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Progress in the Synthesis of 1,2,4-Triazines by Tandem Cyclization
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Abstract 1,2,4-Triazine compounds are an important class of nitrogen-containing heterocyclic compounds. They have wide
applications in the fields of medicine, chemicals and materials. Therefore, green and highly efficient synthesis of 1,2,4-triazine
compounds is increasingly attracting the attention of researchers. By tandem cyclization reaction, the post-treatment of inter-
mediate is avoided, and the one-pot synthesis of triazine compounds is the most efficient and direct synthesis method, which
conforms to the concept of green chemistry for its step and atomic economy. The formation of C—N bond based on tandem
cyclization to give 1,2,4-triazine compounds is reviewed. The synthetic method, reaction mechanism and application of
1,2,4-triazine compounds are introduced under transition-metal and metal-free conditions in the past ten years. The prospects

of synthesis of triazine rings are also discussed.

Keywords 1,2,4-triazine; tandem cyclization; C—N bond formation; transition-metal catalysis; metal-free catalysis
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(a) Nitrogen-containing bridged ring derivative
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(b) Metal ligands and DNA fluorescence probes
synthesized from triazine
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Scheme 1 Derivatives synthesized via a 1,2,4-triazine ring
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Figure 1 Pharmaceutically active molecule containing 1,2,4-triazine ring
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(a) Synthesis of tirapazamine
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(b) Synthesis of lamotrigine
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Scheme 2  Synthetic method containing triazine ring skeleton drug
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P 5 TGP B WL R R 2 BB, 0 0 EOH NeOAc §
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Scheme 3 Classical synthesis method of 1,2,4-triazine
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Scheme 12 Synthesis of 1,2,4-triazine by interrupting click
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=M 59, 59 FH S ORI B OBEHLTE L N-— 4
FRALEI(D = 60. K4 N-=4 L MEE 1) 50 I H 7 1
MAFERE, 60 IS 2GEI % 61, 61 F1 5 =3 LRI
ORISR 62, BEJG & TN LE 2] 63. &n
63 RAYE R T KR F] 3- =5 HEURK 1,2,4- =15
B4 58. 2019 4E, 1FHPE I TR FERE_EdE 2515
BT 3-EBEEIBCH 1,2,4- =07, #lin 3-fE %
N 3L R AL =)

Os_CFs
LCu 2 nN. (CFsCO)20 >
I oy
+ R2'N3 — N N
1 1 O—
R 56 L,Cu R .
59 CF3CO, L,Cu R!
55 U
R? CF4COOH
/ 3
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2HO CF3 CF3
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Scheme 13 Possible reaction mechanism

2017 4F, R PF/NHPTE B DL =M R, 7 S
mol% M N N-Z W B, — ST 3R 48 b/
e BRAS B BF 2B E W Ak, PR R BB AL T 15

2] 3,6- —HUfREL 3,5,6- = HUR =M1k 5 4)(Scheme 14).
EAEH 20 mol%Xit KSR (PTSAVE N 2P
ML TRIE, S FREUAR ) N-2K F Bl 5 = e n] DASR
R ERRHE R B, EAA B BAREER N-2K
PRI [ A e A0t o] LA SE AP O, T 4- M 6 LAY
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5k SR
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Ts o 220
N-N Rhy(oct),
N+ L N coEt — TR
N R?" "N 5
H R2—(
1 e
R % § N\\—CO Et
64 66 2
up to 92% vyield
__PTSA _ \( \]\
—
N R
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for two steps one-pot
(0]
RZ__N
(1) DBU W fj\w
N.
(2)DDQ N7 >Co,Et
68
21 examples
up to 55% vyield

for three steps one-pot

B 14 B AR

Scheme 14 Ruthenium catalyzed cyclization/oxidation
FEARS B B AR LA Y. ST T8 Fh = e (A R BUAR 2R 141,
VEZ I C(4) H 75 3 HUAR I = M 70 B8 A 10 RN /K A 20 B8
o DL R AF R AR BIAE L) P28, 52 B 3R A 2
V) R PR 5 MR A5 /)N

T WAL 58 0 OB, A DBU Fl =
LIEEERNUR, AR 7R LA T R, Horp
{§i /] DBU B R EAELL (20 mol%), = L& FHE 1
equiv., 2L =R A CANM BB % TFIBm 05 5
i, =ZBERT DBU. Be4h, RNASNEI 2 equiv.
DDQ fE AT AT LASE R s B I RCR. AT R AL,
TR AL I ORI — M, R e A SRR A3 B 4 7).

