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Abstract: The reactions of boron trichloride with diimino-
pyridine ligands featuring 2,6-diisopropylphenyl groups on the
imine nitrogen atoms and varying groups on the a-carbon
atoms (H, CH3, and Ph) were investigated. N,N’-chelated cationic

BCl, complexes with BCl,~ counteranions were isolated with the
hydrogen and phenyl-substituted ligands while a mixture was
obtained for the methyl variant.

Introduction

Transition metal complexes with diiminopyridine ligands
(DIMPY) have been widely studied with many compounds be-
ing implicated in catalysis,!"! including olefin polymerization,!?
borylation,B! cycloaddition, hydrogenation,” and hydrosilyla-
tion reactions.>®! The rigidity of the conjugated imine and pyr-
idine tridentate framework typically results in meridional coor-
dination and serves as a redox reservoir for the metal center to
engender unique properties and reactivity.l”? The substituents
on both nitrogen and the a-carbon atoms can be varied and
serve as a method to tune the catalytic activity and subsequent
reactivity.!"?!

In contrast to the chemistry of DIMPY ligands with the d-
block,'® which is well developed, for the remaining elements it
is emerging. The f-block has garnered attention with uranium,
lanthanum,!"®! neodymium,!"®! and lutetium complexes having
been prepared."" In regard to the s-block,'? alkali metals are
often used to reduce the ligand and directly react with the
metal precursors in situ while Jones and co-workers recently
reported the complement of alkaline earth DIMPY complexes
(save beryllium)."3! Within the p-block, all row 3-5 DIMPY com-
plexes have been isolated for group 13-16 elements with the
exception of antimony and silicon." Notably, unusual elec-
tronic structures have been isolated such as low oxidation state
species [i.e. Ge°, In', and P']l'4c14e14K 55 well as exotic dications
(P2+, 52+’ Se2+, and Te2+).[14i,15]

For group 13 compounds, Jones and co-workers first demon-
strated reactions of “Gal” with a diiminopyridine ligand gener-
ate the N,N’,N”-chelated Gal, cation with a Gal, counteranion
(A, Figure 1).¢1 Recently, the Berben group has made signifi-
cant headway on N,N’,N”-chelated aluminum species accessing
a variety of ligand redox states and even applying them in cata-
lytic reduction reactions of small molecules (B).727<'"] Reacting
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InCl; with a DIMPY ligand furnished an InCl, complex analo-
gous to A with an InCl, anion but with indium triflate, a In'
species was obtained that had weak interactions with the two
imine nitrogens (C)."*! No example of a TI"' compound exists
but a TI' species has been prepared from TIOTf akin to the In'
species but with even weaker interactions with the DIMPY
framework."1 In all of known examples, the three nitrogens
interact with the group 13 element. No boron DIMPY complexes
have been prepared to date. We herein report the reactions of
diiminopyridine ligands with boron trichloride.
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Figure 1. Selected examples of group 13 DIMPY complexes (Dipp = 2,6-
iPryCeHs, Ar = 2,5-tBu,CgHs).

The 2:1 stoichiometric reactions of diiminopyridine ligands
bearing 2,6-diisopropylphenyl groups (Dipp) and hydrogen
(TH), methyl (1CHs), and phenyl (1Ph) substituents on the o-
carbon atoms with boron trichloride were conducted at room
temperature (Scheme 1). In situ monitoring by ''B NMR spectro-
scopy indicated consumption of BCl; with the absence of the
resonance at 46.7 ppm in 2 h for TH and 24 h for both 1CH;
and 1Ph. In each spectrum, two peaks were observed (1H: 9.0
and 7.1 ppm, 1CH3: 9.2 and 6.9 ppm, 1Ph: 9.2 and 6.9 ppm)
with the sharp peaks at = 7 ppm consistent with a BCl,~ an-
ion!"® and the peaks at = 9 ppm corresponding to four-coordi-
nate boron species. Crystals from each of the three reactions
were grown and single-crystal X-ray diffraction studies revealed
the identity to be k?-N,N’-chelated BCl, cationic complexes in
which the nitrogen atom of the pyridine ring and one imine
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Figure 2. Solid-state structures of 2H, 2CH3, and 2Ph (left to right). Thermal ellipsoids are drawn at the 50 % probability level. All hydrogen atoms, solvent
molecules, and counteranions are omitted for clarity. For positionally disordered atoms, only the major component is shown.

