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The synthesis of 1,2,4-triazines bearing the residues

of higher alcohols in the 5-position via

the ipso-substitution of cyano group under
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A convenient method for the obtaining of 3,6-diaryl-1,2,4-triazines substi-
tuted with residues of higher alcohols in the position of C5 via the ipso-substi-
tution of cyano group in under the solvent free conditions was reported. This
method indicates a new example for the functionalization of the 1,2,4-triazines
via the substitution of the cyano group.
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Monyuenme 1,2,4-Tpua3smHoOB C 0CTaTKaMM BbICLIUX
CMUPTOB B MOJIOXKEHUU 5 B pe3ynbTaTe UNco-3aMelleHus
LMaHorpynmnbl B OTCYTCTBUU pacTBOpUTENSA

MpepnnoxeH yoobHeIi MeTog nonyyvenus 3,6-guapwi-1,2,4-TprasmHos, nme-
IOLLMX B MOMOXEHMM 5 OCTATKM BbICLUMX CMUPTOB, B pe3ynibTaTe unco-3ameLleHns
LMAHOrpynbl B OTCYTCTBUW pacTBopuTens. [aHHbI MeToqd SBNsSeTCs HOBOM Mo-
anchrKaumein 3aMeLLieHns LMaHorpynnbl C Lenblo yHKUroHanm3aumm 1,2,4-tpu-

d3MHOBOro agpa.

KntoueBble cnoBa: 1,2,4-TpuasuHbl; BbICLUME CMIMPTLI; UNCO-3aMeLLeHVe; LMaHorpynna, peak-

LMW B OTCYTCTBME PacTBOPUTENS.

Moctynuno: 12.05.2017; npuHsTo:24.05.2017; onybnukosaHo: 14.07.2017.
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Results and discussion

5-Alkoxycontaining 1,2,4-tria-
zines are of practical interest as receptors
of gene expression [1] and inhibitors of
enzymes of the MTH]1-type in the treat-
ment of cancer [2]. In order to obtain
these compounds the following synthetic
approaches were previously proposed: the
alkylation of the hydroxyl group in the
corresponding position of the 1,2,4-tria-
zine [1, 3—6], and the ipso-substitution of
a chlorine atom [7-9], trichloromethyl
group [10], methylthio group [11] or fluo-
rine atom [12]. The ipso-substitution of a
cyanogroup deserves a special attention
because 5-cyano-1,2,4-triazines are highly
affordable compounds due to previously
developed convenient method of obtain-
ing them by using the direct nucleophilic

A

1a-c

Alk- OH

150 °C

substitution of hydrogen in the series of
1,2,4-triazine-4-oxides [13]. The differ-
ent variations of the ipso-substitution of
a cyanogroup are reported in a literature
[14-21]. Typically, mineral or organic
bases (potassium hydroxide, sodium al-
coholate, sodium hydride, triethylamine)
were used in this reaction. Additionally,
there are examples of heating of the start-
ing 5-cyano-1,2,4-triazines with excess
of alcohols without additional activation
(in particular, the use of such procedures
was reported for the introduction of the
residues of methanol, ethylene glycol and
glycerin). In this article we proposed the
modified method of introducing of the
residues of higher alcohols into 1,2,4-tria-
zines as a result of ipso-substitution of

A

2a-c

AlkO

1a,2a Ar = Ar' = Ph, Alk = C14Hyg
1b, 2b Ar =Tol, Ar' = 4-FCgHy, Alk = C14H2g
1c, 2c Ar = Ar'=4-Tol, Alk = C4gHog
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cyano group in the absence of solvents.
It should be noted that fragments of such
alcohols have never been introduced into
1,2,4-triazines before.

