium using hexatriacontane as a gelator.?*
However, practical application or extensive adoption
remains limited due to poor air stability, high gelator
loadings (=10 wt%), and narrow reagent compatibility
(mainly PhLi and n-BuLi). Deep Eutectic Solvents (DESs)
are a class of ionic liquids distinguished by their ability
to form eutectic mixtures consisting of two or three
components. Typically, these mixtures comprise Lewis
or Brgnsted acids and bases, encompassing a diverse
range of anionic and/or cationic species.?®

Hevia and co-workers showed that DESs can serve as
reaction media for organolithiums, reducing hydrolysis
and side reactions even under open-air conditions.?> 27
Similarly, Capriati and co-workers used an NaCl/H,O
eutectic system to enable sp2-sp3 couplings with
moderate yields.> However, beyond these reaction-
focused studies, there are no reports demonstrating
the storage of organolithiums in DESs. Storage remains
highly challenging with conventional DESs, such as
choline chloride/H,0, urea, or glycerol systems, due to
their rapid decomposition in protic environments.?”

To address these challenges, Bergbreiter’'s group
investigated hydrocarbon oligomers as alternative

solvents for dispersing organolithiums and other
organometallic reagents.?® 26 Specifically, they
used poly-a-olefin (PAO) derivatives as the bulk
solvent.?> 26 Despite promising results on non-

pyrophoricity, adoption has been Limited. This could
be due to two main issues: (1) high viscosity -
often exceeding 8.2 cP - which hampers handling
in batch reactors, flow systems, and automated
liquid handlers;?° 3 and (2) non-scalable synthesis,
requiring PAO purification with polar solvents and
complete removal of low-boiling hydrocarbons like
hexane or pentane, steps that raise safety concerns
at scale.?326

After careful evaluation of these technologies, we opted
to develop the next generation of non-pyrophoric,
organolithium reagents by focusing on the solution phase
rather than gelation or eutectic systems. This solution-
phase approach offers key advantages, including

simplified reagent handling and controlled addition,
2

critical for organolithium reactions. Due to concerns
with traditional hydrocarbon solvents, we followed the
route of Bergbreiter's group by replacing them with
oligomeric hydrocarbons such as poly-a-olefin (PAO) or
heavier alternatives. Notably, PAO-based solvents are
non-volatile, exhibit low oxygen solubility, and possess
high flashpoints, features that are highly desirable for
preparing organolithium reagents.3! Our goal is to exploit
these properties while addressing challenges in reagent
stability, viscosity, reactivity, and compatibility with
automated workflows (e.g., liquid handlers) through
meticulous formulation (Figure 1c).

Results and Discussion: Non-Pyrophoric
t-BuLi and n-BulLi Formulations

To develop non-pyrophoric, bench-stable, and
easily handleable organolithium solutions, we began
by selecting t-BuLi as a benchmark reagent and
commercially available PAO as the dispersion medium.
Our initial goal was to optimize the solution’s viscosity to
allow easy transfer via syringe or cannula. The viscosity
of pure PAO was measured at 12.1 cP, well above the
desirable range of <4 cP, posing practical challenges for
routine reagent handling.

We prepared a 1.7 M t-BulLi solution using our novel
formulation, which exhibited a viscosity within the
desirable range. To assess its spontaneous combustibility
we followed the EPA's SW-846 Test Method 1050.32
According to this method, a liquid is considered
non-pyrophoric if it shows no ignition in two tests:
(1) exposure to open air and (2) contact with filter paper.
In the first test, 5 mL of the solution was placed in a
porcelain cup at room temperature under ambient air and
observed for 5 minutes. No ignition or charring occurred.
This outcome was confirmed in five repeated trials.

The filter paper test yielded results consistent with the
open-air test, further confirming the non-pyrophoric
nature of our formulation. To push the limits, we performed
a qualitative test (under ambient open-air conditions at
24 °C) to determine how our PAO formulation behaved
once exposed to water. By contrast, when conventional
t-BuLi reagents are exposed to water they ignite
spontaneously. When drops of our PAO formulation
were added to water, we observed a slow reaction with
the formation of an oily droplets and no spontaneous
ignition. This observation, along with previous studies,
clearly demonstrates that our PAO formulations offer a
lower risk and non-pyrophoric alternative to traditionally
hazardous t-Buli solutions.

