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Abstract: We report a convenient preparation of a new
and storable magnesium amide (iPr2N)2Mg (magnesium-
bis-diisopropylamide; MBDA) which proved to be
especially suitable for the non-cryogenic magnesiation
of fluoro-substituted arenes and heteroarenes providing
arylmagnesium amides (ArMgDA) or bis-heteroaryl
magnesiums (HetAr)2Mg in hydrocarbons. Further re-
actions with electrophiles (aldehydes, ketones, allylic
bromides, aryl halides (Negishi cross-coupling)) fur-
nished a range of polyfunctional fluoro-substituted
unsaturated building blocks. Several postfunctionaliza-
tions were described as well as NMR-studies confirming
the dimeric structure of the base.

Fluorinated aromatics are important scaffolds present in
numerous pharmaceuticals and agrochemicals.[1] The special
nature of fluorine imparts a range of useful properties,
including enhanced binding interactions, metabolic stability,
changes in physical properties[2] and selective reactivities.[3]

The regioselective metalation of such aromatics using
lithium bases may be complicated by the formation of aryne
side-products requiring cryogenic temperatures for such
lithiations.[4] Due to the increasing importance of polyfunc-
tionalized fluorinated aromatics, we have envisioned to
develop a convenient magnesiation of fluorinated unsatu-
rated substrates since we anticipated that magnesiated
fluoroaromatics should be significantly more stable and easy
to handle.[5] A range of magnesium amides in THF suitable
for metalations have been reported.[6] Among them, the
mixed lithium magnesium amides TMPMgCl·LiCl 1 (TMP=

2,2,6,6-tetramethylpiperidyl),[7] TMP2Mg·2LiCl 2
[8] and [tBu

(iPr)N]2Mg·2LiCl 3
[9] have recently found many applications.

The TMP group in combination with LiCl proved to be

important for providing a monomeric, highly soluble base
with remarkable reactivity.[10] However, due to the high cost
of TMPH compared to DA (diisopropylamine),[11] we
envisioned the preparation of a new DA-based magnesium
amide in hexanes. Previous reports of Kondo and Sakamoto
have already described the magnesiation of indoles in THF
with (iPr2N)2Mg 4 and related bases.[12a] Also, Lessène and
Bordeau reported the regio- and stereo-selective generation
of silyl enol ethers with magnesium-bis-diisopropylamide
(MBDA) 4.[12b] The use of an apolar, industrially friendly[13]

solvent compared to THF should suppress any aryne
formation and allow magnesiations at non-cryogenic temper-
atures. Thus, treating iPr2NH (DA) with commercially
available Bu2Mg

[14] in hexanes (25 °C, 4 h) produced a light-
yellow ca. 0.8 M solution of magnesium-bis-diisopropyla-
mide 4 (MBDA) in quantitative yield. This solution was
storable at ambient temperature for more than three months
without decomposition or loss of activity. Herein, we wish to
report that this base allowed the magnesiation of various
fluorinated aromatics and heterocycles of type 5 and 6 in a
convenient temperature range (� 20 °C to 70 °C) leading to
the corresponding organomagnesium species 7 or 8 (depend-
ing on the stoichiometry of base 4 used).[15] After quenching
with typical electrophiles such as aldehydes, ketones, allylic
bromides, disulfides or aryl halides, a range of polyfunction-
alized fluorinated aromatics and heterocycles of type 9 and
10 were obtained in 52–96% yield (Scheme 1).
Thus, various halogenated fluoroaromatics such as

