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The development of materials for efficient chemoselective extraction of minor actinides remains at the forefront
of research efforts in the area of separation science. Lewis basic complexants derived from nitrogen-donor scaffolds
are often employed in this area due to favorable complexationwith the transuranic element americium. In the present
work an efficient procedure for the preparation of eight useful 3-pyridin-2-yl-1,2,4-triazines (2 novel) is demons-
trated via telescoped condensation with the requisite 1,2-dicarbonyl in two-pots without additives, differentially
extractive work-up procedures, or recrystallization. Additional efforts in this area have demonstrated the utility of
polar aprotic solvents for the preparation of nine functionalized pyridinyl-2,6-bis-1,2,4-triazines (4 novel) directly
from the requisite 2,6-pyridine dicarbonitrile in 49–99% yield over four total steps. The streamlined preparation
of these important materials and detailed synthetic procedures is reported herein.
J. Heterocyclic Chem., 00, 00 (2015).
INTRODUCTION

The 1,2,4-triazine heterocyclic moiety is prevalent in a vari-
ety of research areas including pharmaceuticals [1], lumines-
cent materials [2], and ligands for separation science [3]. As
part of ongoing research in this laboratory to synthesize
soft-N-donors soluble in polar solvent systems for study as
chemoselective trivalent minor actinide extractants from triva-
lent lanthanides inherent within spent nuclear fuel a series of
pyridinyl-1,2,4-triazines was prepared. Common ligand
scaffolds including mono-triazinylpyridine (MTP) 1, bis-
triazinylpyridine (BTP) 2, bis-triazinyl-bipyridine (BTBP) 3,
and bis-triazinylphenanthroline (BT-Phen) 4 are presented
below in Figure 1. Traditional ligand scaffolds afford
polydentate coordination opportunities with the centralN atom
typically possessing strong electron-donating properties, while
the triazinylN atomfrequentlymust accept electrondensity [4].
Separation of transuranic minor actinides, specifically Am

(III), from lanthanides drastically reduces the heat load, stor-
age time, and toxicity of radioactive waste allowing for acti-
nide recycling opportunities or the performance of further
partitioning and transmutation processes [5]. Chemoselective
minor actinide separation of Am3+ and Cm3+ from the lantha-
nides is challenging given equivalent oxidation states, as well
as similar: “hard” acid properties, cationic radii, and coordi-
nation spheres [6]. Radiolytic and hydrolytic stability of
© 2015 HeteroC
synthesized ligand species in higher concentrations of nitric
acid under process relevant conditions also present unique
challenges for ligand development [7]. Previous work by
Kolarik [8] led to the synthesis of 2,6-bis-(5,6-dialkyl-1,2,4-
triazin-3-yl) pyridines (BTPs) as effective complexants for
An(III) and Ln(III) demonstrating high distribution values.
Recent reports have also illuminated the possible origins of
differential selectivity of soft-N-donors for minor actinides
over lanthanides may reside in the enhanced covalency of
the ligand metal interaction [9].

Although preparations of symmetrically substituted
pyridinyl-1,2,4-triazines have been documented in the litera-
ture since the 1960s [10], preparation of these materials has
been largely focused on condensation of an obligatory
hydrazonamide derived from the corresponding carbonitrile
followed by condensation with various 1,2-dicarbonyls.
Typical procedures employ hydrazonamide formation from
anhydrous hydrazine or hydrazine hydrate followed by puri-
fication via recrystallization. Subsequent volume inefficient
condensation with 1,2-dicarbonyls in polar protic solvents
often affords incomplete conversion of the starting
hydrazonamide and frequently necessitates multiple recrys-
tallizations [11] to obtain end-products with high-levels of
chemical purity. Dissemination of ligand performance in
separation studies often does not include detailed synthetic
procedures for the synthesis of the compounds screened [12].
orporation



Figure 1. CommonSoft-N-donor 1,2,4-triazinyl scaffolds. [Colorfigure can
be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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During a previous investigation in the area of bis-1,2,4-triazine
synthesis on the preparation of soft-N-donors derived from a
[1,10]-phenanthroline-2,9-dicarbonitrile scaffold it was
observed that direct telescoping of the hydrazonamide
through the condensation process with aromatic 1,2-
dicarbonyls in a polar aprotic solvent followed by treatment
of the homogeneous reaction mixture with an antisolvent,
the desired bis-1,2,4-triazines could be afforded in moderate
to good yield over four synthetic steps. As part of a larger
study on the effect of ligand conformational mobility on
chemoselective minor actinide extraction in polar solvents,
a series of MTPs and BTPs were required. It was hypothe-
sized that a similar procedure could be employed.
RESULTS AND DISCUSSION

