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Abstract

3,5-Di-(pyridin-2-yl)-[1,2,4]-triazines 3 are converted to 4-tributylstannyl-2,6-oligopyridines 5§ regioselectively
via [4+2] cycloadditions with ethynyltributyitin. Bromination of the tin compounds § leads to 4-bromo-2,6-
oligopyridines 7. Cross-coupling reactions of compounds 5 and 7 under Stille conditions yield branched
oligopyridines 8 containing 8 to 14 pyridine units. © 1999 Published by Elsevier Science Ltd. All rights reserved.

Keywords: Triazines; Pyridines; Tin and compounds; Coupling reactions

INTRODUCTION

In the foregoing paper [1] we reported on the synthesis and reactions of 4-tributylstannyl-2 6-
oligopyridines as a part of our new and simple ‘LEGO’ system [2-8]. In this communication we
extend our ‘LEGO’ System to the generation of branched oligopyridines 8.

The regiospecific cyclocondensation of carboxamidrazones 1 (Scheme 1, Table 1) with «-
pyridylglyoxal 2 leads to 3,5-di-(pyridin-2-yl)-[1,2.4]-triazines 3 (Table 1) [2]. These triazines 3
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Alder reactions either with norborna-2,5-diene as a synthetic equivalent for acetylene n 1,2-
dichlorobenzene (1,2-DCB) to form 2,6-oligopyridines 4, as we have already described [2], or
with ethynyltributyltin to form 4-tributylstannyl-2,6-oligopyridines 5 (Scheme 1, Table 2) [1,7,8].
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stannanes S can be either arylated to compounds 6 or brominated to compounds 7 [8]. Complex
structures 8, highly branched oligopyridines, can be obtained by coupling the brominated

compounds 7 with stannanes S [7] (Scheme 1, rings formed in extrabold print). In this
contribution we report on the synthesis of 2,6-oligopyridines 3, 7 and 8.
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Scheme 1. The new and simple 'TLEGO" system for the synthesis of 4-substituted 2,6-oligopyridincs.



variety of stannylated oligopyridines, all of them being interesting starting compounds for
supramolecular chemistry [13,14]
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Synthesis of 1,2,4-triazines 3: Heating of carboxamidrazones with 1,2-dicarbonyl

compounds in ethanol under reflux is the easiest method to form 1,2,4-triazines [15]. Using a-
arylglyoxals as unsymmetncally substituted 1,2-diones, 3,5-disubstituted 1,2,4-triazines are
formed regioselectively [1,2,5,16,17], a fact which considerably simplifies workup pr

and raises ylelds.

triazines because of the thermolability of 2-pyridylglyoxal, which is only available in aqueous
solution [18]. Therefore, we have treated 2-pyridylglyoxal with the comresponding
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carboxamidrazone in ethanoi-water (4:1 v/v) for 3-9 days at ambient temperature with eventualiy
heating of the isolated precipitate in N,N-dimethylformamide at 100°C for 0.5 hours to complete
condensation (Table 1, Scheme 2). The concentration of 2-pyridylglyoxal was determined by 'H

NMR spectroscopy of its aqueous solution with 3-trimethylsilyl<(2,2 3 3-d;)-propionic acid
sodium salt as internal and integral standard
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structure of the corresponding pyridines 4 - 8 is confirmed by the expected coupling constants for
2.6-oligopyridines and 4-substituted 2,6-oligopyridines.
In this communication we restricted our synthetic investigations on using o-pyridylglyoxal as

possible, too. Some examples for the condensation of monomeric glyoxal, prepared in our

o

laboratories, have been reported recently [8].
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Tabie 1. Mono-, bi- and bis-|1,2,4]-triazines 3 synthesized according to Scheme 2.
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The solubility of the yellow 1,2,4-triazines 3 in all common solvents decreases from 3a, 3c,
3b, 3d to 3e. The last one is soluble only in refluxing N, N-dimethyl-formamide and refluxing 1,2-
dichlorobenzene, therefore no 'H NMR spectra could be recorded.
vithecic of stenmnviated nvridines § from 1 2 d-triazinec 3 1 2 A-Triazinec art ac dienac in
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inverse type Diels-Alder reactions with various electron-rich or angle strained dienophiles to
yield dihydropynidines and pyridines after extrusion of nitrogen [1-8,15]. The first systematical
investigations with ethynyltributyltin as dienophile affording 4-stannylated pyridines were started
in our laboratories [1,7,8]. On account of the lower react1v1ty of 1,2,4-triazines compared to
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temperatures to supply the necessary energy of activation [12] The 4-stannylated pyridines 5§
were formed as major isomers because of steric reasons (Scheme 3, Table 2) [1,7,8].



Scheme 3. Synthesis of 4-stannylated pyridines S
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Tabie 2. Synthesis of 4-tributyistannyi-2,6-oligopyridines 5 according to Scheme 3.
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Synthesis of 4-bromo-2,6-oligopyridines 7 The pyridine-Sn bond can be
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pyridines react easily by ipso substitution with electrophilic reagents like halogens.

substitution reactions make it possible to introduce an electrophilic group under mild conditions
regiospecifically [8]. Smooth displacement of the stannyl group at low temperature (-60°C,Br,)

was achieved for all tin-compounds described above to yield mono- and dibrominated 2,6-
oligopynidines 7 (Scheme 4, Table 3).
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Scheme 4. Synthesis of 4-bromo-2 6-oligopyridines 7
Table 3. Synthesis of 4-bromo-2.6-oligopyridines 7 according to Scheme 4.
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The solubility of the 4-bromo-2,6-oligopyridines 7 decreases in analogy to triazines 3
Compound 7e 1s soluble only in refluxing 1,2-dichiorobenzene.

Pd-catalyzed cross-coupling reactions: The pyndine-tin compounds § also take part in the
Stille cross-coupling reaction with the brominated compounds 7 and Pd{PPh;); as catalyst to

form highly branched ohgopyndines 8 contaimng 8 to 14 pyridine units. This was demonstrated
for some examples as shown in Scheme 5 and Table 4. On account of their symmetry compounds
8b to 8e are soluble only in CF3;CO,H at r.t. and in 1,2-dichlorobenzene at high temperature.
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Scheme 5. Cross-coupling reactions forming branched oligopyridines 8

Comparison of 'H NMR data: In Scheme 6 the '"H NMR data of different oligopynidines are
listed. The meta-coupling of the substituted pyridine ring depends on the different substituents.
ignifically. The '"H NMR spectra of the 4-4°-
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pyndine rings.
The assignment of the ppm-values results on comparison of the spectra in a series of compounds
and on comparison with those of literature data [23].



Table 4. Synthesis of 4-4’-branched oligopyridines 8 according to Scheme 5.
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Scheme 6. Comparison of '"H NMR data of different oligopyridines (400 MHz, CDCl; as solvent)

CONCLUSION

Our 'LEGO’ system offers a new and simple approach to 4-stannylated 2,6-oligopyridines, the
corresponding bromo derivatives and their coupling products. The 4-stannylated compounds are
casily obtained by [4+2] cycloaddition of 1,2 4-triazines with ethynyltributyltin in 1,2-
dichlorobenzene. Replacement of the trlbutyltm group leads to novel 4- substltuted 2,6-
Uligﬁp'yi”iul' 1ics {24,2.}1. 4-Bromo-oli Ti /

transformations.
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EXPERIMENTAL SECTION

General: IR spectra were recorded with a Beckmann Acculab I. NMR spectra were obtained
with a Bruker AC250 and ARX400 (250 MHz / 400 MHz for 'H and 63 MHz / 100 MHz for
3C). The degree of substitution of the C atoms was determined by the DEPT-135 method. Mass
spectra were recorded either with an ionizing voltage of 70 eV by electron impact with a Varian
CHO90 instrument or by field desorption or secondary ion (Cs") with a Varian 311A instrument.
Melting points were determined either with a Biichi melting point apparatus (<280°C) or with a
copper block (>280°C) and are uncorrected. Elemental analysis were performed in the
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used. Silica gel 60 (particle size 0.040 - 0.063 mm, Merck) was used for flash column
chromatography (fcc). Cycloaddition and coupling reactions were carried out under an
atmosphere of argon in solvents dried according to standard procedures. UV/visible spectra were
recorded with a Karl Zeiss Specord M500. Cyclovoltametry was carried out with a voltage-scan-
generator (Bank Wenking VSG 72), a potentiostat (Metrawatt Lerrayer XY 733), a Ag/0.1

AgNO; reference electrode and a Hg electrode with acetonitrile als solvent and 0.1 N trlbutyl

ammoniumtetrafluoroborate as conducting salt.

a-Pyridylglyoxal  [18],  6-bromo-[2,27;6” 2" Jterpyridine  [26],  ethynyltributyltin  [27]

Pt <~ ) 1 N P L= > > J | g L 3 J T o L 1
ieirakjs(tri“h“ny}phﬁsp}nﬁe)-p'"‘ld‘dium((}) {28] and benzylchlorobis(triphenylphosphine)-
palladium(II) [29] were prepared according to literature procedures.

