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Abstract
The condensation of a-arylglyoxals with carboxamidrazones 1 - 2 is the best method for the synthesis of aryl or
hetaryl s,h d 1,2 4-triazines 3 - 4 . These 1,2 4-triazines can be easily transformed to pyridines by [4+2]

ta-2.5-diene followed by [4421 cvcloreversions of nitro
Z,0-diene  1oliow y 4L cigreversions  or nitr

, e 0
cyclopcntadlcnc. This reaction sequence offers a new, simple and general access to 2,6-oligopyridines 8 - 11
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Terpynidines and higher oligopyridines have been demonstrated to be useful building blocks in
.,,etallosl,,pram(,lecular chemistry [1,2.3.4]. In order to mnvestigate the coordinating behaviour of
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access. Up to now there are two different approaches for the synthesis of oligopyndine ligands:
the coupling of pyridine units [5,6,7,8] or halopyridine nuclei [9] and the construction of central

20

pyridine rings [10,11]. Here we report on a new and simple ‘LEGO’ system for the synthesis of
linear 2,6-oligopyridines 8 - 11 and hetaryl substituted 1,2,4-triazines 3 - 4 as their precursors.
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3,5-Disubstituted 1,2,4-triazines are easily prepared by heating of carboxamidrazones with o-
aryl-glyoxals in ethanol under reflux for 4-6 hours [12,13]. But these reaction conditions fail for
3,5-di-(2- DVI‘ldVD 1,2,4-triazines because of the thermolabile 2-pyridylglyoxal, which is only
the
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corresponding carboxamidrazone in ethanol-water (4:1 v/v) for 3-9 days at ambient temperature
with eventually heating of the isolated precipitate in N,N-dimethylformamide at 100°C for 0.5
hours to complete condensation (Table 1, Scheme 1).
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The concentration of 2-nvridvlelvoxal wags determine nectrosconv of 1tg
I'he concentration of Z-pyridyiglyoxal was determined by 'H NMR spectroscopy of 1ts
aqueous solution with 3-trimethylsilyl-(2,2,3,3-d4)-propionic-acid-sodium salt as internal and
integral standard.
Table 1. Mono-, bi- and bis-[1.2,4]-triazines synthesized according to Scheme 1.
Carboxmidrazone Triazine Reaction Yield MP
{Ref ] Timesand  [%)] [°C]
_ Conditions
N AN AN
1a Lo, 3a L don 1d, rt. 49 162-165
[15] N T N T N
NoNH, N-N?
'NH N
~ 2 Pz
b O ! 3b o ! . 2drt. 85 220222
[16] N)\!( \\‘/'\NH:, N ; X N)\‘{/ =
A LA LA
AN NN,
r??.‘ HZNA /r\‘ ‘NHZ 4a L\kl { N\ \l\l i N\\a -.3‘ d: .f’;\tr;:r. 83 336-339
{17] 4 \ N T N > 2 h 100°C
HNTN - NR, ”\N:N P in DMF
@ @ @ M) 4
1c N N N .. 2d, 11 72 246-248
analogue to N/\ﬁ Y\N/\]// NH, N/\W \j/\N/\l/ \j/\N
[16] N NH, N2
= =~ = =
2b N A L, db Ny ] Ng Sy | Ne A, | 3dort 67 293-298
(18] i I [ f
H N NH kM/,N N m‘/J
CN CN
2¢ = 4c F = 3 s$d.rt 60  303-308
analogue to HNo A | _NH, X ! NS | N A 7[ 2 h 100°C
[18] [ ] A S N in DMF
H,N” NH, N TN
2d | 4d \)\ 9d, r.t.; 71 395-398
HN A N N N A N N :
(191, L e N N YT N YY) 2noeec
analogueto 4 N N kNaN (2 #  in DMF
(16] ’

