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Synthesis and attempted reductions of bulky
1,3,5-triazapentadienyl groups 2 and 13 halide complexes
Indrek Pernik, Brant J. Maitland, Andreas Stasch, and Cameron Jones

Abstract: Threeextremelybulky1,3,5-triazapentadienes, ArNNNH(ArNNN=N{C(But)=N(Ar)}2;Ar=Mes (mesityl),Dep (2,6-diethylphenyl),or
Dip (2,6-diisopropylphenyl)) have been prepared and structurally characterized. These are readily deprotonated, yielding a series
of lithium and potassium triazapentadienyl complexes, one of which, (DipNNN)Li, has been structurally characterized. Similarly,
three monomeric triazapentadienyl magnesium iodide complexes, (ArNNN)MgI(OEt2), and a dimeric calcium counterpart,
{(MesNNN)Ca(THF)(�-I)}2, have been prepared. Attempts to reduce the former gave homoleptic bis(triazapentadienyl) magnesium
complexes, (ArNNN)2Mg (Ar = Mes or Dep) as the main products. One reaction also gave a very low yield of the magnesium(I)
dimer, {(DepNNN)Mg–}2, which was structurally characterized. In related chemistry, two triazapentadienyl boron difluoride
compounds, (ArNNN)BF2 (Ar = Mes or Dep), have been synthesized, and unsuccessful attempts have been made to reduce these to
boron(I) heterocycles. For sake of comparison, attempts have been made to prepare a series of related amino-substituted
�-diketiminato group 13 element(I) heterocycles. Although these were also not successful, several group 13 element(III) halide
complexes incorporating this ligand class have been characterized.

Key words: triazapentadienyl, steric bulk, �-diketiminate, group 2, group 13, magnesium(I).

Résumé : Nous avons synthétisé trois 1,3,5-triazapentadiènes extrêmement encombrés de formule ArNNNH [ArNNN = N{C(But)=
N(Ar)}2; Ar = Mes (mésityl), Dep (2,6-diéthylphényl) ou Dip (2,6-diisopropylphényl)] et les avons caractérisés du point de vue structural.
Ces composés sont facilement déprotonés, formant une série de complexes de type triazapentadiényle avec le lithium et le potassium.
La caractérisation de l’un d’entre eux, le (DipNNN)Li, a permis d’en révéler la structure. De manière similaire, nous avons préparé trois
complexes monomériques d’iodure de magnésium de type triazapentadiényl, de formule (ArNNN)MgI(OEt2), et un analogue dimérique
complexé avec le calcium, le {(MesNNN)Ca(THF)(�-I)}2. En tentant de réduire ces trois premiers complexes, nous avons obtenu
les complexes homoleptiques de type bis(triazapentadiényl)magnésium de formule (ArNNN)2Mg (Ar = Mes ou Dep) comme produits
majoritaires. Dans une réaction, nous avons également obtenu un très faible rendement du dimère de magnésium(I) {(DepNNN)Mg−}2,
que nous avons caractérisé pour en confirmer la structure. En employant une approche similaire, nous avons synthétisé deux
composés de type difluorure de triazapentadiénylbore, de formule (ArNNN)BF2 (Ar = Mes ou Dep), et notre tentative de réduire ces
hétérocycles de bore(I) s’est révélée infructueuse. À titre de comparaison, nous avons tenté de préparer une série d’hétérocycles
dérivés de type �-dicétiminate portant des substituants amines, complexés avec des éléments(I) du groupe 13. Bien que ces
dernières tentatives aient également été sans succès, nous avons caractérisé plusieurs complexes d’halogénures d’éléments(III)
du groupe 13 portant des ligands de cette classe. [Traduit par la Rédaction]

Mots-clés : triazapentadiényl, encombrement stérique, �-dicétiminate, groupe 2, groupe 13, magnésium(I).

Introduction
The fundamental and applied chemistry of compounds contain-

ing main group elements in very low oxidation states and (or) with
very low coordination numbers has rapidly expanded in recent
decades.1 This has been allowed by the development of numerous
sterically bulky ligands, which kinetically protect the coordinated
main group element from undergoing disproportionation pro-
cesses. One of the most successful ligand classes in this respect are
bulky aryl substituted, bidentate �-diketiminates (Nacnacs) (Fig. 1A),
which also provide thermodynamic stability to the coordinated
main group center through the chelate effect. Numerous exam-
ples of such ligands are known, the steric profiles of which are
relatively simple to tailor through alteration of the size of either
the N-aryl or backbone C-substituents.2 Tailoring the electronic
properties of �-diketiminates is not as commonly carried out,

though it is a strategy that is investigated. One recent example
involved replacement of the Nacnac backbone organyl substituent
with an amino group, to yield modified �-diketiminato ligands
(Fig. 1B), which are highly electron rich, by virtue of them possess-
ing resonance structures with two negatively charged N-donor
centers. The ligands were subsequently utilized in the stabiliza-
tion of several low oxidation main group complexes.3

Another electron-rich ligand class, which is closely related to
�-diketiminates, are the N,N=-chelating 1,3,5-triazapentadienyls (Fig. 1C).
Although a number of these have been developed and applied in
coordination chemistry,4 we are not aware of any instances where
they are incorporated into unusually low oxidation state N,N=-chelated
main group complexes. Here, we describe the syntheses of a series of
extremely bulky 1,3,5-triazapentadienes and their use in the prepa-
ration of a variety of 1,3,5-triazapentadienyl groups 2 and 13 metal
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halide complexes. Although the reduction of these species to give
low oxidation state complexes was largely unsuccessful, one low-
yielding triazapentadienyl coordinated magnesium(I) dimer has been
forthcoming.

Experimental

General methods
All manipulations were carried out using standard Schlenk and

glove box techniques under an atmosphere of high purity di-
nitrogen. Hexane and toluene were distilled over potassium, diethyl
ether was distilled over Na/K alloy (1:1), and dichloromethane was
distilled over CaH2. 1H and 13C{1H} NMR spectra were recorded on
Bruker AvanceIII 400 or Varian Inova 500 spectrometers and were
referenced to the resonances of the solvent used. 11B, 19F, and
7Li NMR spectra were recorded on a Bruker AvanceIII 400 spec-
trometer and referenced to external BF3(OEt2), CFCl3, and 1 mol/L
LiCl in D2O, respectively. Mass spectra were collected using an
Agilent Technologies 5975D inert MSD with a solid state probe.
FTIR spectra were recorded using a Perkin-Elmer RX1 spectrometer
as Nujol mulls between NaCl plates or on solid samples protected
from the atmosphere with a film of Nujol using an Agilent Cary 630
attenuated total reflectance (ATR) spectrometer. Microanalyses were
carried out by the Science Centre, London Metropolitan University.
Melting points were determined in sealed glass capillaries under
dinitrogen and are uncorrected. The compounds AlICl and GaICl
(both as solutions in toluene/THF),5 [PhC{C(NEt2)N(Mes)}2]Li3, and
[HC{C(NEt2)N(Mes)}2]Li3 were prepared by literature procedures.
Imidoyl chloride and amidine precursors to ArNNNH were pre-
pared by variations of literature procedures.6–8 All other reagents
were used as received.