The initial 5-cyano-1,2,4-triazines 1
were obtained as described previously
[15]. The substitution of cyano group in
1,2,4-triazines under the action of aro-
matic and aliphatic amines in heat was
also reported by our group [22]. Based
on the experimental data it was demon-
strated that the residues of higher alco-
hols, such as decanol and tetradecanol,

Experimental

NMR'H spectra were recorded on
the spectrometer «Bruker-Avance-400»
(400 MHz), internal standard is SiMe,.
The melting points were measured on the
«Boetius» device. Mass spectra (type of
ionization is electrospray) were recorded
on the device of series «MicrOTOF-Q II»
of «Bruker Daltonics» (Bremen, Germa-
ny). Elemental analyses were performed
on CHN analyzer PE2400, series II by
Perkin Elmer.

The starting compounds: 3,6-diphe-
nyl-1,2,4-triazine-5-carbonitrile la [15]
and 6-(4-tolyl)-3-(4-fluprophenyl)-1,2,4-
triazine-5-carbonitrile 1b [23] were
synthesized according to previously de-
scribed methods, other compounds are
commercially available.

3,6-Di(4-tolyl)-1,2,4-triazine-5-car-
bonitrile (1c) was obtained accord-
ing to the method described earlier for
similar compounds [15]. Yield 80 %. mp
225-227 °C. 'H-NMR spectrum (DMSO-
d), 8, ppm: 2.48 (s, 3H, Me), 2.50 (s, 3H,
Me), 7.40 (m, 2H, Tol), 7.45 (m, 2H, Tol),
7.97 (m, 2H, Tol), 8.41 (m, 2H, Tol). MS,
m/z (I, %): 287.13 [M+H]+ (100).

comp.

Found, %: C, 75.67; H, 4.79; N, 19.65.
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could be also successfully introduced
into 1,2,4-triazines under the solvent-free
conditions during the heating for 10 h at
150 °C. The reaction proceeds easily and
with high yields of products 2.

Thus, in this paper we reported a new
method for the modification of the C5-
position in 1,2,4-triazines by means of ip-
so-substitution of C5-cyanogroup by the
residues of higher alcohols. And the ob-
tained reaction products have never been
previously reported in a literature.

C,H,,N,. Calculated, %: C, 75.50; H, 4.93;

147 4"
N, 19.57.

General procedure for the synthesis of
5-alkoxysubstituted 1,2,4-triazines 2.

A mixture of the corresponding
1,2,4-triazine-5-carbonitrile (0.4 mmol)
and an appropriate alcohol (0.5 mmol)
was stirred at 150 °C for 10 h under the
argon. The resulting reaction mixture
was cooled to room temperature, treated
with hexane, and the precipitate formed
was filtered off, washed with hexane and
dried. Analytical samples were obtained
by recrystallization from butanol.

5-Tetradecyloxy-3,6-diphenyl-1,2,4-
triazine (2a). Yield 142 mg (0.32 mmol,
80%). mp 197-199 °C. 'H-NMR spec-
trum (CDCL,), 8, ppm: 0.88 (t, 3H,
] 6.8 Hz, CH.CH,), 1.20-1.44 (m, 22H,
(CH,)),,CH,), 1.92 (m, 2H, OCH,CH,),
4.65 (t,2H, ] 6.8 Hz, OCH), 7.48-7.57 (m,
6H, Ph), 8.19 (m, 2H, Ph), 8.55 (m, 2H,
Ph). MS, m/z (I, , %): 446.32 [M+H]+
(100). Found, %: C, 78.26; H, 8.74; N,
9.22. C,,;H,N.O. Calculated, %: C, 78.16;
H, 8.82; N, 9.43.

5-Decyloxy-3,6-di(4-tolyl)-1,2,4-
triazine (2b). Yield 125 mg (0.3 mmol,
75%). mp 205-207 °C. 'H-NMR spec-



trum (CDCL), 8, ppm: 0.88 (t, 3H, J
6.8 Hz, CH,CH,), 1.20-1.45 (m, 14N,
(CH,).CH,), 1.91 (m, 2H, OCH,CH,),
2.44 and 2.45 (both s, 3H, Tol-Me), 4.63
(t, 2H, ] = 6.8 Hz, OCH.), 7.32 (m, 4H,
Tol), 8.10 (m, 2H, Tol), 8.43 (m, 2H, Tol).
MS, m/z (I, %): 418.29 [M+H]+ (100).
Found, %: H, 8.57; N, 9.90.