Determination of the concentration of a-pyridylglyoxal 2 by 'H NMR: Following the
procedure by Schank [18] the volume of the aqueous solution of a-pyridylglyoxal was measured
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trimethyisilyi-(2,2,3,3-d4)-propionic acid sodium sait (TSP) was added. After integration the
concentration was determined to 156 umol/l. Then the aqueous solution was diluted with 320 ml
reagent grade ethanol (1:4 v/v) to give a final volume of 375 ml and a final concentration of 33.3

Vol o {T“IAVQ‘ Qﬂt" |fc~ h\ll“l"ﬁ o
Wl B Y UAGE QU I By Uk Gl

(4 : 9). For '"H NMR determination the hydrogens of the hydrate are set equal one. - 'H NMR
(0.5 ml H,0, 0.3 ml D,O, 400 MHz): 6 = 0.00 (s, 0.95 H, TSP), 5.23 (s, 1 H, hydrate), 6.34 (s,
0.45 H, free glyoxal), 7.48 (ddd, 1 H, J=7.6 Hz, J=4.9 Hz, J=1.2 Hz, hydrate), 7.69-7.77 (m,
0.45 H, free glyoxal), 7.77 (ddd, 1 H, J=8.0 Hz, J=1.1 Hz, J=0.9 Hz, hydrate), 7.95 (ddd, 1 H,

PR F
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glyoxal), 8.57 (ddd, 1 H, J=4.9 Hz, J=1.7 Hz, J=0.9 Hz, hydrate), 8.68-8.75 (m, 0.45 H, free
glyoxal) ppm.
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6-Cyano-{2,2;6", 2" 'Jterpyridine: 1.50 g (4.81 mmol) of 6-bromo-[2,2",6°,2"" Iterpyridine, 489
mg (5.46 mmol) of copper(I)-cyanide and 4.5 ml of absolute pyridine were heated at 140-150°C

for 8 h. After cooling the still warm solution was poured into a cold saturated solution of
potassium cyanide (40 ml) and stirred magnetically at r.t. over night. Then the mixture was
diluted with 250 ml of distilled water and the resulting precipitate was isolated by suction
filtration and washed with 50 ml of distilled water. Sublimation of the precipitate at 130°C/0.001

1T A0 SETTY

Torr yielded 871 mg (3.37 mmol, 70%) of colourless crystals, m.p. 141-143°C. - IR (KBr): v =
3090, 3040, 2020, 1570, 1550, 1425, 1410, 975, 800, 760, 740 cm™. - '"H NMR (CD,Cl,, 250
MHz): § = 7.37 (ddd, 1 H, J=7.5 Hz, J=4.8 Hz, J=1.2 Hz) 7.75 (dd 1 H, J=7.6 Hz, J=1.1 Hz),

(ddd, 1 H, J= 8()H7) J=7.5 Hz, J=

[2.27:6°,2" [Terpyridine-6-carboxamidrazone (1c). 1.00 g (3.87 mmol) of 6-cyano-
[2,2°:6°,27" Jterpyridine, suspended in 25 ml of reagent grade ethanol, was treated with 2.08 ml
(2.14 g, 22.8 mmol) of hydrazine hydrate (100%). After stirring at r.t. for 24 h the same amount
of hydrazine hydrate (100%) was added. After another 7 d stirring at r.t. the solution was diluted

ratlh QN sanl A Al M A ionbae
Witli oV 111 01 QiStinea walcet

ai
washed with 50 ml of distilled water and dried at 30°C/0.01 Torr, yielded 1.07 g (3.67 mmol,
95%) of le¢, colourless needles, m.p. 272-274°C (beginning decomp. at 240°C). 1¢ was used

,IAA W Py

Ina uic t:bl.ull[lg lplldlC was isolated oy suction nltraucm

without any further purification. - IR (KBr): v = 3440, 3290, 3190, 3050, 3020, 3000, 1645,
1605, 1565, 1555, 1440, 1420, 1060, 980, 895, 855, 805, 795, 760 cm™'. - '"H NMR (CDCls, 250
MHz): & = 5.50 (s, br, 2 H), 6.10 (s, br, 2 H), 7.71 (ddd, 1 H, J=7.5 Hz, J=4.8 Hz, J=1.2 Hz),

), 6.
7.96 (dd, 1 H, J=8.0 Hz, J=7.2 Hz), 8.02 (ddd, 1 H, J=8.0 Hz, J=7.5 Hz, J=1.8 Hz), 8.02 (dd, 1

H, J=8.0 Hz, J=1.6 Hz), 8.12 (dd, 1 H, J=7.8 Hz, J=7.8), 8.46 (dd, 1 H, J=7.8 Hz, J=1.1 Hz
857(dd, 1 H, J=72Hz J=16 Hz), 865 (ddd, 1 H. J=80Hz J=12 Hz 1=09 Hz) 874 (ddd

P 3 VA Vodksg, UUO \UUU, 1 XL, U0V X4, JTTLLL l.l.Z., V.7 114), A SRR LVAV N

1
H,J=4.8 Hz, J=1.8 Hz, J=0.9 Hz), 8.77 (dd, 1 H, J=7.8 Hz, J=1.1) ppm. lc was identified by the
successful preparation of 3c.

),
1
I

General procedure for the synthesis of 1,2,4-triazines 3a-e: A mixture of carboxamidrazone 1
and o-pyndyiglyoxal 2 (1 eq.) in ethanol-water (4 :1, v/v) was stirred magneticaily at r.t. for
several days. For reaction times and temperature see Table 1. The yellow precipitate formed was
separated by suction filtration, washed well with water and ethanol, recrystallized and dried at
60°C/0.01 Torr.
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-(pyridin-2-yl)-[1,2,4]triazine (3a) [2]: Following the general

L 8

F s
—_ 22 2 AlM ialdad aftas-

N
and 2 (100 o 7 AN mmanl s
JJ.J RHIUYi) yiCiuold anct

10 « (1.UU g, /.4U oI, ©

)
stiming at r.t. for 2 d 1.97 g (6.29 mmol, 85%) of 3a, yellow crystals, m.p. 220-222°C. No
turther purification was necessary. - IR (KBr): v = 3080, 3060, 3000, 1570, 1550, 1505, 1460,
1420, 1350, 1235, 1030, 980, 755, 725 cm™. - '"H NMR (CDCls, 400 MHz): 6 = 7.37 (ddd, 1 H,
J=7.5 Hz, J=4.8 Hz, J=1.2 Hz), 7.53 (ddd, 1 H, J=7.6 Hz, J=4.7 Hz, J=1.2 Hz), 7.90 (ddd, 1 H,
J=8.0 Hz, J=7.5 Hz, J=1.8 Hz), 7.98 (ddd, 1 H, J=7.8 Hz, J=7.6 Hz, J=1.8 Hz), 8.09 (dd, 1 H,
J=7.8 Hz, J=7.8 Hz), 8.66 (dd, 1 H, J=7.9 Hz, J=1.1 Hz), 8.70 (dd, 1 H, J=7.8 Hz, J=1.1 Hz),
873 (ddd, 1 H, J=4.8 Hz, J=1.8 Hz, ]=0.9 Hz), 877 (ddd, 1 H, J=8.0 Hz, J=1.2 Hz, J=09 Hz),
{81 (ddd 1 H J=78Hz J=12Hz J=09 Hz ) fRR3 ddd 1H J=47 Hz ]=1R8 Hz I—()QI—b)

