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The synthesis of novel mono- and di(substituted)4tiriazine derivatives containing
thiophene and furan rings are described. Heteraatiomings were provided using palladium-
catalyzed cross-coupling reaction between 3-allfgayl-5-acyl-1,2,4-triazines or 5-cyano-3-
alkylsulfanyl-1,2,4-triazines and heteroaromatin ttompounds. New compounds bearing
masked acyl groups were also obtained. These opaoctiere optimized to determine the scope
and limitations of this methodology and were usadpireparation of oligothiophenes bearing

terminal heterocyclic ring.
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1. Introduction

1,2,4-Triazines are important heterocyclic ringteys which
are present in numerous biologically active complsuand are
widely used in organic synthesis as azadiene edunivah the
inverse electron demand Diels-Alder reactibrihe oximes of
an 5-acyl and 5-formyl-1,2,4-triazines, directlycassible via
SyH reaction between C-5 unsubstituted 1,2,4-triaziaesl
nitronate ions, have shown considerable syntheilityufor a
medicinal chemistry studiés. While the regioselective
nucleophilic formylation or acylation of 3-R-1,2tdazines (R =

(tri-n-butylstannyl)thiophene or 2-(tri-butylstannyl)furan to
provide rapid access to 5-acyl-3-heteroaryl-1,8gkines 2a-f
(Scheme 15. According to the literature many aryls and
heteroarylstannanes were coupled in excellent yielth 3-
methylsulfanyl-1,2,4-triazinel] in the presence of CuBre@&
and Pd(PP}), in refluxing THF® Surprisingly, to our knowledge
such reactions have never been studied with theb&tituted 3-
methylsulfanyl-1,2,4-triazines. Herein we presenuk dccount
of this study and of our recent findings on the synthesis of
conducting thiophenes containing the 1,2,4-triazimgy. The
latter or oligothiophenes bearing terminal heteeticyring are

alkyl, aryl, SR, OR, NB by nitronates can be easily wigely used to prepare conjugated polymers by chaimic
accomplished;* the same reactions of 1,2,4-triazines bearingsjectrochemical oxidative coupling reactions andsehdeen

heteroaromatic substituent at C-3 (R = furyl oethjil) have been
less successfully performed. Our studies have shdah the
reactions of 3-(thiophen-2-yl)-1,2,4-triazingbj with nitroethane
under basic conditions are relatively low yieldinghda
complicated by uncharacterized side products. Genisig the
sluggish reactivity of these 3-heteroaromatic-ti#igkines
towards nitronate ions, we thought it would be intiémgsto
utilize the Stille-type cross-coupling reaction \eeén readily
available 5-acyl-3-methylsulfanyl-1,2,4-triazine$a{c) and 2-

found applications in optoelectrical devices.

Our initial attempts to couple 5-acetyl-3-methylanll-1,2,4-
triazine (&) with commercially available 2-(tri-
butylstannyl)thiophene using the conditions merggnabove
provided two products: the desired 5-acetyl-3-(thi@p-2-yl)-
1,2,4-triazine 2a) (12%) and rearranged product i.e. 3-(thiophen-
2-yI)-5-(pyridin-3-yl)-1,2,4-triazine3a) (42%) (Scheme 1).

[(Corresponding author. Tel.: +48-25-643-1128; fax8-25-643-1130; e-mail: dankab@uph.edu.pl
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Scheme 1The Stille cross-coupling reaction of 5-acyl-Byddulfanyl-1,2,4-triazineda-c

A similar reactivity pattern was observed in the tiess of 5- . o . ) )
propanoyl- {b) and 5-butanoyl-3-methylsulfanyl-1,2,4-triazine pyridyltriazine 3a in better yield than compourih having less

(1c) with 2-(tri-n-butylstannyl)thiophene and the results obtainedeleéctron donating methylsulfanyl group.
are summarized in Table 1. Extending these stuujessing 2-

(tri-n-butylstannyl)furan in place of 2-(tri- Ny
butylstannyl)thiophene showed the generality of thiscess, Nen Pd(PPh,), S J\
Uk : . . | — NTSNTR
however with increasing steric bulk of the alkyl haoth H,C N/)\R THF e
. =
conversions decreased. 5 6.4-60% N” TR
. . . . - o K
Table 1. Yields of Stille coupling reaction 1,2,4-triazine j— sa. g-h
ketonesl. 2g R=Ph
Comp. 2-X 2 [%] 3[%] 2h R=SCH,
la(R=H) 2a-S 2a-12 3a-40 Scheme 2 Palladium catalyzed Diels-Alder reaction of 5da@substituted-
1,2,4-triazinea, g-h
la(R=H) 2b-0 2b-21 3b-26
1b(R=CH) 2-S 2c-17 3c-27 Table 2. Yields of the pyridyltriazine derivativeda, g-h
1b (R = CHy) 2d-0 2d - 42 3d-13 obtained in Diels-Alder reaction.
1c(R = GHs) 2%-S 2e-16 3e-5 Comp. Yield of3 [%] Yield of the recovered
1¢(R = GHe) %-0 2% -11 -2 substrate [%]
2aR=Th 60 36
2gR =Ph 24 33
2hR = SCH 6.4 38

The rearranged produc8a-f were formed via a tandem Stille
cross-coupling/Diels-Alderétro  Diels-Alder  reaction. A
plausible mechanism of this ring transformationlidang the
keto-enol tautomerism of an acyl group 2a-f catalyzed by
metal ions is outlined in Scheme 1. The existericéhe enol

Replacement of 5-acetyl-3-methylsulfanyl-1,2,4#im& la by
1d containing methoxyimine grofipat C-5, which is masked
ketone function, should prevent the enolization aathpetitive
Diels-Alder reaction ofLd in the presence of palladium catalyst.

form in 2'a-f was supported by spectroscopic experiments, X-ray

and in particular by extensive ab initio calculatd
Consequently, in the primary step of the reactionthe carbonyl
group itself but tautomeric enol forn®a-f act as an electron-
rich dienophiles and undergo Diels-Aldetfo Diels-Alder
reaction with electron-poor unchanged 5-acyl-1,8gkines2a-f
giving the adduct8’a-f. After elimination of water and nitrogen
from the adducts the corresponding pyridyltriazii3asf were
obtained. For a further proof of this mechanism,deérmined
the role of the palladium catalyst on the enol@atand Diels-
Alder reaction of 5-acetyl-3-R-1,2,4-triazine®a and 2g-h
bearing various substituents at C-3 (Scheme 2 eT2bl