In order to explore the potential of a telescoped method,
complete conversion of the requisite nitrile to the desired
hydrazonamide was critical. Thus, treatment of pyridine-
2-carbonitrile with hydrazine hydrate at slightly elevated
temperature afforded the desired hydrazonamide 6 with
complete conversion after 16 h. The isolated material was
judged clean by 1H-NMR and telescoped directly to the
condensation step (Scheme 1).
Direct telescoping of 6 with the carbonyls listed in

Table 1 provided access to a diverse array of previously re-
ported MTPs and two novel examples (22, 27) in 43–87%
isolated yield over two steps from 6. It should be noted that
isolated yields under this protocol were comparable [13],
and in some cases, superior to previously reported proce-
dures [14] that required substantively more complex expe-
rimental protocols. Initial solvent screening experiments in
the case of entry 1 revealed that ethereal solvents, such as
Scheme 1. Synthesis of 2-pyridinyl hydrazonamide.
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THF, performed superiorly overall to polar protic (EtOH
or IPA) or polar aprotic solvents (DMF, DMA, DMSO,
or NMP). In the case of polar aprotic solvents, treatment
with water as an anti-solvent afforded inconsistent perfor-
mance across the substrate scope screened, primarily due
to the morphology of end products. While complete con-
sumption of 6 was easily observed by 1H-NMR by com-
paring pyridinyl resonances of 6 with the listed product,
in all cases residual impurities during the condensation
event were noted necessitating the development of an effi-
cient purification protocol applicable to all structures
screened. Initial reaction optimization focused on a de-
crease in the equivalents of the 1,2-dicarbonyl to promote
complete formation of the desired 1,2,4-triazine without
affording high levels of residual 1,2-dicarbonyl for re-
moval. Screening experiments in the case of entry 1 with
1.20, 1.10, and 1.00 equivalents of the 1,2-dicarbonyl, as
well as inverse stoichiometry with respect to 6 being in
10mol% excess, did not provide measurable performance
advantages. While successive recrystallization has been
typically employed for purification of end products, such
endeavors often afford the desired 1,2,4-triazine in low
yield. The diverse array of compounds prepared would
necessitate individual solvents or solvent systems for re-
crystallization and subsequent isolation of pure material.
The compounds synthesized were all quite polar as
expected from thin-layer chromatographic analysis using
normal stationary phase silica gel. A strategic opportunity
did exist, however, given the relative ease of separation
between the 1,2-dicarbonyl and the desired product. As
such, concentration of the crude reaction mixtures under
reduced pressure, followed by a short plug filtration with
silica gel, afforded the desired ligand species in moderate
to good yields over two steps (Table 1).

Results from this initial investigation revealed wide
functional group tolerance of the 1,2-dicarbonyl. Entry 2
with the weakly donating 4,4′-methyl substituent was
obtained in 70% yield. Deactivating halogen substituents
(entries 3–5) performed excellent under the listed condi-
tions. Incorporation of strongly resonance donating substit-
uents on the 4,4′-benzil moiety such as the N,N′-dimethyl
or 4,4′-hydroxyl group did not afford any desired 1,2,
4-triazine. It is hypothesized that diminished electrophili-
city of the reacting carbonyl through resonance donation via
the substituents on the aromatic group is responsible for this
observation; an observation commensurate with our earlier
work on the [1,10]-phenanthroline-2,9-dicarbonitrile
scaffold. It should be highlighted that the described work
was successful for some lesser electron-donating substituents
on the benzil including 3,3′-OMe (entry 7) in addition to
4,4′-OMe (entry 8). Aliphatic dicarbonyls were also investi-
gated using the listed procedure (entries 10–12). Preparation
of 29 was successful, but the attempted synthesis of 30 was
not. Formation of 28was confirmed by 1H-NMRof the crude
stry DOI 10.1002/jhet



Table 1

Synthesis of telescoped 2-pyridinyl-1,2,4-triazinyl pyridines.