L2 13 PRUE B ¥ 08 iy 2 LI 2 2dy, & 22, v

E
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0.34 (s, 1 H) T): §=121.70 (1C, +), 122.89 (I1C, +),
123.09 (1C, +), 124.08 (1C, +), 1124.17 (1C, +), 126.55 (1C, +), 137.02 (1C, +), 137.33 (1C,
+), 138.02 (1C, +), 145.72 (1C, +), 149.11 (1C, +), 149.96 (1C, +), 151.95 (1C, 0), 152.34 (1C,
0), 154.17 (1C, 0), 155.67 (1C, 0), 156.75 (1C, 0), 162.73 (1C, 0). - UV/Vis (CH,Cl,): 236 nm
(26370 lmol'cm™, Ig € 4.421), 286 nm (27730 Imol'em™, Ig & 4.440), 400 (405 Imol'cm™, Ig &
2.607). - Eyz = -1.67 V. - EI MS (70 eV); m/z (%): 312 (35) [M'], 284 (78) [M' - N3], 236 (4)
[M' + 2 H - CsHyN], 206 (5) [M' - N, - CsHyN], 181 (100) [M* - N, - C;HsN], 155 (15)
[CioH7N,'], 128 (11) [CioH7N," - HCNJ, 103 (95) [C/HsN'], 77.9 (20) [CsHaN'], 51.1 (9)
IC.-H N’* HCN1 - C.:H.sN. (312, ’J.) caled C 6922 H?AR 2’7 N 26 0] found C 69. 12 H4 m

1
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-Di-(pyridin-2-yl)-bi-[1,2,4]triazine (3b) [2]: Following the gcneral procedure 1b (0.43
mmol) and 2 (1.00 g, 7.40 mmol, ¢ = 33.3 umol/l) yielded af

:D

nga,_ t.for3da

and
t;v\ Af thhn e 4-“4,.-.{. 1:v AT A Asaaa 2
mmol, 82%) ot 3b, yellow crystals, m.p. 336-339°C (beginning decomp. at 310°C). No further
purification was necessary. - IR (KBr): v = 3070, 3040, 1575, 1560, 1525, 1500, 1460, 1310,
1225, 1135, 1035, 985, 970 cm™'. - '"H NMR (DMSO-Dg, 100°C, 400 MHz): § = 7.70 (ddd, 2 H,
J=7.6 Hz, J=4.8 Hz, J~12Hz) 8.13 (ddd, 2 H, J=7.9 Hz, J=7.6 Hz, J=1.7 Hz), 8.72 (ddd, 2 H,
J=7.9 Hz, J=1.2 Hz, J=0.9 Hz), 8.89 (ddd, 2 H, J=4.8 Hz, J=1.7 Hz, J=0.9 Hz), 1040 (s, 2 H)
ppm. ). - UV/Vis: too insoluble. - E/, : too insoluble. - EI MS (70 eV); m/z (%): 314 (36) [M'],
286 (27) [M" - Ny, 103 (100) [C;HsN'], 75.9 (33) [C7HsN' - HCN], 50.1 (14) [C;HsN' - HCN -
C,H,]. - Ci6H oNg (314.3): caled. C 61.14, H3.21, N 35.65; found C 60.94, H 3.64, N 35.68.
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3-(12,2°,6,2" | Terpyridin-6-yl)-5-(pyridin-2-yl)-[1,2,4]triazine  (3c) [2]: Following the
general procedure 1c¢ (0.71 g, 2.45 mmol) and 2 (0.33 g, 2.45 mmol, ¢ = 33.3 umol/) yielded

after stirring at r.t. for 2 d and recrystallization from dichloromethane 684 mg (1.76 mmol, 72%)
of 3¢, yellow crystals, m.p. 246-248°C (decomp.). - IR (KBr): v = 3080, 3050, 3000, 1570,
1550, 1520, 1500, 1455, 1430, 1410, 1345, 1255, 1230, 1100, 1065, 1030, 980, 760 cm™. - 'H
NMR (CDCl;, 400 MHz): & = 7.36 (ddd, 1 H, J=7.5 Hz, J=4.8 Hz, J=1.2 Hz), 7.54 (ddd, 1 H,
J=7.6 Hz, J=4.7 Hz, J=1.2 Hz), 7.89 (ddd, i H, J=8.0 Hz, J=7.5 Hz, J=1.8 Hz), 8.00 (ddd, 1 H,
J=8.1 Hz, J=7.5 Hz, J=1.6 Hz), 8.05 (dd, 1 H, J=7.8 Hz, J=7.8 Hz), 8.13 (dd, 1 H, J=7.8 Hz,

J=7.8 Hz), 8.52 (dd, 1 H, J=7.8 Hz, J=1.1 Hz), 8.67 (ddd, 1 H, J=8.0 Hz, J=1.2 Hz, J=0.9 Hz),

8.73 (ddd, 1 H, J=4.8 Hz, J=1.8 Hz, J=0.9 Hz), 8.73 (dd, 1 H, J=7.8 Hz, J=1.1 Hz), 8.82 (dd, |
H, J=7.8 Hz, J=1.1 Hz), 8.88 (dd, 1 H, J=7.9 Hz, J=1.1 Hz), 8.80-8.85 (m, 2 H), 1035(: 1 H)
ppm. ). - UV/Vis (CH,Cl,): 290 nm (35830 Imolem™, Ig & 4.554), 400 (413 Imolecm™, Ig &

2.616). - E, =-1.67 V. - EI MS (70 eV); m/z (%) 389 (25) [M ], 361 (38) [M N,], 311 (1)
[M" - CsHyN], 258 (100) [M" - N; - C;HsN], 230 (11) [M" -2 N, - C-H;sN], 180 (3) [C1oHsN,-

J Ll

CN*], 155 (12) [C1oHN,"], 103 (25) [C7HsN'], 78.0 (6) [CsHaN']. - Cp3HysN7 (389.4): caled. C

r A A T o~ - -

70.94, H 3.88, N 25.18; found C 70.71, H4.05, N 24.94.

2,6-Bis (5 ( yridin-2-yl)-[1,2,4 [triazin-3-yl)-pyridine  (3d) {2] Following the general
ﬂ 72 g, 370 mmol) and 2 (1.00 g, 7.40 mmol. ¢ = 333 umol/D vielded after

11MiANIL mlu - L.V LIV, W ~7 PRIy l} Jl\d. woi

stirring at r.t. for 3 d and recrystallization from trichloromethane 972 mg (2.48 mmol, 67%) of
3d, yellow crystals, m.p. 293-298°C (beginning decomp. at 285°C). - IR (KBr): v = 3080, 3050,
1575, 1525, 1505, 1460, 1445, 1340, 1240, 985, 770 cm™. - 'H NMR (CDCl;, 400 MHz): § =
ddd, J=76 Hz, J=4.8 Hz, J=1.2

_ 7T Q1Y Y17 rr,_\
J=71.7 1L, J=17.7

L8 i,

54 ( 2

{ I
V" A1 1T IY Y
23(aaq, I n,
=7.

