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Abstract: sp3C@F Bonds of fluoroalkanes (7 examples; 18,

28 and 38) undergo addition to a low-valent Mg@Mg spe-
cies generating reactive organomagnesium reagents. Fur-

ther reactions with a series of electrophiles results in a net
C@F to C@B, C@Si, C@Sn or C@C bond transformation (11

examples, diversity). The new reactivity has been exploited

in an unprecedented one-pot magnesium-mediated cou-
pling of sp3C@F and sp2C@F bonds. Calculations suggest
that the sp3C@F bond activation step occurs by frontside
nucleophilic attack of the Mg@Mg reagent on the fluoroal-

kane.

The activation and functionalization of sp3C@F bonds of fluo-
roalkanes represents an important and largely unsolved chal-

lenge.[1–3] Transformations that use sp3C@F bonds as reactive
functional groups could potentially open up new avenues in
synthesis, including upgrading refrigerants and the late-stage

functionalisation of agrochemicals and pharmaceuticals. Slow
progress in this area of research can, in part, be traced to the

difficulties associated with the oxidative addition of sp3C@F
bonds to transition metals. The high sp3C@F bond dissociation

energy along with the lack of charge stabilisation in the transi-

tion state for bond breaking means that defined oxidative ad-
dition reactions are incredibly scarce.[4] In cases where oxida-

tive addition can occur, the resulting metal alkyl complexes are
liable to undergo fast b-hydride elimination. Main group re-

agents and catalysts offer a complementary approach to transi-
tion metal systems. Electrophilic silylium ions,[5, 6] and related

species,[7–9] have proven remarkably adept catalysts for fluoride

abstraction from fluoroalkanes, while a nucleophilic boryl
anion has just emerged as a reagent capable of C@F cleavage

of CF3H (HFC-23).[10] Although we, and others, demonstrated

that sp3C@F bonds of fluoroalkanes undergo oxidative addition
to single-site AlI complexes,[11–13] no further reactivity of the re-

sultant Group 13 reagents has been reported. In related stud-
ies we have shown that the reaction of fluoroarenes with 1 a
occurs by a concerted SNAr-like addition of the sp2C@F bond
across the Mg@Mg bond (Scheme 1).[14, 15]

Fluorocarbons are often considered inert toward Grignard
formation. There is, however, a series of somewhat contradicto-

ry reports that metallic magnesium can be used to generate
Grignard reagents from fluoroalkanes, provided a suitable ini-
tiator (e.g. , I2, Br2, EtBr) is present.[16, 17] Captivated by these
studies, we became interested in the reactivity of 1 a[18–23] to-
wards fluoroalkanes. Here we show that these reagents acti-

vate a variety of sp3C@F bonds under mild conditions. The re-
sultant organomagnesium reagents can be used to transfer

the alkyl group to boron-, silicon-, tin- and carbon-based elec-
trophiles. The latter carbon@carbon bond forming reaction is
an unprecedented example of a transition metal free cross-

coupling reaction of two C@F bonds.[24]

Addition of 1.1 equiv of 1-fluorohexane to a 0.02 m solution

of 1 a in C6D6 at 80 8C led to the consumption of the Mg-Mg
reagent over 1 h and formation of the magnesium alkyl 2 a in
92 % yield. 2 a was characterised by a high-field triplet reso-

nance in the 1H NMR spectrum (d =@0.22 ppm, 3JH–H = 7.9 Hz)
assigned to the methylene group adjacent to magnesium and

formed alongside the previously characterised magnesium
fluoride 3 a.[25]

The scope of the reaction was considered. A series of sub-
strates was investigated and the organomagnesium complexes

Scheme 1. Addition of sp3C@F bonds to Mg@Mg bonds. Yields measured by
1H NMR spectroscopy by comparison against an internal standard.
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2 b–e were formed in good yields (Scheme 1). The reaction tol-

erates 18, 28 and 38 fluoroalkanes along with chain-branching

both adjacent to and remote from the active site. Related or-
ganomagnesium complexes crystallise as bridged dimers (18
alkyl) or 3-coordinate monomers (28/38 alkyl).[26–28] In the solid-
state 2 a forms a dimer, bridged by 3-centre, 2-electron bonds