Entry Dicarbonyl (1.00 equiv) Solvent Temp (°C) Time (h) Yieldb (%) Product

1 7 R1 =H THF 66 16 56 19
R2 =H

2 8 R1 =H THF 66 16 52 20
R2 = CH3

3 9 R1 =H THF 66 16 79 21
R2 = F

4 10 R1 =H THF 66 16 43 22
R2 = Cl

5 11 R1 =H THF 66 16 70 23
R2 = Br

6 12 R1 =H THF 66 16 0c 24
R2 =NMe2

7 13 R1 =H THF 66 16 0c 25
R2 =OH

8 14 R1 =H THF 66 16 45 26
R2 =OMe

9 15 R1 =OMe THF 66 16 58 27
R2 =H

10 THF 66 16 63
c 28

11 THF 66 16 87 29

12 THF 66 16 0
d 30

aUnoptimized isolated yield over two telescoped steps from 6.
bStarting material recovered.
cConversion of 6 observed by 1H-NMR, product confirmed by HRMS, purification unsuccessful.
dNumerous materials observed by 1H-NMR. Typical experimental procedure: Telescoped 6 (0.73mmol, 1.00 equiv) and the requisite dicarbonyl
(0.73mmol, 1.00 equiv) were dissolved in anhydrous THF (1.5 mL, 0.5M) in an 8-mL reaction vial equipped with a magnetic stir bar and heated to 66°C
for the time indicated. Afterwards, the homogeneous mixtures were concentrated under reduced pressure and adsorbed on a minimal amount of SiO2.
Elution with 40% EtOAc:hexanes (40 mL) removed the residual 1,2-dicarbonyl and observed impurities. Subsequent elution with 10% MeOH:DCM
(30mL) followed by concentration under reduced pressure afforded the desired ligands in the yield indicated.
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Table

Synthesis of telescoped 2,6-pyridin

Entry Dicarbonyl (2.00 equiv) Solvent Antisolvent

1 7 R1 =H THF -----
R2 =H

2 8 R1 =H NMP H2O
R2 = CH3

3 9 R1 =H DMF H2O
R2 = F

4 10 R1 =H DMF H2O
R2 = Cl

5 11 R1 =H DMF -----
R2 = Br

6 12 R1 =H DMF -----
R2 =NMe2

7 13 R1 =H DMF -----
R2 =OH

8 14 R1 =H DMF -----
R2 =OMe

9 15 R1 =OMe DMF -----
R2 =H

10 DMF -----

11 DMF H2O

aUnoptimized, isolated yield over two telescoped steps from 32.
bStarting material recovered.
cProduct co-crystalized with residual 1,2-dicarbonyl (14) and was recrystallized
procedure: Telescoped 32 (0.52mmol, 1.00 equiv) and the requisite dicarbony
(1.5 mL, 0.35M) in an 8-mL reaction vial equipped with a magnetic stir bar a
desired end-product was isolated by vacuum filtration and dried to constant m

Scheme 2. Synthesis of 2,6-pyridinyl-bis-hydrazonamide.
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reaction mixture, but consistently afforded impure material
upon isolation. Extensive optimization towards the acquisi-
tion of 30, outside of the conditions listed, was not fruitful,
although further effort continues. With the preparation of
MTP analogues efficiently streamlined and applied to three
2

yl-bis-1,2,4-triazinyl pyridines.

Temp (°C) Time (h) Yieldb (%) Product

66 16 96 33

80 16 88 34

80 16 98 35

80 16 80 36

80 16 99 37

80 16 0c 38

80 16 49 39

80 16 54 40

80 16 85c 41

80 16 0c 42

80 16 91 43

from toluene (15 vol) to afford 40 in the listed yield. Typical experimental
l (1.09mmol, 2.10 equiv) were dissolved in the anhydrous solvent listed
nd heated to the listed temperature for the time indicated. Afterwards, the
ass.
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novel heterocycles (22, 27), our attention turned towards the
production of BTP analogues. Relying on our previous work
in this area it was postulated that the utility of polar aprotic
solvents with high dielectric constants could be an initial
starting point for method development.
Formation of the requisite bis-hydrazonamide (32) was

accomplished pursuant to the previously described protocol
(Scheme 2). Thus, treatment of pyridine 2,6-dicarbonitrile
with hydrazine hydrate at elevated temperature afforded 32
in quantitative conversion by 1H-NMR. The isolated
material was telescoped directly to the corresponding
bis-1,2,4-triazine synthesis with various 1,2-dicarbonyls
without additional purification (Table 2).
As described in Table 2, selection of an appropriate polar

aprotic solvent was critical to reaction success. Pleasingly,
direct telescoping of 32 with the appropriate 1,2-dicarbonyl
(7-17) in the solvent listed afforded isolable solids that preci-
pitated as a function of time; necessarily increasing product for-
mation by suppression of retro-cyclization events. Attempts to
further optimize stoichiometry as previously described for the
examples in Table 1 did not lead to any substantive improve-
ment in reaction performance. The scope of the method was
broad and enabled access to aromatic bis-1,2,4-triazines with
electron donating (34, 40–41) and withdrawing functionality
(35–37) in good to excellent yield over four synthetic steps
without any additional purification [15] or manipulation. Bis-
1,2,4-Triazines derived from dicarbonyls with aliphatic charac-
ter (16–17) were also easily obtainable under the conditions
listed. Similar to scaffold 6, strong resonance donating substitu-
ents on benzil 12 failed to afford any product, thereby reinfor-
cing the previously stated hypothesis regarding the deleterious
effect on suppression of carbonyl electrophilicity by strong ac-
tivating substituents in the 4,4′-positions of the aromatic benzil
required for condensation. Contradictory evidence to the previ-
ously stated hypothesis was observed in the context of 4,
4′-hydroxy benzil 13which was unsuccessful in the condensa-
tion with 6 or the [1,10]-phenanthroline scaffold, but was suc-
cessful with hydrazonamide 32 in 49% yield. Interestingly, in
the case of the [1,10]-phenanthroline scaffold previously re-
ported, the weakly activating methyl substituent on benzil 8,
as well as the strongly activatingmethoxy substituent on benzil
15, did not afford clean conversion/isolation, whereas on
scaffold 32 good conversion and isolated yield were observed.
During the course of our investigation three new 2,6-
pyridinyl-bis-1,2,4-triazinyl pyridines (35, 39, 41) were pre-
pared using the method described. Forthcoming results from
this laboratory are focused on site-selective manipulation of
resident functionality towards the preparation of more efficient
ligand species via modular approaches.
CONCLUSIONS