8. 8 - b

H, J=7.9 Hz, J=1.2 Hz, J= 09Hz) 8.93 (d, 2H J 78112) 1037 S, 2H ) ppm. ). - UV/Vis
(CHCls): 237 nm (32410 Imol'cm™, 1g £ 4.511), 289 nm (34050 Imol'cm’’, lg € 4.532), 396
(911 Imol (‘ml ]0 g2 QﬁQ\ -Eip=-155V. -EIMS (70 PV\ m/z (‘%\ 391 (R\ IW1 363 (IQ\

AVA2

[M* - N3], 260 (6) [M N, - CH:NJ, 232 (12) [M" - 2 N, - C;HsN], 103 (100) [C7H5N*] 76.0

(39) [CHsN™ - HCNJ, 50.1 (10) [CsHsN' - HON - CyH,]. - CaiHisNs (391.4): caled. C 64.44, H
3.35, N 32.22; found C 63.29, H 3.85, N 31.79.
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stirring at r.t. for 9 d, heating of the precipitate in N, N-dimethylformamide (50 ml) at 100°C for 2
h, 927 mg (1.97 mmol, 71%) of 3e, yellow crystals, m.p. 395-398°C (beginning decomp. at

335°C). - IR (KBr): v = 3080, 3050, 1575, 1555, 1525, 1505, 1465, 1435, 1350, 1240, 1110,
1040, 985, 770 cm™. - EI MS (70 eV); m/z (%): 468 (2) [M'], 440 (12) [M" - N,], 337 (1) [M* -

= Es2 LVILJ TUU (L) |AVL Jy TV (1&g iV T ANy ST (B ) iV

N, - C7H;N], 309 (8) [M" - 2 N - C7H;N], 206 (4) [C12HsN,'], 180 (4) [C12HgN4' - CN], 103
(100) [C;HsN'], 75.9 (40) [C;HsN' - HCN], 50.1 (10) [C;HsN' - HCN - CyH,]. - CosHigNyg
(468.5): caled. C 66.65, H 3.44, N 29.91; found C 65.48, H 3.66, N 29.11. Compound 3e is too
insoluble for 'TH-NMR, UV and E, ..

( 22 2p0x)]  ppennn A iz 4han canath 5 pve

renera . N nojo PITTY Py P i A e & 'FL PRy
ICrnicr ul P’chuulﬁ /U LIIC JYriricsty f llll}ul,_yll

in-pyridines Sa-e: The appropriate 1,2,4-
triazine 3 and a 2 fold molar excess (per triazine ring) of ethynyltributyltin were heated in 1,2-
dichlorobenzene under an atmosphere of argon. For reaction times and temperatures see Table 2.
The solvent was stripped off and the residue was either purified by fec on silica gel or
recrystallized.
4 -Tributylstannyl-[2,2°;6"°,2"°;6 "', 2" "’ Jquaterpyridine (5a): Following the general procedure
3a (191 g, 6.12 mmol) and ethynyltributyltin (2.50 g, 12.4 mmol) in 13 ml 1,2- dlchlorobenzene

ielded after evs nnmrmo of the solvent, treatir ng o of the residue with methan

- Mv“ LaR RS AR R AN SRR VAL i

w u<
==

P Y 1id amedames
1

TSP A o . % P A PN Thommmds ~
Utio VeI SO1id Cairooil dioXiaf ana Sucuoi nnrauon O

1
2.48 g (4.14 mmol, 68%) of Sa, colourless crystals, m.p. 61°C. - IR (KBr): ¢ = 3050, 2920,
2860, 2840, 1580 1550, 1540, 1520, 1460, 1440, 1420, 1410, 1370, 1260, 1110 1060, 780,

740, 650 cm™. - '"H NMR (CD,Cl

D,
1M _ 18 (m EI1N 184 _1RS
1.0 1.4 \lll ULJ.} 1., 1,00

(ddd, 1 H, J=7.5 Hz, J=4.8 Hz, J=1.2 Hz), 7.87 (ddd, | H, J=8.0 Hz, J=7.5 Hz, J=
(ddd, 1 H, J=8.0 Hz J=7.5 Hz, J=1.8 Hz), 8.00 (dd, 1 H, J=7.8 Hz, J=7.8 Hz), 8.50 (dd, 1 H,
J=7.8 Hz, J=1.1 Hz), 8.62 (d, | H, J=0.8 Hz), 8.65 (ddd, 1 H, J=8.0 Hz, J=1.2 Hz, J=0.9 Hz),
8.66 (dd, 1 H, J=7.8 Hz, J=1.1 Hz), 8.67 (ddd, | H, J=8.0 Hz, J=1.2 Hz, J=1.0 Hz), 8.70 (ddd, 1

1T T A O TV __ [+ ¢ ~1 111 1 17 T A O TT 1t O TY_ 1T N TY_ o aomn s 1 lTI’

n, J=4.6 Nz, = 161‘12 UyIIZ),O/l[(l(l(l I 1, J=4.0 IlZ, J= 1.6 Nz, J“IUHZ) 0.021(4, 111,

, 400 MHz); 6 =093 (t, 9 H, J=7.3 Hz), 1.12 - 1.32 (m, 6 H),

2

T

S5(m. 6 ). 734(ddd. 1 H. J=7.5 Hz. J=4 8 Hz. J=
\ Ull} . J“ \UUU P 1l, J7/7.0 kL J7F.0 12L&y J

1=0.6 Hz) ppm. - °C NMR (CD,Cl,, 100 MHz, DEPT): 6 =10.15 (3 C, -), 13.84 3 C, +), 27.79
(3 C,-),29.49 (3 C,-), 12098 (1 C, +), 121.15 (1 C, +), 121.44 (1 C, +), 121.46 (1 C, +),

12391 (1C, +), 124.15(1 C, +), 12932 (1 C, +), 12939 (1 C, +), 137.11 (1 C, +), 137.13 (1 C,
1\ 1‘)01.4/ h \1‘(\][/1{"\ \ 1A(\L‘A/1ﬁ Y 187 &1 71 M N\ 187 L& 71 M NN 1L A 71
+), 13814 (1 €, +), 14546 (1 C, +), 14954 (1 C, +), 153.51 U C,U), 155.65(1C,0), 15547 (1
C, 0), 155.62 (1 C, 0), 156.34 (lC 0), 156.56 (1 C, 0), 157.12 (1 C, 0). - FD MS (CH,Cl,); m/z

(%): 1200 (<35) [Mz] 1141 (100) [My" - C4Ho], 1085 (<5) [My" - 2 C4Ho], 657 (<5) [M* +



Q
o]
)

[~

fl
tn
3

S~
)
2
S
%)
~
~
~
N
~]
3~
%
S
~

n

n

-~
~
\O
O

\

~—

a
D
=N
Dy
o
)
o
Co
w
o]
0

M IT 1 £LN1 £ 0N\ T 7+ ITY AN F-NC\ Th A4+ T MAET 1 MOIT AT QO s00 AN 1.1 41N
49, OU1L \\OU) vk T nj, 245 \‘;’3) (E\7 S -4 9J = Uj3ayoiNgdN \377 4) CaiCd. L 04.1.2,
H 6.73, N 9.35; found C 64.13, H6.87, N 9.25

4,4 -Bis-tributylstannyl-{2,2°,6°,2"",6 ", 2"’ Jquaterpyridine (Sb): Following the general
nnnnnn Arizs Th (1 £L n & IQ e Al nnd athonoléadhatdea (420 46 1T A4 wvanal) e M) .l 19D
proccuure Ju (1.9 g, J.40 inim ) alil CLHYHYIUIDULYIill (¢.0V ¥, £1.4 1l IUI} LU un 1.4-

dichlorobenzene yielded after fcc (petroleum ether 40/60 : ethyl acetate = 4 : 1) 2.98 g (3.36

mmol, 64%) of 5b, colourless crystals, m.p. 58-59°C. - IR (KBr): v = 3040, 2940, 2900, 2860,
2840, 1570, 1560, 1540, 1450, 1340, 1260, 1120, 1100, 870, 780, 730 cm™. - "TH NMR (CD,Cl,,
250 MHz): 8 =093 (t, 18 H, J=7.4 Hz), 1.12 - 1.32 (m, 12 H), 1.34 - 1.52 (m, 12 H), 1.54 -
1.85 (m, 12 H), 7.34 (ddd, 2 H, J=7.5 Hz, J=4.8 Hz, J=1.3 Hz), 7.86 (ddd, 2 H, J=8.0 Hz, J=7.5
Hz, J=1.8 Hz), 8.61 (d, 2 H, J=0.8 Hz), 8.65 (ddd, 2 H, J=8.0 Hz, J=1.3 Hz, J=0.9 Hz), 8.70
(ddd, 2 H, J=4.8 Hz, J=1.8 Hz, 0.9 Hz), 8.80 (d, 2 H, J=0.8 Hz) ppm. - *C NMR (CD,Cl,, 63
27(6C,-), 13.83 (6 C,+),27.81 (6 C, -),29.55(6 C, -), 121.42 (2 C, +)

10 1¢( }
1z, 1 ©C,-), 3l (6 D60, -), 121 C, +),
1YY £77 /Y M N 1YY NO Y M hY 1"\(\ [0 £ [HRY 1’7"’ AV /"\f“ Y T AN ! fde ) 1 ’I Fda BVda BV ol
125.67(2C, 1), 12909 (2 C, +), 8(2C,+),13705(2C,+), 14951 2 C, +), 153.67 (2 C,

0), 154.27 2 C, 0), 155.37 (2 C, 0) 157.38 (2 C, 0). - FD MS (CH,CL); m/z (%): 1779 (<5)
[M;* + 2 H], 1719 (<25) [My" - C4Ho], 1662 (<5) [My" - 2 C4Hs], 947 (<5) [M* + H + C4H),
889 (100) [M'], 832 (<15) [M" - C4Hy]. - CaqHeoNsSn; (888.5): caled. C 59.48, H 7.48, N 6.31;
found C 59.51, H7.53, N 6.31.