(Figure 1 a). DFT calculations show that the solid-state struc-
tures likely persist in solution and dimerization of these orga-

nomagnesiums only becomes unfavourable with branching of

the chain (Figure 1 b). Although 1 a did not react cleanly with
38 alkyl fluorides, the analogue 1 b mediates the C@F bond ac-

tivation of 1-fluoroadamantane. In this case, the resulting b-di-
ketiminate stabilised organomagnesium is unstable with re-

spect to Schlenk-like ligand redistribution preventing its char-
acterisation in solution. Trapping of the organomagnesium

with HBpin resulted in direct formation of 1-adamantylBpin in

69 % yield from 1 b (Bpin = pinacolatoborane, Figure 1 c).
Initial experiments suggest that, in a case that forms two en-

ergetically dissimilar diastereomers, the reaction is stereocon-
vergent. Hence, cis and trans 4-tert-butylcyclohexyl fluoride

both react with 1 a to give a single diastereomer assigned as
trans-2 e based on the 3JH-H values of the NMR resonance of
the protons adjacent to Mg (Scheme 1). By DFT the trans

isomer is calculated to be 5.4 kcal mol@1 more stable than the
cis isomer and they likely interconvert by epimerisation of the
stereocentre adjacent to magnesium.

Insight into the functional group compatibility of the new

transformation was gained by running the reaction of 1 a with
1-fluorohexane in the presence of external reagents containing

alkenes, alkynes, ethers, 38 amine and pyridine moieties. These

additives had little or no impact on the yield of 2 a (Supporting
Information, Scheme S3). In the case of THF and DMAP this ex-

periment led to the formation of the solvates 2 a·THF and
2 a·DMAP, respectively. Substrates including an additional halo-

gen atom on the hydrocarbon chain, such as 1-iodo-3-fluoro-
propane or 1-bromo-5-fluoropentane, underwent cyclisation to

form three- or five-membered hydrocarbon rings (Supporting

Information, Scheme S4).[29]

The utility of the new organomagnesium complexes was in-

vestigated and specifically the polar Mgd+@Cd@ bond derived
from sp3C@F activation was used as a nucleophilic source of

the carbanion. Reaction of mixtures containing 2 a, formed
from C@F activation of 1-fluorohexane, with HBpin, B2pin2,

B2nep2, 9-BBN, H3SiPh, HSnBu3, or ClSnBu3 leads to transfer of

the alkyl group from magnesium to the electrophile and re-

sults in sp3C@B, sp3C@Si, and sp3C@Sn bond formation, respec-
tively (Bnep = 5,5-dimethyl-1,3,2-dioxaborolane, 9-BBN = 9-bor-

abicyclo[3.3.1]nonane). These reactions are highly efficient,
with most proceeding in >80 % yield over the two steps as

measured by 1H NMR spectroscopy. An exception is the reac-
tion of 2 a with B2nep2 which forms n-HexBnep in only 50 %

yield (Scheme 2).[30]

Encouraged by the ease of nucleophilic addition to main
group electrophiles, we turned our attention to intermolecular
carbon@carbon bond formation by the heterocoupling of two

C@F bonds. 2 a, generated directly from 1-fluorohexane, adds
to perfluoroarenes under forcing conditions (Scheme 3). The

reaction of in situ generated 2 a with hexafluorobenzene forms
4 a as evidenced by the emergence of a new triplet resonance

in the 1H NMR spectrum (d= 2.29 ppm, 3JH–H = 7.7 Hz) assigned

to the methylene protons adjacent to the aromatic ring. The
scope of this reaction was expanded and the overall yields of

cross-coupled products 4 a–e while modest, 34–72 %, represent
a combination of two steps and an average 60–85 % yield for

each C@F bond cleavage reaction. Although related reactions
of organomagnesium reagents with perfluoroarenes are

Figure 1. (a) Crystal structure of 2 a. Selected bond length (a): 2 a Mg@C 2.257(3). (b) Calculated Gibbs free energies (kcal mol@1) of dimerization of magnesium
alkyl complexes. (c) Reaction of 1 b with 1-fluoroadamantane and trapping with HBpin.