In the absence of palladium catalyst ring-transtdiom products
3a, g-h were not formed. However, the 5-acetyl-1,2,4-triagine
2a, g-h refluxed in THF for 24 h in the presence of 5 Molof
Pd(PPh), afforded the expected pyridyltriazin8s, g-h. From
the data presented in Table 2 it is clear thattieaof 5-acetyl-
3-(thiophen-2-yl)-1,2,4-triazinBa gives the corresponding

—_ =

O_snBu, Ns
Nen U/THF JI !
=
RTONT N
D

H,CON
N~ “SCH, Pd(PPh,),
CHy 14 C6ulB_r gg)eﬁ’/f 4a X = O, R = methoxyiminoethyl
4bX=8S, R=H
NBS/DMF
Ne Ny 45 - 48 %
SnBu N
£ o™ N
RTONTNF |
x4 RTONT NF
Pd(PPh,THF X
/X 26-94% 5
_ r

5a X = O, R = methoxyiminoethyl

6a X = O, R = methoxyiminoethyl 5bX=S, R=H

6b X=S, R=H

Scheme 3Synthesis of 5-substituted and 5-unsubstitutedid,2,
triazine oligomer$aand6b



When we allowed.d to react with 2-(trin-butylstannyl)furane in ' palladium ' complex which subsequently converts into
the presence of CuBreM® and Pd(PRJy in refluxing THF, we  substituted productk2 and14.
found that the desired 3-(furan-2-yl)-5-methoxyionib,2,4-

triazine4awas formed in 61% yield, as the only reaction poadu N Ney
(Scheme 3). This result clearly shows that underctiraitions JI )N\ -2 5 N | P
mentioned above compountid, with protected keto group, NeT N en 2% NP
undergoes Stille reaction exclusively. Based os thst result, 11 12

we examined the preparation of the oligoméesb bearing

terminal 1,2,4-triazine ring (Scheme 3). PthN\\N . PhIN\\N

The synthesis of oligomeda began with the preparation of the Ph N/J\CN 5% Ph N)\Ex/)
corresponding bromo compoursd by bromination of4a with 13 14

NBS in DMF at room temperature. The prod&et as yellow a) 2-(tri-n-butylstannyl)furan, Pd(PPh,),, THF

solid was obtained in satisfactory yield. Couplbeywith 2-(tri-

n-butylstannyl)furan under mentioned above condgiovithout  Scheme 5The reactivity of the cyano group of the 1,2,44ire derivatives
of CuBreMeS yielded the required oligomesa. Similarly, 11, 13in the Stille coupling procedure.

analogous sequence of reactions was applied toytitbesis of

oligomer 3-(2,2’-bithiophen-5yl)-1,2,4-triazinélf) starting from

easily available 3-(thiophen-2-yl)-1,2 4-triazingb)®. The latter 2. Conclusion

was obtained via this route in 94 % yield (Scheme 3)

In searching an effective route to 3,5-di(heterbaky2,4- . . L )
triazines we have explored the Stille type reactietween 5- N conclusion, we have presented the direct introdnof five-
cyano-3-isopropylsulfanyl-1,2,4-triazine 7 and  2-(trin- mempered hgterocychc rings into triazine .nu.cIeLys $t|lle
butylstannyl)thiophene or 2-(tri-butylstannyl)furan (Scheme 4). COUPling starting from 3-alkylsulfanyl-1,2,4-triaeis bearing at
It is well known that cyano substituémtt the 5-position of 1,2,4- C5 the acyl, methoxyimine or cyano substituentslitytof
triazine ring is an efficient leaving grotipin reactions with ~these compounds “in the synthesis of oligthiophemes
nucleophiles. To the best of our knowledge, the cyano oligofurans bearing heterocyclic ring are curreirtlprogress.

substituent has never been used as a leaving gnotiqe Stille
: 11
coupling reactior: 3. Experimental section

AN

N
Ng N
P JI/N L @)I /)\C) 3.1.General information
a7 NCTON N

’ Melting points are uncorrectedH and*C NMR spectra were

pZ 46 - 50 % 12-24%
NC™ N SCH(CHg)k Ne determined at 400 and 100 MHz respectively on Va@amini
. | \)N\ spectrometer. Chemical shifté) (are given in parts per miIIi(_)n
X N SCH(CH,), and coupling constants are given as absolute vae®essed in
\ Hertz. Mass spectra were obtained using AMD 604 (AMD
x=0,s Y Intectra GmbH, Germany) and GC/MS QP 5050 Shimadzm(30
a) 2-(tri-n-butylstannyl)thiophene(furan), CuBr Me,S, Pd(PPhy),, THF x 0.25 mm ID-BPX 5 0.25 mm) spectrometers. Elemental
b) 2-(tri-n-butylstannyl)thiophene(furan), Pd(PPhy),, THF analyses were recorded on Perkin-Elmer 2400-CHN aeabnd
the results for indicated elements were within 0.3%the
Scheme 4The utilization of the cyano group in the Stilleupling reaction. calculated values. Thin layer chromatography (T@p carried