SN ATLEE R =5 64a S EEME AR R A IR 2R
T, F5 N-BEERE 65a R AR R MR R A O—H 4
ABCUE AR AR 72, FERE8C RADMEAT, T —f
HAEIR. Hlafk 72 2 1555+ W E A LA AL )44 73, 73
VB Ry o v R A 22 T A [ (103 458 DA = A2 2 FEAL IR =40
(AVEKIRZ S5, HiEfk 73 T AL b iE) ik 74, SR )G
WIRBEAT 77 T W45 &/ 95 A 72, 53] 3,6- —HUAR
-1,2,4-=6 67aa. (B)TEIMELLAE T, Bl 1 W
b B3RS 1,4,5,6-V05-1,2,4- = 76, ﬁﬁFhﬁ%%ﬂ@i
TARBERT, B A A 05 R A IR B 7R
3,5,6- =HUf-1,2,4-=1% 68aa (Scheme 15). %o f#i ]
RS 1L SR AR, LR AL EARYEA R RS
P, RS 2 AR ) RIS .

2 FERELEN1,24-ZRLEY
2016 4, JEANAPOIFR T K LB AR LR
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Scheme 15 Reaction process of Ruthenium-catalyzed C—H insertion and subsequent oxidation

e EAE B AR AL R, B[4+ 2] B ER b S B A ik
1,2,4- =R FA B J7 k. IRINASRZ K 2 i H 2R3
() AL /it - (R s, I L DA & AR A g 3k
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JE A LR F - R A R R A S U e, kA, 7 TR
L 2550 I A0 S AR 2850 R %o = 8 A 3 S, A i R,
2 HA EAE IR D R AL A R NIRRT, TCVEAS BT
Hr=%)(Eq. 6).

R2
NH
o) Se0,
RzJ\ * Ph)J\N’NHz DMSO > )N|\ \N (6)
H Ph” N*
77 78a 79a
20 examples
e 58% ~ 89% yield
F NH,
OMe 5\
N \3 NT™S
N N > 0 > Ph)l\ NN
Ph” N’ 3 .
Ph)\N’N Ph/I\N’N
79aa: 89% 79ab: 76% 79ac: 0% 79ad: 0%

2 JE AN R K 2R 2 T 5 5
TR CETOR R (AL T 2R 7 1.2.4- SR AL A1,
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528 R R BRI R LA L. 6 T IX R B
FIAT RE RS 5 Ll 77 RS54 80 Ak BAH N A —
th &4 82, WG, WIL[44 230k [ N B 82 5 W%
TR 78 454, 1925 1,2,4- =74 79 (Scheme
16). fTLA, J53 0. 5O, AR E 5
AR WA A, SRR AT MG R N AR A E AR LA .
Uk S N7 DA B S0 A5 I . BRAE MRS, AN I 48
AT, — DRSS C—N &, 53] =B A

— 2
- Wi\

l,, DMSO
w\ NH
Se R1 Ho Re

DMSO

R2 R2J‘J\/O R1JI\N N

81 s
Me” > me* HI 7

B 16 PRI T REM SRR AR

Scheme 16 Possible reaction process between two substrates

2017 4E, B R /NPT 83 i K 84 )
B, £ 0.5 equiv. DBU HI{E#E T, 132 1 IUE-1,2,4- =%
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85, H5 3 equiv. DDQ KA E AL X, 30 min P RERS LA
75 B R AT B A -1,2,4- =16 86, K S W (] &
5~8 h, DiPEEREGARE AN 1,24- =B EY
86 (Scheme 17).
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Scheme 17 DBU-catalyzed [3+3] cyclization of imine with
o-diazo ester compounds
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Scheme 18 Possible reaction mechanism of DBU catalyzed
tandem cyclization

2010 4F, Loiseleur NHPR I, 7EBRMEAL T, &
[FREREIRIR 92 T] LUK AETFHF, Sid &L R ir 26
W AR 5,5- HBAR-1,2,4- =B R E 93
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Scheme 19 Acid-catalyzed synthesis of polysubstituted triazine
compounds
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—H =251 1,2,4-=R, 2 41 TsH 1E AR
(Eq. 7).

Ts (1) BF 5 Ot
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25 examples
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Scheme 20 Lewis acid and base catalyzed ring opening/closing
process of aziridine
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Scheme 21  Small molecule coupling synthesis of 1,2,4-triazine
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FAETRRAE B TR (1,3- =T FEWK IR R AL ) Fl — F 35
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H12- 3R BV ST, ORI NAFE] 3,5,6-=
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Scheme 23 Aza-Wittig-mediated possible process of Blatter
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