Scheme 2. Stepwise sp3C@F bond functionalisation resulting in the forma-
tion of sp3C@B, sp3C@Si and sp3C@Sn bonds. For full details of these experi-
ments see the supporting information.
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known,[31–33] this represents the first transition metal free proce-

dure for C@C bond formation by the coupling of two C@F

bonds.
To gain a deeper understanding of the C@F bond cleavage

steps involved in the carbon@carbon bond forming sequence,
a series of calculations were undertaken on the reaction of 1-

fluoropropane[34] with hexafluorobenzene using the B3PW91
functional and a hybrid basis set (Figure 2 a). We have previ-

ously benchmarked the computational methods used herein

against experimentally determined activation parameters.[15]

The initial endergonic coordination of 1-fluoropropane at 1 a
to form Int-1, is followed by C@F bond cleavage in TS-1 ulti-
mately leading to the formation of Int-2/3.[35] Schlenk-like re-

distribution of two equivalents of Int-2/3 forms the experi-
mentally observed products Int-22 and Int-32. While the disso-
ciation of Int-2/3 into the monomeric fragments Int-2 and Int-
3 required for redistribution is endergonic DGo

298 K = 25.3 kcal

mol@1, this energy barrier represents complete dissociation
and, as such, is an upper limit of the activation energy. Overall

this Schlenk-like redistribution is thermoneutral. The second
C@F bond cleavage step forms the carbon@carbon bond and

proceeds by nucleophilic addition of the newly formed magne-
sium alkyl complex to the electron-deficient arene. Dissociation

of Int-22 is required to access the reactive three-coordinate
magnesium alkyl species Int-2, and is on the way to the con-
certed SNAr transition state TS-2.[36, 37] In combination these
steps lead to a high activation barrier for carbon@carbon bond
formation, DG*

298 K = 26.2 kcal mol@1.[38]

The unusual geometry of TS-1 warrants further discussion.
TS-1 contains a near planar arrangement of Mg, C and F atoms

in which the C@F bond orientates itself perpendicular to the
Mg@Mg bond with the fluorine atom approaching head-on.

The C@F bond stretches to 1.84 a from 1.39 a in 1-fluoropro-

pane, the Mg@F distances are short (&2.1 a) while both Mg–C
distances are long (>3.6 a). A similar transition state was locat-

ed for the reaction of 1 a with 2-fluoropropane. TS-1 bears all
the hallmarks of front-side nucleophilic attack in an SN2 mecha-

nism; the carbon substituent takes the role of the leaving
group and the electron-pair between the magnesium atoms of

1 a the role of the nucleophile.[39–42] This geometry is starkly dif-

ferent to that observed in the side-on and SNAr like transition
states calculated for the reaction of 1 a with CO2 and C6F6, re-

spectively.[15, 43] While all these processes can be classified as ox-
idative additions from the perspective of the main group re-

agent there are significant deviations in the TS geometries
(Figure 2 c).

Frontside nucleophilic attack, taught as an unfavourable

pathway to undergraduate students, has been modelled in dy-
namics calculations on nucleophilic substitution reactions of

alkyl halides.[39–41] These pathways have been shown, universal-
ly, to be prohibitively high in energy when compared to back-

side nucleophilic attack. In the current case, it appears the un-
usual nature of 1 a overrides the standard selectivity. There is

limited precedent for the geometry of TS-1. Eisenstein and co-

workers have postulated that a cerocene hydride attacks C6F6

Scheme 3. Carbon@carbon bond formation by double carbon@fluorine bond
activation. Yields measured by 1H NMR by comparison against an internal
standard.

Figure 2. (a) Calculated potential energy surface for the sequential reaction of 1 a with n-Pr@F and C6F6. Gibbs energies in kcal mol@1. (b) HOMO and LUMO of
1 a and 1-fluoropropane, respectively. (c) Geometry of TS-1 and comparison against related TS.
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through a transition state involving an end-on H–F@C interac-
tion.[44]

The Mg@Mg reagent 1 a possesses a non-nuclear local maxi-
mum in electron density at the centre of the metal@metal

bond that acts as a highly nucleophilic electron-pair.[45, 46]

Second-order perturbation calculations on TS-1 show donor-

acceptor interactions from not only the Mg@Mg s-bond to the
low-lying s*(F–C) orbital of the fluoroalkane (37 kcal mol@1) but
also from the filled F p-orbitals to the empty s*(Mg–Mg) orbi-

tal (7 kcal mol@1). This latter interaction contributes to the stabi-
lisation of the frontside TS as the electrostatic interactions be-
tween fluorine and magnesium atoms anchor the C@F bond in
place and polarise it. In TS-1, the hydrocarbon chain acts as a

leaving group. This moiety adopts carbanion character and fol-
lowing breaking of the C@F bond migrates directly to magnesi-

um (Supporting Information, movie). The carbanion character

is evidenced by the NPA charges on the carbon atom in TS-1
which is more negative than that in Int-1 alongside the devia-

tion of the carbon centre from sp3 to sp2 hybridised (degree of
pyramidalization; Int-1 = 42 %, TS-1 = 12.5 %).[47]