out on aluminium sheets percolated with silica gdé) 6
Initially, 3-(isopropylsulfanyl)-5-cyano-1,2 4-tdme (7) was Fas{Merck). Column chromatography separations were
heated with  2-(tri-butylstannyl)thiophene or 2-(tri-  Performed using Merck Kieselgel 60 (0.040-0.060 m@glvents
butylstannyl)furan in the presence of 2.2 equ“/almf were dried and distilled aCCOI’dIng to standard FI]‘O[EB All
CuBreMeS as a cofactor and 5 mol % of palladium catalystfeagents were purchased from Aldrich and used aieece
Under these conditions two kinds of products haven lisalated
from the reaction mixture. Compounfla (X = S) and8b (X = 3-Thiophen-2-yl-1,2 4-triazine4b® was obtained according
O) were obtained in 50% and 46% yields respectivelg &esult  known procedure.
of the replacement of alkylsulfanyl group i Disubstituted
products9a (X = S, 24%) an®b (X = O, 12%) were formed by
displacement both isopropylsulfanyl and cyano gsodp order
to confirm the course of this reaction, the procgas performed
without cofactor CuBreMgS (pathway b) which usually is used
in the palladium-catalyzed cross-coupling reactibtmspolarize . L
the Pd-S bond in the rate-determining transmetaiastep™2 In A solution of 5.-acetyl-3-methylsulfanyl-1,2,4-tr|aa @a) (0.25
this case only cyano group was substituted afforded 9 1.46 mm_ol) in THF (17 _mL)_, CuBr-M8 (0.66 g, 3.2 mmol),
isopropylsulfanyl-5-(thiophen-2-yl)-1,2,4-triazin@0a) in 15% corresponding §tanny| derivatives (2.9 mmol) andpm)“: (5
yield. Similarly, coupling of 5-cyano-3-phenyl-142iriazine 11 mol%) was stirred at reflux under nitrogen until rétay
and 3-cyano-5,6-diphenyl-1,2,4-triazinel3 with  2-(tri-n- compound - was cpnsumed (TLC cpntrol). THF was then
butylstannyl)thiophene using Pd(RRhas the palladium source e_vaporated ar_1d reS|du_e was treated with hexane |mmm._ The
resulted in the formation of the desired prodd@snd14 in 28 f|IFrate was dissolved in ?th-‘/' acetate and washefdvmlmes
and 25% vield. This means that both compounds witaired with brine. After evaporation of the solvent frormretbombined

via Stille coupling involving formation of the cesponding extracts, the rem_aining residue was purified by molu
chromatography using GBI, as eluent.

4.1. General procedure of Stille coupling reactioifor 5-
acetyl-3-methylsulfanyl-1,2,4-triazine (1a) with2-(tri- n-
butylstannyl)thiophene.
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4.1.1. 5-Acetyl-3-thiophen-2-yl-1,2,4-triazin@a): 0.05 g
(12 %), mp 107-108 °C.R99 % CHCl,Jacetone) 0.68. IR
(KBr) cm™: 1712 (C=0), 1076 (C-S-C}H NMR (400 MHz,
CDCL) &: 9.52 (s, 1H, triazine), 8.25 (dd; = 1.2 Hz,J,= 4.0
Hz, 1H, Th), 7.66 (ddJ};= 1.2 Hz,J,= 5.2 Hz, 1H, Th), 6.25 (dd,
J;= 1.2 Hz,J,= 5.2 Hz, 1H, Th), 2.01 (s, 3H, MEC NMR (100
MHz, CDCE) &: 199.5, 161.9, 148.4, 142.9, 139.1,132.6, 131
129.2, 25.7. Anal. Calcd forg8;N;0S: C; 52.68, H; 3.41, N;
20.49. Found: C; 52.65, H; 3.26, N; 20.21.

4.1.2. 5-[6-Acetyl-2-(thiophen-2-yl)pyridin-3-yl{Biophen-2-
yl]-1,2,4-triazine-Ba): 0.15 g (40 %), mp 142-143 °C; @9 %
CH,Cl,/acetone) 0.88. IR (KBr) cfm 1700 (C=0), 1062 (C-S-
C). '"H NMR (400 MHz, CDCJ) &: 8.95 (s, 1H, triazine), 8.25
(dd, J; = 0.8 Hz,J,= 3.6 Hz, 1H, Th), 8.19 (d] = 8.0 Hz, 1H,
Py), 8.09 (dJ = 8.0 Hz, 1H, Py), 7.65 (dd; = 1.2 Hz,J,= 5.2
Hz, 1H, Th), 7.50 (dd); = 0.8 Hz,J,= 5.2 Hz, 1H, Th), 7.24 (dd,
J.=4.0 Hz,J,= 5.2 Hz, 1H, Th), 6.97 (dd, = 3.6 Hz,J,= 4.8
Hz, 1H, Th), 6.87 (dd); = 1.2 Hz,J,= 4.0 Hz, 1H, Th), 2.81 (s,
3H, Me). °C NMR (100 MHz, CDCJ) &: 199.1, 161.4, 157.2,
153.8, 150.4, 146.6, 141.4, 140.5, 139.1, 132.@.9,3130.8,
129.7, 129.4, 128.7, 128.1, 119.5, 25.7. Anal. Cafod

Hz, J, = 4.0 Hz, 1H, Th), 7.24 (d}, = 4.0 Hz, J, = 5.2 Hz, 1H,
Th), 6.86 (dJ, = 4.0 Hz,J, = 5.2 Hz 1H, Th), 6.52 (dJ, = 1.2
Hz, J, = 4.0 Hz, 1H, Th), 3.33 (4, = 7.2 Hz, 2H, CHCH,), 1.27
(t, J = 7.2 Hz, 3H, CHCHs), 2.32 (s, 3H, Me)*C NMR (100
MHz, CDC) &: 202.1, 161.2, 157.9, 153.1, 149.8, 148.8, 147.5,
142.5, 139.2, 132.2, 131.1, 129.9, 129.2, 128.8.712127.9,

.6121.4, 31.3, 20.2, 7.9. Anal. Calcd foy8,sN,OS;: C; 61.22, H;

4.08, N; 14.28. Found: C; 60.98, H; 4.41 N; 14.28.

4.1.7. 5-Propanoyl-3-furan-2-yl-1,2 4-triazine2d): 0.15 g
(42 %), 107-108 °C. R99 % CHCl,/acetone) 0.40. IR (KBr)
cm'; 1707 (C=0), 1099 (C-O-C}H NMR (400 MHz, CDC)) 5:
9.53 (s, 1H, triazine), 7.76 (dd,= 0.8 Hz,J,= 1.6 Hz, 1H, Fu),
7.60 (dd,J;= 0.8 Hz,J, = 3.6 Hz, 1H, Fu), 6.68 (dd; = 1.6 Hz,
J, = 3.6 Hz, 1H, Fu), 3.31 (¢,= 7.2 Hz, 2H, CHCHg), 1.27 (t,J

= 7.2 Hz, 3H, CHCH;). *C NMR (100 MHz, CDG)) & : 201.7,
157.7, 149.1, 148.1, 146.8, 142.6, 116.4, 112.8,30.2. Anal.
Calcd for GoHgNsO,: C; 59.11, H; 4.43, N; 20.69. Found: C;
59.05, H; 4.47, N; 20.53.