pentafluorobenzene (5a), 5-bromo-1,2,3-trifluorobenzene
(5b), 1,2,4-trifluorobenzene (5c), 1,2-dibromo-4,5-difluoro-
benzene (5d), 1,4-dibromo-2,5-difluorobenzene (5e), 1,3-
dibromo-2-chloro-5-fluorobenzene (5 f), and 1,2-dibromo-5-
chloro-3-fluorobenzene (5g) were all readily magnesiated
with MBDA (4, 1.1 equiv) in toluene:hexanes at 25 °C within
5–45 min as indicated by iodolysis of reaction aliquots. The
resulting arylmagnesium amides (7a–7g) were quenched
with several electrophiles (1.2–1.4 equiv) such as iodine,
aldehydes, aryl iodides (Negishi cross-coupling)[16] and allylic
bromides leading to the desired products 9a–h in 52–84%
yield. The organomagnesium amides 7a–g proved to be
thermally stable and for example the reagent 7e was stable
in hexanes at 40 °C for four days without significant
decomposition. In no cases aryne-derived side products
were observed. Various electron-rich substitutents such as
an iodide, methoxy, TBS-O or 1,3-dioxolane in aromatic
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substrates 5h–l were similarly metalated with MBDA 4.
However, due to the increased electronic density of these
ring systems, higher magnesiation temperatures and longer
reaction times were required (25–70 °C, 15 min–1 h; see
Scheme 2). After quenching with various electrophiles the
desired functionalized aromatics 9m–p were obtained in 60–
94% yield. Electron-withdrawing substituents such as t-butyl
esters were compatible with a metalation using MBDA 4.
Thus, the tert-butyl benzoates 5m, 5n and 5o were readily
magnesiated at 25 °C within 15–20 min. Interestingly, in the
case of t-butyl 3-fluorobenzoate (5o) a metalation with
MBDA 4 in toluene:hexanes was complicated by a compet-
itive reaction with the ester function. This side reaction was
widely suppressed by the addition of 3 equivalents THF
accelerating this magnesiation.[20] Quenching with typical
electrophiles gave the fluorobenzoates 9r–t in 62–75% yield.
Although fluorobenzonitriles were not magnesiated with
MBDA due to extensive reaction of the cyano group, the
corresponding N,N-diisopropylamido derivatives 5p and 5q
were magnesiated at 25 °C and reacted well in various
trapping reactions affording the polyfunctional amides 9u–x
in 63–80% yield. Also, the fluorinated aryl oxazoline 5r was
successfully magnesiated at 60 °C (0.5 h) providing, after a
Negishi cross-coupling, the polyfunctional biphenyl 9y in
96% yield. Finally, the triazene 5s was smoothly magne-
siated with MBDA at 0 °C (1 h) and trapping with furfural
or cross-coupling gave the poly-substituted triazenes 9z-aa
in 60–74% yield.[21]

MBDA was an excellent base for the metalation of
heterocycles. The formation of a bis-heteroaryl magnesium
intermediate of type 8 was performed in most cases using
0.6–0.8 equivalents of MBDA 4. Various trapping reactions
with iodine, allylic bromides, aryl iodides (Negishi cross-
coupling), ketones, aldehydes and alkynes (Sonogashira
cross-coupling) provided a range of fluorinated or halogen-
ated heterocycles 10a–r in 60–96% yield (Scheme 3). Thus,
fluoropyridines 6a–d, polyfluorinated quinoline 6e, 2-chlor-

Scheme 1. a) Valuable magnesium amide bases. b) Preparation of
MBDA 4 and its reaction with fluoroarenes 5 or heteroarenes 6.

Scheme 2. Regioselective magnesiation of fluorinated arenes 5a–s with
MBDA 4 leading to arylmagnesium species 7a–s and after electrophile
trapping to functionalized arenes 9a–aa. a) All yields refer to isolated
compounds. b) Obtained after transmetalation with ZnCl2 (1.4 equiv)
and a palladium-catalyzed cross-coupling with an aryl iodide
(0.83 equiv) using Pd(dba)2 (3 mol%, dba=dibenzylideneacetone), tfp
(6 mol%, tfp= tri-(2-furyl)-phosphine).[17] c) The reaction was catalyzed
by CuCN·2LiCl (20 mol%).[18] d) Obtained after transmetalation with
ZnCl2 (1.4 equiv) and a palladium-catalyzed cross-coupling with an aryl
bromide (0.83 equiv) using [PdCl2(dppf)] (5 mol%). e) Obtained after
transmetalation with ZnCl2 (1.4 equiv), subsequent iodine quench
(1.1 equiv) and Sonogashira cross-coupling with an alkyne (1.3 equiv)
using CuI (4 mol%), Pd(dba)2 (3 mol%), tfp(6 mol%).[19] f) Reaction
conditions: conc. HCl, THF:H2O, 25 °C, 0.5 h. g) 3 equiv of THF were
added.
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opyrazine 6 f, 2,6-dichloropyrazine 6g as well as thiometh-
ylpyrazine 6h were magnesiated between � 25 and 25 °C
within a few minutes.
Quenching with typical electrophiles afforded the ex-