In summary, we report a new reaction that transforms sp3C@
F bonds into reactive sp3C@Mg bonds. This methodology can

be considered as an equivalent of Grignard formation that

occurs in homogeneous solution and allows expansion of the
substrate scope to include fluorocarbons. The organomagnesi-

um products react with a series of electrophiles leading to the
development of an unprecedented carbon@carbon bond form-

ing reaction that couples two C@F bonds. A preliminary assess-
ment of the mechanism hints that sp3C@F bond activation

occurs by a remarkable pathway involving frontside nucleo-

philic attack. We are currently investigating the stereospecifity
of the reaction of 1 a (and related reagents) with fluoroalkanes

alongside a more detailed study of the stereointegrity of the
resulting organometallics.
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Noltemeyer, B. Žemva, J. Fluorine Chem. 2002, 115, 143 – 147.

[26] A. P. Dove, V. C. Gibson, P. Hormnirun, E. L. Marshall, J. A. Segal, A. J. P.
White, D. J. Williams, Dalton Trans. 2003, 3088 – 3097.

[27] V. C. Gibson, J. A. Segal, A. J. P. White, D. J. Williams, J. Am. Chem. Soc.
2000, 122, 7120 – 7121.

[28] J. Prust, K. Most, I. Meller, E. Alexopoulos, A. Stasch, H. W. Roesky, Z.
Anorg. Allg. Chem. 2001, 627, 2032 – 2037.

[29] Preliminary competition experiments suggest that weaker carbon@halo-
gen bonds react first. 1 a reacts with 1-halohexanes with relative rates
C@Br>C@F and C@Cl>C@F.

[30] A long-lived intermediate was observed during the course of this reac-
tion, and through an independent synthesis was identified as S1, de-
rived from insertion of the diborane into the Mg@C bond of 2 a. Hill
and co-workers have shown previously that these latter types of com-
plexes can eliminate an equivalent of the boronate ester under suitable
conditions (A. F. P8charman, A. L. Colebatch, M. S. Hill, C. L. McMullin,
M. F. Mahon, C. Weetman, Nat. Commun. 2017, 8, 15022 – 15028). It ap-
pears that in this case S1 is particularly stable towards boronate ester
dissociation, limiting the yield of C@B bond formation.

[31] E. Hevia, L. Davin, R. McLellan, A. Kennedy, Chem. Commun. 2017, 53,
11650 – 11653.

[32] Y. Sun, H. Sun, J. Jia, A. Du, X. Li, Organometallics 2014, 33, 1079 – 1081.
[33] K. Matsubara, T. Ishibashi, Y. Koga, Org. Lett. 2009, 11, 1765 – 1768.
[34] 1-Fluoropropane was used as a model for 1-fluorohexane.
[35] This is a simplified version of the pathway as TS-1 leads to Int-A which

exhibits a new Mg@C bond and a C@H agostic stabilised Mg centre.
This product is an isomer of Int-2/3 and facile rearrangement occurs by
TS-A (see supporting information, Figure S10).

[36] Comparison to the TS for the concerted SNAr-like reaction of 1 a with
C6F6 at the same level of theory (DG*

298 K = 19.5 kcal mol@1) suggests
sp2C@F activation should be more facile than sp3C@F activation. This
prediction is borne out by a competition experiment between 1 a, C6F6

and 1-fluorohexane which leads to exclusive reaction of the fluoroar-
ene.

[37] The transition state for C@C bond formation, TS-2, is stabilised by a sec-
ondary electrostatic interaction between an ortho-fluorine of C6F6 and
the electropositive Mg-centre.

[38] A. S. S. Wilson, M. S. Hill, M. F. Mahon, C. Dinoi, L. Maron, Science 2017,
358, 1168 – 1171.