4.1.8. 5-[4-Methyl-(6-propanoyl-2-furan-2-yl)pyriti3-yl-3-
furan-2-yl]-1,2,4-triazine &d): 0.04 g (13 %), oil. R(99 %

CigH1NOS;: C; 59.30, H; 3.30, N; 15.40. Found: C; 59.30, H; cH,Cl/acetone) 0.78. IR (KBr) cth 1701 (C=0)'H NMR (400

3.22, N; 15.32.

4.1.3. 5-Acetyl-3-furan-2-yl-1,2,4-triazingh): 0.08 g (21 %),
mp. 99-100 °C. R(99 % CHCl,/acetone) 0.62. IR (KBr) cth
1702 (C=0), 1070 (C-O-CJH NMR (400 MHz, CDCJ) &: 9.53
(s, 1H, triazine), 7.77 (dd, = 0.8 Hz,J,= 1.6, 1H, Fu), 7.61 (dd,
J,=0.4 Hz,J,= 3.2, 1H, Fu), 6.68 (dd}; = 2.0 Hz,J, = 3.6, 1H,
Fu), 2.01 (s, 3H, Me)**C NMR (100 MHz, CDCJ) &: 199.1,
157.8, 148.1, 146.9, 146.9, 142.4, 116.5, 112.88.2%nal. Calcd

for CgH/N;O,: C; 57.14, H; 3.70, N; 22.22. Found: C; 57.10, H;(El) m/z

3.80, N; 22.11.

4.1.4. 5-[6-(Acetyl-2-furan-2-yl)pyridin-3-yl-3-fan-2-yl]-
1,2,4-triazine 8b): 0.087 g (26 %), mp. 153-155 °C; R®9 %
CH,Cl,/acetone) 0.20, IR (KBr) cf 1710 (C=0)'H NMR (400
MHz, CDCL) &: 9.53 (s, 1H, triazine), 8.17 (d,= 8.0 Hz, 1H,
Py), 8.07 (dJ = 8.0 Hz, 1H, Py), 7.75 (dl = 0.8 Hz, 1H, Fu),
7.58 (d,J = 3.2 Hz, 1H, Fu), 7.31 (d,= 0.8 Hz, 1H, Fu), 7.24 (d,
J = 3.6 Hz, 1H, Fu), 6.66 (dd; = 1.6 Hz,J, = 3.2 Hz, 1H, Fu),
6.55 (dd,J; = 1.6 Hz,J, = 3.2 Hz, 1H, Fu), 2.81 (s, 3H, MELC

MHz, CDCE) &: 8.95 (s, 1H, triazine), 7.88 (s, 1H, Py), 7.74 (dd,
J; = 0.8 Hz,J, = 1.6 Hz, 1H, Fu), 7.58 (dd; = 0.4 Hz,J, = 3.2
Hz, 1H, Fu), 7.16 (dd], = 0.4 Hz,J, = 1.6 Hz, 1H, Fu), 7.10 (dd,
J; = 0.8 Hz,J, = 3.2 Hz, 1H, Fu), 6.66 (dd; = 2.0 Hz,J, = 3.6
Hz, 1H, Fu), 6.43 (dd};, = 2.0 Hz,J, = 3.6 Hz, 1H, Fu), 3.33 (q,
J=7.2 Hz, 2H, CHCH;), 2.28 (s, 3H, Me), 0.92 (4, = 7.2 Hz,
3H, CHCH;). °C NMR (100 MHz, CDCJ) &: 202.2, 158.1,
157.2, 153.3, 152.4, 149.5, 148.5, 147.6, 146.%.014144.2,
128.8, 121.2, 115.8, 112.7, 112.7, 111.9, 31.51,209. HRMS
caled. for GH;N,O; 360.12224 (M). Found
360.12166.

4.1.9. 5-Butanoyl-3-thiophen-2-yl-1,2,4-triazinge) 0.06 g
(16 %), mp. 89-90 °C.R99 % CHCl,/acetone) 0.62, IR (KBr)
cm'; 1705 (C=0), 1070 (C-S-C¥ NMR (400 MHz, CDC)) &:
9.53 (s, 1H, triazine), 8.24 (dd, = 1.2 Hz,J, = 3.6 Hz, 1H, Th),
7.65 (dd,J; = 1.2 Hz,J,= 4.8 Hz, 1H, Th), 7.24 (dd; = 1.6 Hz,
J, = 5.2 Hz, 1H, Th), 3.24 (1 = 7.2 Hz, 2H, CHCH,CH;), 1.82
(sek,J = 7.2 Hz, 2H, CHCH,CH;), 1.05 (t,J = 7.2 Hz, 3H,
CH,CH,CH,). ®C NMR (100 MHz, CDCJ)) &: 201.3, 149.1,

NMR (100 MHz, CDC)) &: 199.1, 156.4, 154.1, 152.0, 146.5, 148.1, 142.6, 138.8, 132.3, 131.2, 128.9, 39.9,183.7. Anal.

146.3, 145.1, 144.5, 142.4, 140.4, 132.0, 128.4.5/1116.5,
113.0, 112.8, 112.4, 25.7. HRMS (ESI) m/z
CigH1aN,O3 (M+H)™: 334.10157. Found 334.10143.

4.1.5. 5-Propanoyl-3-thiophen-2-yl-1,2,4-triazirge); 0.10 g
(17 %), mp 112-113 °C.;R99 % CHCl,/acetone) 0.65, IR
(KBr) cm™: 1708 (C=0), 1062 (C-S-C}H NMR (400 MHz,
CDCl,) 3: 9.51 (s, 1H, triazine), 8.23 (&, = 1.2 Hz, J, = 3.6 Hz,
1H, Th), 7.65 (dJ, = 1.2 Hz, J, = 4.8 Hz, 1H, Th), 7.24 (dd; =
4.0 Hz,J,= 5.6 Hz, 1H, Th), 3.30 (g} = 7.2 Hz, 2H, CHCH),
1.28 (t,J = 7.2Hz, 3H, CHCH,). **C NMR (100 MHz, CDC})) &:
201.7, 161.9, 147.9, 142.6, 138.8, 132.2, 131.8,8181.2, 7.3.