4’-Tributylstannyl-[2,2°;6",2",6°",2"";6""", 2" Jquinquepyridine (5c). Following the general
procedure 3¢ (0.56 g, 1.44 mmol) and ethynyltributyltin (0.91 g, 2.88 mmol) in 10 ml 1,2-

dichlorobenzene vielded after evanorating of the solvent. treatine of the residue with methanol
WM WIALAVR VU WiLLLwiiw leluv“ “WRilw. A4 “i AV e uL& /A uA\./ [SAVF Y 'v‘l\' Ll Wikl 6 NFA AW A WAHSINAWAW ¥YrYiuia llwulml\ll’
cooling of the solution over solid carbon dioxide, suction filtration of the precipitate which was

formed and recrystalllzatlon from methanol, 559 mg (827 umol, 57%) of Sc, colourless needles,

IAA(), 1415, 1‘)60, 770 r-m’_ IHWR(CD2CI Aﬂ() T\/IT—I-;) 3=0094(t, QH J=73 H) 122
‘l o 3o T SN £ TIVN 1 24 I 1 10N /. £ I\ 7724 7111 T LY 177 & 11 I=A [+ 3 & (i
32 (m, 6 H), 1.34 - 1.50 (m, 6 H), 1.65 - 1.80 (m, 6 H), 7.34 (ddd, 1 H, J=7.5 Hz, J=4.8
J=1.2 Hz), 7.36 (ddd, 1 H, J=7.5 Hz, J=4.7 Hz, J=1.3 Hz), 7.88 (ddd, 1 H, J=8.0 Hz, J=7 SHZ

J=1.8 Hz), 7.90 (ddd, 1 H, J=8.0 Hz J=7.5 Hz, J=1.8 Hz), 8.02 (dd, 1 H, J=7.8 Hz, J=7.8 Hz),

8.05 (dd, 1 H, J=7.8 Hz, J=7.8 Hz), 8.51 (dd, 1 H, J=7.8 Hz, J=1.1 Hz), 8.62 (d, 1 H, J=0.8
Hz). 865-872 (m. 7 H). 8.86(d. 1 H. J=0.8 Hz) vpm _BeoNur /eonuaet. 100 M, NEDTY.
1 }, o, vV 0,74 \ l, / 11}, O,0uU \U, 1 Ll . v,0 LLL}P 111, o LNUVLIN \pug\/lz, 11UV IVJJ.LL, L/ X l,
d=10.16 (3(, )1584(5(,+) 1780((, ) 29.50 (:5&—) l}.lU()(l +) lle‘)(lL
+), 121.27 (1 C, +), 121.29 (1 C, +), 121.46 (1 C, +), 121.52 (1 C, +), 123.91 (1 C, +), 124.19
(1C,+),12935(1 C, +), 12943 (1 C, +), 137.17 (1 C, +), 137.19 (1 C, +), 138.12 (1 C, +),
11R 1A(1 C ) 14047 (1 C Y 140585 (1 ¢ Y 183S0/(1C OY 158365(1 CC 0O 18551 (1 C
PO 1Y \1 L/, ‘}’ rrs.0vi \l U l S R e 4 \J. \./, '}, I ROV A \.l \./, \l}’ L Jor T \\1 \/, \I}) f e ot R \l \/’
0), 15563 (1 C,0),155.78 (1 C, 0), 155.83 (1 C, 0), 156.38 (1 C, 0), 156.50 (1 C, 0), 157.12 (i
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C37H43NsSn (676 .4): caled. C 65.69, H 6.41, N 10.36; found C 65.86, H 632, N 10.88.

4’4" -Bis-tributylstannyl-[2,2;6°,2° ;6,276 ", 2" ' Jquinquepyridine (5d): Following the
general procedure 3d (1.03 g, 2.63 mmol) and ethinyltributyltin (2.32 g, 11.6 mmol) in 8 ml 1,2-
dichlorobenzene yielded after fcc (dichloromethane : ethyl acetate =1 : 1) 1.16 g (1.20 mmol,
46%) of 5d, colourless crystals, m.p. 73-75°C. - IR (KBr): v = 3050, 2950, 2900, 2860, 2840,

180N 18N 1840 18N 1460 1
OOV, 1JUV, 19V, 104V, 1MUY, |

A
NMR (CD,Cl,, 400 MHz): 6 = 0.90 (t, 18
12 H), 1.54 - 1.80 (m, 12 H), 7.35 (ddd, 2 H, J 75Hz J=4.8 Hz, J=1 Hz),
J=8.0 Hz, J=7.5 Hz, J= 1.8 Hz), 8.04 (dd, 1 H, J=7.9 Hz, J=7.7 Hz), 8.6

QA7 (ddd 7 H T-Q(\U I=1 2 H7z TI=N0 Hz\ K£7 (4 27U I=
JTUL O/ J .

0.9/ \uuu, £ 11, v RUIS S VAR B s i § ViR

(O¥]
_—~
(=N

~ T 4 A~ TT T oS oTT 12 ——
3

Hz, J=1.8 Hz, 0.9 Hz), 8.77 (d, 2 H, J=0.8 Hz) ppm. -
10.20 (6 C, -), 13.89 (6C +), 27.75 (6 C, -), 29.52 (6 C, -), 121.50 (2 C., +), 121,52 (2 c, +),

123.87(2C,+),129.18 2 C, +), 129.33 2 C, +), 137.07 (2 C, +), 137.93 (1 C, +), 149.50 (2
C,+), 153.73(2C,0), 153.83 (2C, 0), 156.48 (2 C, 0), 156.62 (2 C, 0), 157.29 (2 C, 0). - FD

| MEXO N \& Ny Yy 1 U \“ g Vg AT o iy Vg AUV Ve (e Sy Y Jy 2

MS (CH,Cly); m/z (%): 1022 (<5) [M" - H + C4Hs], 966 (<40) [M*], 908 (100) [M" - C,Hg], 599
(<5) [(M + 2 Sn(C4Ho))**], 455 (<5) [(M - C4Ho)*'], 425 (<15) [(M + H - 2 CHo)*']. -
C49HgoNsSn, (965.5): caled. C 60.95, H 7.20, N 7.25; found C 61.05, H 7.34, N 7.29.