In summary, we have demonstrated two efficient methods
for the construction 3-pyridin-2-yl-1,2,4-triazines and 2,6-
Journal of Heterocyclic Chemi
pyridinyl-bis-1,2,4-triazines utilizing a focused approach
which leverages the necessary telescoped hydrazonamides
and the appropriate choice of solvent.While no one set of reac-
tion conditions will ever be amenable to all possible structural
variations, the methods described represent, to the best of our
current knowledge, the first streamlined procedure for direct
access to a broad representation of MTPs and BTPs in good
to excellent yields over two and four synthetic steps, respec-
tively.Use of thismethod enables rapid acquisition of the listed
heterocycles without prolonged reaction times, aqueous work-
ups, or successive recrystallization in two days instead of
several days under existing protocols in comparable, and in
some cases superior yields to previously reported procedures.

EXPERIMENTAL

Hydrazonamide (6). Pyridine-2-carbonitrile (0.500 g,
4.80mmol, 1.00 equiv) was dissolved in absolute ethanol
(0.50mL, 9.60M) and treated dropwise with hydrazine
monohydrate (60–65% hydrazine) (1.50mL, 19.21mmol, 4.00
equiv) at 0°C and continued for an additional hour. Afterwards,
the homogeneous mixture was allowed to gradually warm to
ambient temperature and heated to 40°C for 12 h. Afterwards,
the volume of the reaction was reduced by half under reduced
pressure, and the heterogeneous mixture was filtered under
vacuum at ambient temperature to afford a yellow filter cake
that was conditioned with 10mL of 0°C hexanes. The resulting
solids were analyzed by 1H-NMR confirming consumption of
all starting material and were telescoped directly to the
condensation step with the appropriate 1,2-dicarbonyl. IR
(solid) cm�1 3436 (vs), 3285 (vs), 3173 (vs), 3060 (s), 1634
(s), 1588 (s), 1561 (s), 1380 (m), 1H-NMR (300MHz, CDCl3)
δ 8.51 (d, J = 6.00 Hz, 1H), 8.00 (d, J = 6.00 Hz, 1H),
7.71–7.65 (m, 1H), 7.28–7.23 (m, 1H), 5.27 (br-s, 2H), 4.49
(br-s, 2H), 13C-NMR (75MHz, CDCl3) δ 150.64, 148.34,
147.70, 136.17, 123.54, 119.51, HRMS (EI) m/z = 136.0753
(136.0749) calculated for C6H8N4.

General procedure for the preparation of 2,6-pyridinyl-
bis-1,2,4-triazines. To an 8-mL reaction vial equipped with a
magnetic stir bar at ambient temperature was added 6 (0.100g,
0.73mmol, 1.00 equiv) and the required dicarbonyls (0.73mmol,
1.00 equiv). The mixture was dissolved in the solvent listed and
heated to the temperature described over the period of time indicated.
Afterwards, the mixture was cooled to ambient temperature and
adsorbed onto 5g of normal phase SiO2. The adsorbed solids were
placed on a 1.5-cm column (3g of SiO2 slurried in 40% EtOAc:
hexanes) and treated with a 40% EtOAc:hexanes mobile phase
(40mL) to remove the residual 1,2-dicarbonyl and lower polarity
impurities. Afterwards, the column was flushed with a 10% MeOH:
DCM mobile phase (30mL) to elute the desired heterocycle. The
eluent was concentrated under reduced pressure at ambient
temperature to afford the desired compound in the morphology
described in the listed yield.
stry DOI 10.1002/jhet
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5,6-Diphenyl-3-Pyridin-2-yl-[1,2,4]triazine (19). RF=0.71
in 100% EtOAc, IR (solid) cm�1 3058 (w), 1501 (m), 1493 (m),
1391 (m), 1368 (m), 697 (vs), 1H-NMR (500MHz, CDCl3) δ 9.02
(d, J=5.00Hz, 1H), 8.80 (d, J=10.00Hz, 1H), 8.06 (dt, J=5.00,
1.00Hz, 1H), 7.78 (d, J=10.00Hz, 2H), 7.66-7.64 (m, 2H), 7.61-
7.59 (m, 1H), 7.48-7.35 (m, 6H), 13C-NMR (125MHz, CDCl3) δ
159.47, 156.78, 156.45, 151.58, 149.30, 138.72, 135.22, 135.14,
130.97, 130.20, 129.99, 129.56, 128.68, 128.56, 125.88, 124.42,
HRMS (EI) m/z=310.1219 (310.1218) calculated for C20H14N4.