Typical procedure for the preparation of 1,2,4-triazincs 3 - 4: 1b (1.58 g, 7.40 mmol) and 2-pyridylglyoxal (1.00 g, 7.40 mmol. ¢ =
33.3 umol/1) in 222 ml ethanol-water (4:1 v/v) werc stirred at ambient temperature. After 3 days the resulting yellow precipitate
(3b) was collected by suction filtration, washed several times with water and ethanol and dried for 16 hours at 80°C/0.01 Torr. No
further purification was necessary. Analytical data for 3b: IR (KBr): v = 3080, 3060, 3000, 1570. 1550, 1525, 1505, 1460, 1420,
1350, 1235. 1030, 980, 755, 725 cm™. 'H NMR (400 MHz, CDCl): 8 = 7.37 (ddd, | H. J= 75 Hz, J =48 Hz, I = 1.2 Hz). 7.53
(ddd. 1 H,J=76Hz J=47Hz J=12Hz),7.90(ddd, 1 H,J=80Hz J=75Hz, J=18Hz), 800 (ddd, 1 H, J=78Hz J=77
Hz. J=18Hz).809(dd, 1 H,J=78Hz J=78Hz).866(dd. | H.J=79Hz J=11Hz),870(dd, 1 H.J=78Hz J=10Hz).
873(ddd. IH. J=48Hz J=18Hz J=0.9Hz), 877 (ddd. 1 H. J=80Hz J=12Hz J =09 Hz), 881 (ddd. IH.J=78Hz ]
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All other 1.2 4-triazines were characterized by the same analytical methods.
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CisH;2Ng (312.3): caled, € 69.22, H 3.87, N 26.91; found C 6913, H4.01_ N 26 80.
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1,2 A-Triazines are known to participate as electron poor dienes in inverse-type Diels-Alder
reactions with electron rich and angle strained dienophiles to yield dihydropyridine and pyridine

derivatives after extrusion of molecular nitrogen [13,20].
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Scheme 1. Reaction sequence for the synthesis of pyridines via 1.2.4-triazines

Acetylene as dienophile is too unreactive, unpracticable and dangerous. Therefore, we used
bicyclo[2.2.1]hepta-2,5-diene (10 fold excess) in refluxing 1,2-dichlorobenzene as a synthetic
equivalent for acetylene (Scheme 1)

Table 2. Synthesis of 2,6-oligopyridines according to Scheme 1.
Triazine Oligopyridine Reaction Conditions Yield MP.  Reference
and Times %] [°C]
///\ {;\
3a 8 CL o 140°C. 1h 50 8788 (7]
S WL
\N T
~NF
4a 9a /\i i(\ 140°C, 1h 79 208210 (8]
k\N ‘ N\\)\ N/)\I/N\\
kv) &
1 > 7
4b 10a W I w L o s /l 140°C, 3h 60 261-263 18]
N S N
L R
CN
4c 10b = AT, 14 h 77 219-221 .
N = x
\N)\h/ 2 N/\(N\\/\N
J U
= S =
4d 1 | N AT. 168 h 78 326-329  [8]

Typical procedure for the preparation of oligopyridines 8 - 11: 4a (236 mg, 750 umol) and bicyclo[2.2.1]hepta-2.5-diene (1.38 g.
15.0 mmol) were heated at 140°C under an inert atmosphere in 15 ml 1.2-dichlorobenzene for 1 hour. The reaction mixture was
cooled and the resulting precipitate was collected by suction filtration, washed with 2 ml 1,2-dichlorobenzene and 40 ml petroleum

ether 40/60. Recrystallization from benzene yielded 9a as colorless crystals. Analytical data for 9a: IR (KBr): v = 3040, 3000.

1575, 1560, 1550, 1455. 1430, 1410, 1250, 1095, 1060, 755 c™. 'H NMR (400 MHz, CDCly): 8 = 7.35 (ddd, 2 H. J = 7.5 Hz. J =
48Hz J=13H7), 787(ddd, 2H,J=80Hz, J=75Hz, J=18Hz), 801(dd,2H.J=79Hz ]=78Hz).848(dd.2H.J=728
Hz J=1i.1H7),867(ddd. 2H,J=80Hz, J=13Hz, J=09Hz). 868(dd, 2H J=78Hz J=11Hz),872(ddd, 2, J =438
Hz. J= 1.8 Hz, ] = 0.9 Hz) ppm; All other oligopyridines were characterized in the same way
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triazine-H® and the corresponding pyridines are confirme

Q.

by the expected coupling constants for
2,6-oligopyridines (footnote Table 2).

Recent investigations have shown that 1,2 4-triazines undergo [4+2] cycloaddition with
ethv \/Ifrihufy]tjn to furnish 4-tributvistannvl-nvridines [2]
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functionalized pyridines. Further work on this topic with 1,2 4-triazines 3 - 4 is in progress.
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