pected products in 67–96% yield. Five-membered hetero-
cycles such as the antifungal drug clotrimazole 6 i, 2,4-
dibromothiazole 6j, 2,3-dibromothiophene 6k or 3,4-ethyl-
enedioxythiophene 6 l were magnesiated between 25 °C and
50 °C giving the expected diheteroarylmagnesium derivatives
of type 8 which after electrophile quench provided the
heterocycles 10m–r in 68–96% yield. Finally, in the case of
thieno[3,2-b]thiophene 6m the magnesiation required

1.1 equivalents of MBDA (4). Pd-catalyzed cross-coupling
with 4-iodo-3-fluoropyridine 6a afforded the product 10s in
60% yield.
Some products of type 9 (Scheme 2) were readily post-

functionalized furnishing more complex fluorinated mole-
cules (Scheme 4). Thus, the benzoate 9s underwent a ring
closure with ICl leading to the fluorinated isocoumarine 11a
in 94% yield.[22] Also, the aryl oxazoline 9y was converted
to the corresponding fluoronitrile 11b under Vilsmeier–
Haack conditions in 95% yield.[23] Finally, the triazene[24]

9aa gave the key aryl azide 11c by treatment with BF3·OEt2,
trifluoroacetic acid (TFA) and sodium azide which by click-
reaction with trimethylsilylacetylene afforded the triazole
11d in 95% yield.[25] Reduction of 11c with SnCl2 furnished
the difluoroaniline 11e in 95% yield.[26]

Furthermore, 1H- and 13C NMR studies revealed a
dimeric structure of MBDA (4) in toluene-d8 as shown by a
typical pattern showing two sets of signals (Scheme 5).[27]

Also, 1H- and 19F NMR spectra of ArMgDA confirmed the
expected stoichiometry for arenes by addition of 1.1 equiv-
alents of MBDA (4).[28]

In summary, we have reported a new hydrocarbon
soluble base MBDA (4) that allowed a non-cryogenic
magnesiation of various fluoroarenes (5) and heterocyclic
fluoro-derivatives 6. The resulting organomagnesium inter-
mediates of type ArMgDA 7 or Het2Mg 8 reacted with
various electrophiles. Further studies on the chemical
behavior of these organomagnesium species in hydrocarbon
solvents are currently underway.

Scheme 3. Regioselective magnesiation of heteroarenes 6a–m with
MBDA 4 leading to diheteroarylmagnesium species 8a–m and after
electrophile trapping to functionalized arenes 10a–s. a) All yields refer
to isolated compounds. b) The reaction was catalyzed by CuCN·2LiCl
(20 mol%). c) Obtained after transmetalation with ZnCl2 (1.4 equiv)
and a palladium-catalyzed cross-coupling with an aryl iodide
(0.83 equiv) using Pd(dba)2 (3 mol%), tfp (6 mol%). d) Obtained after
transmetalation with ZnCl2 (1.4 equiv), subsequent iodine quench
(1.1 equiv) and Sonogashira cross-coupling with an alkyne (1.3 equiv)
using CuI (4 mol%), Pd(dba)2 (3 mol%), tfp (6 mol%). e) 1.1 equiv of
MBDA 4 were used.

Scheme 4. Postfunctionalizations of fluoroarenes 9s, 9y and 9aa
providing highly functionalized fluoroarenes.