Chem. Eur. J. 2018, 24, 16282 – 16286 www.chemeurj.org T 2018 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim16285

Communication

https://doi.org/10.1021/acs.chemrev.7b00163
https://doi.org/10.1021/acs.chemrev.7b00163
https://doi.org/10.1021/acs.chemrev.7b00163
https://doi.org/10.1126/science.1200514
https://doi.org/10.1126/science.1200514
https://doi.org/10.1126/science.1200514
https://doi.org/10.1126/science.1159979
https://doi.org/10.1126/science.1159979
https://doi.org/10.1126/science.1159979
https://doi.org/10.1021/ja0426138
https://doi.org/10.1021/ja0426138
https://doi.org/10.1021/ja0426138
https://doi.org/10.1021/ja0426138
https://doi.org/10.1021/ja903927c
https://doi.org/10.1021/ja903927c
https://doi.org/10.1021/ja903927c
https://doi.org/10.1021/ja903927c
https://doi.org/10.1126/science.1241764
https://doi.org/10.1126/science.1241764
https://doi.org/10.1021/om200885c
https://doi.org/10.1021/om200885c
https://doi.org/10.1021/om200885c
https://doi.org/10.1039/C7CC02327H
https://doi.org/10.1039/C7CC02327H
https://doi.org/10.1039/C7CC02327H
https://doi.org/10.1039/C5CC07140B
https://doi.org/10.1039/C5CC07140B
https://doi.org/10.1039/C5CC07140B
https://doi.org/10.1039/C5CC07140B
https://doi.org/10.1021/acs.organomet.5b00793
https://doi.org/10.1021/acs.organomet.5b00793
https://doi.org/10.1021/acs.organomet.5b00793
https://doi.org/10.1021/acs.organomet.5b00793
https://doi.org/10.1002/bkcs.11067
https://doi.org/10.1002/bkcs.11067
https://doi.org/10.1002/bkcs.11067
https://doi.org/10.1021/jacs.6b08104
https://doi.org/10.1021/jacs.6b08104
https://doi.org/10.1021/jacs.6b08104
https://doi.org/10.1021/jacs.6b08104
https://doi.org/10.1039/C7SC05059C
https://doi.org/10.1039/C7SC05059C
https://doi.org/10.1039/C7SC05059C
https://doi.org/10.1039/C7SC05059C
https://doi.org/10.1021/ja00705a634
https://doi.org/10.1021/ja00705a634
https://doi.org/10.1021/ja00705a634
https://doi.org/10.1021/jo01114a015
https://doi.org/10.1021/jo01114a015
https://doi.org/10.1021/jo01114a015
https://doi.org/10.1021/jacs.7b11368
https://doi.org/10.1021/jacs.7b11368
https://doi.org/10.1021/jacs.7b11368
https://doi.org/10.1039/c0dt01831g
https://doi.org/10.1039/c0dt01831g
https://doi.org/10.1039/c0dt01831g
https://doi.org/10.1002/anie.200900331
https://doi.org/10.1002/anie.200900331
https://doi.org/10.1002/anie.200900331
https://doi.org/10.1002/anie.200900331
https://doi.org/10.1002/ange.200900331
https://doi.org/10.1002/ange.200900331
https://doi.org/10.1002/ange.200900331
https://doi.org/10.1002/anie.200803960
https://doi.org/10.1002/anie.200803960
https://doi.org/10.1002/anie.200803960
https://doi.org/10.1002/ange.200803960
https://doi.org/10.1002/ange.200803960
https://doi.org/10.1002/ange.200803960
https://doi.org/10.1126/science.1150856
https://doi.org/10.1126/science.1150856
https://doi.org/10.1126/science.1150856
https://doi.org/10.1038/s41570-017-0059
https://doi.org/10.1002/ejic.201301598
https://doi.org/10.1002/ejic.201301598
https://doi.org/10.1002/ejic.201301598
https://doi.org/10.1002/ejic.201301598
https://doi.org/10.1016/S0022-1139(02)00043-X
https://doi.org/10.1016/S0022-1139(02)00043-X
https://doi.org/10.1016/S0022-1139(02)00043-X
https://doi.org/10.1039/B303550F
https://doi.org/10.1039/B303550F
https://doi.org/10.1039/B303550F
https://doi.org/10.1021/ja000359n
https://doi.org/10.1021/ja000359n
https://doi.org/10.1021/ja000359n
https://doi.org/10.1021/ja000359n
https://doi.org/10.1002/1521-3749(200108)627:8%3C2032::AID-ZAAC2032%3E3.0.CO;2-6
https://doi.org/10.1002/1521-3749(200108)627:8%3C2032::AID-ZAAC2032%3E3.0.CO;2-6
https://doi.org/10.1002/1521-3749(200108)627:8%3C2032::AID-ZAAC2032%3E3.0.CO;2-6
https://doi.org/10.1002/1521-3749(200108)627:8%3C2032::AID-ZAAC2032%3E3.0.CO;2-6
https://doi.org/10.1038/ncomms15022
https://doi.org/10.1038/ncomms15022
https://doi.org/10.1038/ncomms15022
https://doi.org/10.1021/om4011609
https://doi.org/10.1021/om4011609
https://doi.org/10.1021/om4011609
https://doi.org/10.1021/ol900208n
https://doi.org/10.1021/ol900208n
https://doi.org/10.1021/ol900208n
https://doi.org/10.1126/science.aao5923
https://doi.org/10.1126/science.aao5923
https://doi.org/10.1126/science.aao5923
https://doi.org/10.1126/science.aao5923
http://www.chemeurj.org