3-Pyridin-2-yl-5,6-di-p-tolyl-[1,2,4]triazine (20). RF=0.30
in 10% MeOH: DCM, IR (solid) cm�1 3058 (vw), 2920 (vw), 2867
(w), 1609 (w), 1572 (w), 1492 (s), 1389 (vs), 821 (s), 726 (s),
1H-NMR (300MHz, CDCl3) δ 8.91 (d, J=6.00Hz, 1H), 8.70 (dd,
J=6.00, 3.00Hz, 1H), 7.95-7.90 (m, 1H), 7.61 (d, J=6.00Hz, 2H),
7.54 (d, J=6.00Hz, 2H), 7.49-7.45 (m, 1H), 7.20-7.15 (m, 4H), 2.39
(s, 3H), 2.37 (s, 3H) 13C-NMR (75MHz, CDCl3) δ 160.23, 156.37,
156.12, 152.82, 150.23, 141.21, 139.92, 137.27, 132.79, 132.56,
129.93, 129.40, 129.35, 129.27, 125.33, 124.07, 21.51, 21.43, HRMS
(EI) m/z=338.1530 (338.1531) calculated for C22H18N4.

5,6-Bis-(4-fluoro-phenyl)-3-pyridin-2-yl-[1,2,4]triazine (21). IR
(solid) cm�1 3050 (vw), 1582 (w), 1485 (w), 1389 (m), 1366 (s),
773 (s), 696 (vs), 1H-NMR (500MHz, CDCl3) δ 9.00 (d,
J=5.00Hz, 1H), 8.79 (d, J=5.00Hz, 1H), 8.07-8.04 (m, 1H),
7.77 (d, J=10.00Hz, 2H), 7.64 (d, J=10.00Hz, 2H), 7.60-7.58
(m, 1H), 7.46-7.34 (m, 4H), 13C-NMR (125MHz, CDCl3) δ
159.53, 156.74, 156.42, 151.63, 149.34, 138.62, 135.22,
135.13, 131.07, 130.16, 129.90, 129.54, 128.64, 128.57,
125.83, 124.39, HRMS (EI) m/z = 346.1043 (346.1030)
calculated for C20H12F2N4.

5,6-Bis-(4-chloro-phenyl)-3-pyridin-2-yl-[1,2,4]triazine
(22). RF=0.52 in 40% EtOAc:hexanes, IR (solid) cm�1 3060
(vw), 1595 (m), 1571 (vw), 1488 (m), 1388 (m), 1093 (m), 833
(w), 729 (vs),

1H-NMR (300MHz, CDCl3) δ 8.93 (d, J=5.00Hz,
Journal of Heterocyclic Chemi
1H), 8.71 (d, J= 5.00Hz, 1H), 7.95-7.93 (m, 1H), 7.65 (d,
J=15.00Hz, 2H), 7.59 (d, J=15.00Hz, 2H), 7.54-7.52 (m, 1H),
7.42-7.36 (m, 4H), 13C-NMR (125MHz, CDCl3) δ 160.61,
155.29, 155.06, 155.24, 150.36, 137.46, 137.38, 136.41, 133.62,
133.34, 131.27, 130.78, 129.14, 129.09, 125.68, 124.25, HRMS
(EI) m/z=378.0440 (378.0439) calculated for C20H12Cl2N4.

5,6-Bis-(4-bromo-phenyl)-3-pyridin-2-yl-[1,2,4]triazine
(23). RF=0.65 in 10% MeOH: DCM, IR (solid) cm�1 3062
(w), 1587 (m), 1569 (w), 1480 (s), 1383 (vs), 1069 (vs), 818 (s),
788 (m),

1H-NMR (500MHz, CDCl3) δ 9.04 (d, J=5.00Hz,
1H), 8.83 (d, J=10.00Hz, 1H), 8.13 (dt, J=10.00, 5.00Hz, 1H),
7.72 (d, J = 10.00 Hz, 2H), 7.68-7.65 (m, 1H), 7.59-7.52 (m,
6H), 13C-NMR (125MHz, CDCl3) δ 159.07, 155.68, 155.24,
150.65, 148.89, 139.50, 133.65, 133.59, 132.40, 132.22,
131.77, 131.00, 126.45, 126.34, 125.13, 124.64, HRMS (EI)
m/z = 465.9441 (465.9429) calculated for C20H12Br2N4.