Anal. Calcd for GgHgN5O,. C; 59.11, H; 4.43, N; 20.69. Found:

C; 59.05, H; 4.47, N; 20.53.

4.1.6. 5-[4-(Methyl-6-propanoyl-2-thiophen-2-y)min-3-yl-
3-thiophen-2-yl]-1,2,4-triazine3€): 0.16 g (27 %), 144-145 °C.
R (99 % CHCl,/acetone) 0.80. IR (KBr) ct 1697 (C=0),
1058 (C-S-C)."H NMR (400 MHz, CDC)) &: 8.84 (s, 1H,
triazine), 7.91 (s, 1H, Py), 8.22 @,= 1.2Hz, J, = 3.6 Hz, 1H,
Th) 7.64 (dJ; = 1.2Hz,J, = 4.8 Hz, 1H, Th), 7.37 (d}, = 1.2

Calcd for G;H;;N50S: C; 56.65, H; 4.72, N; 18.02. Found: C;

calcd for56.67, H; 4.80, N;17.87.

4.1.10. 5-[4-Ethyl-6-butanoyl-2-thiophen-2-yl)pyineB-yl-3-
thiophen-2-yl]-1,2,4-triazine3g): 0.015 g (4 %), 154-155 °C;+ R
(99 % CHCl,/acetone) 0.88, IR (KBr) cth 1697 (C=0), 1055
(C-S-C)."H NMR (400 MHz, CDCJ) &: 8.84 (s, 1H, triazine),
7.96 (s, 1H, Py), 8.24 (dd; = 1.2 Hz,J, = 3.6 Hz, 1H, Th), 7.65
(dd,J; = 1.2 Hz,J, = 4.8 Hz, 1H, Th), 7.38 (dd, = 1.2 Hz,J, =
5.2 Hz, 1H, Th), 7.25 (ddl; = 1.2 Hz,J, = 5.2 Hz, 1H, Th), 6.86
(dd, J; = 4.0 Hz,J,= 5.2 Hz, 1H, Th), 6.49 (dd, = 1.2 Hz,J, =
4.0 Hz, 1H, Th), 3.26 (1] = 2.8 Hz, 2H,_CHCH,CH,), 2.57 (q.J
= 7.6 Hz, 2H, CHCHs), 1.84 (quiJ = 7.6 Hz, 2H, CHCH,CHy),
1.23 (t,J = 7.6 Hz, 3H, CHCH,CHs), 1.06 (t,J = 7.2 Hz, 3H,
CH,CH,).”®C NMR (100 MHz, CDCJ) &: 201.7, 161.1, 157.8,
154.5, 153.5, 149.9, 147.7, 142.7, 139.3, 132.1,.113129.5,
129.2, 128.9, 128.8, 127.9, 119.7, 39.8, 26.5,,1¥476, 13.9.
Anal. Calcd forC,H,N,OS,: C; 62.86, H; 4.76, N; 13.33.
Found: C; 62.72, H; 4.52, N;13.30.



4.1.11. 5-Butanoyl-3-furan-2-yl-1,2,4-triazingf). 0.036 g (11
%). R (99 % CHCl,/acetone) 0.42. IR (KBr) cth 1697 (C=0),
1074 (C-O-C).'H NMR (400 MHz, CDCJ)) & 9.50 (s, 1H,
triazine), 7.79 (ddJ, = 0.8 Hz,J, = 1.6 Hz, 1H, Fu), 7.61 (d;=
0.8 Hz,J, = 3.6 Hz, 1H, Fu), 6.68 (d; = 1.6 Hz,J,= 3.6 Hz,
1H, Fu), 3.24 (t) = 7.2 Hz, 2H, CKHCH,CH,), 1.81 (qui,J = 7.2
Hz, 2H, CHCH,CH,), 1.04 (t,J = 7.2 Hz, 3H, CHCH,CH;). C
NMR (100 MHz, CDC}) &: 201.1, 149.1, 148.0, 146.8, 142.5,
116.3, 112.7, 112.7, 39.4, 16.8, 13.6. HRMS (ESP aalcd for
C11H13N30, (M+H)": 219.09576. Found 219.09564.

4.1.12. 5-[4-Ethyl-(6-butanoyl-2-furan-2-yl)pyridiryl-3-
furan-2-yl]-1,2,4-triazine %f): 0.006 g (2 %), oil, R(99 %
CH,Cl,/acetone) 0.64. IR (KBr) cth 1699 (C=C)'H NMR (400

5
4.1.17. 5-Cyano-3-furan-2-yl-1,2,4-triazin@bj: 0.19 g (46
%), mp 152-153 °C. R99 % CHCl,/acetone) 0.78. IR (KBr)
cm’ 2142 (G&N), 1587 (C=C), 1055 (C-O-C}H NMR (400
MHz, CDCk) 3: 9.28 (s, 1H, triazine), 7.79 (dd,= 0.8 Hz,J, =
1.6 Hz, 1H, Fu), 7.66 (dd; = 0.8 Hz,J, = 3.6 Hz, 1H, Fu), 6.70
(dd, J; = 1.6 Hz,J, = 3.6 Hz, 1H, Fu)*C NMR (100 MHz,
CDCl,) 8:157.5, 148.0, 147.9, 146.4, 135.0, 118.4, 11318,3
Anal. Calcd for GH,N,O: C; 55.80, H; 2.32, N; 32.56. Found:
C; 55.70, H; 2.34, N; 32.60.