MesNNNH
MesNC(Cl)But (10.7 g, 44.8 mmol) and MesNC(NH2)But (9.8 g,

44.8 mmol) were heated in a melt at 200 °C for 3 hours under a
nitrogen atmosphere. After being cooled to room temperature,
the resultant solid was dissolved in dichloromethane (70 mL), the
extract was washed with aqueous potassium carbonate solution
(1 mol/L, 20 mL) and dried (MgSO4), and then, volatiles were re-
moved in vacuo to give an off-white solid. The crude product was
recrystallized from boiling ethyl acetate to give the product as a
colourless solid (14.8 g, 79%). Mp 173–175 °C; 1H NMR (400 MHz,
298 K, C6D6): � 0.89 (v. br, 9H, C(CH3)3), 1.46 (s, 9H, C(CH3)3), 1.96 (v.
br, 12H, Ar–CH3), 2.12 (s, 3H, Ar–CH3), 2.26 (s, 3H, Ar–CH3), 4.75 (br,
1H, NH), 6.75 (s, 2H, ArH), 6.81 (s, 2H, ArH); 13C{1H} (101 MHz, 298 K,
CDCl3): � 18.5 (Ar–CH3), 19.0 (Ar–CH3), 21.0 (Ar–CH3), 29.0 (CCH3),
29.6 (CCH3), 39.1 (CCH3), 39.7 (CCH3), 128.6, 128.7, 128.8, 128.9, 131.5,
136.2 (Ar–C), 136.7 (NCN), 137.0 (NCN); IR �/cm−1 (Nujol): 3416 (N–H
str, m), 1670s, 1589s, 1478m, 1103s, 962m, 848m, 787m, 739w,
675w; MS/ESI m/z (%): 419.5 (M+, 100); acc. mass MS/ESI calc. for
C28H42N3

+: 420.3379, found: 420.3373.

DepNNNH
This was prepared using a similar procedure for the preparation

of MesNNNH but using DepNC(Cl)But (8.60 g, 34.2 mmol) and
DepNC(NH2)But (7.94 g, 34.2 mmol). The title compound was ob-
tained as a colorless crystalline solid (13.0 g, 84%). Mp 96–98 °C;
1H NMR (300 MHz, 298 K, CDCl3): � 1.15 (virt. t, 3J = 7.6 Hz, 12H,
CH2CH3), 1.25 (s, 9H, C(CH3)3), 1.29 (br, 9H, C(CH3)3), 2.44 (br. m, 8H,
CH2CH3), 6.94 (br, 2H, ArH), 7.04 (br., 4H, ArH), NH resonance not
observed; 13C{1H} NMR (101 MHz, 348 K, CDCl3): � 14.0 (CH2CH3),

14.5 (CH2CH3), 24.5 (CH2CH3), 24.9 (CH2CH3), 29.0 (C(CH3)3), 29.4
(C(CH3)3), 38.9 (C(CH3)3), 39.9 (C(CH3)3), 121.7, 225.9, 127.5, 133.8,
142.6, 146.3, 154.8 (NCN); IR �/cm−1 (Nujol): 3424 (N–H str, m), 1671s,
1597s, 1580(s), 1510(s), 1216m, 1097s, 954s, 800s, 753s, 696m; MS/ESI
m/z (%): 447.7 (M+, 100); acc. mass MS/ESI calc. for C30H46N3

+:
448.3692, found: 448.3685.

DipNNNH
This was prepared using a similar procedure for the preparation

of MesNNNH but using DipNC(Cl)But (2.47 g, 9.5 mmol) and
DipNC(NH2)But (2.65 g, 9.5 mmol). The title compound was ob-
tained, with poor reproducibility, as an impure white solid after
work-up. On one occasion, a small quantity of pure crystals were
obtained after recrystallization from ethanol. Mp 225–227 °C;
MS/ESI m/z (%): 503.6 (MH+, 100); anal. calc. for C34H53N3: C 81.06%,
H 10.60%, N 8.34%; found: C 80.95%, H 10.81%, 8.31%. N.B. No other
spectroscopic data could be reliably assigned due to the poor re-
producibility of the compound synthesis, and the fact that, when
formed, it was always contaminated with significant amounts of
unidentified products. The impure product mix containing DipNNNH
was used in subsequent syntheses.

(MesNNN)Li·OEt2 (1a)
To a solution of MesNNNH (1.0 g, 2.38 mmol) in diethyl ether

(20 mL) at −80 °C was added a solution of BunLi in hexane (1.58 mL,
1.65 mol/L, 2.53 mmol). The resultant solution was warmed to
room temperature and left to stir overnight. The reaction mixture
was then concentrated in vacuo, leading to the formation of 1a as
a white precipitate. This was collected by filtration. A second crop
of 1a, as a colourless crystalline solid, was obtained by cooling the
mother liquor to 2 °C overnight (0.65 g, 55%). Mp > 260 °C; 1H NMR
(400 MHz, 298 K, C6D6): � 0.52 (t, 3J = 6.7 Hz, 6H, CH3CH2O), 1.43 (s,
18H, C(CH3)3), 2.19 (s, 12H, Ar–CH3), 2.21 (s, 6H, Ar–CH3), 2.61 (q, 3J =
6.7 Hz, 4H, OCH2), 6.61–6.74 (m, 4H, Ar–H); 13C{1H} NMR (100 MHz,
298 K, C6D6): � 13.7 (OCH2CH3), 19.1 (Ar–CH3), 20.6 (Ar–CH3), 31.0
(C(CH3)3), 44.3 (C(CH3)3), 65.1 (OCH2), 128.2, 124.4, 128.5, 148.4 (Ar–C),
170.1 (NCN); 7Li NMR (154 MHz, 298 K, C6D6): � 1.25; IR �/cm−1 (ATR):
1064m, 1022m, 1006m, 950w, 931w, 909m, 878m, 858s, 836m, 791w,
758m, 733s; MS/EI m/z (%): 419.3 (MesNNN+, 20), 362.4 (MesNNN+–But, 100),
285.3 (MesNNN+–NMes, 29); anal. calc. for C32H51LiN3O: C 76.76%,
H 10.27%, N 8.39%; found: C 77.83%, H 9.62%, N 9.72%.

(DepNNN)Li·OEt2 (1b)
This was prepared using a similar procedure for the preparation

of 1a but using DepNNNH (4.0 g, 8.93 mmol) and BunLi in hexane
(6.2 mL, 1.6 mol/L, 9.82 mmol). The title compound was obtained
as a pale yellow crystalline solid after work-up (3.80 g, 81%).
Mp > 260 °C; 1H NMR (300 MHz, 298 K, C6D6): � 0.44 (t, 3J = 7.0 Hz,
6H, OCH2CH3), 1.20 (t, 3J = 7.6 Hz, 12H, CH2CH3), 1.42 (s, 18H,
C(CH3)3), 2.54 (q, 3J = 7.0 Hz, 4H, OCH2), 2.66 (q, 3J = 7.6 Hz, 8H,
CH2CH3), 6.95–7.04 (m, 6H, Ar–H); 13C{1H} NMR (75 MHz, 298 K,
C6D6): � 13.5 (OCH2CH3), 13.8 (CH2CH3), 25.0 (CH2CH3), 31.6 (C(CH3)3),
44.9 (C(CH3)3), 64.5 (OCH2), 121.8, 125.0, 134.2, 150.2 (Ar–C), 169.9
(NCN); 7Li NMR (154 MHz, 298 K, C6D6): � 1.09; IR �/cm−1 (ATR):
1192w, 1138w, 1115m, 1099m, 967m, 861w, 808s, 753s, 712w; MS/EI
m/z (%): 453.3 (M+-OEt2, 0.1), 447.4 (DepNNNH+, 17), 418.4 (DepNNN+–Et, 9),
390.4 (DepNNN+–But, 100); anal. calc. for C30H45LiN3: C 79.25%,
H 9.98%, N 9.24%; found: C 79.27%, H 9.02%, N 9.72%, N.B. diethyl
ether of coordination was readily lost during the drying process.