5,6-Bis-(3-methoxy-phenyl)-3-pyridin-2-yl-[1,2,4]triazine
(26). RF=0.32 in 10% MeOH:DCM, IR (solid) cm�1, 3062
(vw), 2962 (vw), 2941 (vw), 2836 (vw), 1698 (w), 1599 (m),
1582 (s), 1388 (vs), 1366 (s), 1243 (s), 784 (m), 701 (m),
1H-NMR (500MHz, CDCl3) δ 9.06 (d, J=5.00Hz, 1H), 8.84 (d,
J=5.00Hz, 1H), 8.13 (t, J=5.00Hz, 1H), 7.68-7.66 (m, 1H),
7.46 (br-s, 1H), 7.32-7.24 (m, 4H), 7.18 (d, J=5.00Hz, 1H),
7.02-6.99 (m, 2H), 3.79 (s, 3H), 3.77 (s, 3H), 13C-NMR
(125MHz, CDCl3) δ 159.75, 158.97, 156.75, 156.42, 150.99,
148.76, 139.41, 139.41, 136.29, 129.70, 129.55, 126.10, 124.55,
122.65, 122.07, 117.75, 116.35, 114.96, 114.79, 114.35, 55.60,
55.34, HRMS (EI) m/z=370.1434 (370.1430) calculated for
C22H18N4O2.

5,6-Bis-(4-methoxy-phenyl)-3-pyridin-2-yl-[1,2,4]triazine
(27). RF=0.31 in 10%MeOH:DCM, IR (solid) cm�1 3061 (vw),
2964 (vw), 2937 (vw), 2840 (vw), 1607 (m), 1491 (m), 1372 (m),
1255 (vs), 730 (vs), 1H-NMR (500MHz, CDCl3) δ 9.05-9.01 (m,
1H), 8.80-8.78 (m, 1H), 8.08 (dt, J=7.50, 5.00Hz, 1H), 7.87-7.84
(m, 2H), 7.65-7.59 (m, 3H), 6.94-6.92 (m, 2H), 6.89-6.87 (m, 2H),
13C-NMR (125MHz, CDCl3) δ 162.09, 161.07, 158.45, 155.98,
155.43, 151.45, 148.81, 139.12, 132.05, 130.88, 127.71, 127.42,
125.77, 124.30, 114.21, 114.09, 55.37, 55.33, HRMS (EI)
m/z = 370.1438 (370.1430) calculated for C22H18N4O2.
stry DOI 10.1002/jhet
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5,5,8,8-Tetramethyl-3-pyridin-2-yl-5,6,7,8-tetrahydro-benzo
[1,2,4]triazine (29). RF=0.15 in 10% MeOH:DCM, IR (solid)
cm�1 2962 (m), 2935 (m), 1517 (m), 1472 (m), 1394 (vs), 1361
(w), 1H-NMR (300MHz, CDCl3) δ 8.88 (d, J=6.00Hz, 1H),
8.54 (d, J=9.00Hz, 1H), 7.91-7.86 (m, 1H), 7.45-7.41 (m, 1H),
1.86 (s, 4H), 1.50 (s, 6H), 1.45 (s, 6H), 13C-NMR (75MHz,
CDCl3) δ 164.12, 162.66, 160.29, 153.00, 149.74, 136.60,
124.57, 123.39, 36.83, 36.03, 33.33, 32.89, 29.29, 28.76, HRMS
(EI) m/z=268.1680 (268.1688) calculated for C16H20N4.

Bis-Hydrazonamide (32). Pyridine-2,6-dicarbonitrile (1.00g,
7.75mmol, 1.00 equiv) was dissolved in absolute ethanol (4.00mL,
1.90M) and treated dropwise with hydrazine monohydrate (60-65%
hydrazine) (4.80mL, 61.96mmol, 8.00 equiv) at 0°C and continued
for an additional hour. Afterwards, the slurry was allowed to
gradually warm to ambient temperature and heated to 40°C for 12h.
Afterwards, the heterogeneous mixture was filtered under reduced
pressure at ambient temperature, and the filter cake was conditioned
with (5mL) of 0°C ethanol. The resulting solids were analyzed by
1H-NMR confirming consumption of all starting material and were
telescoped directly to the condensation step with the appropriate
1,2-dicarbonyl. IR (solid) cm�1 3448 (w), 3289 (w), 1660 (w), 1585
(w), 1568 (w), 1381 (w), 1H-NMR (300MHz, DMSO-d6) δ 7.80-
7.77 (m, 2H), 7.65-7.60 (m, 1H), 6.04 (br-s, 4H), 5.12 (br-s, 4H),
13C-NMR (75MHz, DMSO-d6) δ 150.74, 144.06, 136.44, 118.42,
HRMS (EI) m/z=193.1080 (193.1076) calculated for C7H11N7.