7)!1‘1))‘))1!1 A'I))l LR B DI PN .
P4 y U 4 [RCAL YT iUiErIc V%)

Following the general procedure 3e (1.50 g, 3.20 mmol) and ethynyitributyitin (4.04 g, 12.8
mmol) m 30 ml 1,2-dichlorobenzene were heated at 180°C for 24 h. After suction filtration 1.19
g (2.54 mmol) of 3e were recovered. The recovered 3e was again treated with 3.20 g (10.2

nmnnl\ of r:-fhr rl .hnhllﬁn faor 77 h  Aftar cnctinn
I_J ikAll AR 1 ii. 42 i IS W LEINSEL

..

dissolving of the residue in dichloromethane and treating of the solution with methanol untii it
became cloudy, cooling over solid carbon dioxide yielded 1.91 g (1.83 mmol) of Se, colourless
crystals, m.p. 143-146°C. - IR (KBr): v = 3050, 2960, 2930, 2860, 1585, 1560, 1550, 1525,
1465, 1440, 1370, 1270, 1115, 805, 790, 735, 655 cm™. - '"H NMR (CD,Cl,, 400 MHz): § =

11iio L&AV Voo ixx . AR ANAVAAN \ WAL UNSRY VY AV

095 (t, 18 H, J=7.2 Hz), 1.12 - 1.32 (m, 12 H), 1.34 - 1.52 (m, 12 H), 1.54 - 1.80 (m, 12 H),
735 (ddd, 2 H, J=7.5 Hz, J-4.8 Hz, J=1.2 Hz), 7.89 (ddd, 2 H, J=8.0 Hz, J=7.5 Hz, J= 1.9 Hz),
8.06 (dd, 1 H, J=7.8 Hz, J=7.8 Hz), 8.63 (d, 2 H, J=0.8 Hz), 8.67 (ddd, 2 H, J-8.0 Hz, J=1.2
Hz, J=09 Hz), 8.70 (dd, 2 H, J=7.8 Hz, J=1.1 Hz), 8.71 (ddd, 2 H, J=4.8 Hz, J=1.9 Hz, 0.9 Hz),

0 "7’7 73 "i Y 1’_"1 o 1Y, T_1 1 Q 00 71 T r__n 0 1T\ DI l3f‘ WIRAD T 1
73 (dd, 2 H, J=7.8 Hz, J=1.1 Hz), 888 (d, 2 H, J= ) ppi C NMR (CD,(l,, 100
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MHz, DEPT): § =1031(6 C,-), 13.85(6 C, +), 27.83 (6 C, -), 29.57 (6 C, -), 121.06 (2 C, +),
1271 §A M O \ MM K8 M C 4 1220 M C 1Y 17QAA M C Yy 1DQ K8 M C W\ 12711 1)
141 J & vy T 11_1 DO \& oy T LD TL & vy T LLTTU L Uy Ty, LLT . JI L vy, T) 1I7.11\&
C,+), 13811 (2C, +),14954 2 C, +), 15372 (2 C, 0), 153.85 (2 C, 0), 15555 (2 C, 0),
155.90 (2 C, 0), 156.57 (2 C, 0), 157.34 (2 C, 0). - FD MS (CH,Cl,); m/z (%): 1099 (<5) [M* +
C4Hg], 1044 (<5) [M"], 986 (100) [M" + H], 639 (<5) [M" - Sn(C4Hs); - C4Hs], 465 (<5) [M" -2
Sn(C4Hs)s). - CssH7sNgSn, (1042.6): caled. C 62,20, H 6,96, N 8.06; found C 61 88 H693 N
7.90.

General procedure for the bromination to 7a-e: The organotin compound § was dissolved in

Arv chlarafarm and canled ta 60°C A gnlitinn of hramine in drv ohla Q
ary Ciuoroiorm anG CO00i8G W -0V L. A SGiudn 01 oromune i Gry CiuOroioiin was aGGea
Fad

dropwise. The brown colour of the bromine disappeared immediately at the beginning of the
addition. After completion of the addition a clear bright yellow solution was obtained. The
cooling bath was removed and the reaction mixture allowed to reach r.t.. The solven was

removed under re are

¢ residue purified as described. Reaction conditions ar

i Taly
1Lav

4’-Bromo-{2,2",6",2"",6"",2" "’ [quaterpyridine (7a): Following the general procedure 5a (957
mg, 1.60 mmol) and bromine (98.0 ul, 306 mg, 1.93 mmol) in chloroform (10 ml each) yielded
after evaporation of the solvent and recrystallization from methanol 346 mg (888 pumol, 56%) of
7a, colouriess crystals, m.p. 198-199°C. - IR (K'Br) v = 3080, 3060, 1580, 1550, 1540, 1460,
1425, 1380, 1370, 1260, 1070, 980, 870, 770 ¢m™. - '"H NMR (CD,Cl,, 400 MHz): § = 7.38
(ddd, 1 H, J=7.5 Hz, J=4.8 Hz, J=1.2 Hz), 7.40 (ddd, 1 H, J=7.5 Hz, J=4.8 Hz, J=1.2 Hz), 7.91

(ddd, 1 H, J=8.0 Hz, J=7.5 Hz, J= 1.8 Hz), 7.92 (ddd, 1 H, J=8.0 Hz J=7.5 Hz, J=1 8 Hz), 8.03
(dd, 1H, J=7.8 Hz, J=7.8 Hz), 8.53 (dd, 1 H, J=7.8 Hz, J=1.1 Hz), 8.64 (ddd, 1 H, J=8.0 Hz,
J=1.2 Hz, J=0.9 Hz), 8.65 (dd, 1 H, J=7.8 Hz, J=1.1 Hz), 8.67 (ddd, 1 H, ]=8.0 Hz, J=1.2 Hz,
J=1.0 Hz), 8.70 (ddd, 1 H, J=4.8 Hz, J=1.8 Hz, 0.9 Hz), 8.70 (d, 1 H, J=1.9 Hz), 8.71 (ddd, 1 H,
-4 8 Hz, J=1.8 Hz, J=1.0 Hz), 8.84 (d, 1 I1, J=1.9 Hz) ppm. - EI MS (70 eV); m/z (%): 388
(100) [M'], 360 (7) [M" - Ny, 309 (66) [M* - Br], 280 (3) {M‘* - N, -Br], 230 (10) [M" - Br -

CsHuN - H], 205 (28) [M" - Br - CsHuN,], 194 (7) [M**], 155 (25) [C10H7N,"], 154.5 (2) [M -
Br)*'], 128 (22) [CioH7N," - HCN], 78 (38) [CsH4N'], 51.1 (7) [CsH4N" - HCN]. - CyH,3N4Br
(389.3): caled. C 61.71, H3.37, N 14.39; found C 61.49, H 3.38, N 14.15.

4’4 7-Dibromo-[2,2":6',2""6",2" " Jquaterpyridine (7b): Following the general procedure
5b (0.52 g, 0.59 mmol) and bromine (80.0 ul, 0.25 g, 1.56 mmol) in chloroform (10 ml each)

yielded after evaporation of the solvent and recrystallization from DMSO 80.4 mg (172 pmol,
’)90/,\\ of 7b, colourless needles’ m.op. 317-321°C. - IR (KBr): v = '{nﬁn ann 1580, 1540,

v\llu UL 1WA P LT TV AN (Awadi g, ¥ POV AN AV L A A



5084 G. R. Pabst, J. Sauer / Tetrahedron 55 (1999) 5067-5088

1460, 1370, 1360, 1260, 1060, 980, 860, 780, 730, 680 cm™. - 'H NMR (DMSO-d;, 400 MHz,

mnon\ 8§=750¢ddd. 2 H I= ’7<T—Tr1 J=4 &8 Hz I=12H»y 802 (ddd. 2 H I_Q(\I—Iv I=7 § H»

J AV I MY S A ¥ | \uuu L l.l. J— JTT.0 11L JT L AJJ.A} .V \uuu L 3Ry JT LS LR,

J=1.8 Hz), 8.58 (ddd, 2 H, J=8.0 Hz, J=1.2 Hz, J=1.0 Hz), 8.64 (d, 2 H, J=1.9 Hz), 8.72 (ddd, 2
H, J=4.8 Hz, J=1.8 Hz, 1.0 Hz), 8.73 (d, 2 H, J=1.9 Hz) ppm. - EI MS (70 eV); m/z (%): 468
(100) [M'], 440 (5) [M" - N,], 387 (42) [M* - Br], 308 (8) [M* - 2 Br], 283 (19) [M* - Br -
C4ILN;], 260 (5) [C1 HBIN; + H] 234 (8) [M?*], 233 (9) [C1oHeBrN,'], 203 (12) [M* - 2 Br -

f‘ IT AT £ /I /A 1&A 71 AN T N 170 /M4 T 1Y TIMAT] 1NA 7N
CeHsN3], 1935 (2) [(M - DI) J, 154 (14) [\4101161\12 1, 128 (36) lb10n71V2 - NnUN], 1U4 (2)

— T+

[CsHuN,'], 78 (53) [CsH4NT], 51.1 (9) [CsHyN' - HCN]. - CyoH;2BrNy (468.2): caled. C 51.31,
H258 N11.97; found C51.11,H2.76, N 11.81.