(DipNNN)Li (1c)
This was prepared using a similar procedure for the preparation

of 1a but using impure DipNNNH (0.9 g) and BunLi in hexane
(1.40 mL, 1.6 mol/L, 2.20 mmol). The title compound was obtained
as a pure colorless crystalline solid after recrystallization from
hexane (0.35 g, ca. 37%). Mp 209–212 °C; 1H NMR (400 MHz, 303 K,
C6D6): � 0.93 (d, 3J = 6.8 Hz, 12H, CH(CH3)2), 1.31 (d, 3J = 6.8 Hz, 12H,
CH(CH3)2), 1.43 (s, 18H, C(CH3)3), 3.29 (sept, 3J = 6.8 Hz, 4H,

Fig. 1. Generic representations of (A) bulky �-diketiminates,
(B) amino-substituted �-diketiminates, and (C) 1,3,5-triazapentadienyls.
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CH(CH3)2), 7.04 (m, 6H, ArH); 13C{1H} NMR (100 MHz, 303 K, C6D6):
� 21.7 (C(CH3)3), 24.0 (CH(CH3)2), 26.7 (CH(CH3)2), 30.4 (CH(CH3)2),
44.0 (C(CH3)3), 121.3, 122.0, 137.6, 146.4 (Ar–C), 168.6 (NCN); 7Li NMR
(154 MHz, 303 K, C6D6): � 1.35; IR �/cm−1 (ATR): 1617w, 1391w,
1248m, 1035m, 895s, 832s, 752s, 683m; MS/EI m/z (%): 504.4
(DipNNNH+, 100%); anal. calc. for C34H52N3Li: C 80.11%, H 10.28%,
N 8.24%; found: C 79.81%, H 10.12%, N 8.27%.

(MesNNN)K (2a)
A Schlenk flask was charged with MesNNNH (1.50 g, 3.57 mmol)

and K[N(SiMe3)2] (0.71 g, 3.57 mmol). The flask was cooled to −20 °C
and toluene (also pre-cooled to −20 °C) was added. This resulted in
a yellow solution that was allowed to stir overnight at room tem-
perature. Volatiles were then removed in vacuo, and the resultant
oil was washed with hexane. After heating the oil for 70 °C for
1 hour in vacuo, 2a was left as a white solid (1.10 g, 66%). Mp
162–167 °C; 1H NMR (300 MHz, 298 K, C6D6): � 1.12 (s, 18H, C(CH3)3),
1.93 (s, 12H, Ar–CH3), 2.24 (s, 6H, Ar–CH3), 6.80 (s, 4H, ArH);
13C{1H} NMR (100 MHz, 303 K, C6D6): � 19.4 (Ar–CH3), 21.0 (Ar–CH3),
31.0 (C(CH3)3), 40.5 (C(CH3)3), 129.2, 129.4, 130.0, 149.0, 162.6 (NCN);
IR �/cm−1 (ATR): 1590m, 1354m, 1296w, 1238m, 1205w, 1154w,
1106m, 1030w, 1007w, 941m, 923m, 851m; MS/EI m/z (%): 419.4
(MesNNN+, 100). A reproducible microanalysis could not be ob-
tained due to the highly air- and moisture-sensitive nature of the
compound.

(DepNNN)K (2b)
This was prepared using a similar procedure for the preparation

of 2a but using DepNNNH (1.12 g, 2.73 mmol) and K[N(SiMe3)2]
(0.50 g, 2.73 mmol). The title compound was obtained as a white
solid after work-up (0.73 g, 60%). Mp > 260 °C; 1H NMR (400 MHz,
298 K, C6D6): � 1.10 (br. t, 3J = 7.2 Hz, 12H, CH2CH3), 1.24 (s, 18H,
C(CH3)3), 2.41 (br, 8H, CH2CH3), 6.85 (t, 3J = 7.4 Hz, 2H, ArH), 7.00 (d,
3J = 7.4 Hz, 4H, ArH); a meaningful 13C NMR spectrum could not be
obtained due to the low solubility of the compound in C6D6; IR
�/cm−1 (ATR): 1580m, 1522w, 1097m, 1026w, 1003w, 954m, 936m,
798m, 745s, 692m; MS/EI m/z (%): 485.3 (M+, 2), 447.4 (DepNNNH+,
14), 390.3 (M+–But, 100), 299.3 (M+–NDep, 13); A reproducible
microanalysis could not be obtained due to the highly air- and
moisture-sensitive nature of the compound.

(MesNNN)MgI(OEt2) (3a)
MeMgI (1.8 mL, 3.0 mol/L, 5.4 mmol) in diethyl ether was added

to a solution of MesNNNH (2.0 g, 4.76 mmol) in diethyl ether
(20 mL) at −60 °C. The reaction mixture was warmed to room
temperature, which led to the formation of white precipitate. The
suspension was left standing in a fridge overnight followed by a
filtration of the precipitate at 0 °C. The obtained white solid was
dried in vacuo (2.4 g, 78%). Mp = 253–256 °C; 1H NMR (300 MHz,
298 K, C6D6): � 0.55 (br, 6H, OCH2CH3), 1.28 (s, 18H, C(CH3)3)), 2.13 (s,
6H, Ar–CH3), 2.29 (br, 6H, Ar–CH3), 2.58 (br, 6H, Ar–CH3), 3.23 (q,
3J = 7 Hz, 4H, OCH2CH3), 6.72 (s, 4H, Mes–H); 13C{1H} NMR (100 MHz,
303 K, C6D6): � 13.2 (OCH2CH3), 20.1 (Ar–CH3), 20.9 (Ar–CH3), 22.2
(Ar–CH3), 30.8 (C(CH3)3), 44.9 (C(CH3)3), 66.8 (OCH2CH3), 129.1,
129.9, 133.1, 144.4 (Ar–C), 176.8 (NCN); IR �/cm−1 (ATR): 1524m,
1476m, 1189s, 1140s, 1090m, 1033s, 956w, 933w, 904m, 882s, 860s,
840m,787s;MS/EI m/z (%): 443.3 (MesNNNMgH+,<1), 419.4 (MesNNNH+, 11),
362.3 (MesNNNH+–But, 100). N.B. A reproducible microanalysis could
not be obtained for the compound, as it consistently co-crystallised
with small amounts (ca. 5%) of protonated ligand, MesNNNH, which
proved inseparable, even after several attempted fractional crystalli-
zations.