Building on this approach, we prepared the novel
formulation of n-BuLi, one of the most widely used
organolithiums, with a 2.5 M concentration and
comparable viscosities of traditional n-BuLi in hexane.
The solution’s non-pyrophoricity or non-spontaneous
ignition was confirmed using EPA’'s SW-846 Test Method
1050.3?



Chemical Reactivity of Formulated
Organolithium Reagents

Having developed non-pyrophoric, easily handleable
formulations of n-butyl and t-butyl lithium, our
investigation  pivoted towards assessing their
chemical reactivity.

The primary objective of this study was to evaluate
whether these novel formulations maintain or surpass
the chemical efficacy of traditional organolithium
reagents in facilitating various organic transformations.
Considering the key rationale on the impact of solvation
on the reagent’s nucleophilicity and basicity, 3 we wanted
to ensure that our formulations did not undermine
their basic chemical functionality. To address this, we
systematically examined the activity of these novel
formulations in a range of organic reactions typically
enabled by such reagents. These reactions included C-H
lithiations, nucleophilic aromatic substitutions (S,Ar),
nucleophilic additions or substitutions, and halogen
exchanges. Our evaluations began with the n-Buli
formulation, and we focused on three key reactivity
contexts: 1) nucleophilicity, 2) halogen exchanges,
and 3) basicity through C-H lithiations, with the aim
of determining its comparative/improved effectiveness
against traditional n-BuLi in hexane (Figures 2A to 2C).

Initial studies on nucleophilicity involving additions to
aldehydes demonstrated excellent yields of secondary
alcohols (Figure 2A: 1a, 1b), akin to those achieved with
traditional solutions, although substrate 1c did exhibit
some undesirable side reactions under both conditions.
While isolating the tertiary phosphines, we made sure
to use the HBF, salt strategy to avoid the potential
yield discrepancies stemming from the phosphine
decompositions (1d, 1e, 1f). The reaction yields ranged
from 74% to 88%, which paralleled those of traditional
reagents. Further, S,Ar reactions with 2-chloropyridine

A) Nucleophilicity

(1i) and an AlPhos key intermediate (1j) yielded 84%
and 89%, respectively. In the context of S,2 reactions, a
substituted benzyl bromide and an ethyl phenyl bromide
were used as substrates, and the desired products were
isolated with 70% and 73% yields, demonstrating the
efficacy of our novel formulations in various contexts of
nucleophilic reactions (1g, 1h).

Additionally, we expanded the scope of our exploration
to halogen-exchange reactions, where n-BulLi is
extensively used. The lithiated halogen precursor was
guenched with DMF for carbonylations, or aldehydes
to obtain secondary alcohols, or chlorophosphines to
obtain tertiary phosphines. Substrate compatibility was
impressive for carbonylation reactions, with reaction
yields ranging from 80-95% (Figure 2B: 2a-2f). Further,
the efficacy of halogen-lithium exchange was evaluated
using 1-bromo-2-methylnaphthalene, 2-bromopyridine,
and 3-bromobenzothiophene, followed by quenching
with p-anisaldehyde. The resulting secondary alcohols

(2g9-2i) were isolated in good to excellent yields
(70-86%).
Notably, this technology was extended towards

synthesizing ligands like CPhos (2k) and FcPAd, (2j)
by reacting corresponding nucleophiles with
chlorophosphines (PCy,Cl or Ad,PCl).