Angewandte
ChemieCommunications

Angew. Chem. Int. Ed. 2022, 61, e202206176 (3 of 4) © 2022 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2022, 29, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202206176 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [05/10/2023]. 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



Acknowledgements

We thank the Deutsche Forschungsgemeinschaft and the
Ludwig-Maximilians-Universität München for financial sup-
port. We also thank Albemarle Lithium GmbH (Frankfurt)
and the BASF AG (Ludwigshafen) for the generous gift of
chemicals. Open Access funding enabled and organized by
Projekt DEAL.

Conflict of Interest

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available
in the Supporting Information of this article.

Keywords: Directed Metalation · Fluorine · Fluoroaromatics ·
N-Heterocyles · Organomagnesium Reagents

[1] a) S. Purser, P. R. Moore, S. Swallow, V. Gouverneur, Chem.
Soc. Rev. 2008, 37, 320–330; b) E. P. Gillis, K. J. Eastman,
M. D. Hill, D. J. Donnelly, N. A. Meanwell, J. Med. Chem.
2015, 58, 8315–8359.

[2] W. K. Hagmann, J. Med. Chem. 2008, 51, 4359–4369.
[3] a) T. Furuya, A. S. Kamlet, T. Ritter, Nature 2011, 473, 470–
477; b) J. Iskra, A. Decker, Halogenated Heterocycles: Syn-
thesis, Application and Environment, Vol. 27, Springer Science
& Business Media, Cham, 2012; c) O. Planas, F. Wang, M.
Leutzsch, J. Cornella, Science 2020, 367, 313–317; d) Q. Wang,
Q. Tao, H. Dong, C. Ni, X. Xie, J. Hu, Angew. Chem. Int. Ed.
2021, 60, 27318–27323; Angew. Chem. 2021, 133, 27524–27529;
e) A. Liu, C. Ni, Q. Xie, J. Hu, Angew. Chem. Int. Ed. 2022, 61,
e202115467; Angew. Chem. 2022, 134, e202115467.

[4] a) P. L. Coe, A. J. Waring, T. D. Yarwood, J. Chem. Soc.
Perkin Trans. 1 1995, 2729–2737; b) E. Marzi, J. Gorecka, M.
Schlosser, Synthesis 2004, 1609–1618; c) E. Marzi, C. Bobbio, F.
Cottet, M. Schlosser, Eur. J. Org. Chem. 2005, 2116–2123; d) C.
Heiss, E. Marzi, F. Mongin, M. Schlosser, Eur. J. Org. Chem.
2007, 669–675; e) M. Schlosser, Synlett 2007, 3096–3102; f) J.-A.

García-López, M. F. Greaney, Chem. Soc. Rev. 2016, 45, 6766–
6798.

[5] a) A. Unsinn, C. J. Rohbogner, P. Knochel, Adv. Synth. Catal.
2013, 355, 1553–1560; b) T. Dos Santos, H. P. Orenha, V. E.
Murie, R. Vessecchi, G. C. Clososki, Org. Lett. 2021, 23, 7396–
7400; c) A. Y.-J. Wu, G. J. Porter, D. B. Frennesson, M. G.
Saulnier, J. Org. Chem. 2022, 87, 2559–2568.

[6] a) P. E. Eaton, C. H. Lee, Y. Xiong, J. Am. Chem. Soc. 1989,
111, 8016–8018; b) W. Schlecker, A. Huth, E. Ottow, J. Mulzer,
Liebigs Ann. 1995, 1441–1446; c) R. E. Mulvey, F. Mongin, M.
Uchiyama, Y. Kondo, Angew. Chem. Int. Ed. 2007, 46, 3802–
3824; Angew. Chem. 2007, 119, 3876–3899; d) B. Haag, M.
Mosrin, H. Ila, V. Malakhov, P. Knochel, Angew. Chem. Int.
Ed. 2011, 50, 9794–9824; Angew. Chem. 2011, 123, 9968–9999.