(DepNNN)MgI(OEt2) (3b)
This was prepared using a similar procedure for the preparation

of 3a but using DepNNNH (2.0 g, 4.47 mmol) and MeMgI (1.64 mL,
3.0 mol/L, 4.92 mmol) in diethyl ether. The title compound was
obtained as a white solid after work-up (2.60 g, 87%). Mp > 260 °C;

1H NMR (400 MHz, 298 K, C6D6): � 0.34 (br, 6H, OCH2CH3), 1.09 (s,
18H, C(CH3)3), 1.13 (br m, 12H, CH2CH3), 2.50 (br, 4H,CH2CH3), 2.75
(br, 2H, CH2CH3), 3.03 (q, 3J = 7.0 Hz, 4H, OCH2CH3), 3.13 (br, 2H,
CCH2CH3), 6.90 (br, 6H, ArH); 13C{1H} NMR (100 MHz, 303 K, C6D6):
� 13.2 (CH2CH3), 13.3 (OCH2CH3), 26.4 (CH2CH3), 30.9 (C(CH3)3), 45.1
(C(CH3)3), 66.8 (OCH2CH3), 124.5, 127.9, 128.2, 146.9 (Ar–C), 176.9
(NCN); IR �/cm−1 (ATR): 1590w, 1500s, 1195m, 1168s, 1153s, 1108m,
1028s, 894m, 862m, 809m, 780s, 759s; MS/EI m/z (%): 470.3
(DepNNNMg+, <1), 447.4 (DepNNNH+, 14), 390.3 (DepNNNH+–But, 73),
216.18 (DepNCBut+, 100). N.B. A reproducible microanalysis could
not be obtained for the compound, as it consistently co-crystallised
with small amounts (ca. 4%) of protonated ligand, DepNNNH, which
proved inseparable, even after several attempted fractional crystalli-
zations.

(DipNNN)MgI(OEt2) (3c)
This was prepared using a similar procedure for the preparation

of 3a but using DipNNNH (0.31 g, 0.61 mmol) and MeMgI (0.279 mL,
1.10 mol/L, 0.738 mmol) in diethyl ether. The title compound was
obtained as an impure white solid after work-up. Several recrys-
tallizations led to a small amount of the title compound as pure
colorless crystalline solid (0.05 g, 9%). Mp > 200 °C (decomp.);
1H NMR (400 MHz, 298 K, C6D6): � 0.69 (br, 6H, OCH2CH3), 1.10 (s,
18H, C(CH3)3), 1.30 (br, 24H, CH(CH3)2), 3.37 (q, 3J = 7.0 Hz, 4H,
OCH2CH3), 3.56 (br, 4H, CH(CH3)2, 7.05 (m, 6H, ArH); meaningful
13C NMR data could not be obtained due to the low yield of pure
material; IR �/cm−1 (ATR): 1502w, 1088s, 1015s, 895m, 794s, 755m,
700w, 684m; MS/EI m/z (%): 728.8 (M+, 100%); anal. calc. for
C38H62N3MgIO: C 62.68%, H 8.58%, N 5.77%; found: C 62.50%,
H 8.64%, N 5.54%.

{(MesNNN)Ca(THF)(�-I)}2 (4)
From one reaction of 2a with CaI2 in a THF solution carried out

at −80 °C and subsequently warmed to room temperature, a few
colorless crystals of the title compound were isolated after work-up.
No spectroscopic data for the compound could be obtained due to
its very low yield.

(MesNNN)2Mg (5a)
3a (0.30 g, 0.47 mmol) was added to a Schlenk flask, the bottom

of which was coated with a sodium mirror (ca. 0.5 g). The solid was
dissolved in toluene (20 mL) and diethyl ether (5 mL), and the
solution stirred for 1 hour. The solution was then filtered, and the
resultant pale yellow filtrate concentrated in vacuo to the point of
crystallization. The solution was then placed in the fridge over-
night to yield the title compound as a colorless crystalline solid
(0.13 g, 24%). 1H NMR (400 MHz, 298 K, C6D6): � 1.18 (s, 36H,
C(CH3)3), 1.96 (s, 24H, Ar–CH3), 2.16 (s, 12H, Ar–CH3), 6.58 (s, 8H,
Mes–H); 13C{1H} NMR (100 MHz, 298 K, C6D6): � 20.1 (Ar–CH3), 20.8
(Ar–CH3), 31.0 (C(CH3)3), 45.1 (C(CH3)3), 129.2, 132.7, 133.0, 144.9
(Ar–C), 176.9 (NCN); IR �/cm−1 (ATR): 1509s, 1165m, 1141s, 1021m,
957w, 935w, 877s, 852m, 758m; MS/EI m/z (%): 860.9 (M+, 3), 803.8
(M+–But, 3), 442.3 (MesNNNMg+, 3), 419.4 (MesNNN+, 8), 362.3
(MesNNN+–But, 60), 202.1 (MesNCBut+, 100). A reproducible micro-
analysis could not be obtained for the compound, as it consis-
tently co-crystallised with small amounts (ca. 6%) of protonated
ligand, MesNNNH, which proved inseparable, even after several
attempted fractional crystallizations.

(DepNNN)2Mg (5b)
This was prepared using a similar procedure for the preparation

of 5a but using 3b (0.67 g, 1.0 mmol) as the starting material. The
title compound was obtained as a colorless crystalline solid after
work-up (0.25 g, 54%). N.B. In one reduction reaction, a few yellow
crystals of the magnesium(I) dimer, {(DepNNN)Mg–}2 6, were ob-
tained after work-up. No spectroscopic data could be obtained for
this compound due to its low yield. Data for 5b: Mp > 260 °C;
1H NMR (300 MHz, 298 K, C6D6): � 1.10 (t, 3J = 7.5 Hz, 24H, CH2CH3),
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1.16 (s, 36H, C(CH3)3), 2.14 (m, 3J = 7.5 Hz, 8H, CH2CH3), 2.56 (m, 3J =
7.5 Hz, 8H, CH2CH3), 6.95 (d, 3J = 7.3 Hz, 8H, ArH), 7.03 (t, 3J = 7.3 Hz,
4H, ArH); 13C{1H} NMR (100 MHz, 298 K, C6D6): � 13.0 (CH2CH3), 24.0
(CH2CH3), 31.0 (C(CH3)3), 45.0 (C(CH3)3), 124.3, 124.7, 137.4, 146.4
(Ar–C), 176.2 (NCN); IR �/cm−1 (ATR): 1508m, 1108m, 1090m, 1029m,
995m, 918w, 895m, 862w, 810w, 781s, 759s, 739m; MS/EI m/z (%):
917.0 (M+, 1), 859.9 (M+–But, 2), 470.3 (DepNNNMg+, 16), 216.18
(DepNCBut+, 100), 160.1 (DepNC+, 70); A reproducible microanalysis
could not be obtained for the compound, as it consistently co-
crystallised with small amounts (ca. 8%) of protonated ligand,
DepNNNH, which proved inseparable, even after several attempted
fractional crystallizations.