Next, the basicity of the newly formulated n-BulLi

solution was tested in numerous C-H lithiation
reactions. In the initial studies, several key ligand
precursors were synthesized following literature

reports.34-35> Buchwald’s biaryl ligands SPhos and RuPhos
precursors were synthesized with lithiating dimethoxy
or di-isopropxy benzene and quenched with 1-bromo-
2-chlorobenzene.34-3> The desired brominated biaryls 3a
and 3b (Figure 2C) were isolated in 79 and 75% vyields,
respectively. These yields were comparable with the
literature reports (3a 77% and 3b 73%).35-36
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Figure 2A. Nucleophilicity studies with n-BuLi formulations: aldehyde additions forming secondary alcohols (1a-1c), HBF,-protected phosphines from

C-P couplings (1d-1f), S,Ar (1i-1j), and S,2 reactions (1g-1h).
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Figure 2B. Diagram evaluating efficacy of halogen-lithium exchange through carbonylation (2a-2f; 80-95%), addition to aldehydes (2g-2i), and C-P
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Figure 2C. Diagram evaluating the basicity of formulated n-BuLi via C-H lithiation to synthesize brominated aromatics (3a-3c), and phosphine

ligands (3d, 3e).

Dibromoferrocene (3c) was synthesized by lithiating
ferrocene with n-BulLi and TMEDA, followed by
quenching with 1,2-dibromotetrachloroethane.?”
Notably, the comparable yields to literature reports
demonstrate that our formulations are compatible
with activators and stabilizers like TMEDA, and
solvation with PAO did not hamper the desired level
of reactivity.?” We further validated the effectiveness
of our n-BuLi formulation by synthesizing commonly
used ligands such as dppf and BippyPhos with yields
similar to those reported in the literature (3d, 3e).38 3°
Together, these results show that our novel n-Buli
formulation matches the reactivity of traditional
solutions while enabling improved chemical
handling, making it a practical and non-pyrpophoric
alternative for standard synthetic applications.

Similarly, we broadened the reactivity scope of our novel
"non-pyrophoric" t-BulLi formulation by examining
its basicity and nucleophilicity in a series of reactions.

The primary focus was to evaluate the formulation's
3A) nucleophilicity through addition reactions,

3B) reactivity towards halogen exchange reactions, and
3C) basicity through C-H lithiation reactions.

In nucleophilic additions to aldehydes, substrates 4a
and 4b (Figure 3A) yielded excellent yields of desired
products, while the aldehyde precursor 4c resulted in
only moderate yields due to side reactions. Further, the
reactions with chlorophosphines proceeded smoothly,
and the desired products were isolated as HBF, salts
to avoid their potential decompositions (4d-4f).

However, the reaction with chloro-di-adamantyl
phosphine showed less than 15% conversion to the
desired product (4g) after 20 hours, likely due to
significant steric hindrance. Halogen exchange reactions
were studied by quenching the resulting carbanion with
DMF for carbonylation (Figure 3B: 2a, 2d, 2e) or with
chlorophosphine for phosphination (5a). Additionally,
C-H lithiation under Schlosser-type conditions was used
to synthesize adamantyl- and di-tert-butyl phosphino
ferrocenes (Figure 3C: 2j, 6a), as well as bromoferrocene
(6b), with moderate to excellent yields.
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Conclusions: Advancing
Chemical Synthesis with
Non-Pyrophoric Organolithiums

Overall, we have developed non-pyrophoric, easily
handleable, and bench-stable organolithium formulations,
addressing the longstanding pyrophoricity concerns
associated with traditional organolithium reagents.
This is achieved by replacing conventional hydrocarbon
solvents with the formulated oligomeric hydrocarbon
solvent PAO. The non-pyrophoricity of our formulations
was confirmed with EPA’'s SW-846 Test Method 1050.

Additionally, our studies extending to chemical
reactivity have shown that these novel formulations
maintain, and in some cases improve, the efficacy
of organolithium reagents in a variety of reactions,
including C-H lithiation, nucleophilic substitutions,
S)Ar, addition, and halogen exchanges. These novel
formulations are also effective when combined with
various lithiation additives like KOtBu or TMEDA.

Related Products

Name Description Cat. No.

tert-Butyllithium solution 1.7 M (in PAO/hexanes 939404
mixture)

n-Butyllithium solution 2.5 M (in PAO/hexanes 939412
mixture)

REFERENCES

1. Tomooka, K.; Ito, M. Lithium in Organic Synthesis. In Main
Group Metals in Organic Synthesis; 2004; pp 1-34. https://doi.
org/10.1002/3527602607.ch1l.