Ry S DK DA DN A1 DI i anonyuriding (T 1%
7 L U L U U T . i

121 M IV IO Y
uireus l"" 3 g & ) & IL[UI-I«IIKIMO ’y

)

-

procedure 5S¢ (399 mg, 590 umol) and bromine (36.0 pi, 112 mg, 708 pmoi) in chioroform (i0
ml each) yielded after evaporation of the solvent and recrystallization from methanol 152 mg
(327 pmol, 55%) of 7¢, colourless crystals, m.p. 213-214°C. - IR (KBr): v = 3080, 3050, 3000,
1555, 1545, 1460, 1420, 1385, 1265, 1070, 805, 770, 735 cm™. - '"H NMR (CD,Cl,, 400 MHz):

~ 7 r1 11 1 Ly BV «f T TTY.. TN\ ~ AN r 11 1% 1 1Y ¥__ "'(YT_ A O TT__

6 =737 (ddd, 1 H, J=7.5 Hz, J=4.8 Hz, J=1.2 Hz), 7.40 (ddd, 1 H, J=7.5 Hz, J=4.8 Hz, j=1.2
Hz), 7.91 (ddd, 1 H, J=8.0 Hz, J=7.5 Hz, J=1.8 Hz), 7.92 (ddd, 1 H, J=8.0 Hz J=7.5 Hz, J=1.8
Hz), 8.06 (dd, 1 H, J=7.8 Hz, J=7.8 Hz), 8.09 (dd, 1 H, J=7.8 Hz, J=7.8 Hz), 8.52 (dd, 1 H

J=7.8 Hz, J=1.1 Hz), 8.66 (ddd, 1 H, J=8.0 Hz, J=1.2 Hz, J= 1.0 Hz), 8.68 (ddd, 1 H, J=8.0 Hz,
T— T— N>\ Q £0 A T 1T—7 Q 1> T— 5 PN 1 fAd4A 1T I 1—-4 Q@ 1LI» 1—1 Q LI
N o RV § Jy O.VF . 7 \uuu, 111, J7=%.0 1 s J71.0 1 N

o0
[\
~
s
[S—

H J- 18Hz) 874(dd J—78Hz J—HHz) 88(d lH J= 18Hz)ppm - EI MS

i
(70 eV) z (%): 466 (100) [M'], 437 (4) [M" - N;,], 386 (36) [M" - Br], 282 (20) [M" - Br -
], 233 (5) [M**], 232 (13) [C15H10N3"], 205 (7) [CisHioN5* - HCNJ, 193 (3) [(M - Br)*'],

51
x 23 <] L 154110183 Js &V rJ l\Jl) 210 E AT Y N A [543
155 (15) [C1oH7N,'], 128 (14) [CioHN," - HCNJ, 78 (19) [C5H4N+] 51.1 (2) [CsH4N" - HCN].
- C15H6BrNs (465.8): caled. C 64.46, H3.46, N 15.04; found C 64.13, H 3.62, N 14.91.

11l and l-\ nnnnnn (AN N . 1748 smag TR1 sismnl) 4 in ~hlae Afﬂm (s
111Ul ) allu 1uuuuc \Frv.v Ml, ILJ ing, /01 p.l 1ul) i CiOiG101 |

each) yielded after evaporation of the solvent and recrystailization from DMSO 99.6 m
umol, 62%) of 7d, colourless crystals, m.p. 320-323°C. - IR (KBr): v =3060, 3010, 1580, 1540,

1470, 1380, 1320, 1270, 1100, 1070, 1050, 990, 870, 810, 780, 750, 730, 650 cm™. - '"H NMR

(DMSO-d.. 120°C. 400 NI &d=17.50 (Add 71T 17 8§ ey T—A4 2 112 T-1 ) 112y Q N (Add )
(LIVIOVUU=Ug, L4V U, 94UV IVILIL ). OV QUQ, £ 0, 0570 114, JTA.0 XL, vT L2 XL, 6.0V \GUG, £

H, J-8.0 Hz, J=7.5 Hz, J- 1.8 Hz), 8.21 (dd, | H, J]-8.0 Hz, J=7.6 Hz), 8.58 (ddd, 2 H, J=8.0
Hz, J=12 Hz, J=1.0 Hz), 8.61 (d, 2 H, J=1.8 Hz), 8.66 (d, 2 H, J=7.8 Hz), 8.73 (ddd, 2 H, J=4.8
Hz, =18 Hz, 1.0 Hz), 875 (d, 2 H, J=1.8 Hz) ppm. - E1 MS (70 eV); m/z (%): 545 (100) [M"],
517 (3) [M" - N,], 464 (22) [M" - Br], 388 (2) [M" - Br - CsHyN], 387 (5) [M" - 2 B, 360 (12)
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233 (7) [CieHeBIN;'], 232 (5
){C HI\‘*‘_ur*\n 104 (

T AN, 1VE

F—— p—
[s

M - Br - CgHsN,], 310 (9) [M" - Br - CyoH;N, 272 (2)
1

{ R 180 (1Y IC. u I.YT 154 (O) IC. N1
% D) §, 10U (1) [V ]IER61%3 |, LI \F) 6N 2 |,

[C4HLN,'], 78 (34) [CSH4N*] 51.1 (4) [CsH4N* - HCN]. - CosH;sBr,Ns (545.2): caled. C 55.
H 2.77, N 12.84; found C 54.78, H 2.92, N 12.67.

[M*], )
A 712 (2 Y
iV L5 \3v )

v-=~

44" "-Dibromo-{2,2",6°,2";,6°",2"":6°",2""" 6" 27" [sexipyridine (Te): Following the
é,(’llﬁ!ut pFOCt:uui‘B‘ Se \Jl_x mg, 500 uﬁi(_‘u) and bromine \.)U 3 pl 176 ing, 1.10 1’1‘]1“1"10}) m
chloroform (10 ml each) yielded after evaporation of the solvent and recrystallization from
DMSO 285 mg (415 umol, 83%) of 7e, colourless needles, m.p. 374-378°C (decomp.). - IR

(KBr): v = 3080, 3050, 1550, 1475, 1445, 1390, 1275, 1075, 810, 790, 780 cm™. - EI MS (70

aVY- m/z (8- &7 (100N TARATT §42 (ARY T Rl ARS /(SYIMT _ Ry . C. I N1 AKR) {<\ At _
vy }, 11V L \/U} VL L \LUU} llvl J, [ hn g \UU} llvl Ul]’ TUJ \J] llVl 121 A .ll.4 ‘J, VL \ , J.Vl ~
™ 1 Ay sy TR '+ Fa ik 5 S Y 4 T N O~ N r\rfr ™ M~ YT T -~ o~ ra ’,‘I o~ ‘\/ r;an =«
Br], 437 (7) [M™ - Br - CsHyN - N,], 387 (6) [M" - Br - 2 CsHyN], 311 (21) [M*"], 272 (4) [(M -

Br)**], 230 (5) [CisHsN3'], 203 (3) [CisHsN;* - HCN], 155 (4) [C10H7N,*], 128 (30) [C1oHoN," -
HCN], 78 (12) [CsHuNT]. - C30HsBroNg (622.3): caled. C 57.90, H 2.92, N 13.50; found C
57.71, H 3.06, N 13.44. Compound 7e is too insoluble for '"H NMR spectroscopy.

General procedure for the synthesis of branched oligopyridines 8a-e: Pd(PPhs), (13-23
mol%) was dissolved in 5 ml toluene. The 4-bromo-oligopyridine 7 was added and the reaction
mixture stirred for S min. After this period the tributyltin compound § (60 mmol) in 5 ml toluene
was added and the reaction mixture heated to reflux for the time indicated in Table 4. In most
cases the precipitation of palladium indicated the end of the reaction. After filtration and
stripping off the soivent the residue was purified by recrystallization.