nitrogen of the ligand are coordinated to boron with a BCl,”
counteranion (2H, 2CHs, and 2Ph; Figure 2). The other imine is
a spectator oriented away from boron. The peaks at = 9 ppm in
the "B NMR spectra are assigned to the chelated boron centers.
Acquiring crude 'H NMR spectra of the reactions with 1H and
1Ph revealed clear major products. The crude spectrum for the
reaction with 1CH; indicated a complex mixture that decom-
posed over time. After workup, boron complexes 2Ph and 2H

chelated boron in any of the three structures. The C=N bonds
are marginally longer for the imine coordinated to boron than
the uncoordinated imine {range 1.277(4)-1.300(4) A cf. 1.256(4)-
1.272(4) A}

Table 1. Salient bond lengths of the cations in 2Ph, 2CHs, and 2H.

were isolated in good yields (99 % and 78 %, respectively) while Cly ,c|2 +
we were unable to isolate clean 2CH;. The methyl-substituted DiDP\N B, R A<H. 2H
ligand 1CHj; differs from the other two ligands as it can tautom- i I e
J NS, J . : _Cs._MNi___Cr. _Dipp| R=CHg, 2CHj,
erize to the enamine.''™ This has been problematic in chemistry R™ 7Cs “C7 Ng R = Ph. 2Ph
with the related 1,4-diazabutadiene ligands?” as well as other (54 C//Cg T
reactions of main group reagents with TCH3 with mixtures re- 8
ported for some examples'*d and isolation of N,N’,C-bound 2Ph 2H 2CH;
species in the cases of Sel'#fl and Te.[4#14] B(1)-N(1 1.581(5) 1.592(4) 1.582(6)
cl + o BU-NQ) 1.597(4) 1.594(4) 1.589(6)
_ _ ) 7,0 B(1)-CI(1) 1.803(4) 1.796(3) 1.815(5)
DieP~ ~Dirp cH.Cl D'p"‘N/E{ R B(1)-CI2) 1.816(4) 1.814(3) 1.810(5)
. | N I . + 2ECl ﬁ-— . ' Ny s, -Dipp C(1)-N(1) 1.344(4) 1.343(3) 1.347(5)
| | C(5)-N(1) 1.365(4) 1.365(3) 1.357(5)
i C(7)-N@3) 1.272(4) 1.256(4) 1.265(6)
R=H 14 R=H, 2H, 78% - C6)-NQ) 1.300(4) 1.277(4) 1.290(5)
R =CHj, 1CH,4 R = CHj, 2CH;, decomposition c()-C(7) 1.508(4) 1.482(4) 1.503(6)
R =Ph, 1Ph R =Ph, 2Ph, 99% C(5)-C(6) 1.467(4) 1.446(4) 1.468(6)
C(1-C(2) 1.390(5) 1.396(4) 1.387(6)
Scheme 1. Reactions of BCl; with TH, 1CH3, and 1Ph. Reaction times, 2H = C(2)-C(3) 1.379(5) 1.369(5) 1.373(7)
2h, 2CH; = 24 h, 2Ph =24 h. C(3)-C(4) 1.383(5) 1.393(4) 1.385(7)
C(4)-C(5) 1.369(5) 1.366(4) 1.368(6)

TH NMR spectroscopy was particularly diagnostic for 2Ph
since 1Ph contains broad resonances at room temperature due
to the bulk of the phenyl groups restricting rotation on the
NMR timescale.l'*! In contrast, the '"H NMR spectrum of 2Ph is
resolved at 23 °C, rationalized by locking the conformation as a
result of chelation. The "H NMR spectrum of both 2Ph and 2H
revealed inequivalent resonances for the meta-protons on the
pyridine ring, consistent with a break in symmetry in the ligand
framework from N,N’-chelation with the resonances shifted
downfield from the free ligands (1Ph: 7.871'42211 ¢f. 2Ph: 8.25
and 8.76 ppm; TH: 8.40122 cf. 2H: 9.26 and 9.65 ppm). The com-
pounds all share the same framework, enabling a direct com-
parison of their structures (Table 1). The boron-nitrogen bond
lengths are all between 1.581(5)-1.597(4) A without differentia-
tion between the imine and pyridine B-N bond lengths. There
is no interaction between the other imine nitrogen and the

Eur. J. Inorg. Chem. 2020, 2955-2957 www.eurjic.org

2956

The reactions between DIMPY ligands bearing different sub-
stituents at the a-carbon with boron trichloride afforded -
N,N’-chelated BCl, species. The phenyl and hydrogen substi-
tuted complexes were isolable, while the methyl-substituted
complex was not, attributed to the susceptibility of the ligand
toward imine/enamine tautomerization. The resulting com-
plexes complete the series of group 13 DIMPY complexes and
represent the first row two p-block DIMPY complexes.