2. Degennaro, L.; Giovine, A.; Carroccia, L.; Luisi, R. Practical
Aspects of Organolithium Chemistry. In Lithium Compounds
in Organic Synthesis; 2014; pp 513-538. https://doi.
org/10.1002/9783527667512.ch18.

3. Adam, W.; Ortega-Schulte, C. M. An Effective Synthesis of
a-Cyanoenamines by Peterson Olefination. Synlett 2003, No. 3,
414-416. https://doi.org/10.1055/s-2003-37119.

4. Hazra, S.; Johansson Seechurn, C. C. C.; Handa, S.; Colacot, T. J.
The Resurrection of Murahashi Coupling after Four Decades. ACS
Catal. 2021, 11 (21), 13188-13202. https://doi.org/10.1021/
acscatal.1c03564.

5. Dilauro, G.; Francesca Quivelli, A.; Vitale, P.; Capriati, V.; Perna,
F. M. Water and Sodium Chloride: Essential Ingredients for
Robust and Fast Pd-Catalysed Cross-Coupling Reactions between
Organolithium Reagents and (Hetero)Aryl Halides. Angew. Chemie
Int. Ed. 2019, 58 (6), 1799-1802. https://doi.org/10.1002/
anie.201812537.

6. Giannerini, M.; Fafianas-Mastral, M.; Feringa, B. L. Direct Catalytic
Cross-Coupling of Organolithium Compounds. Nat. Chem. 2013, 5
(8), 667-672. https://doi.org/10.1038/nchem.1678.

7. Theodosopoulos, G. V; Hurley, C. M.; Mays, J. W.; Sakellariou, G.;
Baskaran, D. Trifunctional Organolithium Initiator for Living Anionic
Polymerization in Hydrocarbon Solvents in the Absence of Polar
Additives. Polym. Chem. 2016, 7 (24), 4090-4099. https://doi.
org/10.1039/C6PY00720A.

8. Rathman, T. ‘Li’; Schwindeman, J. A. Preparation, Properties,
and Safe Handling of Commercial Organolithiums: Alkyllithiums,
Lithium Sec-Organoamides, and Lithium Alkoxides. Org.
Process Res. Dev. 2014, 18 (10), 1192-1210. https://doi.
org/10.1021/0p500161b.

9. Han, Y. H.; Zhou, T.; Sui, Y.; Hua, R. Multikilogram Scale
Organolithiation Chemistry for the Manufacture of Liquid Crystal
Intermediates. Org. Process Res. Dev. 2014, 18 (10), 1229-1233.
https://doi.org/10.1021/0p500133p.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Tanoury, G. J.; Chen, M.; Dong, Y.; Forslund, R.; Jurkauskas,
V.; Jones, A. D.; Belmont, D. Stereoselective Lithiation and
Carboxylation of Boc-Protected Bicyclopyrrolidine: Synthesis

of a Key Building Block for HCV Protease Inhibitor Telaprevir.
Org. Process Res. Dev. 2014, 18 (10), 1234-1244. https://doi.
org/10.1021/0p500040j.

Nair, S. K.; Rocke, B. N.; Sutton, S. Lithium, Magnesium, and
Copper: Contemporary Applications of Organometallic Chemistry
in the Pharmaceutical Industry; 2016; Vol. 2016-Janua. https://
doi.org/10.1039/9781782627913-00001.

Reich, H. J. Role of Organolithium Aggregates and Mixed
Aggregates in Organolithium Mechanisms. Chem. Rev. 2013, 113
(9), 7130-7178. https://doi.org/10.1021/cr400187u.

Johansen, M. B.; Kondrup, J. C.; Hinge, M.; Lindhardt, A. T.

Improved Safety during Transfer of Pyrophoric Tert-Butyllithium
from Flasks with Protective Seals. Org. Process Res. Dev. 2018,
22 (7), 903-905. https://doi.org/10.1021/acs.oprd.8b00151.

LOWE, D. How Not to Do It: Tertiary Butyllithium. March 2007.
https://www.science.org/content/blog-post/how-not-do-
it-tertiary-butyllithium.