4.1.18. 3,5-Bi-thiophen-2-ylI-1,2,4-triazin@aj: 0.15 g (24 %),
mp 122-123 °C. R(99 % CHCl,/acetone) 0.23. IR (KBr) cih
1577 (C=C), 1010 (C-S-CJH NMR (400 MHz, CDC}) &: 9.28
(s, 1H, triazine), 7.66 (dd; = 0.8 Hz,J, = 1.6 Hz, 1H, Th), 7.65

MHz, CDCH) &: 8.96 (s, 1H, triazine), 7.93 (s, 1H, Py), 7.73 (dd,(dd,J1 = 0.8 Hz,J, = 1.6 Hz, 1H, Th), 7.48 (dd, = 0.8 Hz,J, =

J; = 0.8 Hz,J,= 1.2 Hz, 1H, Fu), 7.55 (dd; = 0.8 Hz,J, = 2.8
Hz, 1H, Fu), 7.14 (dd}, = 0.8 Hz,J, = 1.2 Hz, 1H, Fu), 7.09 (dd,
J; = 0.8 Hz,J, = 2.8 Hz, 1H, Fu) 6.65 (dd; = 1.6 Hz,J, = 2.0
Hz, 1H, Fu), 6.42 (dd), = 1.6 Hz,J,= 2.0 Hz, 1H, Fu), 3.26 (§
= 7.2 Hz, 2H,_ CHCH,CH3), 1.83 (q,J = 7.2 Hz, 2H,_ CHCH;),
1.62 (qui,J = 7.6 Hz, 2H, CHCH,CHj), 1.21 (t,J =7.6 Hz, 3H,
CH,CH,CHy), 1.17 (t,J = 7.2 Hz, 3H,_CHCH,). HR-EI m/z:
Calcd for G,H,oN,O5: 388.15352. Found 388.15294.

4.1.13. 5-[(6-Acetyl-2-phenyl-2-yl)pyridin-3-yl-3wenyl-2-yl]-
1,2,4-triazine 8g): 0.007 g (24 %). R99 % CHCl,/acetone)
0.74. IR (KBr) cm: 1712 (C=0)H NMR (400 MHz, CDC)) :
8.70 (s, 1H, triazine), 8.60 (dd,= 6.4 Hz,J,= 12.8 Hz, 2H, Ph),
8.44 (d,J = 7.6 Hz, 1H, Py), 8.21 (d} = 8.0 Hz, 1H, Py), 7.60-
7.55 (m, 3H, Ph), 7.49-7.40 (m, 5H, Ph), 2.86 (s, Bid). °C
NMR (100 MHz, CDCJ) &: 199.6, 163.9, 157.4, 154.2, 147.4,
143.1, 140.4, 138.2, 134.5, 132.4, 132.1, 129.9,.8/2129.1,
129.0, 128.9, 128.5, 128.4, 120.1, 29.7, 25.9, . 29RMS (EI)
m/z caled. for GH;N,O (M+H)": 353.13935. Found:
353.139609.

4.1.14. 5-[(6-Acetyl-2-metylsulfanyl)pyridin-3-yl-3-
metylsulfanyl-2-yl]-1,2,4-triazine3f): 0.003 g (6.4 %), mp. 136-
137 °C. R (99 % CHCl,/acetone) 0.28, IR (KBr) cfn 1693
(C=0)."H NMR (400 MHz, CDC}) &: 9.41 (s, 1H, triazine), 8.06
(d,J=8.0 Hz, 1H, Py), 7.87( d,= 7.6 Hz, 1H, Py), 2.77 (s, 3H,
Me), 2.75 (s, 3H, SMe), 2.67 (s, 3H, SM&R (100 MHz,
CDCly) 3: 199.0, 173.9, 159.6, 154.0, 153.6, 143.7, 13B30,9,
116.6, 25.9, 14.2, 13.9. HRMS (MSI) m/z for.8,sN,0S
(M+H)": 293.05183. Found 293.05253.

4.1.15. 3-Furan-2-yl-5-(1-methoxyiminoethyl)-1,2 i&tine(4a):
0.12 g (61 %), mp 132-133 °C; @9 % CHCl,/acetone) 0.21,
IR (KBr) cm*: 1585 (C=C), 1035 (C-O-C), 1016 (N-O-gHH
NMR (400 MHz, CDC}) &: 9.56 (s, 1H, triazine), 7.71 (dd, =
1.0 Hz,J, = 1.8 Hz, 1H, Fu ), 7.49 (dd, = 1.0 Hz,J,= 3.5 Hz,
1H, Fu), 6.62 (ddJ, = 1.8 Hz,J, = 3.5 Hz, 1H, Fu), 4.14 (s, 3H ,
OMe), 2.32 (s, 3H, Me). HR (ESI) m/z calcd. foi€;,:N,O,
(M+H)™: 219.08765. Found: 219.08748.

4.1.16. 5-Cyano-3-thiophen-2-yl-1,2,4-triazirga). 0.19 g (50
%), mp 155 °C. R(99 % CHCl,/acetone) 0.81. IR (KBr) cih

2135 (&N), 1606 (C=C), 1120 (C-S-CJH NMR (400 MHz,

CDCly) 6: 8.75 (s, 1H, triazine), 7.68 (dd, = 0.8 Hz,J, = 1.6

Hz, 1H, Th), 7.41 (ddJ, = 0.8 Hz,J, = 3.6 Hz, 1H, Th), 6.60
(dd, J; = 1.6 Hz,J, = 3.6 Hz, 1H, Th),°*C NMR (100 MHz,

CDCly) &: 157.5, 148.0, 147.9, 146.4, 135.0, 118.4, 11B18,3.

HRMS (ESI) m/z calcd. for sN,S (M+H)™: 189.02294.
Found: 189.02272.

3.6 Hz, 1H, Th), 7.45 (ddj, = 0.8 Hz,J, = 3.6 Hz, 1H, Th), 6.59
(dd,J; = 1.6 Hz,J, = 3.6 Hz, 1H, Th), 6.56 (dd; = 1.6 Hz,J, =
3.6 Hz, 1H, Th).®*C NMR (100 MHz, CDG)) &: 150.0, 149.3,
147.4, 147.2, 146.6, 146.5, 142.3, 116.8, 115.3,6,1112.8. ESI
(M+H)" calcd. for G;HgN3S,: 246.01542. Found: 246.01543.