(MesNNN)BF2 (7a)
Freshly distilled BF3(Et2O) (0.77 g, 0.70 mL, 5.4 mmol) was added

to a solution of 1a (2.10 g, 4.0 mmol) in diethyl ether (30 mL) at
room temperature. The reaction mixture was stirred overnight,
resulting in a pale yellow solution. Volatiles were removed in
vacuo and the residue extracted with toluene. Volatiles were re-
moved from the extract in vacuo, and the residue heated at 40 °C
under reduced pressure for 1 h. This yielded the title compound as
pale yellow solid (1.80 g, 96%). Crystals of the compound suitable
for X-ray crystallography were grown from a toluene solution. Mp
164–166 °C; 1H NMR (C6D6, 400 MHz, 298 K): � 1.17 (s, 18H, C(CH3)3),
2.03 (s, 6H, Ar–CH3), 2.37 (s, 12H, Ar–CH3), 6.69 (s, 4H, ArH);
13C{1H} NMR (C6D6, 101 MHz, 298 K): � 19.7 (Ar–CH3), 20.9 (Ar–CH3),
30.4 (C(CH3)3), 42.4 (C(CH3)3), 129.2, 135.8, 136.8, 137.1 (Ar–C), 175.6
(NCN); 11B NMR (C6D6, 128 MHz, 298 K): � 0.7 (t, JBF = 28 Hz); 19F NMR
(C6D6, 376 MHz, 298 K): � −134.3 (q, JBF = 28 Hz); IR �/cm−1 (ATR):
1609w, 1530s, 1515s, 1151w, 1130w, 1079m, 1047s, 1029s, 976s, 942s,
875w, 850m, 800w; MS/EI m/z (%): 467.4 (M+, 10), 452.4 (M+–Me, 27),
362.3 (MesNNN–But+, 22), 202.1 (MesNCBut, 100); anal. calc. for
C30H44BF2N3: C 71.94%, H 8.63%, N 8.99%; found: C 70.84%, H 8.78%,
N 9.05%.

(DepNNN)BF2 (7b)
This was prepared using a similar procedure for the preparation

of 7a but using 1b (0.50 g, 0.95 mmol) and BF3(OEt2) (0.18 g,
0.16 mL, 1.29 mmol). The title compound was obtained as pale
yellow solid after work-up. Crystals of the compound suitable for
X-ray crystallography were grown from a hexane solution (0.42 g,
89%). Mp 160–161 °C; 1H NMR (C6D6, 400 MHz, 298 K): � 1.13 (s, 18H,
C(CH3)3), 1.27 (t, 3J = 7.5 Hz, 12H, CH2CH3), 2.53 (m, 4H, CH2CH3),
3.00 (m, 4H, CCH2CH3), 7.00 (d, 3J = 7.6 Hz, 4H, ArH), 7.08 (dd, 3J =
8.5 Hz, 3J = 6.6 Hz, 2H, ArH); 13C{1H} NMR (C6D6, 101 MHz, 298 K):
� 14.2 (CH2CH3), 24.8 (CH2CH3), 30.4 (C(CH3)3), 42.5 (C(CH3)3), 125.6,
127.9, 138.1, 141.4 (Ar–C), 175.7 (NCN); IR �/cm−1 (ATR): 1648w,
1529m, 1512m, 1134w, 1093m, 1048s, 971s, 935w, 885m, 874m,
811m, 775s; MS/EI m/z (%): 495.6 (M+, 6), 466.5 (M+-Et, 36), 438.4
(M+–But, 4), 216.2 (DepNCBut+, 100), 160.1 (DepNC+, 76). N.B. A re-
producible microanalysis could not be obtained due to the mois-
ture sensitive nature of the compound.

PhC{C(NEt2)N(Mes)}2BF2 (8)
Freshly distilled BF3(Et2O) (0.062 g, 0.054 mL, 0.43 mmol) was

added to a solution of [PhC{C(NEt2)N(Mes)}2]Li (0.230 g, 0.43 mmol)
in diethyl ether (5 mL) at room temperature. The solution was
then stirred at room temperature for 16 hours. Volatiles were
removed in vacuo and hexane added to the residue. This resulted
in a yellow solution containing a white suspended solid. The sus-
pension was filtered and volatiles removed in vacuo, leaving the
title compound as a pale yellow solid (160 mg, 78%). Mp 130–135 °C;
1H NMR (C6D6, 400 MHz, 298 K): � 0.42 (t, 3J = 7.2 Hz, 12H,
NCH2CH3), 2.15 (s, 6H, Ar–CH3), 2.54 (s, 12H, Ar–CH3), 2.82 (q, 3J =
7.2 Hz, 8H, NCH2CH3), 6.81 (s, 4H, ArH), 7.07 (d, 3J = 7.6 Hz, 1H, PhH),
7.13 (t, 3J = 7.6 Hz, 2H, PhH), 7.47 (d, 3J = 7.6 Hz, 2H, PhH);
13C{1H} NMR (C6D6, 75 MHz, 298 K): � 12.0 (NCH2CH3), 13.2 (Ar–
CH3), 20.0 (Ar–CH3), 44.1 (NCH2CH3), 126.3, 128.9, 129.7, 134.4, 135.0,

135.2, 139.5, 140.0 (Ar–C), 168.8 (NCN), N.B. CC(Ph)C resonance not
observed; 11B NMR (C6D6, 128 MHz, 298 K): � 1.4 (t, JBF = 30 Hz);
19F NMR (C6D6, 376 MHz, 298 K): � −144.2 (q, JBF = 30 Hz); IR �/cm−1

(ATR): 1611w, 1596w, 1500m, 1229m, 1134m, 1056s, 998m, 925m,
849m, 804m, 773m; MS/EI m/z (%): 572.5 (M+, 31), 557.4 (M+-Me, 64),
543.4 (M+-Et, 27), 451.3 (PhC{C(NEt2)N(Mes)}2–NEt2

+, 95). N.B. A re-
producible microanalysis could not be obtained due to the mois-
ture sensitive nature of the compound.

HC{C(NEt2)N(Mes)}2AlCl2 (10)
From one reaction of [HC{C(NEt2)N(Mes)}2]Li with AlICl in a tol-

uene/THF solution carried out at −80 °C and subsequently warmed
to room temperature, a few colorless crystals of the title com-
pound were isolated after work-up. No spectroscopic data for the
compound could be obtained due to its very low yield.

HC{C(NEt2)N(Mes)}2Ga(H)Cl (11)
From one reaction of [HC{C(NEt2)N(Mes)}2]Li with GaICl in a

toluene/THF solution carried out at −80 °C and subsequently
warmed to room temperature, a few colorless crystals of the title
compound were isolated after work-up. No spectroscopic data for
the compound could be obtained due to its very low yield.

X-ray crystallography
Crystals of ArNNNH, 1c, 3a–3c, 4, 5a–5b, 6, 7a–7b, 8, 10, and 11

suitable for X-ray structural determination were mounted in sili-
cone oil. Crystallographic measurements were made using either
a Bruker Apex X8 diffractometer employing a graphite monochro-
mator with Mo K� radiation (� = 0.71073 Å) or the MX1 beamline of
the Australian Synchrotron (� = 0.71080 Å or 0.71090 Å). The soft-
ware package Blu-Ice9 was used for synchrotron data acquisition,
whereas the program XDS10 was employed for synchrotron data
reduction. The structures were solved by direct methods and re-
fined on F2 by full matrix least squares (SHELX9711) using all
unique data. All non-hydrogen atoms are anisotropic with non-
hydride and non-amine hydrogen atoms included in calculated
positions (riding model). The positional parameters of the hydride
ligand of 11 and the amine protons of ArNNNH were refined. Com-
pound 6 co-crystallized with a small amount (ca. 15%) of the hy-
drolysis product {(DepNNN)Mg(�-OH)}2. Crystal data, details of data
collections, and refinement details are given in Supplementary
Table S1.