C 77.87;
C_H,N.O. Calculated, %: C, 77.66; H,

2777350 3
8.45; N, 10.06.
5-Tetradecyloxy-3-(4-tolyl)-6-

(4-fluorophenyl)-1,2,4-triazine (2¢).
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Pe3ynbtatbl U 06CyXxaeHue

5-ankokcucopepxxamyue 1,2,4-tpuasu-
HBI MIPEACTAB/ISIOT IPAKTUIECKUIT MHTe-
pec B KayecTBe PeLenTOPOB SKCIPeCCUN
reHoB [l], a Taxxe MHIMOUTOPOB IH3MU-
MoB tuna MTHI npu Tepanum pakoBbIX
3aboneBanmit [2]. st mOMydeHUsT 3TUX
COeIVHEHMIT paHee ObUIM IMPeNIOKEHDI
ClIeflylolie CHHTETUYeCK)e ITOJXOJIbl:
IKVMIMPOBaHNUe TUAPOKCUTPYIIIBI B CO-
OTBETCTBYIOLIEM IIOJIOOKEHMM TpHa3MHa
[1, 3-6], unco-saMmelieHne aTroma XJO-
pa [7-9], TpMXIIOpPMETU/IBHON TPYIIIbI
[10], meTwnTuorpymmsl [11] mmm aroma
¢dropa [12]. OTnenpHOro BHUMAaHMUA 3a-

A

1a-c

Alk- OH

150 °C

The yield is 134 mg (0.28 mmol, 70 %).
MP 208-210 °C. The 'H-NMR spec-
trum (CDCL), §, m.d.: 0.88 (t, 3H, J
6.8 Hz, CH.CH,), 1.20-1.45 (m, 22H,
(CH,).CH,), 191 (m, 2H, OCH,CH,),
2.45 (c, 2H, Tol-Me), 4.62 (t, 2H, J 6.8
Hz, OCH,), 7.26 (m, 2H, 4-FPh), 7.34 (m,
2H, Tol), 7.73 (m, 2H, Tol), 8.59 (m, 2H,
4-FPh). Mass spectrum, m/z (Immp %):
478.67 [M+H]+ (100). Found, %: C,
75.22; H, 8.29; N, 9.02. C, H FNO Cal-
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culated, %: C, 75.44; H, 8.44; N, 880

1,2,4-triazines. This work is supported
by Russian Science Foundation (grant
No. 16-43-02020).

In Russian

CIy>)KVMBaeT —UNcO-3aMellleHNe I[MaHo-
TPYNIIbI, IOCKONBKY 5-1MaHo-1,2,4-Tpu-
asuHbBl ABJIAIOTCA BeCbMa JOCTYIHBIMMU
COeIMHeHMAMNU BBUJMYy pPa3pabOTaHHOTO
paHee yHOOHOrO MeTOfa MX IIONYYeHMs
C JICHO/Nb30BaHMEM METO[IONIOTMM HYK-
neodUIbHOrO  3aMelleHNsA  BOJOpPOfia
B pany 1,2,4-Tpuasun-4-oxcupos [13].
B mnybnukanuax [14-21] npepcrasre-
HBl pas3/IMYHble BapMaHTBI TAKOTO UNCO-
samenteHys. OOBIYHO B XOfe peakIuy
VICIIONB3YIOTCA OCHOBaHUA (TUPOKCULL
Ka/mA, aJKOrO/IAT HaTpus, IMAPHUJ, Ha-
TpUA, TPUITWIAMUH), IIOMUMO 3TOTO