[7] A. Krasovskiy, V. Krasovskaya, P. Knochel, Angew. Chem. Int.
Ed. 2006, 45, 2958–2961; Angew. Chem. 2006, 118, 3024–3027.

[8] G. C. Clososki, C. J. Rohbogner, P. Knochel, Angew. Chem.
Int. Ed. 2007, 46, 7681–7684; Angew. Chem. 2007, 119, 7825–
7828.

[9] C. J. Rohbogner, S. H. Wunderlich, G. C. Clososki, P. Knochel,
Eur. J. Org. Chem. 2009, 1781–1795.

[10] P. García-Álvarez, D. V. Graham, E. Hevia, A. R. Kennedy, J.
Klett, R. E. Mulvey, C. T. O’Hara, S. Weatherstone, Angew.
Chem. Int. Ed. 2008, 47, 8079–8081; Angew. Chem. 2008, 120,
8199–8201.

[11] The price of TMPH is more than 100 times superior to the
price of DA.

[12] a) Y. Kondo, A. Yoshida, T. Sakamoto, J. Chem. Soc. Perkin
Trans. 1 1996, 2331–2332; b) G. Lessène, R. Tripoli, P. Cazeau,
C. Biran, M. Bordeau, Tetrahedron Lett. 1999, 40, 4037–4040.

[13] A. Jordan, C. G. J. Hall, L. R. Thorp, H. F. Sneddon, Chem.
Rev. 2022, 122, 6749–6794.

[14] Commercial Bu2Mg is a mixture of nBu2Mg and sBu2Mg (ca.
60 :40 ratio) and is available from Sigma–Aldrich and Alber-
marle.

[15] The use of 0.5 equiv of MBDA did not lead to full conversion
in most cases.

[16] A. O. King, N. Okukado, E.-i. Negishi, J. Chem. Soc. Chem.
Commun. 1977, 683–684.

[17] V. Farina, Adv. Synth. Catal. 2004, 346, 1553–1582.
[18] P. Knochel, M. C. P. Yeh, S. C. Berk, J. Talbert, J. Org. Chem.

1988, 53, 2390–2392.
[19] K. Sonogashira, J. Organomet. Chem. 2002, 653, 46–49.
[20] D. Djukanovic, B. Heinz, F. Mandrelli, S. Mostarda, P.

Filipponi, B. Martin, P. Knochel, Chem. Eur. J. 2021, 27,
13977–13981.

[21] A crystal structure of 9aa confirmed the proposed structure.
See Supporting Information.

[22] T. Yao, R. C. Larock, J. Org. Chem. 2003, 68, 5936–5942.
[23] a) A. Vilsmeier, A. Haack, Ber. Dtsch. Chem. Ges. 1927, 60,

119–122; b) A. Hess, H. C. Guelen, N. Alandini, A. Mourati,
Y. C. Guersoy, P. Knochel, Chem. Eur. J. 2022, 28, e202103700.

[24] M. L. Gross, D. H. Blank, W. M. Welch, J. Org. Chem. 1993,
58, 2104–2109.

[25] H. C. Kolb, M. G. Finn, K. B. Sharpless, Angew. Chem. Int.
Ed. 2001, 40, 2004–2021; Angew. Chem. 2001, 113, 2056–2075.

[26] K. R. Gee, J. Keana, Synth. Commun. 1993, 23, 357–360.
[27] a) M. Westerhausen, Inorg. Chem. 1991, 30, 96–101; b) M. M.

Olmstead, W. J. Grigsby, D. R. Chacon, T. Hascall, P. P.
Power, Inorg. Chim. Acta 1996, 251, 273–284; c) A. Harrison-
Marchand, F. Mongin, Chem. Rev. 2013, 113, 7470–7562.

[28] See Supporting Information.

Manuscript received: April 27, 2022
Accepted manuscript online: May 16, 2022
Version of record online: June 1, 2022

Scheme 5. 1H and 13C NMR spectra of MBDA (4) in toluene-d8.
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