Scheme 1. Synthesis of new triazapentadienes and compounds 1a–1c
and 2a–2b.
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Results and discussion

Ligand development
Three new 1,3,5-triazapentadiene pro-ligands, ArNNNH (Ar =

Mes (mesityl), Dep (2,6-diethylphenyl), or Dip (2,6-diisopropylphenyl)),
bearing bulky N-aryl and tert-butyl backbone substituents, were
synthesized using a variation of previously reported methods.
That is, the appropriate imidoyl chloride and amidine were com-
bined and heated in a melt at 200–230 °C for several hours, before
basic work-up (Scheme 1). This route reliably afforded good yields
of MesNNNH and DepNNNH, though the synthesis of DipNNNH
was poorly reproducible and always led to mixtures of inseparable
products, whether DipNNNH was present in the mix or not. Alter-
native procedures for the synthesis of DipNNNH were explored,
though none were successful.

The spectroscopic data for MesNNNH and DepNNNH are consis-
tent with their proposed structures and suggest that the com-
pounds exist as one isomeric form in solution. In contrast, these
data for DipNNNH could not be confidently assigned as a result of
the inability to obtain the compound in a pure form. However, the
X-ray crystal structures of all three pro-ligands were obtained (see
Fig. 2 for the structure of DepNNNH, and Supplementary material
for structures of MesNNNH and DipNNNH). In all, the N3C2 back-
bone is nonplanar, and the amine proton resides on one of the
terminal N-centers. This is a similar situation to the majority of
the handful of N-aryl substituted 1,3,5-triazapentadienes that
have been crystallographically characterized.4b,12 As in those
cases, the N–C bond lengths in the nonplanar, unconjugated
backbone suggest alternating localized double and single bonds.
The only previously reported exception is the related compound,
N{C(Ph)N(Dip)}{C(Ph)N(H)(Dip)}, in which the N–C bonds within
the N3C2 backbone are conjugated and which exhibits intra-
molecular N–H···N hydrogen bonding, as is typically seen for re-
lated �-diketimines.4b

Thedeprotonationof ArNNNHwithBunLiproceededsmoothly,yield-
ing 1,3,5-triazapentadienyl lithium salts, 1a–1c, which were seen
as suitable ligand transfer reagents for further chemistry
(Scheme 1). It is worth noting that lithiation of impure mixtures
containing DipNNNH allowed for the separation of the pure lith-
ium salt, 1c, upon work-up. Deprotonation of MesNNNH and
DepNNNH with KN(SiMe3)2 to give triazapentadienyl potassium
salts, 2a–2b, is also achievable, though the yields are lower than
those obtained from the corresponding lithiation reactions.

The X-ray crystal structure of 1c (Fig. 2) was obtained, and this
revealed it to be monomeric, with the Li center N,N-chelated by a
near planar, delocalized 1,3,5-triazapentadienyl ligand, as has been
previously observed for lithium salts of this ligand class.12d However,
in the present case, the Li center is two-coordinate and unsolvated,

whereas in previously reported 1,3,5-triazapentadienyl lithium com-
plexes and in 1a–1b, the lithium center is coordinated by an ether
molecule. This presumably reflects the extreme steric bulk of the
ligand in 1c, the backbone tert-butyl groups of which interact with
the Dip groups, compressing the bite angle of the chelating ligand,
relative to those in less bulky 1,3,5-triazapentadienyl lithium com-
plexes. It is of note that related two-coordinate N,N=-chelated
�-diketiminato lithium complexes have been previously described.13

Group 2 chemistry
We have had considerable success in preparing magnesium(I) di-

mers stabilized by incorporation of bulky N,N-chelating �-diketiminate
ligands.14 Given the structural similarities between �-diketiminate
and 1,3,5-triazapentadienyl ligands and the potentially higher elec-
tron density at the N-donor centers of the latter, we believed that
bulky triazapentadienyls might be suitable for the preparation of
new magnesium(I) dimers. Moreover, it was deemed worthwhile to
explore their use in the preparation of related calcium(I) dimers,
LCa–CaL, examples of which are currently unknown.

As suitable precursors to target magnesium(I) dimers, the mag-
nesium(II) iodide complexes, 3a–3b, were prepared in good yields
by reaction of the appropriate pro-ligand with MeMgI (Scheme 2).
The more sterically hindered complex, 3c, was obtained by a sim-
ilar procedure, but the impurity of the triazapentadiene starting
material, DipNNNH, meant that only low yields of pure 3c could be
obtained after work-up. The magnesium compounds are also
accessible by reaction of MgI2 with lithium triazapentadienyls,
1a–1c, though the product yields are much reduced. For sake of
comparison, reactions of the potassium salts, 2a–2b, with CaI2
were carried out, though these typically led to intractable product
mixtures. With that said, from one reaction, a few crystals of the
triazapentadienyl calcium iodide complex, 4, were isolated. Al-

Fig. 2. Thermal ellipsoid plot (25% probability surface) of the molecular structures of (a) DepNNNH and (b) (DipNNN)Li 1c. Hydrogen atoms,
except the amine proton, are omitted. Selected bond lengths (Å) and angles (°) for DepNNNH: N(1)–C(11) 1.375(3), N(2)–C(11) 1.274(3), N(2)–C(16)
1.384(3), N(3)–C(16) 1.290(3); for 1c: N(1)–Li(1) 1.883(2), N(1)–C(1) 1.3227(15), C(1)–N(2) 1.3393(14), N(1)–Li(1)–N(1)’ 102.33(16).

Scheme 2. Synthesis of compounds 3a–3c and 4.
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though no spectroscopic data could be obtained for this com-
pound, details of its X-ray crystal structure are included.

The molecular structures of 3a–3c are broadly similar; there-
fore, only that for 3b is depicted in Fig. 3 (see Supplementary
material for structures of 3a and 3c). All the compounds are mo-
nomeric with distorted tetrahedral Mg centres. Presumably due to
the bulk of the triazapentadienyl ligands and the resultant steric
buttressing with the MgI(OEt2) fragments of the complexes, the
N3C2 backbones of those ligands are slightly distorted (by twist-
ing) from being planar, whereas the Mg centers sit significantly
above the backbone least squares plane (e.g., by 0.82 Å in the case
of 3b). Despite this, the N–C bond lengths within those backbones
are suggestive of partial delocalization. By comparison, a greater
degree of electronic delocalisation is typically seen in related
�-diketiminate complexes, (Nacnac)MgI(OEt2), the N2C3 backbone
fragments of which are essentially planar,15 even though their Mg
centers can sit significantly above that plane (cf. 3a–3c). Not sur-
prisingly, due to the relative size of calcium versus magnesium
(covalent radii: 1.74 Å and 1.36 Å, respectively16), the calcium
iodide complex, 4, exists as an iodide bridged dimer in the solid
state (Fig. 3). The calcium centers of the complex have distorted
square based pyramidal coordination geometries and are mark-
edly above the ligand backbone least squares plane (by 1.39 Å).
Moreover, as is the case for 3a–3c, the N3C2 backbones of 4 are
slightly distorted from planarity, though they seemingly exhibit
significant electronic delocalization.