Deposition Numbers 2007651 (for 2H), 2007652 (for 2CH3), and
2007650 (for 2Ph) contain the supplementary crystallographic data
for this paper. These data are provided free of charge by the joint
Cambridge Crystallographic Data Centre and Fachinformations-
zentrum Karlsruhe Access Structures service www.ccdc.cam.ac.uk/
structures.

© 2020 Wiley-VCH GmbH


https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/ejic.202000533
https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/ejic.202000533
www.ccdc.cam.ac.uk/structures

Chemistry
Europe

European Chemical
Societies Publishing

EurJIC Communication

European Journal of Inorganic Chemistry

doi.org/10.1002/ejic.202000533

Acknowledgments

We thank the Welch Foundation (Grant AA-1846) and the Na-
tional Science Foundation (Award #1753025) for supporting this
research. We also thank Dr. Kevin K. Klausmeyer for his assist-
ance with X-ray crystallography.

Keywords: Boron - Coordination chemistry -
Diiminopyridine ligands - Structure elucidation

[1] a) Z. Flisak, W.-H. Sun, ACS Catal. 2015, 5, 4713-4724; b) V. C. Gibson, C.
Redshaw, G. A. Solan, Chem. Rev. 2007, 107, 1745-1776.

[2] a) G. J. P. Britovsek, V. C. Gibson, S. J. McTavish, G. A. Solan, A. J. P.
White, D. J. Williams, G. J. P. Britovsek, B. S. Kimberley, P. J. Maddox, Chem.
Commun. 1998, 849-850; b) B. L. Small, M. Brookhart, A. M. A. Bennett,
J. Am. Chem. Soc. 1998, 120, 4049-4050.

[3] J. V. Obligacion, S. P. Semproni, P. J. Chirik, J. Am. Chem. Soc. 2014, 136,
4133-4136.

[4] a) H. Sugiyama, G. Aharonian, S. Gambarotta, G. P. A. Yap, P. H. M. Budze-
laar, J. Am. Chem. Soc. 2002, 124, 12268-12274; b) M. W. Bouwkamp,
A. C. Bowman, E. Lobkovsky, P. J. Chirik, J. Am. Chem. Soc. 2006, 128,
13340-13341.

[5] S. C. Bart, E. Lobkovsky, P. J. Chirik, J. Am. Chem. Soc. 2004, 126, 13794-
13807.

[6] C. C. Hojilla Atienza, A. M. Tondreau, K. J. Weller, K. M. Lewis, R. W. Cruse,
S. A. Nye, J. L. Boyer, J. G. P. Delis, P. J. Chirik, ACS Catal. 2012, 2, 2169-
2172.

[7] a) E. J. Thompson, T. W. Myers, L. A. Berben, Angew. Chem. Int. Ed. 2014,
53, 14132-14134; Angew. Chem. 2014, 126, 14356; b) A. M. Tondreau, C.
Milsmann, A. D. Patrick, H. M. Hoyt, E. Lobkovsky, K. Wieghardt, P. J.
Chirik, J. Am. Chem. Soc. 2010, 132, 15046-15059; c) L. A. Berben, Chem.
Eur. J. 2015, 21, 2734-2742.