A

2a-c

AlkO

1a,2a Ar = Ar' = Ph, Alk = C14Hyg
1b, 2b Ar =Tol, Ar' = 4-FCgHy, Alk = C14H2g
1c, 2c Ar = Ar'=4-Tol, Alk = C4gHog
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MMEIOTCs TIPUMEPDbl HarpeBaHMUA UCXOJ-
HOrO 5-11aHo-1,2,4-TprasnHa B U30bITKe
crmpTa 6e3 HOIOTHUTENbHON aKTUBALN
(B yacTHOCTH, UCHIONIB30OBAHYIE TIOFOOHOI
IIpOLIEY PbI IPEJIOKEHO B CIIyyae BBefie-
HIA OCTaTKOB METaHOJIA, TU/IEHITIMKOLA
U IMuepuHa). B pamxax jaHHOI cTa-
TBY MBI IIpefjiaraeM MOpUQUIVPOBaH-
HBIJI METOJ, BBEJIEHMA OCTAaTKOB BBICHINX
CIUPTOB B PE3Y/IbTaTe UNCO-3aAMEIEeHNs
LMAHOTPYNIBl B YCIOBMAX OTCYTCTBUA
pactBoputensa. CrenyeT OTMETUTb, UTO
¢dparMeHTBl MOFOOHBIX CIMPTOB TAKUM
obpasoMm paHee B cocTaB 1,2,4-Tpuasu-
HOB HE BBOJJUINCb.

Vicxomnpre 5-nmaHo-1,2,4-Tpnasu-
Hbl 1 OBUIM TIONTyYeHbI MO OMVICAaHHOMY
panee Metony [15]. 3amemjenue uma-
HOTPYIIBI B cocTaBe 1,2,4-TpuasuHOB

JKcnepuMeHTaNbHasA YacTb

Coektpst SIMP 'H 6putn 3ammcasb
Ha cnekTpomerpe «Bruker Avance-400»
(400 MIu), BHyTpeHHMIT CTaHAApT —
SiMe,. TemmepaTypbl ITaBaeHMs ObLIN
u3MepeHsl Ha mpubope Boetius. Macc-
CIIeKTpPBI (TMII MOHM3aLMU — 9NIEKTPO-
crpesi) 3amycaHel Ha Ipubope cepun
MicrOTOF-Q II pupmsi Bruker Daltonics
(Bpemen, Tepmanmsi). JmeMeHTHBI aHa-
m3 BbimonHeH Ha CHN anammsarope
mogpenu PE 2400, cepust 1T pupmsr Perkin
Elmer.

Vcxopuble coemuHeHus: 3,6-mude-
Hu-1,2,4-TprasuH-5-kapbountpun  la
[15] mn 6-(4-tommn)-3-(4-propdennn)-
1,2,4-tpuasuH-5-kapbountpun 1b [23]
OBUIM TIOZYYEHBI IIO OMMCAHHBIM paHee
MeTOJlaM, OCTaJIbHble COEfVHEHNUA KOM-
MepuecK! JOCTYIIHBL

3,6-Ou(4-tronun)-1,2,4-Tpua-
3uH-5-Kap6oHnTpua (1c) Ob1 momydeH
COIVIACHO OIMCAaHHOMY paHee MEeTORY
U1 ToIoOHBIX coequHenuit [15]. Boixon
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B YCIOBUAX OTCYTCTBUA PaCTBOPUTENS
paHee ObUIO HaMM IIOKAa3aHO Ha IpVIMe-
pe apoMaTMYecKuMx M ammQaTIdecKmx
aMUHOB [22]. DKCIIepUMEHTHI TOKa3a,
YTO AHAJOTMYHBIM 006pPa3oM BO3MOKHO
BBeJleHME€ OCTATKOB BBICIIMX CIMPTOB,
YTO MPOJEMOHCTPUPOBAHO HAMU Ha IIPU-
Mepe JleKaHo/Ia U TeTpajeKaHona. Hamu
OBbIIV MCIIONB30BAHBl AHATOTMYHBIE YC-
noBMA peakunu (Harpes B TedeHue 10 4
npu 150 °C). Peakuus mpoTekaeT JIETKO
U C BBICOKVMMM BBIXOlaMJ IIPOJYKTOB 2.