Reductions of the magnesium iodide complexes, 3a and 3b,
over sodium mirrors (excess) in toluene/diethyl ether solutions
were carried out at room temperature. In the former case, all of
the magnesium iodide starting material was consumed within
1 hour, and a number of products were formed, as determined by
a 1H NMR spectroscopic analysis of the product mixture. The re-
duction of bulkier 3b was slower but was still complete within
24 hours, again yielding a mixture of products. The reactions of
3a–3b with sodium mirrors are markedly faster than those re-
ported for the sterically similar N-Mes and N-Dep substituted
(Nacnac)MgI(OEt2) complexes (bearing methyl backbone substitu-
ents15). These take ca. 4–5 days to reach completion and afford
good yields of magnesium(I) dimers, (Nacnac)Mg-Mg(Nacnac),
and small amounts of homoleptic magnesium(II) by-products,
Mg(Nacnac)2. In the present reactions, the only products that

could be isolated in appreciable quantities were the related colour-
less, crystalline homoleptic complexes, 5a–5b (Scheme 3). It should
be noted, however, that in one reduction of 3b, a few yellow crystals
of the triazapentadienyl coordinated magnesium(I) dimer, 6, were
isolated and crystallographically characterized. Unfortunately, no
spectroscopic data could be obtained for the compound due to its
very low yield. It is currently not known why triazapentadienyl
magnesium iodide complexes are considerably more reactive to-
wards reduction than their �-diketiminato counterparts, though
this is a possible reason why homoleptic complexes are predom-
inantly formed from reduction of the former. That is, the preva-
lence of transient magnesium(I) dimer products to undergo
disproportionation processes under the reaction conditions em-
ployed is greater for triazapentadienyl-based systems. With that
said, altering the reduction conditions by treating 3a–3b with
stoichiometric amounts of sodium or KC8 still led to 5a–5b as the
major isolated products.

The crystal structures of 5a and 5b are very similar so only the
molecular structure of 5a is depicted in Fig. 4 (see Supplementary
material for that of 5b). The compounds possess distorted tetra-
hedral magnesium geometries, and overall, the structures are
closely related to those of homoleptic �-diketiminato magnesium
complexes, Mg(Nacnac)2, including comparable N–Mg bond lengths
and N–Mg–N angles.14 The molecular structure of the magnesium(I)
dimer, 6, reveals it again to be broadly similar to its �-diketiminato
analogues14 and its Mg–Mg bond length lies in the range recorded
for those compounds. The magnesium centers of the compound
have trigonal planar coordination geometries and its six-membered
heterocycles are close to planar and exhibit N–C bond lengths that

Fig. 3. Thermal ellipsoid plot (25% probability surface) of the molecular structures of (a) (DepNNN)MgI(OEt2) 3b and (b) {(MesNNN)Ca(THF)(�-I)}2 4.
Hydrogen atoms are omitted. Selected bond lengths (Å) and angles (°) for 3b: I(1)–Mg(1) 2.6629(8), Mg(1)–O(1) 2.0277(19), Mg(1)–N(3) 2.029(2), Mg(1)–N(1)
2.048(2), N(1)–C(11) 1.305(3), N(2)–C(16) 1.335(3), N(2)–C(11) 1.362(3), N(3)–C(16) 1.344(3), N(3)–Mg(1)–N(1) 92.02(9); for 4: I(1)–Ca(1) 3.1039(12),
I(1)–Ca(1)’ 3.1471(10), Ca(1)–N(3) 2.330(2), Ca(1)–N(1) 2.332(2), Ca(1)–O(1) 2.354(2), N(1)–C(1) 1.309(3), C(1)–N(2) 1.359(3), N(2)–C(6) 1.340(3), N(6)–C(3)
1.327(3), N(3)–Ca(1)–N(1) 76.93(8).

Scheme 3. Synthesis of compounds 5a–5b and 6.
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imply significant electronic delocalization over the ligand back-
bone fragments.

Group 13 chemistry
�-Diketiminates have proved their worth as stabilizing ligands

in low oxidation state group 13 chemistry, and metal(I) complexes
of the type (Nacnac)M: (M = Al, Ga, In or Tl), are known for all the
heavier elements.1b,17 There are, however, no known examples of
related boron(I) heterocycles incorporating these ligands, which
computational studies attribute to very narrow singlet–triplet
gaps in those systems.18 This would make them highly susceptible
to, for example, intramolecular C–H bond activation processes.
We wondered whether substituting �-diketiminates with more
electron-rich ligands might help stabilize six-membered boron(I)
heterocycles. To access potential precursors to such targets, BF3(OEt2)
was treated with the triazapentadienyl lithium salts, 1a–1b, to give
excellent isolated yields of the boron difluoride complexes, 7a–7b
(Scheme 4). As a point of comparison, and so as to introduce even
more electron richness to the ligands at boron centers, the related
amino-substituted �-diketiminato boron fluoride complex, 8, was

similarly prepared using [PhC{C(NEt2)N(Mes)}2]Li3 as the transfer
reagent.

The spectroscopic data for 7a–7b and 8 are consistent with their
solid state structures and all exhibit triplet resonances (JBF = 27–
30 Hz) in their 11B NMR spectra at fields reminiscent of four-
coordinate boron centers (� 0.4–1.5 ppm). Corresponding quartet
resonances were observed in their 19F NMR spectra. Compounds
7a–7b have very similar crystal structures and are structurally
comparable with other triazapentadienyl complexes of the BF2

fragment;12b therefore, only the molecular structure of 7a and
that of the structurally distinct 8 are shown in Fig. 5 (see Supple-
mentary material for crystallographic details of 7b). Both 7a and 8
are monomeric in the solid state, though they differ in that the
C2N3B heterocycle of 7a is flat with what appears to be fully delo-
calized C–N bonds, whereas the boron center of 8 sits significantly
above the C3N2 backbone fragment (by 0.64 Å), generating a dihe-
dral angle of ca. 43° between the NBN and NCCN least squares
planes. This ring puckering also forces the mesityl ipso-carbon
below the heterocycle, though this apparently does not signifi-

Fig. 4. Thermal ellipsoid plot (25% probability surface) of the molecular structures of (a) (MesNNN)2Mg 5a and (b) {(DepNNN)Mg-}2 6. Hydrogen
atoms are omitted. Selected bond lengths (Å) and angles (°) for 5a: Mg(1)–N(6) 2.083(3), Mg(1)–N(3) 2.089(3), Mg(1)–N(1) 2.102(3), Mg(1)–N(4)
2.121(3), N(3)–Mg(1)–N(1) 93.02(12), N(6)–Mg(1)–N(4) 93.31(11); for 6: Mg(1)–Mg(2) 2.8576(11), Mg(1)–N(2) 2.0638(13), Mg(2)–N(3) 2.0634(13),
N(2)–Mg(1)–N(2)’ 87.75(7), N(3)–Mg(2)–N(3)’ 89.74(7).