[8] a) F. Calderazzo, U. Englert, G. Pampaloni, R. Santi, A. Sommazzi, M. Zinna,
Dalton Trans. 2005, 914-922; b) M. R. Perry, L. E. N. Allan, A. Decken,
M. P. Shaver, Dalton Trans. 2013, 42, 9157-9165; ¢) M. A. Esteruelas, A. M.
Lépez, L. Méndez, M. Olivan, E. Ofate, Organometallics 2003, 22, 395-
406; d) B. L. Small, M. J. Carney, D. M. Holman, C. E. O'Rourke, J. A. Halfen,
Macromolecules 2004, 37, 4375-4386; e) H. Sugiyama, S. Gambarotta,
G. P. A. Yap, D. R. Wilson, S. K. H. Thiele, Organometallics 2004, 23, 5054-
5061; f) K. Hiya, Y. Nakayama, H. Yasuda, Macromolecules 2003, 36, 7916-
7922; g) D. A. Edwards, M. F. Mahon, W. R. Martin, K. C. Molloy, P. E.
Fanwick, R. A. Walton, J. Chem. Soc., Dalton Trans. 1990, 3161-3168; h)
D. Reardon, G. Aharonian, S. Gambarotta, G. P. A. Yap, Organometallics
2002, 27, 786-788; i) J. Yu, H. Liu, W. Zhang, X. Hao, W.-H. Sun, Chem.
Commun. 2011, 47, 3257-3259; j) C. Wallenhorst, G. Kehr, R. Frohlich, G.
Erker, Organometallics 2008, 27, 6557-6564; k) B. Cetinkaya, E. Cetinkaya,
M. Brookhart, P. S. White, J. Mol. Catal. A 1999, 142, 101-112; |) Y.-f. Jiang,
Cj. Xi, Y-z. Liu, J. Niclés-Gutiérrez, D. Choquesillo-Lazarte, Eur. J. Inorg.
Chem. 2005, 2005, 1585-1588; m) M. A. Esteruelas, A. B. Masamunt, M.
Olivan, E. Onate, M. Valencia, J. Am. Chem. Soc. 2008, 130, 11612-11613;
n) S. Wang, B. Li, T. Liang, C. Redshaw, Y. Li, W.-H. Sun, Dalton Trans. 2013,
42, 9188-9197; o) D. Sieh, M. Schlimm, L. Andernach, F. Angersbach, S.
Nuckel, J. Schoffel, N. Suénjar, P. Burger, Eur. J. Inorg. Chem. 2012, 2012,
444-462; p) A. A. Antonov, N. V. Semikolenova, V. A. Zakharov, W. Zhang,
Y. Wang, W.-H. Sun, E. P. Talsi, K. P. Bryliakov, Organometallics 2012, 31,
1143-1149; q) J. H. Groen, A. de Zwart, M. J. M. Vlaar, J. M. Ernsting,
P. W. N. M. van Leeuwen, K. Vrieze, H. Kooijman, W. J. J. Smeets, A. L.
Spek, P. H. M. Budzelaar, Q. Xiang, R. P. Thummel, Eur. J. Inorg. Chem.
1998, 7998, 1129-1143; r) P. Liu, M. Yan, R. He, Appl. Organomet. Chem.
2010, 24, 131-134; s) K. G. Orrell, A. G. Osborne, V. Sik, M. Webba da Silva,
J. Organomet. Chem. 1997, 530, 235-246; t) R. J. Restivo, G. Ferguson, J.

Chem. Soc., Dalton Trans. 1976, 518-521; u) T. Jurca, S. |. Gorelsky, I.
Korobkov, D. S. Richeson, Dalton Trans. 2011, 40, 4394-4396; v) R.-Q. Fan,
D.-S. Zhu, Y. Mu, G.-H. Li, Y.-L. Yang, Q. Su, S.-H. Feng, Eur. J. Inorg. Chem.
2004, 2004, 4891-4897; w) R. Fan, Y. Yang, Y. Yin, W. Hasi, Y. Mu, Inorg.
Chem. 2009, 48, 6034-6043; x) N. Rahimi, D. E. Herbert, P. H. M. Budzelaar,
Eur. J. Inorg. Chem. 2018, 2018, 4856-4866.

[9] N. H. Anderson, S. O. Odoh, Y. Yao, U. J. Williams, B. A. Schaefer, J. J.
Kiernicki, A. J. Lewis, M. D. Goshert, P. E. Fanwick, E. J. Schelter, J. R.
Walensky, L. Gagliardi, S. C. Bart, Nat. Chem. 2014, 6, 919-926.

[10] H. Sugiyama, I. Korobkov, S. Gambarotta, A. Méller, P. H. M. Budzelaar,
Inorg. Chem. 2004, 43, 5771-5779.

[11] T. M. Cameron, J. C. Gordon, R. Michalczyk, B. L. Scott, Chem. Commun.
2003, 2282-2283.

[12] a) D. Enright, S. Gambarotta, G. P. A. Yap, P. H. M. Budzelaar, Angew.
Chem. Int. Ed. 2002, 41, 3873-3876; Angew. Chem. 2002, 114, 4029; b)
M. Arrowsmith, M. S. Hill, G. Kociok-Kéhn, Organometallics 2010, 29,
4203-4206; c) J. J. Sandoval, E. Alvarez, P. Palma, A. Rodriguez-Delgado,
J. Cdmpora, Organometallics 2018, 37, 1734-1744.

[13] M. J. C. Dawkins, A. N. Simonov, C. Jones, Dalton Trans. 2020, 49, 6627-
6634.