[39] D. M. Cyr, M. G. Scarton, K. B. Wiberg, M. A. Johnson, S. Nonose, J. Hiro-
kawa, H. Tanaka, T. Kondow, R. A. Morris, J. Am. Chem. Soc. 1995, 117,
1828 – 1832.

[40] G. Li, W. L. Hase, J. Am. Chem. Soc. 1999, 121, 7124 – 7129.
[41] I. Szabj, B. Olasz, J. Phys. Chem. Lett. 2017, 8, 2917 – 2923.
[42] F. M. Bickelhaupt, J. Comput. Chem. 1999, 20, 114 – 128.
[43] C. E. Kefalidis, A. Stasch, C. Jones, L. Maron, Chem. Commun. 2014, 50,

12318 – 12321.
[44] L. Maron, E. L. Werkema, L. Perrin, O. Eisenstein, R. A. Andersen, J. Am.

Chem. Soc. 2005, 127, 279 – 292.
[45] L.-C. Wu, C. Jones, A. Stasch, J. A. Platts, J. Overgaard, Eur. J. Inorg.

Chem. 2014, 5536 – 5540.

[46] J. Overgaard, C. Jones, A. Stasch, B. B. Iversen, J. Am. Chem. Soc. 2009,
131, 4208 – 4209.

[47] The non-planarity of three coordinated atoms may be defined by the
degree of pyramidalisation. Z. B. Maksiae, B. J. Kovaeeviz, J. Chem. Soc.
Perkin Trans. 2 1999, 2623 – 2629.

Manuscript received: September 6, 2018

Accepted manuscript online: September 12, 2018

Version of record online: October 5, 2018

Chem. Eur. J. 2018, 24, 16282 – 16286 www.chemeurj.org T 2018 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim16286

Communication

https://doi.org/10.1021/ja00111a023
https://doi.org/10.1021/ja00111a023
https://doi.org/10.1021/ja00111a023
https://doi.org/10.1021/ja00111a023
https://doi.org/10.1021/ja990607j
https://doi.org/10.1021/ja990607j
https://doi.org/10.1021/ja990607j
https://doi.org/10.1021/acs.jpclett.7b01253
https://doi.org/10.1021/acs.jpclett.7b01253
https://doi.org/10.1021/acs.jpclett.7b01253
https://doi.org/10.1002/(SICI)1096-987X(19990115)20:1%3C114::AID-JCC12%3E3.0.CO;2-L
https://doi.org/10.1002/(SICI)1096-987X(19990115)20:1%3C114::AID-JCC12%3E3.0.CO;2-L
https://doi.org/10.1002/(SICI)1096-987X(19990115)20:1%3C114::AID-JCC12%3E3.0.CO;2-L
https://doi.org/10.1039/C4CC04984E
https://doi.org/10.1039/C4CC04984E
https://doi.org/10.1039/C4CC04984E
https://doi.org/10.1039/C4CC04984E
https://doi.org/10.1021/ja0451012
https://doi.org/10.1021/ja0451012
https://doi.org/10.1021/ja0451012
https://doi.org/10.1021/ja0451012
https://doi.org/10.1002/ejic.201402606
https://doi.org/10.1002/ejic.201402606
https://doi.org/10.1002/ejic.201402606
https://doi.org/10.1002/ejic.201402606
https://doi.org/10.1021/ja900385u
https://doi.org/10.1021/ja900385u
https://doi.org/10.1021/ja900385u
https://doi.org/10.1021/ja900385u
http://www.chemeurj.org