Scheme 4. Synthesis of compounds from 7a–7b to 11.
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cantly reducethedegreeofelectronicdelocalizationovertheC3N2 unit,
as determined by the bond lengths within that fragment. The distor-
tion from planarity that is observed for the six-membered hetero-
cycle of 8 is akin to that reported for other amino-substituted
�-diketiminato complexes of main group elements.3 Also, as in those
systems, the steric properties of 8 do not allow for planarization, and
hence significant conjugation, of its backbone NEt2 groups with the
C3N2 ligand backbone. This must mitigate against the enhanced elec-
tron richness at the coordinating N-centers that would come with
electronic delocalization over the whole planar N4C3 ligand frame-
work.

A number of attempts were made to reduce 7a–7b and 8 to give
six-membered boron(I) heterocycles, using alkali metals, KC8, so-
dium naphthalenide, Mg metal, or magnesium(I) dimers as the
reducing agent. These attempts led to either intractable mixtures
of many products or no reaction occurring. The one exception
here were reductions of toluene or benzene solutions of 7b with
KC8 or a sodium mirror, which gave rise to deep purple solutions.
The purple compound in these solutions could not be crystallized,
and in solution, it appears to be NMR silent. It is also not stable in
solution, decomposing over several hours to give a yellow–brown
solution that exhibits numerous peaks in its 1H NMR spectrum.
We propose that the purple product is a radical species,
[(DepNNN)BF]·9. This is closely related to the �-diketiminato based
radical system, [{HC(ButCNDip)2}BF]·, which was formed by reduc-
tion of {HC(ButCNDip)2}BF2 with KC8.19 Unfortunately, all at-
tempts to use radical traps, e.g., TEMPO, to isolate a diamagnetic
derivative of the purple compound met with failure.

As mentioned above, �-diketiminates have been successfully
utilized to prepare six-membered metal(I) heterocycles incorpo-
rating all of the group 13 metals. Considering this, we explored the
ability of triazapentadienyl and amino-substituted �-diketiminato
ligands to do the same. Accordingly, the lithium salts, 1b and
[HC{C(NEt2)N(Mes)}2]Li, were reacted with toluene/diethyl ether
suspensions of either TlCl or InCl, though in all cases unidentified
mixtures of soluble products were formed, in addition to the de-
position of the group 13 metal. As we have access to “metastable”
toluene/THF solutions of AlICl and GaICl,5 these were subsequently
reacted with one equivalent of either 1b or [HC{C(NEt2)N(Mes)}2]Li.
Although no metal(I) complex was isolated from any reaction, a

small number of crystals of the aluminum(III) chloride, 10, and
gallium(III) chloride/hydride, 11, were recovered from reactions
involving [HC{C(NEt2)N(Mes)}2]Li (Scheme 4). Given the low yield
of these complexes, limited spectroscopic data could be obtained
for them. However, both were crystallographically characterized
and found to be monomers containing puckered six-membered
C3N2M heterocycles with geometries similar to that of 8 and amino-
substituted �-diketiminato aluminium alkyl complexes previ-
ously reported by us.3 As a result, the molecular structures of the
compounds have been included in the Supplementary material.

It cannot be sure what the mechanisms of formation of the
low-yielding compounds, 10 and 11, are, but the former may result
from reaction of [HC{C(NEt2)N(Mes)}2]Li with traces of AlCl3 that
arise from slow disproportionation of AlICl that occurred upon
storing its toluene/THF solutions at –80 °C over approximately
1 year. In contrast, a plausible mechanism of formation for 11
could involve oxidative addition of the N–H bond of traces of the
protonated ligand, HC{C(NEt2)NH(Mes)}{C(NEt2)N(Mes)} (present
in solutions of [HC{C(NEt2)N(Mes)}2]Li), to the gallium(I) centre of
GaICl.17 Whatever the case, all subsequent attempts to rationally
prepare 10 and 11, by reaction of [HC{C(NEt2)N(Mes)}2]Li with
AlCl3, and treatment of GaICl solutions with HC{C(NEt2)NH(Mes)}
{C(NEt2)N(Mes)}, led to product mixtures from which no pure
compound could be isolated.

Conclusions
In summary, three extremely bulky 1,3,5-triazapentadienes

have been prepared and structurally characterized. These are
readily deprotonated, yielding a series of lithium and potassium
triazapentadienyl complexes, which can be used to transfer the
ligand to other metal centers. Moreover, deprotonation of the
triazapentadienes with MeMgI has given three triazapentadienyl
magnesium iodide complexes, the crystal structures of which re-
veal them to be monomeric. In contrast, a related triazapentadi-
enyl calcium iodide complex has been prepared and shown to be
an iodide bridged dimer in the solid state. Attempts to reduce the
magnesium iodide complexes led to product mixtures, the main
components of which are homoleptic bis(triazapentadienyl) mag-
nesium complexes. From one reaction, a very low yield of a triaza-

Fig. 5. Thermal ellipsoid plot (25% probability surface) of the molecular structures of (a) (MesNNN)BF2 7a and (b) {PhC[C(NEt2)N(Mes)]2}BF2 8.
Hydrogen atoms are omitted. Selected bond lengths (Å) and angles (°) for 7a: F(1)–B(1) 1.388(2), F(2)–B(1) 1.384(2), N(3)–C(15) 1.3286(19), N(3)–B(1)
1.558(2), N(1)–C(10) 1.3277(19), N(1)–B(1) 1.559(2), N(2)–C(10) 1.334(2), N(2)–C(15) 1.335(2), F(2)–B(1)–F(1) 108.61(13), N(3)–B(1)–N(1) 108.18(12); for 8: F(1)–B(1)
1.400(2), B(1)–F(2) 1.393(2), N(1)–B(1) 1.556(3), B(1)–N(4) 1.550(2), N(1)–C(10) 1.351(2), N(4)–C(22) 1.353(2), C(10)–C(15) 1.429(3), C(15)–C(22) 1.416(3),
F(2)–B(1)–F(1) 110.86(15), N(4)–B(1)–N(1) 107.53(14).
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pentadienyl coordinated magnesium(I) dimer was isolated and
structurally characterized. In related chemistry, two triazapenta-
dienyl boron difluoride compounds have been synthesized. Reduc-
tion of one of these with alkali metal reagents has given a deeply
colored, likely radical, compound of indeterminate formulation. For
sake of comparison, attempts have been made to prepare a series of
amino-substituted �-diketiminato group 13 element(I) heterocycles.
Although this was not achieved, several group 13 element(III) halide
complexes incorporating this ligand class have been character-
ized, either as precursor complexes or as reduction by-products.
We continue to explore the development of extremely bulky an-
ionic N-donor ligands and their application to the stabilization of
low oxidation state metal complexes.

Supplementary material
Supplementary data are available with the article through

the journal Web site at http://nrcresearchpress.com/doi/suppl/
10.1139/cjc-2017-0548. CCDC 150509–1570524 contain the crys-
tallograhic data in CIF format for this article. These data can be
obtained, free of charge, via http://www.ccdc.cam.ac.uk/products/
csd/ request (or from the Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB2 1E2, UK; fax: +44 1223 33603; e-mail:
deposit@ccdc.cam.ac.uk).
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