General procedure for the preparation of 2,6-pyridinyl-bis-
1,2,4-triazines. To an 8-mL reaction vial equipped with a
magnetic stir bar at ambient temperature was added 32 (0.100g,
0.52mmol, 1.00 equiv) and the required 1,2-dicarbonyl
(1.09mmol, 2.10 equiv). The mixture was dissolved in the
solvent listed and heated to the temperature described over the
period of time indicated. Afterwards, the mixture was cooled to
ambient temperature and the solids were isolated via filtration
under reduced pressure at ambient temperature to afford the
desired compound in the indicated yield.

BTP-phenyl (33). IR (solid) cm�1 3062 (vw), 1503 (w),
1487 (w), 1436 (w), 1374 (s), 762 (s), 701 (vs), 537 (m),
1H-NMR (500MHz, CDCl3) δ 8.91 (d, J = 5.00 Hz, 2H),
8.26 (t, J = 5.00 Hz, 1H), 7.82-7.80 (m, 4H), 7.68-7.66 (m,
4H), 7.50-7.45 (m, 4H), 7.42-7.38 (m, 8H), 13C-NMR
(125MHz, CDCl3), 159.75, 156.72, 156.69, 152.73, 138.97,
135.32, 134.99, 131.11, 130.17, 130.01, 129.59, 128.71,
128.58, 125.88, HRMS (EI) m/z = 541.2008 (541.2015)
calculated for C35H23N7.
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BTP-4,4′-dimethylphenyl (34). IR (solid) cm�1 3029
(vw), 2947 (vw), 2919 (vw), 2863 (vw), 1607 (w), 1581
(w), 1488 (m), 1442 (vw), 1371 (vs), 824 (s), 800 (s),
1H-NMR (300MHz, CDCl3) δ 8.88 (d, J = 9.00Hz, 1H),
8.17 (t, J = 9.00Hz, 2H), 7.73 (d, J = 6.00 Hz, 2H), 7.59 (d,
J = 9.00Hz, 2H), 7.23-7.18 (m, 4 H), 2.40 (s, 6H), 13C-NMR
(75MHz, CDCl3) δ 160.17, 156.28, 155.98, 153.58, 141.29,
139.97, 138.24, 132.84, 132.62, 130.07, 129.41, 129.38,
129.25, 125.39, 21.58, 21.46, HRMS (EI) m/z = 597.2655
(597.2641) calculated for C39H31N7.

BTP-4,4′-difluorophenyl (35). IR (solid) cm�1 3062 (vw),
1599 (s), 1581 (w), 1489 (s), 1354 (s), 1226 (vs), 840 (vs), 817 (s),
1H-NMR (300MHz, CDCl3) δ 8.90 (d, J=9.00Hz, 2H), 8.22 (t,
J=9.00Hz, 1H), 7.82-7.77 (m, 4H), 7.69-7.66 (m, 4H), 7.16-7.07
(m, 8H), 13C-NMR (75MHz, CDCl3) δ 166.18, 165.55, 162.80,
162.22, 160.31, 155.46, 155.09, 153.22, 138.57, 132.34 (d,
J=36.60Hz), 131.58 (d, J=36.60Hz), 131.33 (d, J=13.80Hz),
131.12 (d, J=13.80Hz), 125.83, HRMS (EI) m/z=613.1635
(613.1638) calculated for C35H19F4N7.

BTP-4,4′-dichlorophenyl (36). IR (solid) cm�1 3067 (vw),
1594 (m), 1571 (m), 1490 (s), 1372 (vs), 1090 (vs), 822 (s), 799
(s), 1H-NMR (500MHz, CDCl3) δ 8.94 (d, J = 5.00Hz, 2H),
8.32 (t, J=5.00Hz, 1H), 7.92 (d, J=10.00Hz, 4H), 7.64 (d,
J=10.00Hz, 4H), 7.43 (d, J=10.00Hz, 4H), 7.40 (d,
J=10.00Hz, 4H), 13C-NMR (125MHz, CDCl3) δ 159.16, 151.91,
139.79, 138.17, 136.94, 133.25, 132.91, 131.59, 130.88, 129.32,
129.11, 128.27, 127.91, 126.42, HRMS (EI) m/z=677.0434
(677.0456) calculated for C35H19Cl4N7.