6,6 ""-Di-pyridin-2-yl-[2,2";
1

the oeneral procedure Sa (111 m
l A A ALR
fil
1 11l

2 ,.4’7’4171;2;1,}2!!11;61”1 ))Jyysexlpyrldlne (8a) FOllOWlng
6 umol). 7a (68 4 me. 176 umol) and Pd(PPh-\: (27 3 mo

KL L A e Ligy, MAUL ) G 1 U4 4 11374 \& 1. Aaig,

24.0 umol) yielded after suction fi
(hot filtration to separate from prempltated palladium) 90.9 mg (147 umol, 83%) of 8a,
colourless crystals, m.p. 324-327°C (decomp). - IR (KBr): v = 3050, 3000, 1570, 1550, 1530,

1470, 1450, 1420, 1380, 1270, 1070, 780, 730 em!. - 'TH NMR (CD,CL,, 400 MHz): 8 = 7.30

L, 20V RCAVAR ¥ £ 3 SN ANAVIIN a2

(ddd, 2 H, J=7.5 Hz, J=4 8 Hz, J=1.2 Hz), 7.41 - 7.45 (m, 2 H), 7.65 (ddd, 2 H, ]=7.9 Hz, J=7.5

Hz, J= 1.8 Hz), 7.94 - 7.99 (m, 2 H), 8.09 (dd, 2 H, J=7.8 Hz, J=7.8 Hz), 8.57 (dd, 2 H, J=7.8
Hz, J=1.1 Hz), 8.69 - 8.81 (m, 10 H), 9.03 (d, 2 H, J=1.8 Hz), 9.20 (d, 2 H, J=1.8 Hz) ppm. - PI
SIMS (Cs CH,Cl,, NBA); m/z (%): 620 (100) [MH']. - C4HysNj (618.7): caled. C 77.65, H

A DA Qllfnnrl(“"] 11\:‘[179/1

A4
‘74‘1, 10.1 1. 1VULIU O It
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66" -Dicpyridin-2-yl-[2,2'16" 27167 2 AT AT 22T G2

DI s by o (f]h): Fallawinag the ops
P J LIS F A " \u”/ X UURIUYY lllb LA L %3

mg, 172 pmol) and Pd(PPh;)s (29.6 mg, 25.6 umol) yielded after suction filtration of the
precipitate and recrystallization from 1,2-dichlorobenzene 87.3 mg (113 umol, 66%) of 8b,
colourless crystals, m.p. 381-385°C (decomp). - IR (KBr): v = 3050, 3000, 1565, 1550, 1525,
1460, 1440, 1430, 1415, 1375, 1270, 1065, 800, 775, 765, 740, 730 cm™. - "H NMR (CF;CO,D,

ANN N ATT T O

400 MHz): 6 =8.20 - 8.27 (m, 2 H), 8.30 - 8.36 (m, 2 H), 8.57 - 8.64 (m, 2 H), 8.69 - 8.77 (m, 4
H), 8.86 - 8.91 (m, 4 H), 8.93 - 9.03 (m, 6 H), 9.05 - 9.17 (m, 8 H), 9.19 - 9.26 (m, 4 H) ppm. -
PI SIMS (Cs*, CF3CO,H, glycerine); m/z (%): 775 (100) [MH,'], 774 (<95) [MH]. - CsoH32Ny
(772.9): caled. C 77.70, H 4.17, N 18.13. found C 77.42, H4.23, N 17.89.

neral nrnr'a ure 8o (116 mo 177 umanall Te (70 Q
/LRl O WIS \1 A l.l..ls 1 7 L [ g 4

PE R4 N SREEN SRR RN L P v ~ T I AN Y NI, A 4VIE ST MY, 41y 41888 EEEEARLEEEEER]

6'.6"",6" 6" “Tetra-pyridin-2-yi-{2,2°:6", 2" 4" 4" ;2" 2" 40 40000200 ;
6’2" Joctapyridine (8¢): Following the general procedure Sb (158 mg, 178 umol), 7a
(141 mg, 363 pmol) and Pd(PPhs); (43.2 mg, 37.0 pumol) yielded after suction filtration of the
precipitate and recrystallization from 1,2-dichlorobenzene (hot filtration to separate from

__________ amm 0o/ £ ~ Y Y P emm =m nNLeN ")CEOC

plelplldlCU pdlldull.lll]) lUy illg \l IO ulIlUl OO /0) 01 8& bUlULUISbb blybldlb m.p. 354-30

(decomp). - IR (KBr): + = 3040, 3000, 1570, 1550, 1530, 1460, 1450, 1370, 770, 730 cm™. - 'H

NMR (CF;CO;D, 400 MHz): § = 8.12 - 8.23 (m, 4 H), 8.26 - 8.32 (m, 2 H), 8.47 - 8.58 (m, 4

H), 8.78 - 9.04 (m, 20 H), 9.05 - 9.11 (m, 2 H), 9.11 - 9.17 (m, 2 H), 9.25 -9.33 (m, 2 H), 9.33 -
" ™

A

\../’
3
~

9.42 (m, 2 H) ppm. - PI SIMS (Cs", CFsCO,H, glycerine), m/z (%): 929 (100) [MH,"], 928
(<90) [MH"]. - CgoH3sN)3 (927.0): caled. C 77.74, H 4.13, N 18.13. found C 77.52, H 4.19, N
17.97.

6666 Tetra-pyridin-2-yl-[2,27:6°,2° 4" 477277, 2776770 20 g0
400020 20 60 20  Inonapyridine (8d): Following the general procedure 5d

(74.1 mg, 77.0 umol), 7a (59.1 mg, 152 umol) and Pd(PPh;3), (21.1 mg, 18.0 pmol) yielded after
suction filtration of the precipitate and recrystallization from 1,2-dichlorobenzene (hot filtration
to separate from precipitated palladium) 34.2 mg (34.1 umol, 44%) of 8d, colourless crystals,

ON YQAQT (A s I /D - 2110 ANAN 187N 1888 1&8D0& 1A4AN 127N '7‘75
llllj L}U'L‘IH' \UCLUIU})} SN ADNDL) v T oIV, JURY, 107V, 1JJ0, 1240, 19UV, 107V, 12

730, 625 cm™. - 'H NMR (CF;CO,D, 400 MHz): § = 8.14 - 8.21 (m, 2 H), 8.26 - 8.34 (m, 4 H),
8.46 - 8.57 (m, 4 H), 8.78 - 8.87 (m, 4 H), 8.88 - 9.19 (m, 25 H), 9.29 - 9.32 (m, 2 H) ppm. - PI
SIMS (Cs*, CFsCO,H, glycerine); m/z (%): 1006 (100) [MH,"], 1005 (<80) [MH']. - C4sHaN3

12.N1813 found C7748 H442 N 179
1s q4.594

5, N 10,17, LGuuu — J 77O, 10 > AN R 7. 77T,

C

L'I: b
I
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6”6”'6”””6”””' Tetra-ﬁvrldln2 vl /22 6 2)1 4!74’)!,,2?!7,27!"’.6'1!1’2’70!!;6!!!’1!
7,”,”,4,,,’,,,4,“””,2””””2””””,/,”””’,2,”’,”’,J]decah}’riuine (8?,)‘ FGHO‘W"H}g tbxe

F1 A s r

general procedure 5e¢ (134 mg, 129 pmoi), 7a (100 mg, 257 umol) and Pd(PPhs)s (34.2 mg,
29.6 umol) yielded after suction filtration of the precipitate and recrystallization from 12-

dichlorobenzene (hot filtration to separate from precipitated palladium) 66.0 mg (61.0 pmol,
47%) of 8e, colourless crystals, m.p. 425-430°C (decomp). - IR (KBr): ¢ = 3060, 3000, 1580

Vi UV, VRV WMALVOD Wi Y Wi, ARkl ps. f VN, TV, -V,

1560, 1540, 1470, 1450, 1430, 1385, 1080, 815, 790, 750, 740, 665, 635 cm™. - 'H NMR
(CF3CO;D, 400 MHz): 5 = 8.12 - 8.19 (m, 2 H), 8.24 - 8.32 (m, 4 H), 8.43 - 8.50 (m, 2 H), 8.51
~8.56 (m, 2 H), 8.75 - 9.05 (m, 24 H), 9.07 - 9.20 (m, 8 H), 9.24 -9.28 (m, 2H) ppm. - PI SIMS
(CS+ C-F3C02H, glycerine); m/z (%)I 1083 ( OO) [IV[H;], 1082 (<70) [MH*] - C70H50N14

Q1
[o]

M- ~An vy
1.2): cale dC76.98, H422,N 17.95

1N
QY AN 1770,
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