4.1.19. 3,5-Bi-furan-2-yl-1,2,4-triazin®lf): 0.04 g (12 %), mp
164°C. R (99 % CHCl,Jacetone) 0.20. IR (KBr) cth 1595

(C=C), 1015 (C-S-C)'H NMR (400 MHz, CDCJ) &: 9.35 (s,

1H, triazine), 7.73 (ddJ, = 0.8 Hz,J, = 1.6 Hz, 1H, Fu), 7.71
(dd,J;= 0.8 Hz,J, = 1.6 Hz, 1H, Fu), 7.55 (dd; = 0.8 Hz,J, =

3.6 Hz, 1H, Fu), 7.53 (dd; = 0.8 Hz,J, = 3.6 Hz, 1H, Fu), 6.67
(dd,\]l =20 HZ,JZ =3.6 HZ, lH, FU), 6.62 (ddl =20 HZ,JZ =

3.6 Hz, 1H, Fu).®*C NMR (100 MHz, CDCJ) &:157.1, 149.7,
148.9, 147.1, 146.8, 146.1, 141.9, 116.5, 115.3.211112.4.
HRMS (ESI) m/z calcd for GHoN;O, (M+H)": 215.06446.
Found 215.06444.

4.2. General procedure for bromination of 5a and 5b

To a round bottom flask 1.0 mmol @& or 4b respectively in 5

ml DMF was added and 1.1 mmol NBS was added in few
portions. The reaction was stirred at room tempegatio
disappear starting compound. The mixture was poumedice-
water. The precipitate was filtered and dried. Thele product
was purified on chromatography column on silica geing
dichloromethane as eluent. Compound was obtainedight
yellow solid.

4.2.1.  3-[(5-Bromo-furan-2-yl)-5-(1-methoxyiminoediyl
1,2,4-triazine %a): 0.03 g (45 %), mp 160-161 °C; B9 %
CH,Cl,/acetone) 0.74, IR (KBr) ¢t 1591 (C=C), 1049 (C-O-
C), 1020 (N-O-CH), 694 (C-Br)."H NMR (400 MHz, CDC)) &:
9.58 (s, 1H, triazine), 7.44 (d,= 3.6 Hz, 1H, Fu), 7.57 (d, =
3.6 Hz, 1H, Fu), 3.99 (s, 3H, OMe), 2.31 (s, 3H , Me)alAn
Calcd for GogHgBrN,O,: C; 40.40, H; 3.00, N; 18.80. Found: C;
40.62, H; 2.91, N; 18.70.

4.2.2.  3-(5-Bromo-thiophen-2-yl)-1,2,4-triazinéb) 0.68 g
(48 %), mp 162.5 °C.{R99 % CHCl,/acetone) 0.46. IR (KBr)
cm® 1535 (C=C), 1047 (C-S-C), 659 (C-Bftd NMR (400
MHz, CDCk) &: 9.05 (d,J = 2.0 Hz, 1H, triazine), 8.52 (d,=
2.0 Hz, 1H, Th), 7.90 (dl = 4.0 Hz, 1H, Th), 7.16 (d,= 4.0 Hz,
1H, Th). ®C NMR (100 MHz, CDCJ) &: 148.8, 147.2, 131.6,
130.7, 119.5. HRMS (ESI) m/z calcd. forHGBINSS (M+H)'":
244.93952. Found 244.93949.
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4.3. Compounds$a and 6b were obtained according froa  1H, Fu). ®C NMR (100 MHz, CDGJ) $:155.8, 155.3, 155.0,
and 5b following the general Stille coupling procedure haitit ~ 149.8, 146.1, 135.5, 135.41, 130.6, 129.7, 12929,.4] 128.5,
using of CuBreMeS. 115.1, 112.4. HRMS (ESI) m/z calcd. forg3;sN;O (M+H)":
301.11649. Found 301.11646.
43.1.  3-[(5-(Furan-2-yl)-furan-2-yl)-5-(1-

methoxyiminoethyl)]-1,2,4-triazinég): 0.02 g (26 %), mp 139- References and notes