BTP-4,4′-dibromophenyl (37). IR (solid) cm�1 3063 (w),
1588 (m), 1568 (w), 1496 (s), 1371 (vs), 1067 (vs), 1003 (vs),
820 (vs), 797 (s), 1H-NMR (500MHz, CDCl3) δ 8.94 (d,
J= 10.00Hz, 2H), 8.31 (t, J= 10.00Hz, 1H), 7.70 (d,
J= 10.00Hz, 4H), 7.63-7.56 (m, 12H), 13C-NMR (125MHz,
CDCl3) δ 159.42, 155.75, 155.55, 152.15, 139.58, 133.77,
stry DOI 10.1002/jhet
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133.40, 132.29, 132.22, 131.64, 131.09, 126.59, 126.28, 125.30,
HRMS (EI) m/z = 854.8409 (854.8415) calculated for
C35H19Br4N7 (3 ×

79Br; 1 × 81Br)

BTP-4,4′-dihydroxyphenyl (39). IR (solid) cm�1, 3109 (br),
1652 (s), 1606 (vs), 1586 (vs), 1367 (vs), 1170 (s), 835 (m), 808
(m), 1H-NMR (500MHz, DMSO-d6) δ 10.17 (s, 2H), 9.94 (s,
2H), 8.70 (d, J= 10.00Hz, 2H), 8.32 (t, J=10.00Hz, 1H),
7.64-7.61 (m, 4H), 7.51-7.48 (m, 4H), 6.88-6.85 (m, 4H),
6.84-6.81 (m, 4H), 13C-NMR (125MHz, DMSO-d6) δ 160.13,
159.54, 158.85, 155.58, 154.70, 153.39, 138.54, 131.57, 130.68,
126.20, 125.88, 125.13, 116.09, 115.45, HRMS (EI and MALDI-
TOF failed due to extremely poor vaporization at maximum temp
of 450 °C) m/z= (605.1812) calculated for C35H23N7O4.

BTP-3,3′-dimethoxyphenyl (40). IR (solid) cm�1 3060
(vw), 2970 (vw), 2934 (vw), 2840 (vw), 1673 (m), 1661 (m),
1462 (m), 1365 (s), 1232 (vs), 1039 (vs), 784 (vs), 703 (m),
1H-NMR (500MHz, CDCl3) δ 8.92 (d, J = 10.00 Hz, 2H), 8.28
(t, J = 10.00 Hz, 1H), 7.36-7.27 (m, 10H), 7.16 (d,
J = 10.00Hz, 2H), 7.04-6.95 (m, 4H), 3.77 (s, 3H), 3.70 (s,
3H), 13C-NMR (125MHz, CDCl3) δ 159.81, 159.60, 159.51,
156.85, 156.64, 152.39, 139.25, 136.37, 136.07, 129.71,
126.14, 122.58, 122.12, 117.51, 116.46, 114.96, 114.92,
114.37, 55.38, 55.35, HRMS (EI) m/z = 661.2466 (661.2438)
calculated for C39H31N7O4.

BTP-4,4′-dimethoxyphenyl (41). IR (solid) cm�1 3020
(vw), 2965 (vw), 2935 (vw), 2838 (vw), 1604 (s), 1575 (m),
1485 (s), 1372 (vs), 1253 (vs), 1170 (s), 834 (s), 812 (m),
1H-NMR (500MHz, CDCl3) δ 8.84 (d, J= 5.00Hz, 2H), 8.20 (t,
J= 5.00Hz, 1H), 7.80 (d, J= 5.00Hz, 4H), 7.63 (d, J= 5.00Hz,
4H), 6.92 (d, J= 5.00Hz, 4H), 6.88 (d, J= 5.00Hz, 4H), 3.85
(s, 3H), 3.84 (s, 3H), 13C-NMR (125MHz, CDCl3) δ 162.24,
161.10, 159.98, 155.94, 155.72, 152.64, 138.68, 131.96,
130.90, 127.45, 125.65, 114.22, 114 (unresolved), 114.09,
55.40, 55.34, HRMS (EI) m/z = 661.2462 (661.2438)
calculated for C39H31N7O4.
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BTP-tetramethylcyclohexyl (43). IR (solid) cm�1 3076
(vw), 2964 (m), 2933 (m), 1518 (s), 1505 (m), 1457 (s), 1387
(m), 1361 (vs), 1H-NMR (300MHz, CDCl3) δ 8.69 (d,
J= 6.00Hz, 2H), 8.10 (t, J= 6.00Hz, 1H), 1.88 (s, 4H), 1.51 (s,
6H), 1.48 (s, 6H), 13C-NMR (75MHz, CDCl3) δ 164.97,
163.38, 160.66, 153.77, 138.04, 125.19, 37.40, 36.58, 33.69,
33.43, 29.76, 29.12, HRMS (EI) m/z = 457.2966 (457.2954)
calculated for C27H35N7.
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