Schwindeman, J. A.; Woltermann, C. J.; Letchford, R. J. Safe
Handling of Organolithium Compounds in the Laboratory. Chem.
Heal. Saf. 2002, 9 (3), 6-11. https://doi.org/10.1016/S1074-
9098(02)00295-2.

Kemsley, J. Researcher Dies After Lab Fire. C&EN, ACS. https://
pubsapp.acs.org/cen/news/87/i04/8704news1.html?
(accessed 2024-02-07).

BENDERLY, B. L. A decade after a fatal lab safety disaster, what
have we learned?. American Association for the Advancement
of Science. https://www.science.org/content/article/decade-
after-fatal-lab-safety-disaster-what-have-we-learned
(accessed 2024-02-07).

Lindstrom, M.; Fucillo, J.; Hernandez, F.; Herrick, D.; Ide, S.;
King, A.; Liberman, R.; Malconian, S.; Miele, M.; Petricone, D.;
Ranken, E.; Wetzel, S. Improving Lab Coat Selection, Use, and
Care: Lessons Learned from One University’s Comprehensive Lab
Coat Initiative. J. Chem. Heal. Saf. 2015, 22 (6), 3-9. https://doi.
org/10.1016/j.jchas.2015.01.004.

Gau, M. R.; Zdilla, M. J. A Protocol for Safe Lithiation Reactions
Using Organolithium Reagents. JoVE 2016, No. 117, e54705.
https://doi.org/doi:10.3791/54705.

Burchat, A. F.; Chong, J. M.; Nielsen, N. Titration of Alkyllithiums
with a Simple Reagent to a Blue Endpoint. J. Organomet. Chem.
1997, 542 (2), 281-283. https://doi.org/10.1016/S0022-
328X(97)00143-5.

Kiljunen, H.; Hase, T. A. Titration of Organolithiums and Grignards
with 1-Pyreneacetic Acid. J. Org. Chem. 1991, 56 (24), 6950-
6952. https://doi.org/10.1021/jo00024a049.

Anastas, P. T.; Warner, J. C. Green Chemistry Theory and Practice;
Oxford University Press: New York, 1998.

Thavornpradit, S.; Malinski, T. J.; Bergbreiter, D. E. Applications
of Poly(a-Olefin)s as Solvents in Organometallic Chemistry.

J. Organomet. Chem. 2022, 962, 122261. https://doi.
org/10.1016/j.jorganchem.2022.122261.

Slavik, P.; Trowse, B. R.; O’Brien, P.; Smith, D. K. Organogel
Delivery Vehicles for the Stabilization of Organolithium Reagents.
Nat. Chem. 2023, 15 (3), 319-325. https://doi.org/10.1038/
s41557-023-01136-x.

Vidal, C.; Garcia-Alvarez, J.; Hernan-Gémez, A.; Kennedy, A. R.;
Hevia, E. Exploiting Deep Eutectic Solvents and Organolithium
Reagent Partnerships: Chemoselective Ultrafast Addition to Imines
and Quinolines Under Aerobic Ambient Temperature Conditions.
Angew. Chemie Int. Ed. 2016, 55 (52), 16145-16148. https://
doi.org/10.1002/anie.201609929.

Malinski, T. J.; Bergbreiter, D. E. Safer Solvents for Reactive
Organometallic Reagents. Tetrahedron Lett. 2018, 59 (44),
3926-3929. https://doi.org/10.1016/j.tetlet.2018.09.041.

Vidal, C.; Garcia-Alvarez, J.; Hernan-Gémez, A.; Kennedy,
A. R.; Hevia, E. Introducing Deep Eutectic Solvents to Polar
Organometallic Chemistry: Chemoselective Addition of