140 °C. R (99 % CHCl,/acetone) 0.30. IR (KBr) cf 1575

(C=C), 1051 (N-O-CH), 1016, (C-O-C).lH NMR (400 MHz, 1. Lindsay W., Layton M. E. “Science of Synthesis, Hen-Weyl
. - — Methods of Molecular Transformations” in Georg ThiVerlag,
CDCI% 8'_9'55 (s, 1H, triazine), 35_5 (d.= 3.2 Hz, 1H, FU)(;i Stuttgart, Ed.: Weinreb S. M., 2004, Vol. 17, p73Raw S.,
7.49 (d,J=0.8 Hz, 1H, Fu), 6.88 (d,= 3.2 Hz, 1H, Fu), 6.77 (d, Taylor R. J. K. in “Advances in Heterocyclic Chetnys, Ed.:
J = 3.6 Hz, 1H, Fu), 6.52 (dd; = 1.6 Hz,J, = 3.2 Hz, 1H, Fu), Katritzky, A. R 2010, Vol. 100, 75-100. Neunhoeffet in
4.14 (s, 3H, OMe), 2.33 (s, 3H, Meﬁ‘qu NMR (100 MHz, “Comprehensive Heterocyclic Chemistry” Eds. KakjtzA. R.,
CDCly) 6: 157.2, 153.3, 153.1, 150.2, 148.9, 146.0, 14R15,8, ReeshC. Wr-], Scriven E. F., 1996, \(]Ol- Gly(hPEYQammf OXEJFd-
V. Charushin, V. Rusinov, O. Chupakhin, in “Compekive
(1:13|-|7,N1]C.)22l\}lﬁ:}|(-)|8+1,2§(5)2817g§8|:, 9.9(.1-H2F§|\5/|§9(I85282t) calcd. for Heterocyclic Chemistry 1" Ed. Katritzky A. R. 280 Vol 9, 144-
14H1N,O3 (M+H) " 285. - Found: £o9. ' 152. Boger, D. L.Chem. Rev.1986 86, 781. Boger, D. L.
Weinreb, S. N. In: “Hetero Diels-Alder Methodology Organic
4.3.2. 3-(2,2-Bi-thiophen-5-yl)-1,2,4-triazine6k): 0.119 g g%’gth_l?SiT"v EI(Ej. \(/:Vas'\jermanj HE- Hl; Acaﬁar_nig Ne&"ﬁymgzgglp
R . Taylor, E. C.; Macor, J. E.; French,J..0rg. Chem
(94 %), T_p 141-143 °C.R99 % CHCl,facetone) 0.42. IR 56, 1807. Marcelis, A. T. M.; van der Plas, H. Trends in
(KBr) cm™: 1516 (C=C), 1047 (C-_S-(_Z)lH NMR (400 MHz, Heterocyclic Chemistrg991, 111.
CDCly) 8: 9.03 (d,J = 2.0 Hz, 1H, triazine), 8.55 (d,= 2.0 Hz, 2. Rykowski A., Lipinska T.Synth. Comml996 26, 4409.
1H, Th), 8.07 (dJ = 4.0 Hz, 1H, Th), 7.33 (dl = 3.6 Hz, 1H, Branowska D., Ostrowski S., Rykowski &hem. Pharm. Bull.,
Th), 7.31 (dJ = 4.8 Hz, 1H, Th), 7.27 (dl = 5.2 Hz, 1H, Th). 2002 4, 463. Mojzych M., Rykowski A.Heterocycles2007, 71,
7.07 (t,J = 4.4 Hz, 1H, Th).”C NMR (100 MHz, CDG) 2449.
. 3.  Rykowski A., Branowska D., bkosza M. and Phan van Ly,
5:161.49, 148.59, 146.70, 143.46, 137.32, 136.701.443 Heterocyclic Chem1996 33, 1567.
128.11, 125.79, 124.99, 124.85. Anal. Calcd feiHEN;S,: C; 4. Rykowski A., Olender E., Branowska D., van der €. Org.
53.87, H; 2.86, N; 17.14. Found: C; 53.71, H; 2.8416190. Prep. Proc. Int.2001, 33, 501.
5. Brar_10wska D., _Siuchta o., K_arczmarzyk Z., Wysocki., W
4.3.3.  3-Isopropyl-5-thiophen-2-yl-1,2,4-triazinel0§): (15 \5/2?%55? E., Mojzych M., Kagcki R., Tetrahedron Lett.2011
%). R (99 % CHCl,/acetone) 0.64, IR (KBr) cih 1587 (C=C), 6. Alphonse F.-A., Suzenet F., Keromones A., Lebret, B.
1015 (C-S-C). 'H NMR (400 MHz, CDC)) &: 9.08 (s, 1H, Guillaument G.Org. Lett.2003 5, 803.
triazine), 7.75 (d, = 3.6 Hz, 1H, Th), 7.61 {d&s 0.8 Hz, 1H, Th), 7. y\;’jitr:l '\él BgeloEt C-vJH:JCh V-vChUi Hzoli(] (é%arg '—KnOFLME)
— — ickleder C.,Eur. J. Inorg. Chem. . Branowska D.,
?4618 (g’:]]_ 61§’|_|1H’6|-_|rh25:'26 (S%g(': N6M8RH§_’02')|_I:A‘?CH((§:§)Z)’ Chaciak B., Siuchta O., Olendgr, LedwonP., Lapkowski M.,
49 (d,J=6. Z, ’ —(—512) ( Z, &) Poronik E., Wysocki W., Karczmarzyk Z., Skota, Filapek M.,
05:164.0, 146.2, 142.7, 116.8, 36.8, 23.0. HRMS (B8 calcd. Krompiec S.,Urbanczyk-Lipkowska Z., Kalicki PNew J. Chem.
for C,gH1N5S, (M+H)™: 238.04672. Found 238.04647. 2013 37, 1982-1988.
8.  Lipinska T., Branowska D., Rykowski AGhem. of Heterocyclic
4.3.4. 3-Phenyl-5-furan-2-yl-1,2,4-triazinel2): 0.06 g (28 ° $°2E:’1999A3' 5’8}1{ E T Krogh. Am. Chem. Sod98
%), mp 110 °C. R(99 % CHCl,/acetone) 0.68. IR (KBr) cth g seor o ooas = T O, Am. Hhem. 20 8
1 . :
1_592_ (C=C). H NMR (400 MHz, CDCJ) & 9.45 (s, 1H, 10. Ohba S., Konno S., Yamanaka i&hem. & Pharm. Bull.199],
triazine), 8.60 - 8.57 (m, 2H, Ph), 7.75 (dg;0.4 Hz,J,=1.6 Hz, 39, 486.
1H, Fu), 7.60 (ddJ, = 0.4 Hz,J,= 3.6 Hz, 1H, Fu), 7.57-7.53 (m, 11. Tobisu M., Kinuta H., Kita Y., Remond E., Chatani, N. Am.
3H Ph) 6.69 (del =2.0 Hz,J, = 3.6 Hz, 1H Fu)13C NMR Chem. Soc2012 134 115 Kinuta H., Kita Y., Remmond E.,
' ’ ) ; @\ ] Tobisu M., Chatani N.Synthsis2012 44, 2999. Kita Y. Tobisu
(100 MHz, CDCJ) &: 163.6, 149.8, 147.3, 147.2, 142.8, 135.3, M., Chatani N.,Org. Lett.201Q 12, 1864. Tobisu M., Kita Y.,
132.0, 129.1, 12+8.7, 116.4, 113.6. HRMS (ESI) mizcccafor Ano Y., Chatani N.J. Am.Chem. Soc2008 130, 15982. G.W.
C13H10N5O (M+H)™: 224.02890. Found: 224.02897. Parshalll. Am. Chem. Sot974,96, 2361.
12. Libeskind L.S., Srogol JJ. Am. Chem. Soc2000,122 11260.

4.3.5. 5,6-Di-phenyl-3-furan-2-yl-1,2,4-triazindl4j: 0.06 ¢
(25 %), mp 187 °C. R99 % CHCl./acetone) 0.65. IR (KBr) cm
. 1585 (C=C), 1027 (C-O-CYH NMR (400 MHz, CDC)) &:

7.74 (br s, 1H, triazine), 7.62- 7.57 (m, 5H, Ph}577.35 (m,
6H, Ph), 6.65 (br s, 1H, Fu), 6.69 (dd,= 2.0 Hz,J, = 3.6 Hz,

Savarin C., Srogol J., Libeskind L. $rg. Lett.,2001, 3, 91.
Savarin C., Libeskind L. Srg. Lett.,2001, 3, 2149. Kusturin C.
L. Liebeskind L. S., Neumann WOrg. Lett.2002 4, 983.