[14] a) Q. Knijnenburg, J. M. M. Smits, P. H. M. Budzelaar, Organometallics
2006, 25, 1036-1046; b) T. Jurca, K. Dawson, I. Mallov, T. Burchell, G. P. A.
Yap, D. S. Richeson, Dalton Trans. 2010, 39, 1266-1272; c) T. Jurca, J.
Lummiss, T. J. Burchell, S. I. Gorelsky, D. S. Richeson, J. Am. Chem. Soc.
2009, 131, 4608-4609; d) A. P. Singh, H. W. Roesky, E. Carl, D. Stalke, J.-
P. Demers, A. Lange, J. Am. Chem. Soc. 2012, 134, 4998-5003; e) T. Chu,
L. Belding, A. van der Est, T. Dudding, I. Korobkov, G. I. Nikonov, Angew.
Chem. Int. Ed. 2014, 53, 2711-2715; Angew. Chem. 2014, 126, 2749; f) G.
Reeske, A. H. Cowley, Chem. Commun. 2006, 4856-4858; g) J. Flock, A.
Suljanovic, A. Torvisco, W. Schoefberger, B. Gerke, R. Pottgen, R. C. Fis-
cher, M. Flock, Chem. Eur. J. 2013, 19, 15504-15517; h) D. L. Reger, T. D.
Wright, M. D. Smith, A. L. Rheingold, S. Kassel, T. Concolino, B. Rhagitan,
Polyhedron 2002, 21, 1795-1807; i) C. D. Martin, C. M. Le, P. J. Ragogna,
J. Am. Chem. Soc. 2009, 131, 15126-15127; j) C. D. Martin, P. J. Ragogna,
Inorg. Chem. 2012, 51, 2947-2953; k) C. D. Martin, P. J. Ragogna, Dalton
Trans. 2011, 40, 11976-11980; |) T. Jurca, |. Korobkov, S. I. Gorelsky, D. S.
Richeson, Inorg. Chem. 2013, 52, 5749-5756.

[15] a) S. S. Chitnis, J. H. W. LaFortune, H. Cummings, L. L. Liu, R. Andrews,
D. W. Stephan, Organometallics 2018, 37, 4540-4544; b) P. A. Gray, J. D.
Braun, N. Rahimi, D. E. Herbert, Eur. J. Inorg. Chem. 2020, 2105-2111.

[16] R. J. Baker, C. Jones, M. Kloth, D. P. Mills, New J. Chem. 2004, 28, 207-
213.

[17] a) E. J. Thompson, L. A. Berben, Angew. Chem. Int. Ed. 2015, 54, 11642—
11646; Angew. Chem. 2015, 127, 11808; b) A. Arnold, T. J. Sherbow, R. I.
Sayler, R. D. Britt, E. J. Thompson, M. T. Mufoz, J. C. Fettinger, L. A. Ber-
ben, J. Am. Chem. Soc. 2019, 141, 15792-15803; c) T. J. Sherbow, E. J.
Thompson, A. Arnold, R. I. Sayler, R. D. Britt, L. A. Berben, Chem. Eur. J.
2019, 25, 454-458; d) T. W. Myers, L. A. Berben, Chem. Sci. 2014, 5, 2771~
2777.

[18] S. Hermanek, Chem. Rev. 1992, 92, 325-362.

[19] a) F. Huang, Q. Xing, T. Liang, Z. Flisak, B. Ye, X. Hu, W. Yang, W.-H. Sun,
Dalton Trans. 2014, 43, 16818-16829; b) W. Zhang, W. Chai, W.-H. Sun,
X. Hu, C. Redshaw, X. Hao, Organometallics 2012, 31, 5039-5048.

[20] J. L. Dutton, C. D. Martin, M. J. Sgro, N. D. Jones, P. J. Ragogna, Inorg.
Chem. 2009, 48, 3239-3247.

[21] This spectrum is in [Dg]DMSO at 115 °CC as it is broad at room tempera-
ture.

[22] G. J. P. Britovsek, M. Bruce, V. C. Gibson, B. S. Kimberley, P. J. Maddox, S.
Mastroianni, S. J. McTavish, C. Redshaw, G. A. Solan, S. Stromberg, A. J. P.
White, D. J. Williams, J. Am. Chem. Soc. 1999, 121, 8728-8740.

Received: June 4, 2020

Eur. J. Inorg. Chem. 2020, 2955-2957 www.eurjic.org

2957

© 2020 Wiley-VCH GmbH