Takum 00pasoM, B [HaHHO CTaTbe
HaMIU IpefIoXKeHa HoBast MoguduKanms
UNco-3aMeleHNsA LMAHOTPYIIbl B IIO-
noxeHun 5 1,2,4-TpuasuHOB OCTaTKaMU
BBICIIVX CIIMPTOB, YTO PaHEE B IUTEpaTy-
pe IpefcTaBIeHo He OBLIO.

80%. T 225-227 °C. Cnextp SAMP 'H
(DMSO-d,), 8, m. 11.: 2,48 (¢, 3H, Me), 2,50
(¢, 3H, Me), 7,40 (M, 2H, Tol), 7,45 (M,
2H, Tol), 7,97 (m, 2H, Tol), 8,41 (M, 2H,
Tol). Macc-cnexrp, m/z (I, %): 287,13
[M+H]* (100). Haitgeno, %: C, 75,67; H,
4,79; N, 19,65. C18H14N4. Boeruncneno, %:
C, 75,50; H, 4,93; N, 19,57.

Obuwas memoouka nomyweHus 5-as-
Kokcusameulernnvix 1,2,4-mpusunos 2

CmMecb cooTBeTCTByOLIero 1,2,4-Tpu-
asuH-5-Kapoonutpuna (0,4 MMOb) U CO-
oTBeTCTBYyIoLIero crpTa (0,5 MMOJIb) IIe-
PEMEINBAIOT B OTCYTCTBME PACTBOPUTEILA
mpu 150 °C B aTMocdepe aproHa B TedeHue
10 4. PeakIIMOHHYIO MacCy OXJIaXK/JAIoOT /IO
KOMHATHOJI TeMIlepaTypsl, 0OpabaTbiBa-
0T TeKCAHOM, OCaZOK OT(UIBTPOBBIBAIOT,
IIPOMBIBAIOT T€KCAaHOM I CyLIaT. AHaju-
TUYeCKye O0pasibl MOMYYaloT HepeKpu-
CTa/UM3arLyest 13 6yTaHorna.

5-Terpamenunokcu-3,6-gude-
Hmn-1,2,4-Tpuasun (2a). Beixon 142 mr



(0,32 mmonb, 80%) T = 197-199 °C.
Cnextp IMP 'H (CDCL,), 6, m. 11.: 0,88 (T,
3H,J 6,8 Ti, CH,CH,), 1,20—1,44 (v, 22H,
(CH,),,CH,), 1,92 (M, 2H, OCH,CH,),
4,65 (t, 2H, ] 6,8 Tu, OCH,), 7,48-7,57
(M, 6H, Ph), 8,19 (m, 2H, Ph), 8,55 (m, 2H,
Ph). Macc-cnextp, m/z (I, %): 446,32
[M+H]* (100). Haigeno, %: C, 78,26; H,
8,74; N, 9,22. C29H39N30. Breruancneno, %:
C, 78,16; H, 8,82; N, 9,43.
5-Hemunoxkcu-3,6-gu(4-Tonmi)-
1,2,4-tpuasun  (2b). Beixom 125 wmr
(0,3 mmonb, 75%). T = 205-207 °C.
Cnexrp IMP 'H (CDCL,), 6, m. 11.: 0,88 (T,
3H,J 6,8 Ti, CH,CH,), 1,20-1,45 (v, 14H,
(CH,).CH,), 191 (M, 2H, OCH,CH,),
2,44 u 2,45 (o6a c, 3H, Tol-Me), 4,63 (T,
2H, ] 6,8 T, OCH,), 7,32 (m, 4H, Tol),
8,10 (m, 2H, Tol), 8,43 (M, 2H, Tol). Macc-

bnarogapHocTu

Apropsl 6maromgapsr . x. H. 1. H. Ko-
>keBHMKOBa (3AO HIIX BMII) 3a koH-
CylIbTallMM 110 BOIIPOCAaM CHHTE3a 3aMe-
LeHHbIX 1,2,4-TpMasnHOB.
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