https://www.sigmaaldrich.com/RU/en/product/aldrich/939404
https://www.sigmaaldrich.com/RU/en/product/aldrich/939412
https://doi.org/10.1002/3527602607.ch1
https://doi.org/10.1002/3527602607.ch1
https://doi.org/10.1002/9783527667512.ch18
https://doi.org/10.1002/9783527667512.ch18
https://doi.org/10.1055/s-2003-37119
https://doi.org/10.1021/acscatal.1c03564
https://doi.org/10.1021/acscatal.1c03564
https://doi.org/10.1002/anie.201812537
https://doi.org/10.1002/anie.201812537
https://doi.org/10.1038/nchem.1678
https://doi.org/10.1039/C6PY00720A
https://doi.org/10.1039/C6PY00720A
https://doi.org/10.1021/op500161b
https://doi.org/10.1021/op500161b
https://doi.org/10.1021/op500133p
https://doi.org/10.1021/op500040j
https://doi.org/10.1021/op500040j
https://doi.org/10.1039/9781782627913-00001
https://doi.org/10.1039/9781782627913-00001
https://doi.org/10.1021/cr400187u
https://doi.org/10.1021/acs.oprd.8b00151
https://www.science.org/content/blog-post/how-not-do-it-tertiary-butyllithium
https://www.science.org/content/blog-post/how-not-do-it-tertiary-butyllithium
https://doi.org/10.1016/S1074-9098(02)00295-2
https://doi.org/10.1016/S1074-9098(02)00295-2
https://pubsapp.acs.org/cen/news/87/i04/8704news1.html?
https://pubsapp.acs.org/cen/news/87/i04/8704news1.html?
https://www.science.org/content/article/decade-after-fatal-lab-safety-disaster-what-have-we-learned
https://www.science.org/content/article/decade-after-fatal-lab-safety-disaster-what-have-we-learned
https://doi.org/10.1016/j.jchas.2015.01.004
https://doi.org/10.1016/j.jchas.2015.01.004
https://doi.org/doi
https://doi.org/10.1016/S0022-328X(97)00143-5
https://doi.org/10.1016/S0022-328X(97)00143-5
https://doi.org/10.1021/jo00024a049
https:// doi.org/10.1016/j.jorganchem.2022.122261
https:// doi.org/10.1016/j.jorganchem.2022.122261
https://doi.org/10.1038/s41557-023-01136-x
https://doi.org/10.1038/s41557-023-01136-x
http://doi.org/10.1002/anie.201609929
http://doi.org/10.1016/j.tetlet.2018.09.041

Organolithium and Grignard Reagents to Ketones in Air. Angew.
Chemie Int. Ed. 2014, 53 (23), 5969-5973. https://doi.
org/10.1002/anie.201400889.

28. Smith, E. L.; Abbott, A. P.; Ryder, K. S. Deep Eutectic Solvents
(DESs) and Their Applications. Chem. Rev. 2014, 114 (21),

11060-11082. https://doi.org/10.1021/cr300162p.

29. Schuster, J.; Kamuju, V.; Zhou, J.; Mathaes, R. Piston-Driven
Automated Liquid Handlers. SLAS Technol. 2024, 29 (3), 100128.

https://doi.org/10.1016/j.slast.2024.100128.

30. Ahene, A. B.; Morrow, C.; Rusnak, D.; Spitz, S.; Usansky, J.; Pils,
H.; Civoli, F.; Pandya, K.; Sue, B.; Leach, D.; Derent, J. Ligand
Binding Assays in the 21st Century Laboratory: Automation. AAPS
J. 2012, 14 (1), 142-153. https://doi.org/10.1208/s12248-

012-9323-z.

31. Harrell, M. L.; Malinski, T.; Torres-Lopez, C.; Gonzalez, K.;
Suriboot, J.; Bergbreiter, D. E. Alternatives for Conventional
Alkane Solvents. J. Am. Chem. Soc. 2016, 138 (44), 14650-

14657. https://doi.org/10.1021/jacs.6b07967.

EPA. TEST METHODS TO DETERMINE SUBSTANCES LIKELY TO
SPONTANEOUSLY COMBUST; 2007. https://www.epa.gov/sites/
default/files/2015-12/documents/1050.pdf.

32.

33. Gessner, V. H.; Daschlein, C.; Strohmann, C. Structure Formation
Principles and Reactivity of Organolithium Compounds. Chem. - A
Eur. J. 2009, 15 (14), 3320-3334. https://doi.org/10.1002/

chem.200900041.

34. Barder, T. E.; Walker, S. D.; Martinelli, J. R.; Buchwald, S. L.
Catalysts for Suzuki—Miyaura Coupling Processes: Scope and
Studies of the Effect of Ligand Structure. J. Am. Chem. Soc. 2005,

127 (13), 4685-4696. https://doi.org/10.1021/ja042491j.

=

E To place an order or receive
technical assistance:
SigmaAldrich.com/support

[E

SigmaAldrich.com/offices

=

35.

36.

37.

38.

39.

For local contact information:

Milne, J. E.; Buchwald, S. L. An Extremely Active Catalyst for the
Negishi Cross-Coupling Reaction. J. Am. Chem. Soc. 2004, 126
(40), 13028-13032. https://doi.org/10.1021/ja0474493.

Byrne, L.; Skéld, C.; Norrby, P.-O.; Munday, R. H.; Turner, A. R.;
Smith, P. D. Enantioselective Synthesis of Atropisomeric Biaryls
Using Biaryl 2,5-Diphenylphospholanes as Ligands for Palladium-
Catalysed Suzuki-Miyaura Reactions. Adv. Synth. Catal. 2021, 363
(1), 259-267. https://doi.org/10.1002/adsc.202001211.

Kleoff, M.; Schwan, J.; Boeser, L.; Hartmayer, B.; Christmann,
M.; Sarkar, B.; Heretsch, P. Scalable Synthesis of Functionalized
Ferrocenyl Azides and Amines Enabled by Flow Chemistry. Org.
Lett. 2020, 22 (3), 902-907. https://doi.org/10.1021/acs.
orglett.9b04450.

Khobragade, D. A.; Mahamulkar, S. G.; Pospisil, L.; Cisafova, I.;
Rulisek, L.; Jahn, U. Acceptor-Substituted Ferrocenium Salts as
Strong, Single-Electron Oxidants: Synthesis, Electrochemistry,
Theoretical Investigations, and Initial Synthetic Application.
Chem. - A Eur. J. 2012, 18 (39), 12267-12277. https://doi.
org/10.1002/chem.201201499.

Withbroe, G. J.; Singer, R. A.; Sieser, J. E. Streamlined
Synthesis of the Bippyphos Family of Ligands and Cross-Coupling
Applications. Org. Process Res. Dev. 2008, 12 (3), 480-489.
https://doi.org/10.1021/0p7002858.

Merck KGaA
Frankfurter Strasse 250
64293 Darmstadt, Germany

SigmaAldrich.com

We have built a unique collection of life science brands with
unrivalled experience in supporting your scientific advancements.

Millipore. Sigma-Aldrich. Supelco. Milli-Q. SAFC.

© 2026 Merck KGaA, Darmstadt, Germany and/or its affiliates. All Rights Reserved. Merck, the vibrant M, BioReliance, Millipore, Milli-Q, SAFC,
Sigma-Aldrich and Supelco are trademarks of Merck KGaA, Darmstadt, Germany or its affiliates. All other trademarks are the property of their

respective owners. Detailed information on trademarks is available via publicly accessible resources.
MK_TN15021EN Ver. 1.0 67283 01/2026



https://SigmaAldrich.com/support
https://SigmaAldrich.com/offices
http://doi.org/10.1002/anie.201400889
https://doi.org/10.1021/cr300162p
http://doi.org/10.1016/j.slast.2024.100128
https://doi.org/10.1208/s12248-012-9323-z
https://doi.org/10.1208/s12248-012-9323-z
https://doi.org/10.1021/jacs.6b07967
https://www.epa.gov/sites/default/files/2015-12/documents/1050.pdf
https://www.epa.gov/sites/default/files/2015-12/documents/1050.pdf
http://doi.org/10.1002/chem.200900041
http://doi.org/10.1002/chem.200900041
https://doi.org/10.1021/ja042491j
https://doi.org/10.1021/ja0474493
https://doi.org/10.1002/adsc.202001211
https://doi.org/10.1021/acs.orglett.9b04450
https://doi.org/10.1021/acs.orglett.9b04450
http://doi.org/10.1002/chem.201201499
https://doi.org/10.1021/op7002858
https://SigmaAldrich.com

